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Abstract. In this paperwe presenta framavork that provides remotecontrol
to Openinventoror Cosmo3Dbasedvisualizationapplications A visualization
sener distributesa visualizationsessionto Java basedclients by transmitting
compressedmagesfrom the sener frame buffer. Visualizationparametersand
GUI eventsfrom the clients are appliedto the sener applicationby sending
CORBA (CommonObjectRequesBroker Architecture)requests.

The framework providestransparenaiccesso remotevisualizationcapabilities
and allows sharingof expensve resourcesAdditionally the framavork opens
new possibilitiesfor collaboratve work and distanceeducation.We presenta
teleradiologysystemand an automotve developmentapplicationwhich make
useof theproposedechniques.

1 Intr oduction

Therapidevolution of todaysdigital communicatiometworksenablesiccesso ahuge
amounbf scientificdataandremotecomputatiorcapabilities|ik e sharednemorymul-
tiprocessomachinesr specialhigh-endgraphicshardware.Concerninghis develop-
mentwe believe that techniqueshave to be developedto enablethe visualizationof
scientificdatausing remotelyavailable high-endvisualizationarchitecturegrom ary
Internet-connectedesktopcomputer

In the developmentof todaysdesktopcomputergwo contrarytrendscan be ob-
sened.Ontheonehandthe computatiorandrenderingcapabilitiesof modernlow-cost
PCsarequickly rising. Onethe otherhandthe network compute{NC) is avery simple
andinexpensve device thatactsasathin clientto morepowerful sener machines.

Up to now hardwareacceleratedenderinghasrequiredlocal rendering For exam-
ple,in the X-Windows systema remotelystarted3D applicationusedocal 3D acceler
ation hardwarefor renderingLocal renderingenablesigh interactionrates.However,
thereare certainconditionsunderwhich local renderingis impossibleor undesirable.
For example typical datasetsfrom scientificsimulationsandmeasurementseithercan
quickly transferrechor canbe handledon moderndesktopcomputerdecausef their
immensesize.On the othersidethereis a classof high-endseners,supercomputers
andworkstationswith special3D graphicsacceleratiorhardware,numericalcomputa-
tion power and high-performancéO bandwidththat provide the necessaryneansto
handlelarge scientificdatasets.Furthermordocal renderingoftenrequireshetransfer
of sensitve datafrom senersto clients. This may be undesirablébecausef security
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Fig. 1. Theclient-serer scenariausedin this framewvork. Oneor moreclientsremotelyobsere
andcontrolanapplicationon a sener by usingtwo CORBA interfacesanda soclet connection.

reasonse.g.for patientdatain medicalapplicationsits more secureto transfer(en-
crypted)imagedatainsteadof original data.

We developeda frameawvork for the remotevisualizationof large scientificdatasets.
It is ableto use3D acceleratiorhardwareof the sener systemandallows to usethese
featuredrom ary Internet-connecteBCinteractively. Thegenerakcenariasedfor the
framework consistf anhigh-endvisualizationsener for renderingmagesandoneor
moreclientsto provide a userinterface,displaythe renderedmages,and control the
visualization(Fig. 1). Thereareno specialrequirementgor the choiceof the clients.
Evena PDA with TCP/IPnetwork connectionrandadequatelisplayresolutionwould
besuficient.

OnthesenersideanOpeninventoror Cosmo3Dbasedvisualizationapplicationis
renderingeitherimageson-screerninto the framebuffer or off-screeninto the phuffer.
Therebytwo differentscenariosanbe derived: A masterusercontrolsthe sessioron
the sener machineandusesthe visualizationapplicationlocally. Imagesrenderecn-
screeninto the frame buffer are encodedandtransferredo all clientsusinga soclet
connection.The secondscenariousesa display-lesssener thatrunsthe sener job in
thebackgroundandrendersnto the pbuffer. The pbuffer is a specialprotectedgraphics
memoryblockwhichallows hardwareacceleratedff-screerrenderinglmagesareread
from this buffer into mainmemory encodedndtransferredo theattachedlientsusing
asocletconnection.

TheJavaclientenabledransparentemoteaccesso thevisualizationcapabilitiesof
thehigh-endsenerfrom any window systemsupportingplatform. Therecevedimage
datais decodedstoredasa Java2D bufferedimageanddrawn into the frame buffer.
Mouseand keyboardeventsgeneratedn the client aretransportedo the sener ma-
chineusingCORBA methodcalls. The sener providesan Openlnventoror Cosmo3D
interfacefor theseaventsthatpasseshe parameterto objectsandfunctionsthathandle
the eventson the sener side. Thereby whenusingOpenlnventor a manipulatorwid-
getcanberemotelypickedanddraggedApplicationparameteraretransferredo the
senerusingasecondCORBA eventinterface.



Using our framework, which consistsof several C++ and Java classesthe client
andsener applicationscanbe easilydeveloped.Moreover the framewnork enableghe
corversionof ary existing visualizationapplicationinto aremotelycontrollableoneby
addingonly a smallamountof additionalcode.Multiple clientsareableto sharethe
view onthedataandinteractin turn.

In thefollowing sectionwewill describesomerelatedworkin thefield of webbased
visualization.Section3 outlinesthe architectureof our framavork. Section4 explains
two exemplaryapplicationswhich usethe proposedechniquesResultsare givenin
section5. We will concludethe paperwith someremarkson futureactuities.

2 RelatedWork

In thepastyearsseveralapproachefor scientificvisualizationon digital networkswere
investigatedOneof thefirst progressie applicationdor volumevisualizationwaspre-
sentedby Lippertetal. [7].

Hendinintroduceda VRML basedvolumevisualizationtool [5], which usesthree
stacksof perpendiculaslices.We introducedtechniquedgor fastvolumeclipping, col-
laborative work, anddatasizereduction[2] asanextensionto Hendin's approach.

An oppositeapproactwasproposedy Ma etal. Thewebbasedsolumevisualiza-
tion systemcalledDiVision allows usersto explore remotevolumetricdatasetsusing
aweb-bravser[10]. The systemcomputesmageson a visualizationsener, which are
transferredo the client andinsertedinto a graph.However, the applicationdoesnot
supportinteractve manipulation.

In the virtual network computing(VNC) systemby Richardsoret al. [11], sener
machinessupply applications,data, and desktopervironmentsthat can be accessed
from ary Internet-connectemhachineusinga wide variety of machinearchitectureslt
is aremotedisplaysystemwhich allows the userto view a computingdesktoperviron-
mentfrom anywhereon the Internet.VNC doesnot supportto useremote3D graphics
acceleratioardware.

JustrecentlySGIl announcedpenGLVizsener [8]. From the limited amountof
informationwhich is currentlyavailableit is understoodhat OpenGL Vizsener will
enableasingleOnyx2 workstationto distributevisualizationsessionso multiple UNIX
operatingsystemdesktopworkstationsby transmittingcompressedmagesfrom the
Onyx2 framebuffer. While thesystenonly seemdo work insideorganizatiometworks
andonly on SGI machinespur framawvork allows transparenticcesgo ary high-end
senerfrom ary Internet-connectedesktopPC.

3 The Framework

Theframework consistf several C++classegor thesenersideandJaszamoduleghat
areusedo build aclientapplicationBecaus®f themodularstructureof theframawork
it canbeappliedto ary visualizationapplicationandnew codecanbeadded.



3.1 Sewer modules

A stand-alon&isualizationapplicationcaneasilybe corvertedinto aremotelyaccessi-
ble oneby addinga CORPBA interfaceandslightly modifyingthesceneggraph Currently
theframavork wasadaptedor OpeninventorandCosmo3D.

OpenInventor: Openinventortraverseshe scenegraphin afixed orderfrom top to
bottomandleft to right. Becauseof this behaior we canadda new scenegraphnode
namedPBuf f er Node thatswitchesto the pbuffer renderingcontet in front (to the
left) of the contributing nodes,generallyat the leftmostposition. The Socket Node
readshe framebuffer contentinto mainmemoryandperformsthe encodingandtrans-
missionof theimagedata.lt is insertedbehind(to theright) of the contributing nodes,
generallyattherightmostpositionin the sceneggraph.

As soonasthe scenggraphhaschangecdr new mappingparameterge.g.modified
transferfunctions)have beenrecevedarenderactionis appliedto theroot nodeof the
scengyraph.Thenthefollowing sequencef stepss performed:

1. Therenderactiontraverseghe scenegraphfrom top to bottomandleft to right.

2. As soonasthe PBuf f er Node is reachedthe rendermethodswitchesto the
phuffer renderingcontet. If therewasno PBuf f er Node nodeaddedo thescene
graphtherenderingcontect remainson-screen.

3. Therenderactioncontinuego traversethroughthesceneggraphandtheshapenodes
drawv geometnyinto the currentrenderingcontext.

4. AssoonastheSocket Node is visited,the contentof theframebuffer is readinto
mainmemory It compressetheimagedatausingoneof theavailablecompression
methodsandprovidesthe encodediatato all connectedlientsvia a givensoclet
port.

5. Therenderactioncontinuedo traversethesceneggraph.

Openinventorprovidescorvenientmechanismso corvert2D eventsrecevedfrom
aclientto 3D events.Thestepshatareperformedcanbe summarizeasfollows:

1. Theclientapplicationregistersinterestin particulareventswith its window system.

2. Theclientapplicationrecevesaneventfrom its window system.

3. Theclientcallstheappropriatesener methodusingCORBA anddeliversthe nec-
essaryparameterge.g.mouseposition,mousebutton)to the sener.

4. The sener applicationtranslateshe event into a SoEvent (for mouseevents
SoLocat i on2Event).

5. TheSoEentis insertednto aninstanceof the SoHandl eEvent Act i on class.

6. Thehandleeventactionis appliedto the top nodeof the scenegraph.This action
traverseghe scenegraph.Eachnodeimplementsts own actionbehaior. Whena
node(typically amanipulator)s found,it handlegheevent.

7. If necessargrenderactionis appliedto the sceneggraph.

The CORBA mainloop andthe Openinventormainloop arerunningin two sepa-
ratethreads As Openlnventoris notthread-see the receized client eventscannot be
appliedto the sceneggraphimmediately TheTi cker classis anOpeninventorengine
(derivedfrom SoEngi ne) thatstoresSoHandl eEvent Act i ons createcdby client
eventreceving CORBA methodsTheTi cker classis calledfrom the Openinventor
mainloopin fixedtime stepsandtriggersa SoHandl eEvent Act i on.



Cosmo3D: Thescenggraphstructureprovidedby Cosmo3Ddiffersfrom thatof Open
Inventot No informationis inheritedhorizontallyin the Cosmo3Dscenegraph,which
is traverseddovnwardsfrom top to bottomin eachbranch.OpenGLOptimizeroffers
differentkinds of scenegraphtraversalactions:On the one handthereare depth-first
traversalactionswhich do their work in the sameorderas Openlinventoractionsdo.
Ontheotherhandbreadth-firstraversalactionscanbeappliedfor parallelizatiorusing
multiple processorsThus,a nev Cosmo3Dscenegraphnode,which implementgshe
correspondindgunctionality of the describedPBuf f er Node and Socket Node, is
derived from the Cosmo3DclasscsG oup. Its methoddr awVi si t () containsa
pre-anda post-traersalsection.Theformerswitchestherenderingcontext to phuffer
while thelatter sectionstartsthe encodingandtransmissiorof theimagedata.

In contrastto the Openlinventorscenariathe new Cosmo3Dscenegraphnodeis
usedasarootnodewhich enfoldstheoriginal scenegraphasits subgraph.

Alternatively, the scenegraphcanbe left untouchedandjust onefunction call has
to beaddedat the beginningof the methodopXnVi ewer : : swapBuf f er s() . This
functiondetermineshe currentdrawing buffer, callsgl ReadPi xel s() andinitiates
theimageencodingandtransmission.

Incomingmouseor key eventsareinterpretedand handledafter a pre-processing
stepby the correspondingnethodsin theopXmVi ewer classasif they hadbeenap-
pearedon the local site. For example,mouseeventsare sentto a methodwhich con-
vertstheincomingdataand emulategshe methodpr ocessPendi ngEvent s() of
opXmvi ewer .

3.2 Client modules

Theclientmodulesareimplementedisingthe JAVA2 platform.We provide thefollow-
ing classes:

RenderArea: The basicrenderareavi s. i nvent or. Render Ar ea is a drawing
areafor framebuffer contentthatwasreceved from the visualizationsener. For this
purposeheJava2Dj ava. aw . i mage. Buf f er edl mage classis used.Thedraw-
ing areaalso relays mouseeventsthat are sentto the sener. It is derived from the
j ava. awt . Panel classandcanbeaddednto ary Java containerThe

vi s.inventor. Ful | Vi ewner classderivedfromthisclassprovidesthelook-and-
feelandfunctionalityof OpeninventorsSoXt Ful | Vi ewer ,whichincludesadecora-
tionaroundtherenderareaThisdecorations make upoutof thumbwheelsslidersand
pushbuttons.It alsosupportsa context menuthatallows to changethe Openinventor
renderingtypein severalways.

Decoders: vi s. i magedecoder . Decoder istheabstracbaseclassfor all codecs
we have implementedNew decoderganbeintegratedinto the frameawork by deriving

new classegrom this baseclassWe provide thedecoders

vi s. i magedecoder. ZLI BDecoder,vi s. i magedecoder . LZODecoder ,

vi s. i magedecoder . RLEDecoder andvi s. i magedecoder . RAWDecoder .
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Fig. 2. Thelateny in betweermanipulatiorandimageupdateconsistof requesteventtransla-
tion, renderingframebuffer read,encodingtransfer decodinganddisplaytime.

SimpleViewer: Wealsoprovideaclassvi s. vi ewer s. Si mpl eVi ewer whichcan
beusedasaclientto obsereary remotevisualizationsessiorof anapplicatiorthatwas
adaptedisingourframework. For this purposeonly somelinesof codehaveto beadded
to a stand-alone&isualizationapplication.

3.3 Network Communication

Thetransmissiomf imagesandthe remotecontrol of the sener applicationarestrictly

decoupledTheimagedatais streamedhrougha TCP soclet connectiorandthe ap-
plication, mappingand renderingparametersre appliedto the sener applicationby

usingCORBA methodcalls.Oncenew mappingor renderingparametersverereceved

by the sener they are appliedto the visualization.Thenthe renderingis performed,
the frame buffer is copiedinto main memory the datais encodedtransferredo the

clients,decodedandfinally copiedinto the framebuffer of the client (Fig. 2). These
stepsdeterminethe overalllateng of the applicationbetweermanipulationandimage
update.

CORBA interfaces: The CORBA interfaceto theseneris dividedup into two parts:

— Theeventsfor therenderareaof the sener applicationaresentto the sener using
the interface Render Ar ea. For a sener that usesOpen Inventor the interface
Ful | Vi ewer extendstheRender Ar ea interfacewith functionalityof theOpen
InventorSoXt Ful | Vi ewer class.

— Applicationspecificparameterareaccessesiathe Appl i cat i on interface We
provide abasdnterfacewhichcanbeextendedo makethefunctionalityof asener
applicationaccessible-or example if theapplicationallowsto addclipping planes
wewould haveto addamethodaddC i ppi ngPl ane totheinterfaceandimple-
menttheappropriatesener method.

Image compressionand transfer: The imagetransmissions decoupledfrom the
CORBA interfacesbecausave wantedto be ableto quickly replacetheimagetransfer



codecwith moresophisticatedneswithout ary changesn the remainingnetworking
code.lt could be aswell integratedinto the CORBA communicationput right now
we transfertheimagedatausinga TCP soclet connectionThe usercanselectoneof
following encodingypes:

— RAW: Thecodecreturnsthe original data,thusno compressiotis performed.This
methodcanbe usedin a high bandwidthnetwork to keepthelateng low.

— ZLIB: Performsaloss-lessompressiomasedntheZLIB library [12]. Thealgo-
rithm findsduplicatedstringsin theinputdata.Thesecondccurrencef astringis
replacedoy a pointerto the previousstring,in the form of a pair (distance,length).
ZLIB compressiolis a standardeatureof Java sinceversionl.1andis performed

via fastnative code.
— LZO: Performsa loss-lesscompressiorbasedon the LZO library [9]. LZO is a

block compressioralgorithm- it compresseand decompressea block of data.
Block sizemustbethesamefor compressiomnddecompression.ZO compresses
ablockof datainto matchegaslidingdictionary)andrunsof non-matchinditerals.
LZO favors speedover compressiorratio. As the LZO codecis not a standard
methodof Java, the LZO decompressiois accessedia a Java Native Interface

(INI) call.
— RLE: Performsaloss-lessompressiofasedn run-lengthencoding.

Despiteof the image compressiorthe amountof datathat hasto be transmitted
to the client is still too large for low-bandwidthnetwork connectiondike an ISDN
connectionin orderto allow highinteractiornrateson suchconnectionsve additionally
apply animagesize reductionwhile interactingwith the data.For example,whena
manipulatois pickedanddraggedve transfettheimageswith half or quarterresolution
andscaletheimagesto full sizeon the client. As soonasthe userstopsdraggingthe
manipulatoafull frameis transmittedThecombinatiorof compressiomndimagesize
reductionprovidessuficientframeratesevenon 56k modemnetwork connections.

4 Collaborative visualization environments

In areaswherespecialistsare separatedy distancethe work-flow efficiengy canbe
improvedby collaboratve applicationsFor example,suchapplicationsallow usersto
discusshe visualizeddatasharingthe sameview. Furthermoregxpensve expertscan
be consultedanddistancesducatioror advancedrainingcanbeheld.Additionally, our
approactprovidessimultaneousiccesgo a sener applicationfor multiple usersThus
thecapabilitiesof expensve hardwarecanbe shardedy low-costclient systems.

In this sectionwe will presentwo applicationsthat were extendedby our frame-
work to enablecollaboratie work. The first oneis anapplicationthatuses3D texture
mappinghardwareof high-endgraphicswvorkstationgo visualizemedicalvolumedata.
The secondoneis employedin the car developmentprocesdor visualizationof huge
time-dependerftnite elementmodels.

4.1 Teleradiology

Theuseof 3D texturemappinghardwarehasbhecomeapowerful visualizationoptionfor
directvolumerenderind1, 15]. Unfortunatelyupto now 3D texturemappinghardware



is still restrictedto high-endgraphicsworkstationsNow one canmake the hardware
capabilitiesaccessibl¢o almostary client systemby usingour framework.

For this purposean interactize stand-alonéexture basedrenderingapplicationfor
medicalvolume datahasbeenextended(Fig. 3, left). It hasbeenintegratedinto the
Openinventorframenork in orderto obtainthe wholeflexibility andfunctionality of-
feredby this graphicsAPI. By introducinga new class,the volumerenderethasbeen
representeds a separatebjectwithin the hierarchicalstructureof the scenegraph.
This allows convenientuseof built-in manipulatorssensorseditorsandotherprede-
finedclassesmethodsandfeatureglight sourcesanti-aliasingperspectie/orthogonal
projection fly, walk, trackball)[4, 13].

First a few lines of codewereaddedin orderto extendthe scenegraphusingthe
Socket Node we previously introduced With this smallmodificationit is possibleto
join avisualizatiorsessiorpassvely usingaweb-bravserandobsenethevisualization.
To allow remotecontrol of the applicationwe hadto extendthe baseCORBA applica-
tion interfacewith additionalfunctionality (e.g.updateof transferfunction, addingof
clipping planes.etc.).On the client side a viewer applicationwas developedthat pro-
videsthe samedook-and-feelsthe stand-alonapplication(Fig. 3, right). We usedthe
vi s.inventor. Ful | Vi ener classasthedisplayareain the mainwindow, added
somebuttonsto the decorationandreimplementedhe menubarandthe dialogsof the
stand-alonapplicationin Java (e.g.the transferfunctiondialog).

Recapitulatingourapproaclallowsworking groupsto discussnedicalvolumedata
setscollaboratvely. 3D texture supportinggraphicsworkstationswhich weretoo ex-
pensvefor mary hospitalscannow beusedremotelyfrom any desktopPC.No patient
datais transferredthroughthe network and the securityof the image streamcan be
ensuredy usingSSHsoclettunneling.

4.2 Visualization of crash-worthinesssimulations

Anotherexamplewherethe presentedechniqueis very usefulis the visualizationin
the car developmentprocessin cooperatiorwith the BMW Group we developeda
Cosmo3D OpenGLOptimizerbasedapplicationwhichis in productive usein thepre-
andpost-processingf crash-vorthinesssimulations.

Thecarbodiesarerepresentetly about500.000mainly four-sidedfinite elements.
During simulationthefirst 120 msarecomputedandthe coordinate®f the deforming
mesharestoredin 60 time stepstogethemwith thetracked parameterinto aresultfile.
Thoseresultfiles oftencontainmorethan1.5 GB of data.

Our applicationcrashVewer builds a Cosmo3Dscenegraphthatdescribeghe car
body for eachtime step.We developedan OpenGL Optimizer basedviewer which
allows the engineetto visualizeand animatethe crash.Furthermorethe crashperfor
mancecanbeanalyzedy directlymappinghetrackedscalamparameterascolorsonto
thegeometryor by visualizingthe forceflux by forcetubes[6].

To representhe large scaleGouraud-shadetime-dependengeometrywith con-
stanttopologyfor eachtime stepin a Cosmo3Dscenegraph,asproposedn [14], ap-
proximately700MB of mainmemoryis required.Sinceonly high-endgraphicswork-
stationsareequippedvith suchalot of mainmemoryatechniquaevassoughtto make



thoseexpensveresourcesccessibléo low-endsystemsHencewe extendedhestand-
alonevisualizationapplicationby our approactwhich offersa solutionby transferring
imagedatafrom ary OpenGLsupportingworkstationto arbitrarywindow supporting
clientsystems.

If ameetingof theanalyzingengineerss tootime-consumindpecausehey are,for
example Jocatedat distantsites theimagetransferallowsfor acollaboratvediscussion
onthecrash-vorthinesof the currentmodelvariant.Oneengineesstartsthevisualiza-
tion applicationwhich is ableto provide the renderedmagesin encodeddatastream
form aspreviously outlined.

Therearetwo scenariosfirst, the otherengineestartsa Java applicationthatoffers
aminimal setof functionality of the original C++-basedsisualizationapplication.2D
mouseeventsand keystrokestriggeredon the client side are transmittedbackto the
senerapplicationandinterpretedherelike describedn section3.1.1n thesecondsce-
nariowhereoneengineewill communicatesomeresultsto oneor moreengineersvho
do not have to interactwith the modelthe formeroneadvisesan URL to otherpartic-
ipants.They startary HTML browser downloada HTML pagefrom the given URL
whichincludesaJavaapplet(seeFig. 4). ThisappletencapsulatetheSi npl eVi ewer
describedn section3.2.

Summarizingpurapproactallows collaborative working groupsto discusssimula-
tion resultsin distributedheterogeneousrvironments.Therearelow requirementso
participatingclient systemsAdditionally, in regardto securityaspectsfor example,if
third party engineerof subcontractorareinvolved, the puredatawill stayin-house;
insteadjustimagedatais transferredWe expect,thatthis techniquewill facilitatethe
collaborationbetweeraccordantvorking groupsof BMW andRaover, whereit will be
testedn the next few months.

5 Results

In this sectionwe shav resultsfor the proposedechniquesOn thesener sideall tests
wererunona SGI Onyx2 workstationequippedwvith two 195MHz R10000processors
and512 MB of main memory A SGI O2 workstationwith the sameprocessoiand
128 MB of mainmemoryanda 333 MHz CeleronPC equippedwith 64 MB of main
memorywereservingastheclientsystemsTheO2waslinkedvia a100MBit Ethernet
network connectiorandthe PCwaslinked usinga 64 kBit ISDN Internetconnection.
We usedthe medicalvolumevisualizationernvironmentwith a 512x512x106CT data
set.A typical imagesequencevith framesof 704 pixelswidth, 576 pixels heightand
24 bits depthwasused.

First we analyzethe frameratesthat canbe achiesed over the local network and
the InternetconnectionTable 1). While interactingwith the volumetheimageswere
renderedcandtransferredat quarterresolution(176x144pixels), afterinteractiona full
framewastransmittedThis leadsto fasterrenderingencodingtransfer decodingand
displaytimes.Whenusingthe stand-alon@on-netvorkedvisualizationapplicationwe
achieved an averageframerate of 4.1 for the full framesand25.4framesper second
for quarterframes.Usingthe ISDN connectiomo interactive rateswereachieved us-
ing full frames.This is negligible during interactionbecausehenwe aretransferring



datasize LOCAL LAN ISDN

method full |quarter| full |[quarteq full |quarten full |quarten
RAW | 1.2mb| 76kb 1.9 19 - -
ZLIB | 106kb| 6 kb 41 o5 2.2 14 0.09 1.5
LZO | 150kb| 9kb ' 2.4 16 0.06 1.3
RLE | 160kb| 10kb| 2.5 16 0.06 1.2

Table 1. The listed frame rateswere achieed whenvisualizinga CT dataset(512x512x106)
locally, remotely using ISDN and remotely in a LAN network. Quarter resolution frames
(176x144 pixels) were sent while interacting with the volume and full resolution frames
(704x576pixels) were sentafter interaction. The averageamountof transferreddatafor a full
andquartersizedframeis denotedn theleft partof thetable.

quartersizedimagesonly. Thusinteractve refreshratescouldbe achievzed.Only if the
userstopsto interact(e.g.releases manipulatorthe userhasto wait somesecondgor
the full sizeframe.Bestframerateswereachiesed usingZLIB compressiorbecause
the network bandwidthis the limiting factorfor transmissiorvia ISDN. We will see
laterthat ZLIB compressiorhasthe bestcompressiomatio. For a local network con-
nectionbestframerateswereachiezed using RLE compressiorbecause¢he encoding
anddecodingimesarethecritical values.

Secondlywe comparethe encodingtime andthe compressiorratioswhenusing
ZLIB, RLE andLZO compressionThe averageencodingtime was 180 milliseconds
for ZLIB, 50 millisecondsfor LZO and30millisecondgor RLE. Theaveragedecoding
time ontheO2was93 milliseconddor ZLIB, 29 millisecondgor LZO and13millisec-
ondsfor RLE. Obviously, concerninghecompressiomatioZLIB compressioiis ahead
of theothercompressiomethodgFig. 5). RLE performsnearlyaswell asLZO com-
pressionRLE is thesimplestandthusthefastestompressiomethodwe investigated.
The compressiomatiosof all methodsof coursedependon the covering of the screen
spaceby thevisualization.Thatis why a magnificationeadsto lower compressioffiac-
tors.Becaus®f theseresultswe currentlyfavour ZLIB compressiomn low bandwidth
channelandRLE compressiomn high bandwidthchannels.

6 Conclusionsand Future Work

We have presented framewnork which allows remotehigh-endvisualizationfrom arny
Internet-connectedava-enabledlesktopPC. Theintroducedechniquesveredemon-
stratedby two applications A volumerendererfor 3D medicaldata,thatusesspecial
3D texture hardware,cannow be usedremotelyfrom ary Internet-connecteBC. We
will effect an applicationstudywith the Departmeniof Neurosugery of the Univer-
sity of Erlangen-Nurembey. Furthermorea visualizationapplicationfor large scale
datasetsof crash-vorthinesssimulationsvasextendedby the presentedramenork to
enablecollaborationin the cardevelopmenfprocess.

As amainresultof ourwork it is now possibleto remotelyexplore hugescientific
datasetson specializedsener hardware using low-cost clients. We shaved that this
is even possibleusinga low bandwidthchannellike an ISDN connection.The trans-
fer of GUI eventsand applicationparametersequiresa muchlower bandwidththan



the downloadof renderedmages Exactly this scenarids givenwhile usinglow-cost
broadbandnternetconnectiondik e cablemodemsor satelliteconnections.

An areaof future work involvesthe developmentof specializedmage-streaming
codecsfor computergeneratedmage sequencedrirst resultsusing video streaming
codecswere presentedn [3]. However, currently available codecsare basedon the
needsf Internetvideo streamsThosestreamdave differentcharacteristicshanren-
deredones(variableframerate, partial changesn consecutie frames,...). One pos-
sible approachwould be to uselossycompressiomwhile interactingwith the dataand
loss-lessompressionvhenhaving still images Also imageencryptiontechniquesre
necessaryor transferringsensitve dataover the Internet.
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Fig. 3. Transparentemoteaccesgo 3D texture mappinghardware of a C++ sener application
(ontheleft) from a Java client application(on the right). Note thatthe client providesthe same
look-and-feelbsthe stand-alonapplicationby providing an Openlinventorlike decorationThe
displayedmanipulatorsanbe picked anddraggedemotely
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Fig. 4. Transferof imagedatafrom theoriginal visualizationapplication(on theleft) via asoclet
connectiorto aHTML browser(ontheright).

Fig. 5. CompressiorRatiosof ZLIB, LZO andRLE compressiorior a typical imagesequence.
A rotationof the volumefollowed by a magnificationvasperformed.



