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Abstract—This paper presents our experience regardig the
creation of 3D semantic facility model out of unorgnized 3D
point clouds. Thus, a knowledge-based detection apyach of
objects using the OWL ontology language is preserde This
knowledge is used to define SWRL detection rulesn laddition,
the combination of 3D processing built-ins and topogical
Built-Ins in SWRL rules aims at combining geometrial
analysis of 3D point clouds and specialist's knowtige. This
combination allows more flexible and intelligent désction and
the annotation of objects contained in 3D point cleds. The
created WIiDOP prototype takes a set of 3D point clals as
input, and produces an indexed scene of colored dujts
visualized within VRML language as output. The conext of
the study is the detection of railway objects matéalized within
the Deutsche Bahn scene such as signals, technicapboards,
electric poles, etc. Therefore, the resulting enrfeed and
populated domain ontology, that contains the annotns of
objects in the point clouds, is used to feed a Gkystem.
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Semantic VRML model; Geometric analysis; Topologich
analysis; 3D processing algorithm; Semantic web; lawledge
modeling; ontology; 3D scene reconstruction; object
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. INTRODUCTION

The technical survey of facility aims to build agittl
model based on geometric analysis. Such a proezssiies
more and more tedious, especially with the geraraif the
new terrestrial laser scanners, faster, accurateravhuge
amount of 3D point clouds is generated. Within suelw
technologies, new challenges have seen the ligetevthe
basic one is to make the reconstruction processnaaiic
and more accurate. Thus, early works on 3D poiotidd
have investigated the reconstruction and the ratogrof
geometrical shapes [1], [2].
investigated as a topic of the computer graphicthadsignal
processing
segmentation or visualization aspects. As mosttegerks,

explored [3]. In fact, we agree with the assumptibat it
helps the improvement of the automation, the acyueand
the result quality, but we think that it has tovell studied
and proved. Otherwise, how the detection processges
support within different knowledge about the scebgects
and what's its impact compared to classic apprdacsuch
scenario, knowledge about such objects has to declu
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detailed information about the objects geometrgycstire,
3D algorithms, etc.

By this contribution, we suggest a solution to the
problematic of facility survey model creation fr@® point
clouds with knowledge support. The suggested sysgm
materialized via WIiDOP project [4]. Furthermore,eth
created WIiDOP platform is able to generate an iadex
scene from unorganized 3D point clouds visualizéthim
virtual reality modeling language [5].

The reminder of this paper is organized as folloWse
next section describes briefly the most recentedlavorks,
followed by the prototype definition in section dbr In
section four, more focus on the domain ontologucitre
presenting the core behind WiDOP prototype willetgface
where we highlight the ontology structure and theated
extension with the SWRL language to satisfy thegdsr
purpose. Section five presents a use cased matedidby
the scene of the German rail way. Finally, we codeland
give insight on our future work in section six.

. BACKGROUND CONCEPT ANDMETHODOLOGY

The technical survey of facilities, as a lamgd costly
process, aims at building a digital model based on
geometric analysis since the modeling of a fac#itya set
of vectors is not sufficient in most cases. To hesdhis
problem a new standard was developed over ten ymsars
the International Alliance for Interoperability (IA This
standard, called IFC [6], considers the facilitgraénts as
objects that are defined by a 3D geometry and niireth
semantic [14]. The problematic of 3D object detatt@and
scene reconstruction including semantic knowledges w
recently treated within different domain, basicallye
photogrammetry one [7], the construction one, tit®tics
[8] and recently the knowledge engineering one [4].
Modeling a survey, in which low-level point cloud o
surface representation is transformed into a seaozlyt

research where most works focused Ofch model is done in three tasks where the feshe data

collection, in which dense point measurements & th
facility are collected using laser scans taken freay
locations throughout the facility; Then data praieg, in
which the sets of point clouds from the collectedrmers
are processed. Finally, modeling the survey in Wwitiwe
low-level point cloud is transformed into a semeaity
rich model. This is done via modeling geometric
knowledge, qualifying topological relations and dfiy
assigning an object category to each geometry [9].
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Concerning the geometry modeling, we remind hes¢ th could be developed that would take a point cloudaof
the goal is to create simplified representationdaality facility as input and produce a fully annotated basgt
components by fitting geometric primitives to theimt  model of the facility as output. The first step hiit the
cloud data [17]. The modeled components are lab&l#d  automatic process is the geometric modeling. Is@nes the
an object category. Establishing relationships ketw  process of constructing simplified representatiohthe 3D
components is important in a facility model and fralso  shape of survey components from point cloud data. |
be _gstabhshed. In fact, re_Iat|onsh|ps betvyeen o:h@J_m a general, the shape representation is supportedSsy [L5]
faC|I|.ty modgl are useful in many scenarios. In idd, or B-Rep [16] representation. The representation of
spatial relationships between objects provide odngd geometric shapes has been studied extensively (e
information to assist in object recognition [10]itih the oo etric elements are detected and stored vieeaifisp
eratre, e man Stalcgies are tescibtiosueh s presentaion, the fnaltask witin a faclty i ask &
the object recognition. It presents the procesklo¢ling a

with provided software’s for point clouds classifions : S
and annotations [11]. While the second strateggsehore set of data points or geometric primitives extrddtem the

on the automatic data processing without any humand@t@ with a named object or object class. Wheréas t
interaction by using different segmentation techeigfor ~ Modeling task would find a set of paints to be atival
feature extraction [8]. Finally, new techniquessereting  Plane, the recognition task would label that plasebeing a
an improvement compared with the cited ones byWwall, for instance. Often, the knowledge describitg
integrating semantic networks to guide the recoosbn ~ Shapes to be recognized is encoded in a set ofipiess
process [12]. that implicitly capture object shape. Researchemognition
of facilities specific components related to a ligciis still
in its early stages. Methods in this category tgihyc
In current practice, the creation of facility modsl perform an initial shape-based segmentation ofsitene,
largely a manual process performed by service dessi into planar regions, for example, and then useufeat
who are contracted to scan and model a facilityehlity, a  derived from the segments to recognize objects.s Thi
project may require several months to be achievedapproach is exemplified by Rusu et al. who useibtes to
depending on the complexity of the facility and thedetect walls, floors, ceilings, and cabinets in itchen
modeling requirements. Reverse engineering tooteleat  environment [8]. A similar approach was proposedPuy
geometric modeling of surfaces, but with lack ofuetric  and Vosselman to model facility facades [18].
representations, while such design systems canaodid To reduce the search space of object recognition
the massive data sets from laser scanners. As Wt res algorithms, the use of knowledge related to a siseci
modelers often shuttle intermediate results badk fanth  facility can be a fundamental solution. For insgntue et
between different software packages during the fhigle al. overlay a design model of a facility with the-kauilt
process, giving rise to the possibility of informoatloss due point cloud to guide the process of identifying ethidata
to limitations of data exchange standards or eriorthe  points belong to specific objects and to detectedénces
implementation of the standards within the softwtmels  petween the as-built and as-designed condition§. [tt®
[13]. Prior knowledge about component geometryhsa€  such cases, object recognition problem is simplife be a
the diameter of a column, can be used to constten matching problem between the scene model entitidstize
modeling process, or the characteristics of knownjata points. Another similar approach is preseimef20].
components may be kept in a standard componerryibr Other promising approaches have only been tested on
Finally, the class of the detected geometry isrdéiteed by  limited and very simple examples, and it is equdifficult
the modeler once the object created. In some cases predict how they would fare when faced with more
relationships between components are establishtwerei complex and realistic data sets. For example, ¢meastic
manually or in a semi-automated manner. network methods for recognizing components usinted
work well for simple examples of hallways and bajre
rectangular rooms [10], but how would they hanglaces
with complex geometries and clutter.

A. Manual survey model creation

B. Semi-Automatic and Automatic methods

The manual process for constructing a survey misdel
time consuming, labour-intensive, tedious, subyegtiand
requires skilled workers. Even if modeling of indwal  C. Discussion:
geometric primitives can be fairly quick, modeliadacility The presented methods for survey modeling and bbjec
may require thousands of primitives. The combinedecognition rely on hand-coded knowledge about the
modeling time can be several months for an avesi@Ed domain. Concepts like “Signals are vertical” andgt®ls
facility. Since the same types of primitives mustrbodeled  intersect with the ground” are encoded within thygwethms
throughout a facility, the steps are highly repetitand either explicitly, through sets of rules, or imjilig, through
tedious [12]. The above mentioned observationsathdrs  the design of the algorithm. Such hard-coded, hdsed
illustrate the need for semi-automated and autatinateapproaches tend to be brittle and break down wested in
techniques for facility model creation. Ideally, sgstem  new and slightly different environments. Furthereat can
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be difficult to extend an algorithm with new rule to [WiDOP protatpe
modify the rules to work in new environments. Based [P rottpe

these observations, we predict that more standadi a
flexible representations of facility objects and rmo
sophisticated guidance based algorithms for olojetetction <<extend>> 7 cortends>
instead of a standard one will open the way to iBaamt S

improvement in facility modeling capability and geality.

/

I.  WIDOPPROTOTYPE <<include>>

T
1
1
<<secondary=>
Detect and annotate Geometries

WIDOP platform is a Java platform presenting a
knowledge based detection of objects in point ctolidsed
on OWL ontology language, Semantic Web Rule Languag
and 3D processing algorithms. It aims at combining

geometrical analysis of 3D point clouds and spestial O | <primaps <<secondary>> \;)

knowledge to get a more reliable facility model fat, this A —— A
combination allows the detection and the annotatdn s ﬂ“"‘-‘y

objects contained in point clouds. WiDOP prototypkes
in consideration the adjustment of the old methadd, in
the meantime, profit from the advantages of therging
cutting edge technology. From the principal poiftigw,
our system still retains the storing mechanism iwitthe
existent 3D processing algorithms; in addition, grgi a
new field of detection and annotation, where wegsting
a real-time support from the target scene knowledge to
that, we suggest a collaborative Java Platform dase : ; :

semantic web technology (OWL, RDF, and SWRL) and.TO nc;h_such atarget, three main s'teps aim atteteand

. S S identifying objects are established:

knowledge engineering in order to handle the infaion
provided from the knowledge base and the 3D package
results.

The field of the Deutsch Bahn railway scene istaéa
for object detection. The objective of the systeamsists
in creating, from a set of point cloud files, fromn
ontology that contains knowledge about the DB rayiw
objects and 3D processing algorithms, an autonpaticess ! - > . L
that produces as output a set of tagged elementsined requirement since it would take a point clouq ddaility as
in the point clouds. input and produce a fully annotated as-built moafethe

The process enriches and populates the ontology wit facility as output. In the next, we focus on theecof the
new individuals and relationships between themorer ~ WIDOP prototype which is materialized via an ongplo
to graphically represent these objects within tens base structure to guide the 3D scene reconstruptimeess.

point clouds, a VRML model file [5] is generateddan
visualized within the prototype where the colorobjects

in the VRML file represents its semantic definitiofhe In recent years, formal ontology has been suggessieal
resulting ontology contains enough knowledge tadfee solut|0_n to the problem of _3D objects reconstruttfoom
GIS system, and to generate IFC file [6] for CAD 3D point clouds [21]. In this area, ontology sturet was

software. As seen in Figure 1, the created system i defined as a formal representation of knowledga Isgt of
composed of three parts. concepts within a domain, and the relationshipsvéen

those concepts. It is used to reason about theesntiithin
«  Generation of a set of geometries from a pointthat domain, and may be used to describe the domain

could file based on the target object charactesisti Conventionally, ontology presents a “formal, explic
« Computation of business rules with geometry,SPecification of a shared conceptualization” {22]
semantic and topological constrains in order toWell-made ontology owns a number of positive aspéke

<<primary=>

<<primary==

<<gecondary>>

Read results

Figure 1. the WiDOP use case diagram

Information frame

From 3D point clouds to geometric elements.
* From geometry to topological relations.
» From geometric and/or topological relations to
semantic elements annotation.

As a first impression, the system responds to trget

V. ONTOLOGY BASED PROTOTYPE

annotate the different detected geometries. the ability to define a precise vocabulary of territse
+  Generation of a VRML model related to the scenedbility to inherit and extends exiting ones, theligbto
within the detected and annotated elements declare relationships between defined conceptsfiaatly

the ability to infer new relationship by reasonimg existing
ones. Through the scientific community, the basiergth
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of formal ontology is their ability to reason inagical way elements, which have to be detected and is dividedo
based on Description Logics DL. The last one prissan general classes, one for the Furniture and onether
form of logic to reason on objects. In fact, despihe Facility Element. However, the importance of otblrsses
richness of OWL's set of relational properties, théom cannot be ignored. They are used to either desdtibe
does not cover the full range of expressive polis#tsi for domain concept geometry and characteristics orefine
object relationships that we might find. For thais useful the 3D processing algorithms within the target getyn

to declare a relationship in term of conditionswen rules. The subclasses of the Algorithm class represent the
Some of the evolved languages are related to therstic  different developed algorithms. They are relatedeweral
web rule language (SWRL) and advanced Jena rulgs [2 properties which are able to detect. These progeerti
SWRL is a proposal as a Semantic Web rules languagéseometric and semantic) are shared with the
combining sublanguages of the OWL Web OntologyDomainConcept and the Geometry classes. By this way
Language with the Rule Markup Language [24]. created sequence of algorithms can detect all the
characteristics of an element while the Geomets<l

A On_tology_sche_ma ) represents every kind of geometry, which can beded
This section discusses the different aspects celat¢he  jn the point cloud scene.

Deutsche Bahn scene ontology structure installéthbethe The connection between the basic mentioned classes
WIDOP Deutsche Bahn prototype [4]. The domain @U9l  carried out through object and data properties.rd leist
presents the core of WIiDOP project and provides @pject properties for each mentioned activitiessiBes,
knowledge base to the created application. The ajlob the object properties are also used to relate gecbio
schema of the modeled ontology structure offersitalsie  other objects via topological relations. In gengtiaére are
framework to characterize the different DeutschenrBa fjye general object properties in the ontology Whitave
elements from the 3D processing point of view. Treated  their specialized properties for the specializetiviies.

ontology is used basically for two purposes: They are
+ To guide the processing algorithm sequence + hasTopologicRelation
creation based on the target object characteristics . IsDeseignedFor
+ To facilitate the semantic annotation of the +  hasGeometry
different detected objects inside the target scene. « hasCharacteristics,

The created knowledge base related to the DeutBehe
scene has been inspired next to our discussion thigh
domain expert and next to our study based on thieiaif
Web site for the German rail way specification [2%he
current ontology is divided onto three main partise
Deutsche Bahn concepts, the algorithm conceptsthad Contain hasTopologicRelation |
geometry concepts. However, they will be used withers T e __ Algorithms
to facilitate the object detection based on SWRM &me . Concept -~ By sl
automatic annotation of Bounding Box geometry based hasCharacteristics ‘ hasGeometry isDeseignedFor
inference engine tools. At this level, no real iattion — Classificd - .
between human and the knowledge base is taken . Characteristics \ Clsgem..
consideration, since the 3D detection process idgorand

parameters are alimented directly from the knowdebdgse
and then interpreted by the SWRL rules and Desoript
Logics tools. The ontology is managed through déife
components of Description Logics. There are fiveirma B. Enrichment of the ontology within processing and

Figure 2 demonstrates the general layout schema of the
application.

Scene
N’ hasSucessor'Predecessor

P,

. e hasTopologicRelation
hasCharacteristics .

Figure 2. Ontology general schema overview

classes within other data and objects propertids &b topologic operations

characterize the scene in question. To support the defined use cases, two basic futdyers
*  Algorithm to the semantic one are added to ontology in daensure
* Geometry the geometry detection and annotation process.tdslese
» DomainConcept operations are the 3D processing and topologidatioaes
e Characteristics qualification respectively.
 Scene

1) 3D processing operations
The class DomainConcept can be considered the main The 3D processing layer contains all relevaspects
class in this ontology as it is the class wheredliferent  related to the 3D processing algorithms. Its irdégn into
elements within a 3D scene are defined. It wasgiesl the WiDOP semantic framework is done by specialtBns.
after the DB scene observation. It contains alldkirof  They manage the interaction between the above amedi
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layers and the semantic one. In addition, it costahe
different algorithm definitions, properties, ande thelated
geometries to the each defined algorithms. An ita@mr
achievement is the detection and the identificatibobjects
with specific characteristics such as a signal,icetdr
columns, and electric pole, etc. through utilizitigeir
geometric properties. Since the information in pailfoud
data sometimes is unclear and insufficient.

object. Table 1 show the mapping between the 3D
processing built-ins, which is computer and traeslato
predicate, and the corresponding class.

TABLE 1.3D PROCESSING BUILFINS MAPPING PROCESS

3D Processing Built-Ins Correspondent Simple class

3D_swrlb_Processing:
VerticalElementDetection (?Vert,?Dir)

Vertical_BoundingBox(?x)

2) Topological operations
The layer of the topological knowledge represent

5

3D_swrlb_Processing:
HorizentalElementDetection (?Vert,?Dir)

Horizental_BoundingBox(?y

topological relationships between scene elementgsthe
object properties are also used to link an objeatthers
by a topological relation. For instance, a topatadi
relation between a distant signal and a main ome b
defined, as both have to be distant from one kileme
The qualification of topological relations into the
semantic framework is done by topological Built-Ins

C. Extension of SWRL with 3D processing and topolobica
operations

This section resumes the adopted approach to ateegr
the mentioned processing and topologic operatidgh telp
of the swrl language (Horn clauses) in order tdndgehew
knowledge (Classes and properties) related to shbudlt
facility modeling. We recall that SWRL Built-ins lav
further extensions within a defined taxonomy. ltfait
helps in the interoperation of SWRL with other faliams
by providing an extensible, modular built-ins irdhaucture

for Semantic Web Languages and knowledge base

applications. For such a reason, we opt to be baseslich
a technology to extend the actual knowledge baghirwi
two basic Built-Ins: Topologic Built-Ins and Prosesy
Built-Ins.

2) Extension of standard SWRL with
operations

Once geometries are detected, the second step, aims
verifying certain topology properties between dttdc
geometries. Thus, 3D_Topologic built-ins have badded
in order to extend the SWRL language. Topologicéés
are used to define constrains between differennes.
After parsing the topological built-ins and its exgon, the
result is used to enrich the ontology with relasioips
between individuals that verify the rules. Sim§arto the
3D processing built-ins, our engine translatesrties with
topological built-ins to standard rulé&ble 2

topologic

TABLE 2. EXAMPLE OF TOPOLOGICAL BUILT-INS

Processing Built-Ins Correspondent object
property
Upper(?x,?y)

Intersect (9X,?

3D_swrlb_Topology:Upper(?x, ?y)
3D_swrlb_Topology:Intersect(?x, ?y)

V. CASESTUDY

For the demonstration of our prototype, 500 m fritwe
scanned point clouds related to Deutsch Bahn sitetige
city of Nirnberg was extracted. It contains a wgrigf the
target objects. The whole scene has been scanmiegl ais

1) Extension of standard SWRL with processingterrestrial laser scanner fixed within a train,utésg in a

operations

The first step aims at the geometric elements'ctiete
Thus, Semantic Web Rule Language within extendeit bu
ins is used to execute a real 3D processing algorfirst,
and to populate the provided knowledge within thiotmgy
(e.q., Table 1). The “3D_swrlb_Processing:
VerticalElementDetection” built-ins for example,m& at
the detection of geometry with vertical orientatiobhe
prototype of the designed Built-in is:

3D _sw | b_Processing: Verti cal El enent Det ecti on
(?Vert, ?Dir)

where the first parameter presents the target blgjess,
and the last one presents the point clouds' dingctefined
within the created scene in the ontology structévethis
point, the detection process will result boundingxds,
representing a rough position and orientation efdhtected

Copyright (c) IARIA, 2011. ISBN: 978-1-61208-175-5

large point cloud representing the surfaces of sbene
objects. Within the created prototype, differentesuare
processed, (see Figure 3). First, geometrical aitsnwill
be searched in the area of interest based on dgnami
processing algorithm sequence created based onniema
object properties, and then topological relatiomtwieen
detected geometries are qualified. Subsequentlgthefu
annotation may be relayed on aspects expressirtg fac
orientation or size of elements, which may be sidfit to
finalize a decision upon the semantic of an obg@cbn a
fact expressing topological relationship or bottheim.

This second step within our approach aims to idienti
existing topologies between the detected geomeffieslo,
useful topologies for geometry annotation are teste
Topological Built-Ins  like isConnected, touch,
Per pendicul ar, isDistantfrom are created. As a
result, relations found between geometric elemargs
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_02Mast_Detection_Topology

.
\1/ Mast(?x) A BoundingBox_3D(?y) A hasHeight(?y, ?h) A swrlb:greaterThan(?h, 4) A Topology_swrlb:Distance(?x, ?y, 50, 10) — Mast(?y)

Figure 3. WiDOP prototype and example of used swkels within Built-Ins extention

Pont Couds:

Simple rule

A hasfrontface(?x, "true®) A hasMighest lime(?x, 7h) A swribilessThan(?h, 1) A

BoundingBox_3D(7x) A hasTrensface(?x, “true”) A hasMighess_Lin
Secondary3ignal (7y) ABoundingSox_3D (7x) AhasXeight (7x, 7h) A wwrib:greaterThan (7h, 3

Detection | Information | Xml | Visualzation | Actons

102 A _3D(7x (7, 7h) Aswrlb: greatexThan (7h,1) Asvelb:le:

Rule to analyse

Ind of the distance qualificaviom
Distance qualification between 33

Figure 4. Detected and annotated elements vistibazaithin VRML language

propagated into the ontology, serving as an impiove external topology, neither internal geometric chadstic

knowledge base for further processing and decisieps.

The last step consists in annotating the diffegaametries.
Vertical elements of certain characteristics carateotated
directly. In more sophisticated cases, our prgetgllows

the combination of semantic information and topalab
ones that can deduce more robust results by miimigithe

false acceptation rate. Finally, based on a listS8/RL

rules, most of the detected geometries are anmbthtehis

example, among 13 elements are classified as MEstas
Schaltanlage, three basic signals and finally etlsecondary
signals.

that discriminate such an element compared to sther
The created WIDOP platform offers the opportunity t

materialize the annotation process by the generatia the
visualization based on a VRML structure alimenteoinf
the knowledge base. It ensures an interactive lisin
of the resulted annotation elements beginning frih@
initial state, to a set of intermediate states cwndinally to
an ending state, (see Figure 4), where the seivdfrales
are totally executed.

VI. CONCLUSIONAND FUTUREWORKS

However, next to our experience, some limits are We have presented an automatic system for survey
encountered. They are especially related very smalhformation model creation based on semantic kndgde

elements detection and qualification where someenoin
the ground still considered as semantic elememmFour
point of view, we think that the reason for suctfatse
annotation is the lack of semantic characteristidated to
such elements since until now; there is no rearimal or
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modeling. Our solution aims to perform the detactuf
objects from laser scanner technology by using |alvii
knowledge about a specific domain (DB). The degigne
prototype as simple, as efficient and intelligarisisince it
takes 3D point clouds of a facility and producelyful
annotated scene within a VRML model file. The swigd
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solution for this challenging problem has provers it reconstruction from images and 3D data," in Inttomeal
efficiency through real tests within the DeutschehB _'\r"uur!ti's'gomgrriﬂ%zogsSggielmsx Signals & Devices, Sol
scene. The creation of processing and topologicilt-Bis : o " _
has presented a robust solution to resolve ourlgmudtic ~ [10] Cantzler Hd "'mgrcl’lY'”g %rclklutectugasl 3D recon;téuctlpn
- : constrained modelling," College of Science and Eeeiing
_and to prove the abll!ty of the semantic web lamguio School of Informatics, 2003.
intervene in any domain and create the difference. (11] Lei vl [Online] htto://hds lei
ST H f : eica yclone. nline|. p: s.leic-
Futur_e work wil |nclu;:ie ab_more rgbusgldentlflaauﬁnd bi geosystems.com/en/Leica-Cyclone_6515.hfime last acce:
annotation process of objects based on each object date:09-2011.
characteristics add to the integration of new 3Dapeter

~

[12] Andrea;, N. "Automatic Model Refinement for &

knowledge’s that can intervene within the detectamd Reconstruction with Mobile Robots," Folrtinternatione

annotation process to make the process more fiexiht Conference on 3-D Digital Imaging and Modelig®IM, pp.
inte”igent_ 394-401, 2003.

[13] Goldberg H.E. "State of the AEC industry: BIl
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