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Abstract

For anefcient explorationof integratedremotesensingandGIS dataset®f
high dimensionality virtual reality technologyis likely to offer much promise
in the future andis likely to becomeindispensablalongsidedevelopmentsn
3-dimensionalisualisationtechniquesThe aim of this studywasto investigate
how nev andemeping technologiesnay be usedto provide improvedvisualisa-
tion of geographidataandnew distributedservicesaandsystemsA prototypevi-
sualisatiorervironmentwasdevelopedaroundmulti-platform Opensourcesoft-
waretoolswhich allows for 2- and3-dimensionaViews, explorationandnaviga-
tion of EarthObserationimageryandotherassociategieographiadatasuchas
landusemaps.

1 Intr oduction

MultimediaInternetandemeging informationtechnologiesreall having a dramatic
effect on theway informationis presentedmanipulatecanddistributed. For example
the Virtual reality modellinglanguaggVRML) givescartographerandgeographers
the opportunityto create3-dimensionabeographianapsandassociatedpatialdata,
which canbedistributedandviewedovertheworld wideweb[1]. Theuseof advanced
interactive visualisationprocedures$o exploregeographidata,may provide betterin-
sightinto the structureswithin complex datasetandtheir relationships Furthermore
visualisationsystemsand modelsprovide increasinglysupportfor geographidnfor-
mation. WhereasvRML allowed only the useof Cartesiancoordinatedor the rep-



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

In this context we have developedprototypetools to visualiseremotely sensed
dataandderivedproductsfor e.g.classi edimages)of high dimensionalityancillary
datasetsndstatisticsaboutland useclassesn a dynamic3-dimensionaernvironment
by usingandintegratinga numberof innovative emepging technologiesFurthermore,
informationis provided on the land useclassesassociatedvith single pointsor re-
gionswithin the imagery The 3D visualisationprototypewas developed,together
with other prototypesat the Joint ResearctCentre(JRC) of the EuropeanCommis-
sion (EC), within the contet of the* InformationHighwaysandNew Technologies”
project. The aim wasto investigatevhethernev emepging informationtechnologies
andmultimediacanbe successfullyusedoy EUROSTAT (EuropearttatisticalOf ce)
andthe EuropeartatisticalSystento betterseneits users EUROSTAT disseminates
statisticalproductswithin the EC itself but alsoto the public at large. Leading-edge
multimediaand communicatiortechnologiesnay resultin moreef cient accessin-
terchangeandvisualisationof statisticsrelatedinformation.

2 Relatedwork

Currentlythereis alot of work beendonein the eld of Gl visualisationfrom which
we will mentiononly a few. The TerraMsion Il terrainvisualisationpackagg?2] for
navigating VRML structuresef ciently usingstandard/RML browsers. The design
allows for browsingvery large datasetandthe introductionof multiple typesof geo-
referenceddata. The GeoMsta group of PennStateUniversity hasdevelopeda geo-
graphicvisualisationsystem designedo facilitate collaborationamongusersexplor-
ing time seriesof climatic datafor drainagebasing[3]. The prototypehasbeenbuilt
aroundJava/Jaa3Dtools both customandpublic domain(VisAD, DemMewer). Fi-
nally Di Carlo[4] developedanimmersve virtual ervironmentfor the explorationof
thefeaturespaceof high dimensionatemotelysensedmagery

3 TechnologySurveyand Implementation

A thoroughsuney wasinitially carriedoutto identify andselectweb-basedechnolo-
giessuitablefor the visualisationof geospatiainformationin a multi-platform ervi-
ronment. This involved the investigationof developmenttools relatedto the graph-
ics library, programmindanguageApplication Programmingnterface(API) andthe
GraphicalUserInterface.



3.1 Graphics Library

OpenGLhasbecomahemaincross-platfornenvironmentfor developmenof portable,
interactve 2D and3D graphicsapplicationffering very powerful visualisationfunc-
tions. It providesconsistentesultson any OpenGLcomplianthardwareindependent
of operatingsystem.The OpenGLlibrary is oftentoo low-level to be usedwhende-
velopingcomple projects.For this reasorthereexist a numberof toolkits thatoffer a
higherlevel of abstractiorandthereforemakingdevelopmenteasier

A generalpurposevisualisationsystemis the VisualisationToolkit (VTK), an
open-sourcebject-orientegortablesoftwaresystemfor 2D and3D computergraph-
ics, visualisationand image processing5b, 6]. VTK providesfor a variety of data
representationseadersandwritersto exchangedatawith otherapplicationsanddata
processinglters to operateonthesedata. Therenderingmodelof VTK support2D,
polygonal,volumetricandtexture-base@pproachethatcanbeusedin ary combina-
tion.

VTK is implementedn C++, it provideshowever bindingswith Java, Pythonand
Tcl/Tk, thusmakingthe choiceof the underlyinglanguageor graphicaluserinterface
amatterof personakthoice.

4 Data and Pre-processing

Thedatasetsvailablefor this studywereconsistedf:

A 2mspatialresolutionimageryfrom the KVR-1000cameraaboardheRussian
COSMOSsatellite,over the city of Athensin Greeceand covering an areaof
10kmx 10km.

A Digital ElevationModel (DTM) with 20maccurag.
A landusemapof thecity Athens.

Theoriginal satelliteimageconsistef pixelswith 8 bits/pixel depth.
This, however, althoughis easyto displayin 2D, it is verydif cult to renderin 3D and
allow ary real-timeinteraction.Thereforegheoriginalimagewassplitinto a grid
producing25tiles. The sameprocedurevasalsoappliedto the DTM.

4.1 Application Programming Interface (API)

To choosesuitableAPI for ourstudywe needo considematoolkit thatprovidesall the
necessarjunctionsfor exploration,transformationsindviewing of data.Furthermore
it hasto be multi-platform.

To view the DTM in 3D it needsto be representedn polygonalformat. This
however producesa model with approximately2 million triangles( gure 1(a)) for
the DTM representinghe whole scene. The time requiredto downloadandrender



(@)

(b)

Figure 1: Polygonalmeshof the DTM beforeand after decimation. Note how the
amountof triangleshasbeenreducedconsiderablyin (b) especiallyin at areas.



sucha modelwould prohibit any real-timeinteractionandnavigationaroundthe data.
Note that this is true not only if the datais to be distributed and viewed acrossthe
Internetbut alsoon local machinesunlessspecialiseardwareis used.Thereforewe
needto decimateheabove polygonalmeshto producea Triangularlirregular Network
(TIN). The VTK class,vtkDecimatewasusedto performthis taskwhich resultedin
about40000trianglesfor the above dataset gure 1(b)). Increasingthe numberof
trianglesdoesnot improve considerablythe visual quality, the performancehowever
is reduced. However this dependson the compleity of the dataand the available
computerfacilities. The decimatedneshmay resultin lossof detailwhenwe “y”
closeto the ground,thereforethe 25 tiles of the DTM werealsodecimatedut with a
lowerratio thantheoriginal DTM le for abetterimageresolution.

5 The Visualisation Environment

Theoveralldesignof theprototypesystemwasthereforebasedn publicdomaintools,
which allow for multi-platform development.We are currentlyinvestigatingalsothe
useof Java andJavza3dand/orVTK for furtherdevelopmentof the 3D interface. Fig-
ure 2 givesanoverview of thevisualisatiorervironment.

Figure2: Overview of thevisualisationervironment.



Figure3: Example3D visualisationof a KVR-1000scengrom Athens,Greece

Thesoftwarearchitecturghathasbeenimplementedonsistsof two maincompo-
nents( gure 2):

The 2D interfaceimplementedusingwxpython, a versionof the Pythoninter-
pretedobjectorientedlanguagewith the wxWindows/wxMotif C++ library for
cross-platformdevelopment. It consistsof a thematicwindow displayingfor
examplea grid of a terrainbitmap. A secondwindow providestextual
thematicinformation (see gure 2). This currentlyincludesonly the land use
legendbut futurerelease®f the softwareshouldincludeall availableattributes
associateavith a certainregion or point. A classmay be selectedrom theleg-
endandwill highlightedonthe bitmapandvice versainformationabouta point
selectednthebitmapwill beshavn in the textual window.

The 3D interfacewasimplementedn C++andVTK library. TheC++language
waschoserherebecausaincethe3D applicationis very intensve computation-
ally it guaranteethebestperformanceagainstininterpretedanguageTheC++
wasalsochosenin orderto overcomesomeissuesconcerningmanagemenof

eventhandling.lt maydisplayanoverview of thewhole scenebut alsospeci c
tiles selectedrom the 2D window (see gures 3 and4).

Thetwo componentarecompletelyseparate@ndindependenandcommunicate
via TCP/IP connectionprotocol. This realisesa very basicdistributed client-sener
architecturewheretheclientis the2D componenandthe 3D components thesener.



Figure 4. Example3D visualisationof a land usemap of gure 3 above, with the
associatetanduseclasses.

The 2D interfacecommunicatesia TCP/IPtwo kindsof information:the selectedile
to loadanddisplayor thethematicclassto emphasize.

Finally all necessaryglatasetsuchastiles of imageryandDTM, the meshesand
theirdecimatedrersionsandappropriatalataformatsarecreatedof ine” sothatthey
do notinterferewith the 3D visualisationperformance.

6 Conclusionsand Futur e Work

Thepilot applicationthathasbeendevelopedwithin the scopeof this projectis stand-
alone. It readsdatafrom the local hard disk and computesary needednformation
locally. Thisis a corvenientarchitecturdor a prototype wherethe concepthasto be
proven, but it could be extendedfor a muchwider accessibilityand usageacrosshe
Internet/Intranet.

A dynamicLevel of Detail (LOD) graphicalengineshouldalsobeimplementedo
adjusttheimagequality accordingto the users viewpoint. Thisis the bestfor quality
andperformancegspeciallyif theareato navigateis large.

Currentlyonly onetexture may be appliedto the 3D mesh.However to be ableto



generatea morecomplex view of the modelwe shouldincludethe capabilityto add
multiple texturessimultaneouslyfor exampledifferentlayersof geographiaata.

The goalis to be ableto visualiseandnavigate ef ciently, within large databases
suchasthe CORINE Land Cover databaseNATURA 2000etc. A connectionwith a
databasevill provide informationnot only on the land cover/useclassedut alsoon
otherattributesthat may be available over the areaof interest. Finally virtual simu-
lationson river networks may provide usefulinformationon naturalhazardssuchas

oodings, but alsoof changedatternan multi-temporalimagery
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