N

N

Knowledge Base Approach for 3D Objects Detection in
Point Clouds Using 3D Processing and Specialists
Knowledge
Helmi Ben Hmida, Christophe Cruz, Frank Boochs, Christophe Nicolle

» To cite this version:

Helmi Ben Hmida, Christophe Cruz, Frank Boochs, Christophe Nicolle. Knowledge Base Approach for
3D Objects Detection in Point Clouds Using 3D Processing and Specialists Knowledge. International
Journal On Advances in Intelligent Systems, 2012, 5 (1 et 2), pp.1-14, ISSN: 1942-2679. hal-00778694

HAL Id: hal-00778694
https://u-bourgogne.hal.science/hal-00778694

Submitted on 21 Jan 2013

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://u-bourgogne.hal.science/hal-00778694
https://hal.archives-ouvertes.fr

International Journal on Advances in Intelligent Systems, vol 5 no 1 & 2, year 2012, http://www.iariajournals.org/intelligent_systems/

1
Knowledge Base Approach for 3D Objects Detection iRoint Clouds
Using 3D Processing and Specialists Knowledge
~ Helmi Ben Hmida, Frank Boochs Christophe Cruz, Christophe Nicolle
Institut i3mainz, am Fachbereich Geoinformatik und Laboratoire Le2i, UFR Sciences et Techniques
Vermessung, Fachhochschule Mainz, Lucy-Hillebrand- Université de Bourgogne
_ Str. 255128 Mainz, Germany B.P. 47870, 21078 Dijon Cedex, France
e-mail: {helmi.benhmida, boochs}@geoinform.fh- e-mail: {christophe.cruz, cnicolle}@u-bourgogne.fr
mainz.de

Abstract—This paper presents a knowledge-based detection of investigated as a topic of the computer graphictaedsignal
objects approach using the OWL ontology language,he  processing research, where most works focused on
Semantic Web Rule Language, and 3D processing buills  segmentation or visualization aspects. As mostateseorks,
a'”&'”g at.cl‘?”t"'b'”"(”g glegmetrllt_:lal a”alyS'ShOf 3D poinclouds  ne" new tendency related to the use of semanticheas
and specialists knowledge. Here, we share our expence o, hred [4]. As a main operation, the technicabey relies
regarding tge 3C|56at'0-n tOf ?Ddsem-?ﬂtlc fac'“tg moldg OUtbgﬂf; fur?damerEtalllly on the ob?ect recbnstruction procmd;my re
unorganize point clouas. us, a nowledge- e - .
detection approach of objects using the OWL ontologlanguage ~ considerable effort has already been invested doce the
is presented. This knowledge is used to define SWRietection ~ impact of time consuming, manual activities anduostitute
rules. In addition, the combination of 3D processig built-ins them by numerical algorithms.
and topological Built-Ins in SWRL rules allows a mae flexible Unfortunately, most of algorithmic conceptions deta-
and intelligent detection, and the annotation of ofects  driven and concentrate on specific features of dhgcts,
contained in 3D point clouds. The created WiDOP protype  pejng accessible to numerical models. By these tpde
takeslas((jet °f3D| point clouds as('jr.‘p“t' and prod_e%as (()jutputa which normally describe the behavior of geometrical
populated ontology ~corresponding to an indexed scen aness roughness, for example) or physicalfest (color
visualized within VRML language. The context of thestudy is 'Eexture) ’the 3ata aré classifie(? a21d a?wa)I/yzedicBﬂya(such,
the detection of railway objects materialized withn the / . d I d ) <aah
Deutsche Bahn scene such as signals, technical copts, ~ Stratégies are static and not to allow a dynamjesament to
electric poles, etc. Thus, the resulting enrichedral populated  the object or initial processing results. In furtseenarios, an
ontology, that contains the annotations of objectin the point algorithm will be applied to the data producing teetor
clouds, is used to feed a GIS system or an IFC fiéor  minor results, depending on several parametersiillege or
architecture purposes. point cloud quality, the completeness of object

_ ) o ) _ representation, the viewpoints position, the comipteof
Sem';ﬁi’}’zo\r/%s'MoLm%'g% égo“n?gtt:,cc ;‘;l“gs'qugg?gg%”an”;ﬁi object features, the use of control parameters smn.

Ic Vi "y IC analysis, ' YSS Consequently, there is no feedback to the algoiithpart in
3Dt ?roc?Dng algorlthms,t Sgnan.tlcb.vgcetp,d kqf’f‘."’legge modeling:  order to choose a different algorithm or reuse $aene
ontology, SL scene reconstruction; object identitication. algorithm with changed parameters. This interactien

. INTRODUCTION mainly up to the user who has to decide by himsetfich
. . . . . algorithms to apply for which kind of objects andtal sets.
_Surveying with 3D scanners is spreading all domainsygan good results can only be achieved by itegativ
With every new scanner model on the market, the,,cessing controlled by a human interaction.
instruments become faster, more accurate and can sc These problems can be solved when further

objects at longer distances [1]. Such a technofoggents a
powerful tool for many applications and has pdstial
replaced traditional surveying methods since it speed up
field work significantly. This method allows theeation of
3D point clouds from objects or landscapes.

From the other side, the technical survey of facgiims
to build a digital model based on geometric analySuch a
process becomes more and more tedious. Espeacidltythe
new terrestrial laser scanners, where a huge anmmfuBD
point clouds are generated. Within such a scenaréwy
challenges have seen the light where the basiésaieemake
the reconstruction process automatic and more atzur
Thus, early works on 3D point clouds have invesédahe
reconstruction and the recognition of geometritepes [2]
[3] to resolve this challenge. In fact, such a peofatic was

supplementary and guiding information is integrated the
algorithmic process chain for object detection and
recognition, allowing to support the process ofidation.
Such an information might be derived from the crnté the
object itself and its behavior with respect to tle#a and/or
other objects or from a systematic characterizatibrthe
parameterization and effectiveness of the algosthm be
used. As programming languages used in the coraéxt
numerical treatments are not dedicated to proceswledge,
their condition of use is not flexible and makese th
integration of semantic aspects difficult.

Ontologies are used to represent formally the kedgs
of a domain. The basic ideas were to present krugele
using graphs and logical structure to make compuble to

2012, © Copyright by authors, Published under agreement with IARIA - www.iaria.org



understand and process knowledge [5].
works, the tendency related to the use of seméwatscbeen
explored [4][10][21]. In fact, the assumption thaiowledge
will help the improvement of the automation, thewacy
and the result quality is shared by specialistdhef point
cloud processing. However, many questions remathowrt
answers. How the detection process can get supypthin
different knowledge about the scene objects and vehthe
impact of this knowledge compared to classic apgro#n
such scenario, knowledge about such objects haschade
detailed information about the objects’ geomettgycture,
3D algorithms, etc.

The technical survey of facilities, as a long arubtly
process, aims at building a digital model basedj@mmetric
analysis since the modeling of a facility as adfetectors is
not sufficient in most cases. To resolve this peabla new
standard was developed over ten years by the htienal
Alliance for Interoperability (IAl).) It is namedhe IFC
format (IFC - Industry Foundation Classes) [8].
specification is a neutral data format to descexehange
and share information typically used within thelthmg and
facility management industry. This norm considel®e t
building elements as independent objects where ebjgtt
is characterized by a 3D representation and defimed
semantic normalized label. Consequently, the actitand
the experts are not the only ones who are abledognize
the elements, but everyone will be able to dmitluding the
system itself. For instance, an IFC "Signal" is ndgt a
simple collection of
recognized as a signal; it is an “intelligent” alijesignal
which has attributes linked to a geometrical dé&fni and
function. IFC files are made of objects and conipest
between these objects.
“business semantic” of the object. Connections betw
objects are represented by “relation elements” [1].

As a matter of fact, the WiDOP project (knowledgeséxd
detection of objects in point clouds) aims at mgkan step
forward. The goal is to develop efficient and ifligent
methods for an automated processing of terrestasér

The
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As most tecellaser scanner on the train and to survey the sudiog

landscape (Railway, signals and green trees omahders).
Metronom automation is a DB subcontractor spea@dliin
3D data processing. This partner takes the suna@pt p
clouds as input and detects the different existdements
manually helped with some 3D process like spikectain.
The main objective of Deutsch Bahn project consists
detecting automatically the objects in the 3D paiouds to
feed the position and the semantic definition géots into a
GIS system.

Automatic
Processing

[ J i J z J
3D points quantificationand Numerical model
qualification
(Done manually)

Buildings Buildings

survey
Figure 1. Automatic processing compared to the rabone

The present project aims at building a bridge betwne
semantic modeling and the numerical processing]efine
strategies based on domain knowledge and 3D piiogess
knowledge. The knowledge will be structured in dogies
containing a variety of elements like already emgpt
information about objects of that scene. Like dstbarces
(digital maps, geographical information systemsg.)gt

lines and geometric primitives information about the objects' characteristics,Hiegarchy of

the sub-elements, the geometrical topology,
characteristics of processing algorithms, etc. dditéon, all
relevant information about the objects, geometiiggr and

Object attributes describe t intra-relation and the 3D processing algorithmseh&een

modeled inside the knowledge base, including cheriatics
such as positions, geometrics information, imagssutes,
behavior and parameter of suitable algorithms,efample.
The suggested system is materialized via WiDOPeptdp].
Furthermore, the created WIiDOP platform can gdresa
indexed scene from unorganized 3D point cloudsalized

scanner data, Figure The principle of the WiDop project is a within the virtual reality modeling language. [7].

knowledge-based detection of objects in point coied AEC
(Architecture, Engineering and Construction) engiire
applications using IFC format. In contrast to erigt
approaches, the project consists in using priorwkedge
about the context and the objects. This knowledgeiracted
from databases, CAD plans, Geographic Informatigste®ns
(GIS), technical reports or domain experts. Theeefdhis
knowledge is the basis for a selective knowledgented
detection and recognition of objects in point cleud

The project WiDOP
government. However, the partners are the Framonpany
(Frankfurt Airport manager), the German railway @amy

Il.  BACKGROUND CONCEPT ANDMETHODOLOGY

The problematic of 3D object detection and scene
reconstruction, including semantic knowledge wasendy
treated within different domains. Basically, the
photogrammetry one [9], the construction one, tittics
[10] and recently the knowledge engineering one].[11
Modeling a survey, in which low-level point cloud o
surface representation is transformed into a seoadiyt

is Funded by the Germanrich model is done through three main tasks. Tt festhe

data collection, in which dense point measuremehtdhe
facility are collected using laser scans taken freey

(Deutsche Bahn), and the Metronom company which ifocations throughout the facility; Then data preieg, in

specialized

in 3D point cloud processing. Where thavhich the sets of point clouds from the collectedrmers

Deutsche Bahn main concerns are the managemeriteof tare processed. Finally, modeling the survey in thice

railway furniture. Actually, the environment of tha&lway is
constantly changing. Where the cost of keepingettans
up to date is increasing. The present-time soludidopted by
the Deutsche Bahn (DB) consists on fixing a 3Desrral

low-level point cloud is transformed into a semeatty rich
model. This is done via modeling geometric knowkedg
qualifying topological relations and finally assigg an
object category to each geometry [12]. Concernihg t
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geometry modeling, we remind here that the gotd iweate
simplified representations of facility components fiiting
geometric primitives to the point cloud data. Thedeled
components are labeled with an object
Establishing relationships between components poitant

in a facility model and must also be establishedfdct,
relationships between objects in a facility mode aseful

in many scenarios. In addition, spatial relatiopstietween
objects provide contextual information to assistolnject
recognition [13]. Within the literature, three matrategies
are described to rich such a model where the @ng is
based on human interaction with provided softwafeis
point clouds classifications and annotations [While the
second strategy relies more on the automatic datzepsing
without any human interaction by using different
segmentation techniques for feature extraction. [EDjally,
new techniques presenting an improvement compaittd w
the cited ones by integrating semantic networkguide the
reconstruction process are presented in [15].

A. Manual survey model creation

In current practice, the creation of a facility nebds
largely a manual process, performed by service igers
who are contracted to scan and model a facilityehlity, a
project may require several
depending on the complexity of the facility and thedeling
requirements. Reverse engineering tools excel aimgéic
modeling of surfaces, but with the lack of volunietr
representations, while such design systems caramatlé the
massive data sets from laser scanners. As a resodielers
often shuttle intermediate results back and fordtwieen
different software packages during the modelingcess,
giving rise to the possibility of information losdue to
limitations of data exchange standards or errorsthie
implementation of the standards within the softwerels
[16]. Prior knowledge about component geometryhsas
the diameter of a column, can be used to constiiaén
modeling process, or the characteristics of
components may be kept in a standard componeraryibr
Finally, the class of the detected geometry isrdateed by

months to be achieved, Tqo

is the geometric modeling. It presents the proces
constructing simplified representations of the 3iape for
survey components from point cloud data. In genetsd

category.shape representation is supported by CSG [18] BeB{19]

representation. The representation of geometripeshdas
been studied extensively [20]. Once geometric efemare
detected and stored via a specific presentatianfittal task
within a facility modeling is the object recognitio It
presents the process of labeling a set of datatgpain
geometric primitives extracted from the data witmamed
object or object class. Whereas the modeling taskidvfind
a set of points to be a vertical plane, the redegnitask
would label that plane as being a wall, for ins&anOften,
the knowledge describing the shapes to be recognize
encoded in a set of descriptors that implicitly toag object
shape. Research on recognition of facilities specif
components is still in its early stages. Methods tlis
category typically perform an initial shape-based
segmentation of the scene, into planar regionsefample,
and then use features derived from the segmemectgnize
objects. This approach is exemplified by Rusu etwalo use
heuristics to detect walls, floors, ceilings, arabioets in a
kitchen environment [10]. A similar approach waspwsed
by Pu and Vosselman to model facility fagades [21].
reduce the search space of object recognition
algorithms, the use of knowledge related to a $ipdfeicility
can be a fundamental solution. For instance, Yuealet
overlay a design model of a facility with the asHopoint
cloud to guide the process of identifying whichmsiclouds
data belong to specific objects and to detect wiffees
between the as-built and as-designed conditionjs [@Zuch
cases, object recognition problem is simplified e a
matching problem between the scene model entitiéstlae
data points. Another similar approach is preseief23].
Other promising approaches have only been testéidnited
and very simple examples, and it is equally difficto
predict how they would fare when faced with morenptex

knowrand realistic data sets. For example, the semaetiwork

methods for recognizing components using contexkwel|
for simple examples of hallways and barren, reaitarg

the modeler once the object is created. In somescas rooms [13], but how would they handle spaces witmplex

relationships between components are establishdterei
manually or in a semi-automated manner.

B. Semi-Automatic and Automatic methods

The manual process for constructing a survey mdslel
time consuming, labor-intensive, tedious, subjegtiand
requires skilled workers. Even if modeling of inidival
geometric primitives can be fairly quick, modeliagacility
may require thousands of primitives. The combinedating
time can be several months for an average-sizedlityfa

geometries and clutter.

C. Discussion

The presented methods for survey modeling and bbjec
recognition rely on knowledge about the domain. c&pts
like “Signals are vertical” and “Signals intersesith the
ground” are encoded explicitly through a set oksulSuch
rule based approaches tend to be brittle and lweak when
they are tested in new and slightly different emwiments.
Additionally, regarding the literature, people misdehe

Since the same types of primitives must be modeledontext by specifying the concepts and the relatigrs of

throughout a facility, the steps are highly repetitand
tedious [17]. The above-mentioned observations ahdrs

objects to describe the world. However, no one ioestthe
knowledge about the 3D processing algorithms arel th

illustrate the need for semi-automated and autainateassociated results such as the geometry and thigyp

techniques for facility model creation. Ideallysystem could
be developed that would take a point cloud of adlifpas
input and produce a fully annotated as-built moafelthe
facility as output. The first step within the autatic process

Based on these observations, flexible representatid
facility objects and more sophisticated guidanceseda
algorithms for object detection by modelirdgorithmic,
geometric and topological knowledgewithin an ontology

2012, © Copyright by authors, Published under agreement with IARIA - www.iaria.org
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structure the way of a significant improvementtusdly, it

will allow the process to create a dynamic sequesfc8D

processing algorithms for object detections anduarantee
an automatic detection and recognition of objatt3D point
clouds, materialized via the semantic annotatiacgss.

I1l.  OVERVIEW OF THEWIDOP GENERAL MODEL

In general, mathematical algorithms contain différdata
processing steps, which are combined with intedealsions

2, http.//www.iariajournals.org/intelligent_systems/

Web spiders from RDF files) and access the datautir
Semantic Web Agents or Semantic Web Services. $impl
Semantic Web is data about data or metadata. “AaSgm
Web is a Web where the focus is placed on the mgaoii
words, rather than on the words themselves, where
information becomes knowledge after semantic arsligs
performed. For this reason, a Semantic Web is w&arnktof
knowledge, compared with what we have today, that le
defined as a network of information [29]. The Setitaweb

based on numerical results. This makes the prawessiprovides a common framework that allows data tcshmred

inflexible and error prone, especially when theaddbes not
behave as the model behind the algorithm expects.ddthe
purposes behind this contribution is to put thesglicit
decisions outside, make a semantic layer out ofnd
combine it with the object model. This approachnisre
flexible and can be easily extended, since knovdemiyd data
processing are separated.

] Ontologies ]

~

3D processing
algorithms

=

N\

WIiDOP Ontology
Model

Expert
knowledge

General model
processing

Reasoning
module

Object
detectior

Figure 2. WiDOP: Overview system

Figure 2 presents the general architecture foMifieOP
project. It is composed of three parts: the knogéedhodel,
the 3D processing algorithms execution, and theraation

materialized within rules and extensions, ensurithg
interaction between the above sited parts. In eshtwith
existing approaches, we aim at the utilization ofévipus
knowledge on objects. This knowledge can be coethin
databases, construction plans, as-built plans arg@ehic
Information Systems (GIS).

A. The knowledge model

The term “Semantic Web” has been defined numerou t

time. Though there is no formal definition of Seriaweb,
some of its most used definitions are “The Semamab is
not a separate Web but an extension of the cuoeet in
which information is given well-defined meaning, ttee
enabling computers and people to work in coopemnafi28].

It is a source to retrieve information from the Webing the

and reused across application, enterprise and caitymu
boundaries [30]. In fact, description logics pravica
formalization for knowledge representation of realrdd
situations. This provides the logical replies te tjueries of
real-world situations. The results are highly sefibated
reasoning engines, which utilize the expressiveness
capabilities of DLs to manipulate the knowledge. A
Knowledge Representation system is a formal reptaten

of a knowledge described through different techgias.
When it is described through DLs, they set up awladge
Base (KB), the contents of which could be reasaréadfer to
manipulate them. A knowledge base could be corsitlas a
complete package of knowledge content. It is, harewnly a
subset of a Knowledge Representation system thahios
additional components.

—_—
|1 TBox =~
o E—
——
Reasoning
languages
™ A Box e
e —

Knowledge Base

—

Figure 3. The Architecture of a knowledge represtion system

Application
programs

As seen in Figure 3, the author [31] sketches thbitecture
of any Knowledge Representation system based on DLs
could be seen the central theme of such a system is
Knowledge Base (KB). It is composed by two compasien
the TBox and the ABox. TBox statements are the sesnthe
terminologies that are used within the system dombi
general, they are statements describing the dothaiugh
the controlled vocabularies. For example, in terofsa

Deutsche Bahn domain the TBox statements are thefse

concepts as Signal, Fourniture, ProcessingAlgoritata. or

the set of roles as hasCharacteristics, isDesekgmed
hasGeometry etc. ABox in contains assertions toTiBex
atements. For example, Walll is an ABox prestetg Box
all.

Our approach is intended to use semantics bas€iMin
technology [44] for knowledge modeling and procegsi
Knowledge has to be structured and formalized bageld-C
schema, XML files and particularly on Deutsche Bahd 3D
processing domain experts, etc., using classesanices,

2012, © Copyright by authors, Published under agreement with IARIA - www.iaria.org



relations and rules. An object in the ontology banrmodeled
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section. The semantic within the ontologies exme@skrough

as presented; a room has elements composed of, walls OWL can be used inside the ontologies, and the ladiye

ceiling and a floor. The sited elements are bakjeats. They
are defined by their geometry (plane, boundary),dteatures
(roughness, appearance, etc.), and also the gdatélations
between them (adjacent, perpendicular, etc.). Thgcb
“room” gets its geometry from its elements, wheuettfer
characteristics may be added, such as functiormrder to
estimate the existent sub elements. For instance,
“classroom” will contain “tables”, “chairs”, “a btkboard”,
etc. The research of the object “room” will be hsm an
algorithmic strategy which will look for the diffent objects
contained in the point cloud. This means, usindeckht
detection algorithms for each element, based onatimve
mentioned characteristics, will allow us to clagsifost of the
point region in the different element categori¢sorresponds
to the spatial structure of any facility, and itais instance of
semantic knowledge defined in the ontology. Thistdance
defines the rough geometry and the semantics abufiding
elements without any real measurement. This maoalefains
also knowledge extracted from the technical litamatof the
domain and knowledge from experts of the domain.dis
addition, the ontology is, as well enriched withokredge
about 3D processing algorithms and populated wighrésults
of experiences undertaken on 3D point clouds, whiefine
the empirical
regarding a specific domain of application.

B. The 3D processing algorithms

Numerical processing includes a number of algorgtion
their combination to process the spatial data. t&jres
include geometric element detection (straight lipéne,

knowledge extracted from point clouds

bases themselves for inference purposes. Howeverder to
express the rules, the Semantic Web Rule LangugiddR()
is emerged [45]. The SWRL has the form antecedent
consequent, where both antecedent and consequent ar
conjunctions of atoms written al ... 0 g,. Atoms in swrl rules
can be of the form C(x), P(x)y), Q(x,z), sameAs\x,y
differentFrom(x,y), or builtin (pred,;z..., z), where C is an
OWL description, P is an OWL individual-valued pesty, Q
is an OWL data-valued property, pred is a datapyeelicate,
x and y are either individual-valued variables oW
individuals, and z,+z ... z, are either data-valued variables or
OWL data literals. An OWL data literal is eithertgped
literal or a plain literal. Variables are indicatby using the
standard convention of prefixing them with a questmark
(e.g., ?x). URI references (URIrefs) are used teniify
ontology elements such as classes, individual-dalue
properties and data-valued properties. For instarbe
following rule asserts that one's parents' brotleges one's
uncles where parent, brother and uncle are allviidhaial-
valued properties.

parent(?x, ?p) brother(?p, ?u uncle(?x, ?u) (D)

The set of built-ins for SWRL are motivated by adular
approach allowing further extensions in future asks within
a taxonomy. SWRL's built-ins approach is also basedhe
reuse of existing built-ins in XQuery or XPath, wihiare
themselves based on XML Schema by using Datatyites.
system of built-ins should as well help in the infeeration of
SWRL with other Web formalisms, by providing an

surface etc), projection-based, region estimation, histogramextensible, modular built-ins infrastructure fom@mtic Web

matrices, etc. All of these strategies are eithedeu the
guidance of knowledge, or use the previous knovdetty
estimate the object intelligently and optimallyoAbside with
3D point clouds, various types of input data sets lbe used
such as images, range images, point clouds witngitly or
color values, point clouds with individual imageseated to
them or even stereo images without a point clodbds@durces
are exploited for application to particular strégsg
Knowledge not only describes the information of tigects,

but also gives a framework for the control of thedested
strategies. The success rate of detection algasitiusing

RANSAC [24], Iterative Closest Point [25] and Le&sfuares
Fitting [26] should significantly increase by maginse of the
knowledge background. However, we are planningonbt to

Languages, Web Services, and Web applications. Maiity
ins are defined. These built-ins are keys for artereal
integration. This project takes advantages of ¢xi®nsional
mechanism to integrate new Built-ins for 3D progagsand
topological processing.

D. Interaction process

To focus on our method for the combination of the
Semantic Web technologies and the 3D processing
algorithms, Figure 4 illustrates an UML sequed@gram
that represents the general design of the propsekdion.
Hence, the purpose is to create a more flexiblejlyea
extended approach where algorithms will be executed
reasonably and adaptively on particular situatifoiwing

process point data sets, but also surface and olurman interaction process.

representation like mesh, voxels and bounding BoXhsse
methods and others will be selected in a flexiblayw
depending on the semantic context.

C. The WIDOP processing

In order to manage the interaction between the letye
part and the 3D processing part, a new layer ldbaléedOP
processing materialized within rules is createdis Tlayer
ensures the control and the management of the ledge!
transaction and the decision taken based on SWiRjuéges,
and its extensions through several steps explam#te next

Load 3D Detect

Qualify
point clouds geometries

Load ontology
topologies

structure

J ( ) Comad ) (S )

—

m @) () “) *) (6)

Figure 4. The sequence diagram of interactionsd@vthe laser scanner,
the 3D processing, the knowledge processing ankinbeledge base.
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The processing steps can be detailed where three ma
steps aim at detecting and identifying objects.

(3) From 3D point clouds to geometric elements.
(4) From geometry to topological relations.

(5) From geometric and/or topological relations to
semantic elements annotated.

As intermediate steps, the different geometrieshiwit
specific 3D point clouds are detected and storecthim
ontology structure. Once done, the existent toposdg
relations between the detected geometries arefigdahnd
then populated within the prior knowledge. Finaliigtected
geometries are annotated semantically, based ostirgxi
knowledge’s related to the geometric charactesstnd
topological relations. The input ontology contakmowledge
about the Deutsche Bahn railway objects and knayded
about 3D processing algorithms.

V.

This section discusses the different aspects cklatehe
Deutsche Bahn scene ontology structure installétnidethe
WIiDOP Deutsche Bahn prototype [11]. The domain oy

DESCRIPTION OF THENIDOP KNOWLEDGE BASE

geometry, through theGeometry class by defining its
geometric component or the bounding rectangle efotject
that indicate its coordinates, or to either desriits
characteristics  through  the Characteristics class.
Additionally, the suitable algorithms are automalle
selected based on its compatibility within the obje
geometry and characteristics. Add to that, othaessgs are
equally significant but play their roles in the keand. The
connection between the basic mentioned classestied out
through object and data properties. There existeabbj
properties for each mentioned activities. Besidles, object
properties are also used to relate an object ter abjects via
topological relations. In general, there are fiemegral object
properties in the ontology which have their spéndal
properties for the specialized activities, Figurdbey are:

« hasTopologicRelation
* IsDeseignedFor

e hasGeometry

* hasCharacteristics

presents the core of WIDOP project and provides @

knowledge base to the created application. The afjlob
schema of the modeled ontology structure offersiitalsle
framework to characterize the different DeutschehrBa
elements from the 3D processing point of view. Theated
ontology is used basically for two purposes:

» To guide the processing algorithm sequence creatio®._Characteristics

based on the target object characteristics.
« To facilitate the semantic annotation of the ddfer
detected objects inside the target scene.

The current ontology, following to above considenas and
with respect to technological possibilities, wit modeled in
various levels. In principle, we have to distinduisetween
object-related knowledge and algorithmic relatedvdedge.
In addition, the same distinction has to be donehedayer
of the object knowledgand thelayer of the algorithmic
knowledgecontaining the respective semantic information
fact, the ontology is managed through different ponents
of description logics where we find five main clesswithin
other data and objects properties able to charaetéhe
scene in question.

e Algorithm

e« Geometry

* DomainConcept
e Characteristics

e Scene

__ Scene _

hasSucessor'Predecessor

Contain X X
hasTopologicRelation

_ Algorithms

Doamin ’
> Concept -~

\ hasGeometry

Classified

\

hasCharacteristics isDeseignedFor

&= Geometry

. X hasTopologicRelation
hasCharacteristics

Figure 5. Ontology general schema overview

The next sections focus on the layers, the objedtthe
algorithmic knowledge definition.

A. Layers of object knowledge
The object knowledge layer will be classified irreth

_Incategories: geometric, topological and semanticwketge

representing a certain scenario [35]. Thereforalistnguish
between:

e Deutsche Bahn Scene knowledge

¢ Geometric knowledge

e Topological knowledge

1) Layer of the Deutsche Bahn Scene knowledge
The layer of object knowledge contains all relevant
information about objects and elements which migbt
found within a Deutsch Bahn scene. This might casepa
list such as: {Signals, Mast, Schalanlage, etchieyrare used
to fix either the main scene within its point cleuide and its

The DomainConceptclass can be considered as the mairsize through attributes related to the scene ctassyen to

class in the ontology as it is the class wherddhget objects
are modeled. However, the importance of other ekss
cannot be ignored. They are used to either destitibebject

characterize detected element with different seimasd
geometric characteristics.
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The created knowledge base related to the DeuBahe
scene has been inspired next to our discussion thi¢h
domain expert and next to our study based on tfieialf
Web site for the German rail way specification [48)n
overview of the targeted elements, the most usafud
discriminant characteristics to detect it and thaiter-
relationship is presented.

Table 1. EXAMPLE OF THE DB SCENE OBJECTS

Clast q Corresponder

Between
Main Signal 4 and 6
m
Basic Signals
Between
Distant Signal 4 and 6
m
betweer
Signals Vorsignalbake 1,5and
25m
Secondary Breakpoint_ta I?Le;\l[\ﬁezr
signal ble
m
betweer
Chess_board land 1,5
m
BigMast More than 6r
Mast NormalMast Between 5
and 6
Schalthause Less than 1m
Schaltanlag
e
SchaltSchran Less than
k 0,5m

Table1 shows a possible collection of scene elements
case of a Deutsche Bahn scene. They may be addijion

structured in a hierarchical order as might be se@venient
for a scene, while Figure 6 shows the suggestedtate to
model them within the OWL language.

Basically, a railway signal is one of the most impat

elements within the Deutsche Bahn scene, whereingk f
main signals and secondary ones. The main signas

classified ontothe primary signaland thedistant onesIn

fact, the primary signal is a railway signal. Itdicates
whether the subsequent section of track may beedron. A
primary signal is usually announced through a dissignal.
The last one indicates which image signal to beeetqa, that
will be associated to the main signal in a distaoté& km.

Big variety of secondary signals exists

a

like th

Vorsignalbake, the Haltepunkt and others. From dtteer
side, the other discriminant elements within theeacene
are the Masts presenting electricity born for theergy
alimentation. Usually, masts are distant from 5Qareach
other. Finally, the Schaltanlage elements presantlls
electric born connected to the ground.

¥ DomainConcept

Furruture [ Bu_i_!giingElement
< E
[\ \\\&
P Vg AN v
= Seidas |\ OTdephones o
%55/[ _.s,maz '-LI I-?:.S\peakers"D _F‘lﬁtfurm
i ta
10 Schutanige 1)
AN T [}
Py el
/ \ SecondatySignal

'bﬁsu‘;ﬂm

B # \
@BigMast @ NormalMast /|:|
0 (] I\ |

, B Y
@ Chess_board @iBreakpoint_table =
/ J “MainSignal
=

z | =
. 'Vorsig_ilalbake DistantSignals

O
Figure 6. Example of the DB scene objects modeling

Additionally, the above cited concepts are extentgd
relations to other classes or data. As an exantpke data
property ‘has_Bounding_Bd&aims to store the placement of
the detected object in a bounding box defined gight 3D
points (each 3D point is defined by three valuegand z).
To specify its semantic characteristics, new cksae
created, aiming to characterize a semantic objea bet of
characteristics like color, size, visibility, ter&) orientation
and its position in the point cloud after detectidio do so,
new object properties like has_Colof, “has_Sizg
“has_Orientatiohy, “has_Visibility and “has_Texturé are
created linking theSemantic_Objectlass to the color”,
“size”, “Orientation”, “Visibility” and ‘Texture” classes
respectively.

2) Layer of the geometric knowledge

Geometrical knowledge  formulates geometrical
characteristics to the physical properties of s@ements. In
the simplest case, this information might be lidite few
.coordinates expressing a bounding box containiegothject.
"Mowever, for elements being accessible to functiona
descriptions, additional knowledge will be mentidoneA
signal, for example, has vertical lines, which ree¢d be
described by a line equation, its values and cotegpledy
width and height. In fact, we think that such knesgde can
present a discriminant feature able to improveahwmatic
annotation process. For this reason, we opt toystheé
different geometric features related to the citeginantic
elements, then, use only the discriminant one ag features
for a given object. The following table gathers thigject
characteristics together regarding the propertiestmounding
box,

Table 2, Figure 6. This table is extended with algorithm

echaracteristics, but it is not presented here.
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Figure 7. The geometry class hierarchy

Table 2. Geometric characteristics overview

Clas: SubClas Subsub Clas Restriction or] Restriction o
Line number|Planes numb{

Signals Basic Signal

Secondary
signal

Masi BigMast

NormalMas

Schaltanlag Schalthaus

SchaltSchran

Main Signa

Distant Signe

Vorsignalbak

Breakpoint_tabl

Chess_boal

More than 6r

Between 5 and

Less than 11

Less than 0,5/

1 or 2 Vertica
line

1 or 2 Vertica 0
line

1 Vertical
plane

1 Vertical line

2 Vertical 1 Vertical Pla

lines

1 Vertical
plane

1 Vertical line

2 or 4 vertica 0
lines

2 or 4vertical 0
lines

1 Vertical
plane
1 Horizontal
plane

1 vertical
plane

3) Layer of the topological knowledge

While exploring the railway domain,
topological rules are imposed; such rules are tsédrblp the
driver and to ensure the passengers' security. Etanpoint
of view, these are helpful also to verify and tadguthe
In fact, topological knowledeg@esents
relationships between scene elements.
in case of the Deutsche Bahn scémwe, t
distance between the distant signal and the maie on
corresponds to the stopping distance that thestregquire.
The stopping distance shall be set on specificeramd is in
the main lines often 1000 m or in a rare case,M0Add to
that, three to five Vorsignalbake are distant fréém while
then the last one is distant from 100m to the distignal,

annotation process.
adjacency
instance, and

Figure 8.

lots of stardlar

For
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Ibake Distance signal

75m 7Sm 100m

Figure 8: Topologic rules

The purpose of such object properties is to spatial
connectThings presented in the scene. At semantic view,
topological properties describe adjacency relatibesveen
classes. For example, the property isParallelT@wall
characterizing two geometric concepts by the feataf
parallelism. Similarly relations like isPerpend@&dlo and
isConnectedTo will help to characterize and expdsittain
spatial relations and make them accessible to néagsteps.

B. Layer of processing knowledge

The 3D processing algorithmic layer contains dibvant
aspects related to the 3D processing algorithms It
integration into the semantic framework is donesipgcial
Built-Ins called “Processing Built-Ins”. They marmaghe
interaction between above mentioned layers. In tiatgiit
contains algorithm definitions, properties, and rgetries
related to each defined algorithms. An importance
achievement is the detection and the identificatibobjects,
which has a linear structure such as signal, indioczolumn,
and electric pole, etc., through utilizing their ogeetric
properties. Since the information in point cloudtada
sometimes is unclear and insufficient, the varimethods to
RANSAC [24] are combined and upgraded. This
combination is able to robustly detect the besinfitlines in
3D point clouds for example.

Figure 9. Mast detection
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Figure 9 contains the Mast object constructed bgdr
elements, ambiguously represented in point cloucblas
points. Green lines are results of possible fittimgs and
clearly show the shape of the object that is défie the
ontology. The object generated from this part isoanding
box that includes all inside geometries of the dbjgnd a

concept label.

Next to the 3D expert recommendation, knowledgéiwit

International Journal on Advances in Intelligent Systems, vol 5 no 1 & 2, year 2012, http://www.iariajournals.org/intelligent_systems/

The next section introduces an overview of the aggn
undertaken in the WIDOP project to detect and aateot
semantically the different Deutsch Bahn objects.

V. INTELLIGENT PROCESS

The basic strength of formal ontology is their @pito
reason in a logical way based on Descriptive Légiguage
DL [36]. The last one presents a form of logic éason on

the Table 3 is created, where a set of 3D proogssinObjeCtS- Lots of reasoners exist nowadays likeePEI7], and

algorithms within the target detected geometrystinectured;

the input and output are created.

Table 3. 3D Algorithms and experts observations

Algorithm has Input hasOutput | isDesignedfo | hasSuccessc
name
Vertical PointClouc Point_2C Vertical None
Objects gemetry
Detection
Segmentation Point_2C SubPointCl Vertical VerticalObje«
n2D PointCloud ud gemetry tsDetection
BoundingBox SubPointCl Point_3C Vertical Segmentatio
ud gemetry in2D
Approximate SubPointCl numbe Geometry Segmentatio
Height ud height in2D
RANSAC SubPointCl Line_3C 3D Lines Segmentatio
Line Detection ud in2D)
FrontFaceDe! SubPointCl Boolear Geometry Segmentatio
ection ud with front in2D
face
CheckPerper Line_3C Boolear Geometry LinesDetectir
dicular angle containing nin3DbyRAN
Perpendicular SAC
element
CheckParallel Line_3C Boolean Geometry LinesDetectir
angle containing nin3DbyRAN
Parallel SAC
element

KAON [38]. Actually, despite the richness of OWIlset of

relational properties, the axioms does not coverftii range

of expressive possibilities for object relationghifhat we

might find, since it is useful to declare relatibigsin term of

conditions or even rules. These rules are usedugro
different rules languages to enhance the knowlqugsess
in an ontology.

Within the WiDOP project, the domain ontologies ased
to define the concepts, and the necessary andcigutffi
conditions that describe the concepts. These donditire of
value, because they are used to populate new ctsndeqr
instance, the concept “Vertical_BoudinBox” can
specialized into “Signal” if it contains a “Vertitanes”.
Consequently, the concept “Signal” will be poputateth all
“Vertical_BoudinBox” if they are linked to a “VedalLines”
with certain parameters. In addition, the rules ased to
compute more complex results such as the topolbgica
relationships between objects. For instance, thHatioes
between two objects are used to get new efficieniedge
about the object. The ontology is than enrichedh wits new
relationship. The topological relation built-insearot defined
in the SWRL language. Consequently, the language wa
extended.

To support the defined use cases, two basic futtyers
to the semantic one are added to ontology in dm&nsure
the geometry detection and annotation process .td$lese
operations are the 3D processing and topologidatioas

be

The subclasses of thalgorithm class, Figure 10, are qualification respectively.

representing all the algorithms developed
processing layer. They are related to several ptiegenhich
they are able to detect. These properties (Geoeneird
semantic) are shared with thBomainConceptand the

in the 3D

A. Integration of 3D processing operations

The 3D processing layer contains all relevant aspec
related to the 3D processing algorithms. Its irdégn into the

Geometryclasses. By this way, a sequence of algorithms caW/iDOP semantic framework is done by special Buif:|

detect all the characteristics of an element.

@ Algorithm

/ @GeomstlyDetestion

()Reprif:wwmeﬁi
DEnun[jingEnx

©ReadDatgFromFile
@ DensityReduction

O Segmentation

@VerticalObjegtsDetection

©@HoughLineDetection
@ FindBlsePints

@L inesgecli

@ Projection @DetesiComnersHarris

@B
in3DbyRANSAC
@ ChedfTapology

Ocmkpgp/ewsﬁr SheckParaliel

Figure 10. Hierarchical structure of the Algoritichass

They manage the interaction between processingdaged
the semantic one. In addition, it contains the edéht
algorithm definitions, properties, and the relagegdmetries to
the each defined algorithms. An importance achierenis
the detection and the identification of objectshwipecific
characteristics such as a signal, indicator colyrand electric
pole, etc. through utilizing their geometric prdpms. Since
the information in point cloud data sometimes islear and
insufficient.

The Semantic Web Rule Language within extended-buil
ins is used to execute a real 3D processing algoriand to
populate the provided knowledge within the ontoldgyg.
Table 4). The “3D_swrlb_Processing:
VerticalElementDetection” built-ins for example, sva
created, it aims at the detection of geometry wightical
orientation. The prototype of the designed Builtsn
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3D_swrlb_Processing:VerticalElementDetection(?VeRjr)

where the first parameter presents the target bbjass, and
the last one presents the point clouds' directozfindd
within the created scene in the ontology structdtethis
point, the detection process has as a result af smunding
boxes, representing a rough position and oriemtatibthe
detected object. Table 4 shows the mapping betwe=i3D
processing built-ins, which is computer and traesiato
predicate, and the corresponding class.

TABLE 4.3D PROCESSIN@UILT-INS MAPPING

3D Processing BuilIns Correspondent Simple clas

3D_swrlb_Processing
VerticalElementDetection
(?Vert,?Dir

Vertical_BoundingBox(?

3D_swrlb_Processing
HorizentalElementDetection
(?Vert,?Dir

Horizental_BoundingBox(?

B. Integration of Topologic operations

The layer of the topological knowledge represents

topological relationships between scene elementsesthe
object properties are also used to link an objedthers by
a topological relation. For instance, a topologicahtion
between a distant signal and a main one can beeatkfas
both have to be distant from one kilometer.
qualification of topological relations into the santic
framework is done by new topological Built-Ins.

This step aims at verifying certain topology prdisesr
between detected geometries. Thus, 3D_Topologilt-ibsi
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algorithm could not detect and recognize differeristent
objects in the 3D point clouds, since they areimtjstished
by different shapes, size and capture conditiore fidie of
knowledge is to provide not only the object's chteastics
(shape, size, color...) but also object's statusibflity,

correlation) to algorithmic part, in order to adjuds
parameters to adapt with a current situation. Basethese
observations, we issue a link from algorithms tgeots
based on the similar characteristics as FigurehbWs.

Object 1

Object 3

Characteristic 1
Characteristic 2
Characteristic 3 [

3D detection
algorithms

Objects

Object 4

Object 5

Characteristic n

Object n

Figure 11. Algorithms selection based on objedtaracteristics

In fact, knowledge controls one or more algorithfos

The detecting object. To do this, we try to find a nmabetween

the object’s characteristics and characteristied & certain
algorithm can be used for. For example, object G ha
characteristics: ¢ C,, GC;; and algorithm A can detect
characteristic § GC;, C,, while algorithm A can detect

have been added in order to extend the SWRL lareguagcharacteristic & Cs. Then, decision algorithm will select A

Topological rules are used to define constrainsvéeh
different elements. After parsing the topologicailtsins and
its execution, the result is used to enrich theologly with
relationships between individuals that verify thales.
Similarly to the 3D processing built-ins, our ergytnanslates
the rules with topological built-ins to standardes) Table 5.

TABLE 5. EXAMPLE OF TOPOLOGICAL BUILT-INS

Correspondent object
property

Processing Buil-Ins

3D_swrlb_Topology:Upper(?x, % Upper(?x,?y

3D_swrlb_Topology:Intersect(?x, * Intersect (?x,?!

C. Guiding 3D processing algorithms

Actually, the created knowledge base aims to gatsf
basic purposes which are:

and A since these algorithms have capability detectiregy t
characteristics of object O. The set of charadiesisare
determined by the object's properties such as geaake
features and appearance. Once done, selectedtlatgsnvill
be executed and target characteristics will beatiede

The whole process takes as input the 3D point doud
scenes, an ontology structure presenting a knowléage to
manipulate objects, geometries, topologies andtioek
(Object and data property) and produces as an Hufmu
annotated scene within the same ontology structde.
intermediate steps, the different geometries withispecific
3D point cloud scene are detected and stored inntaogy.
Once knowledge about geometries and the topologies
experienced, SWRL rules aim at qualifying and aatiog
the different detected geometries. The followingnge
example shows how a SWRL rule can specify the déss
VerticalBoundingBox which is of type Mast regardiitg
altitude. The altitude is highly relevant only tbis element.

» Guiding the processing algorithm sequence creation

based on the target object characteristics.

* Facilitate the semantic annotation of the differentvert,

detected objects inside the target scene.

Let’'s remember that the one of the main ideas loethiis
project is to direct, adapt and select the mostabla
algorithms based on the object's characteristitgadt, one

3DProcessi ng_swrl b: Verti cal El ement Det ecti on(?
2dir) A altitude (?x, ?alt)
Aswr |l b: moreThan (?alt, 6) — Mast (?Vert)

In other cases, geometric knowledge is not sufiicfer
the previous process. The topological relationsthipsveen
detected geometries are helpful to manage the atiomt
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process. The following example shows how semantic « Generation of a set of geometries from a pointaoul

information about existing objects is used conjlynatith file based on the target object characteristics.

topological relationships in order to define theass of « Computation of business rules with geometry,

another object. semantic and topological constrains in order to
. annotate the different detected geometries.

Mast = (?vertl)  ~  Vertical BB ~(?Vert2) ~ « Generation of a VRML model related to the scene

hasDi stanceFrom  (?vertl, ?vert2, 50) - within the detected and annotated elements.

Mast (?vert 2)

VI. WIDOPPROTOTYPE In addition, the created WIiDOP platform offers the
opportunity to materialize the annotation process the
generation and the visualization based on a VRMucstire
alimented from the knowledge base. It ensures tamnaative
visualization of the resulted annotation beginnfrgm the
initial state, to a set of intermediate states, iognfinally to

an ending state, Figure 13 where the set of rulesaally
executed.

WIDOP prototype takes in consideration the adjustme
of the old methods and, in the meantime, profitrfrthe
advantages of the emerging cutting-edge technolBgym
the principal point of view, our system still retaithe storing
mechanism within the existent 3D processing alborg; in
addition, suggest a new field of detection and &atian,
where we are getting a real-time support from theget
scene knowledge. Add to that, we suggest a coldiver (s [
Java Platform based on semantic web technology (OW
RDF, and SWRL) and knowledge engineering in oraer t
handle the information provided from the knowledggse
and the 3D packages results.

Detecton | Information | [ Visuakzaton | Actons

WIDOP prototype -
3D algorithms
[ —
| oaEe i
<<extends>> | T T —|
_f_J‘_ﬁ-_ CUTE
Execute rule . cemmms ]
. = —& VW BERESSION

<<include>> |

Detect and annotate Geometries ).
<<primary>>

<<primary>>

==secondary=>

e \Q Figure 13. Snapshot of the WiDOP prototype

Visualize results

VRML visualization

Ontolagy As a first impression, the system responds to #nget
e requirement since it would take a point cloud déaility as
input and produce a fully annotated as-built moofelthe

facility as output.

User

<<primary=>

<<secondary>>

Read results
Inforration frame

Figure 12. the WIiDOP use case diagram

The process enriches and populates the ontologly
new individuals and relationships between themorhter to
graphically represent these objects within the ecpaint
clouds, a VRML model file [7] is generated and wkzed
within the prototype where the color of objectdhie VRML
file represents its semantic definition. The réagliontology
contains enough knowledge to feed a GIS system,tand
generate IFC file [37] for CAD software. As seenFigure

12, the created system is composed of three parts. Figure 14. Detected and annotated elements viséitiszwithin VRML
language
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VII.

A. Annotation process summerized

For the demonstration of our prototype, two diffdére
sections from the whole scanned point clouds reldte
Deutsch Bahn scene in the city Mfirnbergwas extracted.
While the last one measure 87 km, we have justntake
small scenes of 500 m each one. Each one of theskepes
contains a variety of the target objects. The whsalene has
been scanned using a terrestrial laser scannet fixkihin a
train, resulting in a large point cloud represegtithe
surfaces of the scene objects. Within the creptetbtype,
different SWRL rules are processed, e.g. Figure Hst,
geometrical elements will be searched in the afgaterest
based on dynamic 3D processing algorithm sequemnseger]
based on semantic object properties.

BENCHMARKS

etechon [ snforation | e | Veiization | Actons|
| B verteal B8 Localivation |
| raast_Detectian
| Darasy Detaction_ Topsiogy |
|2 DiBigMast Detettion |
|02 02hoeruiMact Dsteckon |
L 0BascSignalDetection
| DeBssicSinalnetecken Topelagy

| asacandarySignailietaction

| 04SecandarySignaetaction Topalagy

| oSecandarysignalbetection_Topalogy_L

E_ﬂ S5chalthrsgaDete: fon |

1 1

[ _2loiBighast DaEciEn x|
.‘:!.() Mast(el a hasHeight(ly, Th) & sweibgreaterThan(Th, 6} — Bightast{i)
|
| i QK i
ADD J I EDHT
DELETE
IELIST:
EXECUTE.

EXECUTE Sl RLLES

MIEW EXFRESSION

Figure 15. Example of executed rules

Once done, the second step within our approach sims

identify existing topologies between the detectedmgetries.
Thus, useful topologies for geometry annotation teted.
Topological  Built-Ins  like isConnected, touch,
Per pendi cul ar, i sDi stant from are created. As a result,
relations found between geometric elements aregyated
into the ontology, serving as an improved knowledgse for
further processing and decision steps.
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the detected geometries are annotate as seen Viibie 6,
Table 7, Table8.

B. System evaluation

Our testes had been made on two different datesveitle
500 m long extracted from the whole scanned pdimiids
data. Where the first scene contains just 37 eleneand the
second one contain 128 elements. As a first immes#’s
totally reasonable that the number of elementsesdiriom a
scene to another, because we are near from thewessil
station, more the scene is rich and vice versissalso clear
from the above-mentioned tables, how our knowleogse
could recognize which geometry represents a reaheht
from those which are noise, Table 6.

Dietection | Information | getions

Classes:

-Furniture
---Schaltanlage
--Mast
-----Mormaliast
----- Bighast
---Speakers
---Telephones
---Signals

----- BasicSignal
------- IMainSignal
------- DistantSignals
----- SecondarySional

Detected elements:

WerticalBB_285
VerticalBE_336
VerticalBE_332
VerticalBE_277
VerticalBE_322
‘erticalBB_267
WerticalBB_263
VerticalBE_314
VerticalBE_213
VerticalBE_259
VerticalBE_255

WarkicalRR 745

[ SHOW DETAILS |

( DELETE ELEMENT FROM THE SCEME |

Figure 16. Annotated Bounding Box as Masts

As well, in most cases, our annotation procesdis
affect the right label to the detected Bounding based on
knowledge on its component, its internal and exkern
topology. In the first example, Table 7, among 18Tents
are classified as Masts, three as a SchaltAnlage 1&h
signals. While in the second scene, among 67 elesnae
classified as Masts, 55 signals and finally 155a8ehlage,

The last step consists in annotating the differentrgpie g.

geometries. Vertical elements of certain charasties can
be annotated directly. Subsequently, further animotanay
be relayed on aspects expressing facts to orientati size

TABLE 6. DETECTEDELEMENT WITHIN THE SCENE AND ANNOTATED ONES

of elements, which may be sufficient to finalizedecision
upon the semantic of an object or, in more sopfdtd
cases, our prototype allows the combination of sgima

information and topological ones that can deduceremd

robust results by minimizing the false acceptatiate, Figure

Scene Detected Annotated Truth
Size Bounding elements data
Box
Scene: 500 10¢& 34 37
Scene; 500 344 277 12¢

16. By this way, and based on a list of SWRL rulesstrof
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TABLE 7.DETECTED AND ANNOTATED ELEMENTS WITHIN THE SCENE

Masts signal Schaltanlage
Annotated 13 18 3
Truth data 12 20 5

TABLE 8. DETECTED AND ANNOTATED ELEMENTS WITHIN THE SCENE

Masts signal Schaltanlage
Annotated 67 55 15k
Truth data 65 5C 13

Some clear limits are detected within the Tabl&\Bere
lots of false Schaltanlage are detected and aratht&efore
explaining the reason behind this false detectiet's recall
that the Schaltanlage present very small electrdmixes
installed on the ground. In the case of scene Zlwis near
the rail station, the level of the ground is a eighompared
to the other scenes. For this reason, lots of hiognboxes
are detected where a high average of them presemd
noise on the ground. The reason for the false atioatis the
lack of semantic characteristics related to suatmehts
because, until now; there is no real internal otemal
topology neither internal geometric characteristicat
discriminate such an element compared to others.

VIIl. DiscussiON ANDCONCLUSION

We have presented an automatic system for survey

information model creation based on semantic kndgde
modeling. Our solution aims to perform the detettiof
objects from a technical survey within the laseanser
technology by using available knowledge about ecifipe
domain (DB). This prior knowledge is modeled withan
ontology structure. SWRL rules are used to contnel 3D
processing execution, the topological qualificat finally
to annotate the detected elements in order to lerthe
ontology and to drive the detection of new objects.

The designed prototype takes 3D point clouds of a

facility, and produce fully annotated scene withinVRML

model file. The suggested solution for this chalieg

problem has proven its efficiency through real gestthin

the Deutsche Bahn scene. The creation of processing
topological Built-Ins has presented a robust sotutito

resolve our problematic and to prove the ability thé

semantic web language to intervene in any domaincesate
the difference.

Future work will include the integration of new
knowledge’s that can intervene within the annotafjcocess
like the number of detected lines within each banigdox
and the update of the general platform architectuyeensure
more communication between the scene knowledgeirwith
the 3D processing one. It will also include a moobust
identification and annotation process of objectseaon
individual object characteristics. Finally, furthenowledge
related to the algorithm parameterization that taarvene
within the detection and annotation process wilshealied to
make the process more flexible and intelligent.
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