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Preface

This report describes tisetup, experimentsgsultsand issues generated by the 3D
Portrayal Interoperability Experiment (3DPIE), carried out as an actwity of the 3D
Information Management Domain Working Group (3DIM). The 3DPIE is designed to
test and dmonstrate different approacties servicebased 3D portrayabased on the
drafts forthecandidatestandards for 3[portrayal Web 3D Service (W3DS) aleb
View Service (WVS).

Suggested addiions, changes, and comments on this draft report are welcome and
encouraged. Such suggestions may be sudiriily email message or by making
suggested changes in an edited copy of this document.

The changes made in this document version, relative to the previous version, are tracked
by Microsoft Word, and can be viewed if desired. If you choose to submit sedgest
changes by editing this document, please first accept all the current changes, and then
make your suggested changes with change tracking on.

Submitting organizations

This Interoperability Experiment Report was submitted to the OGC Interop erabilityaRrogr
by the following organizations:

1 HassoPlattnerInstitut at the University of Potsda(tdPI)

1 GlIScience at the University of HeidelbdfglScience)

1 Fraunhofer Institute for Computer Graphics Research (IGD)

1 Bitmanagement Software GmbH

1 CACI

1 Institute for Geodesy and Geoinformation Science at Technical University Berlin
(IGG)

1 Institut Geographique National (IGN)

1 Laboratoire des Sciences de I 6l nformatioc

1 Monterey Bay Aquarium Research Institute (MBARI)

1 Naval Postgraduatechool (NPS)

1 Virginia Tech (VT)
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OGC® 3D Portrayal Interoperability Experiment Final Report

1 Introduction
1.1 Scope

This document describes the results of an OGC Interoperability Experiment (IE) on the
portrayal of 3D geospatial information. It contains technical detaigrocessing 3D
information in an OGC service environment as well as best practices on how to portray
large data sets in urban planning scenarios, taking into account architectures and
capabilities of interactive 3D graphidsspecially Web 3D Service adeb View

Service, two draft standards (published as OGC discussions paper), have been in the
focus of 3DPIE.

1.2 Document contributor contact points

All questions regarding this document should be directed to thessalitihve
contributors:

Name Organization

Volker Coors Fraunhofer Institute for Computer Graphics Research (IG

Jens Dambruch Fraunhofer Institute for Computer Graphics Research (IG

Gilles Gesquire LSIS at AixMarseille University

Benjamin Hagedorn [HasscPlattnerinstitut (HPI) at the University of Potsdam

Javier Herreruela Institute for Geodesy and Geoinformation Science (IGG)
the Technical University of Berlin

Jan Klimke HasscPlattnerinstitut (HP1) at the University of Potsdam

Thomas Kolbe Institute for Geodesy and Geoinformation Science (IGG)
the Technical University of Berlin

Nicola F. Polys Virginia Tech (VT), Advanced Research Computing (AR

Peter Schickel Bitmanagem ent

Arne Schilling GlIScience at the University of Heidelberg

Peter Sforza Virginia Tech (VT), Center for Geospatial Information
Technology (CGIT)

Ankit Singh Virginia Tech (VT),Center for Geospatial Information
Technology (CGIT)

Simon Thum Fraunhofer Institute for Computer Graphics Research (IG

Matthias Uden GlIScience at the University of Heidelberg

Marie-Lise Vautier Institute Geographic Nationale (IGN), France
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1.3 Revision history

Date Release Editor Primary Description
clauses
modified
20111012 0.1.0 Arne Schilling All First version from template
20120531(0.3.0 Benjamin Many Drat for the Exeter TC and 3DIM motio
Hagedorn as Public Engineering Report. Input
from all Partners.
20120822(0.4.0 Carl Reed Final edits to align with OGC Public
Engineering Report
20120824 0.5.0 Benjamin Many Final pending edits and corrections
Hagedorn

1.4 Forward

Attention is drawn to the possibility that some of the elements of this document may be

the subject of patent righEhe Open Geospatial Consortisimall not be held
responsible for identifying any or all such patent rights.

Recipients of this document are requested to submit, with their comments, notification of
any relevant patent claims or other intellectual property rights of which they may be

aware that might be infringed by any implementation of the standard set forth in this
document, and to provide supporting documentation.

2 References

The following documents are referenced in this document. For dated references,

subsequent amendments to, migens of, any of these publications do not apply. For
undated references, the latest edition of the normative document referred to applies.

OGC 06121r3,0penGIS Web Services Common Standard

NOTE This OWS Common Specification contains a list of normetieferences that are also
applicable to this Implementation Specification.

[1] OpenStreetMap Wiki. The PBF format.
http:/Aviki.openstreetmap .org/wiki/PBF_Format, accessed on 09/12/11

[2] Goodchild, M. (2007)Citizens as sensors: the world of volunteered gebgrap
GeoJournal 69: 21221.

[3] HagedomB. (Ed) (2010).Web View Service Discussion Pap¥ersion 0.3.0,
OGC 09166r2.0pen Geospatial Consortium Inc., 2010.

[4] OpenStreetMatatistics http://wiki.openstreetmap.org/wiki/ Statis tj@ccessed
on 25/11/11.

[5] TIGER data import in the OSM Wiknttp://wiki.openstreetmap.org/wiki TIGER
accessed on 25/11/11.
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Zielstra, D. and A. Zipf (2010A Comparative Study of Proprietary Geodata and
Volunteered Geographic Information for GermafA@&EILE 2010. The 13th

AGILE Intemational Conference on Geographic Information ScigBainaraes,
Portugal.

Haklay, M. and C. Ellul (2011 ompleteness in volteered geographical
information- the evolution of OpenStreetMap coverage in England (2008).
In revision forthe Journal of Spatial Information Science.

Mooney, P., P. Corcoran and A.C. Winstanley (2010). Towards Quality Metrics
for OpenStreetMapl8h SIGSPATIAL International Conference on Advances in
Geographic Information SystenanJose, CA.

OpenStreetMap Taginfo. http://taginfo.openstreetmap.org, accessed on 30/11/11.

Schiling, A. and Kolbe T. H. (Eds) (2009).Draft for OpenGIS Web 3D Service
Implementation Standard, Version 0.4.0, OGEL0@r1.0pen Geospatial
Consortum

Statistisches Bundesamt. GENESIS Online Datenbank, accessed on 25/11/11.

Over, M., A. Schilling, et al. (2010). "Generating Wetised 3D City Models
from OpenStreetMap: Treeirrent situation in GermanyConputers,
Environments and Urban Systens 34(6):-898.

OpenStreetMa3D project homepaghttp://www.osm3d.org/home.en.htm
accessed on 25/11/11.

3 Terms and definitions

Forthe purposes ofthis report, the definitions specified in Clause 4 of the OWS Common

Implementation SpecificatiorOGC 06121r3]andin OpenGIS Abstract Specification
shallapply. In addition, the following terms and definitions apply.

3.1

portrayal
presentton of information to humans [ISO 19117]

4 Conwventions

4.1

API

AR

Abbreviated terms

Application Program Interface
Augmented Reality

CityGML City Geography Markup Language

CRS

Coordinate Reference System
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DTM Digital Terrain Model

HTTP Hypertext TransfeProtocol

IE Interoperability Experiment
KML Keyhole Markup Language
MR Mixed Reality

LOD Level of Detall

OpenLS OpenGISOpenLocation Service
URI Uniform Resource Identifier
URL Uniform Resource Locator

VR Virtual Reality

VRML Virtual RealityModeling Language
W3DS Web 3D Service

WES Web Feature Service

WMS Web Map Service

WMTS Web Map TileService

WVS Web View Service

XML Extensible Markup Language
X3D Extensible 3D

4.2 Example URLs

The sample URLs given in this document are only meant foontmation. No server
instances are available at these URLs.

5 3D Portrayal overview

The 3D Portrayal IEaddresses the testing and demonstratiatifierent mechanisms for

the portrayal, delivery, and exploitation of 3D geo data based on open staraaids
formats and services. The IE intended to identify, test, and further develop technologies
and workflows that may be the foundation of spatial data infrastructures with a
requirement for rapid visualization eéry large and complex 3D geo data. Main af

the IE was on the proposed Web 3D Senjig8DS)[10] and Web View Service (WVS)

[3] interfaces, which represent two different approaches to sdaasmzl 3D portrayal:

1 The Web 3D ServicdV3DS)follows a 3D graphichased approach: 3D data is
hosted and managed at a W3DS server; a W3DS client is requesting 3D graphics
data (including geometry and texture data, e.g., in X3K\bk/ COLLADA

format) and renders this data at the client side.
1 The WebView Service (WVSJollows an imagebased approach: A WVS client
requesfinally rendered images of a 3D viewon a 3D scene froma WVS server.
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The IE included digital landscape models, city models, and nterior models, e.g., in the
CityGML data format, asvell as different client configurations. The IE intended to

clarify the specifics of 3D portrayal services and provide best practices and guidelines for
their implementation, integration, and usage. Additionally, the activities and findings of
the IE pancipants were intended to directly support and influence current standardization
efforts in sewvicdased 3D portrayal.

Figurelshows the general data flow of a Seevoriented architecture focusing on 3D

geo data. The components of this mtiétr architecture can be categorized into metadata
management, data access, data processing,-ibasgel portrayal, graphitssed 3D
portrayal, and clients. Not all of the cpaments depicted here have been implemented or
used in 3DPIE. A detailed description of which services were used how they were linked
together follows in the remaining sections.
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Figure 1: Approaches and context of servicdbased D portrayal.

6 Datamodels, formats, services, anstandards

The following subsections list and describe some of the data encodings and service
components that are most relevant for this experiment.

6.1 Servicecomponents
6.1.1 Web3D Service(W3DS)

A Web 3D Service (W3DS) is a portrayal service for thimeensional geodata such as
landscape models, city models, textured building models, vegetation objects, and street
furniture. Geodata s delivered as scenes that are comprised ofdisplay elements,
optimized for efficient real time rendering at high frame rates. 3D Scenes can be
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interactively displayed and explored by intemet browsers witpl3®ins, or loaded
into virtual globe applications.

6.1.2 Web View Service(WVS)

The Web View Service (WVS) is aprayal service for thregimensional geodata such

as landscape models, city models, vegetation models, or transportation infrastructure
models. A WVS server mainly provides 2D image representing a 3D view on a scene
constructed from 3D geodata that isegrated and visualized by the WVS server. In
addition tothesecolorimagesof a 3D scene, a WVS server can advetrtise and deliver
complementary image layers that include geometrical or thematic information: e.g., depth
layers, surface normal data, or ajel information.

6.1.3 Tile Caches

Map tiling represents a technology that can help to reduce work load and round trip time
for servicebased map provision. Se.g., thaVMS Tiling Client Recommendatién

(WMS-C for shortsuggestxonstraininggn OGCWMS to grictly define fixed tiles for

its map delivery with fixed extent and resolutions. It then becomes possible to render and
cache those "standardized" tiles a priori ottlafly. Suchcachedmap imagery leads to
reduced loading times at the client side.

TileCacheis an implementation of a WMGE compliant server, which has been
developed by MetaCartalLabs and is available underliB&bse It provides a dedicated
caching and rendering backend and allows users to set up an own lotedstidicache

of anyWMS server and use it in any WMSsupporting clientlts usage speeds up client
WMS applications by factors of 11D0.

6.1.4 Coordinate Transformation Service

The Coordinatdransformation Service (CT8sed for 3DPIE is a specific serveet up
and hosted byhe University of Heidelberg. It is based on the proj.4 Cartographic
Projections Libraryand can be used to transform coordinates from and to various
Coordinate Reference Systems (CRS) in a seoriested way.

6.1.5 Google Elevation Service

The GoogleElevation Services aspecificWeb Service which s part of the Google

Maps API and provides height information for arbitrary locations all over the planet, both
specified in the WGS84 reference system. For a given coordinate pair, it returns the
ellipsadal height value above (or below) the reference ellipsoid. Supported output
formats are JSON and XML. While this service can generally be used for free, the

L httpy/Awiki.osgeo.org/wikiWMS_Tiling_Client_Recommendation
2httpi/tilecache.org/
3http/ftrac.osgeo.org/proj/

4 http://code.google.comintl/en/apis/maps/documentation/elevation/
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number of requests airrentlylimited to a maximum of 25,000 requests per day. Up to
512 locatims can be passed to the service within one single request. Apart from
individual point locations, also coordinates of a path can be used and processed.

For instance, the followingRL requests m XML document which contains the
ellipsoidal height of a squein Central Heidelbergvhich is approx. 122 (meter above
WGS84 ellipsoid)

http://maps.googleapis .com/maps/api/elevation/xmli?locations =49.4088H.83&s en
sor=fakse

In 3DPIE, the height information retrieved from the Google Elevation Service was used
to align building positions to the Google Earth terrain model.

6.2 Data encodings and bindings

A variety ofdataformats have been standardized for describing, exchanging, and

visualizing 3D (geographic) data. In the following subsections, the 3D data models and
formats that have been in focus of 3DPIE are described more detailed.

6.2.1 CityGML

The City Geography Markup danguage (Cite6ML) is an open data model and XML

based format for the representation and exchange of virtual 3D city models. It is based on
the Geography Markup Language version 3.1.1 (GMCRY.GML represents four

different aspcts of virtual 3D city mode: semantics, geometry, topology, and
appearanceCityGML not only represents the shape and graphical appearance of city
models but specifically addresses the object semantics and the representation of the
thematic properties, taxonomies and aggregat@igGML objects can be represented

in up to five different, weldefined levelof-detail, LODO to LOD4 with increasing

accuracy and structural complexity.

Most of the geographic data used in 3DPIE has been provided in the CityGML format,
including datdrom Paris, Berlin, and Mainz.

6.2.2 KML/C OLLADA

TheKeyhole Markup Language (KML), developed by Googlen XML-based 3D
graphics formatised to visualize geographic data in 3D virtual géarel 2D web

browser or mobile mapping applicatiol@ogle Earth inoludes KML viewing and
editing capabilitiesKML 2.2 became an OGC Standard in 2008.

COLLADA s an XML-based exchange format for 2D and @@2phics datamaintained
by the Khronos Group. The format supports object textiamaanimation but has only a
limited support for semantics informati¢ML files can reference COLLADAencoded
3D obijects in their own coordinate systeifios exampleGoogle Earth uses COLLADA
for the description of 3D objects
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6.2.3 X3D

X3D is the successor of VRML and s standardize 6&/IEC 1977Farchitecture and

abstract capabilities), 19776 (encodingsil 19777 (API)It features four increasingly
complexbaseline profiles and several additional profiles, which define the features that a
compliant X3D system must support. Mostandt | vy, t he supgeresd | 6 profil e
fi Gospatild c o mponent ,ewghforbigh-ppcsiongéadferencing,

appropriate geometric primitives and dynamic levedetal.Be si des thi s, the
profile encompasses all of the 33 standard compsnEotvever, as only small subset

of X3Disneeded or t he purpose of geaanpdnentisportrayal
alsoavailable in some implementations which do not otherwise confottmefo F u | | 0

profile.

Furthermore, X3D defines a document objactlel called SAl (scene access interface),

events and scripting, sound, numerous sensors, programmable shaders, and more. It is
therefore suitable to build interactive virtual environments.

6.2.4 X3DOM

X3DOM is an adaption of the X3D standard ¥QHTML, ensuring declarative 3D can
be used inside standardsmpliant browser. It aims to support a large browser base and
decent X3D feature coverage, while working towards a common declarative 3D standard

in the Declarative 3D community W& the W3CThe reference iplementation is
maintained by Fraunhofer IGD and available urileropersourcédicenseMIT .

6.2.5 HTML5/WebGL

HTML 5, the next revision of the Hypertext Markup Language (HTML), will allow
webbrowser to become a development platform. A primary goal for HTML 5 is to ensure
interoperability among browsers so thab applications and documents behave the

same way no matter which HTMLd@mpliant browser is used to access them. HTML 5

offers numewus improvements over HTMLguch as WebSockets, embedded parsing
and accelerated 3D visualization.

HTML5 is used in 3DPIE, e.g., to provide a Ul for accessing the W3DB@at@ying
over X3DOM. Technically, the XMibased XHTML would also be a possibteeding.

WebGL is a standard for programming in 3D with the browser as platform. The final
specification of the standard was published in 2010 and is defined by the Khronos Group,
a consortium which s alo in charge of Open GL, Open CL and OpenGL ESddeab
systems). WebGL provide a context into HTML5 canvas that is 3D Computer Graphics
capable without plugn.

6.2.6 OpenStreetMapdata format

OpenStreetMap uses the XML format to define and convey models. There are only a few

simple data primitives in OSM, n&lynodeswaysandrelations each can have an
arbitrary number of properties (tags) as-kejyue pairs.
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A nodeis the most basic element ofthe OSM schema. Apart from the id, nodes also use
geographic latitude and longitude to uniquely define thetiapaosition. An altitude

value is also welcome for extending the map to the third dimension, but not compulsory
yet. Nodes can be either a standalone point representing something like points of interest
(PQI) or a connected one acting as part of a weandalone nodes must have at least one
tag while those forming part of a way need not.

A wayis an ordered interconnection of 2 to 2,000 nodes that describe a linear feature
such as a street, footpath, river, area etc. Attributes such as ids, nodes amel tag
normally used to define a way. There is a distinctive kind of way in which the first and
last nodes are identicalosed wayr area. Areas do not exist as another data primitive;
they are simply closed ways that are tagged to represent an aea(fpie: area=yes,
landuse=*, building=yes), thus not all closed ways are areas.

A relationis a group of zero or more primitives that are geographically related or with
associated roles. The attributes of id, tags and members (a list of primitives with
associated role attributes) are normally required to describe a relation. Relations can be
used to specify the relationships between objects, for instance, several segment ways may
belong to an identical building. With the use of relations, informatiorbeapplied to

the whole relation rather than repeated on each node/way, for instance, multiple ways that

are grouped to a relation tagged with highway. If the limit speed changes, the tag needs to
be changed only in one place instead of every way.

Besideghe original XML encoding, there exists the PBF For(hatotocolbuffer Binary
Format"), which was designed to support future extensibility and flexibility and is
intended to replace t&VIL format. Data sizds about 50% smaller, write access is 5x
fasterand read accas®x faster compared to XM[1]. A lot of software used in the

OSM project already supports PBF in addition to the original XML format, plus there are
several tools to conve@SM datarom PBF toXML formatand vice versa.

7 Experiment designandarchitecture

7.1 Data sets

Several partnesontributel real world data sets for 3DPIE, which could be integrated
into different 3D portrayal servers and/or could be accessed from different 3D clients.

7.1.1 Paris city model

IGN provided aextured 3D dataset of Paris from BA3D®. BATI-3Dis a3D city

models database from IGWhich can be used for visualization purposes. The database
contains 3D buildings with real roof shaplsildings are textured with the best images
of the true orthophotos. The city model is associated with a high resolution THVEVBD
data isavailable in several formats: 3DS, CityGML, KMahdDirectX. BATI3D is
currently developed on a peontract basis, and licensed accordingly. Data has been
produced e.g.for the following cities: Paris, Montbéliard, Annemasse, Marseille
(partial), Lyon (partial), Nantes (partial), Dijon (partial).
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The Paris data set provided for 3DPIE contained a terrain model and buildings models in
the CityGML 1.0 format, including semarg@and appearance datailding modelsare
modeled in LOD2textures are provided as texture atlagé® data set covered a total

area of about 100 km2, provided in 446 tiles (500*500 m2 each), and had a total size of
about62 GB zipped dataAccess to this dataset required signature of aDienlosure
Agreement.

Integrationof the Paris data set into the 3D portrayal senexsaled several issues that

IGN was able to correcThose were amcorrect structuring o€ityGML 6 i nt er i or 6
elementsa bck of CRSnformation, and amcorrect MIME type value.

The following issueswere identified but could not be solved within the timeline of the
project:

1 Invalid polygon elements (less than 3 point¥)s s a defect of the production
chain thawill be corrected in the future.

1 Missing ground surfaces, which make thiedoict improper for analysis

purposesThe product s currently for visualization purposes only, other uses will
be investigated in the future.

1 Chopping buildings at tile bordessing the same id for each pdittis design
decision taken by IGN turnedibto be an issue in the generation of the
COLLADA models of these buildings 1in
no longer was a unique building identifier across t#esther option would be
to encode complete buildings in one tile only (e.ghaishe centroid of the
building to determinevhich tile it belongs to).

Addtionally, texture atlases used as texturing mechanismin the Paris dataset were not
supported byll the took used for 3DPIE: For examyilee 3DCityDB at their current
stage of dvelopmentid not support texture atlasasdividualtexture images had to be

generated using an external toithe City Server3Dactuallywas capable tdransparently
handle and load the texture atlases.

7.1.2 Beilin city model

Before the start of thitE, IGG had already administeradtomplete3D city model of

Berlin which was commissioned by The Berlin Senate and Berlin Partner GmbH and was
developed within a pilot project funded by the European Union in the period from
November 2003 to December 2005. Tata ismanagedn a 3D City Database

(3DCityDB) and isaccessiblenly to IGG staffHowever, his running3DCityDB

instancewas usedor 3DPIEas the basis for the CityGML to KML/COLLADA portrayal

process and s also dynamically queried b G\W3DS wren requested to serve any
area of the city of Berlin.

Also, two small subsetsf this Berlin city model, which are also publicly availabilaye

been usedbr 3DPIE.Theyinclude building models in LOD2 withppearance data
(textures). The data hassobeen hosted in aDCityDB at 1GG.
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7.1.3 Mainz city model

The Mainz city model was created on behalf of the city of M@atated inSouthwest
Germary). It is basean airbome firstand last echo lasecan which wascorrected
using fixed reference points dime ground. Cadastral data was uselttlp determine
building and rooftop geometrie$he elevation model was stored in RElomatics
RAW format.From this dataraLOD1 model was generated automatically and finally
converted to files in standard formats, amongst them CityGWk.Mainz data set is

available in the Gauskruger Zone 3 CRS (EPS&467). It encompasses approximately
138000 Buildings and covers aroug85 km2 (including several suburbs).

Ao, more detailed planningatawasavailablefor the Mainzcity model This includes
buildingdata of the Munstemlatz in Mainz witjuitedetailed textures arals opartial
sewage ductigether with manholes. Thedatasets wer@rovidedasseparate layers
througha CityServer3Dinstance The W3DS, as an integral component of CityServer3D,
reflects this choicby offering several layers.

7.1.4 Blacksburg city model

The Blacksburg city model is a producttbé 3D Blackburg Collaborativé an open
community effort launched by the Center for Geospatial Information Technology (CGIT)
and the Visual Computing Group at Virginia TedT). The project targets the
development of a spatial data infrastructure for the camputharidwn that enables
interactive 3D visualization in a variety of reabrld applications and display venues.

With both private and public modethe 3D Blacksburg project addresslesnains such

as community resilience and emergency management, townrpgasocial networking,
crowd sourcingand economic development. Publishing to X3D is a key pietteeof
projectstrategy in terms of IP and data control as well as providing the same assets that
can be shared in open source mudier systens like Dee@itix and also experienced

on a mobile device afully immersive VR room.

3D Blacksburg is published from an ESRI ARS backend to a set of file directories

for KML/ COLLADA and X3D clients. For X3D, this includes the latest public terrain
and imagery data sets from the town and the state. There are a littleb00drGD1
buildings in the database, 69 at LOD2 and 23 at LOD3; most features are referenced in
VA State PlaneaordinatesAdditionally, layers for the regional watershed and stream
centetlines have beepublishedto the X3D platform. The 3DBlacksburg.org public
distribution is Creative Commons with Attribution and demonstrates how geospatially
referenced 3D carebvaluable to diverse stakeheisl. Rather than as a versioned

archive, W3DS anWV/VS promise to deliver these resources ma@edynamicand
serviceoriented way.

7.1.5 OpenStreetMap data

The data from the OpenStreetM&PSM) project sfundamentaliydifferentfrom the
otherdata setslescribed abovd-irstly, it is nd alocal 3D city model but contains world

S http:/iwww.openstreetmap.org
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wide 2D geometries along with a number of attributes (tags), which only partly imply 3D
information (such as building:heighf.description on how thidata can be transformed
into 3D geometries and hence be used for 3D portrayal is giv@atiion8.6. Secondly,

the data has not been acquired by some reliaigleguality public administration
authoritybut rather has beeareated by voluntary mappers all over the world. This
crowmdsourced approach is also referred to as "Volunteered Geographic Infognation
(V@) [2]. Promising and popular as VGI it raisesquestions about the completeness

and quality of OSM data. Recent work on these issuesiewed briefly in the

following.

As of November 2011, about 250 GB OSM data has been collected by more than 500,000
users all over the world, who have created approximately 1.2 bilion nodes and over 110
million ways [4]. The main data source for the volunteers are individually measured .gpx
tracks or the digitization of aerial imagery which has been released to the public domain
for that purpose e.g. from Bing or Yahoo. However, huge parts detiaghave not been
captured by the users directly, but result from public domain data imports. For instance,
the TIGER data of the US Census Bureau has been entirely imported into OSM and
makes up a big part of the available map data in thi5lU$he completeness of OSM is
generally very heterogeneous. It depends on several factoms.dkéhe population

density, the widespread access to broadband intamithe popularity of the OSM

project. It can be observed that most mappers are active in Central Eurdieaedlde

most complete maps can be found thAieo, there is a huge discrepancy between urban
and rural areagmor example, the OSM data collected Germany and the UK is richer

than authoritatve data in urban areas, however, it is less complete in rural areas (see
Zielstra and Zip{6] andHaklay and Elll[7]). At the bottom line and without going into

too much detalil, it can be said that the most complete and highest quality OSM data is
currently availabldor metropolitan areasf big citiesin Central Europe.

In recent months, the mapping of building ground plans n OSM has become more and
more popular. As of November 2011, there s a total number of about 46 million

buildings (and counting) mapped wothdde, of which 5 million are located in Germany

[9]. This s nearly 30% of the entire German building s{dék Together witlthe

detailed street and path network and other mapped features apparent in OSM, it becomes
possible to usthis data for creating 3D city or landscape modelsr@Bted tags that

can be usetbr this purpose include the building height (currently over@®0tags), the
number of levels (cat40,00Qtags) or the roof type (c&0,000tags. This 2D to 3D
transformation is being done within the OSD project (cf[12], [13], Section7.2.4and
Section8.6).

7.2 Software

Based on various software systems, servers and clipigmentationsseveral

approaches for setting up a 3D portrayal pipelines have been tested and demonstrated.
These different software systemsd how they were used for the 3DRKe described in

the following.
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7.2.1 CityServer3D

The CityServer3Bis a clientserversystenfor the storage, visuahition, and processing
of spatial data. Gemformation from different sources is integrated into an object
relational database amptionally placed o the welio be accessed frodifferent clients.
Spatial data is made availaltteough various standafzhsednterfaces. Interoperability
of CityServer3D with existing spatial data standards and infrastructures supports an
effective management of 3D city moddis addition to 2D and 3D geometries in

different levelk of detail (LoDTityServer3D cabe used tstore and process technical
and metadata.

The CityServer3D includes different took to support the sustainable management of
threedimensional city models. An integrated rlased system allows application

specific access anomrsistent data management. Configurable development rules serve to
automatically keep distributed data sources consistent in terms of content. Different
methods integrated into the system support the integration and harmonization of

heterogeneous spatiata. In this way a high quality of the data stock can be reached and
ensured in the long run.

The rulebased system also allows the cont®isitive selection and visualization of 3D
modelks. In this model, the data s made available to different usbis form they need

to perform their daily work. The handling of a city model by different authors is governed
by access rights. The built versioning allows to trace all processing steps.

The CityServer3D also includes different methods for abatedanalysis and
enhancement of the data quality of spatial data. 3D city models can e.g. be checked for
completeness and consistency of content. Faults in geometries are reliably spotted and
often eliminated.

For the storage of spatial data the CityServer3&an objeatelationalorschemabDue
tothe multilayer architecture the CityServer3D is independent @idtumdatabase
management system. The modular structure alflomisigh extensiility and
maintainability As the integration of new, applicatiasriented software modules is very

easy the connection to existing system landscapes and business processes s possible
without artificial difficulties.

CityServer3D is implemented in Java using the OSGi component model. It can use
MySQL, Oracle, PostGIS&tgreSQL and other Databases as a storagecnakhile

offering standard services such as WMS, W3DS and proprietary services to manage the
city model itself City Server3D runs on Windows and Linux.

Aspart of the experiment, two CityServer3D instangese provided on a-Brocessor

Intel XEON-based machine. The two instances served geodata from two local MySQL
databases loaded witlhe Paris and Mainz datasets.

6 http:/iwvww cityserver3d.d e/en/theroduct/technologies/

Copyright © 2012 Open Geospatial Consortium 1S


http://www.cityserver3d.de/en/the-product/technologies/

OGC 12075

7.2.2 3DCityDB

The 3D City Databa3¢3DCityDB), developed by IGAs a free 3D geo database to
store, represent, and managenantically rich alpurpose3D city modes based on
CityGML and on top ofa standard spatial relational datalitaskatabase model contains
semantically rich, hierarchically structured, msitaleurban objects facilitating complex
GIS modeling and analysis tasks, far beyond visualization.

CityGML is the format of choice at IGG for city model storage, not for visualization
this IEthough. For visualization purmposes KML/COLLADA (portraying thisy GML
contents) was chosen inste&tbred dtacan be exported in different 3D visualization
formats and stylefom 3DCity DB throughthe 3DCityDB Import/Export tool, alava
based frontendthatallows for highperformance importing and exporting spadiata.
Supporteddataformats are CityGML, KML, and COLLADA.

In this IE,two 3DCityDB instancegontaining the city models of Paris and Berlin were
provided and serveas dataepositoies andsourcefor the preprocessing step of
convertingCityGML data to KML/COLLADA throughthe 3DCityDB Import/Export).
They also providgthe running W3DServing theParis and Berlirdatawith necessary

input for discerning which objects are comprised in the requested bounding boxand must
be delivered to the clie.

A completeBerlin city model was already available i8BRCityDB at IGG (not
accessible to other participantahich wasimmediately ready for use. A test dataset

containing a small part ofthe Berlin city model was made available to all partidpants
CityGML format.

The Paris dataet providedy IGNin CityGML format wasimporteddirectly into a
3DCityDB (by means of th&8DCityDB Import/Export toohhosted at IGG

7.2.3 1GG Web 3D Service

For3DPIE,IGG develbped Web 3D Servicbased on thd Dr a Candidate r
OpenGl SE Web 3D Service | rabdean waW3ibS St andar d,
serverdfor central areas of the cities of Berlin and Paristslfirst version the IGG

W3DSdelives exclusivelybuildings objects;otherobjecttypeslike street fumiture,
vegetation, terrain modeuill be included in daterversion

While mostly compliant, the IG®/3DSdiffers in two main characteristics fomthe
specificationFirstly, the supported output format is KML/KMZ instead of X3D
Second}, the IGG W3DS allows a consumerdoply more than one style to a layer.
Currently, he IGGW3DSimplementshe W3DSGetCapabilities and GetScene

operations; alsodih HTTP GET and POST methods with KVP and XML encoding are
supported.

7 http/Avww.3ddtydb.net/
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The IGGWBDS is inplementedn Java making use of Servlets and runs on Tomcat
7.0.16 on top of a Linux servélihe implementation is open source but has not been
made widely available to the public due to the lack of documentation.

TheW3DS serversunning at IGG for both &lin and Paris data share the same code
baseThey only differ in their URLSs, the cached data they serve, arsDGayDB they
are connected to.

7.2.4 OSM-3D Web 3D Service

The OSM3D3¥ W3DShas been developed by the University of Heidelberg and has been
used i several research projects dealing with Spatial Data Infrastructures and 3D
graphics. The main focus was to provide a component for delivering virtual city models
within a distributed geospatial information system, which comprises services for web
maps, gocoding, routing, sensor data, catalog fqg@eessing, and others.

Advanced features include handling of multiple LODs for buildings, custom SLD styling,
and automatic tiling of large models. The W3DS implementstheface version.30,
0.4.0, and 0.4.1 interface versions.

In additionto the default X3Oormat, it also supports VRML and COLLADA. Importers
exst for Shapefiles, CityGML, VRML, and OpenStreetMap data. Processed 3D data is
stored. The implementation is based on open squmducts Apache Tomcat, Java

Topology Suite, Xj3D, Aristoteles, GeoTools, PostGreSQL, and PostGIS for spatial
indexing

7.2.5 HPI 3D Serner andWeb View Service

The HPI Web View Service is developed as reference implementation for the Web View
Service interfae specification. Accordingly, it follows an imafased approach to

deliver 3D content to variougpes otlients. The HPIWeb View Service s part of the

HPI 3D Server, which is an ongoing project to create a flegibleicebased3D

portrayal infrastucture and focuses on the storage, management, and delivery of large
scale, textured 3D geovirtual environments, especially, on digital 3D city mbuiie.

scope othe 3DPIEthe CityGML datasets of Paris (provided by IGN) and the publicly
available Bélin dataset were integrated as a basis for image geneaatiodelivery

7.2.6 XNavigator

The Javabased XNavigator software isfeaturerich W3DSclient, which can be used to
view andinteractively explore 3D city and landscape modslisg data from distributed

data sourceshe 3D contenn X3D formatis fetched automatically fromstandards
basedV3DSserver This includes automatic tiling and vielependent generalization of

the Digital Elevation Model (DEM) as well as the obgeon it (e.g. buildings ortrees).

The different layers that are available in the W3DS such as buildings, labels or POls can
be added to or removed fromthe created 3D scene on thbddglient offers a wide

8 http:/www.osm3d.org/home.en.htm
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range of rendering propetties, so that treklof the scene can be changed by the user.
Also, it supportstyling via 3DSLD [22].

Apart fromthe W3DS rendering, several other Ge@npliant services are supported.

For exampleexternal data from a Web Feature Service (WFS) can be included as well as
sophisticated analysis functions defined in a Web Processing Service (WRH3]).

Ao, many parts of the@@2nGISOpen Location Services (OpenlLS) standard are
supported, such as geocoding and a POl search basedrettiery Service

Moreo\er, routes from A to B can be calculated with the Route Service and displayed in
3D. The 3D Emergency Route Service uae®mbination of a WPS describing an
emergency scenario and the Route Seraieeiding critical areaf24]. Both integrated in
one scene leads to a usefisualization With this standardbased clienserver

architecture, many different data sources candiged and a high level of

interopeability is guaranteedlhe XNavigator is open source and can be either
downloaded or launched via Java Web Stérhas been developed by the GlScience
groupat the University of Hedelberg.

7.2.7 InstantReality Player

The instantrealityframework is a higipeformance MixedReality (MR) system, which
combines various components to provide a single and consistent interface for AR/VR

developers. Those components have been developed at the Fraunhofer IGD anegl ZGDV
in close cooperation with industrial partners.

Thekey component in 3DPIE is the instant reality player, which implements an X3D
systemwith a large coverage of the X3D standard components. Development also aims at
improving and extending the X3D standard.

However in 3DPIE, only a fraction of the capaleb are used, since sen4telivered
scenes are of a static nature and many X3D components target dynamic scenes.

7.2.8 BSContact Geo

The BS Contact Geo 3D engine from Bitmanagement Software GmbH enables the
visualization of geographic information in tripity hardware and software products.
BS Contact Geo is based on BS Contact archfsbilities The software is expanded
and isfocusingon the special requirements of the GIS community using 1SO standard

compliant formats like CityGMland Geenodes from X3D anRML standards of the
Web3D consortum.

7.2.9 HPI 3DWVS Clients

As proof of conceptthe HPI has developed several clients that exploit the3BWeb
View Service These clients are based on different technologies, support diffdéesmnt
platforms and configurations, and provide different functionalities, e.g.ptoeyle

9 http/Mmww.osm3d.org/Start.en.htm

10zentrum fur Graphische Datenverarbeitung, Darmstadt, Germany
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different degrees of interactivitAll these clients consume the Web View Service
interface provided by the HPI 3D Sen€lients includee.g.the HPI 3D Wb Display
Client and the HPI Mobile Client.

7.2.10 Google Earth

3DPIE also tested how to integrate senldesed 3D portrayal capabilities with Google
Earth, whichis Go o g Vireeiad globe applicatiorthat is widely used for a variety of
applications and useases|n its base version, Google Earth is a free software that allows
for the interactive exploration of geospatial data including, e g., a 3D terrain model,
satellite and aerial images, 3D city modebyegetation modelAlso, it provides
additionalgeodataf various categories; this includesg. photographsvideos borders

and labels, envionmental phenomena, Bids underlyingbase data ismanaged and

hosted by Googléself; however, Google Earth can be extended byssecific

spatially reérenced data, e.g., 2D and 3D models (KK@OLLADA), traces, or images.
Google Eartralsoprovidesfunctionalities for accessing and integrating map data from

WMS servers. In 3DPIE, we tested this feature for accessing a W3DS. Additionally, we
made use oletworkLinks, a KML feature, to access remBi2 portrayal services.

7.3 Experimentsetup
7.3.1 Experiment phases

The experiments are grouped into three work items, which represent three different
phases ofthe IE and which are aligned along the 3D portrayal pipeline: data integration,
service integration, and service delivery.

7.3.1.1 Data integration

Data integration phasecludesexperiments that test and demonstrate the integration of
3D geodata in standard 3D formats into 3D databases, servers, and services.

7.3.1.2 Service integration

Service integratiophase tests the interoperability of multiple W3DS and WVS servers,
as wdl as the exploitation of these services from various clients.

7.3.1.3 Service delivery

Service deliveryphase mainly tests the applicability of W3DS and WVS approaches for
webbased and mobile 3D portrayal of geospatial 3D environments. For this, various web
clients and mobile clients are accessing the W3DS and WVS servers established in the
phases before.

7.3.2 Experiments overview

The overalBDFE included several experimentsthin the three experiment phases
(Figure2). These experiments are characteripettie following sections.
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WI-1: Data Integration WI-2: Service Integration

WI-3: Service Delivery

Figure 2: Data flows of all experiments in the 3D Portrayal hterop erability Experiment.

7.3.2.1 Import raw data into W3DS and WVS servers(Experiment 1)

CityGML is a potential input format for 3D streaming and visualization services.

However, also other formats from BIM and GIS fields may be addreBssdnput data

needs to be converted and optimized to be seas&D graphics data through a W3DS or

to be rendered efficiently through a WVS; e.g., performance can be increased by batching
geometry meshes or conbining textures. This experiment will include these conversion
and optimization processes. COLLADA, X3mda3DS will be considered as storage

and exchange formats. Results will be stored in a database or as files, depending on
service implementation.

1A) Integration of 3D geodata into a W3DS server
1B) Integration of 3D geodata nto a WVS server
7.3.2.2 Linking WVS and W3DS(Experiment 2)

This experimenaddressethe interoperability betweaW3DS and WVSn the interface

and application levdly integrating VWS images imW3DS client Perspective images

will be displayed on a virtual canvasttine 3D scene 0&W3DS clientA benefitof this

is that more complex rendering techniques can be applied or other information layers can
be made visible, that are too heavydbentsiderealtime 3D rendering (e g.

streamlinesdr that cannot be transferred to a clidae to legal issues.

7.3.2.3 Integration of multiple W3DS in a 3D client (Experiment 3

In this experiment aa is integratedeamlessipn the object/model level. This
experiment will test basic W3DS interface capabilities that are necessary to merge
multiple dah sets, e.gformat and CRS conversions.
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7.3.24 W3DSMWVS for browser-based portrayal (Experiment 4)

This experiment will test the ease of including 3D geospatial content in web pages as
multimedia component, e.g., based on Java applets, dynamic images, or Vitshéss .

Also technologies for direct HTML integration may be tested. This could be the basis for
further mashup experiments. Many client components are already available and provided

by participants, but they need to be tested against other server @npaeions\W3DS
and WVS are addressed:

4A) Browserbased 3D portrayal through W3DS
4B) Browserbased 3D portrayal through WVS
7.3.25 W3DSMWVS for mobhile portrayal (Experiment 5)

This experiment will test the applicability of the 3D portrayal approach for the

visualization ofand interaction with larg8D worlds on thin clients such as smart phones
and tablets

5A) Mobile 3D graphics from W3DS
5B) Mobile perspective images from WVS
7.4 Use Cases

Interoperable 3D portrayal capabilities represent a valuable buiétiog for various
applications and systens for many application areas. One major use case we had in mind
when designing the 3DPIE experiments is urban planiiviggie 3). Interoperable 3D

portrayal capabilities can support the various stakeholders, e g., city planners, architects,
construction engineers, but also the public to participate n urban planning processes. For
this, 3D portrayal can provide means to analygeialize, communicate, assess, and

decide about actual and planned situations. For example, a land surveying office or an
external 3D content provider could set up a 3D portrayal server that integrates and
provides access to geospatial data that is astdor planning purposes, including terrain
models, thematic maps, building models and even subsurface data such as utility network
models. City planners could easily access and use this data for planning purposes. Also,
architects could be provided wib context buildings through a 3D portrayal service as

a basis for their design work. Further, W3DS/\Whé&s ed (web and mobile) clients and
viewers could be used to communicate several designs to the public and, e.g., to request
for comments or to set up |soon those.
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Figure 3: Examples of using 3D portrayalcapabilities within the urban planning process.

8 Experiment activities
8.1 Importing Paris data into IGG Web 3D Service
8.1.1 General approach

As KML is thedataformat of choice alGG for visualization dl 3D data provided by the
IGGW3DSis serval n KML format. Depending on the style requestedanfient, the
W3DSserneseithempure KML (footprint, extruded, geometry styles) or KML with
embedded COLLADA modekCOLLADA style). TheprovidedKML/COLLADA data
focuses on coordinates, surfaces and textures and is as such only a subset ofall

information available from the original CityGML dataML mainly emphasizes on data
presentation while CityGML is more semantically oriented.

Only geometries and textures of buildmigjectsserved by the W3DS anecludedin the

KML representatiorAdditionald i s pl ay options | i ke fAballoons

oOon mouse overo were not considered for

techically feasible withr3DCityDB Import/Export tool means.

The IGGW3DS is designed to serve to a consumer a master KML file that references
pre-cached KML/COLLADA data. To determine which objects to include into a W3DS

GetSceneesponsgthe W3DS makes usd the underlying 3@ityDB. The overall
architecture of the IGG W3DS and tBP portrayal pipelinare illustrated irFigure4. It
consists of three main building blocks:

1. A cache of previously generated KML and COLLADA files forall buildings in

all styles contained in the bounding box for which the Web 3D Selvice s set up.

These KML and COLLADA files are generated in one svapeneans ofthe
3DCityDB Import/Export tool. This tool connects to BBBCityDB and with the
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corresponding settings generates a separate file for each building and style in the
area ofnterest All these files (around 6000 for Berlin, 14000 for Paris)nust
be put into the WebContent folder of the Servlet for cached access.

2. An active conneabn to the3DCityDB the KML and COLLADA files were
generated from. This connection will be used for spatial queries on the DB (with
the bounding box data from thequeest) in order to determine which buildings
must be served. The DB must be the same since the cached files in the
WebContent folder are all named aftergmal:id (and style) of the building they
represent.

3. A thin business logic layer binding the previdus blocks together. The business
logic will checkthe incoming request parameters and if they are valid, generate
with the help ofthe connection to tBBCityDB a master KML file containing
pointers to the relevant cached building files for the reqd éstending box The
cached building files will then be subsequently requested by the client and
automatically served on demand by Tomcat. No further logic interastion

neededThis architecture ensures fast response times at the cost of higher network
traffic, which is an acceptable tradé# in this environment.

Importer / Exporter

KML/COLLADA Export (Portrayal) Cached
KML/COLLADA

I Models

.\
gmlids R
< "| Business logic
3D City < -
Bounding Y KML /
Database Box S KMLt/Kl\gl‘IZ L ADA
master fie ] 1 puilding
Net I/O files
w3sps 1
Tomcat
GetScene() Request KML/KMZ
V¥ master file ¥

Figure 4: Scheme of the GIScienc®/3DS.

Differing from theW 3DSs pecification the output formatipported by the IGG W3DS is
not X3D but KML/KMZ. Ao, differently from the W3DS specification it is possible to
specify more than one style for the same laJerdo sothelayer namemust be present
as many times as thea y e r 60 s s theyrdquestsn Botm sts must have the same
length. It is even possible to dedinisibility limits for switching from one style to
anotherthe visibility limits mustsimplybeaddedat the end of the style name in the
format
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_<min_visbility _limit>px<max_visibility _limit>px]

ThelGGW3DSsetup for 3DPIEeivson |l y a sin e |
four different styles named nfo

Respondd 3D sceneare tiled, but not in a conventional way. Te@umedmasteiKML

file (containing pointers to the relevardched building files) s itself untiled. Each
buildingthatthe master file points to s contained in a region of its own (see <Region>
tagin the KMLspecification). The region with all features it contains, in this case just the
building, becomes vislb when it reaches <min_visibility _limit> pixel size specified in
the request, it becomes invisible again after reaching <max_visibility _limit>. If no
visiility limits are specified and only one style is defined in the regtiestegions (that

is, the liildings) are always visble (<min_visibility _limit> = 0, <max_visbility_limit> =
-1). If no visibility limits are specified and more than one style is defined in the request
predefined visibility limits apply (Opx20px for footprint, 20px40px for e xtrdde
40px60p x for geometry, 60bpx for COLLADA).

Examples of5etSceneequests are:

http://IGG.3DPIE.OGC.org/W3DS/Berlin?SERVICE=W3DS&REQU EST=GetScene&V

ERSION=0.4.0&CRS=EPS G:4326&FORMAT=model/kmi&BoundingBox=13.40154,52
.533,13.406,52.53615& LA YERS=citygml:Building&STYL ES=collada

http://1IGG.3DPIE.OGC.org/W3DS/Berlin?SERVICE=EW3DS&REQUEST=GetScene&V
ERSION=0.4.0&CRS=EPS G:4326&FORMAT=model/kmi&BoundingBox=13.40154,52
.533,13.406,52.53615& LA YERS=cityaml:Building,cityaml:Building &STYLES=geomet
ry_10px45p x.collada_45px

Through the course of 3DPIEimed out that an export of X3D directly from a

3DCityDB could be a valuable building block of a standdrdsed 3D portrayal pipeline.

This could be used, e.g., to load specific data sets, e.g., buildings in a planning area, into
X3D-enabled clients. T& might be useful, e.g., for cases, where a full W3DS (which of
course could also deliver X3D) is not required. Also, such capabilities could help to

implement and set up a W3DS that does provide data in X3D format such as shown for
t he cas e o intht &aedinentW3 DS

8.1.2 Paris dataimportand W3DS configuration

The Parisdata provided by IGN in a series of CityGML files covered an area of
approximately 13km2of the Paris city center. It was providedaitied form The
whole bounding box (643174 8857518.932657513.2486867080.967) was divided
into 434 tiles that summed up to 50 GB.

This complete dataset was imported intBRCity DB hosted at IGby means of the
3DCityDB Importer/Exporter ToolThis tool is provided along with tf&DCity DB and
allows a user to easily load CityGML data into the database.

Then fromthe filled3DCityDB a relevanisubset othis data was exported directly into
the KML/COLLADA formatusingagainthe Importer/Exporter Toolt achievesdata
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export (from3DCityDB) andformat conversiorfinto KML/COLLADA) in onesingle
step The Importer/Exporter Tool allows a userto precisely control the export and
conversion process. This includes, e.g., the region and object types totbplexte| of

detail to usecolor paramedrs and texture settings, KMipecifics to applyand usage of
the Google elevation selrvice to position objemtsrectyon Googl eds terrain

Ak o, ®ttings were chosen so that for each building a subfolder named after the

bui | dymlid gad generatedachsubfolder would contain four different files for the
same building, one for each style. The file name results from the combination of the
buil agmildgwvdd the styleds name.

As a result of this naming strategy each Building iessible under the URI
http://<W3DS_address>/<folder_for_building_layer>/<building_gmlid>/<building_gmli
d_style>.kmzTheseKML/COLLADA filess erve as the s@arervicebs ca
generated only onceater, hese URIs will be dynamically embedded in thestar file

that are created and retumed as senesponséy the W3DSThe transparent structure

of the links makes debugging and possible future enhancements ofthe W3DS a

straightforward task.

After this generation of KML/COLLADA files per buildinghe whole subfolder

collection for buildings was copied to the WebContent folder of the IGG W3DS. The
WebContent folder is, as the name implies, the default root folder all cached contents for
a servlet are delivered from. The business logic layer of tBaM3DS is written

accordingly to pick the right files from the right subfolder in WebContent when the
correspondingyml:id of a building was found inside the Bounding Box of the W3DS
GetScene request. The business logic is the same for all IGG Web 38 #Bstances

Only thes e r v cormectips data must be adapted to connect to the right database and
be able to checkr e g umsenting box against tteerrect3D city model data.

8.2 Importing Berin data into IGG Web 3D Service

Already leforethe beginmg of 3DPIE a completdBerlin city model was available in a
3DCityDB at IGG (not accessible to other participants) and immediately ready foruse
and testThe activities required for importing the data into the IGEGDSfor Berlin

were identical to those for tH&G W3DS for Parisportrayal of the8DCity DB contents

to KML/COLLADA using the Importer/Exporter Tool, copying the resulting collection

of subfolders into the WebContent folder of the servlet implementatiospeewifying
the connection data for the Berlin 3D city model.

8.3 Importing Mainz data into CityServer3D

The city of Mainz uses City Sen@D forthe management of the®D city models. The
data to import was provided as CityGML files along with PNG imagesdaséds for
LOD2 data like MUnsterplatz and sewage duct planning data. Additicaallgital

terrain model is available. The data was generated via laser scanning of the terrain and
imported in PCl Geomatics Raw data format.

As CityServer3Ddirectly suports the formats useddr 3DPIE the import did work as
expected and no problemscurred
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With the help of the CityServer3D WebAdmin, a web client, the Mainz data set was
imported into the CityServer3D.

CityServer3D was one of the first implementatiohg/3DS since the 0.3.0 draft was
published, and has been updated to conform betterto W3DS 0.4.0 for 3DPIE. As the
W3DS implementation s a figtlass citizen in CityServer3D, at import timethere is no
decision about styles or data formats to use inxperenents.

The AGet Scenariod operation, a proprieta
portrayals is CityServer3D06s substitut
standardization (which might change given some progress in production rules
standardization), but has been used in 3DPIE to delivertiled terrain data in Mainz. It is
mostly compatible to the GetScene operation and can, potentially, be substituted for
GetScene.

t ry
e for

The CityServer3D contains afemand request and texture caches which gpéoged

for 3BDPIE. Therefore, some requests may take substantially longer than others. Pre
generated or prélled cache content was not provided, except as aeffdet of intemal
testing.

8.4 Importing Paris data into CityServer3D

The Paris data was suppllies zipped CityGML files along with TIF images as textures.
The main issue was thiergeamountand sizeof image datawhichmade up the major
part of the dataet Especially for the use in a wbbowser the sheer size of the TIF
images leads to massigerformance degradations in terms of resource usage and
bandwidth. Therefore we decided to convert the images to the JPEG format. This
conversion was done with the standard tool ImageMagick. All references within the
CityGML files had to be adapted accmgly. This was done with a custom Unix Shell

script. This reduced the size of the data from 61.9 GB to 8,68h was easier to
handle.

8.5 Importing Paris data into HPI Web View Service

The goal of this experiment is to integrate a large CityGML daitaisehn existing Web
View ServiceinstanceGenerally this requiresconvertingthe 3Ddata provided
CityGML formatinto an optimizednternal representation that can be rendered

efficiently while at the sam@reservingheir association to the origination feature
information

8.5.1 Waorkflow

The target of the integration process is to generate compact and efficiently accessible data
representationsomthe given input data. The Paris dataseludes a textured 3D
building models as well as a digital terrain model textured with orthophbhes.

processing of the terramodelwas performed analogous to the processing of other types
of city objects.
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Figure 5: Integration of massive CityG ML data into HPI 3D Server includes three stages: data
extraction, geometry optimization, and texture optimization.

Data integration is a preprocessing step, whatically consists dhreestages: data
extraction, geometry optimization, and texture oaton (Figure5), which include,
e.g., the following operations:

1. Extractfeature @ta
o Extract all features from the CityGMdocuments and create intemal
feature representations
o Transform geecoordinates into computer graphical coordinate system
o Triangulate feature geometries
0 Assignobject ids to feature geometries
2. Optimize geometries
o Organize geometries in an optimized-oficore spatial data structure,
e.g., as tiles of a regular quade
0 Batch geometries, i.anerge geometries, to further reduce data footprint
o Serialize the quattee tiles, which include batched geometries
3. Optimize textures
0 Reorder and compress textar
0 Generate optimized mip map levels
0 Adjust texture coordinates to specific texturing techniques

Input forthe WVSdata integration procesgere a) the original dataetprovided by IGN,

which inclucedtexture atlases, and b) a sec@iy GML data sets whout texture
atlaes, whichwase xported from | GG6s 3DCityDB that w

8.5.2 Results
The complete Paris city model was successfully preprocessed and loaded into the HPI

Web View Service. It tumed out that the techniques to praressptimizebuilding data
worked out also for large terrain data.
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