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Abstract

For anef�cient explorationof integratedremotesensingandGIS datasetsof
high dimensionality, virtual reality technologyis likely to offer muchpromise
in the future and is likely to becomeindispensablealongsidedevelopmentsin
3-dimensionalvisualisationtechniques.Theaim of this studywasto investigate
how new andemerging technologiesmaybeusedto provide improvedvisualisa-
tion of geographicdataandnew distributedservicesandsystems.A prototypevi-
sualisationenvironmentwasdevelopedaroundmulti-platformOpensourcesoft-
waretoolswhichallows for 2- and3-dimensionalviews,explorationandnaviga-
tion of EarthObservation imageryandotherassociatedgeographicdatasuchas
landusemaps.

1 Intr oduction

MultimediaInternetandemerging informationtechnologiesareall having a dramatic
effect on theway informationis presented,manipulatedanddistributed.For example
theVirtual reality modellinglanguage(VRML) givescartographersandgeographers
theopportunityto create3-dimensionalgeographicmapsandassociatedspatialdata,
whichcanbedistributedandviewedovertheworld wideweb[1]. Theuseof advanced
interactivevisualisationproceduresto exploregeographicdata,mayprovidebetterin-
sight into thestructureswithin complex datasetsandtheir relationships.Furthermore
visualisationsystemsandmodelsprovide increasinglysupportfor geographicinfor-
mation. WhereasVRML allowed only the useof Cartesiancoordinatesfor the rep-



resentationof 3D models,thereis underdevelopmentGeoVRML which supportsa
varietyof projectionsystems.

In this context we have developedprototypetools to visualiseremotelysensed
dataandderivedproducts(for e.g.classi�ed images)of highdimensionality, ancillary
datasetsandstatisticsaboutlanduseclassesin a dynamic3-dimensionalenvironment
by usingandintegratinga numberof innovativeemerging technologies.Furthermore,
information is provided on the land useclassesassociatedwith singlepoints or re-
gions within the imagery. The 3D visualisationprototypewas developed,together
with otherprototypesat the Joint ResearchCentre(JRC)of the EuropeanCommis-
sion(EC), within thecontext of the“ InformationHighwaysandNew Technologies”
project. Theaim wasto investigatewhethernew emerging informationtechnologies
andmultimediacanbesuccessfullyusedby EUROSTAT (EuropeanStatisticalOf�ce)
andtheEuropeanStatisticalSystemto betterserveits users.EUROSTAT disseminates
statisticalproductswithin the EC itself but alsoto the public at large. Leading-edge
multimediaandcommunicationtechnologiesmay resultin moreef�cient access,in-
terchangeandvisualisationof statisticsrelatedinformation.

2 Relatedwork

Currentlythereis a lot of work beendonein the�eld of GI visualisationfrom which
we will mentiononly a few. The TerraVision II terrainvisualisationpackage[2] for
navigatingVRML structuresef�ciently usingstandardVRML browsers.Thedesign
allows for browsingvery largedatasetsandtheintroductionof multiple typesof geo-
referenceddata. The GeoVista groupof PennStateUniversityhasdevelopeda geo-
graphicvisualisationsystem,designedto facilitatecollaborationamongusersexplor-
ing time seriesof climatic datafor drainagebasins[3]. Theprototypehasbeenbuilt
aroundJava/Java3Dtoolsbothcustomandpublic domain(VisAD, DemViewer). Fi-
nally Di Carlo[4] developedanimmersive virtual environmentfor theexplorationof
thefeaturespaceof highdimensionalremotelysensedimagery.

3 TechnologySurveyand Implementation

A thoroughsurvey wasinitially carriedout to identify andselectweb-basedtechnolo-
giessuitablefor thevisualisationof geospatialinformationin a multi-platformenvi-
ronment. This involved the investigationof developmenttools relatedto the graph-
ics library, programminglanguage,ApplicationProgrammingInterface(API) andthe
GraphicalUserInterface.



3.1 Graphics Library

OpenGLhasbecomethemaincross-platformenvironmentfor developmentof portable,
interactive2D and3D graphicsapplicationsofferingverypowerful visualisationfunc-
tions. It providesconsistentresultson any OpenGLcomplianthardwareindependent
of operatingsystem.TheOpenGLlibrary is often too low-level to beusedwhende-
velopingcomplex projects.For this reasonthereexist anumberof toolkits thatoffer a
higherlevel of abstractionandthereforemakingdevelopmenteasier.

A generalpurposevisualisationsystemis the VisualisationToolkit (VTK), an
open-sourceobject-orientedportablesoftwaresystemfor 2D and3D computergraph-
ics, visualisationand imageprocessing[5, 6]. VTK provides for a variety of data
representations,readersandwritersto exchangedatawith otherapplicationsanddata
processing�lters to operateon thesedata.Therenderingmodelof VTK supports2D,
polygonal,volumetricandtexture-basedapproachesthatcanbeusedin any combina-
tion.

VTK is implementedin C++, it provideshoweverbindingswith Java,Pythonand
Tcl/Tk, thusmakingthechoiceof theunderlyinglanguageor graphicaluserinterface
amatterof personalchoice.

4 Data and Pre-processing

Thedatasetsavailablefor this studywereconsistedof:

� A 2mspatialresolutionimageryfrom theKVR-1000cameraaboardtheRussian
COSMOSsatellite,over the city of Athensin Greeceandcovering an areaof
10kmx 10km.

� A Digital ElevationModel (DTM) with 20maccuracy.

� A landusemapof thecity Athens.

Theoriginalsatelliteimageconsistedof
�����������������

pixelswith 8 bits/pixeldepth.
This,however, althoughis easyto displayin 2D, it is verydif�cult to renderin 3D and
allow any real-timeinteraction.Thereforetheoriginal imagewassplit into a
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grid
producing25 tiles. Thesameprocedurewasalsoappliedto theDTM.

4.1 Application Programming Interface (API)

TochooseasuitableAPI for ourstudyweneedtoconsideratoolkit thatprovidesall the
necessaryfunctionsfor exploration,transformationsandviewing of data.Furthermore
it hasto bemulti-platform.

To view the DTM in 3D it needsto be representedin polygonal format. This
however producesa model with approximately2 million triangles(�gure 1(a)) for
the DTM representingthe whole scene.The time requiredto downloadandrender
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(b)

Figure1: Polygonalmeshof the DTM beforeandafter decimation. Note how the
amountof triangleshasbeenreducedconsiderably, in (b) especiallyin �at areas.



suchamodelwouldprohibit any real-timeinteractionandnavigationaroundthedata.
Note that this is true not only if the datais to be distributedandviewed acrossthe
Internetbut alsoon local machinesunlessspecialisedhardwareis used.Thereforewe
needto decimatetheabovepolygonalmeshto produceaTriangularIrregularNetwork
(TIN). TheVTK class,vtkDecimate, wasusedto performthis taskwhich resultedin
about40000trianglesfor the above dataset(�gure 1(b)). Increasingthe numberof
trianglesdoesnot improve considerablythevisual quality, the performancehowever
is reduced. However this dependson the complexity of the dataand the available
computerfacilities. The decimatedmeshmay result in lossof detail whenwe “�y”
closeto theground,thereforethe25 tiles of theDTM werealsodecimatedbut with a
lower ratio thantheoriginalDTM �le for abetterimageresolution.

5 The VisualisationEnvir onment

Theoveralldesignof theprototypesystemwasthereforebasedonpublicdomaintools,
which allow for multi-platformdevelopment.We arecurrentlyinvestigatingalsothe
useof Java andJava3dand/orVTK for furtherdevelopmentof the3D interface.Fig-
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Figure2: Overview of thevisualisationenvironment.
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Figure3: Example3D visualisationof aKVR-1000scenefrom Athens,Greece

Thesoftwarearchitecturethathasbeenimplementedconsistsof two maincompo-
nents(�gure 2):

� The 2D interfaceimplementedusingwxpython, a versionof the Pythoninter-
pretedobjectorientedlanguagewith thewxWindows/wxMotif C++ library for
cross-platformdevelopment. It consistsof a thematicwindow displayingfor
examplea
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grid of a terrainbitmap. A secondwindow providestextual
thematicinformation(see�gure 2). This currently includesonly the land use
legendbut futurereleasesof thesoftwareshouldincludeall availableattributes
associatedwith a certainregion or point. A classmaybeselectedfrom theleg-
endandwill highlightedon thebitmapandviceversainformationaboutapoint
selectedon thebitmapwill beshown in thetextualwindow.

� The3D interfacewasimplementedin C++ andVTK library. TheC++ language
waschosenherebecausesincethe3D applicationis veryintensivecomputation-
ally it guaranteesthebestperformanceagainstaninterpretedlanguage.TheC++
wasalsochosenin orderto overcomesomeissuesconcerningmanagementof
eventhandling.It maydisplayanoverview of thewholescenebut alsospeci�c
tilesselectedfrom the2D window (see�gures 3 and4).

Thetwo componentsarecompletelyseparatedandindependentandcommunicate
via TCP/IPconnectionprotocol. This realisesa very basicdistributedclient-server
architecture,wheretheclient is the2D componentandthe3D componentis theserver.
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Figure 4: Example3D visualisationof a land usemap of �gure 3 above, with the
associatedlanduseclasses.

The2D interfacecommunicatesvia TCP/IPtwo kindsof information:theselectedtile
to loadanddisplayor thethematicclassto emphasize.

Finally all necessarydatasetssuchastiles of imageryandDTM, themeshesand
theirdecimatedversionsandappropriatedataformatsarecreated“of�ine” sothatthey
do not interferewith the3D visualisationperformance.

6 Conclusionsand Futur eWork

Thepilot applicationthathasbeendevelopedwithin thescopeof thisprojectis stand-
alone. It readsdatafrom the local harddisk andcomputesany neededinformation
locally. This is a convenientarchitecturefor a prototype,wheretheconcepthasto be
proven,but it couldbeextendedfor a muchwider accessibilityandusageacrossthe
Internet/Intranet.

A dynamicLevel of Detail (LOD) graphicalengineshouldalsobeimplementedto
adjusttheimagequality accordingto theuser's viewpoint. This is thebestfor quality
andperformancesespeciallyif theareato navigateis large.

Currentlyonly onetexturemaybeappliedto the3D mesh.However to beableto



generatea morecomplex view of the modelwe shouldincludethecapabilityto add
multiple texturessimultaneously, for exampledifferentlayersof geographicdata.

Thegoal is to beableto visualiseandnavigateef�ciently , within largedatabases
suchastheCORINELandCover database,NATURA 2000etc. A connectionwith a
databasewill provide informationnot only on the land cover/useclassesbut alsoon
otherattributesthat may be availableover the areaof interest. Finally virtual simu-
lationson river networks mayprovide usefulinformationon naturalhazardssuchas
�oodings, but alsoof changedpatternsin multi-temporalimagery.
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