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ABSTRACT: Building Information Models as product models aruilding Information M-
elling as a process which supports information rgangent throughout the lifecycle of a build-
ing are becoming more widely used in the Architemfangineering/Construction (AEC) indus-
try. In order to facilitate various urban managetrtesks (such as evacuation operations) and
several processes of the construction life cycld(sas site selection) through better automa-
tion, information related to buildings needs torepresented in the geospatial environment, i.e.
in form of geospatial information. Recent resedrcithe field demonstrated that Building In-
formation Models can be used as the informatiom@®when transferring building information
into the geospatial environment. In fact althougbent efforts have been successful in demon-
strating the applicability of this information tigfier, most of these efforts were not successful
in, bringing up the industrial needs for the impégriation, presenting the opportunities that the
implementation might bring to the AEC and urban agament domains and outlining the
technical difficulties of the implementation. Theview presented in this paper first focuses on
outlining the strengths and weaknesses of usingsBAMen acquiring building information and
transferring it into the geospatial environmenteTieview later presents opportunities and
threats this implementation might bring to AEC &ihtban Management domains.

1 INTRODUCTION

In the last decade, Building Information ModelsNB) and model based engineering have be-
come an active research area of construction irddas1 The industrial reason behind the rise
of trend towards using BIMs and model based engingean be mentioned as the inadequate
interoperability in the industry. In the constrectiindustry, business relationships are tempo-
rary and often short-term, bringing together pagngho may never work together again. Con-
struction projects are organised on consortia ardcentract bases, which rapidly bring to-
gether partners in relatively short working alliaac This highly fragmented nature of the
industry, creates barriers to effective exchangenfifrmation (and to integration), between
people and between processes. Gallaher et al. (20@id¢ated that, US$15.8B is lost annually
in the U.S capital facilities industry due to tlael of interoperability. BIMs today are seen as
main facilitators of integration, interoperabilityollaboration and process automation in con-
struction industry.

Geospatial information can be defined as the in&diom, which is related to existing topog-
raphic and man-made phenomena. In contracts tBI¥le, geospatial features are represented
in a particular geographic reference system. Geidpaformation and Geographic/Geospatial
Information Systems (the systems that manage aodeps the geospatial information, also
known as GIS) are used in various fields relatedrman built environment and construction



industry, ranging from three dimensional cityscasalisations to management of vehicles in
the construction site.

In order to effectively automate, some urban mamege tasks and several processes in the
construction life cycle, information related to llimgs, needs to be represented in the geospa-
tial environment, i.e. in form of geospatial infation. Several tasks of urban management
such as emergency response management and indagaticen and some processes in the con-
struction life cycle, like site selection (i.e. setion of the land plot for a designed project) can
be facilitated through the use of certain and somet high amount of, geometrical and seman-
tic information about a buildings within the geaspl environment.

Isikdag (2006) stated that although the BIMs cong@ometrical and semantic information
about the building elements in an object orientath gtructure, the information in BIMs can
not be easily transferred into the geospatial @mirent, due to technological barriers. These
barriers have risen as building information andsgadial information models (are developed
for different purposes, by researchers coming fdifferent backgrounds, in result they) repre-
sent, handle and threat the data in different wallsese barriers in turn, prevented a better or
full automation of several processes in the cootivn life cycle and in urban management.
Until recent years, the transfer of ‘3D geometrigatl associated semantic information’ from
building models to the geospatial environment cowdtibe accomplished. This was mainly be-
cause of, the lack of ability to store semantioinfation and the lack of object oriented data
structures, in standard CAD models. In contrastayoBIMs (i.e. IFC, as a maturing standard),
are capable of containing geometrical and semanfticmation about the building elements, in
an object oriented data structure.

In last three years, there have been various ssfttesxademic and industrial efforts to sim-
plify BIMs and implement them within the geospatiahtext. These efforts will be elaborated
in the following section. Although these effortsrBdeen successful in demonstrating the tech-
nical aspect of the applicability of the implemeita, most of these were not very successful
neither in underlining the needs for the implemgata nor in presenting the opportunities that
the implementation might bring to the AEC and urlpaanagement domains. The review that
will be presented in this paper, will focus on a SW(Strengths/Weaknesses/Opportunities/
Threats) analysis, in order to identify the neeatssiich an implementation, outline the oppor-
tunities it might bring, and point out the weakressand threats that might limit the applicabil-
ity of such an implementation.

2 BACKGROUND

2.1 Building Information Modelling

A Building Information Model (BIM) can be defineds,a'a digital representation of physical
and functional characteristics of a single buildiAg such, it serves as a shared knowledge re-
source for information about a building formingediable basis for decisions, during its lifecy-
cle from inception onwards’ (NBIMS, 2006). As exiplad in NBIMS (2006), a basic premise
of a Building Information Modeling process is thellaboration by different stakeholders at
different phases of the life cycle of a single ding in order to (insert, extract, update or) mod-
ify information in the digital model in order togoort and reflect the roles of that stakeholder.
A BIM is a shared digital representation of a singlilding, founded on open standards for in-
teroperability. The representation may also theecohe objects in the building site, in model-
ling practice a single building is associated véthingle site and vice versa. In last ten years, a
BIM (namely Industry Foundation Classes,-IFC-), e¥his defined by an international indus-
trial alliance is maturing as a standard modektpporting the various phases of the construc-
tion life cycle.

Research in the filed is still working on definitige concepts of Building Information Model
and Building Information Modelling. In an effort ttefine the latter term Howell and Batcheler
(2005) summarised the industrial interpretatiorBaflding Information Modelling by provid-
ing the different approaches taken by differentvgafe vendors in the area. Two of the ap-
proaches which were summarised in the paper include



« Transitional approachwhere a building model is created as a looselytulicollec-
tion of drawings, each representing a portion efcbmplete BIM. These drawings are
then aggregated through various mechanisms to genadditional views of the build-
ing, reports and schedules as though there wagyke 8IM at the centre,

« Central project database approaghere the building model is stored in a central pr
ject database and managed using a software ortegramed system. The strength of
this approach is the ability to organise every dingj element in one database, thus
providing users the chance to immediately seedhelts of any design revisions made
in the model, have them reflected in the associeias, as well as to detect any coor-
dination issues.

In light of these definitions, the approaches tddng Information Modelling can be classi-
fied as model centric and system centric. A modetric approach views BIM as a central pro-
ject repository and provides ways and methods toage it. In contrast a system centric ap-
proach views BIM as a set of drawings and infororatinodels in a federated data layer and
provides tools to manage several models in thia tater. In parallel, based on the work of
Isikdag et al (2007) the definitive characteristé<Building Information Models can be given
as being;

1. Object Orientedmost of the BIMs are defined in an object-oriemeture.

2. Data-rich / ComprehensiveBIMs are data rich and comprehensive as they caller

physical and functional characteristics of the diiai.

3. Three dimensionalBIMs always represent the geometry of the buildimghree dimen-
sions.

4. Spatially-related: Spatial relationships between building elements raaintained in the
BIMs in a hierarchical manner (allowing for severgpresentations such as Constructive
Solid Geometry, Sweeping and Boundary represemtsjtio

5. Rich in semanticsBIMs maintain a high amount of semantic (functipriaformation
about the building elements.

and finally,

6. BIMs support view generatiorthe model views are subsets or snapshots of thdelmo
that can be generated from the base informationein@the model views can be automati-
cally derived with respect to the user needs.

Today, an implementation of BIM paradigm is achotMay using Industry Foundation
Classes (IFC) models. Currently, several CAD/AE@.(8entley, AutoCAD, Archicad) and
structural analysis applications (such as SAP 2@0®rapable of importing and exporting their
internal models as IFCs, and some applications fgahicad) are also capable of acquiring in-
formation from an IFC model through the use of aretl resource such as a shared file or a
model server database

2.2 Representing 3D Building Information within the Gpatial Environment

Three dimensional representation of urban envirerirhas been an active research topic for
last ten years. Research in the area indicateqdgkatmetric) information about buildings and
its integration with Gl environment are the two ldgments when representing the urban envi-
ronment in 3D.

Three approaches can be used to acquire (geomiafiocination about buildings and trans-
fer it into the geospatial environment.

First approach is, -measuring and 3D reconstructidmere information about an existing
building is collected from (a) single or multiplewsce(s) and geospatial models are created
with respect to an application. Measuring and 8Eonstruction has a long history. A variety
of approaches can be used for this (Tao, 2006)L.&f@r Scanning Technology has emerged as
the most innovative method and much research istddvo developing automatic algorithms
for 3D reconstruction (i.e. Arayici, 2007, Kanga#t2007, Pu 2007). In fact, such approaches
are gathering geometric information about buildiagades and are not commonly used to ac-
quire information from indoor spaces. However, manplic buildings (mostly tourist attrac-
tions) have been scanned from inside, but moshehtmodelled manually (i.e. Meijers et al



2005). Two drawbacks of 3D reconstruction are igeiling indoor spaces is a time consuming
process that involves much manual effort, andsijree main purpose is acquiring the geometry
of the building elements, the final model contdimsted semantic information.

The second approach in integration of buildingshim topographic (Gl) environment is ac-
complished through acquiring building informatiaerh 2D and 3D CAD drawings. Current
research for representing building information Wwitlthe geospatial environment, stemmed
from the research related to the integration of Caidl Geographical/Geospatial Information
(GI) systems. Thus, the problems related to thjgr@gch are generally referred as the CAD-
GIS integration problem. Barriers preventing infation exchange have risen between CAD
and Gl systems due to lack of integration betwsadtware systems, as these systems are com-
ing from different backgrounds, developed with eliéint philosophies, and their interpretation
of the world is completely different from each athi@ result, one of these systems can not un-
derstand and interpret the other's data with gheats of it. CAD systems are developed to
model objects that do not exist, and designed dprasenting the maximum level of detail in
terms of, geometry and attributes of the modelti@nother hand, GIS are developed to repre-
sent objects that already exist around us, andpg¢ias data models are defined for represent-
ing the objects in the most abstract way (spedifiéa terms of geometry).The efforts for inte-
grating the models of CAD and Gl systems were tssis, creating more effective facilities
management systems, enabling photo-realistic 3Daligations of the city, efficiently manag-
ing infrastructure systems, the enterprise-wideafs81Ss. These efforts were mainly focused
on facilitating data migration from CAD into theagpatial environment. Noonan and Cisson
(2001) outlined the technical problems faced dudata migration from CAD to GIS as, rare
attribution and lack of topology in CAD files, calinate system differences, layers used differ-
ently in CAD and Gl systems (i.e. some objects @ioetd in one CAD layer, will be contained
in several different GIS layers.) and incompletergetries that exist in CAD files. Many re-
searchers have investigated the differences ansitfiarities between CAD and GIS and sug-
gested approaches for transforming information frone to other. As mentioned by van
Oosteronet al (2006);

« Lack of object definitions in the CAD files,

« Different scale representations,

« Transformation of the local (CAD) coordinates iatgeospatial coordinate system,

» Existence of parametric shapes in CAD files that oat be converted into GIS ob-
jects

« Different levels of detail between CAD models ahdit representation in the geo-
spatial environment appeared as main barrierspifetent CAD-GIS data transfor-
mation.

Several studies in the field such as Van Oostegb (2006) and Zlatanovat al (2006)
have indicated, the need of integrated geometridetsoand harmonised semantics between
two domains and the need for development of unifdata types for both CAD and geospatial
information models to tackle the information shgrand exchange problems between AEC and
geospatial information domains.

Similar to the previous approach, acquiring thengetoy and semantics can also be cumber-
some in this approach, but a certain level of seimanformation can be transformed from
CAD drawings (manually) as most blueprints contaitigh level of semantic information
about building components. Both these approachgsresalt in outdated 3D building models
in the geospatial environment. This might eithedbe to, the data acquisition/ 3D reconstruc-
tion process which might be very time consumingher blueprints which can be modified dur-
ing the construction stage.

Recent developments in the field of constructiciorimatics have resulted with the emer-
gence of Building Information Models (BIMs).In coast to the standard CAD models, BIMs
of today are capable of containing both 3D georokseimantic information as they are devel-
oped with the intention of covering all stage d& thuilding/facility lifecycle (i.e from the con-
cept design to maintenance /demolition).

The third approach for acquiring 3D building infation is, using digital BIMs, and simpli-
fying them (geometrically and semantically). As tiemed previously, BIM are object-
oriented, semantically-rich, up-to-date and allavery of needed building parts in views.



In last three years, there have been various ssfttesxademic and industrial efforts to sim-
plify BIMs and implement them within the geospatiantext. For example in a recent effort,
Isikdag (2006) demonstrated the transfer of infaromafrom an industry standard BIM (IFC) to
the (ESRI) Shapefiles and Geodatabases. In paratisimercial software for conversion from
IFC to CityGML and vice versa is in developmeng (ifcExplorer, 2008; Safe Software, 2008).
OGC Web Services Phase 4 (OWS-4) testbed initidtioked at how CAD/GIS/BIM informa-
tion can be integrated at web services level (OWS4thmary Document, 2007) and in this
context OGC has completed tests on the integraifoBityGML and IFC models in OWS-4
testbed (Lapierre and Cote, 2008).In fact, algorgtifor seamless conversion from BIMs into
the geospatial environment are still in development

3 THE SWOT ANALYSIS

3.1 How, Why and So What?

SWOT is an acronym for Strengths, Weaknesses, @ppties and Threats, and perhaps the
most well known approach for defining strategy (Zd©99). It is used to analyse these four
factors that either apply to a business or to gamisation. The technique is mainly used for a
analysing a company’s internal capabilities (ifersgths and weaknesses) in relation to the
competitive environment (i.e. opportunities ance#iis) (Avison and Fitzgerald, 2006) .In this
review, the SWOT analysis is used within a difféneerspective.

The first stage of the analysis focuses on thenieahperspective of the implementation and
evaluates the advantages and disadvantages thedrag® a result of using BIMs in acquiring
building information and transferring it into theagpatial environment. The research question
that is focused in this stage is;

How can we implement the BIMs in geospatial envirent?

In response, this study evaluates the (technicdl)amtages and disadvantages as the
strengths and weaknesses in the implementatiorapiar as a result of ‘using BIMs for ac-
quiring building information’. Other technical strgths and weaknesses that might appear by
the use of different geospatial models (in représgrthe building in the geospatial environ-
ment) is out of the context of this review.The setagtage of the analysis is concentrated on
the following questions;

Why do we need to implement BIMs in geospatiarenrient?
What will be the consequences of the implementation

In response, the second stage of the analysiseopghortunities and threats reveals some
facts which might help in answering these questidaysoutlining the reasons behind the im-
plementation of BIMs within the geospatial contésam the AEC and urban management
knowledge domain perspectives). For example, th@eimentation can facilitate, tasks related
to site selection, evacuation activities in an egaecy situation and delivery of goods and ser-
vices which might be classified as the opportusifieovided by the implementation. On the
other hand some negative consequences of the imaptation might appear, such as limita-
tions on personal privacy and threats relatedrtorism.

The following sections first explore the strengtrsd weaknesses of the implementation
from the technical point of view, and later invgatie the opportunities and threats that emerge
as a result of this implementation.



4 STRENGTHS AND WEAKNESSES

In this section, the strengths and weaknesses apgdhe implementation of BIMs in geospa-
tial environment are classified in two themes. Titet theme investigates the strengths and the
second theme illustrates the weaknesses that emasrgesult of using BIMs for acquiring
building information, to transfer into the geosph@nvironment.

Theme 1: Strengths of using Building Informationdéts in acquiring Building Information
4.1 Strength?3D Representation of Building Geometry

As explained in the Section 2.2 digital building aets have been in form of -CAD Models-
for many years. Most of these CAD models are imfof 2D construction blueprints / white-
prints. These documents usually provide elevat@woss-section drawing and drawings that
demonstrate the details of structural elementsohtrast the BIMs of today provide 3D repre-
sentation of all building elements, including thedting/Ventilation/Air-Conditioning (HVAC)
components. The 3D geometrical representation ésafrthe biggest differences between the
BIMs of today and standard CAD models. 3D geomakniepresentation is the biggest reason
behind using BIMs as -source models- for acquitirg3D geometry of buildings.

4.2 Strength>Spatial Hierarchy represented within an Object @ted Data Model

In BIMs the spatial hierarchy between building eberts is represented within an object ori-
ented data model. For example, in IFC, a projéx ftighest level entity) is related with multi-
ple sites, a site may contain multiple buildings @anbuilding is composed of multiple stories.
Figure 1 presents an overview of representationigii-level elements within the spatial struc-
ture of the model
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Figure 1. Representation of spatial hierarchy ghHevel elements of IFC

This spatial and semantic hierarchy is represewitiin the object model of IFC. The rela-
tion between the classes that represent high-leeshents (IfcSite, IfcBuilding, IfcBuilding-
Storey) is established by using another class @iBBgregates). The graph depicting the object
hierarchy between these high level elements isepted in Figure 2. Similar to the hierarchy
mentioned above, a building storey can containralb@r of walls, columns, beams and slabs.
Then a slab can contain an opening element, orlacam contain number of opening elements,
which then can contain doors and windows. All thesationships are stored within the object
model of the IFC. The Hello Wall example of Builglmart (HelloWwall,2008) provides ex-



tensive information on the spatial hierarchy betwaeWall element , its containers and the
items it contains.
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Figure 2. The object model showing the spatialdrigh between IfcSite, IfcBuilding and IfcBuildingdS
rey classes
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The transfer of the representation of the spatrakcture (within the object oriented model)
provides the opportunity to find answers to the @stic queries such as;
«  Which storey has rooms with no windows?
¢ Which room has a slab with an opening?
¢ Which rooms contain more than one door?
* How many stories contain rooms which have more trendoor?

In fact, it should be noted that it is not easylédine these relationships when an old building
have to be re-modelled as an IFC model, as theiwaimh of space is not very clear. The same
problem is also evident when modelling multi pugpbsiildings.

4.3 Strength?BIMs contain Rich Semantic Information

The semantic information in the BIMs is not limitedth the information on the building ele-
ments (which is stored in the object model of thielB Additional information regarding mate-
rial(s) of the elements and schedule of constrnaten be obtained from the models.

The information related to material of walls andlses (doors and windows) can play a vital
role in an emergency evacuation procedure. Thedst@enformation will aid in the develop-
ment of large-scale 4D simulations.



4.3.1 Strength>Evolving Model that represents the Current StatthefBuilding

The BIMs are developed with the aim of representivggevery state of the construction (and
building). During the construction stage differeiews of the model can demonstrate the con-
structed and -not yet constructed- parts of thédmg. The living model concept behind the
BIMs , makes it foreseeable that the model willeef current condition of the building after
construction stage is over, and this will faciigaome facilities management tasks.

For example, it will be possible to easily locate amavigate to a broken HVAC element, by
using BIM, 3D navigation algorithms, and 3D geo-ogd In such a situation, as the BIM will
be aware of which HVAC element is broken down,tesihdecent occurs the FM staff will get
notified, and (even if they have never visited Ithélding before) the will be able to find that
element easily with the help of 3D navigation aldons and 3D geo-coding.

On the other hand, in a fire response operaticgwsifrom the evolving BIM can help in
providing the current geometrical form of the binfgl to the emergency response personnel
(e.g. stairs to reach level N of the building stiight not been built at the time fire occurs in a
that level, thus having an access to such infoonatiill enable the fire brigade staff to select
suitable vehicles in advance, before leaving ttelrigade station)

4.4 Strength?Query based representation of indoor geometry

The transfer of BIMs into the geospatial environtnemables representation of indoor geome-
try within the geospatial environment (and 3D ciigdels) as a result of a semantic query (i.e.
Figure 3 presents the visual representation ohdodr space within a BIM that is transferred
into the geospatial environment).
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Figure 3. Indoor representation of a BIM within &G

Thus, it will be possible to transfer and represbatgeometry of building elements with re-
gard to the needs of a specific application. Thit prevent the transfer and representation of
the geometry of unnecessary elements. This willifaie the usability of applications requiring
data-on-demand and real time information transfer.



4.5 Strength>Clear space subdivision

The only international approved standard BIM is IB&6 16739 (also known as IFC). The IFC
model represents the space inside the room wifpHice class, and the geometry of the spaces
is stored within the model. The information in rospaces can be useful in analysis related to
energy consumption.

Theme 2: Weaknesses caused by the use of BIMgyinratwy Building Information

4.6 Weaknes® Differences in geometric representation of objétt8EC and Geospatial
Information Domains

Geospatial Information Models are developed foliotes purposes and geometric representa-
tion (and associated semantics) of real-world dbjeliffer in them depending on the aspect
(focus) of the model and the level-of-detail that model is aiming to represent. For instance,
while a Building Information Model represents alling geometry in 3D , a Geospatial Infor-
mation Model developed for representing a railwaiywork will represent the real-world entity
by a node. Similarly, a CityGML LOD 1 model will peesent the building geometry by Z-
extrusion of its 2D floor surface. This type of gegiric inconsistencies between representa-
tions also needs to be taken into account whegratieg the geometric models of in-building
HVAC systems and city-wide utility networks.

4.7 Weaknes®BIMs use local and relative coordinates

BIMs use Cartesian coordinate system in Euclidipace (R) .This is different from geo-
graphic, geodetic and projected coordinate systesesl within the geospatial environment.
Transformation of coordinates from Cartesian systeanVorld Geographical System or one of
the projected coordinate systems (i.e. UTM) alwagsomes a need during the data transforma-
tion. The second difficulty in the process occusseach building element is positioned within
its own local coordinate system in the BIMs. Altigbuall elements use Cartesian coordinates,
they can be relative, e.g. the X-axis of an elenfiemt window) can correspond to Y-axis of its
container (i.e. opening). Thus a series of caleutatneed to be completed to find out the abso-
lute coordinates of every building element ify Refore transforming these coordinates into a
geodetic(or projected) coordinate system.

4.8 Weaknes®>Spatial relationships are not stored in form of neativity relationships

In BIMs the geometry of the building elements ipresented by the geometrical model, i.e. in
form of isolated objects. In fact, as the geometrgonsidered as an attribute of a building ele-
ment the spatial relation between the building established with the semantic relation be-
tween different building elements. For exampldH@ model a building contains several build-
ing stories, and this relationship is establistedigh the object relationship between

IfcBuilding2IfcRelAggregatesdIfcBuildingStorey

classes (Figure 2). Although IfcBuilding and IfcRlingStorey classes are connected semanti-
cally (and the connectivity between the elemenésirgetry can be deduced from that semantic
connection), it is impossible to topologically peothe geometry of the building storey is con-
tained within the building’s geometry. Only BRemoectivity is maintained locally (within the
geometric representation of a class, when the gemmepresentation is given as BRep). In
summary, BIMs currently do not support 3D topol@gy can be regarded as geometric models
with semantically described relationships. Ongamggarch in the area, i.e. Paul and Borrmann
(2008) is able to provide approaches for estalmigshopological relationships in BIMs.



4.9 Weaknes®>Multiple geometrical representations

In BIMs (and specifically in IFC) the geometry dfet building elements is represented with
multiple geometric representation types. The gepmen either be represented separately by
these representations (i.e. BRep and Sweepingjifirent implementation aspects or (most
commonly) the geometry of the element is represkehyea combination of different geometric
representations (i.e Sweeping and CSG). Althougisgnting the element geometries within
multiple representations can be regarded as straxighe BIM, this in turn brings on the need
for mapping between CSG/Sweeping representatiorBRep (which is the commonly used
geometrical representations in the geospatial enment.).This limitation might negatively
impact the development curve of the (informatiopmping software.

4.10 Weakness>Class differences

BIM classes correspond to the building parts wétspect to the construction design. This might
not necessarily correspond to the GI perceptioritfat building part. For example, the floor of
a particular room is not readily available in a BilMss.

5 OPPORTUNITIES AND THREATS

In this section, the opportunities and threats appey the implementation of BIMs in
geospatial environment are classified into therRa@st two themes present the opportunities to
facilitate the tasks in the AEC domain and the ohputies to facilitate the tasks in urban
management domain. The opportunities to facilitagetasks in the AEC domain (Theme 1) are
presented in parallel with the building lifecycleages (of Omniclass, 2006). Th& theme
summarises the threats that might appear as a oéshe implementation.

Theme 1: Opportunities for the AEC domain

5.1 Opportunity=>> Facilitating Site Selection (Omniclass Stage: N/A)

The implementation of BIMs in geospatial environineiil facilitate the site selection process,
by enabling better automation of several taskqiénpgrocess. The site selection is mostly com-
pleted, at the initiation of a construction projdotmost countries, a GIS is used in support of
this analysis, several tasks needs to be comptatephper due to the barriers preventing the
automatic transfer of semantic information inte gdpeospatial environment. As explained in
Isikdag (2006) the site selection analysis camitriee forms:

» Looking for a site without having a designed proj&@mniclass Stage: Conceptjon
» Having a site and making a what-if analysis to &edeproject from multiple pro-
posed projects.

» Looking for a site while having a designed project.

The first form never benefit from an implementatmBIM in geospatial context due to its
nature, i.e. in the process there will not be adrfee project (or building) information. On the
other hand, if the process will be in the seconthivd form, transferring information from the
BIM into the geospatial environment, will supponetprocess. For example, as explained in
Isikdag (2006) when the geometric representatiomeffloor plan, floor plan area and number
of stories is transferred into the geospatial emrnent, this information will be sufficient to
complete the analysis (of latter two forms) by gsinGIS in Turkey. The role of well-formed
digital city models is also very important in faigting this process, as these models can act as
an information infrastructure for the overall prese



5.2 Opportunity> Evaluation of Design Proposals (Omniclass Stagesibn)

A key study about three dimensional representationrban fabric, Cote (2002), pointed out
that, in most cities the information infrastructwi@es not yet adequately represent the fullness
of important three-dimensional aspects of the ¢ayanswer the questions such as “What win-
dows have views of a particular spot?”, “How wiltlasign proposal affect views and shadows
in an urban scene?”. The implementation of BIMgha geospatial environment will help in
evaluation of the design proposals both from pudiid client perspectives, and finding answer
to these questions.

5.3 Opportunity=>Facilitating the analysis on energy consumption Aghitning requirements
(Omniclass Stage: Design)

Several EU projects such as DIVERCITY (Divercityrtdhook, 2003) have demonstrated how
acoustics, thermal and lightning simulations carmbsomplished by using BIMs. The analysis
on energy consumption will benefit from thermal giations within GIS. On the other hand,
conditions that affect both the lighting and thelnegjuirements is related to the geographic lo-
cation of the room. Different elements of natunadl duilt environment (i.e. hills, trees, build-
ings) can affect these requirements (these elencantsreate shadows, might cause difficulties
in air ventilation), thus developing integrated ralzdthat take these factors into account (i.e.
geo-virtual environments as mentioned in Kibri®20will facilitate the analysis on energy
consumption and lighting requirements.

5.4 Opportunity=> Integration of logistics operations into large-$e@D simulations
(Omniclass Stage: Execution)

In AEC industry, 4D models known as models thahlime 3D models and time information
on construction activities to demonstrate the pregrof construction over time. 4D simulations
are useful in understanding the clashes in thegg®and they improve communication in the
project management tasks. The 4D simulations avallysdone within in-house developed
software systems, but in recent years some comataitithe-shelf systems are also emerging
(Vico,2008, Synchro,2008). Construction enterprigeght have different projects running in
different parts of a city (or different cities), ihis situation the enterprise need to carry out lo
gistics operations between its construction sitegyistics operations are usually managed
within a geospatial environment, and if requiredeleand amount of geometric and semantic
information can be transferred into the geospatralironment, these 4D simulations can be
completed within a geospatial (geo-virtual) enviremt and can be extended to cover the logis-
tic operations.

5.5 Opportunity> Assessment of damage (and in support renovatigegis) (Omniclass
Stage: Design/Utilization)

There have been many studies that looked at tpadtrof flood to urban areas using GIS,
some examples are Apirumanekul and Mark(2001), Gam@nd Tucci (2001), Mark et al.
(2004), and Brown and Johnson (2005). On the dtlaed, several studies (i.e. Gunes and
Kovel (2000) investigated how post-disaster emergersponse operations (in flooding) can
be managed using a GIS. The transfer of semarfbcniiation from BIMs into the geospatial
environment will help in assessing the damage chbgehe flood. For example questions such
as, “Which elements of electrical wiring might benthged?”, “Which parts of the HVAC sys-
tems can be broken down?”, “Which wall's coveriregds to replaced after the flood?” can be
answered by using the building information acquiirean the model , i.e. without visiting the
actual site. On the other hand, the assessmehé afamage after a disaster will support the de-
sign stage of a renovation project ( i.e. whenrteer owner of a building the might ask to re-
move some building elements(i.e. walls, doors, wims) after assessing their post-disaster
condition )



Theme 2: Opportunities for Urban Management domain

5.6 Opportunity>> Facilitating 3D Modelling of Urban Environment

Recent developments in the area of urban modellange demonstrated that, it is possible to
represent the urban environment by 3D digital pigdels. As explained in Kibria (2008) these
models can facilitate for shade shadow, sun pasihilty and wind flow analysis. The most
commonly known standard in the area is CityGML.yGiML Implementation Specification
(2007) defines CityGML as a common semantic infdiomamodel for the representation of 3D
urban objects that can be shared over differenticgtipns. In CityGML, 5 levels of detail
(LOD) were defined in order to represent city obgetn terms of representing buildings, 4 out
of five LODs are used. As explained by CityGML Impientation Specification (2007), LOD1
is the well-known blocks model comprising prismatigildings with flat roofs, a building in
LOD2 has differentiated roof structures and theoadly differentiated surfaces. On the other
hand, LOD3 denotes architectural models with dedaivall and roof structures, balconies,
bays and projections. High-resolution textures lbarmapped onto these structures. In LOD 4
of the model, interior structure of the buildingnche represented (but in a more simplified
manner than a BIM).Recent research have demornstsatme successful examples on the in-
formation mapping from BIM (IFC) models into thetf@ML models (IfcExplorer, 2008; Safe
Software, 2008, Lapierre and Cote, 2008), but tiséiteis a need for a formal framework for
this mapping process. The technical needs for mdbframework for strict (semantic and ge-
ometry) conversion is elaborated in Isikdag andafiava (2008).

5.7 Opportunity>> Facilitating Evacuation Activities

The implementation will facilitate the emergencgpense operations in a fire or flood situa-
tion. Emergency responders (e.qg. fire fighters)generally not aware of the interior structure,
furniture, used materials, etc. of a building. lany European countries, the only information
available within the fire brigade is a plan mapicating the exits on the ground floor. Floor
plans (if not damaged by the fire/flood) might detasned from the various spots/ or facility
management office in that particular building, they may be outdated and do not provide de-
tails on semantic information. The implementatidrBtMs within the geospatial context will
provide emergency responders with tools that valphn two aspects, i) these tools will facili-
tate orienting (as, the response personnel willkktitee geometry of the construction and possi-
ble exits in advance) and ii) these tools will alsdl enable safer indoor navigation and
evacuation (as they will be informed about the esgpe of the different rooms, e.g.- a room
might contain flammable chemicals, and materidlshe building elements -e.g. a type of
flooring might get slippery when its wet). Isikdagal (2008) provides a recent case study on
assessing the role of BIMs in a fire response mamagt process. In addition as Cote (2002)
indicated such an implementation can help in anggehe question of “How many square feet
of commercial/office/housing might be affected Inyeamergency in a given area?” .

5.8 Opportunity>3D Geo-coding

Geo-coding is known as the process of assigningrgebic identifiers (i.e. coordinates) to any
type information. The geo-coding process involvesigforming descriptive location informa-
tion into an absolute geographic reference. Tobaymost common data that is geo-coded still
is the postal addresses. Efforts towards developihgndoor) geo-coding systems have started
to emerge in recent years (i.e. Beal, 2003; Le@42Dee and Kim, 2006). The implementation
of BIMs in geospatial context will help in develogimodels and algorithms for 3D geo-coding
In parallel, 3D geo-coding and address-matchingttogr with developments in indoor naviga-
tion will facilitate all location based servicesinding the delivery of goods and services (in-
doors).



5.9 Opportunity>>Registration of Ownership Rights in 3D Cadastre

In some countries there have been efforts on giahe cadastral information (registrations)
with 3D geospatial information models. The transfeinformation from BIMs into the geospa-
tial environment can aid in registration of apanttneghts and rights related to different spaces
in other elements of the built environment (i.eoh shopping arcades, garages ) in 3D cadas-
tral registries. Further information on the issae be found in Stoter (2004).

5.10 Opportunity>Public Participation

The presentation of building information (with higktailed geometry and rich semantic infor-
mation) within the geospatial environment will héfye decision making process through facili-
tating public participation in urban and regior&lél planning activities (such as evaluation of
design proposals). The need of shared collaboraiwgronments in the field is becoming

clearer every day and in the near future and BIMkh& the main information source for col-

laborative online public participation platforms fccessing building information.

5.11 Opportunity>Property Tax Evaluation

In some countries, such as US, the property takuaiian process requires geometric and se-
mantic information on building elements/parts aaditure, such as the precise dimensions of
the rooms, and the number and type of fixturestemtavithin the house. In addition, any struc-

tural changes in the house or property will chathgeamount of the tax. The implementation of

Building Information Models in geospatial environmean facilitate the tax evaluation process
at urban level by providing up-to-date informatiam current state of buildings(in terms of ge-

ometry of building and other installations and m@ole objects) when required by the taxing

authority.

Theme 3: Threats
5.12 Threat>Limitations on personal privacy and anonymity

The implementation of BIMs in the geospatial cohtexd the developments in the field of 3D
geo-coding will facilitate indoor navigation andsttin parallel will ease the tracking of objects
and people within the buildings. In the future, emprevalent use of RFID tags will contribute
to the track-ability of people and objects, for myde a student carrying an RFID equipped ID
Card can easily be tracked within the school boddsimilarly the movements of customer car-
rying a store card can easily be tracked withirpagtment store, or within various stores in the
same city. There have been concerns on the uselbf fags, and the debate is mainly focused
on the issues related to personal privacy and ahdky.

5.13 Threat=2?Information overload

The transfer of information from the BIMs into tBE urban models if, not controlled with a
rule-base or not implemented as query-based trdregfeesentation can create information
overload in 3D urban models. This will mainly beisad by the transfer of, (relatively) redun-
dant semantic information (i.e. information relatedhe construction stage) and (relatively)
redundant detailed geometric information aboutstbrae building elements (i.e. the geometry
of door/window handles).

5.14 Threat*Unauthorised access to geo-referenced buildingrinédion

The implementation will enable every part of thélding (and even every building element) to
be geo-referenced (i.e. these elements and paatbwoilding can be referred by real world geo-



graphic coordinates). The unauthorised accessigdype of geo-referenced building informa-
tion for vulnerable buildings (i.e. buildings irski, such as government or military offices) can
cause security threats at national level, as teesacto this kind of information can aid in ter-
rorist attacks (by enabling accuracy in finding thegets when attacking to a specific room or
part of a building).

6 DISCUSSION AND CONCLUSION

In recent years there have been academic and fraustforts for transferring information
from the BIMs into the geospatial environment. Saohg¢hese efforts (Isikdag, 2006; IfcEx-
plorer, 2008; Safe Software, 2008; OWS-4 Summargubeent,2007) have successfully dem-
onstrated that it is possible to transfer informatfrom the BIMs and represent it within the
geospatial environment(i.e in form of geospatialdels). This paper have presented a SWOT
analysis on the implementation of BIMs within treogpatial context for,
* Outlining the advantages and disadvantages thataags a result of using BIMs in
acquiring building information and transferringrito the geospatial environment
* Presenting the opportunities/threats that the implation might bring to the AEC
and urban management domains
A summary of the analysis is given in form of a SWiatrix, in Table 1.

Table 1: The SWOT Matrix for the implementationBiMs in geospatial context

The SWOT Matrix

Strengths Weaknesses

Technical .

Perspective ¢

3D Representation of Building Geometry ¢
Spatial Hierarchy represented within an
Object Oriented Data Model

BIMs contain Rich Semantic Information
Evolving Model that represents the Cur-

rent State of the Building .
Query based representation of indoor ge-
ometry

Clear space subdivision .

Differences in geometric represen-
tation of objects in AEC and Geo-
spatial Information Domains

BIMs use local and relative coordi-
nates

Spatial relationships are not stored
in form of connectivity relation-
ships

Multiple geometrical representa-
tions

Class differences

Opportunities

Threats

Domain
Perspective

AEC domain: U

Facilitating Site Selection
Evaluation of Design Proposals
Facilitating the analysis on energy con- <
sumption and lightning requirements
Integration of logistics operations into
large-scale 4D simulations

Assessment of damage (and in support
renovation projects)

Urban Management domain:

Facilitating 3D Modelling of Urban Envi-
ronment

Facilitating Evacuation Activities

3D geo-coding

Registration of Ownership Rights in 3D
Cadastre

Public Participation

Property Tax Evaluation

Limitations on personal privacy
and anonymity

Information overload
Unauthorised access to geo-
referenced building information




In technical terms, the main strength of BIMs,@pnesentation of building geometry in 3D
and storing rich semantic information. The impletagion of evolving model concept within
the geospatial environment can facilitate the Fhksaand enables the use of urban models that
can provide up-to-date information about the buil@i. The difference in geometric representa-
tions (caused by different model semantics), thee afslocal coordinate systems in BIMs and
class differences appear as the biggest hurdteeitransformation process.

The main opportunity that this implementation caovimle will be in facilitating the 3D in-
door modelling. 3D indoor modelling will have diteeffect on easing the indoor navigation
which will result in facilitating the emergency pemse and evacuation activities, and delivery
of goods and services . The AEC industry can befrefin better automation of site selection
process and the integration of logistics operatiots the 4D simulations. On the other hand
the delivery of goods can be facilitated by seamlategration of indoor and outdoor naviga-
tion. The implementation of BIMs in geospatial @oviment will also assist AEC professionals
and urban planners when evaluating a design promdseh will affect (and be affected by)
the various elements of urban fabric.

The implementation of BIMs in geospatial environtean not be regarded as (and will not
be in form of) a seamless information integratidne to geometric and semantic differences
that exist between BIM and Gl models. In additiBiiyis will always contain more geometric
and semantic information, and more accurate bigldiformation when compared with the
building models that are residing inside the digiity models. In other words, BIMs will con-
tinue to act as information resources for LOD NadDigital City Model (with N LODs).This
metaphor can be denoted as

(GS in) BIM> (GS in) Building Model in Digital City Model LOD N
(where N-0 and GS= The level and amount of geometric anths¢ic information)

In fact, opportunities offered by the implemerdatin AEC and Urban Management do-
mains, definitely makes the efforts towards enapihris implementation worthwhile. Although
facilitating the evacuation activities and delivedfygoods and services can be seen as the big-
gest gains of such an implementation today, it khba noted that in the future, many location
based services and which are related to the indawigation and various AEC/Urban Man-
agement related tasks will inevitably benefit freoch an implementation (or at least from the
rich semantic information contained in BIMS).

REFERENCES

Apirumanekul, C., Mark, O. 2001. Modelling of Urb&tooding in Dhaka City. IfProceedings of 4th
DHI Software ConferengeDenmark, 2001, http://www.dhisoftware.com/bookifenials/book/DHI-
Dhaka_formatted4.pdf [last accessed 02-2005]

Arayici, Y. 2007 An approach for real world datadeting with the 3D terrestrial laser scanner failtb
environmentAutomation in Constructioh6 (6): 816-829

Avison, D., Fitzgerald, G. 199&formation Systems DevelopmekiicGraw-Hill, Berkshire, UK

Beal, J.R. 2003 Contextual geo-location, a speddliapplication for improving indoor location aware
ness in wireless local area networksPhoceedings of MICS2003: The 36th Annual Midwestrirc-
tion and Computing Symposium

Brown, E.H., Johnson, B.L. 2005 Using GIS to detyese flood elevations for Building Permits,Aro-
ceedings of ESRI 2005 User Conferenchttp://gis.esri.com/library/userconf/procO5/pagser
papl171.pdf [last accessed 06-2006]

Campana, N.A., Tucci, C.E.M. 2001 Predicting floddsn urban development scenarios: Case study of
the Diluvio Basin,Porto Alegre,Brazilrban Water 3(1): 113-124

CityGML Implementation Specification. 2007. Cand@®penGIS Implementation Specification (City
Geography Markup Language) https://portal.opengatteporg/files/?artifact_id=16675 [last accessed
12-2007]

Cote, P. B. 2002. Real Infrastructure for Virtuali€s: Lessons learnt modelling urban environmexts
the Harvard Design School, InProceedings of ESRI 2002 User Conference
http://gis.esri.com/library/userconf/proc02/pap1@A325.htm [last accessed 10-2004]

Divercity Handbook 2003The Handbook for EU Research Project Divercityiversity of Salford



Gallaher, M. P., O’Connor, A.C., Dettbarn Jr., JGilday, L.T. 2004. Cost Analysis of Inadequattein
operability in the U.S. Capital Facilities IndustidIST Publication GCR 04-86Available online at:
http://www.bfrl.nist.gov/oae/publications/gcrs/048pdf [last accessed 04-2006]

Gunes, A.E., Kovel, J.P. (2000) “Using GIS in Egency Management Operations” ASCE Journal of
Urban Planning and Developmerit26(3):136-149

Hello Wall, 2008. IFC Tutorial, http://www.iai-teabrg/services/get-started/hello-world/example-1[las
accessed 09-2008]

Howell, 1., Batcheler, B. (2005) Building Informati Modeling Two Years Later —Huge Potential, Some
Success and Several Limitations, http://mwww.larseom/features/bim/ newforma_bim.pdf [last ac-
cessed 02-2006]

IFC Explorer, 2008, Tool for viewing and conversfiFC models http://www.iai.fzk.de/www-
extern/index.php?id=1040&L=1[last accessed 06-2008]

Isikdag U., Zlatanova, S. 2008. Towards defininfyaenework for automatic generation of buildings in
CityGML using Building Information Models, Submitteo 3D Geoinfo 08.

Isikdag, U. 2006 Towards the Implementation of Building Informatibtodels in Geospatial Context
PhD Thesis, University of Salford, UK.

Isikdag, U. Underwood,J., Aouad,G. 2008 An investin into the applicability of building informatio
models in geospatial environment in support of sikection and fire response management processes.
Advanced Engineering Informati2®(4):504-519

Isikdag, U., Aouad, G., Underwood, J., Wu, S. 2@\ilding Information Models: A review on storage
and exchange mechanisms, In Daniel Rebolj (é&tt9ceedings of CIB W78 2007,Maribor, Slovenia
Available online at: http://itc.scix.net/cgi-bin/wks/Show?w78_ 2007_97 [last accessed 05-2008]

ISO PAS 16739, 2008 Industry Foundation Classesdgel 2x, http://www.iso.org/iso/iso_catalogue/
catalogue_tc/catalogue_detail.htm?csnumber=38@586 gkccessed 08-2008]

Kang, Z., Z. Zhang, J. Zhang & S. Zlatanova, 20R@pidly realizing 3D visualisation for urban street
based on multi-source data integration, in: Lit&teva&Fabbri (Eds.{eomatics Solutions for Disas-
ter ManagementLecture Notes in Geoinformation and Cartogra@yinger-Verlag Berlin, Heidel-
berg, pp. 149-163

Kibria, M.S. 2008 Functionalities of geo-virtual environments to \afime urban projectsMSc Thesis,
TuDelft

Lapierre, A. and P. Cote, 2008, Using Open WebiSes\for urban data management: a testbed resulting
from an OGC initiative offering standard CAD/GISEkervices, in Coors, M. Rumor, E. Fendel & S.
Zlatanova (eds.): Urban and Regional Data ManagenidibMS Annual 2007, Taylor and Francis,
London, pp. 381-393

Lee, J. 2004 3D GIS for geo-coding human activitynicroscale urban environments In M.J. Egenhofer,
C. Freska and H.J. Miller (ed€proceedings of Third Internatioal Conference Glig8ce pp. 162-
178

Lee,J., Kim,H-Y. 2006 A geocoding method Impleneehfor Hierarchical Areal Addressing System in
KoreaThe Journal of GIS Association of Kort4(4):403-419

Mark, O., Weesakul, S., Apirumanekul, C., Arooni&tB., Djordjevic, S. 2004. Potential and limiteis
of 1D modelling of urban floodinglournal of Hydrology299(3-4):284-299

Meijers, M., Zlatanova, S., Preifer N. 2005. 3D igdarmation indoors: structuring for evacuation, In
Proceedings of Next generation 3D city mod2ls22 June, Bonn, Germany, p. 6

NBIMS. 2006. National BIM Standard Purpo&ts National Institute of Building Sciences Faaitiln-
formation Council, BIM Committedttp://www.nibs.org/BIM/NBIMS_Purpose.pdf [last@essed 05-
2008]

Noonan, P., Cisson, D. 2001. Challenges in thetioreaf digital submittal standards for CAD to GIS
data transfer, IIProceedings of ESRI 2001 User Conferenndtp://gis.esri.com/library
luserconf/proc0l/professional/papers/pap451/p45ldnst accessed 11-2004]

Omniclass. 2006. Omniclass Construction Classifica®ystem, http://www.omniclass.org [last accessed
02-2007]

OWS-4 Summary Document, 2007. OGC Document 074Q3ummary of the OGC Web Services,
Phase 4 (OWS-4) Available online at: http://www.ogeospatial.org/ projects/initiatives/ows-4 [last
accessed 11-2007]

Paul,N., Borrmann,A 2008. Using geometrical andtogical modelling approaches in building informa-
tion modelling, In Alain Zarli and Raimar Schred&Proceedings of ECPPM 2008RC Press,
pp.117-127

Pu, S. 2007. Automatic Building modelling from ®strial laser scanning, In P.Van Oosterom, S. Zla-
tanova, F.Penninga, E. Fendel (ed&jlvances in 3D Geoinformation Systerh8IG&C,Springer,
pp.147-160.

Safe Software, 2008, FME Desktop Translator/Comvesbftware http://mwww.safe.com/products
/desktop/formats.php [last accessed 06-2008]



Stoter, J.E. 2004. 3D Cadastre, PhD Thesis, TUDelft

Synchro. 2008. Synchro 4D Project Management,/hitpw.synchroltd.com[last accessed 09-2008]

Tao, V., 2006. 3D Data Acquisition and object restaiction for AEC/CAD, in Zlatanova & Prosperi (
eds.) Large-scale 3D data integration- Challenges and @pmities Taylor & Francis Group,
CRCpress, Boca Raton, pp.39-56

Van Oosterom, P., Stotter, J., Janssen, E. 200dgiBg the worlds of CAD and GIS, In: Zlatanova&
Prosperi (eds.) Large-scale 3D data integration -Challenges and Gpymities Taylor&Francis,
Boca Raton, pp.9-36

Vico, 2008. 5D Virtual Contruction Vico Softwarettr//www.vicosoftware.com[last accessed 09-2008]

Zach, M.H., 1999 Developing a knowledge stratégpiifornia Management Reviedd (3): 125-145

Zlatanova, S., S. Pu and W.F. Bronsvoort, 2006eferen curves and surfaces in DBMS- a step forward

in spatial data integration, In Nayak, Pathan&G@ds.):Proceedings of the ISPRS Commission IV
Symposium on ‘Geospatial Databases for SustainBleleelopment27-30 September, 2006, Goa,
India; Archives of ISPRS Vol. 36, Part 4A, pp. 4072



