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Abstract

Increased demand for tools that allow merging ofiddug Information
Models with GIS models is observed in the last swears. Profession-
als from both domains are looking for solutionsseamlessly integrate
such models for various purposes such as, builaibconstruction analy-
sis, urban planning, tourism, cadastre, homelandrig, etc. Researchers
suggested that the best approach for such integraiharmonised seman-
tics, which will allow formal mappings between tihesign (BIM) and real
world (GIS) models. Although many geometric modese been devel-
oped in both domains, the number of semantic modetslatively few.
Two most prominent semantic models in the desigh raal worlds are
currently IFC and CityGML. Several studies demaatstrthe transfer of
information from IFC models into the CityGML butethiterature is lack-
ing a formal and descriptive framework for automaéneration of build-
ings in CityGML using the IFC models. This papeegants preliminary
ideas for defining a semantic mapping, which wilbwa automatic trans-
formations between the two models.

1 Introduction

Several ways and methods exist to acquire georaktind semantic in-
formation from building models and to represens tinformation within
the 3D geospatial environment. Detailed geometniforination about
buildings can be obtained from digital building netgl (i.e. CAD draw-



ings), by measuring existing buildings using laseanning methods, sur-
veying or photogrammetric techniques. Semanticrinftion can be ac-
quired by, querying various databases where infoomabout a building
is stored or using the semantic information staneBuilding Information
Models (BIM). This -acquired information- can latee transformed into
the geospatial environment and stored in form ajeametrical and/or
topological geospatial model, in a physical fileioia geospatial database.
In this paper we concentrate on transformatiomédrimation from BIM
(digital models) to the 3D geospatial models (ammectically to
CityGML).

Since many years, the AEC industry is benefitimgrfrComputer Aided
Design (CAD) systems for creating digital buildimgpdels. CAD systems
are developed with the aim of modelling objects éssisting produc-
tion/construction process. Models defined with C&tems usually exist
before the final product (or building), and areigeed for representing
the maximum level of detail in terms of geometrytiné model. In CAD
systems one or a group of building elements cambdelled in two or
three dimensions, within a complex geometrical @spntation. The ele-
ment geometries can be modelled by using CSG, Sngep BRep meth-
ods and geometries can contain curves, splinesaridce patches (Lat-
tuada, 2006). Until recent years, most of the CAddels created were in
two dimensions, were not object oriented and nickamantic information,
and spatial relations between the building elemevese not preserved
within the models. Storing semantic information was the focus of CAD
systems, but with the advent of Product Lifecyclangigement (PLM) in
production management and Building Information Mbdg (BIM) in the
AEC industry this situation is now radically chamgi Several Building In-
formation Models have been reported in the litergtumost commonly
known ones are CIS/2 (CIS2,2007) and IFC modelS,(B008), which of-
fer means to define objects with geometry and séogn

On the other hand, geospatial information systermslaveloped to rep-
resent objects that already exist around us. Theylefined for represent-
ing the objects in a simplified but efficient wagpécifically in terms of
geometry). Geospatial models represent large nuwibebjects mostly in
2D/2,5D with more simple geometric representati@mmg building geome-
tries are represented by BRep and Sweeping methodsldition the ge-
ometries are mostly created with straight lines. @onsisting of polygons,
polyhedrons). Attribute information is an importaspect of geospatial in-
formation models and usually stored in databasesPA and Zlatanova
(2006), Zlatanovat al (2006), Breuning and Zlatanova (2006) indicated
that CAD software supports a broad range of 3D ipities and free-form
curves, while these primitives and free-form curges not present in the



GIS world. Recently 3D Information models were deped for represent-
ing the real world objects, i.e. CityGML (CityGMLO0R8, Kolbeet al
2003), in fact the geometry is still limited to gila representations.

Many researchers have investigated the differennésthe similarities
between CAD and GIS and suggested approachesafmsforming infor-
mation from one to other. As mentioned by van Qostezt al (2006) the
lack of object definitions in the CAD files, diffemt scale representations,
transformation of the local (CAD) coordinates iatgeospatial coordinate
system, the existence of parametric shapes in GkS that can not be
converted into GIS objects, and different levelsdefail between CAD
models and their representation in the geospatidt@nment appeared as
main barriers that prevent CAD-GIS data transforomatvVan Oosteronet
al (2006) draws an attention to the need of integtageometric models
and harmonised semantics between two domains ér todackle with the
interoperability problems between AEC and geospatiormation do-
mains. Zlatanovat al (2006) pointed out that developing uniform data
types for both CAD and geospatial information medebuld eliminate
the need for conversion between different formats.

Several attempts have been made to simplify BIM ef®dnd integrate
them with GIS. For example in a recent effort, disig (2006) demon-
strated the transfer of information from an indysttandard BIM (IFC) to
the (ESRI) Shapefiles and Geodatabases. In paretlgimercial software
for conversion from IFC to CityGML and vice versain development
(i.e. IfcExplorer, 2008; Safe Software, 2008). Ofzd3 completed tests on
the integration of CityGML and IFC models in OWSestbed (Lapierre,
2008). However a formal framework for strict (se@and geometry)
conversion is not available yet.

This paper suggests that information from (semantésign and real-
world models can automatically be exchanged ifranéd framework can
be made available. Following the background sestiae present our pre-
liminary ideas for establishing framework for triorsnation of informa-
tion between IFC and CityGML. Section 2 presentsiraroduction to
Building Information Modelling, the following (thi) section presents the
background on the representation of buildings witBlD geospatial mod-
els. The & section presents an overview on information mappiaeds
which will serve as a basis when establishing thenéwork for transfor-
mation of information between IFC and CityGML maslel



2 Building Information Modeling

The fragment nature of the AEC industry has redultesignificant barri-
ers to communication between the various stakergla¢éhich in turn has
significantly affected the efficiency and performarof the industry. Gal-
laher et al. (2004) indicated that, US$15.8B is lost annuatiytie U.S
Capital Facilities Industry due to the lack of mmjgerability. In recent
years, Building Information Modelling has becomeagtive research area
in order to tackle the problems related to infolioraintegration and inter-
operability. Today, Building Information Models (B§) are promising to
be the facilitators of integration, interoperalyiland collaboration in the
future of the construction industry. According t8IMS (2006) a BIM is
a computable representation of all the physical fandtional characteris-
tics of a building and its related project/life-&yinformation, which is in-
tended to be a repository of information for thdding owner/operator to
use and maintain throughout the life-cycle of ddng.

2.1 Industry Foundation Classes (IFC)

Today, the current key efforts in the area of Bl the Industry Founda-
tion Classes (IFC) and the CIMSteel Integratiom8gads 2(CIS/2). The
distinctive characteristics of the BIMs can be iifead as follows:

1. Object Oriented: most of the BIMs are defined in an object-oriented
nature.

2. Data-rich / Comprehensive: BIMs are data rich and comprehensive as
they cover all physical and functional charactarisof the building.

3. Three dimensional: BIMs always represent the geometry of the buil-
ding in three dimensions.

4. Spatially-related: Spatial relationships between building elemengs ar
maintained in the BIMs in a hierarchical manner.

5. Rich in semantics: BIMs maintain a high amount of semantic (func-
tional) information about the building elements.

6. Supports view generation: The model views are subsets or snapshots
of the model that can be generated from the bdeemation model.
BIMs therefore support view generation.

Today IFC is seen as being the strongest playéneoBIM world. IFC

is the effort of 1Al/buildingSMART whose goal is &pecify a common
language for technology to improve the communicgatgroductivity, de-

livery time, cost, and quality throughout the desigonstruction and main-
tenance life cycle of buildings. Each specificat{oalled a ‘class’) is used
to describe a range of things that have commonacheristics. These



IFC-based objects aim to allow AEC/FM professiortalshare a project
model, while allowing each profession to defineatgn view of the ob-
jects contained within the model. In 2005, IFC lmeaan ISO Publicly
Available Specification (as ISO 16739).
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Fig.i EXPRESS-G Representation of
IFCSHAREDBUILDINGELEMENTS data model

In IFC model geometries of the building elements always repre-
sented in 3D using one of/or combination of CSGe&ping and BRep
methods. IFC model usually represents a buildirgneht by multiple



geometric representations (i.e. a Sweeping Repesam and a BRep).
The spatial relations between the building elemeanéspreserved within
the models’ spatial structure. The information dbitve geographic loca-
tion of the building is stored as an attributd fofSte object of the model.
The main structure of the building is representedithiw
IFCSHAREDBUILDINGELEMENTS data model. This data nebdle-
fines the entities for representing the basic camepts of the building.
Each entity in this data model is a subtypdfoBuildingElement entity.
The EXPRESS-G Representation of [|IFCSHAREDBUILDING
ELEMENTS data model is shown in Fig.1.

2.2 Model Views

In order to support several phases and the stattetsobf the construction
life-cycle several views of the BIM needs to be gyated (Eastman and
Jeng, 1999). The BIM model views are generated loecaration of a
model that is a subset of another model, or byadatibn of a model that
is derivable from a BIM (in this case the view shibuiot be a superset of a
the BIM).These views can be generated from fileslatabases by using
application interfaces and web interfaces. These/vican either be tran-
sient or persistent depending on the need.

If the model view is persistent, it will be storeda physical file or a da-
tabase, otherwise if it is transient the physidatage of the view is not
necessary. The model views are updated using EXBRE&astman and
Jeng, 1999) or XSL (IFC Model View Definition, 20Q0languages. The
Model Views can be used for eliminating semantfiedences between the
BIM and another domain model, and can also hetpemrmodel simplifica-
tion process, i.e. Isikdag (2006) demonstrateduieeof BIM model views
while mapping information from the IFC model to @pplication specific
view, which is developed to interact with a GIS.

3 Buildings within 3D Geospatial Models

In geospatial model a 3D geospatial object candfimeld by its geometric
or topologic representation or by using both regméstions (van Oosterom
et al 2002, Breuning and Zlatanova 2006). As explained.ake et al.
(2004) topologic objects can be mapped into gedmehijects.



3.1 3D Geometrical Representations
Requicha (1980) summarised six main approachefwesenting 3D ob-
jects by computers. These approaches are primitatancing, spatial oc-
cupancy enumeration, cell decomposition, constracgolid geometry,
sweeping and representing the object using boursl§Boundary Repre-
sentation, BRep). Two of these geometrical reptesiens sweeping and
BRep are used commonly to represent 3D objects5b 2ector models.
Swept or extruded 3D geometries are created byapfdications on de-
mand. Research in the area demonstrated the e decomposition and
3D spatial occupancy enumeration (voxels), to regme 3D objects and
also outlined the need for using CSG representtion

In 1ISO 19107 (Standard for Geographic InformatiSpatial Schema,
compliant with OGC Abstract Specifications Topic Spatial Schema)
geometric model, a primitive solid object (GM_Splidl constructed by its
boundaries (bounding surfaces) thus its 3D reptaien method is BRep.
Other solid types such as Cone, Cylinder, Sphesedafined as a sub-
classes of Surface Patch (GM_SurfacePatch), Patian@&irve Surface
(GM_ParametricCurveSurface) and Gridded Surface
(GM_GriddedSurface) and are interpreted as surfatesording to 1SO
19107 a composite solid (GM_CompositeSolid) caislgenerated by us-
ing a set of solids that join in pairs on commonmrmeary surfaces to form
a single solid. The resulting model will also betie form of a BRep
model.

3.1 Buildings within CityGML

CityGML Implementation Specification (2007) defin€&tyGML as a
common semantic information model for the represgon of 3D urban
objects that can be shared over different apptinati The current version
of CityGML refers to only earth surface objects afwbve earth surface
objects, but research and first tests has beemtegpon incorporating un-
derground objects (Emgard and Zlatanova, 2007, 2@0i8GML is de-
signed as an open data model and XML-based foranahé storage and
exchange of virtual 3D city models. It is implemsghtas an application
schema of the Geography Markup Language 3 (GMLBYGDAL defines
the classes and relations for the most relevargi@phic objects in cities
and regional models with respect to their geomatriopological, seman-
tic and appearance properties. CityGML is appliedor large areas and
small regions and can represent the terrain andt8éxcts in different lev-
els of detail simultaneously. In CityGML 5 levelsdetail (LOD) were de-
fined in order to represent city objects. In tewhsepresenting buildings 4



out of 5 LODs are used. As explained by CityGML letpentation Speci-
fication (2007) as follows:

1.LODO is essentially a two and a half dimensiongi@al Terrain Mo-

del, over which an aerial image or a map may bpetia

2.LOD1 is the well-known blocks model comprising pmetic buil-

dings with flat roofs.

3. A building in LOD2 has differentiated roof struatgrand thematical-

ly differentiated surfaces.

4.1.0D3 denotes architectural models with detailed wall roof struc-

tures, balconies, bays and projections. High-résmiiextures can be
mapped onto these structures.

5.LOD4 completes a LOD3 model by adding interior stwes for 3D

objects. For example, buildings are composed aidans, rooms, in-
terior doors, stairs, and furniture.

In LODs 2-4 of CityGML the building facade is defuh in form of
Boundary Surfaces i.e. WallSurface, Roof Surfacgeu@dSurface or Clo-
sureSurface. The Buildinglnstallation class is uedrepresenting build-
ing elements like balconies, chimneys, dormersuierostairs, which af-
fect the outer appearance of a building. In LOD4 tBe openings in the
BoundarySurfaces can be represented as Doors andoWs. In LOD4,
the Room class is used to represent the interidhetuilding. A Room
can be defined by its Boundary Surfaces i.e., imtéWall Surface or Floor
Surface. The movable objects i.e. lamps, tabledairs are represented
with Building Furniture class. Building Installaticclass is used to model
other immovable building elements such as pillais stairs.

4 The Framework

The IFC model consists of 4 conceptual layers ao®ee, Core, Interop-
erability and Domain. The Interoperability layerfides concepts (or
classes) common to two or more domain models Airehitecture, Con-
struction management) defined in IFC. As explaimedFC Technical
Guide (2000) it is through the schemata definedhat interoperability
layer that, multiple domain models can be plugged the common IFC
core. The entities in the Interoperability Layerdaspecifically in the
‘Shared Building Elements’ part of IFC specificatioan form an interest-
ing starting point for the development of the tfansation framework be-
tween IFC and CityGML models. The ‘Shared BuildiEigments’ part of
the IFC specification, contains entities that repre: the basic components
of a building such as a beam, column, wall or ¢§kig.1).Each instance of



these entities corresponds to an element of aihgiid a BIM. The Rep-
resentation’ attribute of each entity in this set (i.e. Ifc@Qaoin, IfcBeam)
will refer to an ‘IfcProductRepresentation’ entitfich defines the geome-
try of that building element. Similarly the orietitmn and absolute location
of a building element can be acquired from theOligectPlacement’ entity
referred from the ‘ObjectPlacement’ attribute. lmrsnary, a building
elements’ geometry is referred from a BIM objectttbontain semantic in-
formation about that element.

Transforming information from IFC to CityGML reqges a two-step
approach: transforming semantic information andsi@aming geometries.
Since the objects (classes) in these two modelvemediverse, the two
steps cannot be performed separately. An objeanim of the models
might be mapped to a group of objects (and viceajemwhich requires a
careful consideration on the order or convertingngetries and semantics.

In order to perform a successful transformatiorraipen;

» A set of rules (a rule base) needs to be clearfipei@ in the first stage,
in order to define the semantic mappings betweerctasses of two mo-
dels for each LOD of CityGML.

» The second stage will be building up the rulesfatlyms for geometric
model simplification. A BIM model view can faciltea model simplificati-

on in this stage.

» The final stage will be defining the informatiorattwill be transformed
to form the attributes of the CityGML objects faok LOD.

The following sections present a general overvidw(semantic and
geometric) information transformation from IFC torh CityGML models
in different LODs of CityGML, mainly concentratingn the transfer of
geometric information.

4.1 Transfer of Semantic Information from IFC to
_AbstractBuilding class

The information required for populating the atttdm of the
_AbstractBuilding class in CityGML model can be acquired from selvera
different IFC entities. For example an object coohthe [fcStorey entity
will provide the number of stories of the buildirapd thelfcBuilding en-
tity will help in determining the number of storiaBove the groud. On the
other hand the information for determining the GWL RoofType, can be
acquired fromlfcRoof entity.The year of construction of the buildinghca
be acquired fronfifcWorkSchedule entity.



4.2 Generation of Buildings in CityGML LOD 1

In the LOD 1 of the CityGML model, the geometryabbuilding is repre-
sented as a prismatic object with a flat top (Biglhe geometry of the
building can either be represented wgthl: SolidType as a volumetric ob-
ject or the exterior surface (facade) of the buildingapresented with
gml:MultiSurfaceType. In fact in LOD 1 every wall is represented with a
single face (flat surface).

In order to generate a building model in LOD 1, thgade of the build-
ing can be acquired from thidcwWall entities (representing the facade
walls) andlfcSab entities(representing the building roof). In thitiation,
the facade needs to be simplified using a BIM mafkal, in such a way
that each wall (and roof slab) will only be repraee with a single face
(flat surface). An alternative way of getting a plified geometry is using
bounding box representation of the elements. Hensions to building
such as balconies also need to be disregarded edrestructing the LOD
1 model. In addition, if there is any curvaturghe geometry of walls and
roof slab, these should also be eliminated.

(2) LOD1 building

Fig.2 : Geometrical Representation of a building inCityGML LOD 1
(CityGML Implementation Specification, 2007)

On the other hand, as the model in LOD 1 repredéetduilding in a
simple form, another approach for generating thitdimg representation
would be acquiring the footprint of the buildingofn the IfcSab en-
tity(representing the ground or the top floor) &hne height of the building
from thelfcSab entity that are referenced from thieRoof entity (in other
words the Roof Slabs). In this case, the BRep moti¢ghe building can
easily be constructed using the coordinates ofbthildling footprint and
the height of the building. The Terrain InterseatiOurve (TIC) can be
generated either using the building footprint acegiifrom the IfcSlab en-
tity or usinglfcWall entities that form the building facade.



4.3 Generation of Buildings in CityGML LOD 2

In LOD 2 of the CityGML model, the outer fagadetbé building can be
represented in a greater detail. The biggest éiffees between the LOD 1
and LOD 2 (in terms of geometrical representatime) i.) the outer walls
of the building can be represented with multiplee and ii.) the curve
geometries of the building fagade can be repredewithin the model
structure (Fig 3). On the other hand LOD 2 enalihesrepresentation of
outer building installations such as chimneys, dailes, dormers, outer
stairs etc. These installations can be represemitaih the Buildinglnstal-
lation class asgml:Geometry (as an aggregate of multiple geometrical
types). Starting from LOD 2 (in order to represtrat semantic differentia-
tion between the building elements) different pat the outer fagade of
the building can be denoted within different classé CityGML. These
different classes are aggregated und@BundarySurface class and can be
used to explicitly differentiate Roof Surface, W8llrface, Ground Sur-
face and Closure Surfaces. Each of these surfacespresented with
gml:MultiSurfaceType. (i.e as an aggregate of multiple surfaces).It khou
be noted here that the openings on the facadendyeepresented in LOD
3 and LOD 4, thus the facade representation in 204l not include the
representations of openings such as door and wisdbut there is no ob-
ligation against the representation of openinga part of a face, i.e. wall
surface, in the fagade.).

Fig.3: Building facade with curved geometries repreented in CityGML
LOD 2 (CityGML Dataset, City of Berlin)



The facade of the buildings in LOD 2 can be wrappgdaster-based
2D textures (Fig.4).

In CityGML LOD 2, the facade of the building can epresented as a
result of an IFC model simplification. In order g@nerate a building
model in LOD 2,IfcWall andlfcSab entities need to be used as a primary
resource. Entities such &&Column, IfcBeam, IfcCurtainWall, can also
help in forming the building facade at LOD 2. Irder to preserve the se-
mantic information about the building elementsah de advised to map
the information from the IFC entities to the classggregated under the
_BoundarySurface class.

Fig.4: CityGMLODZ model showig a builinagads with raster tex-
ture (CityGML Dataset, Castle Herten)

In such a case, théallSurface objects in the CityGML model will be
generated by acquiring the outer wall face from Ificévall enitiy. The
geometric structure of thécWall entity is usually defined in form of a
Sweeping and CSG Solid, thus a Sweeping and CER#&p conversion
will usually be needed before the simplificatiomgess. After this conver-
sion process, the model simplification will sereg €liminating the sides
of the wall that will not be transferred into thé&yGML model. If there
are curtain walls in the building, geometric infation fromIfcCurtain-
Wall entity can also be mapped \tdall Surface class of CityGML. In this
mapping process the openings in tfaVall and IfcCurtainwWall classes
can be omitted, as they can not be representddsn.©D, or the surface
geometry of the Door and Windows can be repredewithin theWall
Surface class, but in this case semantic information W#l lost (i.e. a



Door/Window will be interpreted as a face of thellwhe curved sur-
faces in thdfcWall can be represented by tkéall Surface class, but the
BRep model will contain more objects to represém ¢urvature of the
wall surface.

The RoofSurface objects can be generated by simplifying the gepmet
of IfcSab entities that are referenced from theRoof entity. Similar to the
walls, the BRep structure of the roof slab firsede to be constructed (by
Sweeping to BRep conversion) before the simpliicaprocess.

The GroundSurface object can be generated either by acquiring the
geometric information from thEcSab entity that is used to represent the
ground floor of the building, or by joining the dezlines of the facade
walls (represented bifcWall entities) at the ground level, for forming a
closed polygon, but some line clipping operatioas be required in this
latter approach if the centrelines of the wallsssr@ach other at some
points.

Columns and Beams that are visible from the outside building can
be represented withirBuildinglnstallation class (as agml:Solid or
gml:MultiSurface). Geometric information regarding these building- e
ments can be acquired frdifcColumn andlfcBeam entities. Similarly the
stairs of the building can be represented in a I Z0Dodel, by thduildin-
glnstallation class. In such a case, the geometry of the stagdsto be
acquired from théfcSair entity. The geometrical representation of build-
ing elements, which are represented without a seendafinition in IFC,
can be obtained fromricBuil dingElementProxy entities.

4.4 Generation of Buildings in CityGML LOD 3

In a LOD 3 CityGML model, the facade of the builgioan include open-
ings such as doors and windows (Fig 5). The opsnimghe building are
represented witlboor andWindow classes which are defined as the sub-
classes of the (abstract) cl&@pening. Each opening is represented with
gml:MultiSurface geometry. TheWindow class is used to represent the
windows inside and outer fagade of the buildingmiirly the Door class

is used for modelling the doors that are between dtljacent -inside-
spaces and located at the outer facade of theitgild



Fig.5: Geometrical Representation of a building irCityGML LOD 3
(CityGML Dataset, Four Buildings in LOD 3)

Similarly the door and window classes in the IFCdelolfcDoor and
Ifcwindow) are referred from the (IFC) opening elemeéfddpeningEle-
ment) but, in contrast to the CityGML object model,IFC model, neither
IfcOpeningElement is an abstract class, nor tifeDoor and IfcWindow
are the subclasses of tHeOpeningElement. The IfcOpeningElement is
an element that is used the describe the geomaetlysemantics of an
opening which can contain multiple door and windothsis anlfcOpen-
ingElement can refer to multipléfcDoor andlfcWindow elements.

The doors and windows (in the IFC model) are represi with the help
of two different relationships. First, the openisgeferred from its spatial
container (i.e. a wall) by

IfcWall > 1fcRel VoidsElement - 1fcOpeningElement
relationship (fcRelVoidsElement is the element that enables the semantic
relationship between a building element and an ioggnAs the next step,
the door or window is referred from the opening by
IfcOpeningElement-> 1fcRel Fill sElement > 1fcWindow/IfcDoor
relationship (in this casHcRelFillsElement is used forestablishing the

semantic relationship between the opening and lgmaent that fills that
opening)



The Door andWindow objects in CityGML can be generated by the in-
formation acquired from th&cDoor and IfcWindow classes. In order to
acquire geometric information from these IFC clagselfcWindow) us-
ing its related container (i.&FcWall), the following path of relationships
needs to be followed:

Ifcwall->1fcRel VoidsEl ement > 1 fcOpeningEl ement >
IfcRelFill sElement—>1fcWindow

The coarse geometric representation of doors andomis in IFC, is
very similar to the wall/slab representation (ileey are represented as
Sweeping and CSG models), but a (finer) geometpecasentation of these
elements is usually presented in form of a BRephdf coarse geometric
representation would be used when acquiring infiomafrom the IFC
model, a Sweeping /CSG to BRep conversion will bee@ need. In IFC
model, additional semantic information such aspgaeel type/number and
the opening direction is also provided for the daond window objects in
IfcDoor and IfcWindow classes, but CityGMIDoor andWindow classes
do not contain any specific (non-generic) attrilsuie store such informa-
tion.

4.5 Generation of Buildings in CityGML LOD 4

The LOD 4 of CityGML provides the option to represéhe interior struc-
ture of a building. The main CityGML classes thaglale this representa-
tion areRoom and IntBuildinglnstallation. The Room is described as the
semantic object for modelling the free space in#igebuilding. According
to CityGML specification thé&koom should be closed topologically (i.e. by
using aClosureSurface when necessary). The geometry of the room is
generally represented lgynl: Solid , but if the topologic correctness of the
boundary can not be guarantied its geometry cam ladsrepresented by
gml:MultiSurface . In order to preserve the semantic informatidateel to

a room (in a LOD 4 model) different parts of fReom can be represented
within the classes aggregated under tBeundarySurface class. These
classes can be used to semantically differentie€eilingSurface, Interi-
orWallSurface, andFloor Surface (Fig. 6).

In CityGML LOD 4 model, theroom (gml: Solid) objects are topologi-
cally connected by surfaces at the doorways. Rdmns are defined as be-
ing adjacent if the share @pening or aClosureSurface. TheRooms can
contain, movable objects such as furniture which @presented with
BuildingFurniture class. A building can also contain other instadla



such as interior stairs, railings and pipes. Theserepresented biyt-
Buildinglnstallation class in CityGML LOD 4 model. The geometry of
both BuildingFurniture and IntBuildingl nstallation objects are represented
by gml: Geometry type.

)

Roof surface

Exterior Shell

Wall
surface

Ceiling

surface Room
Dplemng InteriorWall
(Window) Surface

Floor surfa

Ground surface

Fig. 6: Indoor Representation of a building in CityGML LOD 4 (CityGML
Implementation Specification, 2007)

The IFC model does not have a specific class faptileg room spaces;
in fact, the model has a generic cla$sSpace) for defining the spaces in
the building.IfcSpace class represents an area or volume bounded actuall
or theoretically. A spacdftSpace) is generally associated to a building
storey (fcBuildingStorey) or in case of exterior spaces to a sifejte).
As explained in IFC 2x3 documentation (2007), acepaay span over
several connected spaces, therefore a space groviggs for a collection
of spaces included in a storey. A space can alstebemposed in parts,
where each part defines a partial spéfwSpaceis represented within mul-
tiple geometric representations (usually by a coraton of Sweeping and
CSG and rarely with a BRep). As mentioned earbeg§weeping/CSG to
BRep conversion can also become a need (in they éasransfer informa-
tion from thelfcSpace entity for generating thRoom object in CityGML
model. Other approach for mapping room geometidshe acquiring in-
formation fromlfcwWall andIfcSab entities that form room boundaries. In
this approach th&loorSurface andCeilingSurface objects for éRoom ob-
ject at storey N of a building, will be generateg the information ac-
quired fromlfcSab entities located in storey N and N+1. TiieSab en-



tity at storey N will be used for generating thl@orSurface andlfcSab
entity at storey N+1 will be used for generating @eilingSurface. Infor-
mation acquired fromfcWall entities that are representing the interior
walls will help in generating thinteriorWall Surface objects of CityGML.
On the other hand, information acquired from itfosVall entities that are
representing the exterior (fagcade) walls of théding can be used to gen-
erate both thé&Vall Surface objects (for representing the building facade)
and InteriorWallSurface objects (for representing the interior walls o th
exterior rooms of the building). The interiDoor andWindow objects can
be generated by the information acquired fidc®oor andlfcWindow en-
tities by using the approach explained in the gnewisection.

Structural elements such as beams and columns thed iastallations
such as stairs, ramps and railings are semantidéfgrentiated and repre-
sented in separate classes IfaBeam, IfcColumn, IfcSair, IfcRailing, If-
cRamp) in the IFC model. The information acquired frone$e elements
and installations can only be representedlr@Buildinglnstallation in
CityGML LOD 4. A Sweeping/CSG to BRep conversioscabecomes a
need specifically for representing the beams amghmos in CityGML, as
IfcBeam andfcColumn entities are usually represented as Swept or CSG
solids.

Furnitures in the building is represented wifbFurnishingEle-
ment entity, and the geometry of the furniture is usuegpresented
by BRep in the IFC model. Information acquired frdine IfcFur-
nishingElement can be used for generating tBeildingFurniture in
CityGML LOD 4 model.

5 Conclusion

Information from design and real-world models cammoanatically be ex-
changed if a formal framework can be made availdbddowing a back-
ground literature review, the paper presents argéogerview of (seman-
tic and geometric) information transformation fr@&iM (specifically from
IFC models) into CityGML models. The informatioropided in the paper
can contribute to the efforts towards such a boagdi formal framework.
The focus of this work was on transforming the diniy information as
buildings are the key elements of the city fabfin the other hand in
terms of information modelling, the building elenseexplicitly described
in different LODs and the building representation higher LODs of
CityGML, provides the possibility for building upules for semantic
matching between BIMs and CityGML.



Although there are explicit semantic classificaioon both models a
transformation needs to tackle problems due to sémanismatches be-
tween the classes in two models. For example, aning on a slab is rep-
resented with thdfcOpening entity in the IFC model, in contrast the
CityGML model does not provide a class for représgnan opening that
does not contain a door or window. Similarly, CiG model does not
provide a class for representing the storey ofilglimg. On the other hand,
an entity of the IFC model can correspond to déiftrobjects of CityGML
also due to the semantic mismatches between twalsioBor example,
the CityGML model provides two different objects fiepresenting the
FloorSurface and CeilingSurface of a room, but these surfaces are repre-
sented with a single entity in the IFC model (ifeSab).

Another problem in the transformation process mégtist due to differ-
ences in granularity of both models. A BIM (i.e IFabdel) is a finer-
grained model, in terms of representation of bogdelements, when com-
pared with the CityGML model. This difference irvéés of granularity
can cause problems when exchanging informationdesiviwo models, i.e
a Window object in CityGML might correspond to 3 or 4 diffat f-
cWindow' entities in the IFC model. In this case 1-to-Jjemb matching
will cause the creation of redundant CityGML obgeathen transforming
information from IFC to CityGML model, on the otheand if a need for
transforming the information vice versa appears, réssultant IFC model
might become very coarse grained, i.e. 3 or 4 wigdmight be repre-
sented with a singldcWindow entity.

The overview presented in this paper, only conegsedr on unidirec-
tional information transformation (i.e. from a Bltd the CityGML mod-
els) as the need for such a transformation appears eminent today, in
fact bidirectional transformation might also beuiegd to support renova-
tion related tasks where an information model @fudding usually does
not exist.

The findings of the study indicate that:

* |FC model contains all necessary information fgresentation of buil-
dings in different LODs of CityGML model.

e It is possible to define rules for transforming gedrical information

from IFC entities to CityGML objects.

* |t is possible to define rules for facilitating samtic matching between
two models.

The results of the previous research illuminate tha model views
(BIM sub-models) can play role in the semantic risig process in addi-
tion to simplifying the model before the geometritansformation.



The ongoing research will focus of formally defigithe stages of the
transformation framework, constructing the ruleebfe semantic match-
ing, developing model views and algorithms for agfig geomet-
ric/semantic model simplification, and testing tteveloped models views
and algorithms. The future research will also itigase the possible bene-
fits and investigate methods of bidirectional tfanmation.
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