
INVESTIGATING INTEGRATION 
POSSIBILITIES BETWEEN 3D MODELING 
TECHNIQUES 

Efi Dimopoulou*, Eva Tsiliakoua, Vasso Kosti, George Floros, Tassos 
Labropoulos 

School of Rural and Surveying Engineering, National Technical University of Athens,  
9 Iroon Polytechneiou str, 15780 Zografou, Greece ( efi@survey.ntua.gr; 
eva.tsiliakos@gmail.com; vasso_kst@hotmail.com; flwrosg@gmail.com; 
tassos.labropoulos@gmail.com) 
 

Abstract   In recent years, 3D city modeling gained increasing  popularity for ad-
vanced applications, leading to the emergence of detailed 3D city models, entail-
ing not only geometrical and topological, but also semantic information. This in-
formation is unavailable in most 3D modeling software, due to the lack of 
standardized 3D city objects’ representation and the focusing of 3D modeling on 
visualization. So far, specific applications require additional data resulting in 
cumbersome data bases and technical processing difficulties. This problem is ad-
dressed by applying the CityGML data model, being accepted as an international 
standard for representing and exchanging spatial data of the three-dimensional real 
world objects at different Levels of Detail (LoD). Moreover, CityGML facilitates 
a higher level of data interoperability between various applications. Given the 
great number of currently available 3D modeling techniques, as well as the range 
of users, data integration and interoperability is a great challenge towards the ad-
vancement of 3D city modeling. Therefore, the aim of this paper is to investigate 
integration and interoperability between procedural modeling techniques and 
BIM-ready software within the CityGML framework from a semantic viewpoint. 
ESRI CityEngine environment and Trimble SketchUp Pro software were used to 
create 3D building models and evaluate modeling techniques. Integration process-
es with CityGML, and level of detail of the final 3D model were also investigated. 
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1 Introduction 
The need of the modern world to better comprehend and enhance the perception of 
the real entities and phenomena has led to the description of our environment in a 
higher dimensionality. This is evident especially in 3D city modeling applications, 
in areas such as smart city planning or environmental simulation. 3D city models 
are characterized by complexity, while a semantic basis is required to complement 
their geometrical and topological aspects. In recent years, the integration of 
semantics into 3D city models has been widely accepted [Zhu et al., 2011]. On the 
contrary, 3D city modeling, focusing on visualization or datasets, resulted in 
cumbersome data bases and technical difficulties in processing. Furthermore 
difficulties and questions arised, concerning the effectiveness of the integration of 
the semantic aspects in 3D modeling.  This semantic enrichment is crucial, due to 
the structural complexity and the multiplicity of space within the multidimensional 
urban environment, in which a range of different RRRs (Rights, Restrictions and 
Responsibilities) intersect with the corresponding land parcels. This range of land 
rights, restrictions and responsibilities requires proper 3D registrations complying 
with each legal structure [Dimopoulou and Elia, 2012]. Additionally, the semantic 
modeling of cities requires the appropriate qualification of 3D data [Gröger & 
Plümer, 2012]. Current trends focus on the semantic enrichment of distinctive city 
objects or 3D geometries which can be decomposed into their structural elements 
including attributes and their correlations. The semantic modeling approach along 
with the appliance of 3D geometry and topology of real-world objects is realized 
by the CityGML open data model [Kolbe, 2009]. However, questions arise about 
the most effective way to complement the geometries‟ semantics or how to 
efficiently extract semantics from pure geometric models [Zhu et al., 2011], issues 
which can be tackled by the concept of interoperability. The emergence of novel 
3D modeling methodologies and techniques in computer graphics as well as the 
development of a range of 3D file formats has certainly assisted in this direction. 
Nevertheless, data integration and interoperability is a great challenge towards the 
advancement of 3D city modeling. In this paper interoperability options are 
investigated within 3D city/ building modeling techniques from a semantic 
viewpoint. Referring to interoperability, it was initialy introduced for information 
technology or systems engineering services, to allow for information exchange 
[IEEE, 1990]. A definition subjected to further  modifications in the time. In our 
paper, the term is accepted as the ability of two or more computer systems to 
communicate and exchange information, based on specific data formats and  
protocols or referring to a common information exchange reference model.  

However, achieving  interoperability often presents  a demanding procedure,  
since exchanging information between systems or models requires the set up of 
correspondence of the concepts from one system to  the other [Métral et al, 2010].  
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Dealing with heterogeneous data, interoperability may be achieved when they  
follow the same modeling standard [Becker et al., 2012]. Interoperable models and 
options have emerged for urban application, such as CityGML. Kolbe [2009] 
suggests that the CityGML semantic model, tackles semantic heterogeneity or data 
amalgamation issues within the context of geo-web services and spatial data 
infrastructures. Becker et al., [2012] further discuss that while CityGML „ensures 
interoperability on a semantic and syntactic level, the explicit treatment of 
geometric and topological heterogeneity is neglected‟. The conflicting arguments 
from the literature suggest the need for the creation of synergies between different 
technologies applied to urban information systems. 

This paper investigates the need discussed above, and examines integration 
possibilities of different datasets derived from BIM ready tools or procedural 
modeling processes, within the context of CityGML. It is structured as follows: 
first the procedural modeling is presented, along with the building modeling via 
BIM ready tools, such as Sketchup Pro, focusing on the semantic enrichment. An  
overview of the CityGML standard follows, including recommendations related to 
the alignment between different formats. In the next chapter, two case studies are 
described in detail. They employ different methodologies, and their conversion 
possibilities into CityGML is investigated. In the  last section, the preliminary 
results  and conclusions are presented. They refer to the entire  modeling process 
and efficiency for both visualization and semantics, as well as the final models 
interoperability.   

2. 3D Modeling Techniques 

2.1. Procedural modeling  

The emergence and use of a variety of 3D modeling methods and techniques have 
considerably increased during the last decade in various fields employing 
processes for the generation of urban structures‟ 3D geometry, via a mixture of 
datasets and modeling techniques. Amongst the latter, procedural modeling 
applies to a 3D modeling notion executed via algorithmic generation, based on the 
conception that all real world buildings are defined by rules, since repetitive 
patterns and hierar- chical components describe their geometry. For this reason, „it 
is really important to know the hierarchical and relative positions of the elements‟ 
[Jesus et al, 2012] in order to achieve the concept of  bottom-up creation, since the 
3D model is split into sides at first and later into floors, which are split into tiles. 
Additional tile modification concerns the design of windows, doors as well as 
other façade elements which complete the building‟s actual view.  Within this 
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context, detailed 3D models and composite facade textures derive in different 
LODs (both for the exterior or the interior) from sets of rules, which are called 
grammars, considering an initial 2D geometry.‟ Procedural modeling mainly uses 
the CGA (Computer Generated Architecture) shape grammar to programmatically 
produce building models with high visual quality and geometric detail‟ [Müller et 
al., 2006; Zhang et al., 2014]. Shape grammars, originally defined by George 
Stiny and James Gips in 1971 are a formalism for the manifestation of procedural 
context, containing a set of production rules (such as shape rules).  

Shape grammar was reexamined by Peter Wonka who introduced Set Grammar in 
2003. Set grammars followed the introduction of Split grammar, with which 
models can be manipulated by “cutting” them along x and y axis into various 
forms.  

Finally, Pascal Müller extended the Split Grammar in 2006, and defined a context-
sensitive Set grammar, CGA which is practically the basis for 3D modeling of 
architectural buildings via CGA grammars. According to Müller et al. [2006], 
‟CGA is a novel shape grammar, with which shape rules allow the user to specify 
interactions between the entities of the hierarchical shape descriptions‟.  
Procedural modeling is a very applicable and effective method in architecture 
modeling cases where the generation of the 3D model using mainstream 3D 
modeling techniques is uneconomical both in terms of human labor, resources and 
time and can be further used for the 3D modeling of the buildings‟ interior. 
„However, procedurally generated models are typically restricted to mere 
geometric representation‟ [Tutenel et al. 2008, 2010], lacking in terms of 
semantics, which seem to be a challenge since they are  limited to shape 
geometry‟s semantics, or the semantic hierarchy of the 3D model‟s elements. 
According to Jesus et al. (2012) GIS data can be used in procedural modeling 
tools, but these do not provide an easy and uniform way to incorporate semantic 
information from different data sources‟.   Another issue that needs to be 
addressed is the interoperability capacity of procedurally generated models. These 
models can be usually exported to CAD or formats used purely for geometric 
representation especially for the gaming or movies industry and hardly ever for 
integration within a semantic standard such as CityGML.  

2.2. Building modeling by Sketchup Pro 

Sketchup Pro is a user friendly software for the design of 3D models that provides 
full ability to design entire buildings, both the exterior and the interior building 
parts. Within Sketchup several design methods may be used, either through solids 
or surfaces and floors, depending mostly on the final model‟s requirements or 
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specifications. Concerning its interoperability options with other CAD software, 
such as AutoCAD, the connection with Google Earth and its ability to generate 
accurate 3D models by using architectural plans, make Sketchup particularly 
useful. The connection with the 3D Warehouse of Google and the use of its 
components optimize the models appearance considerably in terms of realism. The 
program provides tools for grouping objects, thus facilitating manipulation and 
management of specific groups of homogeneous features and supports adding 
layers according to the project‟s requirements. Furthermore, Sketchup Pro 
comprises features for classifying objects and exporting files according to some of 
the industry‟s most common Building Information Modeling (BIM) standards. 
BIM as a digital version of all the substantial and functional features of a building 
through its entire life cycle [Isikdag et al., 2007; Isikdag et al., 2013], refers to a 
sophisticated geometric and semantic representation of the building parts. BIMs 
such as IFC enclose advanced semantics and geometric decompositions, while 
their sophisticated attributes are not available in other building or city models.  
Based on the above remarks, the fact that Sketchup supports file export according 
to BIM standards is a step forward in terms of semantic enrichment within 
Sketchup models. Models created in SketchUp Pro can also be exported to 
AutoCAD and other CAD formats, 3Dstudio format (.3ds), Collada (.dae), KML 
(Keyhole Markup Language)/KMZ, VRML (.wrl), while SketchUp can also 
export 2D images (JPG, TIFF, etc.) (Panchal et al, 2011). For the purpose of this 
pa per, SketchUp Pro 8 was used and proved to be a user friendly tool that is easy 
to learn but at the same time it concerns a highly detailed and time-saving 
modeling process.   

2.3. Semantic modeling - CityGML 

Real world objects such as buildings may be decomposed into parts (rooms, wall 
surfaces, doors, windows etc) according to their usage or building parts‟ type. This 
information can be ontologically modeled in entities, attributes and relations to be 
used by different users in a number of applications.  In this direction, CityGML 
developed as an official standard of the OGC. According to the www.citygml.org 
definition “CityGML is a common information model and XML-based encoding 
for the representation, storage, and exchange of virtual 3D city and landscape 
models” which “is implemented as an application schema for the Geography 
Markup Language version 3.1.1 (GML3), an official extendible international 
standard for spatial data exchange issued by the Open Geospatial Consortium 
(OGC) and the ISO TC211” (www.citygmlwiki.org). CityGML “defines in 
different, well-defined Levels-of-Detail, the three- dimensional geometry, 
topology, semantics and appearance of the most relevant topographic objects in 
urban or regional contexts” [Gröger & Plümer, 2012]. CityGML as a multi-
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purpose information model [Kolbe et al. 2005] enables the selection of features for 
thematic visualizations and focuses on the representation of the semantic 
properties of 3D city models and their structures. The semantics is expressed by 
classes, which aim to cover a large group of commonly used real- world objects 
[Zlatanova et al, 2012]; because of its XML base, CityGML presents good 
interchange format, though not easily processable in large applications unless 
specific compatibility rules are implemented [Falkowski et al., 2009; Kolbe, 
2009]. For example in CityGML, all boundary coordinates (outer and interior 
boundaries) must be located on the same plane, straight curves are only allowed 
and features are geometrically represented by Boundary Representation, while 
buildings are represented by solids defined by their (non-overlapping and without 
gaps) bounding surfaces. Other specifications‟ constraints facilitating 
compatibility options with other databases comprise the coordinate reference 
system denoted explicitly (facilitating the integration of data) and the ability for 
implicit geometries for features having complex geometry and occurring multiple 
times. Moreover, the theory of cell complexes, where geometrical objects can be 
shared by two solids, also apply to the specifications‟ constraints [Gröger & 
Plümer, 2012]. The semantic and constraint features of a CityGML building 
model include an AbstractBuilding, with each building being able to be composed 
of Rooms and IntBuildingInstallations, while all required obstacles can only be 
partially represented by Building- Furniture, IntBuildingInstallation and indirectly 
from BoundarySurfaces [Brown et al., 2013]. Regardless, the use of the CityGML 
format enables a high degree of semantic and syntactic interoperability between 
applications [Herrlich et al, 2010]. Furthermore, according to the LoD concept of 
CityGML, data from different sources and application areas may be more easily 
integrated when features are represented in the same level of detail [Gröger & 
Plümer, 2012]. Because size and complexity of these models continuously grow, a 
LoD concept effectively supporting the partitioning of a complete model into 
alternative models of different complexity and providing metadata, addressing 
informational content, complexity and quality of each alternative model is 
indispensable [Benner et al., 2013]. CityGML supports 5 different levels of details 
covering also semantic aspects, starting from LoD0 to LoD4 (indoor), amongst 
which the most prominent are the LoD of buildings [Zlatanova et al, 2012]. 
Nonetheless, Biljecki et al. [2013] argue that despite the popularity of the LoD 
concept, “albeit it is one of the most successful contributions of CityGML that has 
been the most cited concept of CityGML so far and has been anticipated and used 
in scientific research”, it is criticised and revisions are often suggested. Criticism 
mostly refers to the association of geometry to semantics and their incorporation 
and represention as a whole, especially when referring to interior building 
structures. Consequently, the revision of the LoD concept has been suggested  
[Benner et al., 2013] as well as the disconnection of semantic and geometrical 
LoDs, due to problems in definition of CityGML by specific LoDs [Biljecki et al., 
2013]. Benner et al. [2013] conduct a short synopsis on various LoD concepts, and 
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indentify the shortcomings of the current CityGML LoD concept for 3D city 
modeling. They develop an alternative concept distinguishing between a 
Geometric Level of Detail (GLoD) and a Semantic Level of Detail (SLoD), 
implementing the new concept via a UML model.   

A CityGML model is organized as a “profile” containing several thematic 
modules (relief, land use, city furniture, building and many more) and their feature 
types described by feature classes, attributes, semantic definition, relationships 
and 3D spatial representation.  

Applications based on CityGML and particularly its semantics refer to the wider 
thematic areas of urban development, energy management, property taxation, 
navigation (indoor as well), natural disasters simulation, environment 
preservation, cultural heritage registration and military operations. 

3. Case Study 

In this paper, two cases are presented in order to evaluate available conversion 
tools, integration possibilities and constraints within the CityGML framework. 
The first focuses on the procedural generation of a 3D building model using ESRI 
CityEngine whereas the second, examines  the possibilities of the Trimble 
SketchUp Pro software application.  

The 3D building model was created after collecting the essential input data 
provided by the Urban Planning authorities and the Cadastre (National Cadastre & 
Mapping Agency S.A.). More specifically, the architectural and coverage floor 
plan, as well as a cross section of the building were provided by the competent 
planning authority. In addition, a georeferenced orthophoto of the scene‟s terrain 
was used, and ground-based images were captured, in order to obtain the 
building's different textures. Utilizing these data,  a 3D building model was 
generated, and the transformation possibilities within the CityGML framework 
were evaluated.  

 

3.1. Building with CityEngine 

Procedural modeling was used in order to explore the method‟s capabilities related 
to precise 3D building modeling for both interior and exterior space. A basic 
condition for achieving this, especially for the interior level, is to collect the 



8  

necessary information (raster and vector), both two-dimensional and three-
dimensional if available, and to organize them in a functional way. Specifically, 
the information extracted by the collected data was used in order to decompose the 
building into its building parts and organize them in thematic layers. The building 
parts were further characterized by their individual attributes (e.g. the type of 
structure, the floor, etc.), thus securing a high level of functionality while using 
and identifying them. The height information for the entirety of the building parts 
derived from the floor plans' attributes. Each building part was assigned the 
corresponding height value respectively using ESRI ArcScene software and 
finally the preprocessed data was imported into CityEngine. The most significant 
part of the whole process was the creation of the rule files which were used for the 
generation of the building's 3D model. The building parts (e.g. interior and 
exterior walls) were extruded by using the rules, while specific characteristics 
were assigned to all parts. The latter was achieved via linking the rule with the 
characteristics already assigned to the building parts (Fig. 1). 

 

 
Fig. 1 Part of the rule file indicating the link with the initial attributes  

The rule containing the description of the façade's geometry can be integrated in 
the same rule file so as to produce the outer of the building simultaneously. By 
using this 3D modeling method, a detailed model of the building's interior space 
and of the outer shell has been created, combining the building‟s geometrical 
representation as well as the semantics and the representation of the thematic 
characteristics (Fig. 2 & 3). 

What is more related to this paper‟s scope though is the investigation of 
integration possibilities and interoperability of the procedural modeling technique 
within the CityGML framework. CityEngine offers the capability to export the 
generated 3D model into limited file formats(OBJ Wavefront, FBX Autodesk, 
DAE COLLADA, KML, RIB, VOB, SHP ESRI and GDB ESRI FileGDB) and it 
does not offer a direct format compatible with CityGML. Most of the export 
options (e.g. OBJ, KML) have the disadvantage of missing the semantic 
information incorporated in the initial 3D building model. After research, it seems 
that the most appropriate method for reaching a compensatory level of integration 
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with CityGML is by exporting the 3D building model as a ESRI FileGDB and 
then implementing further transformations steps via the FME software (Safe 
Software). The transformation took place for the whole building, while the 
CityGML model focused on the ground floor. 

 

   
Fig. 2 2.5D Data Representation (Left) & Façade Geometry (Right) in CityEngine  
 

 
Fig. 3 3D Building Model with interior 3D structures (Left) and with interior 3D volume spaces 
(Right) 

 
FME (Feature Manipulation Engine) is a powerful transformation engine 
produced by Safe Software Inc., which helps users convert data (both geometry 
and attributes) into several formats. FME supports the creation of CityGML 
format, since CityGML is an international standard for modeling and exchanging 
3D city models and there is also a growing need for semantic models. More 
specifically, it reads and writes CityGML up to version 2.0, it supports any 
arbitrary ADEs and all thematic modules and levels of detail. In addition, FME 
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includes key transformers for CityGML such as Attribute Creator and Geometry 
Property Setter. The procedure followed in this case study is described below (Fig. 
4). 

 

 
Fig. 4 3D Building model transformation workflow from CityEngine to CityGML 

 
As mentioned before, the 3D building model exported as an ESRI File 
Geodatabase, was imported into ArcScene, for exploring further representation 
and analysis options. Since FME interface does not support File Geodatabase 
feature classes (version 2.0), it was necessary to export each feature class as a 
separate Shapefile Feature Class (Fig.4). For example, one layer was exported 
containing all the interior building parts whereas another layer contained the 
components of the building's exterior shell. It is worth mentioning that the 
geometry type of the exported building model from CityEngine is MultiPatch, 
which caused multiple problems at an early stage of this research, related to the 
conversion into a CityGML compatible format. The first step after importing the 
data into FME Workbench interface was the distinction of the building parts 
according to CityGML specifications. For instance, the exterior walls constituted a 
feature type (WallSurface) and the interior walls a distinct feature type. The main 
steps for writing CityGML from our shapefiles were the addition of CityGML 
specific attributes (for instance, gml_id, gml_name and gml_parent_id) as well as 
geometry properties. It is crucial to use exact names for the attributes (for 
example, gml_id and not GMLid). As far as the geometry properties are 
concerned, FME provides the necessary transformation tools (e.g. 
GeometryPropertySetter, GityGMLPropertySetter etc.), which assign the 
appropriate feature role to the corresponding geometry type. Thus, the geometry 
type is defined as MultiSurface and the geometry properties vary depending on the 
feature type (e.g. for an exterior wall, the geometry property 
"CityGML_feature_role" should be identified as "boundedBy" according to  
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CityGML specifications whereas the same attribute for the stairs is identified as 
"interiorBuildingInstallation", for rooms is "interiorRoom", and finally for doors 
and windows is "opening"). The data was further organized depending on its 
specific use within the building and on the CityGML specifications‟ 
documentation (e.g. Wall Surface, Door, Window, etc.). Overall, the feature types 
generated are WallSurface, Window, IntBuildingInstallation, Door, Window, 
Room and BuildingInstallation. After writing to the preferable format using FME 
Workbench, the output model can be optimized and represented via FME Data 
Inspector (Fig. 5).  

A problem that encountered when using FME as the transformation software 
concerns the texture mapping on the building parts. Specifically, all data must be 
structured in a very detailed way, since difficulties arised in the process of 
defining areas where different textures (e.g. windows) should apply. This 
inefficiency could be resolved through editing the initial data‟s characteristics, by 
enriching them with attributes such as the material of the structure. The next step 
could be the utilization of the Geometry XQuery, an option of FME for isolating a 
structure‟s specific parts. Nonetheless, FME is an efficient tool for generating 
CityGML format considering the data is well-structured, as in the example 
mentioned before.  

 

 
Fig. 5 CityGML Building Model in FME Data Inspector 

3.1.1 Results 

The process of transforming 3D building models proceduraly generated into 
CityGML results in the following remarks:  

x Interoperability issues can be addressed, although in a rather complicated 
manner concerning the software used, but still is a feasible process.  

x It is advisable to organize the structure of the initial data according to 
CityGML specifications, so as to facilitate the transformation procedure.  
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x FME provides the necessary tools in order to harmonize the initial 3D model 
with CityGML standard.  

x The time required for the generation of the entire building (comprising the 
interior parts and the outer shell) by procedural modeling is more laborious 
than modeling building blocks sharing the same architectural type by using a 
single rule file. Programming skills may reduce the time required for the 
whole process. The same applies for the transformation by the FME tool; 
familiarity with the process minimizes the time needed.  

x Since CityGML does not support legal and administrative objects, the 
geometric and semantic modeling of property rights and restrictions of the 
buildings examined can only be implemented by extending the CityGML with 
an Application Domain Extension (ADE) [Çağdaş, 2012].  

x The procedurally generated 3D building model has to be enriched with 
semantic information for the creation of the final CityGML model. The 
approach may be characterized as semi-automatic, since the building had been 
decomposed to its building parts at an early stage of the whole procedure. 
Also, the buildings parts were organized into specific thematic layers and 
were attributed according to their use (e.g. structure type). Despite the fact 
that this stage was quite auxiliary to the conversion process, additional 
transformations had to be completed within the FME interface in order to 
create a CityGML semantic building model. This was achieved by adding 
feature and geometry properties manually into FME Workbench.  

x The notion of level of detail (LoD) was examined according to CityGML 
specifications. More specifically, LoD 4 was theoretically achieved since the 
building‟s interior space was modeled. Nevertheless, interior elements such as 
furniture were not included as in the CityGML definition of LoD, while the 
façade of the building is procedurally modeled in LoD 2 without creating a 
detailed architectural building model (LoD 3).  

3.2. SketchUp Pro  

Google SketchUp Pro 8 was used for the design of the 3D building model. The 
boundaries of the entire modeling area were digitized on the corresponding true 
orthophoto, in AutoCAD 2013. The digitized boundaries of the surrounding 
buildings (in .dwg file format) were imported and further processed within 
SketchUp Pro 8. The buildings' heights were assigned according to the number of 
floors with an average height of 3 meters per floor, in LoD 1. 
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The 3D model of the relevant building, which will be extruded in a higher level of 
Detail (LoD 4 for the interior space and LoD 2 for the exterior shell) was 
completed by using the SketchUp powerful drawing tools based on the building's 
architectural plans. SketchUp provides additional tools to add textures and colors 
to the model's outer and interior parts, as shown in Fig. 6.  

 

 
Fig. 6 General view of the 3D modeling area 

 
The 3D building model's interior was gradually constructed focusing on the 
distinct creation of each floor level, resulting in the creation of different .skp files 
for each floor. The .skp files were additionally processed by assigning specific 
layer names to their building parts. The CityGML entities used were WallSurface, 
GroundSurface, RoofSurface, Door and Window and the layers created were 
labeled accordingly as: Building-1_WallSurface etc. Once all CityGML-based 
layers, corresponding to building parts had been created, the model was 
geolocated via connecting to Google Earth using EPSG 900913 Geodetic 
Parameter Dataset. The final model (Fig. 7), was created at LoD 4 for the interior 
and LoD 2 for the exterior. 
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Fig. 7 View of the building’s interior 
 
The next step is the conversion of the Sketchup 3D model into GML format, 
which may be accomplished by utilizing various approaches:  

x using commercially available plug-ins for immediate conversion at different 
LoDs (GEORES),  

x using free external plugins, “CityGML Toolbar for Sketchup” (by GEORES) 
for the creation of CityGML layers and “CityGML editor” (by Westfälische 
Hochschule) for reading, editing, and exporting CityGML files in LoD2  

x through FME Workbench module.  

 
Finally, the latter was used for the current transformation.  As mentioned above 
each building part was saved as a distinct .skp file, five in total, imported and 
processed within FME Workbench (Fig. 8), producing a single GML file by key 
transformers. The final GML file can be viewed with FME Data Inspector module 
(Fig. 9). 

 
 
 

 
Fig. 8 Example of the FME Workbench 
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Fig. 9 View of the GML file in FME Inspector  

 
The final GML file can be inserted into 3D CityDatabase, either via Oracle or 
PostGis database. The latter was selected and a .gml importer/exporter for 
PostGIS was downloaded from www.3dcitydb.org and installed. The workflow of 
the whole process is displayed in fig. 10.  

 

 
Fig. 10 Workflow of the whole process from data input to the final 3D model 
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3.2.1 Results 

x SketchUp Pro supports geo-location only through Google Earth. As a result, 
the building footprints were digitized with a relative accuracy, since Google 
Earth imagery is not true orthophoto rectified.  

x SketchUp Pro does not recognize multi-surface building parts. For example 
both sides (inner & outer) of a wall have to be attributed to the “wall” layer.  

x Connecting to the 3D SketchUp Warehouse and exploiting component 
libraries offers a more realistic and professional visual to the model.  

x An “inside to outside” drawing approach was selected, from the inner parts of 
the building to the outer shell, being a more flexible process in terms of 
design.  

x SketchUp Pro 8 provides powerful tools and procedures, such as object 
snapping, grouping of features with similar attributes and interactive viewing 
(Section Plane) for cost & time efficiency, flexibility of use, accuracy in 
geometry and productivity.  

3.3. Integrating additional information to the 3D model  

The 3D model created in CityGML can be further exploited for different 
applications, such as Cadastre, land administration or facility management. As 
already stated by Döllner et al. [2006], “although typical cadastral databases do 
not contain 3D data, they provide essential input for 3D building models and a 
kind of official foundation for virtual 3D city models”. Furthermore according to 
Gröger & Plümer [2012], it is common practice to have “an external reference 
pointing to the identifier of the object in another information system” in CityGML 
systems, to “facilitate updates of CityGML features and support the retrieval of 
additional information”. 

Accordingly, a field was added to the model‟s database including the Cadastral ID 
number of each property unit, thus providing a possible link to the relevant legal 
rights‟ visualization, documentation and management. The 3D model may be 
joined to the Hellenic Cadastral IT system‟s database, according to the different 
LoDs selected, thus connecting to the relevant part of the Cadastral ID number. 
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Fig. 11 & 12 present examples of this linkage from land parcels‟ level (LoD0) to a 
more detailed level of single residential or professional properties within buildings 
(LoD4). 

 

 
 

 
Fig. 11, 12 Possible links of 3D model to relevant cadastral records at different LoDs 

4. Conclusions & Discussion 

3D city models are characterized by complexity, while a semantic basis is required 
to complement the geometrical and topological aspects. In recent years, the 
integration of semantics into 3D city models is widely accepted [Zhu et al., 2011]. 
However, concerns have been expressed due to the lack of standardized 3D city 
objects representation. Several  questions have arised concerning the most 
effective way to complement the geometries‟ semantics or the efficiency of 
semantics extraction from pure geometric models [Zhu et al., 2011]. The 
emergence of novel 3D modeling methodologies and techniques in computer 
graphics as well as the development of a range of 3D file formats that sustain 
interoperability and promote the distribution of information between different 
CAD and GIS packages has certainly assisted in this direction. Nonetheless,  there 
are a few concerns related to 3D modeling and semantics integration. They mainly 
refer to the optimal representation of semantics within a holistic city or building 
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model as well as to what kind of semantic information is required for the sufficient 
depiction of the various concepts of these models. 

Due to the great number of existing 3D modeling techniques, data integration and 
interoperability options present  a challenge to researchers. This paper investigated 
transformation alternatives for 3D building models created by commercially 
available software systems, into CityGML. The 3D modeling techniques 
investigated in this research work included compatibility options between 
procedural modeling employed through ESRI CityEngine software environment 
and BIM-ready tools through Trimble Sketchup Pro within CityGML‟s 
requirements. CityGML (e.g. FME) or GIS/ CAD tools with CityGML 
import/export were taken into account. The conclusions of this study may be 
summarized as follows:   

x CityEngine, although may export the generated 3D model into several file 
formats, does not offer a direct format compatible with CityGML. Most of the 
export options (e.g. OBJ, KML) have the disadvantage of missing semantic 
information incorporated in the initial 3D building model. On the contrary, 
there is more flexibility when converting the Sketchup model to CityGML 
format, as more conversion tools are available.  

x The most appropriate way to reach a level of integration with CityGML is by 
using the FME software for the final transformation steps. Although FME 
provides the necessary tools in order to harmonize the initial 3D model with 
CityGML standard, it doesn‟t support the textured model that was 
procedurally generated in CityEngine. Thus the appropriate transformer tool 
was used for this purpose. In contrast, the textures from the Sketchup model 
were directly identified and represented via FME inspector. 

x Finally, it was shown that Sketchup provides the option to export models 
directly in different LoDs, while CityEngine does not equally support an 
interactive export in various LoDs. 

Despite the use of CityGML in a variety of applications, it does not actually 
support legal and administrative objects as well as the geometric and semantic 
modeling of their property rights and restrictions. In this direction, modeling and 
integration strategies are required by the administration, the cadastral and the 
planning authorities, in the form of data harmonization and exchange,  based on 
international standards, in order to facilitate integrated management of land related 
information. This is an ongoing research focusing on investigating integration 
possibilities with several BIM models, such as Industry Foundation Classes-IFC,  
whose sophisticated attributes are not yet widely available.  
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