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1 Introduction

Building up Spatial Data Infrastructures (SDI) lb@®n an impor-
tant and actively followed topic in geo researchyears. It's also
regarded in politics and by decision makers asrégiag technology
for reducing time and cost in building up geo sessifor internal
usage as well as for public information services. the European
level the new INSPIRE (Acronym for Infrastructuie fSpatial In-
formation in Europe) directive 2007/2/EC intendday down gen-
eral rules for the implementation of national splatiata infrastruc-
tures for the purpose of environmental policies. Ba technical
side, SDIs must rely on open standards that areifszk by the
Open Geospatial Consortium (CS-W, WMS, WFS, WCS,SWP
OpenLsS etc.)

Based on the theoretical background of INSPIREssawtral dis-
cussion drafts of the OGC, we have implementedRInf@& the city
of Heidelberg that comprises an array of estabiSB&C services
and some new proposed technologies that are relglarehe exten-
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sion into the % dimension. In this paper we will discuss the compo
nents that have been developed for a 3D SDI ance Sorportant
aspects that need to be addressed to make thiokinffastructure
work. For the standard services we could use egistpen source
solutions, others must be extended or developed tiee scratch,
not to mention new techniques for the data prejmaraind integra-
tion. The components have been implemented forrakyeojects
with different goals but always ensuring the infeEn@bility and
having the reusability in mind.

The central part is the OGC Web3D Service (W3DSiclvide-
livers the actual 3D data. The W3DS specificatisrcurrently in
draft status and not yet adopted by the OGC. W psdsent our
own implementation of this service and some impioces that come
up when considering different use cases. In ou tasas important
to use the W3DS not only for producing static seebet also to re-
guest the data piecewise in order to stream teoctient which im-
plements a more dynamic visualization. This is tludarge data
amounts that are not comparable to 2D bitmaps eled/ by a
WMS.

A possible extension to the WMS is the supporthaf Styled
Layer Descriptor (SLD) profile for controlling thappearance of
maps. It is advisable to separate the geometryeogmaphic raw
data from the visualization rules. Proposals hasenbmade to in-
clude further visualization elements directly i@ayGML. We sug-
gest to use the SLD specification in combinatiothwiV3DS ser-
vices. We describe how SLD can be extended in dadprovide 3D
symbolizations - e.g. for 3D points, linestringsrfaces, and solids.

Other topics that need to be addressed in thisegbig an ade-
guate way to describe our 3D data in a catalogngcse for which
we examined different alternatives. Additionally weamine the in-
tegration of route services, for which the OGC Qg#specification
can be used, as we will show.

Finally we want to give an outlook on future reséatopics that
arise from current trends such as Location Basedc®s or Service
Oriented Architectures (SOA). We need to invesedanw the pre-
sented concepts can be applied to mobile 3D naweigaervices,
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which have different requirements in terms of vieaaion and user
guidance. In the long term, higher level conceptdefining chains
of web services within an SOA could be applied tiep orchestrat-
ing the SDI services in a more flexible way. Intmadar, the Busi-
ness Process Execution Language (BPEL) could lkfaséefining

scenarios that are realized through chaining opkse®vices that
constitute SDIs.

2 3D Data Management — an overview

Data management is at the heart of an SDI. A pawedtabase
IS necessary for managing and administering 3D @ffiaiently
(Zlatanova & Prosperi 2005). Object-relational thatses such as
PostGIS or OracleSpatial have already been appliedessfully for
handling geographic information. A lot of work hbsen done in
this respect already. Within this paper we onlyegivshort overview
on recent developments regarding standard-based staitrces for
3D visualization services, such as the W3DS. Ireotd create a 3D
data storage layer which can be used as a sourcaifdV3DS im-
plementation a thesis was prepared, testing opgrc@mmercial da-
tabase capabilities regarding geometry models, réxfmymats,
availability, etc. The following products have bessessed:

iGeo3D as part of the deegree-framework allows the usaran-
age 3D geodata through the web. It is completegetbeon OGC
standards. The 3D database scheme "CityFeatur&Stbthe data
storage module can be used for various databasensygOracle,
PostGreSQL/ PostGis). The degree-WFS offers watet read ac-
cess to the data and iGeoSecurity provides acaegscpon. The
CityGML format or multiple image formats can be diser ex-
changing the data.

The City Model Administration open source toolkit (CAT3D) was
developed within the EU-project VEPS (Virtual Emnmental
Planning System) by the HfT Stuttgart. It can cantrte different
data sources and produce several output formatsVi(yR<ML,
Shapefile). The architecture is modular so thatitemdl data
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sources and formats can be supported by implengettim accord-
ing modules.

A 3D extension by CPA Geoinformation for the comoar
SupportGIS offers ISO/OGC conform 3D data storage and support
databases such as Oracle, PostgreSQL, MySQL aodmixt To-
gether with SupportGIS-3DViewer and SupportGIS-Webs 3D
platform is provided with a CityGML central databastructure.

Within the VisualMap project (FhG IGD/EML) a dataieacalled
ArchiBase was developed which allows the administration affi-v
ous different 3D geodata. The modelling tools came from appli-
cations such as 3D Studio Max as well as from GH& scheme has
been realized for Oracle. The data can be manaiged graphical
user interface and exchange formats can be in VRNILand XML.
Principles which evolved from this work can be fdumithin the Ci-
tyServer3D.

The CityServer3D (Haist & Coors 2005) s a multi-layered appli-
cation consisting of a spatial database, a semn@raaclient applica-
tion. The database manages 3D geometries in naulegpkels of de-
tail along with the corresponding metadata. Thereseas the core
component provides different interfaces for impagtand exporting
various geodata formats. The data is structurea mmgeta-model and
stored in a database.

Currently we use the well known PostGIS extensionPost-
greSQL for the 2D data and 3D points of the DEM,vwadl as
VRML code snippets, but after some evaluation efghojects men-
tioned above we will extend the data managememuofserver to
also support native 3D data types within the dataebas needed.
Further the exchange of 3d city models through @ity delivered
by a WFS is another subject and already coveredark by the
above mentioned projects, such as iGeo3D etc.
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3 Towards a 3D Catalogue Service for 3D Metadata

Within an SDI it is important to record informati@out avail-
able data sets via metadata in order to enable rietel/ant data.
Three metadata standards seemed most relevamidtalsdata: the
ISO 19115 along with its predecessors Dublin Caond &€EN-
TC287. The suitability of the current metadata déads for 3D spa-
tial data was evaluated by Nonn et al. (2007). Addally the au-
thors investigated which enhancements or supplemenght be
needed by most important metadata specificationspatial data,
ISO 19115, so that it can be used to describe BDslzape and city
models. An assessment was carried out seekingighest possible
sufficiency for 3D spatial data, city- and landseapodels. For that
the present OGC CityGML discussion paper (Grogeale006)
was particularly assessed - especially regardiagjtiestion how to
allow a semantic description of the structures wiD city models.

As of today there is still no online object catalegavailable for
CityGML from which attribute values could be devéf an online
object catalogue containing code lists from CityGMAs available
online, it would not be necessary to put this koridnformation di-
rectly into the ISO 19115 standard. Instead, areefee to the inter-
net catalogue could be given. The feature typéaters contain an
object type list, also linking the user to the spepart of the online
catalogue.

For us this work paves the way for future discussion the
needs of 3D-SDI especially for 3D city models. Aitigh current
SDI developments focus on 2D spatial data, we tthakin the long
run a similar development is necessary for 3D dalre@ady a range
of basic attributes in ISO 19115 also apply to 3Dad Even so we
also found a need to add further specificationthéometadata cata-
logues. We have made first suggestions for possilaigs to add
these missing elements to the ISO 19115. We areeathat these
suggestions are a first attempt and need furttseudsions. For first
results see Nonn et al. (2007).
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4 Scene-based Visualization with the Web3D Service

Regarding the portrayal of 3D information, a WebS©rvice
(W3DS) was proposed to the OGC as discussion ({Dé3iC 2005).
The W3DS delivers 3D scenes of 3D city or landsaapéels over
the web as VRML, X3D, GeoVRML or similar formatshd pa-
rameters are similar to those of the WPVS (Web pg&etsre View
Service) which adds to the well known WMS interfgga@ameters
for camera position, view target etc. We have imm@eted a server
that supports all of these parameters, but alsuvigge some note-
worthy techniques applied to a W3DS service forfitet time in a
standard-conformant way. For example in order toviple tech-
niques that are already state of the art in conmpgrigphics such as
dynamic concepts like continuous LODs for triangheshes or
streaming of geometry parts, we have developedtao$dpseudo-
streaming” using an intelligent client-applicatiand pre-processed
DEM-tiles with different resolutions and sizes,tthdows faster de-
livery of scenes when compared with typical impletagons of the
W3DS, that deliver only complete scenes in file Wdoents, that
cover the whole requested scene. A similar scere@sobeen intro-
duced at Web3D 2002 (Schilling and Zipf 2002). B#lo&n, there
were no 3D OGC standards we could lean on for cenario. This
has changed and we now incorporated these stanudoddhe pro-
ject. The work presented here is embedded in a&igsgject that
involves a several OGC Web Services (OWS), as agefleveral cli-
ents and the integration of various data sources.

As shown in figure 1, many requests from our Map3li2nt
trigger a service chain involving separate OWS #natnecessary to
process the request. 2D maps are delivered by a MgbService
(WMS) for proving overview maps of the region. T8 informa-
tion is provided by our Web 3D Service (W3DS) impéntation.
The Web Feature Service (WFS) standard is or wiltHe basis for
both of these services. The WFS is already integréor the 2D
map data used by the WMS and will also be useddwigle the data
which is necessary for creating 3D scenes.
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Fig. 1: Components and service chaining in our 3D-SMWPS to be added
soon for pre-processing of terrain data).

Further we have implemented the OpenLS Route Sefpecifi-
cation (as well as the OpenLS Utility Service (Gmting and Re-
verse Geocoding)). The route calculation itsellame on a 2D net-
work graph, however, the resulting route geometrthen replaced
by 3D linestrings which are taken from the 3D netwadrhis 3D
network has been pre-calculated by mapping their&trings onto
the Digital Elevation Model (DEM) so that the roigegments will
exactly follow the terrain including tunnels anddges. This so
called Route Service 3D (RS3D) uses exactly theesamerface as
the already standardized OpenLS Route Servicepuitheeding to
extend anything. Due to the more accurate reprasentof the
route geometries because of the 3D extension, wea det more
route segments. Practical tests showed that weedegedreduce the
geometries further using horizontal and verticahegalization so
that we can produce smooth visualizations and aoma Also a
2D overview map is being produced by our implemigoiaof the
OpenLS Presentation Service.
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The OGC Catalog Service (CS-W) shown in figure bhased on
the deegree framework and delivers metadata orat¢hel spatial
data. Before we will add metadata to this servieecenducted an
investigation exploring if the relevant metadatanstards such as
Dublin Core or ISO 19115 are appropriate for désaeg 3D spatial
data such as 3D city models (Nonn et al. 2007). dumpose of the
CS-W then is to provide information through seafanctions,
where to find Gl services und spatial data witlne spatial data in-
frastructure or in the Web. We have used thes2@odata in former
projects, such as OK-GIS or geoXchange (Tschirhal. 005).

5 Streaming and different LODs of DEM using the W3D S

As mentioned earlier we have developed a “smaxa3B client
which uses pre-processed DEM-tiles served by th®8/ satisfy
state of the art computer graphics with respestrisaming. Further
it uses different LODs when changing the field oéw of the
viewer. This was done using open standards by Cs&s€xplained :

A high-precision (5 meter) DEM, covering an areaneérly 150
square kilometres, was divided into several groafpsmaller, rec-
tangular DEM pieces with different accuracies anthpdensities.
Each DEM-tile group represents one Level-of-DefaiDD). This
means that those tiles covering wide areas destirédosurface more
approximately than smaller tiles with a high podensity. Each
DEM tile is replaced by four smaller tiles in thext higher LOD.
This allows the client to retrieve DEM-tiles in f@ifent LODs using
the W3DS. A dynamic DEM can be processed by remgshe
needed tiles in consideration of the viewer’s positthe line of
sight and the distance along the line of sight. &ihnges in the
viewer's field of view or position causes a newiegrof W3DS-
GetScene requests delivering new DEM-tiles. Thdse are then
added to the scenegraph. Memory is saved by osilaliing the
tiles in the view and by removing all tiles outsifethe view on the
fly. An example of the results is available as @ea screen capture
showing the effect on the DEM when navigating tbeng in real
time. The videos are available from http://www.@&di-de.
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6 Standard- based Configuration of 3D Visualization
through extensions of the Styled Layer Descriptor

In conventional GIS the raw data is typically sepad from the
visualisation properties. This provides the podigypof displaying
the same data in multiple ways depending on thgpgrrose case or
user preferences. So far this separation is noesetblished in 3D
GIS data since usually the 3D model is considesed knd of visu-
alization itself - including all appearance propestin itself. This is
the case for all common graphic formats like DXBS3 VRML,
and other proprietary CAD formats. In the GIS wonld strive to
describe only the geometry and the object classdbhe raw data
sets and to store attribute data and display ptiegein different
files, as it is the case with the most popular pobsl

As already been successfully implemented for 2D welps by
providing Styled Layer Descriptor (SLD) documentkieh define
rules and symbols controlling the map appearameesame should
also be applied to 3D maps, respective city moditusing SLD it
is also possible to integrate different data sauine a single ren-
dering service like a WMS and to style all datasistently.

We propose an extension to the SLD specificatiororier to
support 3D geometries and appearance propertiesf A®w, the
approach in this direction is unique. However, ¢hare considera-
tions on extending CityGML by further visualizati@ements. If
such an extension would also cover pure stylingrimition this
would undermine the desired separation of raw dath visualiza-
tion rules. Therefore we need to be aware of ajreadgsting OGC
specifications and incorporate them into new stedwlar simply ex-
tend the existing ones. In this case the part fgling polygons,
lines, and points in SLD is partly useful also iD.3Therefore an
SLD extension seems to be a more promising apprdadhe next
sections we make some first suggestions for a SLDatch incor-
porates the standard SLD elements and some newemigwhich
are only valid in 3D space. The SLD3D has been émginted and
tested within the 3D-SDI Heidelberg project (Neutral2007,
Neubauer & Zipf 2007). The SLD files are currentised for con-
figuring the W3DS server, however, in the futurean be specified
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by the client as well in order to provide more itd& ways of inter-
action.

Relevant aspects of this extension can be categbag follows:

» Rotation of elements for all three axes

» Displacements and positions are extended by Z

» SolidSymbolizer for object volume description

» SurfaceSymbolizer for defining surfaces with trialag meshes (tin)
* Integration of external 3D objects into the scene

« Defining material properties

« Billboards for 2D graphics

« 3D legends

« Lines displayed cylindrically (e.g. for routes)

Current WMSs can provide a choice of style optifanghe user;
the W3DS however can only provide the style nanmekreot what
the portrayal will look like in the scene in moretail. The biggest
drawback however is that the user has no way ahidef his own
styling rules. The ability for a human or machifdemt to define
these rules requires a styling language that tleatchnd server can
both understand. This work focuses on the defimitb such a lan-
guage, called the 3D Symbology Encoding (3D SE)s Tdnguage
can be used to portray the output of Web 3D Sesvice

3D-Symbology-Encoding includes the FeatureTypeStgied
CoverageStyle root elements which are taken from dtandard
Symbology Encoding. These elements contain allrmétion for
the styling, for example filters and different kindf symbolizers.
As the specification states, Symbolizers are embeddside of
Rules, which group conditions for styling featurés.Symbolizer
describes how a feature will appear on a map, otispéy a 3D
scene. The symbolizer has also graphical propesties as color
and opacity.

The 3D-SE could be used flexibly by a number ofises or ap-
plications that style georeferenced informatior8ih It can be seen
as a declarative way to define the styling of 3@dgta independent
of service interface specifications, such as W3DS.
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6.1 PolygonSymbolizer

The PolygonSymbolizer describes the standard 20k sty a
polygon includingFill for the interious an@&roke for the outline as
defined in SLD. Additionally the 3D-SLD extensioestribes 3D
features like BillboardPlacement.

Fr————————— — —

sedd:PolygonSymbolizerType

-4 _seiGeometry [
PolygonSymbelizer [=} ‘r [ A, r_y_’_

Fig. 2 - XML schema for the SLD-3D PolygonSymbolizer

6.2 LineSymbolizer

A 2D line can be represented in 3D as a pipe feawith a cer-
tain radius and colour. The standard attributesmfr&LD-
specification also can be set (StrokeWidth, StrgieT etc..)
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rse Jd:LineSymbolizerType _l
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| _____ ’se3(l:BiIIhoanIPIacement |
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Fig. 3 — XML schema of the SLD-3D LineSymbolizer

6.3 BillboardPlacement

With the BillboardPlacement element 2D obijects t(témages
etc.) can be placed so that they face always tanidwel viewer. This
is useful for icons, pixel graphics, signs, andeotabstract graphics.
BillboardPlacement contains 3 sub elements: AnabiotP Dis-
placement, and Rotation. The syntax is:

zxsd:element name="BillboardPlacement” type="se3d:BillboardPlacementType"=

i <ysd-annotations

</usd element=

zxsd:complexType name="BillboardPlacementType"=

| <usdsequences
- <wsdelement re="se3d:AnchorPoint” minOccurs="0">

<usd:elernent ref="se3d: Displacement” rminCocurs="0>

i <usdelement reF="ge:Rotation” minOccurs="0">

i <fxsdisequence>

<fxsdcomplexTypes

Fig. 4 - XSD schema of the SLD-3D BillboardPlacement
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AnchorPoint

The 3D Symbology Encoding Anchor Point elementxtereded
by the AnchorPointZ. The coordinates are given laatihg-point
numbers like AnchorPointX and AnchorPointY. Thedenments
each have values ranging from 0.0 and 1.0. Theuttefmint is
X=0.5, Y=0.5, Z=0.5 which is at the middle heightdamiddle
length of the graphic/label text. Its syntax is:

AncherPeint [

Fig. 5 - XSD schema of the SLD-3D AnchorPoint

Displacement

The Displacement is extended by an Z like the Anebmmt. The
default displacement is X=0, Y=0, Z=0. The schemuaisualized in
figure 7:

Displacement H

:se3tl:Dis|JlacememZ

Fig. 6 - XSD schema of the SLD-3D Displacement

If Displacement is used in conjunction with Sizel/n Rotation
the graphic symbol can be scaled and/or rotatedrbef is dis-
placed.
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6.4 Material

Due to the more complicated lighting simulatior8iD, it is nec-
essary to replace the simple colour fill elementabivaterial ele-
ment describing the physical properties of a serfdy simple
means. The implementation follows the fixed functigipeline of
OpenGL.

<xsd:element name="Materal" type="se3d:MaterialType">

<xzd annotation>
<fusd element>
<xsd-.complexType name="MaterialTypa">

<xsd sequence>

<xsd element name="DiffuseColor’ minOccure="0"=

<xsd:complexType>
: <xsd sequence=

<xsd element ref="se:SvgParameter'/>
i <fxsd seguence>
<fusd complexTypes
<fxsdelement>
<ysd element name="SpecularColar” minOceurs="0">
<xsd:complexType>
! <xadsequences

i <wsielement ref="se: SvgParameter'fs
¢ <fusd sequence>
<fusd:complexTypes>
<fusd:element>
<xsd:element name="EmissiveCaolor" minOccurs="0"=
<x¥sd:complexTypes
i <xsd:sequences

i <wsielement ref="se: SvgParameterf=
i <fxsdsequence>
<fysdcomplexTypes=
<fuzd element>
<xsd:element name="Ambientintensity" type="x=d:double" minOccurs="0"/=
<xsd:element name="Shininess" type="xsd: double" minDcocurs="0"=
<xsd:element name="Transparency” type="xsd:double" minOccurs="0"/>
<fxsd sequence>
<fusd:complexType>

Fig. 7 - XSD schema of the SLD-3D material-descrign

The annex shows a simplified basic SLD-3D docuneemitaining
one NamedLayer and one UserStyle. Several of ttesée defined
inside the document. The examples of extensionsngso far give
only a first impression of the very large list oftensions to the
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original SLD schema (Neubauer& Zipf 2007). Furtivdormation
and the full schema will be made public in late 200urrently these
new 3D styles are implemented within our W3DS serve

7 Scene Integration and Server Architecture

The concept of the internal architecture of our V83bhplemen-
tation is shown in Fig 9. The service is intendegrtoduce ready to
use display elements. This means that all integratasks can be
done in advance because the display elements canobessed as
far as possible before hand. For this reason waratpthe function-
ality into a visualization server, delivering 3Dese graphs in a
Web3D format, and a modelling or authoring engprecessing all
the raw data into a completely integrated 3D datao$ the area.
This also prepares tiles that can be streamedetalibnt quickly.

Visualization Server

- Layer Management <:

- Styles Management
- LOD Handling

3D DB Export Module \
i ey - - VRML
Modelling Englne GityGML

- LOD Generation
- DGM Triangulati 30

- Extruder etc. T Object Library

Impon Module #

Shape F|Ies VRML

20eLIRIU] VAIRS d w GO

arks GIS Database

m

ArcMap 2D Data Land

Fig. 8 - The Web3D Service is implemented as a vidisation Server

At the moment we are using Java3D objects for ibermal data
management in the visualization server. The expodule encodes
the objects into VRML syntax which is returned be tclient as re-
sponse to the GetScene request. In a first verggowere storing all
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Java3D objects in the server’s java heap spagaraltice however,
we realized that this is insufficient for largettaaets so that we are
now switching to a database implementation whicld$all the
Java3D objects. In the pre-processing step weratedghe different
data sources like 2D GIS data, terrain data, pabrects and VRML
landmarks. Fig. 9 describes the integration proadsthe spatial
data, from its original raw state to its on scre&ualization. This
data is imported from various sources. In a nexp #tis converted
into 3D objects that compromise a 3D scene antbred in a data-
base for faster access. This 3D-geodatabase dathesource for the
visualization server, which delivers 3D scenes W2DS conform
web request and offers the possibility to expaxt warious formats.

o

Fig. 9 - Thematic 2D layers integrated into the terain model

We found the data integration of thematic 2D argarmation
(forest, streets, water, etc) particularly interestecause these are
not applied to the terrain as textures but arantatthe TIN triangu-
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lation. Fig. 10 shows how the original 2D layers ttiansformed into
3D geometries. For each layer we create one indéa@s set that
covers the terrain exactly. The original surfacelarmeath is cut
away. The downside is that larger geometries avdymed. The ad-
vantage however, is that aliasing effects do noupeand that we do
not need to transmit additional textures.

8 Standard-based 3D Route Planning within an 3D SDI

The OpenLS (OpenGIS Location Services) frameworisists of
five core services (OpenLS 2002). We have impleeteratiready
three of these services using Java (Neis et al,2088 et al 2007).
The Route Service (RS) allows the setting of variorteria such as
start- and destination, time, distance, travel-type way street in-
formation as well as the possibility to add areasstoeets which
should be avoidedAyoidAreas). Following this standard we imple-
mented a Route Service 3D (RS3D). The main difiezan that the
RS3D provides GML code that contains also Z valeesall route
geometries and instructions so that the resultbsamtegrated into
3D landscapes without further calculations. Simitkeas have been
proposed by Zlatanova and Verbree (2006).

The implementation is based on a complete 3D stredtork.
For the actual route calculations we use the standajkstra-
Algorithm. The original 2D network graph and the 8ftaph are
topologically equal. However, we need to transfdima network
segments in order to reflect the terrain surface.d this by map-
ping the 2D linestrings onto the DEM and adding diew vertices
wherever an Edge of the terrain triangulation @ssed, so that it is
exactly parallel to the surface. Depending on éneatn accuracy the
amount of data for the network geometry increasesalso the cor-
rectness of the graph. Network segments represgehbtidges, tun-
nels, or underpasses currently still need to besaef manually,
which is relevant for the visualization and routeingation. The
RS3D uses the existing OpenLS Location Utility $mvfor geo-
coding and the OpenLS Presentation Service for rgéng over-
view maps. This is a good example for service dhginvithin an
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SDI. Our tests showed that this approach is faktan to make cal-
culations of the geometries on the fly which takesonsiderable
amount of time.

RS3D QOpenl S Location Utility Locgtlon Utilt ‘ OpenLS Presentation Service
Service
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Fig. 10 - RS3D UML sequence diagram

9 Route Presentation within the W3DS Viewer

Route presentations in 3D can be done using etthreamically
updated texture maps containing a line string vesintain width,
colour, and pattern, or using 3D geometries likketuor others
along the route. We chose the latter alternativeestexturing is al-
ready used for the terrain styling. The 3D linénsfris extruded as a
pipe with a certain distance to the ground. Switghtio a new route
quickly is no problem since the Web3D Service deiivg the city
model and the route service are independent ansctmeegraph part
containing the route can be replaced. The waypair@slisplayed as
2D labels on top of the screen. By computing keynies for every
node and connecting them by a Spline interpolat¢BRot-
PosScaleSplinePathinterpolator) we have createmlit@ mnimation
that moves the viewpoint along the route in sons¢éadice. Unfortu-
nately the initial route linestring, which fits the terrain surface
perfectly, is not very useful for generating animas. Small fea-
tures or errors in the TIN, such as little bumpst re not visually
dominant, are preserved and lead to jerky movemarttse anima-
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tions. This occurs because the animation movegyaosegmented
line and the camera view changes at every smatheegy Also, the
network graph that is used for the route computationtains sharp
corners at intersections. While this is sufficiémt 2D maps there
are difficulties when applied to 3D maps. Therefone imple-

mented an additional simplification that filters alhfeatures in or-
der to receive a smooth animation. The resultsbeaseen from the
video captures owww.heidelberg-3d.de

Fig. 11 - 3D routing in the W3DS-Viewer

10 Future Issues in 3D SDIs

10.1 Orchestrating 3D Web Services

A major goal for developing complex applicationsdéé on OGC
Webservices (OWS) that represent a spatial datasimnticture is to
provide flexibility and reusability. Through the grggation of stan-
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dardized base services, complex functions and \wowkf of a cer-
tain granularity can be achieved. These new agtgddanctional-
ities can then also be used as web services ondWwei. In order to
to avoid the need to program the aggregation oére¢wndependent
OWS by hand a higher level solution has been pexhoBhis alter-
native is called “Web Service Orchestration” (WSBough stan-
dardized higher level languages, such as the BssiReocess Exe-
cution Language (BPEL). The promise of WSO is tovjafe an easy
and flexible way to link services in given patterrespecially
through configuration. This can be realized throsgltalled orches-
tration scripts. Their configuration can then beried out with
graphical tools instead of hard-coded programmifge BPEL
scripts will be executed in corresponding WSO easgjin

First experiences using WSO or BPEL in the cont#xOGC
service have been reported recently (Weiser antdZ0i@7). Discus-
sions within the OGC about service oriented archites with OWS
already started in 2004 (OGC 04-060r1). Althougtréhwere some
earlier considerations to adjust the architectoreatds compatibil-
ity to common web services (OGC 03-014) the OWS2pdOGC
OWS?2) offered the first helpful suggestions in tthiection. Similar
methods and ideas recently have been discussedidhjeKet al.
(2006) and Lemmens et al. (2006). Some results themOWS4 ini-
tiative can be found in the recent internal OGCcusion paper
“OWS4 Workflow IPR” (OGC 06-187). The proof-of-caeut
evaluation presented in Weiser and Zipf (2007) shtwat it is pos-
sible to create an added-value by combining andeagging OGC
Web Services. However it only makes sense to usbestration
where a continuous service chain without humannmetgion is
given. This is why it is necessary to find stabtandard chains
(small parts of a larger workflow that can act asdoiar building
blocks) as well as to do research on assemblingLBfeEpts in an
even more dynamic way, even for non-technical us&trghe mo-
ment developers still have to face a lot of smadhnical problems
when trying to realize WSO for OWS (Weiser et aD20 Espe-
cially user interface concepts are needed in aalease the highly
dynamic orchestration of OWS on the fly. Then itubalso allow
in principle to represent such service chains asented figure 1
through the use of WSO-technologies like BPEL. Aanabstacle
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at the moment is the missing SOAP interface forrdtevant OWS.
But this will change in the foreseeable future,S&3AP interfaces
now need to be added to every new version of an §g@&Cification.

10.2 Future 3D Navigation on Mobile Devices

When talking about 3D route planning it makes sd¢asese this in a
3D environment. We presented preliminary work om Mainz Mo-

bile 3D system, a PDA based navigation system,aatalso capa-
ble of sending W3DS requests to the W3DS serverdisplaying

the VRML scene returned (Fischer et al. 2006). Rédg@ new pro-
ject started together with several partner inclgditit Stuttgart and
companies like Navigon, Teleatlas, GTA GeoinforestiHeidel-

berg Mobil and others. The project is called “MebNavigation

with 3D city models” (MoNa3D http://www.mona3d.dg and ex-

tends mobile navigation systems into 3D (Coors &f2007). Im-

proved 3D navigation through semantic route desonp, using

landmarks will be investigated. 3D visualizatione anportant for
both pedestrian and vehicle navigation systemsciBDmodels al-

low the integration of landmarks into the routeatgstion. Regard-
ing 3D one has also to consider indoor navigaticaise here the
choice and visualization of the right landmarkgmgortant (Mohan
& Zipf 2005). Most navigation systems today onlyfeofdirection

and distance information. This is not sufficientarder to provide
the user with ideal orientation information. Stuedfeom cognitive

psychology have shown that directions using lanésm&iave been
rated higher. We aim at gaining more knowledge tdsaptimizing

3D navigation information to provide the user wighevant orienta-
tion details. This could lead to safer navigatibmotigh reduced
stress. In order to achieve sustainable outcorhespéeded 3D city
models for navigation support have to be availafldin a func-

tioning 3D geodata infrastructure (3D-GDI), suchhég://www.3d-

gdi.de.
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11 Conclusion and Outlook

In this paper we have discussed the first outconfies research
project which concentrates on the implementationhef next gen-
eration of spatial infrastructures based on opandsrds that are
currently in the discussion phase within the OG@& $Wowed how
to use these standards in order to develop a 3D Ademo appli-
cation using an OpenLS-based 3D route service éas imtroduced.

So far mostly data management and visualizationesdor 3D
spatial data have been discussed. The next steD@DI not yet
mentioned so far in this paper will be the standamdform geoproc-
essing of 3D data. Within the OGC a draft versiba aew specifi-
cation regarding processing of arbitrary spatidhda under devel-
opment. This so called Web Processing Service (WB&} also
Kiehle et al. 2006) still has some way to go, bet lave first ex-
periences with this draft have been gained thraogilementations
of specific processing algorithms (e.g. spatiah jand aggregation)
(Stollberg 2006, &Stollberg and Zipf 2007) withinet project OK-
GIS (open disaster management with free Gi8w.ok-gis.de).
From these we are confident, that a range of pogssing steps
needed within our scenarios in the 3D-SDI Heidagjbsan be real-
ized using this new standard.
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13 Annex Example Document of SLD-3D Extension

=?xml version="1.0" encoding="UTF-8"7=
<sld3d: StyledLayerDescriptor xmlns="http: e opengis. netdsid3d"
wmins: sld3d="http: Mwawnee. opengis. net/sld3d" xmins:sld="http: M opengis. net/sid"
xmins:se3d="http: Aawaw. opengis. netfse3d" xmins: se="http e opengis. netise”
wmins: xsd="http:fAaeanc w3 org 2001 HZMLSchema”
umins:xsi="httpAeevewowi3 org/2001 20 LS chema-instance”
wsiischernalocation="http: M. opengis. net/sld3d
L3D-5LDM3d-sldy0. 1 ONStyledLayerDescriptor xsd”
version="0.1.0"=
“geMame=30-SLD_1=/ze:Mame=
=se:Description=
: =se:Title=30 StyledLayerDescriptor 1</se:Title>
</ze:Description=
<MamedlLayer=
=se:Mame>Strassen</se:Mame=
zge:Description:
=se Title=Streets and Paths</se:Title=
<se Abstract=Polygon Layer</fse:Abstract>
=fze:Description=
=Userstyle=
<sedd:FeatureTypeStyles
<zedd:Rule=
=sedd:PolygonSymboalizer=
<zedd:Fill=
<sedd: Material=
=sedd:DiffuseCalar=
<se:SvgParameter name="fill">#050505</se: SvgFarameter>
=fgedd:DiffuseCalor=
<ge3dd:SpecularColor=
<se:SvgParameter name="fill">#0D0f</se: SvgParameter>
<fze3d: SpecularColor=
=se3d:EmissiveColar=
: <ge:SvgParameter name="fill">#00000</se: SvgFarameter>
=fse3dEmissiveCalor=
=sedd:Ambientintensity=0.3</se3d: Ambientlntensity =
<ze3dd:Shininess=0.0</se3d: Shininess=
=gedd:Transparency=0.0</se3d: Transparency >
<fze3dd:Material=
<fse3d Fill=
=fgedd:FolygonSymbaolizer=
</sedd:Rule>
<igedd FeatureTypeStyle>
=flserStyles
</MamedLayer=
<¢sld3d: StyledLayerDescriptor=




