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ABSTRACT:

3D modelling of virtual environments is a fast dewéng field of research, and the need for virtmadels is increasing rapidly.
This paper presents a work, where the aim wassovigual 3D model production phases, when theeesaveral different data
sources. Photogrammetric and laser scanning teebsigre utilized in data acquisition. In additiother available sources, like a
base map, have been used to obtain an extensizeselator different modelling purposes. The usdifiérent data sources brings
along many challenges. For example, multiple datanéts, various accuracies, coordinate systemseamtiof details must be taken
into consideration. In this work, LandXplorer Stodirofessional software is used in data integradiuh creation of the final model.
The software is designed for the production of nigdehich can be directly converted into CityGMLtaldormat. CityGML is a

standardized and semantic information model degidoestorage and exchange of virtual 3D city med#gi this research, the final
model of the experimental work consists of groundaxe, road, road structures like traffic lightalaraffic signs, a building and
vegetation. It was noticed that the 3D virtual modenstruction process is often complex and inctuglarious phases when

different data sets are integrated.

1. INTRODUCTION

The use of three dimensional virtual models hasedpd into
many application fields. It has been popular to ehocity
centres or other urban areas including buildingsds, road
structures like traffic lights and traffic signspdavegetation.
Also, remarkably large urban areas have been neatlelliring
the recent years, like the city of Berlin includidmyilding
models for an area of 250 kn(DélIner et al., 2006). Some of
the modelled city centres are accessible througtg@dEarth.

Normally, a model consisting of different objectashto be
created by using data sets from several sourcesvindeveral
data formats. In that case, one has to manage mgetbis
diverse material into a uniform representation dfe t
environments.

In this research, an urban area has been modejledsing
multiple data sources. As the virtual model is ¢tareded from
different data sets, there is a great challengal&pt them all to
work together. One has to pay attention to varfdesormats,
accuracies, coordinate systems and level of dethilkese are
not considered during the model construction pracésmay,
among others, affect to the geometrical accuraay ésual
appearance of the final product.

Most of the data used in this work is geometricalbcurate,
based on measurements. Once we have a propemhasidal,
also the model with geometrical
successfully produced. Furthermore, a trend ofregldemantic
and topological properties into models is now beogma
desired way to build virtual models. For a simpleoéling
simulation of an urban area, a normal geometricadehcan be
sufficient. However, if we additionally want to kwostatistics
concerning large areas, such as what kind of abmdfer from

the flooding, we need to know more about the m@8ehulte
and Coors, 2008). This kind of information could, Her
example, heights of buildings on that area andatmeunt of
people living around. Semantic and topological deteble
many interesting applications such as spatial dataing,
thematic queries, semantic-supported navigatioaugmented
reality, just to name few. For example, Déllneragt (2005)
described the use of virtual models in city plagniBenefits
can be directed in model production phase, as Welen
integrating different model parts together, thewsalge of the
semantic and topological properties can help tddbuoiore
uniform model (Stadler et al., 2007).

The aim of the work was to explore the possib#ita using
different data sets and integrate them into a omeet
dimensional (3D) virtual model. The interest was time
workflow and the problems faced during the work.was
studied, how individual data sets should be prambsbefore
they could be used together as a complete model.

Laser scanning point clouds, images, and vecta flain base
map were used as a source data for completing thdelm
Because of the different coordinate systems, filemats and
other properties, the material had to be processdigidually
before integrating the data sets together. The inggghase was
performed with LandXplorer Studio Professional wefte
(Autodesk, 2008), which also had its own restritsioelated to
data handling.

properties can been

During the work, many problems were faced when ingrg
multi-source data sets. Additionally, a new staddand data
model, City Geography Markup Language (CityGML), swa
adopted into model construction. LandXplorer softwvads
designed for the production of models, which candbectly



converted into CityGML models by exporting themoirthe

correct file format. As a result, several differaetdta sources
were used in creation of virtual 3D model of a drredt area in
Espoo, Finland.

2. CITYGML

CityGML is an XML-based syntax of a data model (kg 1),

and it has now been adopted as an official stanbdgrdGC

(Open Geospatial Consortium). It has been desigodok an
open data model, which could be commonly used torage
and exchange of virtual 3D city models. In addititm the

objects geometrical properties, CityGML model definthe
semantical, topological and appearance featuretheofobject
model. For example, semantic information of a bogdcould

be its year of construction, the number of floots. €The

possibility to add semantic data to a 3D model dases the
usage of applications compared to a normal geocadétmodel.
More complete descriptions about CityGML can benfibun

Kolbe et al. (2006), Erving (2007) and Groger ef(2008), for
example.

<cityObjectMember>
<Building>

<stringAttribute name="_name">
<value>main_building</value>

</stringAttribute>

<stringAttribute name="yearOfConstruction">
<value>1990</value>

</stringAttribute>

<intAttribute name="measuredHeight">
<value>17</value>

</intAttribute>

<intAttribute name="storeysAboveGround">
<value>5</value>

</intAttribute>

<intAttribute name="storeysBelowGround">
<value>1</value>

</intAttribute>

<lod3MultiSurface>
<gml:MultiSurface>
<gml:surfaceMember>
<gml:Polygon gml:id="tempid6570">
<gml:exterior>
<gml:LinearRing>
<gml:posList>2545291.0569998 687580525163
9.50705 2545285.02699995 6675107.92024949
2545285.08500004 6675107.64525178 9.50705 2545289998
6675108.80525163 9.50705 </gml:posList>
</gml:LinearRing>
</gml:exterior>
</gml:Polygon>
</gml:surfaceMember>
<gml:surfaceMember>

Figure 1: A code example of a CityGML informatiomdel,
when the 3D model has been exported from Landxplore
software to GML format.

CityGML allows many tools for visualization. Thetdanodel
supports the level of detail (LOD) representatidhe model
can consist of five different levels of details, ighh help to
present different object in a large 3D model. Foildings the
levels are block-models (LOD-1), geometry-model©[-2),
architectural models (LOD-3), and detailed indoopdels

9.5070!

(LOD-4). In addition, LOD-0 can present elevatiomdals in
2.5D. Using multiple LODs in one model intensifiesd
clarifies the visualization task. As a rule of thunthe further
away the object is zoomed out, the lower the lexfetietall
needs to be. On the other hand, different levaisbeaused also
for highlighting places of interest. For examplége tmost
important buildings of city centres can be visugdizvith higher
level of detail than the more common ones.

Our final model can be converted into CityGML d&bamat
with LandXplorer, which enables to include semantic
information to the model or to a sub-part of thedelo Since
CityGML is a standardized data model, it will hogéf
decrease the handling of different presentatiorfomodels in
the future. Other software capable to handle CityGdata
format on some level are Aristoteles Viewer
(http://www.ikg.uni-bonn.de/aristoteles/index.phpstoteles,
accessed 27.1.2009) and the products of Snowflakev&e
(http://www.snowflakesoftware.co.uk/products/, s
27.1.2009).

CityGML has a great potential to become a worldensteindard
for 3D city models and thereby solve many of curren
difficulties to exchange data between differentwafe having
their own data formats. At least many similar markanguages,
such as HyperText Markup Language (HTML) and eXtdas
Markup Language (XML), have proven to be tremendous
success. Similar success for CityGML requires saféw
developers to realize advantages of common dataafor

3. MATERIALS

The test site of the experimental work in this eesk was
located in Espoo, Finland. Digital surface modeS{) of the
area of interest was created from airborne lasamréng (ALS)
point cloud (Figure 2). The data was collected @02 using
TopEye MK 1 implementation. The point cloud denswgs 2.3
points per rin average, flying height was 200 m, laser beam
size was approximately 20 cm, the scanning angke wa0°,
and the strip width was 110 m.
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Figure 2. DSM created using airborne laser scanning

Images from Pictometry application were utilized DEM
texturing. In addition, images were used in find@igmensions
of one block building and providing fagcade textufes it
(Pictometry, Blom Kartta Oy, Finland). Pictometrgnages
included ortho photos and oblique aerial imagesh@photos



were used as a texture on top of a digital sunfagdel. Oblique
aerial images were used as source of facade texirblock
building model.

3D model constructed from both aerial and terralsirnages
was used to visualize a road crossing more detailéde final
model (Figure 3). In this case,
Pictometry, but from another aerial imagery. Caltlam
parameters of the used cameras were known (Nik@9P8ony

Hence, the model had to be transformed before $ ady to
be imported into LandXplorer.

Vector data appeared to be in a different coordirgtstem
compared to the other data sets in virtual modeérdfore, a
transformation was required between these two Goatel

images were notmfro systems. After the transformation, all data inuaitmodel was

in the same coordinate system (Figure 4). Forrgettie vector
data prepared for importing to LandXplorer, it alseeded

DSC-V1, and Hasselblad). 3D model of the road d@ngss some topological changes. Originally, the top péa complex

included the road pavement, traffic lights, andfitaigns, with
photorealistic textures. The modelling was donagi$Witness
software (Fraser and Hanley, 2004), which is spieei in
photogrammetric modelling from convergent photogsap

Figure 3. Photorealistic 3D model of a road crags{Milka
Nuikka, 2007)

In addition to images and laser scanning data, @albase map
from the City of Espoo was used in block buildirmmpstruction.

The base map consisted of vector data, such aswolihes

and top plans of the buildings and roads (Figure 4)

4. DATA PROCESSING

The aim was to build a photorealistic 3D model gdime data
sets listed above. Before that, different data wete processed
with suitable software in each case.

ALS-based digital surface model was edited by rangpoints
representing one building. Instead, a block bugdmodel of
this object was constructed based on vector datcbake map.

Facade textures of block building were taken froblique

aerial images. Images were pre-processed with Bhofoin

order to reduce the perspective distortions in esaand to crop
the fagades out of the background. Processingeofrtiages is
not available in LandXplorer.

building consisted of individual lines. For LandxXpér,
however, a closed polygon was needed (Figure 5).

Figure 4. Vector data and ortho photo on the toghef
elevation model. All data sets were transformethensame
coordinate system.

Figure 5. Vector data from the base map preseatifogtprint
of a complex building.

Photogrammetric 3D model was measured using iWstnes

modelling software, in which the only possible estpmrmat
with textures is VRML (Virtual Reality Modelling lryuage).
On the other hand, LandXplorer doesn’'t accept VR&4_an
import file format. Therefore, the format transfation had to
be carried out with a third application. In additjothe
coordinate axes of a photogrammetric 3D model werergent
compared to the global coordinate system in Landd&ul

5. DATA INTEGRATION

In this work, LandXplorer Studio Professional frolutodesk
has been utilized to combine individual datasetsider to
create a virtual 3D model of an urban area. Landkgul Studio
Professional is software developed for merging d&ts and
visualization of 3D models. With capability to atasemantic



data to objects and convert the model
information model, LandXplorer appears to be a wisiol for
data integration and CityGML model construction.aklidition,
objects or parts of objects can have referencegxternal
databases, which can provide more semantic infeomad the
model.

After all the data was pre-processed for integratibey were
imported into LandXplorer Studio Professional.
LandXplorer, some final tuning between data sets wll
possible. For example, the orientation paramet@rBictometry
ortho photos were only approximate, and they hdukteisually
aligned with the surface model. The orientatiorodho photo
was realized using a separate world file, which ingdsf
parameters for x- and y-coordinates of the uppirctaner of
the image. In addition, the pixel size of the imagges entered
to the file. If there was a need to change thetjposiof the
photo, it was done by changing the file values.

In

Block building was visualized in LandXplorer basaad vector
data. Because vector data from the base map wesladibe as
closed polygons, they could be automatically raisgd 3D

blocks with a defined height value. If only indiva lines

existed, separate walls would have appeared insteadsolid

object. Due to the software functionalities, thetdvm of the

block building lay on the sea level, where the heiplue was
zero in the used coordinate system (Figure 6).

Figure 6. Incorrect elevation of a block buildingsiclearly
visible.

As part of the object now occurred under the tarrabdel, it
had to be raised to the ground surface. This wa dadth the
software’s function “Drop buildings on terrain”. Ake height
of the building was correct all the time, the shifis done only
in z direction with the fixed object (Figure 7).

Figure 7. Correct elevation of a block buildingeaftaising the
object.

The block building height values were obtained gsin
Electronic Field Study software, which is desigtedieal with

into CityGMLPictometry data. As there existed a coarse elavatimdel

behind the images, it was possible to measure heabes for
buildings using monoplotting (Figure 8). In this mnar,

approximate height values were obtained for bloaKdings.

Because the building was quite complex, it was alscessary
that the vector data polygons were formed by sé¢ipara
different parts of the building having differentigiets.

Figure 8. Obtaining height values from Pictomepplaation.

The textures of fagades for the block buildings evacquired
from oblique aerial images, as it was mentione@tiapter 4. In
principle, every plane on the facade differed frahers.

Therefore, each plane was associated with correspgn
unique texture file. In some cases due to occlissibowever, it
was not possible to add original texture, and floeeesome
duplicates were used.

The 3D model of the road crossing fitted well te thirtual
model, when it was imported into LandXplorer. Tharsc
appeared flat on the road surface, because they vigble on
the aerial image texture but not in the DSM (Fig@ye

Figure 9. 3D model of the road crossing importet wirtual
model.

Illumination conditions, perspective differencesl aeflections
may change colours of textures. For virtual modelgould be
beneficial, if textures were homogenous in respacthese
phenomena. For example, natural shadows in textorag



disturb artificial illumination of virtual 3D modeln our case,
however, the images were not enhanced radiomeyrical

6. RESULTS

CityGML is one option for a better compatibility theeen 3D
models and other data sets. It's open source, mgattiat
anyone can use it without a charge. Among many rsthe
photogrammetric data and laser scanning point clazath be
used as raw material.

LandXplorer Studio Professional proved to be auls®iol for

merging various data sets. It has been designetotk with

CityGML information models. It supports many difet file

formats, and can handle surprisingly large dats, sstpecially
in the case of terrain models.

As the final product can be converted to a CityGMata

model, it can also be used in semantic queriess Wl be

useful when dealing with large data sets, like nitydels, since
it is possible to search different objects from thedel based
on given parameters.

The final model consists of a surface model, 3D ehad the
road crossing, and one complex block building (Fegl0). The
workflow for creation of CityGML model from indivigal data
sets is presented in Figure 11.

Figure 10. The final photorealistic virtual model.

Figure 11: Data sources and data processing siepsds
CityGML information model.

7. DISCUSSION

During the work, several problems with data intéigrawere
noticed. Some of them are naturally caused by dfisvare in
use. Software utilizing CityGML are still at therlyastage and
it is not yet possible to import data from all dsble data
formats. Specially, if data acquisition softwareesisnon-
standard data formats, it may be difficult to cahvaata to
another format without losing some information. gractise,
successful data conversion may require the useeuwéral
software.

One challenging part is the coverage of the datasikly data
may cause holes in the resulting models, espedialtiie case
of textures. If the model textures are incomplerge option is
to copy one texture into several places, as it d@®e in this
case as well. If the textures are not completell @nes,
however, the realistic appearance does not nedgsezalize
across the whole model.

Also, the quality of image orientations affects at to the
results. If sufficient orientation parameters available, texture
mapping can be done to match the reality. In tlsec the
facade textures were processed and rectified rgugind
manually using Photoshop. This step would need terbe
solution and more automatic processing in ordéretefficient.

Oblique aerial images proved to be well suitable ficade
texturing. Although the images are photographednfthe air,
the facades are quite well visible. Pictometry imagquisition
method provides a lot of images, which makes it @¢asfind
good viewing perspectives.



Alternative source of textures to oblique aerialages are
terrestrial images. However, the data acquisitibriearestrial
images may be time consuming. Therefore, mobile pimgp
systems that utilize GPS and inertial data maynsifg the data
collection process.

In many cases, the block models provide sufficiewel of
detail for visualization, especially when producitagge city
models. Block models are lighter to handle andefagb
produce than more detailed models. The basic aatdlbck
models, like base map or cadastre map, is availabl@any
cases. More challenging task may be to get acdyithie height
value for each building or building part, if su@vél of detail is
needed.

Texture mapping will give the model an appearared the
amount of details would be much more that it isreality.
However, the details coming from image textures wseally
not geometrically accurate, since, for example,iioek model
has certain restrictions when it comes to the slofjiee object.

Pre-processing of each data set before integradiwh final
model production may be time-consuming. Typicaltlata
needs adjustments before it can be merged
successfully. LandXplorer, for example, does ndt hyave all
data editing opportunities, which are needed.

Automatic methods for 3D model production are net fully
functional. The development work is an ongoing pesCin
many research projects these days. The diversitythef
modelled objects makes the full automation veryllehging.
However, if the model production process could lbdyf
automated, the processing of large data sets wbaldrery
efficient.

In block building production, automatic methods ateeady
available (Ross et al., 2006). The only phase, Wwhigeds more
manual attention, is the texture mapping. Texturgppmng
could be done fully automatic, but the quality bé ttextures
will suffer. Problems occur, when there are ocatgdobjects
on the image, which will be attached to the texdwserface.

Automation is difficult also with detailed photolstic 3D
modelling tasks. However, terrestrial laser scagngnone way
to achieve highly detailed object models relativelyickly.
Even using laser scanning, the processing of tha dall
requires lots of time and also manual inspection.

Required level of details define, how automaticgess can be
obtained. Also, the available data and its propsrtiave an
important role. In many cases, semi-automatic nushare
utilized. Kaartinen et al. (2005) have comparedfedit
building extraction methods and the accuraciedhefresulting
models.

8. CONCLUSION

In this paper, the virtual model of an urban ares wreated.
LandXplorer Studio Professional software was used aa
primary visualization environment. The software yad to be
usable to integrate 3D data from different datarses! It is also
capable to convert the models into CityGML inforioat
model.

Digital elevation model was created using airboraser
scanning data. Triangulated ground surface wasirectwith
ortho images. On the top of textured ground surfaeetorized
objects, such as image-derived 3D model of the wadsing
and textured block model, were visualized.

The challenge of using data from different sournesne virtual
model consists e.g. various coordinate systems, datents,
file formats, level of details, and accuracies. Seheaspects
should be considered before model construction.ithutdhlly,
sufficient visual appearance is needed in certppli@ations. In
many cases, the model construction process is exmghd
includes various phases, when different data seats be
integrated. Finally, the usability of the 3D modt&l further use
should be ensured.

With an experimental work it was noticed, that 8i2 virtual
model construction process is a challenging taslenamultiple
data sources will be merged. CityGML appears to e
promising format for visualization, storage and @timg 3D
virtual models of urban areas. The success of GitlyG
however, will be dependent on software developetsgther
they are willing to adopt the format or not.

together
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