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Abstract

Theexponentialgronth of the Internetandits multimediacousin,the World Wide Web (WWW),
hasgivenbirth to mary new toolsandapplications.Two of thosetools arethe platformindependent
network programmindanguagelava andthe 3D graphicsstandardor thelnternettheVirtual Reality
Modeling LanguaggVRML). Combiningthesetwo tools allows the descriptionandexplorationof
rich, distributed,andinteractve 3D sceneshatareembeddedhto andlinkedto the World Wide Weh

The VRwave VRML97 browseris written largely in Java andis freely availablein sourcecode.
A JavalayeratopOpenGLprovides3D graphicsoutput. VRwave alsosupportdhe Java ExternalAu-
thoringInterface(EAI), allowing communicatiobetweerWVRML scenesndexternalJava programs.
This thesispresentaninsidelook into theimplementatiorof VRwave’s renderingfunctionalityand
Java EAI support.






Kurzfassung

Das exponentielleWachstumdes Internetsund seinesMultimedia-Dienstesdes World Wide
Web (WWW), brachtedie Entwicklung vieler neuerTechnologienund Anwendungerfir dieses
neueMedium mit sich. Zwei der wichtigstenEntwicklungender letzten Jahreauf diesemGebiet
sinddie plattformunabingige Programmiersprachiava unddie Virtual RealityModelingLanguage
(VRML), die zum Standardur die Beschreilong von dreidimensionale®bjektenund Szenenm
Internetwurde. Mit Hilfe dieserbeidenEntwicklungerkdnnensehrumfangreichainddetailierte jin-
teraktive 3D Umgelungendefiniertwerdendie vollstandigin dasWorld Wide Webintegriertwerden
konnen.

VRwave ist ein VRML97 Browser der grof3tenteilsin Java geschriebenst und der auchals
Sourcecoderhaltlich ist. Die 3D-Grafikausgaberfolgt mit Hilfe von OpenGL,desserFunktionen
Uber dasNative Code Interface auchin Java verfugbarsind. VRwave bietet auch Unterstitzung
fur dasJava ExternalAuthoring Interface (EAI), dasdie KommunikationzwischenVRML Welten
und externenJava Programmerermidglicht. In dieserDiplomarbeitwird die Implementierungler
RenderingfunktioneundderJava EAI Unterstitzungfir VRwave beschrieben.
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Chapter 1

Intr oduction

The dreamof “CyberSpace”an electronicenvironmentwherethe world’s wisdomanddatacanbe
browsedatwill, isin theproces®f becomingeality. Duringthelastyearsanumberof key technolo-
giesandtoolshave beenintroducedsothatafew pioneersave alreadystartedo turnthisdreaminto
reality Chapter22 to 5 of this thesisgive anoverview over thesetechnologiesandtools. Chapters$
to 9 describeéhearchitecturef the VRwave VRML97 brovseranddiscussmplementatiordetailsof
partsof its functionality includingrenderingunctionsandJava ExternalAuthoringInterfacesupport.

Onecrucial requirementfor realizinga global 3D information spaceis a worldwide computer
network. With the explosive growth of the Internetandits multimediacousin,the World Wide Web,
it wasa reasonabl@ecisionto usethemasthe essentiatechnologicafoundations.Chapter2 takes
a look backto the origins of the Internetand describests protocols,its addressingscheme and
the “classic” services.Afterwardsit takesa closerlook at the todaysmostcommonlyusedservice,
the World Wide Web, which hasbecomea synorym for the Internetin the meantime. It addeda
new serviceto accessyperlinked multimediadocument@andintroducedfor thefirst time consistent
andabstracimechanismso accessll othertypesof services.Thelastpartof Chapter2 dealswith
Java, a platformindependenhetwork programminganguagewhich is usedto implementdynamic
behaiour of the 3D ervironment.

To view the 3D environment,browvsershave to beimplementedor awide rangeof computerand
operatingsystemplatforms. Browser software developmentis basedon standardise@®D graphics
libraries. Chapter3 givesanovervien of the mostcommonlyusedlibraries,takingalook at widely
acceptedlow-level libraries,suchasOpenGLaswell asat recentdevelopmentsuchasthe Java 3D
API, which providesplatformindependen8D graphicgprogrammingvith ahighlevel of abstraction.

Considerationabouthow to integrate3D sceneadescriptiorinto existing InternetandWorld Wide
Web protocolsandlanguageshavedvery soon thatthis approaclwascompletelybeyondthe capa-
bilities of theexistingtechnologiesThisleadto thedevelopmenbf anew scenalescriptioanguage,
anequialentto World Wide Web's HTML, whichwascalledthe Virtual RealityModelingLanguage
(VRML). Chapter4d reviews VRML's developmentup to VRML97, which wasacceptedy the In-
ternationalOrganizationfor Standardizatiomsan internationalstandardn 1997,anddiscusseshe
basicconcept®f thelanguagelt alsotakesalook atcommonlyusedVRML browvsersandtools.

TheExternalAuthoringInterfacespecifiesa setof functionsthatcontrolcommunicatiorbetween
aVRML browserandan externalapplication. Althoughthe early proposalsvere not includedinto
thefinal VRML 2.0 specificationdiscussiongontinuedandled to the publicationof a proposabf a
Java basedexternalinterfaceto VRML browsersin late 1996, which wasimplementedn a number
of VRML browsersand becamea pseudo-standarthis way. Chapter5 describeghe fundamental
interfaceconceptof this proposakndits integrationinto the VRML97 eventmodel.Finally it takes

1
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ashortoutlookon thefuturedevelopmenbf the EAL.

Chaptei6 andthesubsequerthapterpresentaninsidelook into theVRwave VRML97 browser
whichis written largely in Java. Chaptel6 describeshearchitectureof VRwave, giving anovervien
over the internal classstructure,discussingscenegraphrepresentationthe ‘pw’ VRML97 parser
package and event processing.It alsodescribesative coderenderingfrom Java, and VRwave's
communicatiorwith the Weh Finally, it givesa shortoverviev over VRwave’s userinterfaceand
navigationalmodes.

Chapter7 discussesletailson theimplementatiorof renderingfunctionality of VRwave, which
includesmostof the VRML nodesthat canbe seenin somecontext with renderingaspects.These
nodesare true geometrynodes,suchas Extrusionor IndexedraceSetas well as texture mapping
nodesor groupingnodeswith specialbehaiour, suchasLOD or Billboard. Theimplementatioris
donemostlyin Java with only low-level renderingfunctionsandvery time-consumingalculations,
suchasnormalvectorcalculationor polygontriangulation writtenin native C codefor performance
reasons.This reduceghe effort to port it to a wide rangeof hardware and operatingsystemplat-
formsto aminimum,while mostotherVRML browsersareonly availablefor oneparticularplatform
(in most casesMicrosoft Windows). The costfor the high portability is a certainloss of perfor
mance which is gettingsmallerwith the developmentof fasterJava runtimeenvironments(“virtual
machines”).

Chaptei8 takesacloserlook ontheimplementatiorof Java ExternalAuthoringInterfacesupport
for VRwave. While mostotherVRML browserswit Java EAl supportallow only communication
with Java appletsin the sameHTML documenthatembeddhe VRML world, VRwave’s Java EAI
canbeaccessetly ary Javaappletor standalon@pplication.

Chapter9 demonstratesseof the Java ExternalAuthoring Interfacein practice. The discussed
exampleconsistof arathersimpleJara appletandasmallVRML sceneandletsthe userexplorethe
effectsof the Java EAl methodson the examplesceneanteractvely.



Chapter 2

The Inter net, the Web, and Java

This chapterintroduceghe basictechnologie®f the Internetandits mostpopularandmostwidely
usedservice theWorld Wide Weh It briefly overvievstheoriginsof theseechnologiesnddiscusses
their evolution andsomeof the motivationsfor their development.The lastpartof this chapterdeals
with Java, a platformindependentpbject-orientegorogrammindanguagevhichis stronglyoriented
towardthe Internetandthe World Wide Weh

2.1 TheInternet

The Internethasrevolutionisedthe computerand communicationsvorld like nothingbefore. It is
at once a world-wide broadcastingcapability a mechanisnfor information disseminationand a
mediumfor collaboratiorandinteractionbetweerindividualsandtheir computerswithout regardfor
theirgeographidocation.

The Internetnow connectsaabout37 million computersandthe growth rateis still around100%
peryear The numberof its regular usersis estimatedat around150 million. As thesestatistics
point out the immensesocialand economicsignificanceof the Internet,more andmore businesses
arerealisingandtakingadwantageof this enormougotential.

2.1.1 TheHistory of the Inter net

In the mid-1960s,at the heightof the Cold War, the US Departmenibof Defencewantedto build
up a network that could withstandpartial fallout of nodesduring a nuclearwar. Traditionalcircuit-
switchedtelephonenetworkswereconsideredoo vulnerable To solve this problem the Department
of Defenceturnedto its researchnstitution ARPA, the AdvancedReseath Project Agency ARPA
had no scientistor laboratoriesjt did its work by issuinggrantsand contractsto universitiesand
companies.

Severalgrantswentto universitiesfor investigatingtheideaof paclet switching,which hasbeen
suggestedn a seriesof paperspublishedin the early 1960s. After somediscussionsith various
experts, ARPA decidedthat the network the Departmentof Defenceneededshouldbe a paclet-
switchednetwork usingautomatiaerouting. The ARPANET wasborn.

In November1969 two host computers,one at the University of California at Los Angeles
(UCLA), the otheroneat the StanfordResearchnstitute (SRI), were connectedo the ARPANET
andthe first host-to-hosimessageavas sentover the new network. By the end of 1969 two more
hostshadjoinedthe network. During the following years,the network grew very quickly andwork

3
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proceededn designinga functionally completehost-to-hosiprotocol, called the Network Control
Protocol(NCP)andonimplementingservicesuchasremotelogin andfile transfer Electronicmail
wasintroducedn 1972 ,motivatedby the needof the ARPANET developergor aneasycoordination
mechanism.

In additionto helpingthe ARPANET’s grow, ARPA alsofoundedresearcton satellitenetworks,
mobilepaclet radionetworks,andothernetworks. Thebasicidea,namedopenarchitectue network-
ing, wasto connectmultiple independenbetworks of ratherarbitrarydesignthatwasin accordance
with the specificervironmentsanduserrequirement®f the particularnetworks. It turnedout very
soonthat the existing ARPANET protocolswere not suitablefor running over multiple networks,
which led to moreresearclon alternatve protocols,culminatingwith theinventionof the Transmis-
sionContol Protocol/InterneProtocol(TCP/IP)[CK74] [Com9], whichmettherequirementsf an
open-architecturaetwork ervironment.On “flag day”, Januaryl, 1983,ARPANET’s hostprotocol
waschangedrom NCPto TCP/IR

Thetiming wasperfect,sinceBSD4.2UNIX with TCP/IPandmary network utilities camealong
aroundthe sametime. The completepackagaevasadoptedandportedto otheroperatingsystemsand
mary universitiesusedthis new andvery easypossibilityto connecto the ARPANET.

In 1984,the US National Sciencdroundation(NSF) starteddesigninga high-speeduccessoto
the ARPANET that would be opento all university researctgroups. As a first step,NFS decided
to build a backbonenetwork connectingts six supercomputecentres.Later on, they alsofunded
someregionalnetworksthatconnectedo thebackbongroviding usersat universities researchabs,
libraries,andmuseumsaccesgo ary of the supercomputeranda possibility to communicatewvith
eachother This completenetwork wascalledNFSNET

Whenthe NSFNET andthe ARPANET were interconnectedthe growth becameexponential.
Mary regional networks joined up, andconnectiorwerealsomadeto networksin CanadaEurope,
SouthAmerica,Australia,andAsia. Sometimen the mid-1980s peoplebeganviewing this collec-
tion of networksasinternet,andlaterasthe Internet.

With theexponentialgrowth, theold informalway of runningtheInternetdid notwork ary longer
In Januaryl992,the Internet Society(ISOC) [ISO] wasfoundedasa non-profit,voluntary body to
coordinatdurtherdevelopmenif thelnternet.Ilt nominates councilof eldersthelnternetArchitec-
ture Boad (IAB). ThelnternetEngineeringTaskForce (IETF) takesresponsibilityfor development
of new standardseindrecommendinghemto thelAB for approal.

2.1.2 Internet Protocols

The Internetcan be viewed as a collection of independensubnetwrks. The glue that holdsthe

Internettogetheris the underlyinginternetProtocol (IP) [Com9]. Unlike mary oldernetwork pro-

tocols,it wasdesignedrom the beginning with internetvorking in mind. It takes datastreamsand

breakshemupinto IP datagramaddingalsoa headeicontainingthe uniqguesourceanddestination
address.In theory datagramsanbe up to 64 kbyteseach,but in practicethey areusuallyaround
1500bytes.Eachdatagranmnis transmittedhroughthe Internetby beingpassedrom routerto router

until it reachests destination.On their way throughthe Internetdatagramganalsobe fragmented
into smallerunits, which have to bereassemblely the destinatiorreceving processThey canalso
becomedamagear lostor arrive in wrongorder

The Internethastwo mainprotocolslayeredatopof the InternetProtocolandusingits basicser
vices. TheTransmissior€ontiol Protocol(TCP),whichis connection-orierd andhasbeendesigned
to provide areliableend-to-endytestreanoveranunreliablenetwork. It breaksup datastreamsnto
piecesof up to 64 kbytes(in practiceusuallyabout1500bytes),andsendsachpieceasa separate
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TELNET FTP SMTP - -- Application Layer

TCP UDP Transport Layer

Network /
* ARP Internet Layer

Datalink /

Network Hardware
Physical Layer

Figure2.1: The TCP/IPprotocolstack.

IP datagram.The IP layerdoesnot give ary guarante¢hatdatagramsvill be deliveredproperly so
it is up to TCP to retransmitmissingand corrupteddatagrams.Datagramsnight aswell arrive in
wrongorder so TCP hasto reassembléhemin the propersequencen thereceving side. For these
purposesTCP keepssequenc&iumbersandchecksunfieldsin its protocolheadersTCP serviceis
obtainedby having both the senderandrecever createendpoints, calledsodkets Eachsoclet has
a addresgonsistingof the uniquelP addresof the hostanda numbercalledport. A connectioris
establishedetweena soclet on the sendingmachineand a soclet on the receving machine. Port
numbersbelav 256 are calledwell-knownports and are permanentlyassignedo standardservices
(usuallythey canbe configuredo usealternatve port numbers) Portnumberassignmenis doneby
anothennternetbody, theInternetAssignedNumberAuthority (IANA). Table2.1shavstheassigned
well-knowvn port numbersof themostcommonlyusedservices.

Service Protocol | AssignedPortNumber
Remotdogin TELNET | 23
File transfer FTP 20 (data),21 (control)

Electronicmail SMTP 25
Network nevs NNTP 119
World WideWeb | HTTP 80

Table2.1: Well-known port numbersof somestandardservices.

Thesecondprotocolatopof the P is calledUserDatagram Protocol (UDP). It is connection-less
andprovidesawayfor applicationgo sendencapsulatedaw IP datagramsvithouthaving to establish
aconnection.Mary client-serer applicationghatareusevery simpleprotocolsat applicationlevel
(only onerequestand oneresponselse UDP ratherthantaking the overheadof establishingand
releasinga connection. It is also usedfor real-timeservices. UDP also usesthe conceptof port
numbers.

2.1.3 Internet Addresses

Every hostandrouterontheInternethasauniquel P addresswhich encodests network numberand
hostnumber In the currentlIP version(IPv4) addresseare 32 bits long andare usedin the source
anddestinatioraddresdield of thethe P datagranheaderThe commonnotationformatfor internet
addresseis the dotteddecimalnotation,wherethe 4 bytesarewritten in decimalseparatedby dots,
for examplel129.27.153.10.
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Internetaddressearedividedinto differentclassesgdependingnthenumberof bytesof thatpart
thatencodeghe network number ClassA addressebhave a 1-bytenetwork anda 3-bytehostpart,
classB addresses 2-byte network anda 2-byte hostpart, and classC addressea 3-byte network
and1-bytehostpart. ClassD addresseare multicastaddressesyhile classk addressebave been
resered for future use. The differentaddresslassformatsare shawvn in Figure2.2. Computers
connectedo multiple networks have differentIP addressefor eachnetwork. The uniquelnternet
addresseareassignedy the NetworkinformationCenter(NIC) [Int].

_ 32 Bits _
Class
A |0 Network Host
B | 10 Network Host
C 110 Network Host
D 1110 Multicast address
E 11110 Reserved for future use

Figure2.2: IP addresgormats.

To allow a moreflexible andefficient useof IP addresses conceptto split local networks into
several partsfor internalusebut let themstill actlike a single network to the outsidewas created.
Thesepartsarecalledsubnets Whensubnettings introduced somebits of the hostnumberpart of
thelP addressareusedto identify the desiredsubnetandroutershave to know the network’s subnet
mask.

Although 32-bit numberscould provide over 4 billion uniqueaddresseshe hugedemandor IP
addresseblasbecomea seriousheadachéecausef theratherwastefuladdressllocationmethodof
IPv4. SinceclassA networks, with 16 million hostaddresseareto big for mostorganisationsand
companiesandclassC networks, with only 256 hostaddressearetoo small,thereis a highdemand
for classB addressedeadingto exhaustionof classB addresspace.

Recognisinghis problemand demandfor numerousotherimprovementsto accommodat¢he
Internetto new applicationggainingmoreimportanceover thelastyears the IETF startedwork ona
new versionof IP, calledIPv6. Besideghe new 128-bitaddressengthanda hierarchicaladdressing
mechanismwhich is backward compatibleto allow coeistencewith theold IPv4 addressest uses
simplifiedprotocolheadersprovidesbettersecurity(authenticatiomndprivacy), paysmoreattention
to type of service(particularlyfor real-timedata),andprovidesimproved supportfor extensions.

2.1.4 The Domain Name System

Sinceit is very difficult to remembeinternetaddressegivenassequencesf numbersthereshould
beamechanisnto corvert ASCII stringsto binarynetwork addressedn theearlydaysof ARPANET
eachhostkepta file, which listed all the hostnamesndtheir IP addresseandwhich wasupdated
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periodically However, whenthousandef hostswereconnectedo thenet,everyonerealizedthatthis
approactcouldnot continueto work forever.

To solwe this problem, a multi-level, hierarchicalnaming scheme the Domain Name System
(DNS) wasinvented. Eachlevel in this systemis calleda domain Theremay be ary numberof
domainswithin a hostname,but in practicetherearerarely morethanfive. In commonhostname
notationdomainsareseparatethy periods.

The Internetis divided into several hundredtop-level domainswhereeachdomaincoversmary
hosts. Thetop-level domainscomein two flavours: genericandcountries.The genericdomainsare
com(commercial).edu(educational)gov (government),mil (military), org (organisations)andnet
(network resources)whereagountrycodesaretwo-lettercodessuchasukfor UnitedKingdomor at
for Austria. Eachtop-level domainis partitionedinto subdomainsandthesearefurther partitioned,
andsoon.

Thereis auniquemappingfrom domainnamedo Internetaddressedut notvice versa.A single
physicalmachinecanbereferredby severaldomainnamegaliases.

Rayistrationof domainnamesat the secondevel hasbeendelegatedto regional Networkinfor-
mationCentes. Domainnamesat lower levels areassignedand controlledby the administratorof
the domainin which they will be included. For example,domainsbeneathu-graz.ac.at are
assignedy the ComputeiCenterat GrazUniversity of Technology

To mapadomainnameontoan|P addressanapplicationprogramusesalibrary procedurecalled
resolver passinghe hostnameasparameterFirst, the resoher passeshe queryto oneof thelocal
DNS seners. At this pointtherearethreepossibilities:

e Thelocal DNS sener knows the addressbecauseghe searchedlomainis in its sphereof re-
sponsibility Theaddresss returneddirectly.

e Thelocal DNSsenerknowstheaddresshecaus¢hesameaddresfiasbeenasledfor recently
The DNS sener keepsaddressen its cachefor a while, which makesthe systema lot more
efficient.

e Thelocal DNS sener doesnot know the address.It passeghe queryon to the DNS sener
of the appropriatdop-level domainfor the addres®f the DNS sener responsibldor the next
lower domain,andsoon down thedomainhierarchyuntil the desiredaddresss found.

2.1.5 Basiclnternet Sewices

Mary Internetapplicationsaretwo-part,client-serer applications.A processunningon the sener
hostis listeningto a particularport (a well-knovn port resered for the basicservices)waiting for
incomingconnectiorrequestsentby client processedJsersstartclient programson their local ma-
chine, which try to establisha connectionacrossthe Internetto the sener soclet (IP addreslus
well-known port). Whenthe connectiorhasbeenestablishedthey communicatevith eachotherus-
ing standardiseg@rotocolsfor thatspecificapplication.Priorto the World Wide Web's breakthrough,
the mostpopularandmostwidely usedinternetserviceshave beenremotelogin, file transfer elec-
tronic mail, andnetwork news [Kro94].

Remotelogin

Theremotelogin tool telnetis a client-serer applicationusedfor logginginto anothercomputeron
thelnternet.Whentheconnectiorhasbeenestablishedit is asif theclient’s keyboardwereconnected
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directly to theremotecomputerandthe useron the client computercanaccesshateser servicethe
remotecomputerprovidesto its localterminals.lt canbeusedalsoto accesspecialservices.

File transfer

Theftp tool is theinterfaceto the File TransferProtocol (FTP)allowing usersto transferfiles to and
from remotenetwork sites. It is anotherclient-serer model basedapplication. Besidesidentified
accesstequiringavalid accounton theremotemachinethereis a specialservicecalledanorymous
ftp, which permitsaccesgo public datawithout obtaininganaccount.

Up to someyearsago, ftp datamadeup by far the largestpercentagef total Internettraffic.
Whenthe numberof anorymousftp senersgrew, andat the sametime the availableftp resources,
it becamevery difficult to keepan overviewn, which resourcesould be found at which ftp seners.
A specialservice,Archie, wasdevelopedto provide a comprehense index of ftp resource®n the
Internet,which is updatedoy visiting eachregisteredsite periodicallyandgettinga directorylisting
of all thefiles onthatsener.

Electronic mail

Electronicmail (email) differs from the otherapplicationsdiscussedofar becauset is notan“end

to end” service,but is knowvn asa “store andforward” service:mail is passedrom onemachineto

anotheruntil it arrivesat its destinationandit worksalso,if the sendingandthe receving machine
cannotcommunicatavith eachotherdirectly.

Email is notrestrictedto justthe Internet,but canbe deliveredto destinationsn othernetworks,
suchasFidonetor UUCR via gatevays. Within theInternet,emailis usuallydeliveredby having the
sourcemachineestablisha TCP connectiorto port 25 of the destinatiormachine. Listeningto this
portis anemaildaemorprocesghatspeakghe SimpleMail TransferProtocol (SMTP)anddelivers
theemailto theaddressedser

Many userswork on machineghat are not connectedo the Internetpermanentlyand cannot
receve email directly therefore.Instead they have temporaryacces4o oneor moreemail seners,
that receve and storetheir email. Protocols,suchasthe Post Office Protocol (POP)or the more
sophisticatednteractive Mail Acces®rotocol (IMAP) areusedto fetchtheemailandreadit onthe
local machine.

As emailis a“storeandforward” service amessagill passmary machineonits way through
the network, andary of thesecanreadandrecordthe messagdor future use. To keepsomepri-
vagy, programs suchas Pretty Good Privacy (PGP),which apply cryptographicmethodsto email
messagesave beendeveloped.

In the earlydaysof the ARPANET, email consistedexclusively of text messagesandmary fol-
lowing specificationsverebasecdon this fact. Todaythis approactis nolongeradequateThe Multi-
purposelnternetMail ExtensiongMIME) [BF92] were a solutionfor this problem,which worked
without changingmostof the otherspecifications MIME-compliantmessagearedividedinto sev-
eral partsseparatety boundarymarlers,eachpartbeginningwith oneor morelinesdescribingthe
natureof the datafollowing in this part. Severaltypeshave beendefined eachof themhaving oneor
moresubtypes.
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Type Subtype| Description
text plain Unformattedext
html HTML document
, gif Picturein GIF format
'mage ipeg Picturein JPEGformat
model | vrml Official VRML97 MIME type
x-world | x-vrml | For compatibilitywith earlierVRML versions

Table2.2: MIME typesandsubtypesxamples.

Network news

Network News allows the userto take partin agreatnumberof discussiorgroupscallednewvsgroups.
Newsgroupsareorganisecdhierarchicallyandcover alarge spectrunof topics. Thegroups namerep-

resentsts positioninsidethehierarchicabrder with thebroadesgroupingatthe beginning,followed

by a numberof subgroupingsseparatedy periods(for examplecomp.lang.jea for discussion®n

theJavaprogrammindanguage)lnsideeachnevsgroup thereareusuallymultiplediscussiongoing

onunderspecificsubjectsandsimultaneously

Most of the newsgroupscomeaspartof USENET a setof voluntaryrulesfor passingandmain-
tainingnewsgroups USENETis madeup of seventop level nevsgroupcateyories(seeTable2.3).

Additionally, any news serer cancreateand maintainlocal newsgroups,suchasfor example
thetu-graz hierarchy The sener’s administratormalkesbilateralagreementsvith administratorof
other news senersto transfercertain nevsgroupsbetweentheir seners using the Network News
TransferProtocol (NNTP). Overtheyears this hascausedomeusefullocal groupsto bedistributed
almostaswidely asthe core USENETgroups. Thesenensgroupsare called“alternative newsgroup
hierarchies”with thealt hierarchyasthebiggestone.

In the meantimethe numberof newsgroupss so large (morethan 10000)that the exchangeof
newvsgroupdatabetweerthe news senersgeneratesa hugeamountof network traffic. Additionally,
storingthearticlesfor alongertime consumesery muchdisk space Theseproblemsareaggraated
by “spamming”,postingswhich areoff-topic, advertising,or simply rubbish.

Name | Topicscovered

comp | Computerscienceandrelated

news | Discussioron USENETItself

rec Hobbiesandrecreationahctvities

SCi Scientificresearctandapplications

soc Socialisingandsocialissues

talk Debatesn controversialtopics

misc | Anythingthatdoesnotfit in somevhereelse

Table2.3: USENETtop level nevsgroupcatejories.
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2.2 The World Wide Web (WWW)

2.2.1 The History of the Web

TheWorld Wide Web (WWW) beganin 1989at CERN (the EuropearParticle Physicd_aboratoryin

Gen&a). Theinformationsystemsausedup to this time hadbroughtmary problemsdueto different
network informationretrieval protocolsandthe variety of differentworkstationsand their varying
displaycapabilities.Thereforethe primarydesigndecisionf theinitial proposafor awebof linked
documentswhich camefrom CERN scientistTim Berners-LegBLCL 794], were platform, data
format,andprotocolindependence.

Neverthelesstheinitial prototypefor NeXT systemgproviding averynicegraphicaluserinterface
did not getthe expectedpositive feedbackat CERN. It wasconsideredo betoo slov andtoo fangy.
Developmenif aline modebrowserin 1991with avery crudecharactegrid orienteduserinterface
(“WWW is a way of accessingnformationby typing numbers”) filling the webwith data(CERN
phonebook),andpostingsamplesourcecodeto severalnevsgroupsvasthestartingsignalfor further
developmenibf browsersfor all platforms.

Another milestonein WWW'’s history wasreachedn 1993, whenthe first X Window System
basedgraphicalbrovser named‘XMosaic”, wasreleasedy the National Centerfor Supecomput-
ing Applications(NCSA) [Nat]. It wasthefirst brovserwhichwasableto shaw inline colourimages
andproportionaltypefonts.

In May 1994, the first WWW conferencaook placeat CERN, whereMark Pescepresentedhis
andTory Parisi’s earlyworksona3D interfaceto the Web[PKP94],laterspecifiedasVirtual Reality
MarkupLanguaye (VRML), andrenamedo Virtual RealityModellingLanguage lateragain.VRML
is discussedn moredetailin Chapter.

In October1994, CERN and MIT signedan agreemensettingup the World Wide Web Con-
sortium (W3C) [W3C], an organisationdevoted to developmentof WWW standardsandreference
code.Berners-Ledecamdhedirector Sincethen,mary universitiesandcompaniedave joinedthis
consortium.

Xmosaicwasso popularthatits author Marc Andreesseteft NCSA to form his own company
(togethemith Silicon GraphicsfounderJim Clark), NetscapeCommunication€orp. [Net], whose
goalwasto developclients,seners,andotherWeb software. In Octoberl994they releasedhefirst
betaversionof their Webbrowsernamed‘NetscapeNavigator”, which obtainedheleadingposition
in the Web browsermarket very quickly, andhasbeenableto defendit up to today It hasbeenalso
oneof thedriving forcesbehindthe Web’s developmentuptonow.

Today its toughestompetitoiis the“InternetExplorer”browserfrom Microsoft[Mic], whichhad
ignoredthe Internetalmostcompletelyfor avery longtime, preferringdevelopmentof a proprietary
online service. On 7th Decemberl995, knovn as “Pearl HarbourDay”, Microsoft announced
completechangeof their previous strat@y. Sincethen,the InternetExplorerhasincreasedts share
of themarket continuouslyandis alreadyvery closeto Netscapes browvser

Besidesthesetwo main competitorsthereare a several other Web browsers,often specialised
for certainfeatures Oneof themis “HotJava” [Hot], a Web brawvserwritten completelyin Java, and
the first one ableto executeJava applets.Java’s origins go backto 1990,whena teamof software
engineersat SunSoft,a division of Sun Microsystems starteddevelopmentof an operatingenvi-
ronmentfor electronicconsumemevices. Their effort broughtout a secure platform-independen
object-orientedanguagewhich wasreorientedowardthe World Wide Weblater, allowing dynamic
andinteractve documentdy integratingdownloadableminiapplicationsso-called‘applets”, which
areexecutedby the Web browsers interpreterthe so-called'virtual machine”. To protectthe client
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machineagainsimaliciouscode,accesn the client machines local resourcess controlledandre-
strictedby the securitymodelof the virtual machinetheappletis runningin.

Mar 89 | WWW projectproposedo CERNManagement
Nov 90 | Initial prototypeon NeXT

Mar91 | VT100line-modebrowser

Aug 91 | Codepostedo nevsgroupalt.hypertext
Jan93 | XMosaicreleasedy NCSA

May 94 | FirstWWW Conferenceat CERN
Oct94 | Netscapd.9betareleased;
Foundatiorof W3C

Table2.4: WWW historyoverview.

2.2.2 The Web’'s Main Concepts

TheWWW is adistributed,heterogeneoublypermedianformationretrieval systenmproviding access
to a large numberof documents.It consistsof a setof simple protocolsandconcepts.Like mary
othernetwork applicationsthe WWW usesthe client-serer model. WWW clients,alsocalledWeb
browsers,sendrequestgor documentso WWW seners,which sendbackthe appropriateanswers,
i.e. eithertherequestediocument®r errormessagesl his simplecommunications definedby three
major concepts:the Hyperext TransferProtocol Uniform Resouce Locatoss, and the Hyperext
MarkupLanguage.

The HyperText Transfer Protocol (HTTP)

TheHyperText TransferProtocolis the standardVebtransferprotocol.It providesafastandflexible
mechanisnto follow referencebetweerunitsof informationdistributedamongdifferenthostacross
thelnternet.Theprotocolis statelesandobject-orientedEachclient- sever interactionis initiatedby
establishinga connectiorbetweerthetwo hosts(usuallyTCPto default port80). Hereaftertheclient
sendsarequestconsistingof the desiredcommandmethod) a referenceo the objectthe command
shouldbe appliedto, andeventuallysomeadditionaldata,to the sener. Thereareseveralcommands
for retrieval, manipulatiorandsearchingf data. Thesenertriesto performtherequeste¢ommand,
andsendsa responséo the client. This responseonsistsof a statusline, and possiblyadditional
information,suchasall or partof areferencedVebpage.Thetypeof thedocumentatais indicated
to theclientby usingMIME-lik e typedescriptiongseeTable2.2). Theclientcanalsoincludealist of
thetypesit will acceptinto its requestprderedoy preferenceAfter the sener hassenttheresponse,
the connectioris closedby eitheroneor both parties.This conceptrequiresestablishinganew TCP
connectiorfor eachrequestwhichis rathertime-consuming.

The Uniform Resource Locator (URL)

Whenthe Web was first created,it wasimmediatelyapparenthat having one documentpoint to
anotherdocumentrequiredmechanismgor namingand locatingdocuments.A standardnotation
to specifythelocationof resourcesn the Internethasto containthe answerdgo the following three
questions:

1. Whatis theresources name?
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2. Onwhichsenerisit located?

3. How canit beaccesse@

The solution chosenidentifiesresourcesn a way that solves all threeproblemsat once. Each
resourcds assignedan Uniform Resourcd.ocatorthat [BL93] effectively is its worldwide unique
name.URLs have threeparts:theprotocol,the IP addres®r DNS nameof the sener theresourceas
locatedon, andalocal nameuniquelyidentifying the specificdocumen{usuallythe nameof afile of
thesener’s local filesystem).The URL conceptis open-endedh the sensehatit is straightforvard
to supportprotocolsotherthan HTTP. In fact, URL notationsfor protocolsusedby variousother
commonserviceshave beendefined(seeTable 2.5), andmary Web browsersunderstandhem. So
URLs notonly allow usergto navigatethroughthe Web, they alsointegratenearlyall Internetaccess
into a singleprogramthe Webbrowser

Name | Usedfor Example
http Hypertext (HTML) | http://wwwiicm.edu/vrvave
ftp File transfer ftp://ftp.iicm.edu/pub/VRwave/\wwave-0.9/
UNIX/Common-VRwave-0.9-Unix.tagz
file Localfile access | file:/usr/doc/vrmI97/index.html
NENS News group news:comp.lang.jea
News article
gopher| Gopher gopher://gophdc.umn.ed/11/Libraries
mailto | Sendingemail mailto:kwagen@iicm.edu
telnet | Remotdogin telnet://wwwiicm.edu:80

Table2.5: URL notationsfor somecommonservices.

Despitethesenice propertiesthe growing useof the Web hasuncorereda weaknes®f the con-
cept: to reducenetwork traffic, thereshouldbe multiple copiesof heaily referenceddocuments.
URLSs cannot referencea documentwithout simultaneouslydeterminingthe serner to getit from.
Thereforethe IETF is working on a concepof Universal Resouce Identifiess (URIS), amoregener
alisedsupersebf URLsthatdefinesalternatve methoddor locationindependentiocumenteferenc-

ing.

The HyperText Markup Language(HTML)

The HyperText Markup LanguaggBLC93] is an applicationof the Standad Genealized Markup
Language (SGML) [ISO8§ thatis specialisedo hypertat andadaptedo the Weh It is a simple
markuplanguageaisedto describehypertett documentsn a platformindependentnanner

Thedocuments dividedinto partslike headingsparagraphdpotnotesandsoon, sothatHTML
describesatherthelogical structureof the documenthanthe exactlayoutto be usedwhenshaving
it on the client’s screen. The documens actualappearancéfont types,font sizes,and so on) is
determinedy the Webbrowsersettingsandthedisplaycapabilities.

HTML documentsconsistof simple ASCII text, from which their platform independencand
portability derive. Structureelementsare marked up andenclosedy tags(formattingcommands).
Tagsarealsousedto embedinks andinline imagesinto thedocument.

While HTML 1.0 basicallysupportsone-way communicatiorto the user theinclusionof forms
startingin HTML 2.0 allowed usersto fill in informationor make choicesandthensendthis infor-
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mation backto the sener for further processing.Handling of datasentto the sener by formsis
standardisetly the CommorGatewvay Interface(CGl).

While theofficial standardisatioof HTML is managedy the WWW Consortiumprowvserven-
dors(especiallyNetscapeandrecentlyalso Microsoft) have implementedsupportfor their own ex-
tensionsn their browsers,which doesnot malke HTML standardisatioary easieron the onehand,
but is adriving forcefor furtherdevelopmenton the otherhand.

2.3 Java

2.3.1 The History of Java

In 1990,SunMicrosystemdormeda teamof top softwaredeveloperscodenametGreen”, to think

over andfind new waysto competewith the upcomingpersonatomputerdasedn Intel hardware.

Many insideandoutsideSunthoughtthatthecompary hadmissedmajoropportunitiesn thedesktop
market. Sunmachineshad a reputationfor beingtoo complicatedfor massconsumptionandthe

compan wasfacedbeingpushedn anarraving slice of the computemarket.

Duringthebrainstormingphasdor their projectthey obseredthatcomputetechnologycouldbe
foundin severalelectronicdevices,but they whereall madewith differentCPUs which madeit very
difficult to male differentdeviceswork together Additionally they foundout, thatthe userinterfaces
of mostdevicesweretoo complicated so thatmostpeoplehadproblemsusingthemefficiently. So
theteamconcentrate@n developingan operatingenvironmentfor electronicconsumerdevicesthat
would eliminatetheseshortcomings.

It soonturnedout, that existing programminglanguagedike C++, which had becomenear
standardgor specialisedapplicationsrequiring high speed,were unsuitable becausén consumer
electronicgeliability is moreimportantthanspeed.JamesGosling,a membermnf theteam,developed
anew object-orientegorogramminganguagecalled“Oak”. It wasbasedon C++, but wasstripped
downto abareminimum. Additionally it wasableto work over networksin averydistributedmanner
andincludedsecurity encryption,andauthenticatioproceduredn its core.

A demoapplicationbasednthisnew languagevaspresentedo Suninternallyin August1992.1t
wasaremote-control-lik device with only atiny touchscreerandwithoutary buttons.An animated
charactemamed‘Duke” guidedthe userthroughthe easy-to-useimagerich, graphicalinterface.
Duke would becomeJava’s mascotateron.

At this time therewasan interestingconcept,but still no marketableproduct. Several attempts
to useOak-basednterfacesin cellular phonesjnteractve television, or automationsystemsfailed.
In early 1994, whenthe WWW had startedgrowing very fast, Sun decidedto adaptOak for the
Internetandsell licensesf its sourcecode. The Oaklanguagetself, whichwasrenamedo themore
marketable“Java” lateron, becamehe product.

In Decembefl 994 Java andHotJara, thefirst Java-capablavebbrowser werepresentedo afew
selectecbeople.Somemonthslater Marc Andressengo-founderof Netscapegota copy. Netscape
licensedthe Java sourcecodeanda Java runtime environment,a “virtual machine”,becamepart of
their NetscapéNavigatorWebbrowser

Thenext stepwasto releaseghe JavaDevelopmenkKit (JDK). The JDK containsa Javza compiler
aruntimeervironment(virtual machinejmplementationthe Jasa coreclassesandsomeotherdevel-
opmenttools. The JDK wasa referencamplementatiorof the Java languageandit hasbeenported
to mostplatforms.

While thelanguagetself andthecoreAPI (ApplicationProgramminginterface classesvereleft
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unchangedmary new APIs have beendevelopedandthis developedwill go on alsoin future. One
of thisnew APIsis the Java 3D API [Jav], whichwill bediscussedn moredetailin Chapter3.

2.3.2 An Overview of the Java Language

As describedn thelastsection Javastartecbutof theideato developadwancedsoftwarefor consumer
electronics. Thesedevices are small, reliable, portable,distributed, real-timeembeddedystems.
To meettheserequirements,Java was designedo be a simple, object-oriented network-capable,
interpretedyobust, securearchitectureneutral,portable high-performancanultithreadeddynamic
languagdGJS9§ [dL96].

Simple

MostprogrammersvorkingthesedaysuseC, andmostprogrammersloingobject-orienteghrogram-
ming useC++. To make the changeto Java as easyas possible,Jasa was designedvery closely
to C++, omitting mary rarely used,poorly understoodg¢onfusingfeaturedik e operatoroverloading
(althoughJava supportamethodoverloading)andmultiple inheritance.

On the otherhandautomaticgarbagecollectionhasbeenadded which simplifies programming
andsavesthetime spendvorryingaboutcomplex anderrorpronememoryallocationschemeg&nowvn
from C andC++. The Jararuntimesystemcantell whena block of memoryis nolongerbeingused
andoccasionallycollectstheseup andmarksthemasfree.

Java hasalsoa simple, effective exceptionmechanisnbuilt in. Exceptionshave evolved asthe
bestway to handleunexpectedconditionsin the code.

Object-Oriented

Object-orienteddesignis very powerful becauset facilitatesthe cleandefinition of interfacesand
malkesit possibleto write reusablesoftware.

Javais exclusively object-oriented Although C++ is alsoconsideredbject-orientedit lets pro-
grammerssolve problemsusinga proceduralkapproach.Java howvever, requirescontinuousobject-
orientedprogrammingrom the beaginning,thuseliminatingthe problemof combiningtwo dissimilar
designphilosophies.

Network-capable

Java hasbuilt-in supportfor TCP/IPbasednetworking in its coreclasses.Therearealsoclassedo
parsenetwork data,dealingalsowith differencedetweerhardvareplatformdatarepresentatiorgand
to sendfull Jasa objectsover the network.

Robust

Javaputsalot of emphasignearlycheckingfor possibleproblems|aterdynamic(runtime)checking,
andeliminatingsituationghatareerrorprone.

Java is a stronglytypedlanguage guaranteeingpot to allow assignmenbetweenincompatible
types. The linker understandshe type systemand repeatsmary of the type checksdoneby the
compilerto guardagainstversionmismatchproblems.
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Thebiggestifferencebetweenlava andC/C++is thatJava’s pointermodelpreventsoverwriting
memoryand corruptingdata. Insteadof pointerarithmetic,Java usestrue arraysandalsoperforms
array-boundghecking.

Secue

Securityis increasinglyimportantas more and more usersand their companiesare connectedo
unknavn, potentiallymaliciousindividualson a global network. The securityfeaturesof Java are
critical to its successsa platformfor Internetapplicationdevelopment.

The virtual machineimplementsa security systemfor running code, the so-called“sandbox
model”. Java codecanonly accessdataandresourceswithin the confinesof this securesandbox.
Coderunningin the virtual machineis underthe virtual machines completecontrol and therefore
securegxceptfor erroneousirtual machineimplementationsThe sandboxcanbe augmenteavith
authenticatiorusingstrongencryptionto prove thatthe codeis from atrustedsource.

Thereis a stronginterconnectiorbetweenrobustnessand security The core of Java’s security
is the languagespecificationitself. For example,the changedo the semanticof pointersprevent
applicationdrom usingpointersto accesslatathey shouldnot have accesdo.

Ar chitecture Neutral

In generalnetworksarecomposeaf avarietyof systemawith avarietyof CPUandoperatingsystem
architectures.This is especiallytrue for the Internet. To enablea Java applicationto be executed
arywhereon the network, the sourcecodeis compiledinto architecture-neutrdbytecode which is
interpretedandtranslatednto natve machinecodeby thevirtual machineatruntime.Virtual machine
implementationsirethemselesplatformspecific.

Portable

Portability hastraditionally meantwriting portablesourcecodethat conformsto industrystandards
andporting this codeto a variety of platformsthat supportthis languagestandardhen. Languages
like C++ seemto meetthis requirement.Unfortunately sinceeachhardware plus operatingsystem
platformis differentandeventhelanguagecompilersarequite different,eachportis a major project
requiringseparatesourcecodebranchesand new testingeffort. Java programsarewritten andde-
buggedon oneplatformandthenrunonary platformwith Javasupport(*write once runarywhere”).
This featureis ensuredy the strict controlthe Java licenseholdsover the Java bytecode.

Besidesbeinginternally portable Java is alsoruntimeervironmentportable. The Java compiler
is written in Java itself, while the runtime ervironmentis written in ANSI C with a well defined
portability interface,whichis essentiallya POSIX subset.

Inter preted

Java bytecodds interpretedandtranslatedn thefly to machinenstructions.The bytecodecontains
additionalcompile-timeinformation,which is madeavailableat runtime,providing checksfor secu-
rity, robustnessandeven delugging. This freesdevelopersfrom having to worry aboutthe version
mismatchproblemghataresocommonto developingervironments.
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High Performance

Performancés certainlythe mostimportantshortcomingof currentJava runtimeervironments.In-
terpretingandtranslatingthe platform neutralbytecoddanto machineinstructionson thefly, asmost
of todaysJava runtimeervironmentsdo, is about20 timesslowver thanrunningnative codegenerated
by C or C++compilers.Thereareseveralapproacheto improve this situation:

e Just-In-Tme (JIT) compilershave a compiler parallelto the virtual machineinterpreter that
compilesthe bytecodedown to platform-specifianachinecode. Codethatis executedseveral
times(for exampleinsideof aloop) hasto beinterpretedbnly once,the creatednachinecode
canbe executedduringthefollowing iterations.

e The garbage-collectioralgorithm usedby older runtime ervironmentimplementationsvas
simplebut not very efficient. Newer implementationsisean algorithmthatreduceghe pause
for garbage-collectiofrom 100-200to 1-2 milliseconds.

e The Java runtime ervironments bytecodeinterpreterhasto datebeenwritten in C or C++.
Rewriting this interpreterin assemblycodewill causea threefoldspeedup Finely tunedma-
chinecodegeneratorsvould provide a factorof 10-20speedupenablingJava to approactthe
speedbf compiledC++ code.lImplementinghis approachealled“HotSpotdynamiccompila-
tion”, requiresa hugeinvestmenfor eachplatform.

Multithr eaded

Unlike mostcommonprogramminganguagesjava incorporatesnultithreadingnto its coredesign.
A threadis anindependensequencef executionwithin a Java application.Useof multiple threads
allows moreefficient useof systenresourcesThreadsarealsousedby the underlyingdava runtime
ervironment.Somecommonusesf threaddy theruntimeenvironmentincludethegarbageollector
andthe AbstractWindowing Toolkit (AWT).

Threadsare difficult to programin mostlanguagedecausaenanagingsynchronisatiorbetween
threadsandkeepingcontrolover whatinformationis shareds very difficult anderrorprone.

Java hasa sophisticatedetof synchronisatioprimitivesthatarebasedn thewidely usedmon-
itor andconditionvariableparadigmintroducedby C.A.R.Hoare.By integratingtheseconceptsnto
thelanguageatherthanonly in classeshey areeasierto useandmorerobust.

Dynamic

In anumberof ways,Javais amoredynamiclanguagehanC or C++. Learningfrom somethinghat
is a seriousproblemin C++, Java usesdynamiclinking. This meanshatunlike C++, methodsare
not hard-wiredinto the compiledcode.Soit is not necessaryo recompileall codethatusesalibrary
whenthelibrary changesLibrariescanfreely addnew methodsandinstancevariableswithout ary
effectontheirclients.

Java classediave aruntimerepresentationthereis a classnamed‘Class”, whoseinstanceson-
tain runtimeclassdefinitions.While thereis no possibilityto find out the type of anobjecta pointer
refersto in C or C++, gettingthis informationbasedon the runtimetype informationis straightfor
wardin Java. Thisallows checkingof castsatbothcompileandruntime,providing anadditionallevel
of errordetection.
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2.3.3 JavaApplets

Javacanbeusedto constructapplicationscalled“applets” thatareembeddeih Webpagesielivered
to a Web browserandrun within the browserusingits embeddedsirtual machineto interpretand
executethe appletbytecode.

While this featureis mostly usedto createdynamicHTML documentsit is alsoof primeim-
portancefor applicationsusing the Java External Authoring Interface (seeChapter5), since most
practicalexamplesof communicatiorbetweenexternal ervironmentsand VRML worlds shawn to
dateusetheinterfacebetweena Java appleton a Web pageandan embedded/RML world on that
samepage.

Oneof the mostimportantaspectof Java appletsaretheir securityproperties.Whena HTML
pagecontaininganappletis fetchedfrom theWeb,theappletis automaticallyexecutedontheclient’s
machine. Sincethereare mary dangersnherentin letting foreign coderun on ones machine the
local Javaruntimeervironmentexecutingtheapplethasto implementa securitysystento protectthe
systemfrom ary damagehat could be doneby maliciousappletcode. Virtual machineimplemen-
tationsprovide a securitysystenfor runningcodecalledthe “sandboxmaodel”, restrictingthe applet
codeto accesslataandresourcesvithin the confinesof this securesandboonly.

Applets

“trusted” "not trusted”
(authenticated)

Applets with restricted

- access to system resources
Applications Applets that may
_— >
(local) access system resources Sandbox

Java Virtual Machine

A

System Resources

Figure2.3: Java’s “sandbox’securitysystem.

Actually, the coreof Java securityis the languagedefinitionitself. Java hasstrongtyping, true
arrayswith boundscheckingandno pointersto arbitrarymemorylocations.

The secondine of defenceis that beforean incoming Java appletis executed,it hasto passa
bytecodeverifier. Thebytecodeverifierlooksfor attemptso manipulatgointers executeinstructions
or call methodswith invalid parametersyusevariablesbeforethey areinitialised,andsoon. These
checksaresupposedo guarante¢hatonly legal appletsgetexecuted.

Anotherbarrieragainstmaliciousappletcodeis the classloader. Sinceclassesanbeloadedon
thefly, thereis a dangerthatanappletcouldload oneof its own classego replacea critical system
class.Thistypeof attackis preventedby giving eachclassits own namespaceandcarefullysearching
for systenclassedeforelooking for userclasses.

Finally, Java hasa portion of the runtimeernvironmentcalledthe securitymanager. At runtime,
this componenenforcesstrict rulesaboutwhatkind of operationsandfunctionswill be allowed to
be performed.Implementatiordetailsof this securitymanageis browvser(appletviewer) dependent.
Typical securitymanagerémposethefollowing restrictions:
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Appletsmaynotloadlibrariesor definenative methods.

Appletsmaynotordinarily reador write localfiles.

Appletsmaynot opennetwork connectiongxceptto the hostthatthey camefrom.

Appletsmaynot startary programson thelocal host.

Appletsmaynotreadcertainsystemproperties.

Java 1.1 allows developersto incorporateboth low-level and high-level security functionality
into their Java applications,including digital signatureso provide a standardand secureway to
authenticatehe origin of the code. Future API specificationswill alsoinclude securesocletsthat
will beusedby Java to encryptdatathatis streamingacrosgshemmakingit impossiblefor someone
to listenin andinterceptthe dataandto reuseor modify it in anunauthorisedvay.



Chapter 3

3D Graphics Libraries

The graphicshardwaremarket hasbecomevery fastgrowing anddynamicin thelastyears.Several
vendorspresenttheir nevest productsin half yearcycles. While theseproductsmay be very pro-
prietaryin hardware,they shouldprovide a standardisedoftwareinterface. This chapterdescribes
the mostimportantstandard3D graphiclibraries,whereit startswith the mostestablishedneand
present& rathernew oneattheend.

3.1 OpenGL

OpenGL[NDW93] [Ope9] is a standardibrary for 3D graphics,evolved from Silicon Graphics’
GL (GraphicsLibrary). It is designedas a streamlined hardware-independérinterfaceto be im-
plementedon mary differenthardware platformsusinggraphicsacceleratiorhardvareif available.
To achieve thesequalities,no commanddgor performingwindowing tasksor obtaininguserinput
areincludedin OpenGL.Similarly, OpenGLdoesnot provide high-level commandgor describing
complex 3D objectsand models. Thesemodelshave to be built up from a small setof geometric
primitives: points, lines, and polygons. OpenGLprovidesa wide rangeof renderingfunctionality
including:

e Geometrigorimitives(points,lines,andpolygons)

e Rastemprimitives(bitmapsandpixel rectangles)

¢ RGBA or colourindex mode

e Immediatemodeor displaylists

¢ Viewing andmodellingtransformation

e Hiddensurfaceremaoval (depthbuffer)

¢ Alphablending

¢ Anti-aliasing

e Texturemapping(with mipmappingandfiltering)

e Atmosphericeffects(fog, smole, andhaze)

e Polynomialevaluatorgo describesplines

19
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e Pixel operations
e Accumulationandstencilbuffer

o Feedbaclandselection

Developerscanaccesshis functionality througha well definedAPI1 (Application Programming
Interface),which hasto beprovidedby all OpenGLimplementationsOfficial OpenGLimplementa-
tions have to passa suiteof conformanceeststo ensuresourcecodecompatibility Developmentof
OpenGLis guidedby anindustryconsortiumthe OpenGLArchitectue Resiew Boad, consistingof
major hardwareandsoftwarevendors.

OpenGL asa StateMachine

OpenGLis a statemachine.lts commandsetit into variousstategor modes}thatremainin effect
until they arechangecdagainby latercommands For example,the currentcolouris a statevariable.
Whenit hasbeensetto a specificcolour, every objectis dravn with thatcolourthereafteruntil it is
setto somethingelse. OpenGLpreseresa greatnumberof statevariablesspecifyingthe viewing
and projectiontransformationspolygon draving modes,positionsand characteristic®f lights, or
materialpropertiesof the objectsbeingdravn. Eachstatevariableor modehasa default value,and
therearecommandsgo querythe systenfor the currentvaluesof thesestatevariables.

OpenGL-relatedLibraries

OpenGLprovidesa powerful but primitive setof renderingcommandsandall higherlevel draving
mustbedonein termsof thesecommandsThereareseverallibrariesthatprovide specialisedhigher
level functionson top of OpenGL.

e TheOpenGLUtility Library (GLU) is provided aspartof anOpenGLimplementationlt con-
tainsroutineso manipulatgextureimageqcreatingaserief mipmaps)to creatematricedor
specificviewing orientationsandprojections o tessellatgpolygons to rendersimplesurfaces
(spheresgylinders, and disks), andto describecurves and surfaces(NURBS, Non-Uniform
RationalB-Splines

e The OpenGLExtensionto the X Window System(GLX) provides commandsto createan
OpenGLcontet andto associatét with a dravable windov on a machinethat usesthe X
Window System.OpenGLrenderings madeavailableasX extension,defininga protocolfor
OpenGLs renderingcommandsncapsulatedvithin the X bytestreamwhich canbe usedto
run an OpenGLapplicationon one computerwhereaghe renderingis doneon anothercom-
puter connecteday a network. Sinceperformances critical in 3D rendering,GLX allows
bypassinghe X sener’s involvementin dataencodingcopying andinterpretatiorandinstead
renderingdirectly to the graphicspipeline.

e Openlnventor[Wer94 is an object-orientedoolkit basedon OpenGLthat provides objects
andmethoddor creatinginteractve 3D graphicsapplication.Availablefrom Silicon Graphics
andwrittenin C++, Openlnventorprovidespre-huilt objectsandabuilt-in eventmodelfor user
interaction.
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3.2 Mesa

Mesa[Pau]is a 3D graphicdibrary with anAPI whichis very similar to thatof OpenGL distributed
underthetermsof the GNU Library GeneraPublicLicence.Althoughit usesheOpenGLcommand
syntax(with authorisatiorfrom Silicon Graphics)andmostapplicationswritten for OpenGLcanbe
recompiledfor Mesawithout makingary sourcecodechangesit cannotbe calledan OpenGLim-
plementationsincethe author Brian Paul, did not obtainan OpenGLlicensefrom SGI. Furthermore
Mesacannotclaim OpenGLconformancesincethe conformanceestsareonly availableto OpenGL
licenseesDespitethesdegal andtechnicaterms,Mesacanbeseerasavalid alternatve to OpenGL.
Mesawas originally designedor Unix/X11 systemsjput driversfor the Amiga, Apple Macintosh,
BeOS,NeXT, 0S/2,MS-DOS,VMS, andWindows 95/NT arealsoavailablein the meantime.

Mesaimplementghe OpenGlLlibrary functionsin software,usingsoftwarerenderingechniques
andthenusesthe standardX protocolto put the pictureon the screen.GLX is notimplementedas
anX sener extension put emulatedo allow GLX-basedOpenGLprogramsgo work with Mesa.lt is
plannedo integrateMesainto the XFree86X sener.

SinceMesadoesrenderingin software,its performances mostdirectly relatedto CPU perfor
mance Recenteleasesf Mesahave featuredspeedptimisationsandtake advantageof 3D graphics
acceleratiormardware,althoughsupports still restrictedo avery smallnumberof graphicscards.

3.3 GE3D

The GE3D (GraphicsEnginefor 3D) library wasdevelopedat IICM (Institutefor InformationPro-
cessingand Computersupportednev Media for useby the Harmory 3D SceneViewer [Pic93
[And93], an early predecessaio the VRwave VRML9I7 browser andit is still usedby VRwave as
underlyinglibrary for native coderendering.

GE3D provides functionality at a slightly higher level of abstractionthan commonlow level
graphicdibraries(asingleGE3Dfunctioncall typically resultsin executionof severalOpenGLcom-
mands)and is placedbetweenthe applicationusingit for renderingand the underlyinggraphics
library (Figure3.1). Thiskeepsheapplicationsourcecodeindependenfrom ary particulargraphics
library, increasingts portability,

Application

GE3D library

Low level 3D graphics library
(OpenGL, Mesa, ...)

Figure3.1: Structureof the GE3Dlibrary.
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Former versionsof GE3D included supportfor four underlyinglow level graphicslibraries:
OpenGL,Mesa,IrisGL (the predecessoof OpenGL),and VOGL (similar to IrisGL). Supportfor
IrisGL andVOGL hasbeendroppedin morerecentversions sinceOpenGLand/orMesaare avail-
ablefor almostevery platform.

GE3D’s higherlevel functionalityincludes:

¢ singlefunctionsfor geometridransformations

¢ asinglefunctionfor drawving a setof 3D faceswith relatedattributes,suchas materialsand
face/\ertex normals

e sev/eralrenderingmodes:wireframe hiddenline, flat shadingsmoothshading andtexturing
e cameralefinition(bothperspectie andorthographic)
e light sourcedefinition

e creatingtexture mapsfrom dataarraysandsettingtexture mappingoptions

3.4 Direct3D

Direct3D[GIi96], arenderingenginefor real-time3D graphicsjs oneof thecomponentsf DirectX,
Microsoft's unified setof interactve multimediaAPls, includingalsoDirectDraw, DirectSoundDi-
rectinput,andDirectPlay It hasbeendesignedprimarily for gamedevelopmentfor Microsoft Win-
dows operatingsystembasedpersonalcomputers providing a commoninterfacefor 3D hardware
acceleratioranddevice support.

While OpenGLAPI implementationdie straighton top of the graphicshardware, the Direct3D
architecturencludestwo additionallayersthatare placedbetweerthe Direct3D API andthe graph-
ics hardwareasshawn in Figure 3.2: the Hardware EmulationLayer (HEL) andthe Hardware Ab-
straction Layer (HAL). The Hardware AbstractionLayer’s taskis to hide detailsaboutthe graphics
hardwarefrom 3D applicationprogrammersDirect3Ddriversfor a particulargraphicshardwarede-
vice neednot implementthe completefunctionality of the Direct3D API, but may be limited to an
arbitrarysubset.The missingfunctionsareprovidedandhandledby the HardwareEmulationLayer
While this conceptsimplifiesdriver developmenton the onehand,it bringsup several problemsfor
3D applicationprogrammersn the otherhand.

Besidesthis differencein architecture Direct3D’s functionality is comparabldo that of other
low-level 3D graphicsAPls suchasOpenGL.

3.5 RenderWare

RenderVdre from Criterion Software [Ren is a 3D graphicslibrary thatis specificallytargetedat
cross-platformgamesdevelopment. It shouldshield gamedevelopersfrom the compleity of 3D
hardware acceleratioracrossmultiple platforms(Windows 95, Windowvs NT, MSDOS5.0 or later
andPowverMac).While it doesrenderinggenerallyin software,RenderVdrealsoprovidestransparent
supportfor hardware 3D acceleratorthroughloadabledevice drivers.

RenderVdres API functionsinclude:

e texturemapping(moving textures,ernvironmentmapping)
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Direct3D OpenGL

Application Application

Direct3D API

OpenGL API
Hardware emulation layer

Hardware abstraction layer

Graphics hardware Graphics hardware

Figure3.2: Thestructureof Direct3Din comparisorwith thatof OpenGL.

e multiple orthographiandperspectie cameras

e Materialssupport

e 3D sprites

e objectinstancingandhierarchicaimodels

e picking (scenepbject,polygon,vertex)

e immediatemode

e fogging

e stereccamergplussupportfor stereoglassesandheadsets)
e binaryfile format

¢ dynamicallyloadablehardwareandsoftwaredrivers

Collectionsof polygonsandverticesare called“clumps”. Clump objectsallow applicationsto
handlelarge numbersof relatedpolygonsandverticesasa single,atomicentity Eachpolygonhas
anassociatedhaterialobject,which definesghe appearancef thepolygon.A scends a collectionof
clumpsandlights. It maybeviewedthroughoneor morecamerasAt ary instantonly onecameras
active andtheresultsof renderingarestoredin theimagebuffer of thiscamera.

RenderVdre also supportshierarchicalmodelling. Eachclump may have a parentand zero or
morechildren. The API providesfunctionsto traverseclumphierarchies.

In retainedmoderenderinga clumpis thefinestgranularityof geometry Polygonsn clumpsare
automaticallyrenderedn thecorrectorderasasingleunit. Immediatanoderenderings alower level
approachwhich givesmoreresponsibilityto the programmeto rendergeometryin thecorrectorder
to producethedesiredvisibility. It allows directaccesso the basicRenderVére primitives(triangles
andlines).
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3.6 QuickDraw 3D

QuickDrav 3D [Qui] is a cross-platformWindows and Macintosh)graphicslibrary developedby
Apple Computerfor creating,configuring,andrendering3D graphicsobjects. It is designedo be
usefulto awide rangeof softwaredevelopersfrom thosewith verylittle knowledgeof 3D modelling
conceptsandrenderingtechniquego thosewith very extensie experiencewith thoseconceptsaand
techniques.

At the mostbasiclevel, its file format (3DMF metafile format) andfile accessoutinescanbe
usedto display3D graphicscreatedoy otherapplicationswithouthaving to learnary of its coreAPI
interfaces. Experienceduserscan use QuickDrav 3D to develop more sophisticatedapplications,
suchasinteractive 3D modellingandrendering animation anddatavisualisation.

In QuickDrawv 3D, creating3D graphicsis divided into threemain tasks: modeling,rendering,
andinteracting.Eachof thesetasksis subdvidedinto a numberof subtasks.
Modelling:

e creatingconfiguring,andpositioningbasicgeometricbjectsandgroupsof geometricobjects.
QuickDrav 3D providesmary basictypesof geometricobjectsandmary waysto transform
suchobjects.

e assigningsetsof attributesto objectsandpartsof objects.
e applyingtexturesto surfacesof objects.

e configuringamodels lights andshading.

Rendering:
e specifyingacamergpositionandtype (perspectie or orthographic).
e specifyingarendereor methodof rendering(wireframeor interactve renderer).
e creatingaview (acollectionof lights,acameraandarendererandrenderinghe modelusing
theview to createanimage.
Interacting:

e determiningvhatkindsof pointingdevicesareavailableandpossiblyconfiguringthosedevices
to controlitemsin a 3D model.

e identifying the objectsin a modelthatarecloseto the cursorwhenthe userclicks or dragsin
themodelsimage(picking).

QuickDrav 3D suppliesanextensve setof routinesto performthesetasks.

3.7 Java3D

In August1997,the Java 3D API [Jav] specificationwas releasedhs part of the “Java Media API
framework”. It givesdevelopershigh-level constructdor creatingandmanipulating3D geometryand
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for constructinghe structuresusedfor renderinghatgeometry Applicationdeveloperscandescribe
very large virtual worlds usingtheseconstructswhich provide Java 3D with enoughinformationto
rendertheseworldsefficiently.

Java 3D draws its ideasfrom existing graphicsAPls andfrom new technologies.The low-level
graphicsconstructsuse conceptsfound in OpenGL,Direct3D, and QuickDrav 3D. Similarly, its
higherlevel constructdakesideasfoundin seseral scenegraphbasedsystem. Additionally, it im-
plementsalso non-graphicsonceptssuchas 3D spatialsound. The mostimportantdesigngoals
are:

Provide ahighlevel of performance.

Provide arich setof featuredor creatinginteresting3D worlds.

Provideahigh-level, object-orientedprogrammingparadignthatenablesieveloperdo rapidly
deplg sophisticate@pplicationsandapplets.

Provide supportfor runtimeloaders,to accommodate wide variety of file formats,suchas
VRML.

The SceneGraph Programming Model
Java 3D is an object-orientedAPI. Individual graphicselementsare constructedas separat@bjects
connectedogetheiinto atree-like structurecalledascenegraph.Thescenegraphcontainsacomplete

descriptiorof theentiresceneincludingthegeometridata theattributeinformation,andtheviewing
informationneededo renderthe scendrom a particularpoint of view.

% VirtualUniverse

BranchGroup
nodes

User Code ;(r)%r;ssformGroup
and Data

Shape3D ViewPlatform A

Other objects

Behavior

Figure3.3: Java 3D scenggraphexample.
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RenderingModes

Java 3D includesthreedifferentrenderingmodes gachsuccessie renderingmodeallowing Java 3D
morefreedomin optimisingrenderingoerformance:

1. ImmediateMode allows maximumflexibility at somecostin renderingspeed.It is usedfor
applicationghatdo not wantJava 3D to do ary automatiaenderingof the scenegraphor do
not evenwish to build a scenegraphto representheir graphicaldata.Immediatemodecanbe
mixedwith retainedmodeandcompiled-retainednode.

2. RetainedModerequiresan applicationto constructa scenegraphandto specify which ele-
mentsof that scenegraphmay changeduring rendering. All objectswithin the scenegraph
areaccessibleandmanipulable.Detailedknowledgeaboutthe scenegraphallows Java 3D to
performmary optimisationgroviding a substantiaincreasean renderingspeed.

3. Compiled-Retainedode like retainedmode, requiresan applicationto constructa scene
graphand specify which elementsof that scenegraphmay changeduring rendering. Addi-
tional, someof the subgraphshatmake up the completescenegraphcanbe compiledinto an
internalformat,reducingaccesgo theinternalstructureto a minimum, but providing maximal
renderingoerformance.

Performance

As performancas still Java’s greatesweaknessthe questionis, whetherthe performanceof Java
3D implementationsvill be suficientto provide usefulrenderingratesat todaysstandarccomputer
systems. Java 3D’s programmingmodel simplifies applicationdevelopmentby leaving high-level
functionality suchasscenegraphtraversal,to the Java 3D implementation Althoughthis approach
seemdo createmorework for Java 3D implementationsit makespossibletheintroductionof opti-
misationanot possiblewith low-level APls.

Additionally, leaving the detailsof renderingto Java 3D allows it to tune the renderingto the
underlyinghardware. Knowing which portionsof the scenegraphcannotbe modified at runtime
allows Java 3D to flatten the tree, pre-transformgeometry or representhe geometryin a natve
hardwareformat.

Besidestheseoptimisationsat scenegraphlevel, anothervery importantperformanceactoris
the time it takesto renderthe visible geometry Java 3D implementationwill be layeredto take
adwantageof the native, low-level API availableon a given system.Initial Java 3D implementations
will belayeredatopof OpenGL,Direct3D,andQuickDrav 3D, whichmeanghatJava 3D rendering
will be acceleratedcrossthe samewide rangeof systemghat are supportedby theselower-level
APIs.

Java 3D implementationsirecurrentlyonly availablein early alphastatusfor a smallnumberof
platforms. This alphareleasedoesnot supportall of thefeaturesasspecifiedthe whitepaper There
arealsomary bugsandperformancés ratherpoot



Chapter 4

The Virtual Reality Modeling Language
(VRML)

In the early-1990swhenthe World Wide Webwason its way to becomethe mostpopularinternet
service,a numberof peoplestartedto think over waysto extendthe conceptof the Web, bringing
its conceptuamodelfrom two dimensiongnto three.Thefirst applicationthatcombined3D models
andhyperlinkingacrosghe Internetwasthe “Harmory 3D SceneViewer”, which wasa browserfor
interlinked 3D modelsfor the HyperG Internetinformation system[Mau9§. It usedits own file
format, the SceneDescriptionFormat (SDF) for scenedescription.The browserwasfirst presented
at the EuropeanConferenceon Hypertet in Milan in Decemberl992[And92], which wasalmost
two yearsbeforethe first specificationof the Virtual Reality Modeling Languagetodaysstandard
for describing3D scene®n the Internet,wasreleased.This chapterexplainsthe origins of VRML,
discussedts evolution, andintroducesits basicconcepts.The last part of this chaptempresentghe
mostpopularVRML browsersfor the differentcomputemlatformsandsomeVRML authoringand
softwaredevelopmentools.

4.1 The Beginningsof VRML

In 1993,Mark Pescea cyberspaceesearcheandtheorist,startedwork on his ideato createa vir-

tual reality interfaceto the World Wide Weh Whenhe hadfinishedhis basicdesignfor a three-
dimensionalWebbrowser henoticedthathis approactwascompletelybeyondHTML’s capabilities,
andthathe would needto createa new language anequvalentto HTML - that could describethe
scenggeometryaswell ascommunicatavith the Weh

SincePescénadno experiencean implementinganguageshe contactedAnthory Parisiandcon-
vinced him to supporthis project. Parisi wrote a very simple parserfor thefirst draft of their newv
languagewhich wasusinga very simple syntaxfor scenedescription[PP94]. By February1994,
they hadcreatedanapplicationthey called“Labyrinth”, which couldfetcha 3D objectfrom theWeb
anddisplayit onthe screenClicking onthe objectcausedXMosaicto load Pesces homepage,and
in reverseclicking on alink in XMosaic causedt to loadthe 3D objectandto startLabyrinthasa
helperapplicationto shav it onthescreen.

WhenTim Berners-Leetheinventorof the World Wide Web, heardabouttheir work, Pescevas
invited to presenit atthefirst WWW conferencén May 1994at CERNin Genea. Thepresentation
of Labyrinth at the conferencewas a greatsucces§PKP94], and the mailing list, which was set
up afterwardsto coordinatefurther work, had over two thousandsubscriberswithin a week. At

27
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the conferencethe new languagegot its nameVRML, which wasanacrorym for “Virtual Reality
MarkupLanguage’{theterm“Markup” hasbeenreplacedy themoreappropriat¢éModeling” later).

It turnedout very soonthatLabyrinthwasa goodbeginning, but little morethana demonstration
of what the eventualcapabilitiesof VRML shouldbe. On the otherhandtherewasa strongten-
deny ratherto take an existing graphicslanguageandadeptit to the specifiedneedshanto create
a completelynew languagepeoplewould have to adoptandlearn. Several candidatesvere found
very soon,suchasthe ObjectOrientedGeometryLanguaye (OOGL) from the GeometryCenterat
the University of Minnesotaor the CybespaceDevelopmentormat(CDF) from Autodesk.

Finally, a programminglibrary, OpenInventor [Wer94, from Silicon Graphicsturnedout to
be the winner As the Web communityis committedto openstandardsSGI hadto be corvinced
to placeOpenlnventors file formatinto the public domainwithout ary restrictions. Considering
their influenceandadwantagesn further VRML development,SGl finally agreed andthe subsef
Openlnventorthatbecamehecoreof the VRML 1.0 specificationwasplacedinto publicdomainin
summerl994.

Theremainingwork wasto extendthe languageo meettherequirementsf the Web,andto find
ascenalescriptiorthatwould have consistenperformancecrossawide rangeof computeisystems.
Anotheraspectjnteractvity, wasleft out almostcompletelyof thefirst specificationgxceptfor the
hyperlinkingfeature.

4.2 VRML 1.0

Onthel7thof Octobey 1994,atthesecondVWW conferencen ChicagoAnthory ParisiandGavin

Bell, oneof Openinventors principledesignerspresentethe VRML 1.0draftspecificatioBPP95].
Although this draft specificatiorstill neededsomerefinementsit gave developersa sufiicient base
to ensurethat programshat conformedto the draft specificationwould work with future revisions.
Anotherimportantimpulsefor developmentof VRML toolswassetwith thereleaseof “QvLib”, a
VRML parserlibrary written in C++ and availablefor several computemlatformsandfor free, in

Decembepf 1994.

Onthe 3rd of April, 1995,known as“Day Zero”, SGl releasedhefirst VRML browser “Web-
Space” which wasportedto several computerplatformsby TemplateGraphicsSoftware. This was
just the startingsignal for mary other browvsersand tools that were releasedwithin the following
months.

4.2.1 LanguageBasics

VRML definesa setof objects the so-callednodesthatareusefulfor doing 3D graphics.They are
organisedn ahierarchicabktructurethescenegraph Theirpositionin thescenegraphhierarchyis of
greatimportancebecausatatessuchasmaterialsettingsremainvalid duringscenegraphtraversal,
which meanghat nodescanaffect nodesthat appeataterin the scenegraph. The effect of earlier
definedstatescanbelimited by useof a specialnodetype (Separator ).

Nodesaredefinedby thefollowing attributes:

The nodetype: VRML 1.0 specifies36 different nodetypes, which can be divided into several
classesshapenodesgeometryandmaterialnodestransformatiomodescameranodes|ight-
ing nodesandgroupnodes.Table4.1 containsa completelist of VRML 1.0 nodetypeswith
theclasseshey belongto in boldface.
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Additional parameters: Theseparametersthe so-calledfields might differ for multiple nodesof
the sametype. Settingfield valuesis optional. If field valuesarenot specified default values
areused.

A nodename: Namingof nodesds optionalandneednotbeunique,i.e. eachnodecanhave only one
name but severaldifferentnodescanhave thesamename.Nodenamesreusedfor instancing,
which makesthe sameinstanceof anodebea child of morethanonegroup.

Child nodes: Somenodetypes,classifiedas group nodes,might containother nodesas valuesof
theirfields,building upthescenegraphs hierarchicabtructureheravith. Parentnodedraverse
their child nodesn orderduringrendering.

Therearetwo generaklassef fields: fieldsthatcontaina singlevalue (wherethe valuemight
beasinglenumberavector or evenpixel dataof animage),andfieldsthatcontainmultiplesvalues.
Thetwo initial charactersf single-aluefield typesnamesare“SF”, suchasfor exampleSFFloat
thatcontainsasingle-precisiotiloating-pointnumberwhereaghoseof multi-valuefield typesnames
are“MF”.

Shapenodes: Geometry and material nodes: | Lighting nodes:
AsciiText Coordinate3 DirectionalLight
Cone FontStyle PointLight
Cube Info SpotLight
Cylinder LOD Group nodes:
IndexedFaceSet Material Group
IndexedLineSet MaterialBinding Separator
PointSet Normal Switch
Sphere NormalBinding TransformSeparatar
Transformation nodes: | ShapeHints WWWAnNchor
MatrixTransform Texture2 Specialnode:
Rotation Texture2Transform WWWInline
Scale Texture2Coordinate2
Transform Cameranodes
Translation OrthographicCamera

PerspectieCamera

Table4.1: VRML 1.0nodetypeclassesndtheir associatetodetypes.

World Wide Webconnectiity is introducedby threenodetypes: Texture2 , WWWAnNchgrand
WWWiInline .

Besideghe possibility to specifytexture imagedatainline, a Texture2 nodeprovidesa field
that could containa URL specifyingwhereto readit from with supportfor commongraphicsfile
formats.

NodeWWWAnNchosupportdink anchorsattachedo its child nodes.Choosingoneof the chil-
dren,usuallyby clicking on it, actvatesthe link pointingto a URL specifiedby oneof the nodes
fields. Of courseit is alsopossibleto establisha link betweentwo VRML worlds. Thisis calleda
“teleport”, becausé malesthe userjump from oneworld into another

The third nodeusing WWW technologyis WWWiInline , which actslike a group nodewhich
readsts child nodesrom someavherein the World Wide Webspecifiedby a URL in oneof its fields.
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Sinceit expectsto getits child nodesfrom this URL, resultsare undefinedfor URLSs referencing
non-VRML documents.

Browserspecificextensionsaresupportedy self-describinghodes.Extensiomnodesnot part of
standard/RML mustdefinea list of their fieldsfirst, sothat VRML browsersnot knowing how to
processhemare ableto parseandignorethem. New nodesmay also extend the functionality of
standardRML nodes.In this case,f a browserdoesnot supportthe extension the nev nodescan
betreatedastheexisting nodesuponwhichthey arebased.

4.3 VRML 2.0and VRML97

Althoughchoosingasubsebf Openinventorasthefundamentabf the VRML 1.0specificatiorfacil-
itateddevelopmenibf browvsersandtoolson awide varietyof platforms,it setvery narrav limitations
to extensiondncludingadwancednteractionandanimationcapabilitiesat the sametime.

In the fall of 1995several long-termcontritutorsto the VRML community led by Mark Pesce,
formedthe VRML Architectue Group (VAG) to pushaheadand coordinateVRML's further devel-
opment.VRML 1.1 shouldhase beencompletedn Novemberl1995,but wasfinally droppedfor the
benefitof VRML 2.0.

At VRML'95, thefirst VRML-specific conferenceproposalf six groupswere presentecnd
discussed Although all of them containedsomegoodideasandconceptsijt wasclear thattwo of
themwerefront runners:*ActiveVRML” from Microsoftand“Moving Worlds” from Silicon Graph-
icsandSory. A decisionwasmadeat the VRML'95 thatthe VAG shouldmake a formal requestor
proposal(RFP)for VRML 2.0. Proposalsvould thenbe submitted discussiorwould ensueanda
votewould betaken. Thevote, heldfrom the 23rd of Februaryto the 18thof March,1996,broughta
clearresult: Moving Worldshada clear74 percentmajority.

While theproposalventthroughseverallevelsof draftsto thefinal specificationSilicon Graphics
starteddevelopmentof afully VRML 2.0 conformantrowser called“CosmoPlayer[Cog for their
graphicswvorkstationsandthePC/Windows platforms.At thesametime Sory wasbusyimplementing
the “Community Place”[Son] browser which was strongly multi-userfocused. Experiencesand
insightsgainedduring browserdevelopmentgave valuablefeedbackto the specificatiorauthors.At
Siggraphin August1996the VRML 2.0 specificationwaspublishedandmadeavailablein its final
version.

A revisedversionof this specificationcomplementedby several clarifications,andrenamedo
VRML97 wasacceptedsan|SO (InternationalStandard©rganization)ISO97] standardlt is part
oneof ISO/IEC14772-1:1997whosefull title is “Information technology- Computergraphicsand
imageprocessing- The Virtual RealityModelingLanguaggVRML) — Part 1: Functionalspecifica-
tion andUTF-8 encoding”. This meansthatthe entire VRML97 specificatioris only onepartof a
multipartspecification.The External Authoring Interface(seeChapters) [Mar97] is intendedto be
parttwo of this multipartspecification.

4.3.1 LanguageConcepts

While Microsoft's ActiveVRML proposalwould have beenaradicaldeparturdrom VRML 1.0,the
chosenMoving Worlds proposalis a more natural extensionof its predecessorA VRML97 file
consistsof four majorfunctionalcomponentsthe headetine for easyidentificationof VRML files,
the scenegraphwith only few differencescomparedo VRML 1.0, the prototypeswhich describe
new nodetypesin termsof alreadyexisting nodetypes,and event routing to connectsourcesand
taigetsof events.
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SceneGraph Structure

Similarto VRML 1.0,the scenggraphis a hierarchicallyorderedcollectionof nodeswhich describe
objectsandtheir properties.In additionto thosenodetypesthatdescribegeometrytransformations,
andlighting, which arealreadyknown from VRML 1.0, therearenew nodetypesfor audiosupport
andnodetypeswhichdefinebehaiour andparticipatdén theeventgeneratiorandroutingmechanism.
Thesenodesaresensorsiodes,nterpolatomodes andespeciallyScript  nodes.While in VRML
1.0 statessuchasmaterialsettings remainvalid alsofor nodesthatappeaiaterin the scenegraph,
this concepthasbeenomittedin VRML 2.0andVRML97. This simplifiesthe scenegraphstructure
andincrease®rowserperformancandefficiengy.

Event Processing

ThebasicVRML97 scenggraphstructurds very similar to thatof VRML 1.0in mary respectsOne
importantchanges thatfields areno longersimplewrite-oncevaluesdefiningthe characteristicef
nodes.

In additionto thesecorventionalfields, thatareknown alreadyfrom VRML 1.0, the VRML97
specificatiordefineshetypesandnamesof a numberof eventsfor eachnodetype. Theseso-called
eventinsand eventOutsspecify the eventsthat eachnode may receve or generate. Eventinscan
receve events which aredatamessagesentby othernodesto changesomestatewithin thereceving
node. EventOutsare usedto senddatamessage$o destinationnodesto indicatethat somestate
haschangedvithin the sendingnode. Eventsaretransientandevent valuesare not specifiedwithin
VRML files.

A specialfield type, an exposedkeld, unifiesthe characteristicef all otherfield types: it can
receve eventslike eventins,cangenerateventslike eventOuts andits initial valuecanbe specified
within VRML files asfor corventionalfields. WhenanexposedFieldjyetsa new valuevia aneventit
shallimmediatelysendout this new valueasanevent.

The connectiorbetweera nodegeneratingan eventanda nodethatshouldreceve it is calleda
route Routesareestablishedby the ROUTEkeyword followed by the sourceaventOutandthe desti-
nationeventin separatedby the TO keyword in between.The typesof the eventinandthe eventOut
mustmatchexactly. Redundantoutingis ignored.

Whena nodehasgeneratedin event, this eventis propagatedlongary routesto othernodes.
Receving this eventmay causethe destinatiomnodesto generateadditionalevents,continuinguntil
all eventshave beenreceved by their destinatiomodesandno morenew eventsaregeneratedThis
processs calledan eventcascade To avoid loops, eacheventOutis limited to generateonly one
singleeventpertimestamplf anodegeneratemultiple eventssimultaneouslyall of themarepartof
thesameeventcascadeAll eventsgeneratediuringthe sameeventcascadgetthe sametimestamp.

SensorNodes

As the name suggests sensornodessensesomethingand generateevents when that something
changes.Sensorganbe classifiedinto two cateyories: ervironmentalsensorsand pointing-deice

sensors.Environmentalsensoranay becomeactive basedon time or usernavigation throughthe

sceneTable4.2 shavs asummanyof all ervironmentalsensonodetypesandtheconditionsthey are
intendedo detect.

Pointing-deice sensorsare activated when the userlocatesthe pointing device over their as-
sociatedgeometry Drag sensorsare a subsetof pointing-deice sensors.Therearethreetypesof
dragsensomodes:CylinderSensor , PlaneSensor ,andSphereSensor . All of themhave
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SensoNodeType ConditionsDetected

Collision Usercollisionswith thegeometrydefinedin its childrennodes
ProximitySensor Userpositionwithin a specifiedregion

TimeSensor Lapseof time, startandendof time periods

VisibilitySenso r | Visibility of specificpartsof theworld to theuser

Table4.2: VRML97 ernvironmentalsensonodetypes.

eventOuts,that sendeventsfor eachmovementof the activated pointing device accordingto their
“virtual geometry”(e.g.cylinderfor CylinderSensor  nodes).

Inter polator Nodes

Interpolatomodesaredesignedo simplify creationandcontrolof linear keyframedanimations.An
interpolatomodecontaindieldsthatspecifypositionsof pointsdefininga piecavise-linearfunctionas
aresultof linearinterpolationbetweerthem. The positionsof the pointsarespecifiedoy two equally
sizedsetsof numbers:the key set,whoseelementsare monotonicallynon-decreasingalues,and
thekeyValue setthatspecifieghecorrespondindunctionvalues.

An interpolatornodeis triggeredby anincomingevent containingthe value the function value
shallbe calculatedfor. This valueis calculatedby linearinterpolationandsentout asevent. There
aresix interpolatomodes gachnamedafterthe type of valuethatis interpolated:

e Colorinterpolato r : interpolatesamongalist RGB colourtriple key values.

e Coordinatelnterp ol at or : interpolatedinearlyamongalist of coordinatevalueswhere
eachcoordinatevaluespecifiezeroor more3D vectors.

e Normalinterpolat or : interpolatesamonga list of normalvectorsets.Normalinterpola-
tion shallbe performedon the surfaceof the unit spherewith eachinterpolatechormalvector
lying alongthe shortestarc betweerntwo given normalvectorsandequallyspacednput frac-
tionsresultingin arcsof equallength.

e Orientationinter pola to r: interpolatesamonga list of rotationvalues,whereeach
rotationvalueis specifiedby a normalisedrotationaxis vectorandthe amountof right-handed
rotationaboutthataxisin radians.

e Positioninterpol at or : interpolatedinearly amongalist of 3D vectors.

e Scalarinterpolat or : interpolatedinearly amongallist of floatingpointvalues.

The relationshipbetweensensomodesandinterpolatornodesis very close. They canbe found
working togethervery often. This is becausanterpolatornodescan generatenev eventsonly as
reactionon incomingtrigger events. In mary casessensomodes,especiallyTimeSensor nodes,
provide thistriggerevent.

Scripting

Both sensorsnodesand interpolatornodesadd behaiour to VRML worlds without arny needfor
programming. This approachis called “static behaiour”: a setof event sourcesand event targets
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arewiredto enablechangdn the scenggraph.Althoughthis approactprovidesmechanismso build
interestingnteractve, animatedscenesthe obtainablecompleity of behaiour is restricted.

Implementingcomplex behaiours, so-called“dynamic behaiours”, requiresthe possibility to
querystate to make decisionsasecdn thatstate andto changehe stateof the scenébasednthese
decisions.Thisis exactly whatprogrammindanguagesrevery usefulfor.

Integrationof arbitraryprogrammindogic into thesceneds achievedby Script  nodes.Besides
its similarity to ary othernodetype,aScript nodediffersin oneimportantpoint: sceneauthorscan
addadditionalfields, eventins,andeventOutsto its standardieldsasdefinedin the specificationgn-
ablingtheprogramor scriptthatimplementshebehaiour to receve incomingeventsandto generate
eventsusingthe VRML97 eventprocessingnodel. How eventsarereceved andgeneratediepends
onthe browserimplementatiorandthe scriptinglanguageusedfor behaiour implementation.

TheScript nodes standardieldsareusedto referencehe programor script(eitherby a URL
or containinginline code),andto enablecontrolover how the Scriptnodeperformswithin the scene
graph.

Althoughthe VRML97 specificatiordoesnot requireary specificscriptinglanguageandmerely
describeshegeneramechanismandsemantic®f all scriptinglanguageaccesprotocols adetailed
specificatiorfor the two mostfrequentlyusedscriptinglanguagesjava [LMM96] andECMAScript
(JavaScript) thatarealsosupportedy mostbrowsers,canbefoundin its annees.

A Script  nodeis actvatedwhenit recevesan event. The browserthenexecuteghe specified
programor scriptto processthe event, performinga wide variety of actionsincluding generating
and sendingout events, performingcalculations,and communicatingwith other computersover a
network. Any eventgeneratedsa resultof processingan eventis given the sametimestampasthe
processedvent.

4 N initial events
Scene Graph Sensor
nodes
eventOuts
A

Execution
Engine

Yy

\j

A
Y

Nodes I
Script add/delete route Route

nodes Graph

directOutput
events

Y

Y

eventins

Figure4.1: VRML97 conceptuabventexecutionmodel.

Besideshaving accesdo thefields, eventins,andeventOutsof the Script  nodesthey areasso-
ciatedwith, programsor scriptscanaccesary eventlnor eventOutof othernodethey have accesgo.
In thisway they mayalsosendeventsto thosenodeddirectly, bypassingherouteconcept.

The VRML97 specificationprovides a setof methods the BrowserScript Interface that allow
programsor scriptsto getandsetbrowserstate.Besidessomevery simplefunctions,suchasgetting
thebrowvsernameandversion,it providesmethoddo performoperationsuchas:

¢ replacingthe currentsceneby a new onespecifiedoy its rootnodes,
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¢ loadingaURL,
e creatingnew nodesfrom astringcontainingRML statements,

e loadinga VRML scenedescriptionfrom a URL andsendingan event containingthe scenes
rootnodeso anode,

e addinganddeletingroutes.

Figure4.1 shavs aconceptualllustrationof the VRML97 eventexecutionmodel.

Prototypes

Prototypingis a mechanismo parameterisa setof nodesthat make up a modelandto be ableto
malke copiesof thosenodesbut beableto specifydifferentparametergor eachcopy.

A prototypedeclarationstartswith the PROTCkeyword and consistsof threeparts: the name
of the new nodetype, a declarationof its interface(fields, eventins,eventOuts,andexposedFields)
including alsoinitial default values,andthe definition of the newv nodeitself. The definition of the
nodecanconsistof ary legal VRML standardhodesand may alsoinclude ary previously defined
prototypes. Nodesinside of the prototypedefinition may have their fields, eventins,or eventOuts
associateavith thefields, eventins,andeventOutsof the prototypeinterfacedeclaratiorusingthelS
keyword.

A naturalextensionof prototypingis to provide a mechanisnio shareprototypesamongseveral
VRML files. Thelocal declarationstartingwith the EXTERNPROT&eyword is analogoudo pro-
totype declarationwith the exceptionthat the interface declarationdoesnot containinitial default
valuesandthe prototypedefinition mustbe readfrom a separat&/RML file referredto by alist of
URLs. This featurecanbe usedto build uplibrariesof usefulnodetypesto simplify scenecreation.

4.4 Browsersand Tools

4.4.1 VRML Browsers

As a subsebf their Openlnventorprogrammindibrary’s file formatbecamehe coreof the VRML
1.0 specificationrand was placedinto public domaintherefore Silicon Graphicshasbeena driving
forcebehindthedevelopmeniof VRML from the beginningandwasalsothefirstto releasea VRML
braowvser “WebSpace”jn April 1995. Of coursethis browvserwasalsobasedon the Openlnventor
library. While Silicon Graphicscaredaboutdevelopmentfor their own hardware, porting to other
platforms(IBM AlX, Sun Solaris, Windows) wastaken over by TemplateGraphics. Many other
brovserswherereleasedvithin the following months:“WebMew” from the SanDiego Supercom-
puter Center(SDSC),"WorldView” from InterVista Software, “WebFX” from PaperSoftware,and
soon. “VRweb” [And95] [POA+95], ajoint projectbetweenllCM, NCSA, andthe University of
Minnesotaprovideda platformfor researctandexperimentsinceits sourcecodeis availablefree of
chagefor non-commercialiseandit is basedentirelyon freely availablesoftwarecomponents.

As the*Moving Worlds” proposalffrom Silicon GraphicsandSory won the vote for the VRML
2.0 standardn FebruaryandMarch 1996, thesetwo companiesverethe first to startdevelopment
of VRML 2.0 conformantbrowsers. SGI's projectwas called“CosmoPlayer” Sory’s brovserwas
named‘Community Place”. Browserdevelopmentwventon simultaneouslyvith the developmentof
the Moving Worlds proposalinto the final VRML 2.0 specificationso that the browserdevelopers
andthe specificationauthorscould exchangetheir experiencesaindinsightswith eachother When
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the final VRML 2.0 specificationwas presentedat Siggraphin August 1996, both bronvserswere
availablein aversionthatsupportedhis specification.Sincethen,therehasbeena flood of releases
andannouncementdable4.3 givesa shortovervien over commonlyusedVRML97 browsers.

“VRwave” [APP*98] from the ICM is the successoprojectof VRweh The new nameis in-
tendedto point out that althoughit is very similar to VRweb in term of look andfeel, it follows a
completelynew approactasit is written largely in Java (parsing,scenegraphmanagemengndpro-
gramlogic). For performanceaeasonstenderings still donein native codeusingOpenGLor Mesa.
VRwave is subjectof thefollowing chapterf this thesis.

Browser Vendor Platform Renderind.ibrary

blaxxunCC3D blaxxuninteractve | Windows 95/NT OpenGl,Direct3D

CommunityPlace| Sory Corporation | Windows 95/NT Rendenare,Direct3D

CosmoPlayer CosmoSoftware SGI,Windows 95/NT | OpenGL

VRwave IICM SGl, Solaris, GE3D(OpenGL/Mesa)
DEC Alpha, Linux, ...

WorldView InterVistaSoftware | Windows 95/NT, Direct3D,QuickDrav 3D
Macintosh

Table4.3: VRML97 browseroverview.

4.42 VRML Tools

This sectiondealswith two typesof VRML relatedapplications:VRML world buildersandVRML
parsers.

VRML world buildersare 3D drawing applicationsusedto createVRML worlds. Usually they
provide an interactie userinterfaceto add, delete,and modify scenecontent. While mary world
builders usetheir own proprietaryfile format and provide only VRML export functions,“Cosmo
Worlds” from CosmoSoftware is a comprehense interactve 3D Web authoringand publishing
systemthat combinesthe entire VRML developmentcycle, including low-polygon 3D modeling,
appearancediting, keyframeanimationandbehaiour scripting,lighting andsound navigation set-
tings, performanceptimisationsandWeb publishing.

VRML Parsersarelibrariesof functions,routines,or methodsthataid programmerén develop-
ing codeto parseVRML fileswithin aVRML browser Thereleaseof “QvLib”, asetof C++routines
to parseVRML 1.0files creatingparsereeswhichmaybetraversedby programsgave animportant
impulsefor VRML softwaredevelopmentpecausét wasfreely availablefor severalcomputermplat-
forms. “pw” (shortfor “parseworld”) is aVRML97 parsempackagedhatis written entirelyin Java. It

is availableaspartof the VRwave VRML97 browseror separatelyunderthe GNU Library General
PublicLicense.
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Chapter 5

The External Authoring Interface (EAI)

5.1 Intr oduction

During the discussiongn the middle of 1996a numberof peoplewereinterestedn includingsome
sortof interfacebetweerlVRML browvsersandexternalapplicationsn thefinal VRML 2.0specifica-
tion, whosecompletionwasalreadyvery nearatthistime. Realisingtheamountof work requiredand
theshorttimesparavailableto completethe basicspecificationthe specificationwriters postponedit

to somelaterstage.

As thediscussiongontinuedafterthefinal completionof VRML 2.0, ChrisMarrin from Silicon
Graphicsproposeda Java-basedxternalinterfaceto VRML browsers[Mar97]. The proposalwas
releasedn Decemberl996 andwasfollowed by animplementatiorin SGI's CosmoPlayelVRML
brovser While this proposalwasintendedmainly asa demonstratiorof what could be donewith
anexternalinterface,a numberof otherbrowsersincludeda Java basedEAl implementationandthe
proposabecamea pseudo-standard/Rwave’s EAl implementatioris describedn Chapter8.

5.2 Fundamental EAIl concepts

The ExternalAuthoring Interfacedefinesaninterfacefor communicatiorbetweerthe VRML scene
andanexternalervironment. The externalervironmentcangetinformationaboutthe sceneanduse
functionsto integrateitself into the VRML97 eventmodelto sendandreceve events.Conceptually
the ExternalAuthoringInterfaceallows four typesof accessnto the VRML scene:

1. Accessinghefunctionalityof the BrowserScriptinterface.
2. Sendingeventsto eventlnsof nodesinsidethescene.
3. Readinghecurrentvalueof eventOutsof nodesnsidethe scene.

4. Receving notificationwheneventsaresentfrom eventOutsof nodesnsidethescene.

Currently the EAI is a proposednformative Annex to the VRML97 specification.This means
that browvserimplementationganchoosewhetheror not to implementthe EAI andstill have com-
pleteVRML97 compliance.Developmentof the EAI is not yet finished. Furtherenhancementand
extensionsareunderdiscussiorby the ExternalAuthoring InterfaceWorking Group.

37
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5.2.1 The Browser Script Interface

To initiate communicatiorwith a VRML world, the externalenvironmentfirst hasto obtaina ref-
erenceto a VRML browser object. This objectcan either be created,in which casethe external
environmentis responsibldor providing all informationneededo introducethe objectinto the envi-

ronmentor areferenceo analreadyexisting browserobjectis obtainedoy theexternalervironment.
Thedetailsof how abrowserreferences obtainedarelanguagespecific.

As in scriptswithin the VRML scenethebrowserobjectallows accesgo thefull functionalityof
the BrowserScriptinterface.Browserstatecanbequeried routescanbeaddedanddeleted andnev
nodescanbecreated Figure5.1illustratesthis basicconcept.

External
Application

Browser
Script
Interface

VRML97
Browser

Figure5.1: BasicExternalAuthoringInterfaceconcept.

5.2.2 NodeAccess

Accordingto the VRML event model,a scriptin a Script nodethat hasa referenceto a node
cansendeventsdirectly to ary eventlnof thatnodeandcanreadthe lastvaluesentfrom ary of its
eventOuts. The Script  node (andthereforethe scriptit contains)canget a nodereferencewith
the USE construct. Sincethe external ervironmentcan not usethis mechanismimplicitly, the EAI
providesanexplicit methodto getreference$o nodeshatarenamedy a DEFconstructOncearef-
erencas obtainedtheeventins eventOutsandexposedFieldsyhich containeventinsandeventOuts
implicitly, of thatnodecanbe accessed.

5.2.3 SendingEvents

Oncea nodereferencds madeavailableto the externalervironment,an event may be sentto ary
eventln of that node. The datasentis specificto the field type of that eventin andis formatted
appropriatdo thelanguageaused.
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5.2.4 ReadingeventOut Values

Any eventOutof anodeto which the externalervironmenthasa referencecanberead. The obtained
valueis thelastvaluesentto thateventOutor the default valuefor thateventOuttypeif no eventhas
ever beensent. Thedatatypeis specificto thefield type of thateventOutandis formattedappropriate
to thelanguageor protocolused.

5.2.5 Notification of eventOut Changes

The externalernvironmentcanregisterto receve notificationwhena given eventOutchanges.The
registrationrequesis madeto the nodecontainingthe eventOut. During the registrationprocesghe
externalenvironmentcansupplyatokenthatwill bereturnedalongwith the datavalueof the event.
This token canbe usedby the external environmentto uniquelyidentify this eventin casesvhere
eventsarenotimplicitly unique. The datasuppliedduring notificationis specificto thefield type of
thateventOutandis formattedappropriatego thelanguageor protocolused.

5.3 The Java External Authoring Interface

Although a variety of otherinterfaces,both languagebasedand protocolbasedwould be possible,
mostpracticalexamplesof communicatiorbetweerexternalervironmentsandVRML worldsshavn

to dateusethe interfacebetweera Java appleton aHTML pageandanembedded/RML world on

thatsamepage.

The Javaimplementatiorof the ExternalAuthoringInterfaceis specifiedn threeJava packages:
vrml.external ,vrml.external.f iel d,andvrml.external.ex ceptio n. Figure5.2
shaws the classhierarchy A compiledJava appletor standalonepplicationcanbe usedwith any
VRML browsers ExternalAuthoring Interfaceimplementation.

5.3.1 TheBrowserClass

An external Java appletor applicationcommunicatesvith the VRML world by first obtainingan
instanceof classBrowser . This classis the Java encapsulationf the VRML world. It containghe
entireBrowserScriptinterfaceaswell asagetNode() methodto accessiodes. Althoughthe EAI
proposaldefinesa staticBrowser.getBrows er () methodthatreturnsthe requiredBrowser
object,mary EAI exampleprogramsdevelopedfor andtestedwith the NetscapeNavigatorandSGil
CosmoPlayeWRML browserplugin combinationuseNetscapes proprietaryLiveConnecinterface
to obtainthe Browser obiject.

5.3.2 AccessingNodes

Onceaninstanceof classBrowser hasbeenobtainedjt canbeusedto gainaccesso specificnodes
in theVRML world currentlycontainedy thebrowser Thisis doneby callingmethodgetNode()

of the obtainedBrowser object, which getsthe DEF nameof the desirednodeas argumentand
returnsan objectof classNode whichis the Java representationf thatnode. This objectcanthen
be usedto accessventinsand eventOutsof that node,or asan argumentfor somemethodsof the
BrowserScriptinterface.
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vrnm . ext er nal

—vrnl . external . Browser
—vrm . ext ernal . Node
—vrmnl .external .field
—vrm .external . field.
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—vrm .external . fi
—vrm . external . fi
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—vrm . external . fi
—vrm .external . fi
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—vrm .external . fi
—vrm . external . fi
—vrm .external . fi
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—vrm . external .field.
—vrm .external .field.
—vrm . external . exception
—vrm . external . except
—vrm . external . except
—vrm . external . except
—vrm . external . except
—vrm . external . except

Event I n

el d. Event | nMFCol or

el d. Event | nMFFI oat

el d. Event | nMFI nt 32

el d. Event | nMFNode

el d. Event | nMFRot at i on
el d. Event | nMFSt ri ng

el d. Event | nMFVec2f

el d. Event | nMFVec 3f

el d. Event | nSFBool

el d. Event | nSFCol or

el d. Event | nSFFI oat

el d. Event | nSFI mage

el d. Event | nSFI nt 32

el d. Event | nSFNode

el d. Event | nSFRot at i on
el d. Event I nSFStri ng

el d. Event | nSFTi ne

el d. Event | nSFVec2f

el d. Event | nSFVec3f
Event Qut

el d. Event Qut MFi el d
.field. Event Qut M~Col or
.field. Event Qut MFF| oat
.field. Event Qut MFI nt 32
.field. Event Qut MFNode
.field. BEvent Qut MFRot ati on
.field. Event Qut MFSt ri ng
.field. Event Qut MFVec2f
.field. Event Qut MFVec3f
el d. Event Qut SFBool

el d. Event Qut SFCol or

el d. Event Qut SFFI oat

el d. Event Qut SFI nage
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Figure5.2: Java ExternalAuthoringInterfaceclasshierarchy
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5.3.3 SendingEvents

Once a node referenceis obtained, all its eventins are accessibleusing the Node objects
getEventin() method. This methodis passedhe nameof the eventin andreturnsa reference
to aninstanceof classEventin , if aneventinwith thatnameis found. ExposedFieldsanalsobe
accessedyecausehey containeventinsimplicitly (passedchamesareeventuallyprefixedby theset _
modifier). The returnedEventin  objecthasto be castto the appropriatesventin type subclass,
which providesmethodgo sendeventsof the giventype.

5.3.4 AccessingeventOuts

In analogyto the first stepof eventsending,a Node objects getEventOut() methodis usedto
obtaina referenceo an instanceof classEventOut . Again alsoexposedFieldsanbe accessed,
eitherby passingonly their namesor by appendingalsothe _changed modifier Onceaninstance
of adesiredeEventOut hasbeenobtainediwo operationsanbeperformed:

1. Retrieving the currentvalueof thereferenceaventOut.

2. Settingup acallbackto beinvokedwhen&er aneventis generatedor thereferenceaventOut.

EventOut objectshave to be castto the appropriateeventOuttype subclassesyhich contain
appropriatenethodgo readthe currentvalues.

5.3.5 The EventOut Obsewer

To receve notificationwhenaneventis generatedor aneventOut,anobjectof a classimplementing
the EventOutObserv er interface(i.e. it implementshe callback() methoddefinedby this
interface) hasto be passecdhsa parameteto the EventOut objects advise()  methodfirst. A

secondparametenf classObject , which is the root of Java’s classhierarchy is usedto passan
arbitraryuserdefinedobject.

Then,whene&er an eventis generatedor thateventOut,the callback() methodof the reg-
isteredobjectis executedandis passedhe value andtimestampof the event. The callback()
methods third amgumentis the userdefinedobjectthat hasbeenpassedo the advise()  method
before.It allows a singleobjectimplementinghe EventOutObserver  interfaceto handleevents
from multiple sources.

5.4 Further EAI Development

Although Chris Marrin’s first proposahadalreadymentionedhe possibility to useits conceptsalso
with otherlanguagesit took a while until therewasa first non-Jaa implementatiorof an external
interface, which was presentedat Siggraph97. Also the numberof demandgor an ECMAScript
(former known as JavaScript)implementatiorof the EAl wasincreasing. As a result, the VRML
Consortium[VRM] issuedarequesto ChrisMarrin to form aworking groupandto take the current
EAI pseudo-specificatioandformaliseit includinga nonlanguagespecificspecification.

This working groupwasformedin Decemberl997, startingits work with the releaseof a new
specification.Many peoplein theworking groupwantedto go well beyondthe formalisationof the
existing specificationput the VRML Consortiumagainrequestedheworking groupto minimisethe
numberof new additionsto the existing functionality
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Following the VRML98 conferencen Februaryl998JustinCouchstartedwork on analternate
proposalwhichincludedmary radicaldesignchangesMost of hisideaswererejected put thecore
- therestructuringof the classesaccordingto the philosophyof Java 1.1 - stayed. From this base,
Couchthenslowly developedanew proposalwhichwassplit into two parts,alanguagendependent
descriptionanda Java binding. At Siggraph98 the working groupmetagainandthe proposalwas
acceptedandit wasagreedhatwork for the ISO standarddocumentshouldstart. The first official
draftof the ISO standardlocumentvasthenreleasedn 17th August1998.



Chapter 6

The VRwave VRML Browser

In 1992, developmentof a browser for interlinked 3D modelsfor usewith the HyperG [Mau9§
informationsystemwasstartedatthe ICM (Institutefor InformationProcessingndComputerSup-
portedNew Media). As therewasno standardile formatfor 3D hypermedianodelsatthistime, the
browser calledthe“Harmory 3D SceneViewer” [Pic93, definedts ownfile format,calledScende-
scription Format(SDF). This bronvsercombiningfor thefirst time 3D modelsandhyperlinkingover
thelnternetwaspresentetthe EuropearConferencen Hypertext in Decembed992[And92].

As VRML evolved to the future standardor 3D scenedescriptionon the Web in late 1994, it
seemedo bereasonabl& adapthebrowserto supporthis new languagellCM, theNationalCenter
for Supercomputingipplications(NCSA, the home of Mosaic), and the University of Minnesota
(homeof Gopher)initiated a new projectto develop “VRweb” [POAT95], a VRML 1.0 browser
basedntheHarmory 3D SceneViewer, freely availablein sourcecode.Thefirst versionof VRweb
wasreleasean 5th July 1995.

Whenthe first VRML 2.0 draft specificationwas publishedin the summerof 1996, the basic
decisionwaswhetherto continueVRweb’s developmentaddingsupportfor the newv conceptf the
languageor to startanew projectfrom scratchusingJava, whichwasgainingacceptancatthistime
andpromisedseveraladvantagesver C++, which hadbeenusedfor developmenof VRweh Finally
choicewasmadefor thelatter andthefirst versionof thenew browser named'VRwave” [APP+9§],
wasreleaseanthe 3rd Februaryl997.

6.1 The Architecture of VRwave

This sectiongivesan overvien over the internal classstructureof VRwave and describeghe main
functionalityandconceptsf its main classesImplementatiorof the renderingfunctionality and of
the Java ExternalAuthoring Interface (EAI) [Mar97] aredescribedn moredetailin Chapter7 and
Chapter8.

VRwave sourcecodeconsistof several Java packageswhich aresummarisedn Table6.1. For
performanceaeasonsyrenderingand someother partsof VRwave that have to do time-consuming
calculationshave beenimplementedn C. The diagramin Figure6.1 shaws the internalarchitecture
of VRwave.
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Packagename Contents

iicm.vrml.vrwav e coreclassedhandlingbrowserlogic

iicm.vrml.pw ‘pw’ VRML 97 parser(alsoavailableseparatédrom VRwave)
iicm.vrml.vrwav e. pwdat VRwave specificclassedo storeadditionalnodedata
iicm.widget reusableGUl widgets

iicm.ge3d rendering(native methodsmplementedn C)
iicm.utils3d 3D datastructuresandutility classes

vrml.external

vrml.external.f ie Id Java ExternalAuthoringInterfaceclasses
vrml.external.e Xcepti on

vrml

vrml.field Javawithin Scriptnodessupport(notyetimplemented)
vrml.node

Table6.1: VRwave Java packages.

6.1.1 Representationof a VRML Scene

Controlandmanagemendf aVRML sceneén VRwaveis handledalmostcompletelyby aninstanceof
classScene of packagéicm.vrml.vrwa ve. Thisinstancas originally createdn classVvRwave
(alsoof packagdicm.vrml.vrwa ve), which is the browsers entry point andcanbe run either
asa standalondava applicationor asa Java appletembeddedn HTML (for compatibilitywith EAI
exampleapplicationson the Web thereis alsoa way to useit asplugin for the NetscapeNavigator
Web browser). Aside from creatinga Scene object,it evaluatesparametergiven onthe command
line or specifiednsideof the APPLETtag,andcreateshe VRwave applicationrwindow thatcontains
GUI elementdasedn Java’s Abstract WindowingToolkit (AWT) classesndalsothescenadraving
area,whenrun asstandalonapplication.If VRwave is run asanapplet,thedraving areais located
inside of the appletarea(derived from the AWT Panel class). The drawing areais implemented
in classicm.ge3d.OGLCa nvas, whichis asubclas®f the AWT Canvas classandusesnative
codeto embedanOpenGLwindow into Java GUI components.

ClassScene providesseveral methodsto passthe VRML97 input datafrom differentsources,
suchasfrom files locatedsomeavherein theWebandreferencedy URLs or local files, to the parser
It keepsthe root nodesof the VRML scenewhich arereturnedby the parserasa single objectof
classiicm.vrml.pw.Gr oup Node allowing uniform handlingduring scenegraphtraversal,and
a namingdictionarythat referencesiamednodesby their namesandis also createdby the parser
Moreover, classScene handleauserinteractionsanddrawing of thescene.

6.1.2 The‘pw’ VRML97 Parser

The ‘pw’ (short for “parse world”) VRML97 parseris implementedin the classesof package
iicm.vrml.pw . An importantdesigngoal wasto keepit free from ary VRwave specificcode.
Thereforethe whole packagecould be usedby any otherVRML97 relatedsoftware,completelyin-
dependenof VRwave.

Its mainclass,VRMLparser ,readghe VRML inputdatafrom a Javainput streamandbuilds up
the scenggraphrepresentingiodesasinstance®f classeglerived from classNode, which provides
thebasicoperationghatmaybe appliedto nodes.

Therearebaseclassegor nodetype categyories(groupingnodes geometrynodesetc.) andeach
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Figure6.1: Theinternalarchitectureof VRwave.

VRML97 nodetypeis representelly anobjectof thecorrespondinglasshatimplementghespecific
propertiesof thenodetype, sothat,for example,a Transform nodeis representetdy anobjectof
classTransform , whichis derivedfrom classGroupNode , whichis a subclas®f the basicnode
representatioolassNode. VRwave’sinternalscenegraphrepresentatiors illustratedin Figure6.2.

Fieldswithin nodesarerepresentedby instancesf classeslerived from the generalfield rep-
resentatiorclassField , which is alsothe parentclassof eventins,eventOuts,and exposedFields
andprovidesalsomethoddgo createandto remove routestherefore.EacheventOutor exposedField
keepsalist of eventinsor exposedField# hasarouteto. Againtheactualrepresentatioof afield is
achieved by anobjectof asubclas®f classField accordingo thetypeof thefield value.

ClassTraverser handlegecursie traversalof the scenegraphby visiting eachnodeandpro-
viding methoddor all nodetypes,which arecalledduringsceneagraphtraversal. Thesemethodsare
abstracimethodshathave to beimplementedy derived subclasseallowing implementatiorof ary
kind of scenggraphtraversaloutsideof the parserclasses.

This conceptis usedby the preprocessingtepperformedoy VRwave beforedraving the scene
for thefirsttime. ClassBuilder  of packageicm.vrml.vrwa ve subclasseslassTraverser
Its implementatiorof the abstractmethodsprovided for eachnodetype performstime-consuming
calculationsof additionalnodeinformationthat shouldnot be recalculatedat eachredrav (e.g. the
transformatiomatrixdefinedoy aTransform node).ClassNode providesauserdata field that
getsareferencdo anobjectof aclassof packagdicm.vrml.vrwa ve. pwdat ,whichis usedfor
storageof additionalnodeinformationobtainedat the preprocessingtep. For dynamicsceneghe
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Figure6.2: Scenggraphrepresentatioin VRwave (all classesrepartof packagaicm.vrml.pw ).

storednodeinformationhasto be updatedvhene&er anincomingeventchangeshevalueof afield it
depend®n.

6.1.3 Rendering

Renderingof a 3D scenein VRwave is donevia natve methodcalls to GE3D renderinglibrary
functions.While thelatestofficially releasedrersion,VRwave 0.9,canuseonly the Jasa natve code
interfaceof JDK 1.0.2,supporfor theJavaNativelnterface(JNI) introducedby Suns JDK 1.1.xand
theJavaRuntimelnterface(JRI) usedby Netscapes Webbrowsershasbeenaddedn the meantime.

At alower level, renderingis basedon OpenGLor the Mesalibrary that usesalsothe OpenGL
API. The drawing area is implemented by the class SceneCanvas of package
iicm.vrml.vrwav e, which extendsclassOGLCanvas that createsan OpenGLcontet in an
AWT carvasarea.Thisis describedn moredetailin the next subsection.

Scenerenderingis initiated either by repaintrequestf the draving areacomponen{window
resize,movement,etc.) or by calling methodredraw()  of classScene . In bothcasesceneen-
deringis doneby scenggraphtraversalin classDrawer (packagdicm.vrml.vrwav e),whichis
anothersubclas®f classTraverser . Thistime theimplementatiorof the abstracmethodsspeci-
fiesdrawing rulesfor eachnodetypein termsof callsof natve methodsf classicm.ge3d.GE3D
usinginformationstoredin the objectscreatedduringthe preprocessingtep.

Afterwards,navigationinterfacegraphicg(for examplethe heads-umavigationmodeicons)are
drawn atopof the 3D scene.

6.1.4 OpenGL and Java

For lack of implementationsf the Java 3D APl whenwork on VRwave began,3D graphicgprogram-
mingin Javais basednJavabindingsto OpenGL A firstimplementatiornasbeendoneby Leo Chan
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atthe ComputerGraphics.ab of the University of Waterloo[Chd], followed by variousotherimple-
mentationshut noneof themis consideredo bethe“official” standardindingfor OpenGL.

While providing Java wrappersior OpenGLcalls canbe doneeasily by useof natve methods
andthe Java native codeinterface themoredifficult partis to setupthe OpenGLgraphicscontet. A
rathersimpleapproachwould be, to let the native codecreatea new top level window for rendering.
Unfortunatelythis approactdoesnot allow true integrationof 3D outputinto the Java applications
GUI componentssuchasmenubars,buttons,statudinesandsoon.

Full integrationcanbe achieved by embeddinghe renderingareainto an areathatis associated
with a Java GUI componentusuallyof classCanvas (ablankrectangulaareaontowhich anappli-
cationcandraw). Forthisreasorit is necessaryo obtainthenative window informationof thecarvas
andto establisranOpenGLcontext for it.

Native window information can be obtainedby accessinghe componens underlying peer
classes.This methodis very reliableandallows useof several OpenGLcarvaseswithin onesingle
Javaapplicationput dependsotonly ontheplatform,but alsoontheparticularJDK implementation,
astheinterfaceto accesshe peerclassesnaybe different.

VRwave chooses another approach to get the window information. Class
iicm.ge3d.OGLCan vas,whichsubclassedava’s AWT Canvas class providesnatve methods,
thatimplementsearcHor thecarvas’ native window ID, andcreationactivation,andinitialisationof
anOpenGLcontet. Findingthe native window informationis donein two steps:in thefirst stepthe
VRwave applicationwindaw ID is found by examiningthe window titles of all childrenof the root
window andcomparingthemto the known title of the Java framewindow. Afterwards,the carvas
window ID is determinedby choosingthe mostdeeplynestedsubwindev found during recursve
search.

As Java3D implementationwill becomeavailable, the natve coderenderingpart of VRwave
couldbereplacedresultingin a 100%pureJava application.

6.1.5 EventProcessing

Methodsfor eventgeneratiorare provided by classField . As mentionedabove, fields, eventins,
eventOutsandexposedFieldarerepresentetly objectsof classeshatarederivedfrom classField
andareinheritingthesemethodgherefore.

When an event hasto be generatedand sentvia an eventOut, the eventOut object calls its
sendEvent() method, which passesthe current timestamp and itself as senderto the
receiveEvent() method. The eventOutobjecthandlesgeneratiorand sendingof a new event
identically to receving an event and passingit on to thoseeventins and exposedFieldst hasa
route to, which are keptin a list (see‘pw’). The receiveEvent() methodsimply calls the
receiveEvent() methodsof all the eventln andexposedFieldbjectsstoredin this list leaving
theoriginal timestampunchangedstheseeventsarepartof the sameeventcascade.

The receiveEvent() methodprovides also a mechanisnto notify objects,which imple-
mentthe GotEventCallbac  k interface and have registeredthemseles, wheneer the eventin
recevesan event. Eachof theseobjectshasto implementa callback() methodas specifiedby
theGotEventCallback interface. ThereceiveEvent() methodexecuteghe callbacksof all
theregisteredobjects.

This mechanisnis usedto updatethe additionalnodedatacalculatedduring the preprocessing
step(if the incoming event haschangeda field value they dependon), andto checkwhetherthe
incomingevent shouldcausea nodeto generateadditionalevents(e.g. aninterpolatornodeshould
generat@ndsendout aneventcontainingthe new interpolatedvalue,wheneerits set _fraction
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eventinrecevesanevent).

Environmentalsensorsare not yet implementedexceptfor the TimeSensor node. On each
redrav the Scene objectgetsthe currentJava systemtime, passingt to all TimeSensonodesthat
have beerregisteredduringthepreprocessingtep whichuseit astimestamgor eventsthey generate.
Thepaint()  methodof classSceneCanvas ensuresontinuougedraving if thereareary active
TimeSensor nodes.

Pointing-deice sensorsirehandledn theAWT eventhandlingmethodf classSceneCanvas
while their behaiour is implementedn correspondinglasse®f packagdicm.vrml.pw . Mouse
andkeyboardeventsareseparateihto two catgories: navigationandinteraction.Navigationevents
controltheusers movementthroughthe sceneusingoneof the availablenavigationparadigmgsuch
aswalk or fly to), whereasnteractioneventsreferto activationandmanipulationof Anchor nodes,
TouchSensors nodesanddraggingsensorsisingclassiicm.vrml.vrwav e. Picker ,again
a subclasof classTraverser |, to getinformationaboutthe point on the geometrysurfacethe
pointingdevice cursoris locatedover.

6.1.6 Communication

Inline scene and texture image requests are handled by an instance of class
iicm.vrml.vrwav e. URLServ er . Loadingof scenesandimagesshouldbe donein the back-
groundwithout blocking, which canbe implementedn Java very easilyby useof separatehreads.
To berun asa separatéhread,classURLServer hasto implementthejava.lang.Runn  able
interface.

Nodesthatrequessceneor imagedataarestoredin afirst-in-first-outqueue As long asthereare
nodesn thisqueuethedatarequestedby the queues first elemenis loadedby callinganappropriate
methoddependingnthenodetype(inline  or ImageTexture node).

Inline scenedatais directedto the parser The scenegraphcreatedoy the parseris traversedby
theBuilder objectfor preprocessingts rootnodeis storedn theuserdata field of thelnline
noderepresentation.

Textureimagedatais obtainedby calling methodjava.awt. Toolk it .getl mage() . The
loading process is initiated and controlled by a helper class that implements the
java.awt.image. ImageConsuner interfaceimplementingsetPixels() methodshatput
theloadedpixel datainto a Java integerarray Thisarrayis passedo a methodof classGE30 which
convertsthe datainto a formatneededor OpenGL/Mesdunctioncallsandencapsulatethetexture
inside a display list returningthe displaylist identifier for useat drawing. The supportedyraphics
file formatsareGIF (Graphicsinterchang Forma) [Com87 andJPEG(Joint Photaraphic Experts
Group) [Wal9]].

Anchoractiationis handledby the Scene object.It sendgheassociatedURL informationto a
Web browserandcausest to retrieve anddisplaythe requestedlocument.If VRwave is runningas
anappletin the browsers virtual machine this canbe achievzed directly via the AppletContext
interface. The standalonapplicationversionhasto useNetscapeemotecalls.

6.2 The VRwave User Interface

In termsof look andfeel of its userinterface, VRwave is a direct descendanof VRweh When
run asstandaloneapplication,the VRwave window is divided vertically into four areas:menubatr,

tool bar scenedraving area,andstatusbar Sincethe Applet class,which is a subclasof class
java.awt.Panel , cannot have a menubar attachedVRwave usesthe appletareato draw the
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sceneonly, andcreatesa smallerapplicationwindow containingthe menubar, thetool bar, andthe
statusbar The menubar providesaccesgo the full functionality of VRwave, whereaghe tool bar
andadditionalacceleratokeys allow quick accesgo commonlyusedfunctions.

As in VRweb, five renderingmodesaresupportedwire frame,hiddenline, flat shadingsmooth
shadingandtexturing. A separateenderingnodecanbespecifiedo beusedusedduringinteractve
navigation, providing acceptabldrame ratesand navigation speedon machineswithout hardware
graphicsacceleration.

VRwave supportfour modedfor interactve navigation. Flip modeis usedto examineanobject,
while the viewer’s position remainsunchanged. The mousebuttons are usedto choosebetween
translationyotation,andzooming,andmousemavementto controlthe direction.Figure6.3shavs a
modelof acavalry pistolfrom thefamouscollectionin theLandeszeughaugrmoury)in Grazbeing
examinedin Flip mode.

| YRwave | 1

File Navigate Display Help

2] % | 8] 0] > ol > | VTR s

IDrag mouge to translate/rotate/zoom the model [T

Figure6.3: VRwave in Flip modedisplayinga textured modelof a cavalry pistol form the world-
renavnedZeughaugarmoury)in Graz.

TheWalk metaphois usedto stroll througha 3D ernvironment.Naturalwalking motion(forwards
andbackwvards,possiblyveeringslightly to left or right) is assignedo theleft mousebutton. Controls
for vertical motion andside-steppingandfor turning the headare assignedo the middle andright
mousebuttons.

Fly To modeimplementspoint-of-interestPOI) style navigation [MCR90]. The left mouse
button is usedto selecta point of interestsomeavhereon the surfaceof ary scenegeometry After-
wards,the middle andright mousebuttonscanbe usedto control motiontowardsor awvay from the
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POI. Optionally a rotationalcomponentanbe actvated,which resultsin a final approachpathto
the POl head-oralongthe surfacenormal. Anotheroptionis to enableonly therotationalcomponent
without ary motiontowardsor awvay from the POI.

HeadsUp is perhapghe mostintuitive navigation modefor beginners.Iconsoverlaid acrosghe
centreof the viewing window (like a pilot's heads-uplisplay) symbolisethe navigationtools: eyes
to look around,a walking personfor walking, andcrossedarrows for verticalandsidevaysmotion.
Figure 6.4 shawvs the Stefaniensaabf Graz Corvention Center[GCC] beingexploredin HeadsUp
mode.

Figure6.4: VRwave in HeadsUp navigation modeshaving the Stefaniensaabf Graz Corvention
Center Notethe navigationaliconsoverlaidacrosghe centreof theviewing area.



Chapter 7

Rendering Functionality for VRwave

As describedin Chapter6, VRwave doesrenderingin a two stepprocess. Both stepsare based
on completescenegraph traversal, visiting eachnode and performing some operationsdepend-
ing on the node type and the nodes field values. The operationsto be performedare defined
in classesBuilder and Drawer of packageiicm.vrml.vrwa ve, which are subclasse®f
iicm.vrml.pw.Tra vers er inheriting its scenegraphtraversalconceptand defining the im-
plementatiorof its abstracmethods.

ClassBuilder implementsa preprocessingtepperformedonly oncebeforedraving the scene
or partsof thescenespecifiedn Inline  nodedfor thefirst time. Its implementatiorof the abstract
methodgrovidedfor eachnodetypeperformstime-consumingalculationf additionalnodeinfor-
mationthat shouldnot be recalculatedcat eachredrav. ClassNode, the baseclassof VRML node
representatioin VRwave, providesa userdata field thatholdsareferenceo anobjectof a class
of packagdicm.vrml.vrwav e. pwdat , whichis usedfor storageof this additionalnodeinfor-
mation. As the performedoperationscould be computationallyexpensve for complex geometries,
partsof themareimplementedn native code.

ClassDrawer 'simplementatiorof theabstractethodsnheritedfrom classTraverser  spec-
ifies drawing rulesto be performedat eachredrav for eachnodetype in termsof calls of native
methodsof classiicm.ge3d.GE3D usinginformationstoredin the userdata objectscreated
duringthe preprocessingtep.

While this two stepprocesss very efficient for staticscenesit posedifficultieswhenhandling
dynamicscenesbecauseheinformationprecalculatedn thefirst stepbecomenvalid wheneer the
valuesof thefieldsthey arederved from arechanged.Therehasbe a way to markthis information
asinvalid when&er aneventchangeshevalueof afield it dependsndto recalculatét the next time
it is needed A possiblesolutionfor this problemis to transferthe preprocessinfunctionality from
classBuilder into the classe®f packagaicm.vrml.vrwav e. pwdat , which sofarareused
only for storageof the staticprecalculatedformation.

This conceptis alreadyusedfor the Transform nodein VRwawe’s currentversion. Class
iicm.vrml.vrwave .p wdat .T ran sf or m@at a is usedto calculateandstorethe transforma-
tion matrix defined by the Transform nodes fields. It implements the
iicm.vrml.pw.Got EventCal Iba ck interface and registersall of the Transform nodes
fields that specify the transformationmatrix to be notified whene&er an incoming event changes
the value of ary of them. Notification is performedby calling methodgotEventCB()  of class
TransformData , which clearsa valid flag. The transformationrmatrix canbe accessedia the
getMatrix() methodof classTransformData , whichsimplyreturnsareferenceo thematrix,
if thevalid flag is set. Otherwiseit recalculateshe matrix usingthe actualfield valuesandsetsthe
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valid flag beforereturningthe matrix reference.Unfortunatelythis conceptis not implementedor
all eventinsandexposedFieldyet, preventingfull useof the completedynamicalbehaiour of some
nodes.

The following sectionsdescribethe mostimportantimplementationconceptsof VRML nodes
thatcanbe seenin somecontet with renderingaspectsn VRwave. The discussed/RML97 node
typesare:

e PixelTexture

e ImageTexture

e TextureTransform
e Inline

e Switch

e LOD

e Material

e Billboard

e Extrusion

e IndexedFaceSet
e IndexedLineSet

e PointSet

Theseconceptsare primarily usedfor the implementatiorof the methodsthat specifyrulesto
precalculateadditionalnodeinformation(classBuilder ) anddrawing rulesto renderthe geometry
specifiedby thenode(classDrawer ).

7.1 Texture mapping

Althoughtexturemappings afairly large,complex subjectproviding mary possibilitiesandrequiring
severalchoicesvhenusingit, therearefour basicstepsto be performedn ary case:

1. Specifyingthetextureimage.
2. Indicatinghow thetextureis to be appliedto eachpixel.
3. Enablingtexture mapping.

4. Drawing thescenesupplyingbothtextureandgeometriccoordinates.
VRML97 providesfour nodetypesto specifytextureimages:

1. Background

2. ImageTexture
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3. MovieTexture

4. PixelTexture

In all casedexture imagesaredefinedby 2D imagesthat containan array of the colour values
for the particularimagepixels. Thesevaluesareinterpreteddifferently dependingon the numberof
componenti thetextureimageandthespecificof theimageformat. In generaltextureimagesnay
be describedusingoneof thefollowing formats(mostimageformatsspecifyanalphaopacityrather
thantransparencasin field transparencof the Materialnode,where ):

1. Intensitytextures(one-component)
2. Intensityplusalphaopacitytextures(two-component)
3. Full RGB textures(three-component)

4. Full RGB plusalphaopacitytextures(four-component)

Thecurrentversionof VRwave doesnotyetsupporBackground andMovieTexture nodes.
The implementationof PixelTexture and ImageTexture  nodesupportis describedin the
following Sections7.1.1and7.1.2.

7.1.1 The PixelTexture Node

ThePixelTexture nodedefinesa2D image-basetexturemapasanexplicit arrayof pixel colour
valuesandtwo parametersontrollingtiling repetitionof thetexture ontothegeometry

PixelTexture {
exposedField SFIimage image 000
field SFBool repeatS TRUE
field SFBool repeatT TRUE

Texture mapsaredefinedin a 2D coordinatesystem(s, t), thatrangedrom 0 to 1 in bothdirec-
tions. The bottomedgeof the pixel imagecorresponds$o the S-axisof the texture map,andthe left
edgeof the pixel imagecorresponds$o the T-axisof thetexture map(seeFigure7.1).

Thearrayof colourvaluesdescribinghetextureis specifiedby theexposedFieldmage , which
is of type SFImage . SFImage fieldsandeventsarewrittento VRML97 files asthreeintegersspec-
ifying thewidth, height,andnumberof componentin theimage followedby width  heightinteger
valuesrepresentinghe pixel colourvalues,specifiedfrom left to right, bottomto top, andseparated
by whitespace Eachinteger valueis composedf the valuesof the particularcolourcomponentss
shavn in Table7.1. To simplify notationthesevaluesmay be written also hexadecimalwith each
colourcomponentaluerepresentedly two digits.

Unfortunatelythis formatcannot be useddirectly for texture definitionin the underlyingGE3D
graphicslibrary, which usesthe gluBuild2DMipma ps() commandfrom the OpenGL Utility
Library in its ge3dCreateTextu re () function to constructa seriesof mipmaps. Function
gluBuild2DMipmap s() expectsthe pixel colourdatato be storedin an arrayof byteswith the
colour of eachpixel specifiedby a numberof bytescorrespondindo the numberof componentsn
theimage. Table 7.2 illustratesthe operationgo be performedon the integer valuesto getout the
particularbyte values.
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-
1.0 1.0
0.0 0.0 S
0.0 1.0 0.0 1.0
Pi xel Texture { Pi xel Texture {
# 4x3 pixels, 1 conponent # 3x3 pixels, 3 conponents
imge 4 31 imge 3 33
# pixel 1 2 3 4 # pixel 1 2 3
0 255 0 255 0xFFO000 OxFFFFOO OxFFOOFF
255 0255 O OxFFFFOO OxO0FFOO OxOOFFFF
0 255 0 255 OxFFOOFF OxOOFFFF 0xO0OO0O0FF
} }

Figure7.1: PixelTexture nodeexamplegqtextureimageplusVRML97 code).

| Numberof components || Bits31-24 | Bits23-16 | Bits15-8 | Bits7-0 |
1 (greyscale) unused0x00) | unused0x00) | unused0x00) intensity
2 (transparengreyscale) unused0x00) | unused0x00) intensity alphaopacity
3 (full RGB colour) unused0x00) red green blue
4 (transparenRGB colour) red green blue alphaopacity

Table7.1: Representingolourcomponenvaluesby integervaluesin SFimage .

This corversionis performedin functionge3dCreateTextur  e( ), whichis calledfrom the
GE3D.createPixe IT extur e() natve methodimplementatiorin file gejimpl.c . Thecon-
versioncodeandthe OpenGLtexture definition codeis placedin an OpenGLdisplaylist usingan
availablelist index. As this list index is neededor later executionof the commandsstoredin the
displaylist, it is thereturnvalueof GE3D'sge3dCreateTextu re () functionandalsoof method
GE3D.createPixe IT extur e().

For correctimplementatiorof the VRML97 lighting model,VRwave hasto knov someadditional
informationaboutthetextureimage:

1. whetherit is greyscaleor containsRGB colourdata,and

2. whetherit containsary alphaopacitydata.

Thisinformationcanbeobtainedvery easily Table7.1shavs thatatextureimagecontainsRGB
colour data,if the numberof componentss threeor more. It containsalphaopacityvalues,if the
numberof componentss even.
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| Byte | 1 component] 2components | 3components | 4 components

1 unused unused unused b=i > 24

2 unused unused b=1i > 16 b=( > 16) & 255
3 unused b=i>8 |b=(@( > 8 &25|b=( >>8) & 255
4 b =i b=i &255 |b =i & 255 b =i & 255

Table7.2: Operationdo be performedon the integer pixel valuesof SFimage to getoutthe colour
componentalues(b is a byte variable,i theintegervalue,>> meansbit shift right, and & is the
bitwise AND operation).

As thereturnvalueof methodGE3D.createPixe ITe xt ur e() is asingleintegervalue(the
displaylist index obtainedfrom ge3dCreateTextu re () ), this additionalinformationhasto be
accessiblanotherway. The first case presencedf RGB colour data,is indicatedby returningthe
negative displaylist index value, which is allowed, because€OpenGLusesonly positive list index
values. The secondcase,presenceof alphaopacity values,hasto be checled by calling method
GE3D.getTextureA Ip ha() .

While methodtPixelTexture( ) of classBuilder merelycreatesa new objectof class
PixelTextureData to storeadditionalnodeinformation,thenodes functionalityis almostcom-
pletelyimplementedn thecorrespondingnethodof classDrawer includingboththe preprocessing
andthe drawing step. This is becausdixelTexture andothertexture nodescanbe completely
ignoredandarenot traversedat the drawving stepaslong astexturing is not choseno be the active
renderingnode.They alsodo notneedary preprocessingpto their first use.

As the preprocessingtepandthe draving stepareimplementedn a singlemethod,it hasto be
ensuredhatthe preprocessingartis executedonly onceat the first traversalandonly the draving
partis executedat thefollowing traversals.This behaiour is controlledby the valueof the variable
handle _oftheassociate®ixelTextureDat a object.If thisvalueis negative, thepreprocessing
partis executed. In this preprocessingart methodGE3D.createPix el Textu re () is called,
which placespixel dataformat corversionandtexture definition codeinto an OpenGLdisplaylist
and returnsthe correspondindist index. It also obtainsthe additionaltexture imageinformation
asdescribedabore. This datais storedin the associatedPixelTextureDa  ta object,usingthe
handle _variableto storethedisplaylist index, whichis anonnegative numbeyto preventrepeated
executionof thispreprocessingart. Finally, thedisplaylistindex is registerecattheDrawer objects
URLServer object,whichis discussedh moredetailin Section7.1.2.

If thedisplaylist containingOpenGLcommandgo definethe texture hasbeencreatedsuccess-
fully during preprocessing, the value of the handle _ variable of the associated
PixelTextureData object is a positve number and only the draving part of method
tPixelTexture() is executed.In this draving partthe currentlyactive textureis replacedy the
newv texture by passing the corresponding display list index to natve method
GE3D.applyTextur  e(), which executesthe displaylist in its native codeimplementation(in
file gejimpl.c ). Afterwardsthe valuesof the repeatS andrepeatT fields, which specify
whetherthe texture shouldbe repeatedr clampedfor texture coordinateoutsidethe range[0, 1],
arepassedisparameterso the GE3D.textureRep eat( ) method,which passeshemon to the
ge3dTextureRepea t( ) commandof the GE3Dlibrary. Texturingis enabledby passinganon-
null integervalueto methodGE3D.doTexturing () . SincetheVRML97 lighting modelspecifies
that RGB coloursin the texture imagehave to replacethe materials diffuse colour, but OpenGLs
modulatetexturefunctioncombineghetwo colourvaluesby multiplication,OpenGLs active diffuse
colour hasto be setto white for threeandfour componentexturesresultingin multiplication of the
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texture colourcomponent$y 1 leaving themunchanged.

Texture coordinatesare provided by the routinesimplementingrenderingof the geometrynode
thatis affectedby thetexture definedby the PixelTexture node.

7.1.2 ThelmageTexture Node

ThelmageBxturenodedefinesatexturemapby specifyinganimagefile to readthe pixel colourdata
from andgeneralparameterfor mappingto geometry

ImageTexture  {

exposedField MFString url 0
field SFBool repeatS TRUE
field SFBool repeatT TRUE

The texture imageis readfrom a URL listedin theurl exposedField.The stringsin this ex-
posedFieldndicatemultiple locationsto searchfor imagedatain decreasingrderof preferencelf
the browsercannotlocateor interpretthe dataspecifiedby the first location, it triesthe secondand
subsequenibcationsin orderuntil a URL containinginterpretabledatais encountered Of course,
readingandinterpretingthe pixel datashouldbe performedin the backgroundvithout blockingthe
brawvserprogram.Using Java’s multithreadingcapabilityseemdo be a perfectsolutionto meetthis
requirement.

Method timageTexture() of class Drawer uses an instance of class
iicm.vrml.vrwav e. UR.Serv er , whichis describedn moredetailbelov andin Section7.2,
to performloadingof datafrom an URL in a separatehread. As for PixelTexture nodesand
divergently to theimplementation®f mostothernodetypesthe preprocessingnddraving stepare
implementedn onesingle method. Again the programflow is controlledby the value of variable
handle _of theassociateéinageTextureDa ta object,whichcontrolsandindicatesheprocess-
ing stateof theimageloadingprocess:

handle _ | processingtatus
-2 initial state
-1 requessentto URLSenerinstancelput eithernot yet processed
or processindailed
0 loadedsuccessfullythe valuereferenceshedisplaylist to
be executedor drawing

If thevalueof handle _is-2,it is setto -1, therequesis sentto the URLSener object,andthe
loadingthreadhasto bestartedor restartedventually As longasthevalueof handle _is-1 method
timageTexture() hasto do nothingmorethandisablingtexturing. If thevalueof handle _isa
positive numbeywhichis theindex of thedisplaylist containingthetexturedefinitioncommandsthe
drawing partis executedwith the operationgo be performedbeingthe sameasfor PixelTexture
nodes:actvating the texture by executingthe displaylist, settingthe repetitionor clampingoptions
for texture coordinate®utsideof [0, 1], enablingtexturing, andsettingthediffusecolourto white for
RGB colourtextureimages.
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ClassURLServer

ClassURLServer implementghejava.lang.Runnab le interface,asits instancesreintended
to be executedby a separatéhread.Whenaninstanceof classURLServer is usedto createa new
thread startingthethreadcausesherun() methodto be calledin thatseparatelgxecutingthread.
VRwave usesinstanceof classURLServer to handleloading and corversionof texture images
requestedby ImageTexture nodesaswell asloadingandpreprocessingf VRML datarequested
by Inline  nodes. Loading of texture imagesis discussechere,inline node childrenloadingis
discussedh Section7.2.

Methodrun() of classURLServer simply processes queuecontainingtexture imageand
childrennodesloadingrequests.As long asthereare elementsn this queue,it takes out the first
elementand passedt on for further processing. The elementsin the queueare objectsof class
iicm.vrml.vrwave .URLRequest thathave areferenceo the objectthatrepresentshe node
thatmadethereques(anobjectof classimageTexture orlinline )andthebaseURL to beused
to resohe relatve URLs in thenodes url field. For ImageTexture nodesthesetwo objectsare
passednto methodoadTexturelmag e().

Method loadTexturelma  ge() triesto load the texture image pixel datafrom one of the
URLs specifiedin the ImageTexture nodes url field using methodgetimage()  of class
java.awt.Toolkit and classiicm.vrml.vrwav e. ImagelLoader , which is describedn
moredetailbelow, to controltheloadingprocesslt startsat thefirst locationin thelist of URLsand
movesonto thenext until loadingis successful.

If the pixel datahasbeenreadsuccessfullyt canbeobtainedby calling methodgetPixels()
of classiImageLoader . This methodreturnsan integer array of sizewidth  heightof the im-
agewith eachelementrepresentinghe RGB colour andalphaopacity valuesof a particularpixel,
wherebits 31-24 specifythe alphatranspareng bits 23-26the red componenthits 15-8 the green
componentandbits 7-0 thebluecomponent.

This pixel datais passeanto native methodGE3D.createlma geTextu re () ,whichpasses
it on to function ge3dCreateText ur e() of the GE3D library in its natve codeimplementa-
tion to get an index of a display list that containsOpenGLcommandgo definethe texture. As
for texture imagesdefinedby PixelTexture nodes , this datahasto be rearrangedn function
ge3dCreateTextur  e() to beconformwith theformatrequiredfor OpenGLs texture definition
commandsin this casethe imagedatahasto be alsomirroredvertically, becausehe dataarrayob-
tainedfrom classimageLoader is arrangedn rows from top to bottomandnotfrom bottomto top
asrequiredfor texturedefinitionin OpenGL.Additionally ge3dCreateText ur e() hasto check,
whetherthe texture imagecontainsary RGB colour (i.e. whetherthereis are pixels with different
colour componentalues)or alphaopacity values(i.e. whetherthereare pixels with alphaopacity
valuessmallerthan255).

As for PixelTexture nodesthe display list index and the additionalimageinformationis
storedin the associatedmageTextureDat  a object. Additionally the displaylist index is passed
to methodaddDisplayList () , which insertsit into a list of alreadyuseddisplaylist indices.
Thisis importantto allow deletionof thesedisplaylists whena nen scends loadedandthey arenot
neededary longer Deletionof the displaylists is donein methodclearAll() , Which clearsalso
all remainingrequestsn the queuewaiting for processing.

New requestsare addedby calling methodaddRequest()  passingthe nodethat madethe
requestindthebaseURL valid for the nodes positionin the scenegraph. Thesetwo parametersire
usedto createa new URLRequest objectthatis appendecttheendof thequeue.
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ClasslmagelLoader

Class ImageLoader implements interface java.awt.image .Im ageConsumer. Its

loadimage() = methodgets the image producerthat loads and decodesthe texture image file

(graphicsfile formatssupportedoy currentJava runtimeervironmentimplementationgre GIF and
JPEG)asargument. Calling this imageproducers startProductio n() methodregistersthe

ImageLoader instancetself with thisimageproducerforcingit to startanimmediatereconstruc-
tion of the imagedataandto deliver all the dataaboutthe imageandthe processingstatusto this

ImagelLoader instanceusingthe methodcallsasspecifiedoy theImageConsumer interface:

e MethodsetDimensions() is calledto indicatethe width andheightof theimage. It ini-
tialisesanarrayto storethe pixel datadeliveredby theimageproducer

e MethodsetPixels() is calledto deliver anarraycontainingcolourvaluesof arectangular
part of theimage. This pixel datais insertedat the correctpositioninto the arrayinitialised
in methodsetDimensions() . It alsocalculateghe percentag®f alreadydeliveredpixel
data,whichis usedto setthe progressndicatorin VRwave’s statusbar.

e MethodimageComplete() s calledwhentheimageproducetasdeliveredall pixel data
or anerrorin loadingor decodingheimagehasoccurred It getsanintegervaluethatindicates
the statusasargument.

Theremainingmethodscanbe calledto obtainthe informationdeliveredto the ImageLoader
objectduringimageproduction. They shouldbe calledafterimageproductionhasbeencompleted
(i.e. methodoadlmage hasreturned):

e Methoderror()  returnsaboolearvaluethatis trueif imageloadingor decodinghasfailed.
e MethodsgetWidth()  andgetHeight() canbecalledto obtaintheimagesize.
e MethodgetPixels() returnsanintegerarrayof sizewidth  heightof theimage with each
elementepresenting pixel's RGB colourandits alphaopacity
7.1.3 The TextureTransform Node

TheTextureTransfor mnodedefinesa2D transformationwhichis appliedto texturecoordinates
affectingtheway texturesareappliedto the geometricsurface.

TextureTransfor m {

exposedField SFVec2f center 00
exposedField SFFloat rotation 0

exposedField SFVec2f scale 11
exposedField SFVec2f translation 00

}

Thetransformatiorconsistsof:

1. atranslation,

2. arotationaboutthe centrepoint,and
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3. anon-uniformscalingaboutthe centrepoint.

In matrix transformatiomotation,where is the untransformedexture coordinate, is the
transformedexture coordinate, (center), (translation), (rotation),and (scale)aretheinter
mediatetransformatiormatrices,

In OpenGL,just asmodelcoordinatesare transformeddy a matrix beforebeingrenderedjex-
ture coordinatesare multiplied by a 4x4 matrix beforeary texture mappingoccurs. By default,
the texture matrix is the identity matrix. In VRwave the texture matrix specifyingthe transfor
mationsis calculatedin methodtTextureTransfo rm() of classBuilder andstoredin a
TextureTransform  Data object. Method TextureTransfo  rm() passeghefield valuesto
native methodbuildTextureMatr ix () .Its native codeimplementatior(in file vrwbuild.c )
createsthe matrix by pushingall matricesin the stack down by one level, settingthe topmost
matrix to the identity matrix and applying the transformationsn order as specifiedby the above
formula. The resulting matrix locatedon top of the stackis then obtainedand storedin the
TextureTransform  Data object. Finally this top matrix is poppedoff the stack,restoringthe
original stateof the texture matrix stack.

During the drawing step, methodtTextureTransf orm in classDrawer , which is only
calledif the active renderingmodeis texturing, simply passeshis transformatiormatrix calculated
during preprocessingp methodGE3D.loadTextur eMat ri x() , which pusheghis matrix onto
the top of the texture matrix stackand setsit to be the active texture matrix therevith. Sincethe
TextureTransform nodeshouldaffect texture coordinatef the geometricobjectspecifiedin-
sidethesameShape nodeonly, thetexturematrix hasto bereseto theidentity matrixatthetraversal
of thenext Shape node.Thisis achiered by calling methodGE3D.loadTextu re Id entit y()
from methodtShape()

7.2 The Inline Node

Thelnline  nodeis a groupingnodewhich readsits childrenfrom ary locationin the World Wide
Weh It is notdefinedexactly whenits childrenareto bereadanddisplayede.g.readingthechildren
may be delayedby the browseruntil thelnline  nodes boundingboxis visible to the viewer).

Inline  {
exposedField MFString ]
field SFVec3f bboxCenter 0 0 O
field SFVec3f bboxSize -1 -1 -1
}

The url field specifiesa list of URLSs to readthe children from in orderof preference. An
Inline  nodewith anemptyurl field doesnothing. EachspecifiedURL shall refer to a valid
VRML file thatcontainsa list of childrennodes prototypesandroutesat thetop level. Theresults
areundefinedf the URL refersto afile thatis not VRML or if the VRML file containsnon-children
nodesatthetoplevel.

As is the casefor loadinganddecodingthe textureimagedata,loadingandpreprocessingf the
VRML file shouldbe performedin the backgroundwithout blocking the browser program. Since
this requiremenis commonto the implementationf both of thesenodes,methodtinline()
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of classBuilder  usesalsoaninstanceof classiicm.vrml.vrwav e. URLServ er to perform
loading VRML datafrom an URL in a separatdhread. It sendsa requestgo the URLServer
objectby calling its addRequest() = methodand startsor restartsthe loadingthread,if required.
Althoughmostof thefunctionalityof classURLServer hasalreadybeendiscussedh Section7.1.2,
its loadInlineChild re n() , which is the mostimportantmethodof VRwave’s Inline  node
supporthasbeenleft outthere.lt is called,if theheadelemenbf thequeuethatcontaingherequests
waiting for processindhasbeenaddedto the queueby aninline  node,gettinga referenceo the
Inline  noderepresentatiomndthe baseURL valid at the nodes positionin the scenegraphas
parameters.

MethodloadInlineChil dr en( ) movesthroughthelist of URLs specifiedin the Inline
nodes url field, creatingnew java.net.URL  objectscomposedf the passedaseURL andan
URL from thelist. The URL objects openStream() methodreturnsaninput streamthatis used
to direct the incoming VRML97 datainto an instanceof classiicm.vrml.pw.VR MLpar ser,
which is the main classof the ‘pw’ VRML97 parser Parsingis initiated by calling the parsers
readStream()  methodthatreturnsan objectof classiicm.vrml.pw.Gr oupNode, whichis
the root node of the scenegraphcreatedby the parser If ary of theseoperationsfails, method
loadInlineChild re n( ) movesontothenext URL in the URL list specifiedn theurl field.

If loadingand parsingwere successfulthe newly createdscenegraphhasto be traversedby
theBuilder objectto performthe preprocessingtep,beforeit is readyto betraversedat the next
drawing step.After performingthepreprocessingtep thesceneagraphisinsertednto thescenegraph
of the basesceneby storingthe root nodein the InlineData  objectassociatedo the Inline
node. ThelnlineData  objectstoresalsothe URL from wherethe VRML datahasbeenloaded
successfully

At thedrawing stepmethodtinline() of classDrawer distinguisheshefollowing two cases:

1. If thelnline  nodes childrenhave beenloaded parsedpreprocessedndthelnlineData
objectsinline _variablereferencesheroot nodeof the resultingscenegraph,the children
nodesaretraversedasusual,settingthe URL the childrens VRML datahasbeenreadfrom as
thecurrentbaseURL.

2. Otherwisethe childrennodesarenot yet readyfor draving andtinline() dravstheedges
of thelnline  nodes boundingboxif specified.

7.3 The Switch Node

The Switch nodeis a specialgroupingnodethattraverseszeroor oneof its childrennodes.lt is
definedasfollows:

Switch  {
exposedField MFNode choice 0
exposedField SFInt32 whichChoice -1

}

The children nodesare specifiedin the choice field, the whichChoice field specifiesthe
index of the child to be traversed,with the first child having index 0. If whichChoice is out of
range nothingis chosen.

This rathersimple functionality of the Switch nodeis implementedby traversingall children
nodesat the preprocessingtepto calculatethe additionalinformationneededfor drawing for all
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of them (methodtSwitch() of classBuilder ). At the drawing step(methodtSwitch() of
classDrawer ) rangecheckingis performedon the value of field whichChoice andthenonly
the chosennode of field choice is traversed. The index of the traversedchild is storedin the
attachedSwitchData objectasthis informationis neededor picking (methodtSwitch() of
classPicker ).

7.4 The LOD Node

Therenderingspeedf ary scenes directly proportionatto the numberof polygonsin thescene So
from the viewpoint of renderingspeedit is importantto cull out objectsthat are far enoughaway
from the userto make it unnecessarto renderthemin detail. The LOD (Level Of Detail) nodeis
introducedo supportthis kind of culling. It is definedasfollows:

LOD {
exposedField MFNode level 0
field SFVec3f center 0 0 O
field MFFloat range ]

}

Thelevel field containsalist of nodesspecifyingvariouslevelsof detailor compleity for the
sameobjector objects,orderedfrom highestto lowestlevel of detail. Therange field specifieghe
idealdistancedrom theviewer’s locationin thelocal coordinatesystemo the point specifiedby field
center atwhichto switchbetweerthelevels.

user
|> level 1 level 2 level 3
- - | -
range 1
range 2
range 3

Figure7.2: MappingbetweerLOD rangevaluesandlevels.

While methodLOD() of classBuilder isidenticalwith methodSwitch() ,simplytravers-
ing all nodesspecifiedin the level field to performthe preprocessingtepon all of them,the opera-
tionsto be performedat eachredrav in methodtLOD() of classDrawer have to accomplishthe
following tasks:

1. Determinetheviewer’s location
2. Transformit into thelocal coordinatesystemof the LOD node
3. Calculatets distanceo pointcenter of theLOD node

4. Evaluatethe stepfunctionspecifiedoy thevaluesof field range to choosehelevel
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5. Traversethechoserlevel

OpenGLs modelviav matrix, a 4 by 4 matrix, whoseelementgepresenthe viewing and mod-
elling transformationgppliedso far, containsall informationneededo performstepl and2. It is
obtainedby calling natve methodGE3D.getMatrix( ) which writes the modelviav matrix ele-
mentsto anarrayusingthefollowing scheme:

This matrix is an extendedtransformationmatrix enlaged from 3 by 3 to 4 by 4 by inserting
the translationoffset as fourth row and by appendinga fourth columnwith elements0, 0, 0, and
1. Thetranslationoffsetis equivalentto the viewer's locationin world coordinates. Thesecoor
dinatesare transformednto the local coordinatesystemof the LOD nodeby multiplying a vector
built up from thesecoordinatesy the inverseof the upperleft 3 by 3 submatrixof the modelviev
matrix, which describegotation, scaling,and shearing. The inverseis obtainedby calling method
invertMatrix33o0 f4 4() of classiicm.utils3d.Ma t4 f , which provides several methods
for manipulatingdD and3D matrices.

Calculatingthe distancebetweertheviewer’s locationin the LODnodes local coordinatesystem
andthe point specifiedby the center field, andfinding the index of the correspondingnodeto be
traverseds rathersimple.

In mary casesthenodesproviding objectdescriptionsatamoredetailedevel arelnline  nodes.
As describedn section/.2,renderingof thesenodetypedoesnothingor dravs theboundingooxonly
aslong asthe VRML datadescribingts childrennodeshasnot beenloaded runthroughthe parser
andthe nodeshave not beenpreprocessedlf a nodechoserfor traversalasdescribecabove is an
Inline  nodethatis notreadyfor drawing, it appeardo bereasonabl¢o traverseanothemodethat
is readyfor drawing, overruling the LODnodes ordinary choosingalgorithm. Finally, after having
traversedthe chosemode,its index is storedin the attached_ODData objectasthis informationis
alsoneededor picking (methodtSwitch()  of classPicker ).

An emptyrangefield is a specialcaseof the LODnode. This caseis a hint to the browserthatit
may choosea level automaticallyto maintaina certainconstantramerate. This operatingmodeis
notyet supportedy VRwave, the mostdetailedevel descriptionis traversedn this case.

7.5 The Material Node

TheMaterial nodespecifiesuriacematerialpropertiedor theassociategeometrynode.Theval-
uesspecifiedor theparticulamaterialpropertiesareusedaccordingo the VRML lighting equations
duringrenderingo simulatethe physicalpropertiesof light striking a surface.

Material ~ {
exposedField SFFloat ambientintensi ty 0.2
exposedField SFColor diffuseColor 0.8 0.8 0.8
exposedField SFColor emissiveColor 00O
exposedField SFFloat shininess 0.2

exposedField SFColor specularColor 00O
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Figure7.3: LODnodeexamplescene.
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exposedField SFFloat transparency 0

}

All fieldsof theMaterial nodecontainsinglevalues(asindicatedby the “SF” prefix of their
type names)rangingfrom 0.0 to 1.0, althoughsomeof them consistof multiple numbersfor the
particular colour components. They specify the propertiesof one single material(in VRML 1.0
eachMaterial nodecould specify several materials). The field valuesdeterminehow the particular
component®f lights arereflectedoff the geometricobjects surface:

e The ambientintensi ty field specifieshow muchambientlight from light sourcesshall
be reflected. Ambient light is omnidirectionaland dependsonly on the numberof light
sources,not their positionswith respectto the suriace. Ambient colour is calculatedas
ambientintensity diffuseColor

e ThediffuseColor field playsthe mostimportantrole in determiningwhatthe viewer per
cevesthecolourof thesurfaceto be. Diffusereflectances affectedby thecolourof theincident
diffuselight andtheangleof theincidentlight relative to thenormaldirection.

e TheemissiveColor  field modelsglowing objectsappearingo be giving off light of the
specifiedcolour

e The specularColor andshininess  fields specify specularreflectionproducinghigh-
lights. The amountof specularreflectionseenby a viewer dependson the location of the
viewpoint. Lower valuesof shininess  producesoft glows, while highervaluesresultin
sharpersmallerhighlights. This effect is shavn in Figure 7.4: while the left spherehasno
speculareflection,it is enabledfor the two remainingsphereswherethe right spherehasa
highershininess  value.

e Thetransparency field specifiesthe opacity of objects,with a value of 1.0 specifying
completelytransparentanda valueof 0.0 completelyopaqueobjects.

Figure7.4: Speculareflectionwith differentvaluesof fieldsspecularColor ~ andshininess

Sincethe implementatiorof Material  nodesdoesnot requireary preprocessingi is done
completelyin classDrawer , more preciselyin methodtMaterial() , which usesthe native
methodGE3D.material( ) to setthe materialpropertiesin the underlyinggraphicslibrary. Its
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native codeimplementatior(in file gejimpl.c ) useshenodes field valuesthatarepassedverto
fill in the component®f the materialsGE3D  datastructure.This datastructurehasto be passed
onto GE3D’'sge3dMaterial() function,which setsthe particularmaterialpropertyvalues.

Sincechangingthe materialpropertieshasa performancecostassociateavith its use,it should
be usedsparingly ClassDrawer keepsareferencdo the currentlytraversedMaterial nodeand
traversesthe following Material  nodeonly if it differs from the referencedne. This concept
enhancegerformancdor casesuchasthefollowing:

Shape {
appearance Appearance {
material DEF red Material { ... 1}
}
}
Shape {

appearance Appearance {
# references the same Material node instance
material USE red

An importantaspecof VRML97's lighting modelis to determinewhethera geometricshapes
lit orunlit. It is unlit if eitherof thefollowing is true:

1. TheShape nodes appearance field doesnotcontainan Appearance node.

2. Thematerial fieldin the Appearance nodedoesnotcontainaMaterial node.

The first condition is checled in method tShape() , the secondin method method
tAppearance() . Bothof themenableor disablelighting by calling methodGE3D.hint()  with
constantGE3D.HINT _LIGHTING asthe first agumentand setthe material propertiesto default
valuesby callingmethodGE3D.defaultMate ri al () .

7.6 The Billboard Node

The Billboard nodeis a specialgroupingnodethat modifiesits coordinatesystemso that its
local Z-axisturnsto point at the viewer. This functionalityis often usedto createtheillusion of a
comple 3D geometryby usinga singlefacedpolygonthatis mappedwith a 3D renderedexture
imageachiezing bothgoodrenderingperformanceindanacceptablescenequality.

Billboard {
eventin MFNode addChildren
eventin MFNode removeCgildren
exposedField SFVec3f axisOfRotation 010
exposedField MFNode children 1
field SFVec3f bboxCenter 000
field SFVec3f bboxSize -1 -1 -1
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While someof its fieldsandEventinsarethe sameasfor othergroupingnodestheBillboard
nodes specificbehaiour is definedby field axisOfRotation , Wwhich specifiegheaxisto beused
to performtherotationin local coordinates Dependingon its valuetwo casescanbe distinguished
(seealsoFigure7.5):

1. The value of axisOfRotation is unequalto (0, 0, 0): the Z-axisis alignedby rotating
aroundthis axis.

2. Field axisOfRotation is (0, 0, 0): This specialcases calledviewer alignment Addition-
ally to the Z-axis of thelocal coordinatesystemwhich is rotatedto point towardstheviewer's
position,alsothe Y-axisis alignedto be parallelwith the viewer’s up vector

y y
A viewer's up vector
viewer viewer
axisQfRotation ,¢ ,V
/ y
billboard-to-viewer ) .
vector billboard-to-viewer vector = z’
P x > x
2
z z

Figure7.5: Billboard nodecoordinatesystemalignment. Rotationarounda specifiedaxis (left)
andviewer alignment(right).

As the alignmentof the local coordinatesystemdependon the viewer’s location, which may
be changeat eachredrav, the Billboard  nodes functionality hasto be implementedn method
tBillboard() of classDrawer , while it is treatedlike a normal groupingnode without ary
specialfunctionalityduring preprocessingyhich meanghatit justtraversesall of its children.

Firsttheviewer’s positionin local coordinatesasto be obtained.It is obtainedfrom OpenGLs
modelviev matrixasdescribedor the LODnode(Section7.4). Theviewer’s locationcoordinatesre
alsothe component®f the so calledbillboard-to-viever vector which is the vectorfrom the nodes
origin to theviewer’s position. While this first stephasto be performedor bothcasesthefollowing
calculationstepshave to be performedseparatelylependingnthe actualcase:

Rotation Around a SpecifiedRotation Axis

Asthespecificatiorsaysthelocal Z-axisof thebillboardhasto berotatedarounctheaxisspecifiedoy
axisOfRotation to lie on the planedefinedby axisOfRotation andthe billboard-to-viever
vector Theonly missingparameteto performthis rotationis therotationangle.

To calculatethis angle,a new coordinatesystemis built up with vectoraxisOfRotation as
Y-axisvector The coordinatesystems X-axis vectoris the normalvector of the planedefinedby
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axisOfRotation andthe billboard-to-viever vector Finally the Z-axis of the new coordinate
systemis obtainedby calculatingthe crossproductof the X- andY-axis.

In thisnew coordinatesystentheaxisto berotatedarounds alwaysthe Y-axisandtheplane,into
whichthe Z-axisof theBillboard  nodes local coordinatesystemhasto berotated,is alwaysthe
YZ-plane. After transformingthe Z-axis vectorof the Billboard nodes local coordinatesystem
into the new coordinatesystemthe angleto rotatethis transformedrectorinto the YZ-planecanbe
calculatedvery easily Now, asall parametersf therotationareknown, the correspondingransfor
mationmatrix is createdandstoredin the attachedillboardData object. Finally therotationis
performedoy multiplying the createdransformatiommatrix by thematrix on top of OpenGLs matrix
stack.

Viewer Alignment

Viewer alignmentis achieved by performinga transformatioron the coordinatesystemthat aligns
the Z-axis of the new coordinatesystento be collinearwith the billboard-to-viever vectorpointing
towardstheviewer’s positionandsetsthe Y-axisto be parallelwith the viewer’s up vector

The Z-axis vectorof the transformedcoordinatesystemis alreadyknown, sinceit is simply the
normalisedillboard-to-viever vector Theviewer's up vector whichwill betheY-axisvectorof the
alignedcoordinatesystem canbe obtainedfrom the inverseof OpenGLs modelviev matrix, which
hasalreadybeencalculatedandusedto gettheviewer’s position. Oncethesetwo vectorsareknown,
themissingX-axis vectorcanbe calculatedy takingtheir crossproduct.

Finally, the transformationmatrix is created,which is very easy sincethe axes of the new
coordinatesystemare known in termsof the original system: For the vectors ,
,and thetransformatiomatrixis:

Thismatrixis pushedntop of OpenGLs matrix stackto bevalid duringtraversalof theBillboard
nodes childrenandis removed againafterwards.

7.7 The Extrusion Node

TheExtrusion  nodespecifieggeometricshapedasednatwo dimensionatrosssectionextruded
alonga threedimensionakpine. The crosssectioncanbe scaledandrotatedat eachspinepoint to
produceawide variety of shapes.

Extrusion  {

eventin  MFVec2f set_crossSecti on
eventin  MFRotation set_orientatio n

eventin  MFVec2f set_scale

eventin  MFVec3f set_spine

field SFBool beginCap TRUE
field SFBool ccw TRUE
field SFBool convex TRUE

field SFFloat creaseAngle 0



Add 7§ i AT s VNl Vsl ki VI VWS WINVNW T IS W i 1§ 7 NSIN VIV VY

field MFVec2f crossSection [ 1121 -1-1 -1-1 11 1]

field SFBool endCap TRUE

field MFRotation  orientation 0010

field MFVec2f scale 11

field SFBool solid TRUE

field MFVec3f spine [ 000 010]

Implementatiorof the extensve functionality of this noderequiresadecisionon the basicimple-
mentationapproachTherearetwo very divergentalternatves:

1. Implementinghenodes completefunctionality i.e. renderingn GE3D,calculationof normal
vectors triangulationof nonconvex polygons,andpicking, from scratch.

2. Redefining shapesspecified by Extrusion nodes using the same format as used for
IndexedFaceSet nodesallowing reuseof alreadyexisting and well-testedcodefor ren-
dering,calculationof normalvectors triangulationof noncorvex polygons,andpicking.

While animplementatiorirom scratchwould allow performance@ndmemoryoptimisationssom-
paredto usageof the very complex codeintendedto handlegeneralface setsand their attributes
(normals,colourbinding, texture coordinatespn the onehand,it requireswriting a lot of new code
followed by very time-consumingestingand delugging and also complicatescode maintenance.
Takinginto accountthesedravbacks,it seemgo be reasonabléo choosethe secondapproachjn-
cludingthe dataformatcorversionimplementedn natve codeinto the preprocessingtep,providing
both,goodperformancendreuseof alreadyexisting andwell-testedcode.

Themaintaskof the preprocessingtepis to find a setof polygonsthatform the shapedescribed
by the Extrusion  nodes fields and storing this polygon datausingthe sameformat as usedfor
polygonsdefinedby IndexedFaceSet nodes.Thisincludescreatinga vertex list, alist of vertex
indices,faceandvertex normals,andtexture coordinates.It may alsoincludetriangulationof non
convex polygons.This stepis discussedh moredetailin section7.7.1.

During the drawing stepmethodtExtrusion() of classDrawer simply passeshe polygon
datacreatedduringpreprocessingp thenative drawFaceSet() = methodof classGE3Dthatis also
usedfor low-level renderingof shapedefinedby IndexedFaceSet nodes(seeSection7.8). If
theshapedefinedby the Extrusion  nodecontainsary nonconvex polygons thesepolygonshave
to betriangulatedduringthe preprocessingtepmodifying the original polygondata.In this casethe
new polygondatahasto be passedo methoddrawFaceSet()  insteadof theoriginaldata.Thisis
notvalid for renderingn wireframerenderingmode wherethe createdpolygontriangulationshould
notbevisible.

7.7.1 PolygonData Generation

As mentionedabore, preprocessingf an Extrusionnodeis for the mostpart creatingpolygondata
(vertices,vertex indices,etc.) that definesa setof polygonsthat form the shapedescribedby the
Extrusion  nodeandstoringthis polygondatausinga formatthatis compatiblewith the methods
thatareusedfor renderingandpicking of IndexedFaceSet nodes.

Figure7.6 andFigure7.7 illustrateapproximationof Extrusion  shapedy a setof polygons
(thesmoothedgesn Figure7.6areachievedby settingthecreaseAngle field). To enhanceerfor
mancethis partis implementedn native code(in file vrwbuild.c ) thatis linkedto classBuilder
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Figure7.6: A shapedefinedby anExtrusion  node.Thesmoothedgesareachieed by settingthe
creaseAngle field.

by its buildExtrusionD at a( ) natve method. Before calling this method,the Java part of
methodExtrusion() hasto initialise the arraysthat shouldhold the polygondata. The elements
of thesearraysarefilled up by the natve codeimplementatiorof buildExtrusionD ata() .

As shawvn in Figure7.7, the shapesidesareformedby triangles. The specificatiorsaysthatthe
sidesshouldbe formedby quadrilaterapolygons. But thesequadrilaterapolygonsare non-planar
in mary caseswhich may causeincorrectrendering. Obviously trianglesare always planarand
areobtainedvery easilyby splitting up the quadrilaterapolygonsalongtheir diagonals.Figure7.8
shavs that changingthe diagonaldirection alternatelygives a more balancedface distribution for
normalvectorcalculation(thefacenormalsof theshadedacescontributeto thenormalof themarked
vertex). Usingtrianglesto form the shapesidesmeansalsothattriangulationhasto be performedon
noncorvex cappolygonsonly.

The triangleverticesare determinedas describedn the specification. The given 2D crosssec-
tion verticesare scaledaboutthe origin in the planeasspecifiedin thescale field. Their
coordinatesn 3D spaceare obtainedby usingthis 2D coordinatesn local coordinatesystemsat
eachspinepoint with the spinepointsasorigins. Thesecoordinatesystemsare orientedrelative to
the spinesegmentson eithersideof the particularspinepoints. The planesof the coordinate
systemdie ontheso-calledspinealignedcross-sectiomplanes(SCP).They shouldprovide a smooth
transitionfrom onespinesegmentto the next (seeFigure7.9).

The SCPfor a spinepoint is computedby first computingits Y-axis and Z-axis vectors. The
X-axisis thedeterminedy takingthe crossproductof thesewo vectors.In generathe Y-axisvector
for aspinepointis foundby normalisingthe vectorbetweerits adjacenspinepoints(thefirst andthe
lastspinepointsarespecialcases):
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Figure7.7: Approximationof the shapeof Figure7.6 by a setof polygons.The sidesareformedby
triangles.

The Z-axisvectoris determinedhsfollows:

Finally, the coordinatesystemis rotatedas specifiedby field rotation . This rotationis per
formedrelative to the SCP
MethodbuildExtrusion Data () doesthecalculationof the3D vertex datain two steps:

e Steponecalculateghe Z-axis vectorsfor all spinepointsandstoresthemfor usein steptwo.
In this stepall specialcasessuchascollinearspinepoints,arehandled.

e Steptwo calculateghe 3D verticesof thecrosssectionpointsandcreateslsothevertex index
list definingthe triangularpolygons. It addsalsothe vertex indicesfor the capfaces,if they
have to bedrawn.

Finally, methodbuildExtrusionDa ta () createsalsothe texture coordinatesandindices
in a third step. The polygondatacreatedby methodbuildExtrusion Data( ) is usedto cre-
ate faceand vertex normal vectorsandto triangulatenon-conex cap facesusing the samemeth-
odsasfor IndexedFaceSet nodes(methodsbuildFacenormals () , convexify() , and
autosmooth() ).

7.8 The IndexedFaceSetNode

The IndexedFaceSet nodespecifiesa 3D shapeformedby constructingfaces(polygons)from
verticesassigningcoloursandnormalvectorsto theverticesor faces specifyingtexture coordinates,
controllingautomaticnormalvectorgenerationandproviding hintsaboutthe geometry
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Figure 7.8: Formingthe sidesof an Extrusion  shape:alternatingthe diagonaldirection (right)
createdetternormalvectors.

IndexedFaceSet  {

eventin MFInt32 set_colorindex

eventin MFInt32 set_coordindex

eventin MFInt32 set_normallindex

eventin MFInt32 set texCoordind  ex
exposedField SFNode color NULL
exposedField SFNode coord NULL
exposedField SFNode normal NULL
exposedField SFNode texCoord NULL
field SFBool ccw TRUE
field MFInt32 colorindex 0

field SFBool colorPerVertex TRUE
field SFBool  convex TRUE
field MFInt32 coordindex 0

field SFFloat creaseAngle 0

field MFInt32 normallindex 0

field SFBool  normalPerVertex TRUE
field SFBool  solid TRUE
field MFInt32 texCoordIindex 1

As indicatedby the large numberof fieldsandevents,the IndexedFaceSet  nodeprovidesa
wide variety of possibilitiesto specifyshapes.For mostshapest is not necessaryo specifyall of
thesefields, becausehe specificatiordefinesdirectionsto be followed by the browserto determine
suitablevaluesfor thosefields that have not beenspecified. This includesgenerationof default
texture coordinatesindof normalvectors.Implementatiorof theserulesandof someotherpartsof
thelndexedFaceSet nodes functionalityin VRwave is discussedh thefollowing sections.

7.8.1 Two-sidedPolygons

ThelndexedFaceSet nodehasfieldsof typeSFBool thatprovide hintsaboutthegeometry Two
of them,ccw andsolid , specifythevertex orderingandwhetherthe shapes solid:
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X axis

spine[i+1]

spine[i-1]

Figure7.9: Thespine-alignedaross-sectioplaneat a spinepoint.

field SFBool ccw TRUE
field SFBool solid TRUE

Theccw field definesthe orderingof the geometrys vertex coordinatesvith respecto specified
or automaticallygenerateshormalvectorsusedin the lighting modelequationslf ccw is TRUE the
orientationof eachnormalwith respecto the verticesshall be suchthat the verticesappearto be
orientedin counterclockwis@rderwhenthefacesareviewed from the sidethe normalpointsto. If
ccw is FALSE thenormalsshallbeorientedin theoppositedirection(seeFigure7.10).

normal vector

Figure7.10: Counterclockwiseertex orientation.

Thesolid field determinesvhetheroneor bothsidesof eachpolygonshallbevisible. If solid
is FALSE, eachpolygonshallbevisible regardlesf theviewing direction(i.e. no backbceculling
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shallbe done,andtwo-sidedlighting shall be performedto illuminate both sidesof lit surfaces).If
solid is TRUE thevisibility of eachpolygonshallbedeterminedasfollows: Let  betheposition
of theviewerin thelocal coordinatesystenmof thegeometryLet  bethegeometrimmormalvectorof
thepolygon,andlet beary pointin theplanedefinedby the polygons vertices.Thenthe polygon

shallbevisible, if , otherwisehepolygonshallbeinvisible (backfceculled).

Fortunately theseconceptsare directly supportedoy GE3D andthe underlyingOpenGL/Mesa
graphicdibrary allowing avery straightforwardimplementatiorin VRwave. In OpenGLsrendering
conceptpolygonshave two sides,front andback,which might be renderedifferently By default,
polygonswhoseverticesappeain counterclockwis@rderonthescreemrecalledfront-facing. This
settingcanbe changedby calling commandglFrontFace() with constantGL_ CWas amgument
andcanberestoredy calling glFrontFace() againpassingconstanGL CCWhistime.

Backfacecullingis setby callingcommandylCullFace() with GL BACKasamgumentandhas
to be enabledusingglEnable()  with GLL.CULL FACE It canbedisabledusingglDisable()
with the sameargument. Additionally, lighting calculationshave to be changedo enablecorrect
lighting of thebackfcesf they arenotculled.

The commandsiescribedn the previous paragraptareusedin functionge3dHint() , which
is calledfrom the native codeimplementatiorof methodGE3D.hint() , whichis usedto setsome
flagsthat modify GE3D’s renderingbehaiour. Its first agumentspecifieghe type of behaiour to
be changedthe secondargumentspecifieshow to changethis behaiour. GE3D.HINT _CCWs used
asthefirst agumentfor settingthe orientationof vertices, GE3D.HINT _BACKFACECULLINXE for
enablingor disablingbackfceculling.

Orientationof verticesandbackficeculling aresetin methodssetCCW() andsetBFC() of
classDrawer . Thesemethodsare called from methodtindexedFaceSet  during the drawing
stepsimply passinghevaluesof theccw andsolid fields,wheresetBFC() isonly called,if the
userhasnotexplicitly enabledr disabledbackbceculling in VRwave’s “Display” menuto overrule
thesolid field’svalue.

The orientation of the vertices has to be taken into account also in natve method
buildFacenormals () of classBuilder , which createghe facenormalsfor renderingin flat
shadingmode.Its implementationywhich canbefoundin file vrwbuild.c ~ , usesghemethodintro-
ducedby Martin Newell [FYDFH9O0][HIil90] to computethe facenormalvector This methodtakes
differenttriplesof pointsfrom the polygon,eachtriple defininga constituentrianglein the polygon,
andfinds the normalvectorof the planeof eachtriangle. Finally, thesenormalsare simply added
togetherandthe sumvectoris normalised. As it expectsthe polygonfacesto be definedcounter
clockwise,the directionof the facenormalshave to bereversedif the ccw field indicatesclockwise
orientation.

7.8.2 Default Texture Coordinates

As mentionedin Section7.1.1 texture coordinatesare provided by the geometrynodes. The
IndexedFaceSet nodespecifieghetexturecoordinatesn itstexCoord andtexCoordindex
fields:

exposedField SFNode texCoord NULL
field MFInt32 texCoordindex 1

If thetexCoord field is not NULL, it containsa TextureCoordina  te node. The texture
coordinatesn that nodeare appliedto the verticesof the IndexedFaceSet asspecifiedby the
texCoordindex  or the coordindex field. If thetexCoord field is NULL, the browvserhas
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to calculatea default texture coordinatemapping. In VRwave this functionality is implemented
in natve codein file vrwbuild.c and can be accessedrom Java by calling natve method
buildDefaultTex coor ds( ) of classBuilder

Thefirst stepis to createa boundingbox basedon the shapes local coordinatesas specifiedin
thecoord field. The elementf arrays and , eachof sizethree,storethe minimumand
maximumcoordinatecomponentsn all threedirections,sothatthe arraysrepresenthe coordinates
of two oppositecornersof the boundingbox:

As describedn Section7.1.1,texture coordinatesiredefinedin a2D coordinatesystem(s, t), rang-
ing from 0.0to 1.0in bothdirections.Thelongestdimensionof the boundingbox specifieghe axis
of the S coordinatesandthe next longestspecifieghe axis of the T coordinateslf two or all three
dimensionsf the boundingbox areequal,the X, Y, or Z dimensionshallbe choserin thatorderof
preference.

size[0] > size[2] > size[l] =>s=0;t=2

local Y
A Bounding box

(Xmin, Ymax, Zmin) /

(0,0)

3(1, size[2] / size[0])

ety — > local X

size[1] - ,
/ size[2]

4 size[0]

local Z

i (Xmax, Ymax, Zmax)

Texture coordinates for each vertex (x, y, z):
s = (x - Xmin) / size[0]
t =(z - Zmin) / size[0]

Figure7.11:IndexedFaceSet defaulttexture mappingexample.

A third array , containsthe dimensionsof the boundingbox, which are calculatedby sub-
tractingeachelemenif from the correspondinglemeniof
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The elementsof array are comparedwith eachotherto find out the two longestdimensions
taking into accountalsothe rule specifiedfor equally sizeddimensions.At the endof this stepthe

valuesof thevariables and referto thedirectionswith thetwo longestboundingbox dimensions,
whereavalueof O refersto the X, 1 refersto theY, and2 to theZ direction. Thesearethedirections
to beusedfor thefollowing final stepof default texture coordinategeneration.

In this laststeptexture coordinatesrecalculatedor eachvertex with local coordinates
specifiedn thecoord field asfollows:

Figure 7.11 shaws an examplewith the longestdimensionof the boundingbox in the local X di-
rectionandthenext longestdimensionin thelocal Z direction.

These coordinatesare calculated and written to an in stored in an array in method
buildDefaultTexc oord s( ), which is called from the tindexedFaceSe t( ) methodin
class Builder  during the preprocessingstep. This array is stored in the associated
IndexedFaceSetDa ta objectfor later useat the draving step, whereit is passedas an ar
gumentto method GE3D.drawFaceSe t( ) to renderthe specifiedshapein native code using
OpenGL/Mesaommands.

7.8.3 Normal Vector Generation

Correspondingo VRML97’s lighting modelandlighting equationsnormalvectorsare usedto de-
terminethe diffuseandspeculapartsof lighting. Normalvectorscanbe specifiedfor eachpolygon,
but alsofor eachvertex. All thesecasesarespecifiedby thefollowing fields:

exposedField SFNode normal NULL
field SFFloat creaseAngle 0
field MFInt32 normallindex 0
field SFBool  normalPerVertex TRUE

Dependingon the valuesof thesefields the brovser hasto distinguishbetweenfive casesas
summarisedh Table7.3.

Implementatiorof case<? to 5 is very simpleandunspectaculaasthe field valuesaredirectly
passedon to methodGE3D.drawFaceSe t( ) asdescribedin Table 7.3, exceptfor case3 and
4 which usethe normalscalculatedby methodbuildFacenorma Is () of classBuilder (see
alsosection7.8.1)insteadof thosespecifiedin field normal . Therestof this sectionwill be fo-
cusedon theimplementatiorof casel, generatiorof vertex normalsby comparinghe valueof field
creaseAngle with theanglebetweerthefacenormalsof two adjacenfaces.

TheVRML97 specificatiorstateghatif theanglebetweerthegeometrimormalsof two adjacent
facesis lessthanthevalueof field creaseAngle , normalsshallbe calculatedsothatthefacesare
smooth-shadedcrosgsheedge.Otherwisepormalsshallbecalculatedsothatalighting discontinuity
acrossthe edgeis producedandthe the faceswill appearfaceted. This featureis usedvery often,
becausét allows descriptionof very complex shapesvith arathersmallnumberof faces.
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\ H normal \ normalinde \ normalPergrtex \ \

1 NULL ary value ary value Automaticallygeneratenormals,
usingcreaseAngl¢o determinef
andhow normalsaresmoothedacross
sharedvertices.

2 || notNULL empty TRUE Apply normalsto eachvertex as
specifiedby field coordinde.

3 || notNULL | notempty TRUE Apply normalsto eachvertex as
specifiedoy field normalinde.

4 || notNULL empty FALSE Apply normalsof the Normalnodein
field normalto eachfacein order

5| notNULL | notempty FALSE Apply normalsto eachfaceas
specifiedoy field normalinde.

Table7.3: Applying normalsto verticesor facesof shapeslefinedby anindexedFaceSet  node.

The exampleshavn in Figure7.12illustratesboth casesThe anglebetweerthe facenormalsof
facesl and?2 is 45 dggreesandthereforegreaterthanthe anglespecifiedby creaseAngle  which
is 30 degreesin this example. In consequencevo differentnormalshave to be generatedor those
verticesthatarepartof bothof thesefacegverticesl and2). For facel the normalsto be appliedto
verticesl and?2 areequalto thefacenormalof facel, for face2 they areequalto the facenormalof
face2. Theedgebetweervertex 1 and2 will beclearlyvisible. Ontheotherhandthe anglebetween
thefacenormalsof faces2 and3 is lessthan30 degrees. Their commonvertices(vertices4 and7)
will getthe samenormalvectorfor bothfaceswhichis createdoy averagingthe facenormals(see
Figure7.14). Theedgebetweervertex 4 and7 will appearsmoothandalmostinvisible therefore.

VRwave’'s automaticmormalvectorgeneratiorcodeis locatedn file asmooth.c . It containghe
native codeimplementatiorof methodBuilder.autosm  ooth () , whichis passedhefollowing
aguments:

e alist of thevertex indicesandtheirnumbey

e alist containingthe face normalscalculatedby methodbuildFacenorma Is () of class
Builder andtheirnumbey

e thecreaseangle(in radians).

This informationis usedto build up a help structureto storefor eachvertex the indicesof all
facesthevertex belonggo. For theexampleshavn in Figure7.12with avertex index list of

this helpstructurdookslik e thefollowing:
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vertex normal 1

face normal 2 (vn1)

A (n2)

face normal 3

4(3)

face normal 1

4
/

creaseAngle = 0.5236 = 30°

Figure7.12: Generatingsertex normalsby comparingcreaseAngle  with the anglebetweerthe
facenormalsof two adjacentaces.

Vertex index | Faceindices
0 1
1 1,2
2 1,2
3 1
4 2,3
5 3
6 3
7 2,3

Theresultsof methodautosmooth()  arealist of normalsandthenormalindex list thatspeci-
fieswhich normalhasto be usedfor eachvertex in the sameway asthecoordindex field chooses
coordinategrom the Coordinatenodeof the coord field for eachvertex. Thesetwo lists could be
createdvery easilyusingthe algorithmof Figure7.13. Applying this algorithmto theexampleshavn
in Figure7.12theresultingnormallist would be

fnl,fnl,fnl1,fnl,fn2,vnl,vnl,fn2,vnl,fn3, fn3,vnl
andthenormalindex list would be

0,12,3,-1,4,5,6,7,-1,8,9,10,11.

Eventhoughtthis resultwould be correct,a closerlook at thesetwo lists shavs the price which
hasto be paidfor the simplicity of the usedalgorithm. The normallist containstwelve normalvec-
tors, but eachof themoccursseveraltimesandin factthereareonly four differentnormalvectors.
Soit would bemoreefficientto storeidenticalnormalsonly onceandto implementmultiple usageof
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proceduréAutosmooth(vertex indices , facenormals )
createthe helpstructureasdescribedabore
normalindex = 0
currentfaceindex = 1
for eachvertex index of do
if then
vertex normal= currentfaceindex
for eachface thevertex belonggodo
gettheanglebetween currentfaceindex and  index of f
if thisangleis smallerthan then
add adjacenfaceindex to thevertex normal(vectoraddition)
fi
od
normalisethevertex normalandaddit to thenormallist
addthe currentnormalindex to thenormalindex list andincreasat by one
else
add tothenormalindex list
increasdhe currentfaceindex by one
fi
od

Figure7.13: A simplenormalvectorgeneratioralgorithm.

anormalby multiple usageof its index in thenormalindex list. For theexamplethetwo listscouldbe

fn1, fn2,fn3,vnl and
0,0,0,0,-1,1,3,3,1,3,2,2,3,-1

which is an optimal resultfor this example. While finding the optimal solutionis very simple for
this example,it canbe very expensve andtime-consumingdor IndexedFaceSet nodesthatde-
fine very comple shapesVRwave usestwo tacticsto reducethe numberof duplicatednormalsin
thenormallist, which producevery goodresultsfor commonshapes:

1. A secondhelp structureis usedto storethe indicesof all normalscalculatedso far for each
vertex. Whena normalis calculatedfor a vertex, this structureis usedto checkwhetheran
identicalnormalhasalreadybeengeneratedor this vertex and canbe reusedby addingthe
samenormalindex to thenormalindex list.

This mechanismaffectsvertex 4 and7 in Figure7.12: When processingrertex 4 as part of
face3, the algorithmrealizesthatthe calculatedhormal,vnl, hasalreadybeengeneratedor
this vertex while processingt aspartof face2. Sothenormallist remainsunchangedndthe
normalindex, which hasbeenusedfor normalvnlthere,is reusedn the normalindex list.

2. If identicalnormalsare calculatedfor consecutie vertices,the normalis storedonly oncein
thenormallist andthe samenormalindex is addedo the normalindex list for eachvertex. So
for theexamplein Figure7.12normalfnl is storedonly oncefor vertices0, 1, 2, and3 of face
1.
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vector sum

|
|
s
|
|
|

/ I
(vertex normal (normalised)
I

face normal
face normal

Figure7.14: Calculatingvertex normalvectorsby normalisingthe vectorresultingfrom vectoraddi-
tion of thefacevectors.

Thefinal resultof methodBuilder.autosm  ooth () for the exampleof Figure7.12arethe
following normalandnormalindex lists:

fnl1,fn2,vnl,fn2,fn3 and
0,0,0,0,-1,1,2,2,3,-1,2,4,4,2,-1.

Normal fn2 still appeargwice in the normallist andthe resultis not optimal, but it is a signifi-
cantimprovementcomparedo the resultgeneratedy the simplealgorithmdiscussedt the begin-
ning. Finding optimal solutionswould be more time consumingandwould not save a significant
amountof memorycomparedo this implementatiorfor mostcases.The two list are storedin the
IndexedFaceSet nodes associatediserdataobjectat the preprocessingtepand passecdn to
methodGE3D.drawFaceS et( ) atdrawing.

7.8.4 Non-corvex Polygons

WhilethelndexedFaceSet nodecanbeusedio describeverycomple polygonsandshapesimost
3D graphicdibrariesmake strongrestrictionson the typesof polygonsthey canrendercorrectly For
mostlibraries,suchasOpenGLor the APl compatibleMesalibrary, which arethelow level libraries
usedby VRwave for renderingtheserestrictionsare:

e Polygonshave to be simple which meanghatnonadjacenedgesdo notintersectandadjacent
edgesntersecbnly attheircommonvertex (Figure7.15ashavs anexamplepolygonthatdoes
notmeetthisrestriction).

¢ Polygonshaveto becorvex: thisrequireghatfor ary two pointsin theinterior, theline sggment
joining themis alsocompletelyin theinterior. An alternatve definitionof corvex polygonsis
basedon the interior anglesof its vertices: a polygonis convex, if the interior anglesof its
verticesarelessor equalto 180 degrees. Both definitionsareillustratedby the non convex
polygonin Figure7.15b

e Polygonshave to be planar. a polygonis planar if all of its verticeslie on a singleplanein
space.Sincevertex coordinatesarealwaysspecifiedthree-dimensionahis is not necessarily
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truefor arbitrarypolygons.lieonthesame.lf they arenotplanar thenaftervariousrotationsin
spaceandprojectionontothe displayscreenthe pointsmight no longerform a simplecornvex
polygon. Figure7.15cshawvs a quadrilateralpolygonwith its verticesslightly out of plane.
Thereseemdo be no problem,but whenthe samepolygonis shawvn from almostabove its
projectionis anonsimplepolygonasshavn in Figure7.15d.

©) d)

Figure7.15: Examplepolygonsnot supportedy most3D renderindibraries.

Thereis oneclassof polygonsthatmeetsall theserestrictionsn ary case:triangles.lt is evident
thatthey aresimple. They arealwayscorvex, becausaon of theinterior anglescanbe greaterthan
180 deggrees,sincethe sumof all interior anglesis 180 degrees. Finally, they are always planar
becauseheir verticesdefinea singleuniqueplane.Dueto their specialstatusn thisregard,triangles
arealsousedby VRwave to implementhefunctionalityof theIndexedFaceSet  nodes convex
field:

field SFBool convex TRUE

Theconvex field indicateswhetherall polygonsin the shapearecorvex. The brovsershould
displayalsononcornvex polygonscorrectly if thevalueof field convex is FALSE Neverthelession
simpleor nonplanarpolygonsmay produceundefinedesultsevenif theconvex field is FALSE

Correctrenderingof non convex polygonscan be achieed by subdviding theminto several
convex partsandrenderingall thesepartsafterwards. Sincesubdviding theminto still relatively
comple partsand checkingthesepartsagainfor convexity would be very complicatedand time
consumingjt is a goodideato subdvide theminto partsthatare known to be corvex in ary case:
triangles.This proces®of subdviding polygonsinto trianglesis calledtriangulation.Triangulationof
polygonsis awidely discussedopicin computationajeometry Therearemary algorithmscovering
all variationsof this problemwith time compleities of , , andeven

[Cha9Q. But mostof thesealgorithmsusevery compI|catedandsoph|st|catediatastructures
andareverydifficult to program.VRwave usesMeisters’algorithmthatis sometimesisocalled“ear
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clipping” algorithm[O’R94]. While its time compleity of doesnot seento beveryfast,its
greatadvantagesre thatit is easyto understan@ndto program.lt is basedn somebasicdefinitions
andtheoremghatwill beintroducedn thefollowing paragraphs.

Projectionfrom  to

For reasongmentionedabove it can be presumedhat the polygonsto be triangulatedare planar
Although the vertex coordinatesof theseplanarpolygonsare threedimensionatoordinatesthese
polygonsareflat andno spatialinformationis neededor thetriangulation.

An easytransitionfrom 3D spaceto flat 2D coordinatess to projectthe polygononto one of
thethreeplanesthat definethe 3D coordinatesystem,asshavn in Figure7.16. To obtainthe most
accurataesultsthe planeyielding the largestprojectionhasto be choserto bethe projectionplane.
A polygons face normal vectoris a hint for its orientationin space. So the projectionplaneis
choserdependingnthecomponenof thefacenormalvectorwith thelargestabsolutevalue. For the
polygonin Figure7.16thisis thefacenormalvectors y-componentsothepolygonis projectedonto
thexz-plane.

yo

z

Figure7.16: Projectionof a 3D polygonontoa coordinatesystemplane.

Finding the Areaof Triangles

Finding the areaof a triangle canbe donevery easily by using one of the propertiesof the cross

productof two vectors:thelengthof equalgheareaof the parallelogramdeterminedy and
(seeFigure7.17).As thediagonakhalvesthe parallelogramthis propertygivesa directmethodto

calculatethe areaof thetriangledeterminedby and

Soif thetrianglevertex coordinatesre , , and then
its areais - , Where and . Thez-componentsf the vertex coordinates
arepresumedo bezerobecausef theprojectioninto  describedbore. Finally, thetriangles area
is - .

A slightchangdo thisareaformularesultsin new formulawith anadditionalinterestingproperty

If takingthe absolutevalueof theright partis omitted,the formulawill still returnthetrianglearea,
but the resultwill be only positive, if the triangle verticesare given counterclockwiseptherwiseit
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Figure7.17: Geometridnterpretatiorof the vectorcrossproduct.

will benegative. This propertycanbeusedto checkwhethera pointis ontheleft or ontheright of a
directedline. Theline is definedby two points and andis directedfrom to . A third point is
ontheleft of theline, if theareaformulareturnsapositive valuefor thetriangle , , and , otherwise
it is ontheright (seeFigure7.18).

Figure7.18: Usingthetriangleareaformulato checkthe positionof a pointin relationto aline.

Computing the Areaof a Polygon

Sincetheareaof atrianglecanbedeterminedrery easily apolygonneedonly bedecomposehto a
collectionof trianglesandthe areasof thesdriangleshave to be summedo getthe pongonarea.For
apolygonwith verticesthereare triangleswith vertices , , and with

While it is obviousthatthis methodreturnscorrectresultsfor corvex polygonsasin Figure7.19,it is
alittle moredifficult to seethatit worksalsofor noncorvex polygons.As illustratedin Figure7.20,
applyingthis methodto non corvex polygonscreatedrianglesthat contritute negative area,which
seemdo be confusingat first sight. But a closerlook shavs that taking the sumof all areasagain
givestheactualareaof the polygon.

As for triangleareaghe sign of theresultingpolygonareacalculatedwith this methodis a hint
for the vertex orientationof the polygon. If the verticesaredefinedcounterclockwisethereis more
positve areathannegative areaandthe sumwill be positive, otherwiseit will be negatie.
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Figure7.19: A cornvex polygonasaunionof triangles.
4 4
3 3
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5 5
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Figure7.20: Findingtheareaof noncorvex polygons.

[

Diagonalsand Ears

A diagonal of a polygonis aline segmentbetweerntwo of its vertices and , whoseintersection
with the polygonedgess exactly the set , andwhich lies entirely in the polygons interior.
Threeadjacenterticesof a polygon, , ,and form anear, if theline sggmentbetween

and isadiagonal Vertex istheeartip. Two earsarenon-overlapping,f theirtriangleinteriors
aredisjoint. Thefollowing Two-EarsTheoremwasproved by Meisters:

Theorem: Every simplepolygonof verticeshasat leasttwo non-overlappingears.

Finding Ears

Earscanalsobedefinedasfollows: threeadjacenvertices , ,and formanearof apolygon,
if



~T 7§ i AT s (VN Vil b VI VWS IV T IS i 1 7 NI VIV VY

i+1

Figure7.21:An earformedby vertices , (theeartip), and

1. thediagonal lies entirelyin theinterior of the polygon,and

2. noneof the otherverticeslies in the interior of the triangle or on thediagonal

Figure7.22illustratesthreesimpleexamplepolygons ,wherethe vertex markedin the left poly-
gonviolatesthe first condition, the vertex marked in the polygonin the middle violatesthe second
condition,andthe vertex marked in the right polygonmeetshoth conditionsandis thereforean ear
tip. Thetestwhetheravertex meetshesetwo requirementganbedonein

Figure7.22: Testingwhethera polygonis aneartip.

The Triangulation Algorithm

The Two-EarsTheoremis a very importantpreconditionfor the triangulationalgorithmthatis de-
scribedby thefollowing pseudocode:

procedurelriangulate(polygon , numberof vertices )
if then
for eachvertex of do
if isaneartip then
sase thetriangleformingtheear
create byremwing from
Triangulate( )
exit thefor loop
fi
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od
fi

Analysisof thealgorithms time compl«ity shaws, thatits runningtimeis . Theouterfor-loop
is run times. Testingwhethera vertex is aneartip alsotakes time. Saving thetriangle
forming the earandremaoving the eartip canbe donein constantime, if the verticesarestoredin a
linkedlist. Sothetotaltime compleity is

In VRwave the implementatiorof this algorithmis partof file triangulate.c , which contains
the native codeimplementatiorof classBuilder ’'s convexify() method. The verticesof each
polygonfaceare projectedonto one of the coordinatesystemplanesandstoredin a doublelinked

list to allow removing of eartipsin . If the polygonis convex, it remainsunchangedotherwise
it is triangulated.As thetriangulationreplacesachnon convex faceby severaltriangularfacesthe

vertex index list hasto be changed Methodconvexify() keepsalsothe original vertex index list

for drawing in wireframemodeandcreateda secondvertex index list that specifiesghe triangulated
faces.

If methodconvexify() changeshe numberof facesjt hasto adjustalsothe numberof face
normals. This is doneby duplicatingfacenormalsof non corvex polygons,wherethe numberof
duplicateshasto be equalto the numberof trianglesgeneratedy the triangulationprocess.Addi-
tionally methodcorvexify() hasto adjustthe colourindex list, if coloursare definedperface,and
finally it hasalsoto adjustthetexturecoordinaténdex list. All thesenew lists generate@ndreturned
by methodconvexify() arestoredin the userdatabbjectassociatedo the IndexedFaceSet
nodeat the preprocessingtepand passedn to methodGE3D.drawFaceSe t( ) atthe draving
step.

7.8.5 Colour Binding

Section7.5 describegsheimplementatiorof the Material  node,which providesa way to specify
suriacematerialpropertiesfor associatedgjeometrynodes. While this nodeis very usefulfor sim-
ple monocolouredbijects,it would requirespecifyingcomplex shapesvith mary facesof different
colourshy severallndexedFaceSet nodeseachspecifyingfacesof onecolour Moreover it does
notallow applyingcoloursto vertices.

Thereforethe IndexedFaceSet  nodeprovidesthreefields to modify onecomponenbf the
materialpropertiesfor eachfaceor eachvertex of eachface(Figure7.23). This componenis the
diffusereflectancewhich playsthe mostimportantrole in determiningthe colour of anobject. The
threefieldsare:

exposedField SFNode color NULL
field MFInt32 colorindex 0
field SFBool colorPerVertex TRUE

Dependingon the valuesof thesefields the browser hasto distinguishbetweenfive casesas
summarisedh Table7.4.

As colourbindingdoesnotrequireary preprocessindyandlingof thesedifferentcasess include
completelyin methodtindexedFaceSet () of classDrawer . Dependingon the valuesof the
fieldsnamedabove, it choosesintegerconstanthatindicateghe colourbindingmodeandis passed
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color colorindex | colorPer\értex
1 NULL ary value ary value Usematerialpropertiespecified
in the Materialnodefor all faces
andvertices.

2 | Color node| empty TRUE Apply diffusecoloursof the Color
nodeto eachvertex asspecified
by thecoordindex field.

3 | Color node| notempty TRUE Apply diffusecoloursof the Color
nodeto eachvertex asspecified
by thecolorindex  filed.

4 | Color node| empty FALSE Apply diffusecoloursof the Color
nodeto eachfacein order

5| Color node| notempty FALSE Apply diffusecoloursof the Color
nodeto eachfaceasspecified

by thecolorindex  field.

Table7.4: Binding coloursto verticesor facesof shapeslefinedby anindexedFaceSet  node.

onasargumentto methodGE3D.drawFaceS et( ) togethemwith thefield values.Theseconstants
aredefinedin classGE3Dandtheirvaluescorrespondo valuesthatareusedoy the GE3Dlibrary and

definedin file mtl.h . Functionge3dFaceSet() oftheGE3Dlibrary thatdoesthefinal rendering
of IndexedFaceSet nodeshapesn natve codetranslateshe datainto OpenGL/Mesdunction

calls.

7.9 ThelndexedLineSetNode

TheIndexedLineSet  noderepresent8D geometryformedby constructingpolylinesfrom 3D
points.

IndexedLineSet {

eventin MFInt32 set_colorindex

eventin MFInt32 set coordindex
exposedField SFNode color NULL
exposedField SFNode coord NULL
field MFInt32 colorindex 0

field SFBool colorPerVertex TRUE
field MFInt32 coordindex 0

Thecoordinate®f the pointsarespecifiedn thecoord field. Theindicesin the coordindex
field areusedto specifythe polylinesby connectinghereferencegboints.Indicesof  indicatethe
endof apolyline. Thepolylinesarenotlit andnottexture-mapped.

Theimplementatiorof IndexedLineSet  nodesdoesnotrequireary preprocessingMethod
tindexedLineSet () of classBuilder just checksthe types of the nodesin the fields of
type SFNode and storessomereferencedo field datain an IndexedLineSetD at a object.
Method tindexedLineSet () of classDrawer passeshe field valueson to native method
GE3D.drawLineSe t( ). As function ge3dLineSet() of the GE3D library doesnot support
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Figure7.23:IndexedFaceSet colourbindingmodes:perface(left) andpervertex (right).

colourbinding,a naew function,ge3dLineSet2() , hasbeenaddedto thelibrary. It is split up ac-
cordingto thepossiblecolourbindingmodesandeachpartspecifiegheverticesandsetsthedraving
colouraccordingto the colourbinding modeit implements.This new functionis usedby the native
codeimplementatiorof methodGE3D.drawLineSe t( ).

7.10 The PointSetNode

The PointSet  nodespecifiesa setof 3D pointsin the local coordinatesystemwith associated
coloursateachpoint.

PointSet  {
exposedField SFNode color NULL
exposedField SFNode coord NULL

}

Thecoord field containsa Coordinate  nodethat specifieghe coordinate®f the points(re-
sultsareundefinedf thecoord field containsary othertypeof node).Coloursdefinedn theColor
nodeof field color shouldbe appliedto eachpointin order The pointsarenotlit andnottexture-
mapped.

Similar to IndexedLineSet nodesPointSet nodesdo not require ary preprocessing.
Therefore method tPointSet() of class Builder is almost identical to method
tindexedLineSet( ) , just checkingthe typesof the nodesin the fields and storing references
to field datain aPointSetData  object.

For native coderenderingan additionalfunction, ge3dPointSet2() , hasbeenaddedto the
GE3D library, becausehe existing ge3dPointSet() function doesnot provide colour binding.
This new function is used by the natve code implementation of natve method
GE3D.drawLineSet () , whichis calledfrom methodtPointSet() of classDrawer during
scenggraphtraversalat thedrawing step.
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Chapter 8

External Authoring for VRwave

The mostcommonlyusedmethodof communicatiorbetweenan external Java ervironmentanda
VRML worldis theinterfacebetweera JasaappletonaHTML pageandanembedde&RML world
on thatsamepage. The world is displayedby a Web brovseror an Web browser extensionthatis
ableto view thescenesuchasa VRML browserplugin for the NetscapdNavigator Almostall early
EAl exampleprogramswerebasedon this methodand developedto be run by the NetscapeNavi-
gator- CosmoPlayerVRML browserplugin configurationgvendependingn proprietaryNetscape
Navigatorclasses.

When developmentof EAI supportfor VRwave started,VRwave could not be run asa Web
brawserextension,andthis commonlyusedconceptcould not be used. Fortunately this conceptis
only neededduring the initial phaseof communicatiorwhenthe external Java ervironmenthasto
obtainaninstanceof classBrowser . OncetheBrowser instancehasbeenobtainedheremainder
of theinterfaceis independendf how this instancenasbeenobtained.

This allowed implementingandtestingthe completeEAI usinga non-standardvay of commu-
nicationbetweenvVRwave andthe external Jasa applet. A NetscapeNavigator plugin wrapperfor
VRwave waswritten at the sametime, allowing useof VRwave asa Navigator plugin andthereby
providing compatibilityto existing EAlI exampleprograms.

8.1 The BrowserClass

Theprincipalfunctionalityprovidedby the Java EAI is to make anobjectof classBrowser available
to an external Java applet,which givesaccesdo the entire Browser Script Interface as definedfor
scriptsinsideof Script  nodesandto nodesnamedby DEFin thebasescene.

8.1.1 Getting the Browser Object

Currentlytherearetwo commonlyusedwaysto getaninstanceof classBrowser in the external
ernvironment: gettingit from the static methodBrowser.getBrows er () or using Netscapes
LiveConnectwhich depend®n proprietaryNetscapelasseshatareprovidedby the NetscapeNavi-

gatorWebbrowser andrequireshe classBrowser to beasubclas®f classPlugin , whichis also
proprietaryto Netscapes brovser As mentionedabove, usingthe secondnethodwith VRwave has
beenmadepossibleby implementatiorof a NetscapéNavigatorplugin wrapper

Duringimplementatiorandtestingof the EAI for VRwave, interappletcommunicatiorwasused
to make the Browser objectavailable to the external applet. Both, the external appletandthe

89
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VRwave appletviewing the scenethat shouldbe controlled by the external appletwere embed-
dedinto a single Web pageandrun by an appletviewer. The interappletcommunicatioris con-
trolled by methodsstart() andstop() in classiicm.vrml.vrwav e. VRwave andmethods
startVRwave()  andstopVRwave() in classvrml.external.B ro wser .

As mostof VRwave's functionality canbe accessedia the Scene class(in facttheimplemen-
tationsof mary functionsof the Browser Script Interface are basedon functionsthat are provided
by classScene in a very straightforvard way), the main taskto build up the communicatiorbe-
tweenVRwave andthe externalappletis to geta referencao VRwave's actualScene object(see
Figure8.1). Thisreferencas storedin a privatemembewariableof the obtainedBrowser object.

Methodstart() of classVRwave is calledby the appletviewer to inform the VRwave applet
thatit shouldstartits execution. It tries to call the static Browser.startV Rvwave() method
passinga referenceto its actual Scene object as agument. At the sametime, this is a check
whetherit hasaccesdo the classesf the EAl implementationfor VRwave, sinceit is very un-
likely, that Java EAI implementationdor other VRML browserswill provide a methodof the
samename. Method Browser.startVR  wave() storesthe passedScene objectreferencen
theactivescene  _variableof classBrowser . Similarly classVRwave'sstop() methodand
methodBrowser.stopVR wave() areusedto resettheactivescene _variable.

TheexternalappletgetstheBrowser objectby callingtheBrowser.getBrow  ser( ) method,
which createsa new instanceof classBrowser , copiesthe referencestoredin activescene  _
to variable scene _ of this newly createdBrowser object and returnsthe object. As long as
activescene _isnull ,Browser.getBro  wser () returnsnull

external applet VRwave
Browser browser; ‘ ‘ Scene scene_; ‘
browser = Browser.getBrowser(); ‘ ‘ init() { ... }
start() { ... } ‘
1
calls ‘ stopO {---} ‘
class Browser

‘ static Scene activescene_;

returned from ‘ startVRwave() { ... } }‘ creates
Browser.getBrowser ‘ stopVRwave() { ... } ‘
set in
etBrowser() { ...
‘ 9 0 {l } Browser.startVRwave()
creates
Browser instance Scene instance

S ‘ set in Browser.getBrowser()
cene scene_;
= \

\4

Figure8.1: Obtainingareferenceao VRwave's Scene objectin staticmethodgetBrowser()  of
classvrml.external. Browser .

If VRwave is run as NetscapeNavigator plugin, methodsBrowser.startV Rwave () and
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obtainsthis Hashtable

L

0 o b A\l WY i A S ol Vd

il

Browser.stopVRwa ve() arecalledfrom within classVRwaveReader andVRwavePlugin
Beforeary of the methodsof classBrowser canbe called, it hasto be ensuredhat VRwave has

alreadycreatedts Scene object. At the beginning of eachmethodthat usesthis Scene object,a
methodthatblocksuntil the Scene objecthasbeencreateds called.

8.1.2 AccessingNodes

VRML nodescanbeaccessedly calling methodgetNode()
instanceof classvrml.external.N

of classBrowser , whichreturnsan
ode thatspecifieghe Java representationf a VRML node

asseenby theexternalapplet(classvrml.external.

section).

Node is describedn moredetailin thenext

SinceVRwave internally organisegshe VRML scenen a scenegraphconsistingof a hierarchi-
cally orderedcollectionof objectsof classiicm.vrml.pw.No

de or its subclassesespectiely,
the returnedNode instanceshouldcontaina referenceto VRwave's internal representatiomf the
associateWRML node.Thisreferences obtainedasfollows (seealsoFigure8.2):

external applet

set in Node constructor
‘ Browser browser;

Scene instance

‘ Node a;

a = browser.getNode("a"); ‘

{ Hashtable nodenames_; ‘
setin
Browser.getBrowser()

‘ GroupNode root_; ‘

l

Browser instance

returned by parser

returned from

browser.getNode()

Scene scene_;

returned by parser
Hashtable ,~"\ GroupNode R
’
Name | Ref ,/
getNode() { ... }
Node instance

’

N
\
- \
children \
’ \
a | ‘ N
Pl \
. .
set during parsing | .~ set during \
creates X
/\ Transform
‘ Scene scene_; ’
‘ iicm.vrml.pw.Node pwnode_;

parsing !
1
J

\
—| DEFa
set in Node constructor

Scene graph

Figure8.2: Referencing/Rwave's internalVRML noderepresentationis Node objectsreturnedoy
e() .

During parsingof therootscenegheparseiuildsupaHashtable objectthatmapsDEFnames
to Node objectsinside the scenegraph. If the parsingprocessis successfulthe Scene object

objectfrom the parserby calling methodgetNodeNames() of class
iicm.vrml.pw.VRM  Lpar ser andstorest in amembewariable.MethodgetNode() of class
Browser usesthisHashtable objectto getareferenceo therequirednodespecifiedby its DEF
namestring.
Once this reference has been obtained it
vrml.external.No

is passed to the constructor of class
de togetherwith a referenceto VRwave’s Scene objectto createa new
Node objectthatis thenreturnedoy methodgetNode()

SincetheHashtable objectcontaininghe DEFnameto nodereferencenappings obtainedaf-

turnedfrom createVrmlFromS

ter parsingof therootsceneonly, nodescreatedafterwards(DEFednodesn inlines, DEFednodege-

tr in g/U RL) cannotbeaccessewith thegetNode() method.
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This behaiour correspondso the majority of the currentEAI implementationsbecausellowing
DEFnamesreatedn ary otherscopeto beaccessiblérom the EAl couldcausesereralproblems:

Sincethereis no namedictionarymanagemerfiacility, thereis no way to remore namesonce
they have beenadded. Over time, thousandof namednodesmay be created which would
causehedictionaryto growv without possibility of ever shrinking.

If two nodesof samenameareaddedwhichis legal in VRML, undefinedresultswill occur
whenthe EAI attemptgo accesshesenodes.SinceVRML doesnotdefinetheorderof execu-
tion of scriptsor the orderof loadingof Inline  nodedata,differentbrowserswould present
differentnodesat differentpointsin time. Therewould be noway to controlthis ambiguity

8.1.3 The Browser Script Interface

As describedn Sectiord4.3.1the VRML97 specificatiordefinesa setof methodsthe BrowserScript
Interface,that allows programsor scriptsto getandsetbrowser state. All methodsof the Browser
ScriptInterfaceare also availableto EAI applicationsby public methodsof classBrowser . The
interfaceis the sameasfor scriptsin Script  nodes:

public String getName()and public String getVersion()

Thesetwo methodscan be usedto identify the browserin someunspecifiedwvay. Both methods
simply returnpublic classmembewariablesdefinedin classVRwave.

public float getCurrentSpeed()

This methodshouldreturnthe averagenavigationspeedor thecurrentlyboundNavigationinfo
nodein meterspersecond,n the coordinatesystemof the currentlyboundViewpoint node. Since
VRwave doesnot provide this informationin its currentversion,this methodalwaysreturns0.0 as
definedby the specification.

public float getCurrentFrameRate()

VRwave providesa menuoptionto activate and deactvate calculationanddisplayof the rendering
speedn framesper seconds.f this optionis activated,the getCurrentFram eRat e() method
simply returnsthis value, which is calculatedn methodfinishedDraw() of classScene and
storedin its framespersecond  _ public membewariable.

public String getWorldURL()

This methodcan be usedto getthe URL of the root of the currently loadedscene. Sinceclass
Scene keepsthis URL to handlerelatve URLs in Inline  andimageTexture nodesmethod
getWorldURL() canobtainit easilyby calling methodgetWorldURL()  of classScene.

public void replaceWbrld(Node[] nodes)

ThereplaceWorld() methodreplaceghe currentscenewith the scenaepresentelly the passed
array of root nodes of the new scene. The passedroot nodes are objects of class
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vrml.external.No de and containreferencedo objectsusedfor noderepresentatioin VR-

wave therefore. Basedon this data,methodreplaceWorld() builds up a scenegraphasused
by VRwave internally (seealsoChapter6). Afterwardsit callsmethodreplaceScene() of class
Scene passingthis scenegraphs root nodeasargument. MethodreplaceScene() clearsthe
currentsceneandreplacests scenegraphby the passedceneggraphfollowedby aredrav request.

public void loadURL(String[] url, String[] parameter)

The effect of this methodis comparabléo thatof anchoractiation. Thefirst recognisedJRL from
the passedJRL list is loaded. The parameter amgumentis treatedidentically to the Anchor
nodes parameter field. The methodimplementatiorusesthe activateAnchor( ) methodof
classScene passingontheargumentdgo this method.

public void setDescription(Stringdescription)

MethodsetDescription( ) setsthe passedstringargumentto bethe currentscenedescription.
This descriptionis displayedin a brovserdependenmanner VRwave shaws the scenedescription
in its statusbar Thetext in the statusbaris setby calling methodstatusMessage() of class
Scene.

public Node[] createVrmIFromString(String vrmISyntax)

The createVrmIFrom  Strin g() methodparsesa string consistingof VRML statementand
describingavalid VRML sceneandreturnsalist of thescenes rootnodegepresentetly anarrayof
objectsof classvrml.external.N ode. Thesenewly creatednodesreturnedby the methodcan
beaddedo the scengygraphasdesired.

To parse the string agument that contains the VRML data, a new instance of class
iicm.vrml.pw.VRM  Lpar ser ,themainclassof the‘'pw’ parsempackageis created Sinceit ex-
pects to get its input data from an object of class java.io.lnputSt ream a new
java.io.StringBu ff er In putSt re amobjecthasto be createdfrom the string parameter
with a prefixed VRML97 file heade(#VRML V2.0 utf8 ). ThereadStream()  methodof the
VRMLparser objectreadsthe dataandcreateshe scenegraphreturninga single objectof class
iicm.vrml.pw.Gro upNode containingtheroot nodesof thescenegraph.

Afterwards,VRwave's preprocessingtepis performedonthe createdscenegraphby passinghe
GroupNode objectto methodbuildNode()  of classScene , whichpassed onto theBuilder
classthatdoesthepreprocessingAt thistime createVrmlFromS  tr in g() hasacompleterepre-
sentatiorof thescenggraphof thestringalguments VRML dataasusedby VRwave. Sinceits return
valueshallbeanarrayof objectsof classvrml.external. Node, this arrayandits elementsare
createdrom thechildrenof the GroupNode objectandfinally thearrayis returned.

public void createVrmIFromURL(String[] url, Nodenode, String event)

MethodcreateVrmlIFromUR L() usesainstanceof classURLIoader , whichis very similarto
classiicm.vrml.vrwa ve .URLSer ver , omitting the texture imageloading part of course(see
Section7.2). It createandstartsa separat¢hreadto readthe VRML datafrom thefirst valid URL of
thepassedrray Multiple requestarestoredin aqueue As in classURLServer theVRML datais
directednto theparserwhichreturnshescenggraph.Thesescengyraphis preprocessedndanarray
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of vrml.external. Node objectsis createdwhich is sentasaneventto the EventinMFNode
objectby passingt to thesetValue()  method.

public void add/deleteRoute(Noddr omNode,String EventOut, NodetoNode, String Eventin)

Thesemethodsaddor deleteroutesbetweerthegiveneventnamedor the givennodes.They canuse
theaddRoute() anddeleteRoute() methodsof theiicm.vrml.pw.No de objectsthatare
referencedby thefromNode andtoNode amumentsf classvrml.external. Node.

8.2 The NodeClass

Classvrml.external.N ode specifiegsheJavarepresentationf aVRML nodeasseenby theex-
ternal applet using the EAI. Its constructor takes two parameters: a referenceto the
iicm.vrml.pw.No de objectrepresentinghenodein VRwave's internalscenegraphanda refer
enceto VRwave'sactualScene object. Thesdawo referencegrestoredn thepwnode _andscene _
variables.Theiicm.vrml.pw.N ode objectreferencedby pwnode _ canbeobtainedoy thepublic
methodgetpwNode() , which is usedfor exampleby theaddRoute() anddeleteRoute()
methodsof classBrowser . BesidegheseVRwave specificparts,classvrml.external. Node
hasto implementthefollowing threemethodsasspecifiedby the EAl proposal:

public String getType()

Thismethodshouldreturnastringspecifyingthenodetypeor thenameof aprototype.SinceVRwave
doesnotsupporiprototypedn its currentversion themethodsimply callsthenodeName() method
of theiicm.vrml.pw.Nod e objectreferencedy pwnode _, whichreturnsthenodetypenameas
String  object,whichis alsothereturnvaluetype of methodgetType()

public Eventin getEwventin(String name)and public EventOut getEventOut(String name)

Thesetwo methodsprovide accesgo a nodes eventins, eventOuts,and exposedFielddy name.
They usethegetEvent() = methodof theiicm.vrml.pw.No de objectreferencedy pwnode _
passingheeventnameandasecondarametethatspecifiesvhethethedesiredeventis aneventinor
aneventOut.This secondparameters neededo allow correctcompletionof theeventnamewith the
appropriateprefix/sufix (set _, _changed ). ThegetEvent() = methodreturnsa referenceo the
requiredeventthatis representely aninstanceof classiicm.vrml.pw.Fie Id (seeFigure8.3).

Dependingon the type of the eventvalue,a new instanceof an correspondingubclasof class
Eventin or EventOut of packagevrml.external.f ie Id , which specify the baseinter
facefor all eventln and eventOuttypes,is created. In the example shavn in Figure 8.3 a new
instanceof classvrml.external. fi eld .Event In MFMde is createdcorrespondingo the
addChildren  eventinthatis of type MFNode

Additionally, an integer numberspecifyingthe event type is setusing the mappingdefinedin
classvrml.external. fie Id .Fie Id Types (11for theMFNodetypeeventin Figure8.3). The
referenceo theiicm.vrml.pw.Fi el d object,thisintegernumberandareferencdo VRwave's
instanceof classScene are passedo methodinitialize() of the newly createdobjectand
storedin its eventin _/eventout _, fieldtype _, andscene _ variables.Finally, the objectis
returnedby thegetEventin() or getEventOut() method.
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external applet Scene Instance

Node a: ‘ set in Node constructor

‘ Eventln evin; ‘ set in Node constructor

‘ evin = a.getEventin("addChildren");

iicm.vrml.pw.Transform

set in initialize()
returned by browser.getNode() returned by getEventin
V9 0 ‘ iicm.vrml.pw.MFNode addChildren;
Node instance EventinMFNode instance
set during parsing
‘ Scene scene_; ‘ Scene scene_; setin initialize()
creates iicm.vrml.pw.MFNode
‘ iicm.vrml.pw.Node pwnode_; ‘ iicm.vrml.pw.Field eventin_; }r
‘ getEventin() { ... } ‘ int fieldtype_;
o iniialize( { ..} ‘

set in initialize()

class Fieldtypes

MFNODE = 11; 4

Figure8.3: GettingEventinobjectsproviding accesso a nodes eventinsandexposedFields.

8.3 The Eventln Classes

As describedn theprevioussection gxternalappletsanaccesall eventinsof anodethey have aref-
erenceo by callingthe Node objects getEventin() method.This methodreturnsareferenceo
aninstanceof classvrml.external.fi el d. Event In oranappropriatesubclassespecirely.

Objectsof classEventin  provideonly asinglemethodgetType() ,thatsimplyreturnshein-
teger number specifying the event type as defined by the constants in class
vrml.external.fi el d. Fiel dTypes. This integer number has been set in method
getEventin() by passingit to the Eventin  objects initialize() methodand hasbeen
storedin variablefieldtype  _.

Sincethe baseclassEventin  doesnot provide methodsto sendevents, external appletde-
velopershave to castthe Eventln  objectto the appropriateevent type subclasghat provides a
setValue() methodandanadditionalsetlValue() = methodfor multivalueeventtypes.

After checkingwhethetbehaiour hasbeenenabledyy theuserandwhetherthevaluethatshould
be sentto theeventlnis valid for the particulareventtype,methodsetValue()  setsthenew value
by calling the samenamedmethodof the iicm.vrml.pw.Fi el d objectusedfor internalrepre-
sentationof the eventin. MethodsendEvent()  inheritedfrom the Eventin  baseclassis called
to initiate the eventcascade It usesthe sendEvent()  methodof theiicm.vrml.pw.Fi el d
objectreferencedy eventin  _.

Before this methodis called, it hasto be ensuredhat the createdevent cascadedoesnot get
the sametimestampasthe previous one,which is necessaryo avoid eventloops. This is doneby
an emptyloop run until methodcurrentTime() of classScene returnsa timestampdiffering
from the timestampof the last event receved by this eventln, which can be obtainedby calling
methodgetTimeOfChange () of theiicm.vrml.pw.Fi el d object. Theimplementatiorof
thesetlValue()  methodsf multivalueeventtypesarevery similarto thatof the setValue()
methodsexceptfor settingthevalue.
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8.4 The EventOut Classes

AccessingeventOutsof nodescan be usedto performtwo operations: getting its currentvalue
and settingup an obserer to receve notification whenthe eventOuts value changes.To getthe
event's currentvalue,aneventOut objectreturnedoy a Node objects getEventOut() method
hasto be castto the appropriateeventtype subclasswhich providesa getValue()  methodand
an additional getlValue() methodfor multivalue type events. They call the getValue()

or the getValueData() methodsof the iicm.vrml.pw.Fie Id object referencedby the
eventout _variableto getthe valueor oneof the valuesof the eventOut. Multivalue event types
inheritanadditionalmethodgetSize()  from classEventOutMField thatis placedbetweerthe
baseEventOut classandtheparticulareventtypeclassesn theclasshierarchy

To receve notificationwhenan eventOuts value changesthe external applethasto setup an
obserer objectof a classthatimplementghe vrml.external.f ie Id .E ventOut Observ er
interface,implementinga callback() methodtherefore. This classis passedo the EventOut
objects advise()  methodtogetherwith an userdefinedobjectof ary subclasof the standard
java.lang.Objec t classsoit canbeusedto hold ary data.Methodadvise() addsthesetwo
argumentgo internallists (eventoutobs _anduserdata ).

EventOut (implements
iicm.vrml.pw.GotEventCallback)

iicm.vrml.pw.Field eventout_; ‘ ‘ EventOutObserver 0 “

‘ Vector eventoutobs_; ‘ EventOutObserver 1 “

calls callback() methods

‘ Vector userdata_; ‘ EventOutObserver 2 “

.
‘ gotEventCB () { ... } ‘ EventOutObserver n “

L ad

‘advise() (.} R .

passed as userData

set in getEventOut() parameter to callback()

N . add to list
iicm.vrml.pw.Field

‘ Object 0

register
& 9 ‘ Object 1

‘ Vector goteventchb_;

{ sendEvent() { ... } ‘ ‘ Object 2

calls calls

h receiveEvent() { ... }

‘Object n

X

add to list

Figure8.4: Connectinghe EventOutObsermr callbackmechanisnwith VRwave’s internalcallback
mechanism.

ClassEventOut implementsthe iicm.vrml.pw.Go tE vent Cal Ib ack interfaceto use
VRwave's internal notification mechanism(see Chapter 6). Method advise() calls the
setEventCallbac k() methodof eventout _ to register the EventOut objectto usethis
mechanism.The EventOut objects gotEventCB()  methodis thencalled, when&er an event
is generatedor thereferencedventOutgettingalsopassedhetimestampof the eventasargument.
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The gotEventCB() method simply calls the callback() methods of all
EventOutObserver  objectsstoredn thelist createdby theadvise() methodpassingalongthe
correspondingiserdefinedobjectandthe event’s timestampln fact,classEventOut implementsa
gatavay to connecthis two differentcallbackinterfaces Figure8.4illustratesthis mechanism.
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Chapter 9

An External Authoring Application

WhereasChapter5 introducedthe fundamentakonceptsof the External Authoring Interface and
Chapter8 discussedhe implementatiorof the Java ExternalAuthoring Interfacefor VRwave, this
chapterdemonstratefts usein practice. The Java appletdescribedn this chapterprovidesa very
simple userinterfacethatlets the userchooseary methodof the Java EAI, apply this methodto a
simpleVRML sceneandseeits effect.

9.1 The UserInterface

The appletareais divided vertically into threeareas. The top areacontainsthe componentgor
choosingfrom ary Java EAI methodandfor applyingthe chosenmethodto the scene.The meth-
ods can be chosenfrom a pop-upmenuof choices,which is implementedby an object of class
java.awt.Choice . Theitem texts aredefinedin a separatdelperclass. The methodis applied
to thesceney pressinghebuttonontheright, whichis anobjectof classjava.awt.Button .lts
eventsarehandledin methodaction()  (the appletdoesnot useeventhandlingof Java 1.1 to be
compatiblewith olderWebbrowserversions)which callsthe Java EAl methodcorrespondingo the
currentchoiceof theChoice object.

Figure9.1: Userinterfaceof the Java EAl exampleapplet.
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Themiddle of the appletareacontainsa text field thatshavs a shortdescriptionof the currently
chosenlaraEAI method.Thistext field isimplementedy anobjectof clasgava.awt. TextA rea .
The methoddescriptiontext hasto be updatedwheneer the currentchoiceof the Choice object
changesit is setat handlingof eventsof the Choice objectthereforgthe descriptiontexts arealso
definedin a separatédelperclass).

After applyinga methodto the sceneijts returnvalueor acommenton its effect on the sceneis
displayedn atext field at the bottomof the appletareawhichis alsoimplementedy a TextArea
object. Thetext is setat handlingof eventsof the Button object. The userinterfaceobjectsare
initialisedin methodinit()  , whichis calledby the browseror appletviewer executingthe applet
toinform it thatit hasbeenloadedinto the system.

9.2 The Root Scene

Theroot sceneshaws a rotatingred spherewith a checlerboardtexture. Rotationis controlledby a
Orientationinte rp ol ato r node, which gets its set _fraction eventins from a
TimeSensor nodewith field loop setto TRUEandstopTime startTime , sothatit gener
atesfraction  _changed eventOutscontinuously Figure9.2shavsthe VRML file andFigure9.3
shavs thescenggraphthatis createdduring parsingof thefile.

9.3 Java EAI Method Calls
Java EAl methodcallscanbefoundin thefollowing codesections:

MethodgetBrowser() s calledin methodinit() to obtainareferenceo the Browser
object. In somecaseghis methodmightreturnnull , becausehe Java appletis alreadyrun-
ning beforethe VRML browvserhasbeenstartedandinitialised. ThegetBrowser()  method
call is placedin aloop therefore sothatit is recalledwith a shortpausebetweereachattempt
until the Browser objectreferencehasbeenobtainedor the numberof attemptsexceedsa
maximumlimit.

Eventsof theButton objectarehandledin methodaction() . In this methodtheindex of
the currentlychosenitem of the Choice objectis obtainedandthe correspondinglava EAI
methodis called.

To demonstrateiseof the EventOutObserv  er interface,the appletclassimplementsthis
interface, which meansthat it hasa callback() method. Choosingand calling method
advise() registerstheappletclassto be notified, whenaer exposedFieldotation  of the
Transform nodegeneratesn event. Method callback() , Which getsthe eventOutof
type SFRotation asargumentandprintsthe currentrotationangleto theresulttext field, is
calledin this case.

9.4 Viewingthe Example Application

TheJavaEAI definesaninterfacefor communicatiorbetweera VRML browvserandanexternallava
appletor application.In mostcasegshe VRML scends embeddednto aHTML pageandviewedby
aWeb browserplugin, andthe externalJava appletis integratedinto the sameHTML page.For the
examplediscussedh this chapterthe HTML file lookslike this:
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Figure9.2: Theroot sceneof the EAl exampleapplication.

<html>

<head>

<title>EAl example</title>

</head>

<body>

<center>

<embed src="root.wrl" width=400 height=250  mayscript>
<p>

<applet code="EAlapple t. cla ss" width=400 height=250>
</applet>

</center>

</body>

</html>

ek

bl
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Transform TRF Orientationinterpolator ROTATION TimeSensor CLOCK
rotation | set_fraction i
children e value_changed "~ fraction_changed

Shape SHAPE

geometry appearance

Sphere Appearance

material texture textureTransform

‘ Material MAT ‘ ‘ PixelTexture ‘ ‘ TextureTransform ‘

Figure9.3: Scengyraphof theroot scene.

Figure9.4shavs thisHTML file viewedwith the Microsoft InternetExplorerWebbrowvser The
VRML scends viewed by the CosmoPlayeR.1 VRML browserplugin. Besideghis standardvay,
whichis handledby apluginwrappey VRwave’s Java EAl implementatiorprovidesalternatve ways
of communicatiorwith theexternalJava ervironment.SinceVRwave itself canberunasJava applet,
both the VRwave appletandthe externalappletcanbe integratedinto the sameHTML page. The
HTML file mightlook like this:

<html>

<head>

<title>EAI example</title>

</head>

<body>

<l--  VRwave applet -->

<applet code="iicm.vrml. vr wave .VRwave" width=320 height=260>
<param name="sceneURL" value="EAIDemo .wrl ">

<param name="windowTit le " value="Applet Viewer: iicm.vrml.vrwav e.V Rvave" >
</applet>

<p>

<l--  "external" applet -->

<applet code="EAIDemo.cl ass" width=600 height=250>

</applet>

</body>

</html>

For settingup an OpenGL contet in the Java window, the window title hasto be passedas
parameteto the VRwave applet. In the HTML file abore the passedvindow title is the title the
window will get,whenrun with the appletviever utility of the Java DevelopmentKit (Figure9.5).
TheHTML pagecouldalsobeviewedwith aWebbrowserthatprovidesa Java virtual machine such
astheNetscapdNavigator In this casethewindow title parametehasto bechangedo

<param name="windowTit le " value="Netscape : EAI example">.
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Figure9.4: Viewing the exampleapplicationwith Microsoft’s InternetExplorerand CosmoPlayer
2.1.
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Figure9.5: Viewing theexampleapplicationwith JDK'’s appletviever utility andVRwave.



Chapter 10

Outlook and Futur e Work

Futurework on VRwave will addresshefollowing issuesimplementinghosepartsof the VRML97
specificatiorthatarenot yet supportedproviding a modernuserinterface,andreplacingnative code
renderingbasecbn the GE3Dlibrary by Java 3D.

10.1 Implementation of Missing VRML97 Functionality

AlthoughVRwave in its currentversionprovidessupportfor mostof the nodesandconceptof the
VRML97 standardsomeof its key functionsarestill left to beimplementedn futureversions.The
missingpartsare:

ElevationGridnodesupport

supportfor audionodegAudioClip andSound)

MovieTexturenodesupport

supportfor bindablenodegBackgroundFog, Navigationinfo,andViewpoint)

supportfor ervironmentalsensonodeshesideof the TimeSensonode(Collision, Proximity-
SensaorandVisibilitySensor)

Scriptnodesupport(Java).

The ElevationGrid Node

The ElevationGrid node specifiesa grid of points, eachwith a useddefinedheight. This nodeis
usefulto createmesher to build aterrain. As for the Extrusionnode,therearetwo very divergent
alternatvesto implementthe nodes functionality:

1. Implementinghe nodes completefunctionality i.e. renderingn GE3D,calculationof normal
vectors,andpicking, from scratch.

2. Redefiningshapesspecifiedby the node using the sameformat as usedfor IndexedFaceSet
nodes.

As for the Extrusionnode,it seemdo be reasonabléo choosethe secondapproach.The data
formatcorversionis eveneasier
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Audio Nodes

VRLM97 providestwo nodesfor audio:

The AudioClip nodespecifieghe soundfile andthe propertiesof anaudiosourcethatis refer
encedby a Soundnode.

The Soundnodeprovidesthelocationof anaudiosourceandspecifieghe spatialpropertiesof
soundpropagation.

While supportfor audioin Java’s coreclassess very limited, nev APIs of the Java Media API
framework, suchasthe Javra SoundAPI or Java 3D, which provides classedor 3D spatialsound,
couldbeusedto implementthesetwo nodes.

The MovieTexture Node

The MovieTexture nodedefinesa time dependentexture map (containedin a movie file) and pa-
rametersfor controlling the movie and the texture mapping(it canalso be usedasthe sourceof
sounddatafor a Soundnode).Evenwith the powver of todaysCPUsandgraphicshardwaredecoding
videodatais still avery expensie task. A decodelimplementedn Jasa cannot provide acceptable
framerates.Supportfor the MovieTexturenodewill dependntheavailability of optimisedlava API
implementationshatmalke full useof the hardwarecapabilities.

Bindable Nodes

Bindablenodes(Background Fog, Navigationinfo, and Viewpoint) have the uniquebehaiour that
oneof eachtype canbe active at ary instantin time. They aremanagedn separatestackswith the
active nodeatthetop of eachstackandprovide eventinsto manipulateheir positionson the stack.

Environmental Sensors

TheCollision nodeis a groupingnodethatspecifieghe collision detectionpropertiesor its children
andtheir descendant<Collision detectionrdepend®n picking, which hasalreadybeenimplemented,
but shouldbe acceleratedhy maintainingboundingboxesinternally Boundingbox managemens
alsorequiredfor the implementatiorof the VisibilitySensornode,which is usedto detectvisibility
change®f arectangulabox asthe usernavigatestheworld.

Java Scripting

Work on supportingJava scriptingin Scriptnodesis undervay. Somepartsof the implementation
will bevery similar to the implementatiorof the Java Externallnterface. The main differencesare

thatthe browserhasto loadthe Java classimplementinghe behaiour andthatnodesandtheir fields

canbeaccessedirectly

10.2 UserInterface Modernisation

VRwave's currentuserinterfaceis basedn the AbstractWindowing Toolkit (AWT) of Java 1.0and
looks somehw old-fashionedcomparedo the userinterfacesof otherVRML97 browserssuchas
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CosmoPlayer Use of the Java FoundationClasseg“Swing”) would allow a modernisatiorand a
moregraphic-designesityle of userinterfacefor VRwave.

10.3 Implementation of Java 3D Rendering

As long asnative codeis usedfor low-level renderingusershave to install local platformdependent
librariesin additionto the Java classesThisis somavhattroublesomendprohibitstheuseof anen-
tirely appletversionof VRwave. Whenimplementationsf Java 3D will be availableacrossamultiple
platforms,native renderingcodecanbe replacedoy Java 3D resultingin a 100% pure Java version
of VRwave. The transitionto Java 3D will requirealsomary changesn VRwave's Jasa part, be-
causesomepartsof the higherlevel functionalitythatis now implementedn the Java partis already
providedandhandledby Java 3D.
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Chapter 11

Concluding Remarks

In the early-1990swhenthe World Wide Web wason its way to becomethe mostpopularinternet
service,a numberof peoplestartedto think over waysto extendthe conceptsof the Web, bringing
its conceptuamodelfrom two dimensionsnto three. Early discussiongn this subjectshaved very
soonthat this could not be donewith the existing protocolsand language®f the Weh This lead
to the developmentof a new languagethe Virtual Reality Modeling LanguaggVRML), thatcould
describe3D scenggeometryaswell ascommunicatavith theWeh TheVRML 1.0specificationwvas
publishedn October1994.

For lack of time, a very importantaspectjnteractvity, wasleft out almostcompletelyof VRML
1.0. This aspectwasintendedto be partof VRML 1.1, which wasfinally droppedfor the benefitof
VRML 2.0. VRML 2.0,which wasacceptedisan SO standardvith smallchangesandrenamedo
VRML97, includesaevent-basedehaiour modelfor dynamicscenesnduserinteraction.Comple
dynamicbehaiour is achiered by linking programsandscriptsimplementingoehaiour to thescene
description.

Dueto its platformindependencandits networking capabilitiesJava is the preferredprogram-
ming languagdor behaiour implementationJava couldalsoplay animportantrole in future VRML
browserdevelopmentasits Java 3D Application Programmindnterfacepromiseslatformindepen-
dent3D graphicsapplicationdevelopment.

Even beforethe final VRML 2.0 specificationhad beencompleted a numberof peoplestarted
discussion®n somesort of interface betweenVRML browsersand externalapplications. As this
aspectwasnotincludedinto the specificationa Java basedexternalinterface,named‘External Au-
thoringInterface”(EAI), waspublishedasproposabndbecamepseudo-standard\ revisedversion
of this proposals intendedo becamepartof the VRML97 ISO standard.

The main subjectof this thesisis the VRwave VRML97 browser developedat the Institute for
Information Processingand ComputerSupportedNew Media (IICM). It is written largely in Java
andits sourcecodeis availablefree of chage for non-commercialise. An introductorychapterdis-
cussingvRwave’s internalclassstructure scenegraphmanagementhe ‘pw’ VRML 97 parserand
eventprocessings followed by a detaileddescriptionof theimplementatiorof VRwave’s rendering
functionalityandits Java EAl support.

The implementatiorof the renderingfunctionality includesimplementatiorof the functionality
of a numberof nodesthat aretrue geometrynodes,suchasExtrusionor IndexedFaceSetpr nodes
definingsurfaceproperties suchastexture mappingnodesor the Materialnode,or groupingnodes
with speciabehaiour, suchasLOD or Billboard. Theimplementatiorof higherlevel functionalityis
donein Java, while only low-level renderingunctionsandtime-consumingalculationsarewrittenin
C andaccessetlia the Java native codeinterface. This givesVRwave a very high level of portability,
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andmalesit availablefor awide rangeof hardwareandoperatingsystemplatforms.

As VRwave is a Java applicationitself, its Java EAl implementatiorusesstaticJava methodgo
initialise thecommunicatiorwith the externalapplication.This allows its usefrom ary Java appletor
standalonapplication,while mostotherEAI implementationsllow only communicatiorwith Java
appletsin the sameHTML documenthatembedgshe VRML scene.A simpleexampleapplication
demonstratetheuseof theJava EAI in practice.
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