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ABSTRACT:

In recent years, 3D models have been created of many cities around the world. Most of the 3D city models have been introduced as
completely graphic or geometric models, and the semantic and topographic aspects of the models have been neglected. In order to
use 3D city models beyond the task, a generalization is necessary. CityGML is an open data model and XML-based format for the
storage and exchange of virtual 3D city models. Level of Details (LoD) which is an important concept for 3D modelling, can be
defined as outlined degree or prior representation of real-world objects. The paper aim is first describes some requirements of 3D
model generalization, then presents problems and approaches that have been developed in recent years. In conclude the paper will be

a summary and outlook on problems and future work.

1. INTRODUCTION
1.1 General Informations

Map is an abstraction of reality and fundamental language of
geography, also symbolize image of geographical reality. The
symbols, directions, lines and legend all require some
understanding before to start reading a map effectively. Earth's
minimized model representation is provided through maps as
two or three dimensional. To understand maps and extract
information of them, maps must be accurate and made
according to certain rules, therefore, design stage is significant
(Ulugtekin and Dogru, 2005; Ulugtekin and Ipbiiker, 1996).

2D systems for mapping are widely used in geographic
information system (GIS), but are limited in solving complex
problems. The real world has three dimensions, therefore the
man’s brain can interpret 3D images more successfully. 3D city
models make it easier for people to understand the spatial
properties of urban objects. 3D city models have already been
widely employed to assist different applications such as urban
planning, traffic control, mobile telecommunication design, etc.
(Ulugtekin and Dogru, 2005; Sahillioglu, 2015).

This paper aim is combining the Levels of Detail (LoD) in the
CityGML structure and Multiple Representation Database
MRDB representation levels. Thereby, this combination can be
used for approach to some of generalization problems. This
study describes generalization, 3D models, and generalization
problems of 3D models, MRDB and LoD. Then this paper
propose a schema for 3D building generalization (Uyar and
Ulugtekin, 2017).

1.2 Generalization

The purpose of generalization is to reduce the complexity of a
data set with respect to its size and semantic content while
retaining the pieces of information, and this information is
relevant to the task and for users (Dogru and Ulugtekin, 2009).
Generalization contains several operators such as simplification,
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smoothing, aggregation, amalgamation, collapse, selection,
typification,  exaggeration,  enhancement, classification,
displacement. (Shea and McMaster 1989).

The purpose of generalization is therefore to reduce the size and
semantic complexity of a model to a level that can be handled
by the application without losing relevant information. Process
of generalization strongly depends on the application, aim and
scale of the model (Guercke et al., 2009)

Representation and generalization of 3D models are the keys to
efficient visualization of multi-scale 3D city models. Until now
there are two type of generalization; object and cartographic
generalization. Therefore 3D models, there is one more type
which is model generalization (Lee and Hardy, 2005, Guercke
et al., 2009). To reduce the 3D data volume and increase the
visualization efficiency, various generalization methods are
investigated. Technically, requisites of 3D generalization are:
methods to automatically generate different LoDs; MRDB and
functionalities to automatically select the optimal LoD for a
given application; these requisites have to be automate the
generalization process with the aim of analyzing building
models in different scales (Baig and Rahman, 2013; Baig and
Alizadehashrafi, 2014).

1.3 3D Modelling

Nowadays, a rapidly increasing number of companies create
virtual 3D city models for use in various markets, such as urban
planning, telecommunications, disaster/crisis management, 3D
cadastre,  tourism, navigation, facilities management,
environmental simulations and smart cities applications. 3D city
models will play an increasingly important role in our daily
lives and become an essential part of the modern city
information infrastructure (Groger et al., 2012).

2D systems are widely used in geographic information system
(GIS), but are limited in solving complex problems. 3D city
models make it easier for people to understand the spatial
properties of urban objects. The current popular GIS software
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handles, manipulates, and analyses geographic data in 2D or
2.5D, thus using this system to manipulate 3D data information
about real world objects may not be appropriate. Therefore, the
2D GIS (or 2.5D GIS) needs to be extended, i.e. to 3D GIS.
Similar to the 2D cartographic maps, the 3D city models be
used to integrate various data from different sources for public
accessible visualisation and many other applications. 3D city
models are the basis of many applications and are the platform
for integrating city information from different resources (Raper,
1989; Adami and Guerra, 2006).

In 3D city modelling, the concept of level-of-details indicates
the methods of collecting data for a certain application. The
levels of details are of great use to data analysis and mental
visualization. Visualisation is a complex and important issue in
3D city model applications. Many applications such as urban
planning, facility management and personal navigation require
semantic information about the city objects besides the
geometry models. It is essential to develop methods for 3D city
model semantic information modelling, representation,
discovering, management, querying and analysis (Kolbe et al.,
2005; Kolbe 2009).

1.4 3D Generalization Problems

3D city models are not only geometrically representation of
urban areas but also compound geometric a land thematic
features of spatial details and also 3D city models can be used
for spatial analyses. When you create 3D models listed
problems encountered (Sester, 2007; Mao, 2011; Baig et al.,
2013).

Different users need different models

Detailed models cannot be displayed in real
time

Huge amount of data

Different source of data

Geometrical and semantically relation

Associated with development of GIS related technologies such
as Global Positioning System (GPS), and remote sensing, the
volume of raw data especially for 3D city models is increased
dramatically. These data are also required to be updated
constantly or even in real-time. It is impossible to manually
maintain real-time updated multi-scale representations for such
amount of data for a city, not to mention for a country
(Gotzelmann et al., 2009). However, because to storage and
processing power are very limited, the amount data delivered
from digital map providers has to be reduced drastically. A
direct transfer of the techniques from computer graphics to
process semantically rich topographic objects often is not
possible, as these techniques mostly reduce the amount of data
only based on geometric criteria without taking semantics into
account (Sester, 2007).

2. MRDB and LoD
2.1 MRDB

Multi-representation databases (MRDB) allow representing the
same real world entities in different cartographic databases with
their own level of detail. In a MRDB, different views on the
same physical objects or phenomena can be stored and linked
(Basaraner, 2009; Dogru and Ulugtekin, 2009). This variety of
sights can result from different views of the world, different
applications, as well as different resolutions. These lead to

differences in the objects as such, i.e. in the semantics and in
the geometry (Hampe et al., 2003, Sester, 2007; Burghardt et
al., 2010). Generally, there are four MRDB levels for building
showed by figure 1 (Kilpelainen, 1997).
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Figure 1. MRDB levels (Kilpelainen 1997).

2.2 CityGML’ LoD

Several standards have been introduced to enable the 3D model
to be used effectively together with its widespread use and to be
understood by all. CityGML is one of them, also most used one.
CityGML is a common information model for the representation
of 3D urban objects. CityGML covers broad thematic fields of
city objects, from geometrical band topological to semantic
aspects. CityGML, the OGC standard to represent 3D city
models, can be used to integrate both geometric and semantic
information of the city models (Kolbe, 2009; Biljecki, 2013).

CityGML defines not only the shape and photo-realistic
appearance of 3D building objects but also thematic properties,
attached rich semantic information can also be stored in
CityGML. These models are reconstructed and represented in
different LoDs to be used for visualization purposes. There are
two main advantages of CityGML. Firstly, components such as
outer shell, openings (windows, doors), outer building
installations, interiors (chair, table, fan etc) can be modeled,
represented and stored in multiple LoDs. Secondly,
generalization specifications provided for different LoDs are
characterized by differing accuracies and minimal dimensions
of objects. There are five LoD in CityGML standards for
building (figure 2) (Groger et al., 2012; OGC 2008).

Figure 2. LoDs of CityGML (Groger et al., 2012).

The coarsest level LoDO is essentially a two and a half
dimensional Digital Terrain Modeln LoD1 the buildings can be
observed as blocks having flat roofs. The LoD2 includes the
structures of the roofs and external installa—tions such as
windows, and chimneys. LoD3 displays architectural models
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with details of the roofs, walls, balconies and etc. LoD4 is the
last and most comprehensive level of details, and includes the
internal structure of the buildings such as the rooms, furniture,
domestic installations, etc. (OGC, 2008; Groger et al., 2012;
Baig and Alizadehashrafi, 2014).

2.3 Combination MRDB and CityGML’ LoD

In this study, it is suggested and explored that combining the
LoDs in the CityGML detail level and MRDB levels for more
useful systems can be created for automatic generalization.
When the concepts of MRDB levels and LoDs are combined for
the 3D city model, firstly figure is formed. In Figure 3, where
the CityGML levels are received as the level of detail (LoD),
the LoDs concept are combined with the levels of representation
in the MRDB.
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Figure 3. MRDB representation levels and CityGML detail
levels for building object.

The first level of MRDB and the LoD 0 representations
maintain the same (basic) geometric substructure base. In
general, MRDB display levels and LoD levels of detail have
shown the purpose of detailing and generalization in relation to
the scale. In Figure 4 building example, Figure 1 and Figure 2
are combined. These relationships are graphically shown in

Figure 4.
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Figure 4. Combination of Figure 1 and Figure 2 for buildings.

In Figure 5, MRDB levels and detail level (LoD) are paired
individually. For this reason, some MRDB levels do not contain
sufficient detail, so LoD detail levels are not associated.
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Figure 5. MRDB levels and LoDs for buildings.

3. CONCLUSIONS

In this study, for automatic generalization, data management
and store MRDB levels and CityGML LoDs are combined. In
future works, these concepts will be implemented according to
semantic information. For the semantic generalization, the
objects firstly needs to be classify according to the aim of 3D.
Depending on these classifications, the marking at the desired
level of detail and display level must be specified. This can be
improved by researching the subject in full with semiology,
cartography and related science(s). 3D semantic generalization
should be considered as versatile. The work on this subject will
be research continued by the author(s).
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