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Abstract:

Taking precautions before a disaster to reduce dhesalities and losses engendered by natural disass relatively
cheaper, and more importantly, better than curee &bthors propose a conceptual framework withcthesideration of all
stakeholders related to the disaster managemehave a better risk management, and to guide thigeisnplementation
and integration of the 3D urban modeling tools idisaster risk visualization. In this study, a nedoor LoD hierarchy is
proposed for building objects. The LoD definitiasCityGML are only for the external parts of thigystructures and the
indoor is modeled in one LoD only. Similar to thedwoor definitions of CityGML, the proposed inde@D definitions aim
to achieve robust definitions. This framework akovisualization in all the possible 3D urban digsadituations.

1 INTRODUCTION

This paper presents a LoD definition hierarchyhaf previously proposed 3D urban disaster risk Vizai@on framework,
which establishes a link between the disaster fgpe flood, earthquake etc.) and the componens®afirban visualisation
(Kemec et al., 2010). 3D semantic urban modelirgnignportant factor to be considered during theettgoment of the
framework. Although various aspects of 3D modetiag be accounted for in the proposed frameworkiyhes of objects
to be modelled, their representation and the réisoluor Levels of Detail (LoD), play the most @il roles in 3D urban
modeling for natural disaster situations. In pragtihe concept of LoD can be directly relatechtoresolution, hence the
identification of objects in 3D modeling.



LoD originate from computer graphics and can b& seedifferent represnetation of one real-worlceobjLoD target the
reduction of software and hardware difficultiegiteplay a large collection of urban data (Foleglet1995). To meet the
needs of real-time display, it is the best choicgenerate as many LoD definitions as possibl&waace and to store them
in the database or to create the generalisatiateorand (Meijers 2011). Nevertheless, due to the atundancy and the
storage limitations, generally only discrete Lo@darchies are defined (Lin and Zhu, 2005). Improsets in users’ spatial
perception can be achieved by LoD models (Chamd,e2007; Vanegas and Aliaga, 2009).

1.1 The Framework:

The framework, mentioned in the paper is the revessd improved version of the (Kemec et al. 201@) enclose the
proposed LoD hierarchy. The framework provideskteefit of enhancing the effectiveness of natuaaind visualization
results and this improves the cognition of stakeérd about the visualized phenomena, which resuitereased risk
communication. The framework handles these parasgte three-dimensional reference (figure 1) whitee basic
phases.
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Figure 1. The reference frame of the proposed fraonk depicted with three axes of: Hazard Type, Le/Betail
(LoD) and Level of Data Processing (LoP)

Three axes of the proposed reference frame i®cktatthe dimensions of time, space and attribfutes the three-
dimensional knowledge. In this respect, the HaZamk (HT) axis represents the attribute dimensigh its contextual
effect to the framework, the Level of Detail (LoBYis represents the space knowledge dimension bedadefines the
spatial representation of the modeling objects,thedast axis, Level of Data Processing (LoPanalogous to time
dimension. Actually, in the LoP axis the procesgllof the modeling methods is evaluated in termgyad and source
costs. Then, the relation between the LoP axigtiamal still is not trivial. Moreover, the effect tfe temporal resolutions of
the used data sources is also managed in this axis.

3D urban model objects are pointed out in thisakdenensional reference frame consisting of thses:aloD, LoP and
HT. In an urban environment, with respect to a litgpe, a specific level of detail is required,igthdetermines the level
of processing for urban, urban zone or each bugldiniect by itself, depending on the scale of eeasment. This relation
may be represented as a point, line, area or volarie three-dimensional reference frame.

The LoD axis defines “in what form” the previousiefined visualization objects will be visualizedheT resolution
obtained from a decision rule is used for findihg fippropriate object representations. In this wag,HT and LoD axis
are linked together. In this axis, the LoD defimits are adopted from the CityGML. In the axis, gahkeoD definitions are
placed close to the origin and the detailed onepkaced outwards on the axis.



The proposed framework follows three basic phasg®int each model object in the mentioned 3D efee frame. These
phases are;

1) Definition of Visualization Components
2) Object Representations
3) Needs Assessment

The framework starts with the first phase, Defonitof Visualization Components. These componertsiser and the
related 3D modeling objects; Different users mighitnterested in different sets of risk elementsictvdepend on the
components of the urban environment. For examplésurance company may have interests concerhiguildings,
while utility companies might be mostly concerneithvihe effect on utility networks. That is to s#lye objects to be
considered (and included) in a particular 3D mddele to be selected with respect to the user. &bensl phase of the
framework application is Object Representationghis phase the appropriate object representaimnanalyzed and the
levels of Indoor/Outdoor Resolution are definedalgecision rule. Indoor/Outdoor Resolution defittesabstraction levels
of each modeling object where low spatial resotutimuld mean a low LoD, while high spatial resaatiwould mean a
high LoD. Data Representation involves the datamndedures needed for a specific model. Herealteenatives to 3D
data representations such as boundary (surfac@lumne approaches (e.g. voxel) should be evaluatetiis step, natural
hazard-related definitions are also completed. Ha€haracteristic Medium is the hazard-relatedufiesin visualization,
which might be the vulnerability value of any build in an earthquake case or that of an objecearssrface in a tsunami
case. When visualization objects and their LoD abt&ristics are defined, they are fed into thedthind the final phase,
which is called Needs Assessment. In this phada,ideentory and data / processes needs are ethafid the efforts and
data needed to establish the model objects aropuard. In other words, in the first phase of treenework the points are
defined; then in the second phase, these pointslaced in the reference frame. Until the thirdgghahe framework
defines the needed objects and their approprigtesentations. In the third phase, the situatiohefcurrent data of
practitioner is searched for with needed processashieve the desired representation results.

2. CITYGML

CityGML is one of the few 3D urban modeling conegpthich consider two aspects of 3D urban modéfirgygeneric
sense (i.e. it is not application-oriented). Thasesyntactic and semantic aspects. CityGML is aidian spatial data
infrastructure. It is implemented as an applicasohema of the Geography Markup Language 3 (GME&)@Open
Geospatial Consortium (OGC). GML3 is based on OGEQ standards, which means that it is open andaren
independent. Syntactic and semantic interoperglidinecessary for each GIS component. By usingMb-based
language, syntactic interoperability is achievesn8ntics is related with the geometrical and togiokd aspects of 3D city
models and these are covered by class definitib@itgGML. All basic urban model components, thatbuildings,
vegetation objects, water bodies, transportaticilitias (like streets and railways) and city fuunie, include this class
taxonomy. The urban objects in CityGML are subdbddnto certain thematic classes. One of the ingpditlasses is the
building class, which provides the representatibthematic and spatial aspects of buildings. Anotre is relief, which is
simply the terrain. The others are transportatidnich represents the objects of all modes of trartagion, for example a
road, a track, a railway, or a square, and langdwbkih describes those areas of the Earth’s seidadicated to a specific
land use. Several other objects such as city fujtvegetation and water can also be useful $&rmanagement. The city
furniture objects are stable objects like lantetradfic lights, traffic signs, advertising columrisenches, delimitation
stakes, or bus stops. The vegetation is used tesept solitary tree objects, plant cover as saréaglant canopy. The
water object represents the thematic aspects aee-timensional geometry of seas, rivers, carakgsl, and basins. These
object classes compose the object pool in the fnaorie A set of objects important for any particutisaster can be
obtained from this pool. The only limitation is tleek of complete set of underground objects. Tisaee now availble
with the new realease of CityGML 2.0, as well asechanism to specify undeground parts of builderys other features.
Some research and developments has proposed sslétiogeotechnical objects (Emgard and Zlatand9@8; Tegtmeier
et al., 2008), which can later be included in ttaerfework. These object classes compose the olgetirpthe framework.
A set of objects important for any particular disagan be obtained from this pool.



CityGML provides the concept of a LoD for 3D urbadsualizations, which is best developed for buitginHowever, the
approach of CityGML is appropriate for the introtdan of LoD levels for various other objects. Iny@ML, LoDs range
from LoDO to LoD4. LoDO is the 2.5D level, over whian aerial image or a map may be draped (Kolbé,e2005), for a
simple box model defines buildings in LoD1, whilgldings in LoD4 are defined even with interior aiét of them.
Naturally the resolution increases from LoDO to Mo{tsroger et al., 2006). The concept of LoD is gujeneric and
suitable for small to large area applications. Thecepts of LoD of CityGML are adopted as a stgrpint in the study.

3. PROPOSED BUILDING INDOOR LOD HIERARCHY

Currently, building LoD definitions of CityGML isobust and steady especially for the external pditise city structures
(figure 2). The same situation does not apply &itidoor representation definitions. In the LoDf£d¢yGML, indoor
detail is defined as;

“LoD4 completes a LoD3 model by adding interionsttures for 3d objects. For example, buildings are
composed of rooms, interior doors, stairs, and itune.”

This definition characterizes a building model thas all the architectural details in the most itelaepresentation
level.
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Figure 2. The current LoD hierarchy of CityGML

The main concern of the framework and the appbeatis finding the proper representation especfatyuilding objects
of the urban models for different disaster situadidn this context, more detailed approaches eeeed to improve the
efficiency and the communication capability of tienerated 3D urban model in all phases of the t@isasnagement. Pre-
hazard phases, which are preparedness and mitigated to put forward the situation in more detathe related scale.
For example, the social conditions and accordiritlg,resilience of all the residents in a high-Bpartment blocks are not
the same, particularly in Turkey. Therefore instehd/hole building representations, more detaikgoresentations such as
floor level or living unit level are more benefitfar the development of more coherent strategigbé preparedness



phase. Some natural disaster management applisaté®d indoor LoD definitions that are more gentah CityGML
LoD 4 in different phases of disaster managemeaoteci

Apart from disaster management, 3D urban modelstitate spatial visualization or analysis envirominf®r many other
application areas like cadastre, planning, trafbarism etc. The large extent of the applicaticgaaand the developing
technology urge that more research is carried lbotitestandardization for the interoperability issuEhese are certain
application areas that come to mind in the firatpl Further application areas may also take adgardf an indoor LoD
hierarch. As it was mentioned in the previous papstial data infrastructures provide the rulethefrequired
interoperability environment. Moreover, the CityGMEthe OGC is a standard that focus on the 3Drurbadels. The
proposed indoor LoD hierarchy is considered togethith CityGML to improve the existent standards.

In the 3D urban modeling literature, the subjedhefindoor LoD is usually handled under the gelf&@Baurban
information meta-model approaches. According téeBikt al. (2008), a unique building object cantaonsub-units,
which have different attributes in the thematianéustrative and cadastral senses. Consequendse $hould be indoor
LoD definitions as for the outer parts. Their inddoD definitions have three different generalinatievels. In LoD1,
generalized polyhedrons take place if these gemedapolyhedrons have some openings at LoD 2, wim&hup the
internal sub-spaces, and at the most detailed imdad definition, LoD3 has an identical opening lugre is no
generalization at this time. At the end, thesesdlineloor LoD definitions are connected to the Laibd£ityGML.

Hagendorn et al 2009 propose an extenxion of CityGWth four indoor LoD focusing on route navigatiorheir model
consists of thematic, geomatric and routing modéle indoor LoD are definied in a similar matteasdoor and are used
for navigation. Elaborated discussion is providadiee use of the three parts for navigation andalisation. The LoD
presneted here have some of the concepts predbeted

Zhu and Hu (2009) drew a house property-orientachéwork. They mentioned a weak side of CityGL #irtistudy.
According Zhu and Hu (2009), CityGML is a good abst framework for 3D building geometry. On theethand,
CityGML's semantic definitions are limited to justtuctural components (room, window, door etc.},rmt real property
objects like storeys or living units. This semarmi@ssification approach is the same approacheasrih adopted in this
paper, which forms the basis of the indoor LoD psad. The hierarchical geometric LoD framework ioets indoor and
outer detail definitions in a three-level framewarith five different LoD definitions. This threesel geometric
framework, which starts with 2,5D horizontal lef@t horizontal partitioning on land block scaletlive LoD2 of their
framework vertical partitioning, constitutes theimeoncern and this level is named as the vert&al. Finally, at the
third level, which has the most detailed model obgefinitions, indoor LoD definitions are locatdthe name of this level
is 3D interior level, which has three different amat LoD definitions. LoD3, the first level of 3Dterior levels, has storeys
e.g. within a residential building. LoD4 is desedbwith minimal spatial portions of real propertyituliving unit). Finally,
the definition of LoD5 of this framework correspant the LoD4 of CityGML, involving indoor detaigith entire details
like roof, walls, doors and windows.

Yuan and Zizhang (2008) propose a framework by é¢oimg Building Information Modeling (BIM) and 3D Gl
capabilities for indoor navigation. BIM is an infoation-rich model for building generation and masragnt. It covers 3D
geometry and semantic definitions like CityGML. 8ban models are used to generate graphs thasadefar indoor
navigation.

Karas et al. (2006) also use 3D building modelthasnain input for 3D graph generation. 3D indoavigation or network
analysis applications could be a key element fer#sponse phase of the disaster management dihgdeutputs of such
an analysis can reduce the time spent by searcheande teams; besides, escape routes, which begldmmunicated to
the community in the preparedness phase, canifesaver for large numbers of people. The propasédor LoD hierarch
can be adapted to these types of 3D graph genemdtiorithms. Rougher detail levels could be bexaffor upper-scale
disaster management applications.



Billen (2000), Billen et al. (2008), and Zhu and F2009) stated different definitions of urban ahstrspace apart from
urban physical object definitions. In an urbantedavisualization, the discrimination of the theimaubdivision on a
separate building object could be more importaanttine physical components. The depiction of uddgact composition
given in Billen (2000) is a good example. Accordtoghis study, urban space is subdivided into tuwwban abstract space
and urban physical space. Current spatial datastrirctures mainly focus on urban physical spafieitiens, but under
the concept of urban abstract space, thematicstraland administrative subdivision definitionsilwbbe done.

In an urban space, these types of abstract defisittan be increased, but generally, thematic sisialis originate from
the cadastral subdivisions, which mean that diffeageas with varing theme are owned by differehdérs and an
inherently administrative status automatically egest For this reason, the thematic subdivisiorrio&m abstract space are
considered for the basics of the proposed indo@r hi@rarchy. The proposed indoor LoD definitions ailly integrated
with the LoD definitions of CityGML. Its notatiorere parallel with five level definitions of LoD. lroDO, there is no 3D,
thus the indoor definitions start with LoD1 withdimor which is denoted as LoD1,5 to LoD3,5. Themedd.oD4,5 because
LoD4 already covers the indoor details (figure 3).
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Figure 3. The proposed LoD hierarchy with indoopmesentations

In the proposed LoD hierarchy, each of the LoDID2@nd LoD3 outer detail definitions is associatstth the related
indoor definition and notated with a half after thieger part, for instance, for LoD 1 with indo&emantic definitions are
performed with real building objects, which are;

» LoD1 with indoor notated as LoD1,5, the correspagdiuilding object is storey (figure 4)



LoD1 LoD1,5

Figure 4. A sample representation of LoD1 buildiogtdoor and the corresponding indoor
representation

LoD2 with indoor notated as LoD2,5, the correspogdiuilding object is compartment (figure 5)
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Figure 5. A sample representation of LoD2 buildingtdoor and the corresponding indoor
representation

LoD3 with indoor notated as LoD3,5, the correspogdiuilding object is apartment (figure 6)
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Figure 6. A sample representation of LoD3 buildimytdoor and corresponding indoor
representation



» The demonstration of LoD4 on the same sample mgldépresentation could be similar to figure 7.
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Figure 7. The same building with LoD4

As dicussed in Kemec et al., 2010, five hazardssssent parameters (with indoor penetration) ard tesachieve outputs
(indoor/outdoor resolution, hazard characteristerliam, data representation), the first being thealed hazard
prevalence index of different hazard types. Deaiside is summarized as follows:

Ip= [(((So+ d +f) / 3) + 8) / 2) X (v +Uae+ p) / 3)]

Where,lpis hazard prevalence intensity index which is thadpct of hazard prevalence parameters thatspeed of onset,
d is duration, f is frequencyy spatial dispersion and urban evaluation paramétatsy is land vulnerabilityaeis urban
areal extent and p is population density parameters

D = lpnomnt i/2

Where, D is detail decision, angidm, normalized hazard prevalence intensity index a@adndoor penetration.

Indoor LoD is controlled by the parameter “i” iretbbject representation definition decision ruléhef framework. If there
is an indoor penetration, decision rule is takeao account by adding a half to the integer LoD ltegine “i” parameter
may also be used if there is an indoor detail regog the user.

4. CONCLUSION AND FURTHER WORKS

This paper presented our first ideas on indoor Lebich can be used to estimate the needed 3D wibaalization model
for risk management and with respect to specifastier type. The proposed indoor LoDs are compltaneto the outdoor
LODs of CityGML. The purpose is to establish a netbm to work with the interiors of buildings evaha low outdoor
LoD, and to be able to reflect the possibility adving mass (flood, mud, land slide, etc.) to gét interior of a building.

The first feedbacks from the interviewed risk maragshow that the proposed LoD hierarchy is quitengsing. Further
developments in CityGML, 3D data sources, datagssing and 3D visualization can easily be adameld framework,
enclosing the proposed LoD hierarchy. The nextsstejth Developments in CityGML, 3D data sourcesadarocessing
and 3D visualization can easily be adapted to thméwork, enclosing the proposed LoD hierarchy.deatrate on tests
with different real city textures, containing builds with different architectural structure, andhwilifferent applications
endowed with different modeling contexts are needed



REFERENCES

Billen, R., 2000, Integration of 3D information Wban GIS: a conceptual view, ISPRS 2000, Amsterd®ays-Bas

Billen, R., F. Laplanche, S. Zlatanova and L. Erdg2008, Vers la création d'un méta-modeéle généritgul'information spatiale 3D
urbaine (in French), In: Revue XYZ, No. 114, 1amgstre 2008, pp. 37-42

Chang R., G. Wessel, R. Kosara, E. Sauda and Vér&p, 2007, Legible Cities: Focus-Dependent MRksolution Visualization of
Urban Relationships, IEEE Transactions on Visusibmeand Computer Graphics, Vol. 13, No. 6, novertibecember

Emgard, L., and S. Zlatanova, 2008, Implementatiternatives for an integrated 3D information modelVan Oosterom, Zlatanova,
Penninga and Fendel (eds.), 2008, Advances in 3in@emation Systems, Lecture Notes in Geoinfororatind Cartography,
Springer-Verlag, Heidelberg, pp. 313-329

Foley, J., van Dam, A,. Feiner, S. and Hughe4,985. Computer Graphics: Principles and Practickligon Wesley, 2nd edition.

Groger, G., Kolbe, T.H., Czerwinski, A., 2006, @iyIL Implementation Specification, Developed by ®Beecial Interest Group 3D
(SIG 3D), OGC Document Number 06-057r1

Hagedorn, B., M. Trapp, T. Glander, J. Dollner, 200oward an Indoor Level-of-detail Model for Rolésualisation, 2009 IEEE,
Tenth International Conferenceon Mobile Data Mamagyg: Systems, Services, Middleware, pp. 692-697

Karas, I.R., F. Batuk, A.E. Akay, |. Baz, 2006, Auomatically Extracting 3D Models and Network Anak/$or Indoors, Innovations in
3D Geoinformation Science, Series: Lecture NoteS@wvinformation and Cartography, Eds: A. Abdul-RahmS. Zlatanova, V.
Coors, Springer Verlag, Berlin Heidelberg, Pag@& 3404

Kemec, S., H.S. Duzgun, and S. Zlatanova, 2010améwork for defining a 3D model in support of rimknagement, in Geographic
Information and Cartography for Risk and Crisis gement, Konecny, M., S. Zlatanova, B. L. Temena(ids.), New York:
Springer, Pages: 69-83, DOI: 10.1007/978-3-642-03814%

Kemec, S., S. Duzgun, S. Zlatanova, D.I. Dilmen Ar@. Yalciner, 2010, Selecting 3D urban visualmaimodels for disaster
management: Fethiye tsunami inundation case, Inf&@ence Proceedings of the 3rd International Genfee on Cartography and
GIS, June, 15-20, 2010, Nessebar, 9 p

Kofler, M., 1998, R-trees for the visualisationlafge 3D GIS databases, PhD thesis, TU, Graz, faustr

Kolbe, T.H., Groger G., Plumer L., 2005, CityGMLtdnoperable Access to 3D City Models, Oosteromtafiava, Fendel (Eds.):
Proceedings of the Int. Symposium on Geo-infornmetay Disaster Management on 21-23 March 2005 ifit S&pringer Verlag

Meijers, M. 2011, Variable-scale Geo-informatiohDPthesis Delft University of Technology, DecemBéd 1, 235 p.

Published by Netherlands Geodetic Commission, Patitins on Geodesy 77, Delft, 2011

Lin H. and Q. Zhu, 2005, Virtual Geographic Envinoents, In: S. Zlatanova and D. Prosperi, Editoesge scale 3D data integration—
challenges and opportunities, Taylor & Francis (PRESs), Boca Raton

Tegtmeier, W., P.J.M. van Oosterom, S. Zlatanowd, ld.R.G.K. Hack, 2008, Geology as part of an irggg 3D information model
including sub - surface real world and design imfation. Presented at Open Geospatial Consortium (@GC) Technical
Committee Meeting, 1-5 December 2008, ValenciajrSpa

Yuan L., and H. Zizhang, 2008, 3D Indoor NavigatiarF-ramework of Combining BIM with 3D GIS, 44thOSARP Congress

Vanegas C.A. and D.G. Aliaga, 2009, VisualizatibSionulated Urban Spaces: Inferring Parameterizede®ation of Streets, Parcels,
and Aerial Imagery, IEEE Transactions on Visual@atnd Computer Graphics, Vol. 15, No. 3, May/June

Zhu Q., M. Hu, 2009, Semantics-based 3D Dynamicdtighical House Property Model, International Jaliof Geographical
Information Science, First Online Published onNivember 2008, DOI: 10.1080/13658810802443440



