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ABSTRACT:

Over the last decade, scientific research has been increasingly focused on the third dimension in all fields and especially in sciences
related to geographic information, the visualization of natural phenomena and the visualization of the complex urban reality. The field
of 3D visualization has achieved rapid development and dynamic progress, especially in urban applications, while the technical
restrictions on the use of 3D information tend to subside due to advancements in technology. A variety of 3D modeling techniques and
standards has already been developed, as they gain more traction in a wide range of applications. Such a modern standard is the
CityGML, which is open and allows for sharing and exchanging of 3D city models. Within the scope of this study, key issues for the
3D modeling of spatial objects and cities are considered and specifically the key elements and abilities of CityGML standard, which
is used in order to produce a 3D model of 14 buildings that constitute a block at the municipality of Kaisariani, Athens, in Level of
Detail 2 (LoD2), as well as the corresponding relational database. The proposed tool is based upon the 3DCityDB package in tandem
with a geospatial database (PostgreSQL w/ PostGIS 2.0 extension). The latter allows for execution of complex queries regarding the
spatial distribution of data. The system is implemented in order to facilitate a real-life scenario in a suburb of Athens.

1. INTRODUCTION

In recent years, 3D modeling of spatial objects and entire cities
has become more and more necessary to a wide range of
applications, such as those related to urban planning, 3D Cadastre
and Smart Cities. Said applications are increasingly used by a
number of cities and rural areas. This is a complex process, which
comprises an approach of visualization of heterogeneous data,
such as digital vector drawings, 2D and 3D virtual data,
measurements, and combined use of different software programs.
In recent decades, in the construction field particularly, the need
to share and exchange of information led to the development of
technology and applications, such as Building Information
Modeling (BIM) and 3D models of geospatial information (EI-
Mekawy, 2010). These models define spatial objects with
geometric and semantic representations. Industry Foundation
Classes (IFC) and City Geography Markup Language
(CityGML) are the best known semantic standards that are used
by these 3D spatial models of the real world (EI-Mekawy, 2010).

Nowadays, increasingly detailed 3D models are the cornerstone
of many industries, like cadastral applications, construction,
architecture, film and video games (G6zdz, Pachelski, Van
Oosterom, Coors, 2014). This demand is met by an increasing
number software programs, proprietary and otherwise, that
enable the application of 3D modeling techniques.

1.1 3D City Modeling

Nowadays, a rapidly increasing number of companies create
virtual 3D city models for use in various markets, such as urban
planning, telecommunications, disaster/crisis management, 3D
Cadastre, tourism, navigation, facilities management,
environmental simulations and Smart Cities applications
(Groger, Kolbe, Czerwinski, Nagel, 2008). 3D city models are
digital representations of the Earth's surface and the spatial
objects that compose a city. In such models, the representation
and the relationship between spatial objects should be clear and

modeled (Stadler, Kolbe, 2007). Most efforts to model 3D cities
focus on the representation of geometrical models while
disregarding the models’ semantic and topological parts. As a
consequence, these parts cannot be used in GIS applications in
which spatial queries, analysis tasks and exportation of spatial
data are implemented, and are deprived of interoperability
between different software packages and users. Given that the
limited capability of models’ reuse confines the wider use of 3D
city models, a different approach to modeling had to be created
for the purpose of covering the informative needs of many fields
of study (Groger, Kolbe, Czerwinski, Nagel, 2008).

In order for information from various applications to be reused,
common standards should apply. In this regard, the CityGML
model has been developed as a geospatial standard that comprises
a semantic data model and an open standard. Consequently, it is
suitable for all instances where urban objects can be represented
and connected with various spatial relationships (Zhu, Li, Zhang,
2005).

Information modeling was originally created in the mid-1980s.
The environment was greatly affected by the lack of
communication between the various users and this had a negative
impact on the efficiency and function of the industry. Research
and Development (R&D) in this field has resulted in the
development of BIM, in order to boost the construction area (EI-
Mekawy, 2010). BIM is a system that allows for 3D
representation of construction and is a technological method
where all relevant information, geometric and semantic, is
contained in a 3D digital model.

Reference standards exist since 1988. R&D advancements
resulted in the incorporation of the IFC standard in BIM
applications, starting in 1996 (1Al, 1999). The IFC standard is not
just about structural components’ modeling, as it also represents
various advanced procedures and analyses based on the spatial
relationships between these components.
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BIM and 3D models of geospatial information are currently
considered a means for determining spatial objects with
geometric and semantic representations. In a similar fashion, IFC
and CityGML are the two best known semantic standards for the
representation of designs and objects of the real world.

1.2 Previous Works on CityGML

For the storage and exchange of virtual 3D models of cities and
landscapes the CityGML standard is used (Groger, Kolbe,
Czerwinski, Nagel, 2008) and (Kolbe, Konig, Nagel, Stadler,
2009). As well known, the standard is based on the Geography
Markup Language 3 (GML3) schema (XML format) issued by
the ISO TC211 and the Open Geospatial Consortium (OGC)
(Groger, Kolbe, Czerwinski, Nagel, 2008). CityGML includes
generalization  hierarchies  between thematic  classes,
aggregations, relations between spatial objects and spatial
properties and covers the geometrical, topological, semantic and
appearance aspects of 3D city models. In addition, it
differentiates between five consecutive Levels of Detail (LoD)
(Groger, Kolbe, Czerwinski, Nagel, 2008).

1.3 Contribution

The main goal of this paper is to develop an interoperable system
able to properly depict, manage and handle complex 3D cadastre
information of residential houses. The tool is built around the
3DCityDB package in relation with a geospatial database,
PostgreSQL with the PostGIS extension (Kunde, Asche, Kolbe,
Nagel, Herreruela, Konig, 2013). The latter allows for data
organization and the implementation of complex queries
regarding the topological relationships between features. This
study is a first attempt at the implementation of an application
capable of facilitating engineers who operate within the land
management, registry and other relevant fields, offering
appropriate data organization plus an easy and familiar interface.
The solution was tested and proven in a real-life application in
the suburb of Kaisariani, Athens.

2. METHODOLOGY
2.1 Data and Software

The main object of this research is the study and application of a
technique of 3D modeling and visualization in LoD2 of a block
of 14 buildings using the CityGML standard. The study area is
located in Kaisariani, a municipality of Athens. For this study,
three  software  packages were used:  SketchUp,
PosgtreSQL/PostGIS and 3D City Database (3DCityDB).

2.2 Procedures

Collected data, for the buildings of the study area, consists of
their address, use, roof type, height and number of storeys and
are to be recorded in a relational database.

The exterior of the buildings of the study area was designed in
LoD2, in which the buildings’ surfaces are divided into ground,
wall and roof within SketchUp, by applying textures to the
buildings’ surfaces. As known in SketchUp, it is possible to
define a georeference by importing in the designing environment
of the program an appropriate background image from Google
Earth (see Figure 1).

oN -

PEFOEm
% FEXIINREOE

SHRHUC 8 Ow G P
NEE »EE

A CityGML file in GML3 schema of the 3D design followed by
a folder with images of the used textures were exported by
SketchUp too through the free plug-in, CityGML Editor 18 (see
Figure 2). The information about the geometry and all spatial
relations was derived by a 3D design of the buildings in .dxf
format, provided by our Laboratory.

<core:cityObjectMember>
<pbldg:Building>
<bldg:boundedBy>
<bldg:WallSurface>
<bldg:lod2MultiSurface>
<gml:MultiSurface>
<gml:surfaceMember>
<gml:Polygon gml:id="_OT_ textures _BD.1l PG.2">
<gml:exterior>
<gml:LinearRin "_OT_textures_BD.1 PG.2 LR.1">
<gml:posList sraDi =13

742093.711821386 4206061.08817771 -1.67216250195015
T742092.211254083 4206054.18457545 -1.67216250195015
742092.211254083 4206054.18457545 2.72970656660888
742093.711821386 4206061.08817771 2.72970656660888
742093.711821386 4206061.08817771 -1.67216250195015
</gml:posList>

</gml:LinearRing>
</gml:exterior>
</gml:Polygon>
urfaceMember>
</gml:MultiSurface>
</bldg:lod2MultiSurfaces>
</bldg:WallSurface>
</bldg:boundedBy>

Figure 2. Part of the Exported CityGML File by SketchUp

At the same time, a new empty database was created in
PostgreSQL/PostGIS where the Coordinate Reference System
(CRS) of the study area was defined and its schema was
structured in the format of 3DCityDB using the Command
Prompt/cmd.exe (see Figure 3). This schema includes 45
entities/tables (see Figure 5).

B Administrator: C:\Windows\system32\cmd.exe - psql -h localhost -p 5432 -d OT _kaisariani_tex -U ... = el i

ft Window prsion 6.1.7601
right (¢} 2009 Microsoft Cory tion A1l right

\Program Files (x86>\3DCityDB-Importer-Exporter>cd 3dcityd}

ngram Files (xB IDCityDB-I rter-Exportery:

3DCityDl

) porter—Expor
isariani_te postyre

Figure 3. Creation of Database Structure in 3DCityDB
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Subsequently, the empty database was populated automatically,
but fine-tuned manually, with the aforementioned data types,
within the 3DCityDB package and via the exported CityGML file
from the first design step.

Prior to the exportation of the desired (final) files, certain
parameters were defined in the 3DCityDB package, with regard
to the appearance of the buildings in Google Earth. The extra tool
selected for the visualization of the descriptive information of
buildings is the “Balloon”. Upon selection of a visualized
building, a pop-up balloon with all pertinent information from the
database, appears next to it (see Figure 4).

Address (only the first is shown):
- Vrouion 16-18
v Kasaren

Available in: LoD2

J # Roof type: phkoskeps
2 Measured height: 24.11 m
Storeys above ground: 7
Storeys below ground:
Year of construction:
Year of demolition:
Existing generxc attnbutes (mouseOver for values):
GE_LoD2_20ffset
Extornal references (mouseOver for lnur-at)onsvﬂm)l

/s - 0 !
ng in Google Earth

Figure 4. Balloon f a 3D Buildi

The application is complete with the exportation of a new
CityGML file that includes building features and
KML/COLLADA files that allow for visualization in Google
Earth environment.

2.3 Data Input Process

The database in 3DCityDB format is compatible with the
CityGML standard. Its schema called “public” is enriched with
45 tables which refer to a city in any LoD that it may be
configured in (see Figure 5).

OT_kaisariani_tex
£ Catalogs (2) #-[ buiding_instalation +1-[7 relief_component
@ Event Triggers (0) -7 dty_furniture +-[7 relef_feat_to_rel_comp
Q Extensions (7) - dtymodel +-[7 rebef_feature
& schemas (5) -7 dtyobject #-[ room
1-@ geodb_pkg +1-[ dityobject_genericattrib #-[7 solitary_vegetat_object
=@ public [ dityobject_member #-[7 spatial_ref sys
¥8 Collations (0) -3 dtyobjectgroup 47 surface_data
Domains (0) (#)-[7 database_srs 47 surface_geometry
¢ FTS Configurations (0) (4[] external_reference #-[7 textureparam
{ill FTS Dictionaries (0) +- [ generalization +-[7 thematic_surface
{5 FTS Parsers (0) -7 generic_dtyobject +-[7 tin_relief
FTS Templates (0) -7 group_to_ctyobject -7 traffic_area
+ % Functions (1096) +- [ implicit_geometry #-[7 transportation_complex
4% Sequences (39) @[3 land_use #-[7 waterbod_to_waterbnd_srf
=X 5 Tables (45) (-] masspoint_relief 47 waterbody
+-[7 address +- [ objectdass +-[7 waterboundary_surface
47 address_to_buldng #1-[7 opening - Trigger Functions (2)
[ appear_to_surface_data (+)-[7] opening_to_them_surface #-c) Views (4)
#-[7 appearance -7 orthophoto - @ tiger
4-[7 breakine_relief 41 [ plant_cover 1@ tiger_data
[ buiding [ raster_relief 4@ topology
#-[ bulding_furniture 5[ relief % Siony Replcation (0)

Figure 5. Schema Structure of 3DCityDB

In this application, the level of detail of the modeled study area
is the LoD2, hence only the buildings’ shells were modeled.
Therefore, the database tables, which were used and processed,
were limited and related only to buildings and in particular, to
their exterior and location data and not to other thematic classes.

A key tool for the connection and communication between the
3DCityDB and the PostgreSQL database, the organisation of
spatial and descriptive data in the database and the exportation of
the final CityGML and KML/COLLADA files, is the
“3DCityDB-Importer-Exporter” of the library of 3DCityDB
package (see Figure 6).

3D City Database Importer/Exporter : OT_kaisariani_tex .
|
Import | Export | KML/COLLADA Export | Database | preferences Console
{12:32:52 INFO] Generating dstabase reporc...
—— S Database Report on 3D City Model - Report dste: 01.08.3
Connection details #CITYMODEL: 0
#CITYOBJECT_MEMEER: 0
Description | OT_kaisarizni_tex Pt e
Usemname |postgres #CENERALTZATION: 0
o |— $+EXTERNAL REFERENCE: o
Passiar $IMPLICIT GEOMETRY: o
Save password $SURFACE_GEOMETRY: 38
? tromszss: u
Server locahast $ADDRESS_TO_BUILDING: 1
Port 5432 #BUILDING: 14
#BUILDING_FURNITURE: 0
Datebase | OT_kaisarizni_tex +5UTLDING_INSTALLATION: o
opzNING: o
o 20PENTNE_To_THEM_SURFACE: o
+R00M: o
+THEMATIC_SURFACE: 317
Database operations $CITY FURNITURE: o
#CITYORBJECTGROUD: 0
Database report | Bounding box | Indexes $CR0UP_T0_CITYORIECT: N
sLaND UsE: o
: u
o
o
o
o
#MASSPOINT 0
+RASTER o
#RELIEE: o
+ORTHOPHOTO: o
+TRANSPORTATION COMPLEX: o
+TRAFFIC_ AREA: o
+PLANT_COVE: o
#SOLITARY_VEGE: 0
#WATERBODY - 0
+ATEREOUNDARY_SURFACE: o
#+ATERBOD_TO | o
#GENERIC CITV o
+CITYOBJECT ( 12
+APPEARANCE: 1
$SURFACE_DATA: 4
#ADPEAR_TO_SURFACE_DATA: 4
#TE: MEPARAM: 274
(12:32:54 INFO] Database report successfully generated.
leady Database comnected

Figure 6. Environment of 3DCityDB-Importer-léxﬁo_rtef n

After implementing the initial connection between PostgreSQL
and 3DCityDB, the exported CityGML file from SketchUp,
which includes all the spatial information, geometry and location
of the buildings, as they arise from the 3D design in SketchUp,
was inserted in 3DCityDB-Importer-Exporter. All the
geometrical and topological information of the CityGML file was
automatically registered in the appropriate fields of the respective
database tables through the aforementioned key tool. For
example, two tables in which this information was automatically
registered is the table called “database_srs” (see Figure 7), which
refers to the CRS/SRID of the study area and the table called
“cityobject” (see Figure 8), which refers to each of the 14
buildings of the study area and to each of the surfaces that
compose them. Each line refers to an object and contains the code
of the category "class_id" from the table "objectclass", a coded
name "gmlid", the geometric spread of "envelope geometry" in
coded form, the creation date and modification and the user, who
updates them.

srid gml_srs_name
[PK] integer| character varying{1000)

1 32634 urn:ogc:def:icrs,cra:EP3G::32634,crs:EPSG: 132634

*

Figure 7. “database_srs” Table of 3DCityDB

This contribution has been peer-reviewed.
doi:10.5194/isprs-archives-XLII-2-W2-11-2016 13



The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-2/W2, 2016
11th 3D Geoinfo Conference, 20-21 October 2016, Athens, Greece

Tools Help
z 2@

id dlass_id
[PK]serial _integer

creation_date Eo lm modification_date IlpdinngJ
32634) date racter

1 2 0000100€ 2015-06-16 postgres
2 26 postgres
3 26
26
s 34
5 34
3
3
E] 34
10 34
1 34
34 UUID_47e£8aba-k TUID
3 3¢ UUID_Oebaed22-: UUID
14 34
15 34
16 e
17 34
18 3
13 34
20 34
1 34 UUID_6488b26c-¢ UUID
34 UUID_997413ca~1 UUID
3 34 UUID_a23c3ac3-1 UUID
4 34 UUID_1£9543d6-¢ UUID
s 33 UUID Sa2b0as6-:UUID

Figure 8. Part of the ¢ 01ty0bJect” Table of 3DC|tyDB

In addition to the spatial information about the 14 buildings of
the study area, their descriptive information was imported into
the database as well. The descriptive information for each
building was added manually in the corresponding fields of the
database. This information refers to the addresses of the modeled
buildings in the table called “address” (see Figure 9) and various
features of the buildings, such as description, usage, roof type,
measured height and storeys above the ground in the table called
“building” (see Figure 10).

s o D ST e T

jit View Tools Help
2o (@@ BT Bem -

[ street house_number po_box zip_code cty state country
[PK]serial | character varying(1000) character varyl character vai character va character va character vai character-
1 Vrioulon 12 161 21 Kaisariani Attiki Greece
2 Vrioulon 14 161 21 Kaisariani Attiki Greece
3 Vrioulon 16-18 161 21 Kaisariani Attiki Greece
4 Smirnis 21 161 21 Kaisariani Attiki Greece
5 Smirnis 19 161 21 Kaisariani Attiki Greece
L] Ircon Politexniou 11 161 21 Kaisariani Attiki Greece
7 Ircon Politexniou a 161 21 Kaisariani Attiki Greece
g Ircon Politexniou 7 161 21 Kaisariani Attiki Greece
9 Iroon Politexniou 5 161 21 Kaisariani Attiki Greece
10 Iroon Politexniou 3 161 21 Kaisariani Attiki Greece
11 Ircon Politexniou 1 161 21 Kaisariani Attiki Greece
12 Tzon Kennenti 16 161 21 Kaisariani Attiki Greece
13 Tzon Kennenti 18 161 21 Kaisariani Attiki Greece
14 Tzon Kennenti 20 161 21 Kaisariani Attiki Greece

Figure 9. “address” Table of 3DCityDB

e
building_root description dass function usage vear_of_cons year_of_dem roof_type sured_he storeys_above.

integer yir character /ing(1000)| date date character varying(25/ douhle precis| numeric(8,0)
1 monokatoikia 1 ratoikia keranoskepis s ple 6.12 1
rolikatoikia |1 katoikiz rlakoskepis & kere11.03
3 polikatoikiz 3 katoikiz rlakoskepis 9.19 3
4 nonokatoikia 1 katoikia keramoskepis & ple 6.21 1
56 polikatoikia § katoikia plakoskepia 2411
7 nonokatoikia 1 katoikia keramoskepis 6.69 1
52 nonokatoikia 2 katoikia plekoskepis s kere10.9
121 poliketoikia 3 katoikia plakoskepis 12.35 3
133 monoketoikia 1 katoikia keranoskepis 6.39 1
179 poliketoikiz 4 katoikia plakoskepis 16.36 4
202 polivatoikia 3 ratoikia plakoskepis 1.4 3
210 polivatoikia 4 katoikia s plincirio plakoskepis 16.67 1
254 polikatoikiz 4 katoikiz rlakoskepis 19.67 5
201 sinergio mto|2 sinergio mto rlakoskepis 7.1

Figure 10. “building” Table of 3DCityDB

After reconnecting the 3DCityDB to the renewed PostgreSQL
database and setting the parameters in relation to the appearance
of the modeled buildings in Google Earth, the final and fully
updated from the database CityGML file and the
KML/COLLADA files (visualization files of modeled buildings
in Google Earth) were exported by 3DCityDB-Importer-
Exporter.

2.4 Database Queries

The relational database PostgreSQL is accompanied by an
important tool/extension, PostGIS, which enables spatial
functions therein. PostGIS supports the use of special spatial
operands such as distance, length, perimeter, area etc., in order to
be able to draw up spatial queries and functions. In brief, it
extends the PostgreSQL, for the purpose of being able to raise a
query, store and manage spatial data. Furthermore, it supports
mixed types of data, such as points, lines, polygons and a plethora
of Coordinate Reference Systems.

All ordinary SQL operands can be applied for the syntax of
simple queries. Most functions with spatial functionality, which
are supported by PostGIS, start with the "ST" (Spatial Type)
prefix. As expected, the legs of writing a query are three: the
selection (SELECT) of the columns, from which information on
the results are going to be extracted, the reference tables
(FROM), from which the aforementioned columns are selected
and the expression of various conditions (WHERE). Three
different examples of spatial queries’ syntax to the database
follow, as well as their results.

The first example of a spatial query on the PostgreSQL database
is the request “Sort the database buildings with their addresses
based on their respective areas in descending order” (see Figure
11). In this case the “ST Area” spatial function was applied to
the column "envelope” of the "cityobject" table, which refers to
geometric spread of the modeled objects. Moreover, one of the
conditions is the "class_id" of the “cityobject"” table to be equal
to the value "26" that corresponds to the object class “buildings”.

SQL Editor | Graphical Query Builder

revious queries I

SELECT
building.id,
ST_Area (cityocbject.envelcpe) AS area_m2,
address.street,
address.house_number,
address.zip_code,
address.city,
address.state,
address.country

FROM
public.building,
public.address_to_building,
public.address,
public.cityobject

WHERE
building.id = address_to_building.building_id AND
building.id = citycbject.id AND
address_to_building.address_id = address.id AND
cityobject.class_id = '2§’

CRDER BY area_m2 DESC;

utput | Expisn | Messages | History

id area_m2 street house_number Zip_code dty state. country
i ying( ying| rying(256) ying( character
16-18 161 21 Kaisariani Avtiki
16 161 21 Kaisariani Attiki
18 161 21 Kaisariani Attiki
5 161 21 Kaisariani Attiki
21 161 21 Kaisariani Attikd
19 161 21 Kaisariani Attiki
1 161 21 Kaisariani Attiki
161 21 Kaisariani Attikd
4 161 21 Kaisariani Attiki
3 161 21 Kaisariani Attiki
kal 161 21 Kaisariani Attiki
7 161 21 Kaisariani Attikd
078 Tzon Kennenti 20 161 21 Kaisariani Attiki
7 629 Iroon Politexniou 9 161 21 Kaisariani Attiki Greece
Flgure 11. Example #1 of Spatial Query on PostgreSQL
Database

The second example of a spatial query is the question “Which
buildings of the database are located at a distance less than 12m
from the 3D point with coordinates (742110, 4206040, 3) and
which are their addresses?” (see Figure 12). Likewise, the
"ST_3DDistance" spatial function was applied to the column
"envelope" of the "cityobject" table and to the 3D point of the
query indicating the defined SRID (32634) of the database. The
same condition of the previous query that refers to the "class_id"
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of the "cityobject" table to be equal to the value 26", was applied
to this query as well.

L Editor .Graphgeru'y Builder

us queries I

SELECT
building.id,
address. street,
address.house_number,
address.zip_code,
address.city,
address.state,
address. country
FROM
public.building,
public.address_to_building,
public.address,
public.cityobject
WHERE
building.id = address_to_building.building_id AND
building.id = cityobject.id AND
address_to_building.address_id = address.id AND
cityobject.class_id = "26' AND
ST_3DDistance(cityobject.envelope, ST_GeomFromEWKT ('SRID=32634;PCINTZ (742110 4208040 3)')) < 12;
tput | Explin | Messages | Hstory

id street ' house_number 7ip_code [ city state country
integer character varying(1000) character varying(256) character varying(256) character character varying(256)| character
4 Vrioulon 12 161 21 Kaissriani Actiki Grescs
56 Vrioulon 16-18 lél 21 Kaisariani Actiki Greece
3 Vrioulen 14 lel 21 Kaisariani Aetiki Greece
| 254 Tzon Kennenti 18 lel 21 Kaisariani Actiki Greece

Figure 12. Example #2 of Spatial Query on PostgreSQL
Database

The last example of a spatial query is the question “Which
buildings of the database are overlapped with the framework with
coordinates (742110, 4206040) on its northwest end and
coordinates (742150, 4206061) on its southeast end and which
are their addresses?” (see Figure 13). In this example, the
function "BOX3D" was applied in addition to the condition that
requires the "class_id" of the "cityobject" table to be equal to the
value "26".

| SQLEditor | Graphical Query Buider |

Previous queries [

SELECT
building.id,
address.street,
address.house_number,
address.zip_code,
address.city,
address.state,
address.country
FROM
public.building,
public.address_to_building,
public.address,
public.cityobject
WHERE
building.id = address_to_building.building_id AND
building.id = cityobject.id AND
address_to_building.address_id = address.id AND
cityobject.class_id = '2é' AND
envelope &s 'BOX3D(742110 4206040, 742150 4206061)'::box3d;
Output | Explain | Messages | History |

| house_number ity . state country

Zzip_code
(256) character

| | r | ing(256)  character
56 V;mulon 16-18 161 21 Kaisariani Attiki Greece
92 Smirnis 21 161 21 Kaisariani Artiki Greece
3Vrioulon 14 161 21 Kaisariani Attiki Greece
Figure 13. Example #3 of Spatial Query on PostgreSQL
Database
3. RESULTS

As mentioned, the final product of this study consists of a
CityGML file and KML/COLLADA files. The CityGML file is
enriched with information regarding the buildings by the
relational database (see Figure 14).

<bldg:class>3</bldg:class>
<bldg:usage>katoikia</bldg:usage>
<bldg:rocfType>plakoskepis</bldg:roofType>
<bldg:measuredHeight uom="urn:gggc:def:yom:UCUM: :p">12.35</bldg: measuredieight>
<bldg:storey und>3</bldg:storey und>
<bldg:led2MultiSurface>
<gml:MultiSurface gml:id="UUID_c86c8e24-e3c5-440e-a646-d012576341FF">
<gml:surfaceMember>
<gml:Polygon gml:id="UUID 3c10c6fe-18d6-4de5-8553-0af289914310">
<gml:exterior>
<gml:LinearRing gml:id="UUID_3c10c6fe-18d6-4de5-8553-0af2899£4310 0_">
<gml:posList srsDimension="3">23. 1575 37.96958438784532 0.0721473960789185
23.756148219637925 37.9695961560728 0.0721473960789183
23.75620642651575 37.96958438784532 0.0801488176295102
23.75620642651575 37.96958438784532 0.0721473960789185</

</gml:LinearRing>
</gml:exterior>
</gml:Polygon>
</qml:surfaceMember>
</gml:MultiSurface>
</bldg:led2MultiSurface>
<bldg:boundedBy>
<bldg:WallSurface gml:id="UUID_649f29c1-7c6f-4adb-8dc9-74001bed66be">
<gml :boundedBy>
<gml:Envelope srsName="urn:Qgg:def:Grs:EPSG:7.9:4326" srsDimension="3">
<gml:lowerCorner>23.756147830742766 37.96958576176928 0.0721473960789183</gml:lowerCorner>
<gml:upperCorner>23.756206815419155 37.96959478214834 12.4253951435158</gml :upperCorner>
</gml:Envelope>

Figure 14. Part of the Exported CityGML File by 3DCityDB

KML/COLLADA files visualize the buildings in 3D
applications, like Google Earth in four types: Footprint,
Extruded, Geometry and COLLADA (see Figure 15). The
exported “Footprint” files visualize the buildings’ footprint on
the ground, the “Extruded” files visualize the buildings’ volume
and the “Geometry” files visualize the analytical geometry of the
buildings’ surfaces and the different colors per type of surface.
The “COLLADA” files’ visualization is like the “Geometry”
files® visualization with the extra support of surface textures.

Furthermore, this implementation supports SQL and thus allows
for queries on the database, analysis tasks, schema and data
validation as well as spatial data management and mining
through the PostGIS extension.

4. CONCLUSIONS

The 3D spatial data are useful in a wide range of applications,
especially to those related to urban environment visualization and
representation. The Cadastre, the urban planning and commercial
activity, disaster/crisis management, energy planning,
environmental management, navigation and traffic management
as well as virtual tourism are fields that can benefit from 3D
technology advancements. The availability of spatial data is
increasing steadily as more and more municipalities decide to
create virtual 3D city models. Nowadays, it is evident that 3D
city models have a positive impact on a large number of
governmental and administrative works and procedures leading
to better communication, design improvements, lower
construction costs, faster and on-time project completion and risk
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mitigation with a positive overall result for the citizens, the state
and the businesses.

CityGML is a model that is already used in a wide range of
applications for 3D city modeling. It also enhances the
interoperability between many software packages, as it is clear in
the current application and represents models of five different
LoDs. The CityGML model includes geometrical, topological,
semantic and appearance information for the representation of 3D
urban objects, leading to a huge amount of 3D city data.

The vast amounts of data require robust spatial databases, such
as PostgreSQL, which are able to effectively store and manage
large quantities of information and handle overload. Such a
relational spatial database includes a comprehensive set of spatial
and descriptive information, which allows users to create
interactive questions of spatial or descriptive type, analyze spatial
data, adapt and export them to analog (e.g. printouts of maps and
charts) or digital form (e.g. spatial data files, interactive online
maps). Smart and effective management tools for spatial and
descriptive data manipulation as well as user-friendly design
allow for quick quality solutions to spatial problems, in a
comprehensible and easily accessible, by the users, way. In
general, information which is necessary for strategic decisions on
issues that pertain to a city’s operation, can be provided with the
use of 3D city models and the data analysis of the relevant
database.

The system of the 3D city model and the relational spatial
database of this solution finds predominant use in the cadastral
applications, since it can deploy the capabilities of a city model’s
basic structure in 3D Cadastre and generally in 3D Land
Administration Systems (LASs). Connection support between
the Cadastre and external databases enables the right use of
complex 3D cadastral data for each property, their owners and
the rights exercised on them.

Another robust example of field use of the current application
system is urban planning. This field’s main object revolves
around the formatting of the city and its public spaces and
requires complex procedures that must take into consideration
many different spatial components that are involved in the
creation of the space, such as the architecture of buildings and
landscape, space uses and operations, financial sustainability of
all relevant activities, environmental protection and development
agenda. A similar example that points to the future is the design
of Smart Cities, where the increased level of complexity demands
that more detailed models are used as underbeds.
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