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Abstract

Virtual set environments for broadcastingbecome
more sophisticatedas well as the visual quality im-
proves. Realtimeinteractionandproduction-speci�c
visualizationimplementedthroughplugin mechanism
enhancethe existing systemslike the virtual studio
software3DK.

This work presentsanalgorithmwhichcandynam-
ically managetexturesof high resolutionby prefetch-
ing themdependingon their requirementin memory
andmapthemon a proceduralmeshin realtime.The
maingoalapplicationof thiswork is thevirtual repre-
sentationof a�ight overalandscapeaspartof weather
reportsin virtual studiosand the interactionby the
moderator.

Keywords: terrain engines,level of detail, virtual
setenvironments,virtual studios

1 Intr oduction

Virtual setenvironments(virtual studios)areusedin
modernbroadcastingfacilities. Live andpreproduced
contentare mixed and becomean unique program.
Live productionhasits advantagesin covering actual
situations(news) and in keepingthe costsdown by
limiting theproductiontime.

Weather reports have shown perspective anima-
tionsof �ights over citiesshowing weatherconditions
[if a97]. Thoseanimationswerepreproducedandre-

quiredseveral hoursfor production.We reportabout
a realtimesystembasedon terrainengines,allowing
to have arbitrary�ights underlive control for virtual
studios.Enablingup-to-dateweatherreportswith in-
teractive controlof thevisualization.

The taskof terrainenginesis to draw virtual envi-
ronmentsin threedimensionsin their wholewideness
andcomplexity. They have to visualizedatasetsof en-
vironmentalinformationin realtimeaspolygonstruc-
tureson the display. Whetherthe deal is to visual-
izegeographicdatasets,military simulationsor simply
to createentertainmentsoftwarelike computergames,
anywhereterrainengineswith specialalgorithmsopti-
mizedfor theirspecialtasksareapplied.And therapid
progressof graphicshardware anytime leadsto new
waysof softwaredevelopment.

The terrain engineis embededin a realtime ren-
dererwith interactioncontrolof avirtual studiowhich
has multiple interfaces to devices and applications
as shown in Figure 1 [Her01]. Specialcontentlike
weather�ights can be incorporatedusing a plugin
mechanism.

The terrain enginefor virtual set environmentsas
well asthenecessaryalgorithmis describedin depthin
[Wal03]. An overview aboutvirtual setenvironments
andanintroductionto thevirtual studiosoftware3DK
[3dk02], which wereusedin this projectcanbefound
in [GAB

�

98]. Thebroadcastingrequirementsfor vir-
tual setenvironmentaswell asa brief review of sim-
ilar projectsaregiven in Section2. How terrainvi-
sualizationcanbeintegratedinto a weatherbroadcast
programandwhat additionalstepsarenecessaryare



Figure1: Multiple interfacesof aVirtual SetRenderer
[Her01]

presentedin Section3. Achieving high visible qual-
ity requiresspeci�c focuson modelingandtexturing
which is given in Section4. Interactionandworking
with thesystemis describedin Section5. Theimple-
mentationitself and the systemdesignis outlined in
Section6. Finally, we discussour experienceswith
thesystemandgive futuredirectionsin Section7.

2 Broadcastingrequirements

Thebroadcastingrequirementsfor virtual studiosdif-
fer from thosefor virtual environments.While virtual
environmentsset their main focusonto the rendering
of a very complex scenewith many polygons,sophis-
ticatedanimationscenariosandtheability of different
kindsof userinteraction,aconstantframerateandac-
curateimagequalityplaysin mostcasesaminor role.

For virtual studio backgroundvisualization we
mustsynchronizetherenderingwith anexternalsync
source. This quaranteesa constantframerate of 50
half imagesfor thePAL videoformat(60 for NTSC).
To put it in otherword, we only have 20ms for ren-
deringoneimage.Soin mostcases,thecomplexity of
ourvirtual setmustbereducedto �t thiscondition.

A stablehigh imagequality hasto beachievedat a
constantframerate.Every renderingenginemustruns
synchronouslyto theexternalstudioclock. Virtual en-
vironmentsasusedin thecurrentinternet,for example,
have the”besteffort” thatresultsin a variableframer-
atebecauseit dependsoncontentandinteraction.

The requirementsfor virtual studios can be de-
scribedas:

� constantframerate

� highvisualquality

� easyto usein abroadcastingproductionenviron-
ment

� automaticorsimplerefreshof incomingdata(e.g.
satelliteimages)

� freeselectionof �ight paths

� visualizationof weatherconditions

In 1997we demonstratedin cooperationwith a lo-
cal TV stationhow a distributedweatherforecastcan
bemanaged.Theterrainweather�ight simulationpre-
sentedin thispapercanbeseenasanextensionto this
work, wherenow the main focus lies in the realtime
renderingandthe ability that the operatorcanadjust
the graphicon the �y . Also the moderatorshouldbe
ableto interactwith thiskind of weathervisualization.

Figure 2: Screenshotfrom the preprocessedterrain
�ight for virtual studiosshown 1997in the �rst Ger-
mantelevision programARD

3 Work�o w

There were several approachesfor weather terrain
�ights in the last yearseveryonecould seeon televi-
sion. The main problemwas the time necessaryfor
renderingthe �ight over the terraintogetherwith the
actualweathercondition.

Theweatherdatacomesnormalyin form of simple
image�les with coloredrepresentationof clouds,rain,



snow, thunderstrikes, temperatureand so on. Each
pixel shows the weatherfor the correspondingloca-
tion. With this information the graphicssystemcan
calculatetheanimationfor the�ight movie. Oftenthis
work is donewith common3D animationtools with
very good quality but althoughwith poor rendering
performance.In onecaseeight PCswereusedup to
threehoursfor renderingtheanimationfor eachdaily
weatherforecast.Thedisadvantageis obvious. When
youseethevisualisationin form of a terrain�ight, the
datais moreor lessoutdated.

The application describedhere rendersa terrain
�ight in realtimeby using weatherdata image �les
which will be loadedautomaticlyto thegraphicssys-
temandby addingthecurrentweatherconditionto our
visualisation.Startandendpointfor theanimationcan
bearbitrarilysetby theoperator.

It is also possiblethat the moderatorcan interact
with the virtual terrainvia externaldeviceslike a re-
motestylus. Themoderatorcanshow placesof inter-
eston demandto theTV viewersor he canswitch to
anotherscenariowith additionalweatherinformation.

Theintegrationof theterraininto thevirtual setcan
be donein several ways. In 1997it wasplacedon a
virtual tablein the middle of the set. By disconnect-
ing the virtual camerafrom the real cameraposition,
we get a smoothtransitionfrom the virtual setto the
weatherinformationgiven by our terrainengine.Be-
causeour new terrainengineis fully integratedin the
virtual setapplication3DK, we have furtherpossibili-
ties. Usinganearthglobeand�ying directly through
volume cloudsis just one of them. This makes the
daily weatherforecastmoreinterestingto theviewers
andopensnew graphicalwaysof transitionbetween
thevirtual setandthethe�ight over thelandscape.

4 Modeling and texturing

Thereareseveralapproachesmadefor realtimeterrain
renderingwhich have beeninvestigatedin the past.
As the most popularscan be seenGeomipmapping
[Geo00], QuadtreesandtheROAM [DWS

�

97] algo-
rithm.

Thealgorithmdescribedhereis anextensionto the
quadtreedatastructureusedfor realtimevisualization
of complex terrainmeshes.Even thoughthe ROAM
approachis much faster, quadtreesare well suited
when using large textureswhich must be divided in
lower tilesaswewill seelaterin thissection.

Tospeeduprenderingtime,weusedfrustumculling

to determinewhatbranchesof thequadtreecanbeig-
noredwhendrawing thegeometryfor theterrain.Only
the leaves with boundingboxes that are completely
or partly inside the visible areaof the viewing frus-
tum will be handled,all othersareignored. Figure3
demonstratesthe boundingboxes of the nodesseen
from the point of the cameraposition. White frames
show nodeswhich are completly inside the frustum
while bluecoloredboxesarepartly outside.Branches
which do not intersectwith the viewing frustum are
not further subdivision. The right pictureshows the
consideredboxes seenfrom a differentcameraposi-
tion otherthantheoneusedfor culling.

Figure 3: Screenshotsdemonstratingthe quadtree
culling mechanism

Given a grayscaleheightmapimage,we construct
a regular mesh with vertices that are shifted in y-
direction accordingto the pixel values. The mesh
sizedoesnot needto have thesameresolutionasthe
heightmapwheninterpolatingtheseheightvalues.In
our examplewe useda heightmapwith 1833x1972
pixels whereeachpixel correspondsto a size of 75
metersin the real world. As mentionedbefore,we
useda tree for storing the geometry. The root node
de�nes the whole mesh,while eachchildrendivides
this meshinto smallerclusters.Becausewe areusing
quadtrees,eachnodehasexactly four child nodesthat
containtheboundingbox informationandtexturesto
beused.Therenodesaremainly usedfor culling and
thusspeedingup therenderingprocess.Only the leaf
nodesdescribethegeometryandareusedfor render-
ing. Figure4 illustratesthequadtreestructurewith its
boundingboxesandonetrianglefaninside.

Theproblemwefocusedis how to handlelargetex-
turesfor thesurfacewith thelimited amountof mem-
ory spaceon the graphicsboard. In our examplewe
have a satelliteimagefrom onepartof Germany with
a resolutionof 5 metersper pixel. The whole image
hasa sizeof 27474x27474pixels. This allows us to
�y with our terrain engineabove a surface that has
138x148kilometersdimensions.The problemis that



Figure4: Illustrationof thequadtreestructurewith its
boundingboxesandonetrianglefandrawn inside

we needabout2.3GB for the whole ground texture
which is muchmore thancurrenthardwarecanhan-
dle.

Tiling the surface image is in�uenced by the un-
derlying hardware. Thoughmost graphiccardscan
handle2048x2048texturesor larger, we encountered
a bottleneckat the AGB bus interface for transfer-
ing the data into memory. In our test environment
we foundout that1024x1024texturescanbehandled
by the hardware without consumingtoo much time.
However, we decidedto tile our surfacedatainto 256
smallerpieces.Thisis becauseeachlevel of aquadtree
hasa numberof child nodeswhich is a power of four.
Sowhenusing256texturetileseachchild onlevel 4 in
our treeholdsexactly onetexture image. All the leaf
nodesbelow will berenderedusingthis texture.

On the other hand,somebranchesare abandoned
by culling. Thereforewe implementeda texture pre-
fetchingroutinethat transfersonly thosetexturesinto
memorywhich will be usedfor thecurrentrendering
step. All texturesoutsidethe vicinity of our virtual
cameracanbedroppedoutof memory.

Becausewe cannotmake any predictionwhat tex-
turesto usenext when moving the cameraover the
surface,we increasethe vicinity by a small amount
to upload the image before it reachesthe inside of
ourviewing frustum.Thefollowing pictureshows the
determinationof surroundinggroundtextures. Gray
coloredtiles representtexturesthat mustbe storedin
texturehardwarememory. A boundingspherewith a
radiusequal to the far clipping planeis usedto de-
terminewhat texturesmight bebecomeimportantfor

thenext renderingpass.All textureswhich areinside
this sphereor hit the boundaryline mustbe resident
in hardware. The dottedcircle shown in �gure 5 in-
creasesthis areaandsurroundsall textureswhich will
be possiblyusedin the next renderingcycles when
moving thecamera.
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Figure 5: Determinationof surroundinggroundtex-
tures

Theradiusof thedottedcircle(i.e. theincreasement
of thevicinity of textures)dependson thespeedof the
virtual camera.
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Becauseanew textureloadtransfersahugeamount
of datainto texturememory(3MB for eachtexturetile
in our case),it is necessaryto split up the transferof
texture dataover several renderingcycles. Therefore
asecondthreadmanagesthetextureuploadswhile the
main threadrendersthe terrain and �gures out what
texturesmustbeaccessable.

Tovisualizethethesky weusedasimpleboxgeom-
etrythatis staticin positionto thecamera.Six textures
aremappedontothisboxasshown in Figure6.

Both in commongive a very realistic impression
of a real outdoorscene. Hemisphereshave the dis-
advantagethat they needa lot of polygonswhile sky
boxonly consistsof twelve trianglesandcantherefore
be renderedin a very short time period. Our current
work focuseson volumecloudsthatshow thecurrent
weatherfor theareawherethecamerais located.Parti-
clesystemsareusedfor rain,snow, or thunderstrikes,
respectively. Becausethegroundnormallyvanishesin
the far hazeandchangesto thecolor of thesky some



Figure6: Six texturesfor thesky boxenvironment

kind of coloredfog is usedto simulatethiseffectwhen
renderingthe terrain. The only trick is that we must
usethesamecolor asthesky so thesurfaceseemsto
fadeawaywhenlooking in directionof thehorizon.

The realtimerenderedview in Figure7 shows the
river Rhineandthe city Koblenz. The virtual sky as
well asthe fog in the backgroundimprove the visual
impression.

4.1 Scalability and adaption of the terrain
enginealgorithm

The terrain enginewas designedto run on different
hardwareplatforms. It canbe adjustedto constrains
like framerateor memoryconsumptionin two ways
by changingthe quadtreerecursiondepthandthe to-
tal meshscale. Both factorsin�uence the total costs
of calculationtimeandmemoryusage.Theterrainen-
ginewedevelopedconsistof a2passalgorithm.While
the �rst passloadstheheight�eld dataandbuilds the
quadtreestructureout of it, the secondpassinteracts
with thetexturemanagerandrendersthegraphic.The
quadtreerecursiondepthhasin impactonboththe�rst
passandsecondpassof thealgorithm.In the�rst pass
this factordeterminesthememorydemandto storeall
the geometrydataas a quadtreestructureinto main
memory. With the recursionlevel theamountof data
increasesexponentially.
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It will certainlybea goodideato adjustthis valueac-
cordingto the requirementsof surfaceresolutionand

the applicationsneeds. During the secondruntime
passonecanspecifythedepthto diveinto thequadtree
and to show all the geometrydetail which hasbeen
preparedin the �rst pass. This is very importantfor
framerateadaption. If the requiredframeratecannot
beachievedtherecursiondepthcanbedecreaseduntil
the requiredperformanceis reached.Like anytime in
computergraphicsalgorithmsthis is thecommonway
to balanceperformanceanddetailquality. Thereis an-
otherkind of recursiondepthto mention:thequadtree
level which holdsthe textures. This level decidesthe
principal texture impact of the runningsystem. The
texturetile sizeitself multipliedby theamountof tiles
neededatthegiventextureoutputlevel of thequadtree
countthetotalamountof texturedataontheharddisc.
But theamountof datawhich will beprefetchedinto
systemor texturememorydependmainlyon theother
factorwe alreadytalked about: the total meshscale.
Justto sayit in �rst: this factordoesnot in�uence the
quadtreedataamount. It only comesinto play dur-
ing runtimeasa main virtual adjustmentfor the tex-
ture management.By changingthe total meshscale
the amountof prefetchedtexturesandtexturesphys-
ically loadedinto texture memorycanbe controlled.
Thisis alsowherethefrustumsizebecomesimportant.
Frustumsizeandtotal meshscalehave a direct rela-
tionshipin virtual world space.Themoretexturesare
found within the frustumsurroundingsphereaswell
aswithin thefrustumitself thehighertherequirements
on memoryanddatathroughputon the target system
will be.

Figure7: Shotfrom a�ight wherethegroundvanishes
into thehaze



4.2 Satellite images

Thegraphicsin thispaperwasprovidedby thegerman
company GAF [gaf02] which offers a variety of ter-
rain data.Groundtexturesandheight�eldsarestored
in geotiff format[Geo92], which is anextensionto the
ordinary tiff format with additional information like
longitudesandlatitudesstoredasmetatags.Thisextra
informationis usefulto mapsurfacetexturesonto the
meshandto �nd theappropriateweatherinformation
soeverything�ts togethereventhedatacomefromdif-
ferentproviders.Theheight�eld in ourdemoscenario
hasaresolutionof 1833x1972whichcoversanareaof
138x148kilometers.Thegroundtexturewasanimage
of 27474x29572pixels, whereeachpixel standsfor
approximately5 metersin reality. This yields a very
high detailedlook of our terrain. Figure8 shows the
satelliteimageof aGermansectionwhichwasusedin
our demoapplication. The correspondingheightmap
is shown in Figure9.

Figure8: Sectionof the Germangroundtexture pro-
videdby theGAF company

5 Interaction and navigation

Renderingterrain �ight for a weatherforecastneeds
shortterm modi�cations of theanimation. The oper-
ator getsthe currentweatherdataandthe areaof in-
terestwhichshouldbevisualizedvia theterrain�ight.

Figure9: Heightmap�tting theareaof Figure8

So he mustbe ableto set the parametersfor the vir-
tual cameramovementandsomeothersettingsfor the
�ight very easily. Thereforewe useda databasewith
the locationsfor all the major cities of interest. The
operatorsimply clicks on the locationswhich should
appearduring the �ight and the systemgeneratesa
simple spline out of it. Even though the animation
canbe�ne-tunedafterwards,it shouldbesuf�cient to
selectthe nameof the cities to be shown and let the
systemdo the rest. This realtimerenderercan now
producetheanimationdirectly on air andis therefore
a big improvementcomparedto conventionalrender-
ing packageswhichoftenneedalot of userinteraction
andoftena hugeamountof renderingtime.

For a typical weatherforecastit is alsouselfull that
themoderatorcaninteractwith thecontentin thevir-
tualset.Pointing,highlightingorchangingaspectscan
increasethepossibilitiesfor suchTV shows.

While our prototypeusesa standardPC keyboard
for interactioncontrol, devices like a stylus can be-
comeasophisticatednaturalinputdevice for amoder-
ator. Thecontrolmovesfrom behindthesceneto the
front of thecamera.Sothemoderatorcanlive interact
with theinformationshown for theviewers.



6 Implementation and systemdesign

The virtual studio software 3DK, developed at the
FraunhoferInstitutMedienkommunikation,is usedfor
renderingthe weather�ight over Germany wherethe
terrainenginewas integratedby the plugin interface
directly into thescenegraphfor thevirtual set. Stylus
andusercontrol is managedby theuserinterfacethat
controlstherenderingenginesover IP network.

Becauseour terrainengineis a graphicalprimitive
like a sphere,eventhoughit is morecomplex, we can
placeit togetherwith all theotherprimitives into the
hierarchyof thescenegraphusedfor renderingthevir-
tual set. The plugin technologyof 3DK allows us to
extend the applicationin an easyway with this new
kind of visualization.Theoperatorcanspecifyterrain
parameterslike thesourcefor ourweatherdatavia the
userinterface.Theterrainengineintegratesinto to vir-
tual studiosoftwareasit is yet anothergraphicalob-
ject. Featureslike splineanimationscould therefore
be usedfor moving the cameraover the terrain. The
plugin alsocontrolstheaccessto anexternaldatabase
wherewestoredthelocationsfor theseveralcitiesthat
wecanpassin our �ight.

7 Conclusion

The implementationon PC hardware with consumer
graphicsacceleratorsgivessuf�cient performancefor
realtimeterrainvisualization.

Realtimeinteractionin live virtual studio produc-
tion changestheway how datacanbepresented.Up-
to-datevisualization of complex data sets with di-
rect interactioncontrol is anotherstepforward in the
broadcastingbusiness.

Currently, wework onagenericinterfacefor 3D in-
putdeviceslikeastylusor wandfor the3DK software,
whichwill allow new interactionsfor theactors.
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