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Abstract: The representation of three dimensional city models has been gainingdgirareasingly in many
scientific fields in the recent years. 3D City Modelling is a scale representétiatuoal and artificial objects in order
to present the spatial data and highlight the social development of the city. Dgpemdts importance or the purpose
of use, an object can be represented in various levels of detail. An ingréasitency to 3D city models is their
integration into GIS, which proves to be an effective tool for mamgginalyzing and planning in order to make
decisions about technical, administrative and financial matters. A cominirgftatigital photogrammetric techniques
and laser scanning data contribute greatly to this, since a varieptaf slich as aerial, satellite and terrestrial
images, point clouds from airborne and terrestrial laser systems, and wdstety of photogrammetric and mobile
mapping methods are available. The objective of this paper is the degalopia 3D Information System (IS) for the
three-dimensional geometric documentation of the buildings owned Witistry of Culture in the old city centre of
Athens, Greece, named “Plaka”. The area has been inhabited continuously since the prehistoric era, it has a special
architectural style and includes a number of unique cultural heritage masuiftes data used for the reconstruction
of the 3D model of Plaka consisted of aerial and terrestrial images,naitler, vector and descriptive data were used
for the creation of a 2D GIS, which served as the background fatetieopment of the 3D GIS. The latter includes all
of the qualitative and quantitative information related to the 3D buildingelmoaivned by the Ministry of Culture
according to users’ needs. Each building in the vicinity of Plaka was depicted in one of the fowaréifit levels of detail
created for the purpose of the study, accordimgheir ownership status and other criteria. The building models,
depicted in the highest level of detail, were owned by the Greek Ministrylafr€ whereas the other buildings (of a
lower level of detail) were depicted in a more subtractive way. Theagfontegrated IS was developed that combines
descriptive information, e.g., use, legal status, images, drawings, etctheitbpatial information and geometric
documentation in three dimensions.

1. INTRODUCTION

Three dimensional (3D) City Modelling is a scale representation of natural tfimibhiobjects intended to present the
spatial data and highlight the social development of the Thg. fast, accurate and reliable reconstruction of such a
model provides a comprehensive view of the development and maregefmibe city, which is essential to reduce
risks and improve its effective management [1]. So the 3D city mogletlas a continuously growing range of
applications. The integration of a 3D model into a 3D Information Syst8jnefiables the management of data and
processes related to a city’s infrastructure. The major factors requiring the development of a 3D GIS for the three-
dimensional spatial and descriptive information management are the nebédttier visualization of objects, the
restitution of their various attributes in 3D space so that semantically ricéfggmced 3D models may be created, and
the possibility of better information management regardless of the ¢fjieda storage and operating systems used [2,
3]. These systems have the advantages of a 2D GIS while also prisuidization and navigation in the model space
They are used in many study areas such as ecological studiesnewvrital monitoring, geological analysis, mining
exploration, architecture, automatic vehicle navigation, archaeology, 3D urbainmand landscape planninghe
integration of 3D city models in GIS not only provides the spatial informatiatepicted objects but also allows their
relation to important information while maintaining the identity of the a#specially when it is of great historic
significance. Therefore, this integrated system allows the monitofirigeostatus quo in order to take appropriate
measures to safeguard the cultural heritage of buildings, and to ird@eavany economic or architectural level [4]. The
techniques used to model city objects include terrestrial surveying, agmiayimg and integration processes. The
criteria to be considered are the level of detail and the accuracy, the accesditfil@ybuildings and of their specific
characteristics, and the available data in the area. Photogrammetry and lases §ydD&AR and mobile terrestria
laser scanners) constitute the main tools for geometrical documentatioreofsolhjy many cases integrated Mobile
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Mapping Systems are used, consisting of a moving platform thatlegloavigation sensors and mapping sensors [5,
6]. Mapping sensors include pushbroom line scanners (2Ddisfight laser scanners) and digital and video frame
cameras of usually small format and large frequencies for image capt(ring15 frames per sec) with a small
exposure time to avoid blur. Usually, camera systems with 6-8 G@&b \cameras are used to provide terrestrial
panoramic images. Automated procedures for 3D model creation are uskdtfprocessing of multiple oblique
terrestrial images in combination with terrestrially or aerially collected 3D point c[@lidBhe result is the creation of
walk- or fly-through models or the panoramic views of the udyzates (street views). Several examples of 3D real or
augmented models of various cities all over the world are already available qe.Berlin, Montreal, New York,
Tokyo, Venice, Vienna, Paris, etc.) and can be found at web-sites suclwwas3dcadbrowser.com
www.cybercity3d.com, www.computamaps.com, etc. In this paper the developinaeBbdS for the documentation of
the buildings owned by the Ministry of Culture in Plaka, the old citytreeof Athens, Greece, using aerial and
terrestrial imagery and field measurements is described. Firstly a 2D GIS was devafigpecollecting all the
necessary raster, vector and descriptive data, which served as the backgrdhedifeation of the 3D GIS. The latter
includes all the qualitative and quantitative information related to the 3Diruitdodels owned by the Ministry of
Culture, according to user’s needs. The buildings were depicted in four different levels of detail according to specific
criteria (e.g., ownership status, historical or architectural importance, etdheFHonplementation of the study a variety
of software were usedh particular, data acquisition and editing was achieved using AutoCad sRbpt6€S3, Archis
and Stereo Soft Kit (photogrammetric packages), while 3D Studio Max and Gdkefiehup 6.0 were used for the
modeling of the buildings. Finally, Arcinfo 9.3 was used fordbeelopment of the 2D and 3D GIShe integration of
3D city models in GIS enables the storage of important information teoraaintain the identity of the city, especially
when it is of great historic significance.

2. PLAKA: THE OLD CITY CENTRE OF ATHENS

Plaka area is situated in thentre of Athens, Greece, at the foot of the hills where Acropolis was built. Since the 1830’s
when the name Plaka was given to the region, it has remained a gastgybater city of Athens over the centuries
having its history bound up with that of Athens. Athens has beetinuously inhabited since 3500 BC. Times of rise
and decline succeeded one another making it a place of great chadgeserest. A vast amount of monuments and
ruins can be found scattered around Athens, each one remofdindifferent historic era. Especially in Plaka one can
see the Ancient Agora, Roman buildings, such as the Library of Haddaheu®deomf Herodes Atticuschurchesof

the Byzantine period and buildings constructed during the Tuddshpation. The layout of Plaka has undergone many
changes over the centuries. As shown by the traces of walls, thaf gieecity was increasing or decreasing depending
on the periods of prosperity at the time of war or peace. DuhiegArchaic period at the time of Solon the city
occupied a small area of 52 ha around the Acropolis which later increa®28@ bta during the Hellenistic period until
the fall to the Franks when the city diminished. At the period of the Ottomie, the city was slowly beginning to
grow and spread. It is the period from which the region haeriteld its current layout. Today Plaka has become a
touristic area. The buildings are homogenous since the majorityrafileee built at the request of the government in
1835 when intensive construction works took place in downtothiers. However, despite the studies that were carried
out, the layout of Plaka remained unchanged from the years of Ottalggnand consists of narrow streets and
congested construction.

3. DATA ACQUISITION AND PROCESSING

3.1 Spatial Data

Spatial data has been collected so that all the necessary information could be dmawtheabuildings in the arest
Plaka and the studyf its geometric evolution over the centuries. Four types of spatiatdathe distinguished which
were collected for different purposes. These include historical and modaps raster data andlirect field
measurements. The historical maps that were used derived from tthgragainic and representational material found in
[8] and constitute the product of long-term study and analysistorical sources. They are a valuable resource for
twelve chronological periods from the late Neolithic Age to the 20th centrpugh these maps the user can observe
the geometric changes in the area of Plaka over the centuries by oventeyia@f various time periods. Furthermore,
users are given the opportunity to gain direct information on thediraeeation of these monuments and the expansion
of Athens over the centuries. Contemporary digital vector maps ddrivedsecondary procedures and were either
usedasbackgroundo the study arear as a means to retrieve qualitative information about the buildings owrtéé by
Ministry of Culture. They consist of a topographic nidPlaka, at a scale of 1:2000 create@@92 street layoubf
Plaka created 1974 plans defining specific conditions and limits on building in Plefleated in 1987, land use
diagramof Plaka created inl993and plans defining listed buildings in Plaka created in 1980, all at acfchl&000;
anddetailed fagade plans and ground plans of buildings owned by the Ministry of Cultife basic background of the
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IS consists of an orthophotomap and a stereo-restitution drandgdgiqed using aerial images of Plaka at a scale of
1:10000, taken in 2001. The outline, roofs and volumes of bgddimd blocks have been derived from the latter. The
rest of the plans were used to distinguish buildings owned by thetiinisCulture from others as well as retrieve
further information about everyone of these buildings. In additiecessary geometric information, e@pntrol points
detailed information for a 3D reconstruction of the internals of the bg#dietc, have been collected by field surveys.
Moreover, for the study of the urban development of Plaka over ttedeleclarge-scale aerial photographs were
collected for five chronological periods from 1929 to 2001. Furtteees-photogrammetric processing can lead to the
creation of three dimensional city models for various time periodsas¢hh development of the urban network can be
studied, and detailed information concerning the area, height and vofumagdings may be determined.

3.2 Attributes

Digital data were collectetb provide descriptive data to the GIS so that information can be retrievediiagcm
users’ needs. Organizing and storage of data were accomplished throughehaf tise relational database structimre
Arcinfo 9.3 (INFO), where data are showntabular form For eachentity the type of descriptive data was defined
along with the primary key of each table. Apart from the informatierived from the spatial mapa database
recording the propertiesf the Ministry of Culturein Plaka in Microsoft Office Access environment was also used.
Since the objective of this research focuses mainlyuildings owned by the Ministry of Culture, their descriptive data
when inserted into the system are sufficiently detailed compared wih tfoother entities which have been mainly
used for the visualizatioof the wider environment. In particuldra attributesof the buildings owned by the Ministry
of Culture are the area, the addrabe building factor, the qualification as a listed building, the descripticiheof
current situationtheir ownership’s transfer to other institutions, the existing use, etc. This information was derived
from existing databases amdsitu data collectin.

4. DEVELOPMENT OF A3D IS

The need to acquire three dimensional information in recent yeagidy growing in many scientific fields such as
urban planning, architecture and visualization of environment, etc. Thisrgrowed has led to the rapid technological
evolution in the production of specific software packages that serve utpsse. Therefore, three-dimensional GIS
have been developed over the last decade as processing systems for spbatist@ptive information [9]. These
systems have an advantage over two-dimensional GIS due to {beiilitg of visualization and navigation through the
depicted model space. However, although these systems should includenthedvanced management features and
analysis with two-dimensional systems, yet they have not bexgiaped to the same extent. Usually, users employ it
primarily as a tool for visualization and navigation, rather than as d-atane software to address a problem [10]. The
use of three-dimensional GIS contributes to the representation and manageétheze-dimensional data which is of
great importance for the better understanding of the data location relativestorgandings. For the purpose of this
project, a 3D GIS was developed taking advantage of its capabilities in oréerésaent 3D city models. The creation
of this system was facilitated by the development of a 2D GIS whathdies the entities that will be represented in
three dimensions. The system was created in ArcScene environment svhi@bi Analyst extension for ArcGIS 9.3
and is used to visualize, manage and analyze three-dimensional veatastandlata.

4.1 Two Dimensional Information System

The design of an information system consists of different stagd@shwdetermine the overall objective of
implementation, the data input into the database, relationships betweenthbéntonstraints and the logical and
physical organization. These stages are the conceptual, logical and physical designfofmation system [11]. At
the stagef conceptual design, the necessary entities were determined that will besprboethe system along with
their attributes. These are the buildings owned by the Ministry of Cutitirer buildings inthe area
archaeological sites, churches and blotkste detailed descriptive data was introduced about the buildings owned by
the Ministry of Culture in accordance with the main subject of stAtyhe stage of logical design, the method of data
organization and the software used to develop the system were selectetfudiuee chosen for the database is
the relational database structure and the data is displayed in tabular formeRgighhas its own table where
descriptive data is stored. The software used was the ArcGIS Desktop 3panticular the Arcinfo version. Firstly,
the vector (topographic map) and raster data was inserted into ArcMap irtaofden the background of the system.
Then the types of data and their attributes were inserted into the builté®I$\rdatabase (INFO). At
the final stageof the physical design, details concerning data storage and management prosectistermined in
order to produce the final products (Figure 1). After the database designsvarioeedures were implemented
concerning the data management and information retrieval. Such weredtiercof spatial queries and the connection
to external image, multimedia or CAD files.
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Figure 1: Screen showing vector and raster spatial data of the Geographic Information System

4.2 Three Dimensional Information System

The implementationfthe 3D IS was held in ArcSceeevironment where the whole process was divided into
two information levels, that of the background and of the bujklifFor the creation of the background, a digital
elevation model (DEM) and an orthophoto of Plaka were used. The DEM waadctieugh the 3D Analyst toolbar
using digitized contours of the study area, while the final backgrtayer resulted from the process of draping the
orthophoto on the surface (Figure 2 left). The next step consisthd ofeation of 3D buildings which can be displayed
at different levels of detail (LoD) depending on the users’ needs. One of the reasons for the representation of buildings

at different levels of detail is the system optimization relating to hardware limgatioa GIS environment. For
instance, buildings depicted at a lower level of detail usually lead to a meotiveffmanagement in 3D space. It is
therefore obvious that due to computational power, the buildings depictechet kegel of detail refer to small areas
compared to buildings of lower detail that can cover larger areas [12].

Figure 2: Left: Creation of the 3D background which resulted from a draping process.
Right: Representation of buildings at the first level of detail (LoD).

Geoinformatics CTU FCE 2011

173



The first and lowest level of detail consists of the two-dimensiogaittion of the buildings. This level in which there
is no concept of altitude, meaning the volume of the buildingystibe outlines of buildings as seen on topographic
maps or ground plans (Figure 2 right). The depiction of the buildihtfss level is the basis for the three-dimensional
representations. At the second level of detail the buildings are represented by wolpiaia without emphasis on
building facades, roofs, etc. At this level of detail which was a plaininglaf the facades, buildings that are not
owned by the Ministry of Culture were represented. The planimetric iatiomcame from the topographic map of the
area while the vertical one resulted from photogrammetric measurementssiie aegistration of floors of the
buildings (Figure 3 left).

Figure 3: 3D representation of buildings at the second LoD (left) and at the third Lbi) ifrigrrcScene.

At the third level of detail, the buildings are depicted in more detail as fledes result either from
unrefined images or orthophotos dependingisers’ requirements. The roofs of buildings are modeled in
order that their geometry can be represented to a greater extent. Mostgsuildined by the Ministry of
Culture were represented at this level (Figure 3 right). In order tondetethér height and volume 3D
geometric information was collected from the stereo-photogrammetric proce$siagal images that were
used to produce the orthophoto of Plaka. For the texture mapping of the facades of buddiesgfsial
photographs were taken. Specifically, for the buildings requiring more thgrhoite geometric projections
were carried out on individual photos using the rectification software Archisasa photomosaic could be
generated. Furthermore, by using the Photoshop CS3 software the noise and obstacles apgbaring i
photos were removed (Figure 4).

Figure 4: Photomosaic of a building’s facade after editing.
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The next step regarded the creation of the 3D building models using tharsoGoogle SketchUp 6. This software
was selected because of its compatibility with ArcScene to transfer modeighttaglug-in in the format of Microsoft
Access (.mdb); the files were imported into ArcScene as multipatch feahdastas symbols so that they can be
managed and analyzed in 3D GIS. After importing the outlines of busidiagd on this basis along with the 3D
geometric information, the volumes and roofs were modeled. At tithfand highest level of detail, buildings are
depicted in great detail since their facades and roofs are shown in theéiorneaand not entirely through draping
images. The more detail the building shows, the more geometric informaitnmerited in the IS which contributes to a
more realistic representation. In some cases the buildings owned Myris&y of Culture were represented at this
level, with varying levels of accuracy. The accuracy of the desirdd sets the ground rules for collecting raw data
Such a model was creatéd 3D Studio Max and resulted from a combination of geodetiotogrammetric and
topometric methods for a 3D reconstruction at a scale of EifQre 5 illustrates views of the 3D model3D Studio
Max (Figure 5).

Figure 5: Perspective views of a 3D model building represented at the forth LOD, in 3D Studio Max

After the reconstruction of 3D building models, their attributes were igdn the database and linked to useful
external files Since the contents of the 3D GIS are comrtithe ones of the 2D GIS, the procedures performed to
establish the two-dimensional syst formed the basis for the three-dimensional one. Specifically, the cordatan
was imported to the three-dimensional system by joining the tabéggités between the two systems.

5. PRODUCTS OF THE INFORMATION SYSTEM

5.1 Two Dimensional Products

The retrieval of qualitative and quantitative information in two-dimensionehitbe accomplished either by selecting
specific geospatial data or by defining queries based on criteria. Inghenéthod, ArcMap enables the user, through
descriptive data of the database, to select any spatial element (e.g. building) usow tbentify, thus obtaining
information about the building directly, without having to engage thiéhdatabase (e.g., through tables of attributes).
Another advantage of the system is that it gives the user thetopippto interact with external files, such as image,
multimedia or CAD files, by selecting spatial data. In particular, the linkhgerne buildings owned by the Ministry
of Culture to external files, existing architectural plans, e.g., was mgrited using the HTML popup tool. This tool
displays an HTML page of the selected building containing a list of external daadiggp on the needs of the user.
Such files may be textual information, old and new photogragiesind plans, views and sections as well as videos
depicting the buildings to a higher level of detail (Figure 6 left), whicimigortant in 3D IS in terms of volume.
Another method for information retrieviad a two-dimensional system consists of the selection of spatial data tased
attributes and location criteritn this application the entities concerning the buildings owned by thistikiof Culture
were selected based on their attributesr this purpose, several queries were formed, whose results wezd is
separate thematic layefis the users’ convenience. The queries were expressed through SQL, including the entities and
their descriptive data.

5.2 Three Dimensional Products

The extraction of information mentioned above can bésapplied to the8D GIS by simply connectingt to the 2D IS.
By linking tables between the two systettagers of the three-dimensional system acquire both descriptive atiorm
of the features and qualitative information generatgdreating links with HTML popup tool. In this way it is possible
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to combine the visualizatioof buildings with the database of the system, so as to extract the reilefeantation
accordingto users’ needs. Figure 6-right illustrates the corresponding example of connetdiegternal files in three-
dimensional levelApart from the thematic information, ArcScene enables the user to crisate alimensional virtual
tour videq showing all the building models and their surroundimg®al time in order to allow navigation in 3D space
In this applicationa series of images (keyframes) were captured, which were gfi@d of view (camera positigrat
specific intervals of the total length of the video. Afterwards, the generated was exported to .avi formah order

to be compatible with most video player software, while the framewaseset to 30 frames per second. In order to
create a functional application, available computing power must be taken into actmentiepending on the number
of buildings depictedwhich in our study were 132) and their detailed representation, a vemgrfpbwomputing
system may be required. For this reason the 3D building modelsvef levels of detail were linked to videos of
buildings represented in the highest level of detail and accuracy. Susteandyecomes more convenient for users
while it does not require time-consuming procedures for either the updatstiigxgiata, insertion of additional data or
even information retrieval in three-dimensional level.
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Figure 6: Linkage of buildings to external files via HTML popup tool in 2D (left) and 3D space (right).

6. CONCLUSIONS

The old city centre of Athens is a unique and very interesting areamtimes very important ancient, roman and
byzantine monuments in the urban area strictly controlled by limigatiohuilding constructions and land use. Thus, it
consists of small blocks with low-height buildings (up to 3 flp@isd very narrow streets creating a complex urban
fabric. The aim of this project was not to create another 3D city model, similhat has been done for many
historical European cities. The main objective was to create a detailed 3D Informgéiem Sor more than 100
buildings owned by the Ministry of Culture, which are scattered thiuigthe area. Thus an IS was developed that
combines descriptive information about these buildings, e.g., use, legal, $tadges, drawings, etc, with the spatial
information in three dimensions, with simultaneous geometric dodatiem and with display of their shell and the
surrounding area. In the interest of a complete and proper preserttagiather buildings in the area were represented
as 3D models in simpler ways and forms including descriptive data irathbase. Such a system gives the capability
of managing and analyzing large volumes of data that can be linked wétimadxfiles and constantly updatethis
study combines digital photogrammetric techniques with GIS. Photogramiseiry efficient, alternative solution to
traditional methods of measurement and provides several economic tecHaoigivesacquisition of three-dimensional
data. By using digital photogrammetric techniques one can take thepepmraneasurements of objects on images,
considerably reducing the amount of field worhe three-dimensional products can serve many purposes sif&e the
is a tool for referencemeasurement and representatainbuildings in three dimensions. In this particular case, the
system provides the opportunity of optimal managenwénproperties owned by the Ministry of Culture, while
monitoring the current situation so #stake appropriate measures to safeguard the cultural heotagéldingsor
interveneat any economic or architectural - building level. Further study will beéechaut about 3D representation of
the Plaka area at different peripds that there is a comprehensive vigwehanges every few decades while giving the
opportunity to manage and enrich the system depending on egettpro
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