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Abstract

Broad disseminationof planning information presents
problemsto military plannersdue to the compleity of the
information to be displayedand the unknovn performance
capabilitiesof computingplatforms. The ubiquitousinter-
netprovidesa solutionfor informationdelivery. In addition,
theVirtual RealityModelingLanguaggVRML) supportghe
representatiorof information both in traditional and novel
ways. Military planninginformation often describeglaces
in theworld wherea military operationis undervay or abase
is planned. Suchinformation includesof GIS information,
andthelocationand placemenbf variousstructures.In this
paperwe presentinoverview of thearchitectureandthepro-
cessfor creatingthesevirtual worlds. In particular we will
discussmethoddor creatingandintegratingterraindata,im-
agery andotherfeaturesnto a virtual world. Fromaninter-
active perspecitie, the worlds featurea numberof tools that
aidin navigationandexploring theworld, suchasmenusand
animatedfly-throughs. In addition,we will discusssomeof
thetoolsthat have beenintegratedinto the variousworldsto
enhanceheir utility. Throughanexample,we shav how the
visualizationscanbe usedfor variousplanningapplications
throughthe control of featurevisibility.

INTRODUCTION

The Internethas becomea mediumfor communicating
a rich variety of information not constrainecby traditional
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boundaries.The form in which the informationis presented
is quite novel when comparedto traditional delivery (i.e.
paper/hard-cop) but theinformationprovidersarestill learn-
ing how bestto deliver the information and in what form.
Furthermorethe delivery platform, web senersandclients,
provide extraordinaryflexibly becausehey arealsoprogram-
ming platforms.Technologistarecontinuingto developnew
programmingplatformson which contentcan be delivered.
Web pagesinclude Javascriptprogrammingto increasethe
capability and flexibility of the web pagepresentation.In-
deed,as the technologyis applied, it evolves as evidenced
by the variety of platformsfor informationdelivery. In this
work, we presenanapplicationthatincorporatessD content
describedn theVirtual RealityModelingLanguagdVRML)
[1].

The succes®f a particularapproachcan be measuredn
terms of the value addedin its deployment. Virtual real-
ity offers greatpotentialfor deliveringinformation. Indeed,
compellingcontentcanbe createdn VRML with a moder
ateeffort. Furthermorethe effort necessaryo producehigh
quality contenttypically requiresmoretime thanis available.
Someapplicationsfocuson presentatiorof the contentonly
andcontainno additionalcollateralvalue.In contrastwe de-
scribea methodfor rapid deploymentof compellingworlds
thatprovide valuebeyondtherendering.

This paperis dividedinto five sectiongncluding anintro-
duction, an overview of the applicationarchitecture a dis-
cussionof how GIS datais integrated,a presentatiorof an
exampledeploymentanda summary



APPLICATION ARCHITECTURE

The applicationarchitectureconsistsof several compo-
nentsthat are integratedin variousways dependingon the
specificdeploymentdesired.Becausehe applicationis GIS
based,arny objectin the world mustbe referencedo a ge-
ographiccoordinatesystem. Figure 1 presentsa high level
view of the virtual world architecturethat supportsrapid de-
ployment.Eachcomponents discussedn moredetail.
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Figure 1. Component®f Application Architectureto
SupportRapidDeployment

Terrain and Imagery

The backdropdor theworld consistof terrainandanim-
agethatis drapedover the terrain. In caseswherethe de-
ploymentcoversa region thatis largely flat, animageon a
planeis sufficient. VRML providestwo primitives (nodes)
that canrepresenterrains: ElevationGridand IndexedFace-
Set. The ElevationGridrequiresthat the terrainelevation be
sampledon a rectangulagrid. The IndexedFaceSetpn the
otherhand, providesa more generalcapability but is some-
whatmorecomple. In caseswheretheterrainincludesboth
flat andcomplex terrains,IndexedFaceSetganbe employed
becausealetail canbe concentratedvherenecessary Issues
relatedto managemenof terrainandimageryare described
in the next majorsection.

Static Models

The staticmodelsthat areintegratedinto the world come
from a variety of sourcesand requirements Existing build-
ingsandgroundcover canbe integratedasnecessaryo pro-
ducethe desireddetail. In somecasesgcustomconstruction
of themodelsis necessaryo meettherequirementgor a par
ticular case.In our work, severalmodelsmay be reusedwith
little or no modificationin a broadclassof applications.For
example,the rules defining runway approach-departursur
facesare definedby standardparametersFigure 2 shows a
modelusedto visualizerunway approach-departundtran-

sitional surfaces. Models for buildings are frequently cus-
tomized,althoughin mary casegresentablenodelscanbe
createdwith simplegeometriepaintedwith suitableimages
for thebuilding sides.

Figure 2. Airport ObstacleAvoidanceSurfaces

Dynamic M odels

Dynamicmodelshavethecapabilityof changingandmov-
ing within aworld. Severalexampleshave beendeployedin
variousdemonstrationvorlds. Themodelshave includedan-
imatedviewpointsintendedto simulatewhata personmight
seewhile traveling throughthe world. Componentswithin
theworld canalsobeanimatedsuchasaircrafthangardoors
openingand closing. Two significantexamplesof dynamic
modelsaredescribedn moredetail.

Tree Growth Modéel

Modeling tree growth can provide the ability to do fu-
ture planning. In this example,a VRML EXTERNPROTO
nodehasbeendevelopedto modeltree growth nearthe ap-
proachendof arunway. In orderensureobstacleclearance,
thetreesmustnot piercethe approach-departurgurface. To
supporthemodel,preciseénformationabouttreess required
andmustincludethe treelocation, height,groundelevation,
andapproximateage. From this information, simple geom-
etry canbe usedto determinewhetherthe treeis a hazard.
An imageshawing the tree gronth modelis shavn in Fig-
ure3. Treesgrowing nearanairportrunway poseasignificant
threatto approachingand departingaircraft. In our model,
we have includedthe ability to view treesasthey presently
exist, andalsoextrapolatethe growth patternsnto the future.
Becausdlifferentspecieof treesgrow at differentrates dif-
ferentgrowth profilesareincluded.

Aircraft Animation

A componenbf seseralapplicationss an aircraftanima-
tion. Theaircraftanimationhasbeendesignedo beaflexible
componenthatcanbeincludedin any application.This flex-
ibility hasbeenachievedby packagingheanimationcompo-
nentsin afully configurableVRML EXTERNPROTO node.
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Figure 3. TreeGrowth Modeling

Theanimationnodeincludestheability to definethe pathfor

theaircraftflight, pitch, roll, andspeedchangesin addition,
the aircraftmodelcanbe specifiedat instantiationtime. The
animationincludesthe specialcapabilitiesof changingthe

aircraftpositionwith anexternalcontrol,changinghespeed,
andincluding a text messagdeyed to differentsegmentsof

theanimation.Finally, in someapplicationst is necessaryo

exaggerateheterrainelevationsby userrequestrequiringin

a collateralchangein the altitude scale. Figure4 shows an

imageillustrating someof thesecapabilities.

Figure4. Aircraft Animation

User Interface
Theuserinterfaceincludesseveralcomponentshataidin
navigating througha world, interactingwith the world, and
identifyingimportantfeaturesandlocationswithin theworld.
In severaldeployed worlds, a collectionof componenthiave
beencreatedhatimprove the quality of the experience Sev-
eralcomponentsf theuserinterfacearedescribedn thefol-
lowing paragraphsDependingontherequirementsf thede-
ployment,oneor all of thesecomponentganbeintegrated.

Menu
The menu provides the user direct control over major
modes,appearancand propertiesof the world. The menu

may beintegratedinto thevisualizationin oneof threeways.
First, the menumay be visible only at a specific position
within the visualization. Second the menumay be incorpo-
rateddirectly within theworld asa heads up display always
following theusersavatar Third, themenucanbeexternalto
theworld, residingin aframewithin thebrowser Thechoice
of theapproachdepend®ontheeffectdesired.

M odes

Certaincomponent®f aworld aresensitve to useractiv-
ity andcanresultin world modechangesitherby sensing
the users location or by detectingmouseeventsover sensi-
tive componentswithin the world. The modechangeamay
resultin differentoptionsthataremadeavailableor different
aspect®f thevisualizationappearing.

Viewpoints

ViewpointsareVRML nodeghatdefinecamergositions.
Placingthe viewpointsat strategyic pointsin the world facili-
tatestheability to extractusefulexperiencesrom theworld.

Displays

In order to provide continual feedbackto the operator
messageare providedto the userat varioustimes. In most
casesthedisplayis integratedwith themenuin theheadsup
display In addition, messagesre occasionallydirectly lo-
catedwith therelatedobject. For example,the aircraftflight
animationcaninclude a text scroll of preprogrammeanes-
sagesthat occur at variouspointsin the animation. In ad-
dition, usingthe tools describedabove, information can be
generatedo appeaiin acorvenientheads up display

Tools
Toolsintegratedin thevisualizationenhancehe quality of
thepresentatiomndthe usefulnes®f thevirtual world.

Distance and Area Tools

The distanceand areatools canbe usedto measurdea-
tureswithin the world. The distancetool enablesmeasure-
mentbetweentwo pointson aterrainby calculatingthe dis-
tanceof a users mouseclick-dragon the terrain. The initial
andfinal pointsappeaiconnectedy aline. Thedistanceap-
pearseitheronthedistanceool geometryor canbepassedo
atext display Thistool canbeusedto verify the geographic
scalematchesthe world scale. An areatool hasalso been
devisedthatallows the operatorto identify verticesof anen-
closing polygon, shav the enclosedarea,andalso calculate
theareawithin thearea.

Navigation Tool

Exploring a virtual world from a computerdisplaycanbe
somevhatdisorientingdueto factorsrelatedtheawkwardness
of the plug-in navigation controlsandthe limitations of the



display A cuecanbe providedby displayinga thumbnailof
thegeographywith a marker indicatingthe currentlocation.

INTEGRATION OF GIS DATA

GIS dataprovidesthecontext for aparticularworld. Three
issuesmust be consideredwhen integrating GIS datainto
VRML worlds. First, all solid modelsin a VRML world are
tiedto athreedimensionalCartesiarcoordinatesystem.Sec-
ond, properknowledgeof technologicaissuesmprovesthe
quality of theVRML world experience Third, VRML worlds
cannotdirectly handlethe large datasetstypical in terrain
data. Theseissueshave beenaddressethy otherresearchers
andarediscussedh moredetailbelow.

Coordinate Systems

Because/RML supportsonly Cartesiancoordinatesus-
ing other coordinatesystemsrequire projectionsonto the
Cartesiarcoordinatesystems.Onemay useprojectedinfor-
mationin oneof two ways. First, the projectionsareapplied
prior to integrating within the VRML world. Indeed,the
genericexport tools provided with Arcinfo and ERDAS do
not export the geospatiatoordinatetransforms.Eachof the
VRML scenegraphobjectsmustbe manually transformed
(rotated,translated,scaled)in orderto register correctly in
coordinatespace.This is necessaryn thatvarioustoolsthat
have beendeveloped(distancemeasuring,area,and future
plannedtools) requirea geospatiametric relatedto SI mea-
surementunits in orderto properly function. Second,geo-
coordinatean be usedin the VRML world, but corverted
in script methodsfor properappearance.The GeoVRML
group[2] providesgeneraltreatmeniof geocoordinateefer
encingandterrainimageryswapping.We have chosemotto
useGeoVRML becaus@urworldsaremorelimited in scope
enablingus to use simpler programmingconstructsto en-
hancethe experienceandimprove performance.The source
of theGIS datais from ESRIcompatibledataformats,DEMs,
andetc.

Managing Technological Issues to View GIS
Data

Certaintechnologicalssueamustbe carefullymanagedo
createawell behavedVRML world. Thesourcedatais taken
from industry standardGIS tools suchas Arcinfo and ER-
DAS. GIS tools provide the ability to manipulateGIS infor-
mationandalsoto limit the scopeof the datafor integration
into the world. Furthermorethesetools have the ability to
exportinformationinto VRML. As notedabove,VRML uses
single precisionnumbersbut GIS systemsusedoublepreci-
sion, which mustbe takeninto accountwhenthe datais ex-
ported. Furthermorematchingthe sizesof imagerywith the
computerarchitecturecanresultin improvedperformance.

Georeferencedoordinatesequiredoubleprecisionnum-

bersfor accurataepresentationVRML numbersprovidein-
sufficient precisionto accuratelyrendergeoreferencedata.
We handlethis by definingan origin in the world beingcon-
structedandthenusingall georeferencedoordinateselative
to this new origin origin. As a result, the translatedcoor
dinatesretain sufiicient precisionto accuratelyrepresenthe
world.

Imageryis usedas a “carvas” that gives context to the
VRML objectsthat are placedin the scenegraph,and pro-
videsa way to embedinformationthatis usefulto the user
Dueto the bandwidthlimitations presenthroughouthe dis-
tributed network environment,a processof tiling and deci-
mating the resolutionof the imageshasbeendevelopedto
optimizetransferof the scenegraphover the network. Expe-
riencehasshawn thattiling theimagesin a 2™ x 2™ format
is optimal, sincethis size tendsto be an ideal matchwith
graphicsandmemoryarchitectureslmagesarealsoreduced
in resolution,or decimatedjn orderto reducethefile sizes.
This decimationis conductedutsidethe immediateareasof
interestandhelpsin performancendnavigationthroughthe
scenegraphfor computerswith minimal graphicsmemory
Scriptshave beendevelopedin ERDAS to automatehetiling
processhowever, image decimationis still largely accom-
plishedusingmanualmethods.

Terrain Data

Terraindatais derivedfrom a variety of sourcesncluding
USGSDEM, NIMA DTED, andterrainbyproductsof stere-
opair imagery orthorectification. Terrain from USGS and
NIMA Level 1 is provided with 90 Meter postingsand can
beintegratedinto a scenggraphin oneof two ways.First, the
datacanbeincorporatedasaterraingrid, which providesrel-
atively high fidelity to the actualterrainin alarge scalearea.
Secondfor smallerscaleareaswhich extend out over hun-
dredsor thousandf miles, the terrainmustbe “loosened”
or resampledo reducethe numberof postings.In reducing
the numberof postings,navigation performancehroughthe
scenegraphis enhanced However, in reducingthe number
of postingsproblemsmaybeintroducedin thatfeatureghat
may occur betweenthe postingsmay be excluded. In navi-
gatinga scenegraphcreatedor a grid with regularpostings,
ary imagerydrapedover the grid appeardo be “synthetic”
in that starkanglesand shadevs appearfrom variousview-
points. Another methodof modelingterrainis by usinga
Triangularlrregular Network (TIN) mesh. This hasthe ad-
vantageof modelingthe terrain accordingto the slopeand
aspectof the terrain, and maintainsa greaterfidelity to the
terrainfeatures As slopeandaspecthangesmallertriangles
are calculatedto representhe changesn the terrainandall
featuresarerepresentedb the limits of the terraindata. Im-
agerythatis texture mappedover a TIN hasa morerealistic
andnaturalappearanceshennavigatingthescenegraph,and



shadaevs appearassofter smoothermndnot synthetic.Scene
graphnavigation performanceusinga TIN is dependenbn
how mary TIN elementareusedin theterrainmodel. Appli-
cationssuchasLightwave 3D, 3D StudioMAX havefeatures
thatcanremove TIN elementdo sparsehe TIN meshto the
degreedesired.

The world designemustdecidewhat informationis vi-
talin ary givensituationandcreatea suitablescenegraph.in
thesecasesmixing resolutiondor differentpartsof theworld
canprovide areasonableesult. Onemethodfor accomplish-
ing thisis the useof quadtreesto subdvide theterrainbeing
modeled3]. Additional resolutionlevelscanbe providedin
critical focuspoints.Figure5 presenta scenegraphfor ater-
rain. Quadtreetiles aremanagedy alevel of detail (LOD)

Lower Resolution
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Figure 5. QuadTreeStructureUsedFor SomeTerrain
Models

Higher Resolution

primitive built into VRML. LOD nodesallow theimageres-
olution to changeautomaticallyasa function of the viewing
avatars position. An alternatve approachs to tile theterrain
for aworld, andfor selectediles, provide higherresolutionas
appropriate Figure6 givesandexampleof integratedmixed
resolution(1 and2 meter)imagery

EXAMPLE DEPLOYMENT

In this section,an exampledeploymentis presentedThe
visualizationshavs anexampledeploymentfor airbaseplan-
ning. Several of the capabilitiesof the visualizationare de-
scribedbelow. The virtual world demo containsmary as-
pectsdescribedabove tunedto a specificdeployment. Fig-
ure 7 shaws the openingview of the airbase. The imagery
includesplannedmaodificationsto anexisting. A specialper
spectve canbe gainedby an animationof a flying aircraft
thatincludesa viewpoint. Figures8 and9, respectiely shov
a viewpointson the approachandfrom a guardtower. As-
pectsof theworld canhave additionalinformationaccessible
throughanchorsthat give accesso web pages. Figure 10
shavs the hospitalaswell asa web pageassociatedvith the
hospital.Any informationthatcanbeformatedanddisplayed
asawebpagemaybe provided.

(b) AreaMagnified
Figure 6. MixedResolutionimagery

Figure 8. Aircraft on Approach

SUMMARY

In this paper we have outlined an approachto construct
VRML demonstrationvorldsrapidly. By appropriatederiva-
tion and corversionof GIS informationinto VRML, com-
pellingworlds canbe createdhatpresentealisticanduseful
visualizationsthat canbe employedin military planningap-
plications.FurthermoresinceVRML is astandardizedhter-
nettechnologyoperatingwithin browsersandplug-insavail-
ableat no cost,the worlds canbe deployed easilyandinex-



Figure9. View from GuardTower

pensvely overtheInternet.
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