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 유비쿼터스 멀티미디어 애플리케이션 개발의 널리 보급에 있어 가장 큰 도전은 

디바이스간의  이질성이다. 이번 논문은 통합된 구조에서 디자인과 수행을 말한

다. 또 미디어의 시각화를 다루기 위한 인터페이스 그리고 독립적인 디바이스 애

플리케이션의 구축을 위한 관리에 대해 제안하고 있다.  하부구조는 기본적 독립 

디바이스 신호 조정 구성에 접근 하기위해 cross-platfrom API을 지원하도록  디

자인 되어져있고 오디오-시각적 성분에 의존하고 있는 디바이스를 위한 회귀 기능

을 제공하도록 디자인 되어졌다. 이 하부구조는 상위 개발자가 ‘JNI(Java Native 

Interface) wrapper'를 통해 자바 멀티미디어 애플리케이션을 디자인할 수 있게 

하여준다. 그리고  계속해서 C 나 C++로 개발된 음성&비디오 핸들링을 위한 미리 

편집된 신호 스택의 라이브러리, RTP 스택, 그리고 미디어 처리 구성요소를 지원

한다.

이러한 구조에 근거하여 최종적으로 이 논문은 SIP가  PDA나 PC의 작동을 위해 

오디오-비디오 다룸의 기능을 가지고 있는 비디오 컨퍼런스 애플리케이션에 
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어떻게 기초하고 있는지의 개관을 설명하고 있다. 이 구조는 개발자에게 중요한 

시간을 절약시킬 것이다. 



- v -

LLLiiissstttooofffFFFiiiggguuurrreeesss

Figure1: JavaNativeInterfaceBlockDiagram
Figure2: ProposedFrameworkArchitecture
Figure2.1:ProposedFrameworkArchitecture
Figure3: LayeredarchitectureofSIPvideoconferenceapplication
Figure4: SIPVideoconferencingapplication
Figure5: Callflow inSIPbasedvideoconferencing
Figure6; ThreadPerformance
Figure7; MultithreadedJavaapplicationsimulation
Figure8; Threadperformancesimulation



- vi -

ListofTables

Table.1.ComponentmanagementAPI
Table.2.CallcontrolandManagementSignalingAPI
Table.3.Voicestream processingAPI
Table.4.Videostream processingAPI
Table.5.SimulationExecutiontimes



- 1 -

III...IIInnntttrrroooddduuuccctttiiiooonnn
AAA...OOOvvveeerrrvvviiieeewww

Research in UbiquitousComputing hasarrivedatacrossroad:A pointof
convergencewhereatechnologyproliferatedenvironmentmeetswiththeability
of people to interact with,and make use of,the possibilities that this
technologycreates.Advancesinthevariousfieldsoftechnologyallow usto
createartifactsand environmentsthatprovidecomputing and communication
resources.Nowadaysuseofmobiledeviceshasexponentiallyincreased,there
willbenosurpriseinthenearfuturethatasingleusermayownmultiplesuch
mobile devices or information appliances with different sizes, shapes,
functionalities,andcapabilities.Moreandmorecomputingplatformsanddevices
aredevelopedandcomingouttooureverydaylife.Theoldproblem ofadapting
applicationstomultipleplatformshasbecomeeven moreimportantwith the
largediversityofubiquitouscomputingthathasemergedwithinthelastcouple
ofyears.Problemsoccurwhentheapplicationsbecomecollaborative,especially
whentheusersareusingheterogeneousdevices.Thesedeviceshavedifferent
capabilitiesinprocessors,memory,networking,screensizes,inputmethods,and
softwarelibraries.Wealsoexpectthatfutureusersarelikelytoownmany
typesofdevices.Webelievethatthereisaneedforanapplicationframework
thatcanbothassistdeveloperstobuildmulti-platform applicationsthatcanrun
onheterogeneousdevicesinaneffortlessmanner.
SIP based videoconferencing application is developed using the proposed

frameworkanditautomaticallyselectsthemostappropriateadaptationstrategy
atthecomponentlevelforatargetplatform.TheSIP[1]isageneral-purpose
communication protocolsupporting interactive session established across the
Internet.Itdefinesacompleteprocessmechanism forestablishing adistant
communication session,which is independent of the underlying transport
protocolandwithoutdependencyonthetypeofsessiontobeestablishedand
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alsodefineshow toestablish,maintainandterminateInternetsessionsincluding
multimediaconferences.Itsupportspersonalmobilitybydiscoveringusersand
locating devices,aswellasthenegotiation among session participantswith
differentcapabilitiestodetermineanagreedcommunicationsessionandsupports
variousmulti-partyconferencingmodels,rangingfrom mixinginendsystems
tomulticastconferences.Itseemstobethepreferredstandard,whichprovides
uswithcapabilitiestoarchitectapplicationsoverubiquitousplatforms.

Themainobjectiveofthisworkistobuildatimeefficienttechnique,which
requireslessefforttoportonanydevice.Theentireframeworkcomponentsare
implemented using C/C++ [2]and arecompiled asalibrary afterwrapping
insideaJavaNativeInterface(JNI)wrapper.JNI[3]isanativeprogramming
interfacethatallowsJavaprogrammerstointegratenativecodeC/C++ into
theirJavaapplications.ThispaperintroducestheFrameworkelements,explains
the features and capabilities and delineates state-of-the-art design and
implementationofSIPbasedvideoconferencingapplication.

BBB...MMMoootttiiivvvaaatttiiiooonnn

A frameworkisproposed,whichiscapableofrunningmultimediaapplications
onheterogeneouscomputingandcommunicationdeviceswithdifferenthardware
and software capabilities. Heterogeneous devices are desktop computers,
notebooks,cellphones,or other emerging mobile devices and information
appliances.Currently differentapplications are needed to be developed for
running on differentdevices.This is an improvementoverdevice-specific
applications development.However,application developers have to develop
differentapplications thatperform the same function on differenttypes of
devices.Thisisawasteofdevelopers’developmenttime.Usingthisframework,
application developerscan develop oneapplication thatcan run on different
typesofdeviceswitheffortlessmanner.
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Thefocusofmyworkistoaddresstheubiquitousapplicationsdevelopment
problem, which takes too much effort for authors to learn different
device-specificlanguagesandtools,andthentoimplementandmaintainalarge
numberofdevice-independentapplicationsatdesigntime.Inordertosolvethis
problem, a technique is proposed, which assists developers to build
device-independentmulti-platform applicationsatdesigntimeusinglesseffort.
SIP based videoconferencing application [4]isdeveloped,which isbased on
splittingofanapplicationintocomponents,anditautomaticallyselectsthemost
appropriateadaptation strategy atthecomponentlevelforatargetplatform.
Theframeworkofthismultimediaapplicationwillbesplitintosignal-control
and audio-visualcomponents.By splitting this application into these two
componentsmulti-platform applicationforheterogeneousdevicescanbebuilt.

The implementation offramework ofthis application is done using two
portablelanguagesC/C++asabackendandJavaasafrontendenvironment.
C/C++needslesseffortandshorttimetowritecodesastheyalreadyhave
built-infunctions,whichmakeseasierforauthorstodevelopapplications.Once
thecodewillbewritteninC/C++,itwillbeembeddedinJavaandwillrunon
Javaplatform.ForthisIchoseJavaNativeInterface,whichallowsJavacode
thatrunsinsideaJavaVirtualMachine(VM)tointeroperatewithapplications
andlibrarieswritten in otherprogramming languages,such asC,C++,and
assembly.
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CCC...TTThhheeesssiiisssOOOrrrgggaaannniiizzzaaatttiiiooonnn

Thethesisisstructuredin thefollowing way.In chapter2thetermsof
UbiquitousComputingisassessed.Thentheconceptofprogrammingmethodis
introduced.

Chapter3followsthebasicapproachthatconcentratesonissuesrelevantfor
supportingthedesignissuesofframeworkofubiquitousmultimediaapplication.
Anapplicationmodelandplatform isintroducedwhichhasnaturaldistribution
propertiesbuiltintothearchitecture.

Inchapter4,issuesrelevantforsupportingtheimplementationofapplication
andanew methodtoeasedesignandimplementationisintroduced.A number
ofprototypicalimplementations,followingtheapproach,arepresented.Libraries
and templatesforthedesign ofhardware,communication,and softwareare
provided.

Thethreadperformanceofthisworkisshowninchapter5,whereasimple
simulationiswritteninbothlanguagesandtheexecutiontimeismeasured.

In chapter6 summarizes the contributions made in the thesis,butalso
criticallyassessestheshortcomingsandlimitationsdetectedinthecourseofthe
research.Furthermorenew issuesthathavebeensurfacingwhileworkingon
thethesisisaddressedinthefutureworksectionofthechapter.
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IIIIII...BBBAAACCCKKKGGGRRROOOUUUNNNDDD

AAA...UUUbbbiiiqqquuuiiitttooouuusssCCCooommmpppuuutttiiinnnggg

When Mark Weisercoined thephrase"ubiquitouscomputing"in 1988he
envisionedcomputersembeddedinwalls,intabletops,andineverydayobjects.
Inubiquitouscomputing,apersonmightinteractwithhundredsofcomputersat
a time, each invisibly embedded in the environment and wirelessly
communicating with each other[Weiser,93].Weiserintroduced the area of
ubiquitous computing (ubicomp) and put forth a vision of people and
environmentsaugmentedwithcomputationalresourcesthatprovideinformation
and services when and where desired [Weiser,91].For the pastdecade,
ubicompresearchershaveattemptedthisaugmentationwiththeimplicitgoalof
assisting everyday lifeandnotoverwhelming it.Weiser’svision describeda
proliferation ofdevices atvarying scales,ranging in size from hand-held
“inch-scale”personaldevicesto“yard-scale”shareddevices.Thisproliferation
ofdeviceshasindeedoccurred,withcommonlyuseddevicessuchashand-held
personaldigitalassistants (PDAs),digitaltablets,laptops,and wall-sized
electronic whiteboards. The development and deployment of necessary
infrastructuretosupportcontinuousmobilecomputationisarriving.

Ubiquitous computing assumes there willbe large numbers of'invisible'
smallcomputersembedded intotheenvironmentand interacting with mobile
users.Userswillexperiencethisworldthroughawidevarietyofdevices,some
theywillwear(e.g.medicalmonitoring systems),sometheywillcarry(e.g.
personalcommunicatorsthatintegratemobilephonesandPDAs),andsomethat
areimplanted in thevehiclesthey use(e.g.carinformation systems).This
heterogeneouscollection ofdeviceswillinteractwith intelligentsensorsand
actuatorsembedded in ourhomes,offices,transportation systemstoform a
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mobileubiquitouscomputingenvironmentwhichaidsnormalactivitiesrelatedto
work,education,entertainmentorhealthcare.There is a need forwireless
communication to supportmobile interaction butthe environmentwillalso
provideaccesstowiredbackbonenetworksconnectedtotheinternet.
Althoughtheseintelligentcommunicatorswillbefarmoresophisticatedthan

currentmobile phones,they willalways have limited storage,processing,
displaycapabilitiesandbatterypowercomparedtofixedPCs.Thereisthusa
needtoadaptinformationandapplicationssothattheyarecompatiblewiththe
limited capabilities ofthedevices butalso to provide information oradapt
servicesthatarerelevanttothecurrentcontextoftheuser.Sensorsinthe
environment,possibly incollaborationwithpersonaldevices,woulddetermine
user'scurrentactivity-drivingacar,walkingdownastreet,inthecinema,in
a meeting,running for a bus,aboutto watch television.The ubiquitous
computing environment would thus support users in common day-to-day
activities by adjusting lights, switching on the television for favorite
programmes,recordtheprogrammewhenunabletowatchit,monitorhealth
andalertemergencyservicesincaseofproblems,warndriversaboutpotential
componentfailuresintheircaretc.
ApproachesinComputerScienceinthelast50yearscanberelatedtothe

quantitativerelationshipbetweencomputersandhumans.Attheverybeginning
many peoplesharedasinglecomputer,then theideathateach userhasa
singlecomputersignificantlychangedthewaypeopleusedcomputersystems.
Inthelastdecadethischangedfurtherintoamany-to-onerelationship,where
oneuserhasmanycomputers,oratleastdeviceswithprocessingcapabilities
availableto,andsurroundingasingleuser.Thisrecentlystartederaisreferred
toasUbiquitousComputing;however,UbiquitousComputingraisesmanyissues
beyondthequantitativerelationshipbetweencomputeranduser[Weiser,91],
[Weiser,96]

A major challenge in Ubiquitous Computing is physicalintegration and
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embeddingofcomputingandcommunicationtechnologyintoenvironmentsand
artifacts.Suchdevelopmentsleadto‘augmentedartifacts’,raisingissuesbeyond
the physicalintegration.Embedding technology into everyday artifacts also
inevitablyimpliesembeddingthe“computer”intotasksdonebytheuser.This
leadstonew researchchallengesandfurtherquestions.

BBB...PPPrrrooogggrrraaammmmmmiiinnngggMMMooodddeeelll

Embedded devices, like PDA or mobile phones have known a great
developmentinthelastfew years.Inthesametime,theirusersrequiredbetter
performancesandricherapplications.Today,suchdevicesaremainlyusedto
manage calendars or emails,butadding multimedia data and high speed
wirelessnetworkswouldallow new applicationstoappear:games,musicand
videocontentplaying.
Making them work in an efficientway isstilla hotresearch topic.As

embeddeddeviceshavelimitedresources(processor,memory,energy),alotof
workremainsinseveralareas:hardware,operatingsystemsandapplications.
Anexecutionenvironmentforembeddedarchitectureshould:

• Maketheconcurrentexecutionofseveralapplicationsefficientandrobust;
• Minimizetheenergyconsumptionofthedevices;
• Allow theexecutionofmultimediaapplications,withreal-timeconstraints;
• Allow applicationstobedownloadeddynamically;
• Provideanopenarchitecture,asportableaspossible.

Meeting such requirements,a Java environmentappears to be the best
solution.First,itallowsthedynamicload ofnew applications.Then,Java
bytecodes are notarchitecture specific:applications can be ported to many
platformswithouteffort.Javaalsooffersagreatstabilityandsecuritybecause
its memory is automatically managed.Ifthe environmenthas a garbage
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collector,nopointersareusedandnodirectmemoryaccessesarepossible.This
allowsaregularusertodownload and run any Javaprogram,whilebeing
almostsureitwillnotmess-upthewholememory.Finally,Javaappearstobe
apopularlanguageandanevergrowingnumberofapplicationsaredeveloped,
particularlyforembeddeddevices.Nevertheless,themainproblem withtheuse
ofJava is its execution performance.A virtualmachine mustalways be
present,introducingmoreoperationsandthusleadingtoaperformancelossand
biggerresourcesconsumption.Thus,evenifmoreandmoremobiledevicesare
“JavaCompliant”andcanexecuteaprogram writteninJava,thisdoesnot
meanthattheycandoitefficiently.Indeed,todaytherearenoefficientcouples
ofhardwareandsoftwaresolutions.A lotofenhancementscanstillbemade,in
term ofperformances,energyconsumptionandplatform flexibility.

The implementation offramework ofour application is done using two
portablelanguagesC/C++asabackendandJavaasafrontendenvironment.
C/C++needslesseffortandshorttimetowritecodesastheyalreadyhave
built-infunctions,whichmakeseasierforauthorstodevelopapplications.Once
thecodewillbewritteninC/C++,itwillbeembeddedinJavaandwillrunon
Javaplatform.ForthiswechoseJavaNativeInterface,whichallowsJavacode
thatrunsinsideaJavaVirtualMachine(VM)tointeroperatewithapplications
andlibrarieswritten in otherprogramming languages,such asC,C++,and
assembly.

CCC...WWWhhhyyyJJJaaavvvaaaNNNaaatttiiivvveeeIIInnnttteeerrrfffaaaccceee???

WhilewecanwriteapplicationsentirelyinJava,therearesituationswhere
Javaalonedoesnotmeettheneedsofyourapplication.Programmersusethe
JNItowriteJavanativemethodstohandlethosesituationswhenanapplication
cannotbewrittenentirelyinJava.TheJavaNativeInterface(JNI)isanative
programming interface.ItallowsJavacodethatrunsinsideaJavaVirtual
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Machine(VM)tointeroperatewithapplicationsandlibrarieswritteninother
programming languages,suchasC,C++,andassembly.Themostimportant
benefitoftheJNIisthatitimposesnorestrictionsontheimplementationof
theunderlyingJavaVM.Therefore,JavaVM vendorscanaddthesupportfor
theJNIwithoutaffectingotherpartsoftheVM.Programmerscanwriteone
versionofnativeapplicationorlibraryandexpectittoworkwithallJavaVMs
supportingtheJNI.

Thefollowing examplesillustratewhen wemay need touseJavanative
methods:

• ThestandardJavaclasslibrarymaynotsupporttheplatform-dependent
featuresneededbytheapplication.

• Youmayalreadyhavealibrarywritteninanotherlanguage,andwishto
makeitaccessibletoJavacodethroughtheJNI.

• Youmaywanttoimplementasmallportionoftime-criticalcodeina
lower-levellanguagesuchasassembly.

ByprogrammingthroughtheJNI,wecanusenativemethodsto:

• create,inspect,andupdateJavaobjects(includingarraysandstrings)

• callJavamethods

• catchandthrow exceptions

• loadclassesandobtainclassinformation

• perform runtimetypechecking



- 10 -

Wecan alsousetheJNIwith theInvocation APItoenablean arbitrary
nativeapplicationtoloadandaccesstheJavaVM.Thisallowsprogrammersto
easilymaketheirexistingapplicationsJava-enabledwithouthavingtolinkwith
theVM sourcecode.

FFFiiiggg...111... JJJaaavvvaaaNNNaaatttiiivvveeeIIInnnttteeerrrfffaaaccceeeBBBllloooccckkkDDDiiiaaagggrrraaammm

TheJNIspecificationisformedfollowingaseriesofdiscussionsamongJava
Softandthelicensesonthedesignofastandardnativemethodinterface.In
particular,allmajorJavaVM vendorsplayedanactiveroleandmadeextensive
contributionstotheJNIdesign.
UsingJavatointeroperatewithnativelycompiledcodeusuallyremovesthe

portability benefitsJavabringstothetable.However,therearecaseswhen
doing soisacceptable,even required,suchaswhen interfacing withlegacy
libraries,interfacing with hardware orthe operating system,oreven just
improvingperformance.WritingtotheJNIstandarddoesatleastguaranteethat
thenativecodewillworkwithanyJVM implementation.
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333... DDDEEESSSIIIGGGNNN IIISSSSSSUUUEEESSS

Theframework isasetofmediaand controlmanagementinterfacesand
utilitiesthatmaybeusedinmultimediacommunicationsapplications.Theuser
develops custom applications using the framework application-programming
interface(API)[7]tocontrolandmanagethesystem softwarecomponents.The
frameworkincludes:

1.JavaNativeInterface
2.ComponentManager
3.Mediaprocessingcomponent
4.Packetprocessingcomponent
5.Controlandsignalingcomponent

FFFiiiggg...222... PPPrrrooopppooossseeedddFFFrrraaammmeeewwwooorrrkkkAAArrrccchhhiiittteeeccctttuuurrreee
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FFFiiiggg...222...111PPPrrrooopppooossseeedddFFFrrraaammmeeewwwooorrrkkkAAArrrccchhhiiittteeeccctttuuurrreee

Thearchitectureoftheframeworkisoutlinedinthefollowingsectionsand
thecomponentsaredescribedinthesectionsthatfollow.
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AAA...JJJaaavvvaaaNNNaaatttiiivvveeeIIInnnttteeerrrfffaaaccceee(((JJJNNNIII)))

The Java Native Interface [3] is a powerfulframework for seamless
integration between Java and other programming languages (called “native
languages”intheJNIterminology).TheJNIisusefulwhenexistinglibraries
need to be integrated into Java code,orwhen portions ofthe code are
implementedinotherlanguagesforimprovedperformance.A commoncaseof
usingtheJNIiswhenasystem architectwantstobenefitfrom bothworlds;
implementing communication protocolsin Javaand computationally expensive
algorithmicpartsinC++(thelatterareusuallycompiledintoadynamiclibrary,
whichistheninvokedfrom theJavacode).TheJNIrendersnativeapplications
withmuchofthefunctionalityofJava,allowingthem tocallJavamethods,
access and modify Java variables, manipulate Java exceptions, ensure
thread-safetythroughJavathreadsynchronizationmechanisms,andultimately
todirectlyinvoketheJavaVirtualMachine.

TheJavaNativeInterfaceisextremely flexible,allowing Javamethodsto
invokenativemethodsandviceversa,aswellasallowingnativefunctionsto
manipulateJavaobjects.However,thisflexibilitycomesattheexpenseofextra
effortforthenativelanguageprogrammer,whohastoexplicitlyspecifyhow to
connecttovariousJavaobjects.

The main objective ofusing JNIis to allow the developers to build a
device-independent application. This layer provides interface to Java
programmers tomakecallstonativecodeanduseourC/C++baseddesigned
componentsasshowninabovefigure1.ThemostimportantbenefitoftheJNI
isthatitimposesnorestrictionsontheimplementationoftheunderlyingJava
VirtualMachine(VM).Therefore,JavaVM vendorscanaddthesupportforthe
JNIwithoutaffecting otherparts ofthe VM.Programmers can write one
versionofnativeapplicationorlibraryandexpectittoworkwithallJavaVMs
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supportingtheJNI.

BBB...CCCooommmpppooonnneeennntttMMMaaannnaaagggeeerrr

TheComponentManagerasthenamesuggestsmanagesallthecomponents
intheFramework.Itinstantiatesthevariouscomponentstobeaddedinthe
system asdirectedbytheapplicationdeveloper,providesaninterfacetothe
applicationtointeractwithsystem components,activatesanddeactivatesthe
componentsandallowstheruntimeaddition andremovalofthecomponents
from thesystem.

CCC...MMMeeedddiiiaaaPPPrrroooccceeessssssiiinnngggCCCooommmpppooonnneeennnttt

Media-processing,suchassignalprocessing,2D-and3D-graphicsrendering,
and image and audio compression and decompression are the dominant
workloadsinmanysystemstoday.Mediaapplicationsdemandlargeamountsof
absoluteperformanceandhighperformancedensities(performanceperunitarea
andperunitpower).Therefore,mediaprocessingapplicationsoftenusespecial
purposefixed-functionhardware.

Thecontentcreationsystem ofmultimediastreamingservicesmayhaveone
ormoremediasources(e.g.,acameraandamicrophone).Inordertocompose
amultimediaclipconsisting ofdifferentmediatypes,theraw datacaptured
from thesourcesareedited.Itshouldbenotedthatmultimediacontentcould
also be synthetically created withouta naturalmedia source.In orderto
facilitate attractive multimedia retrieval service over commonly available
transportchannelssuchaslow-bit-ratemodem connections,themediaclipsare
also compressed in the editing phase before they are handed to a server.
Typically,severalclientscan accesstheserveroveradetermined network.
Thentheclientdecompressesandplaystheclip.Intheplaybackphase,the
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clientutilizes one ormore outputdevices,mostoften the screen and the
loudspeakeroftheclient.Bystreaming,amediaserveropensaconnectionto
the client terminal and begins to stream the media to the client at
approximately theplayoutrate.During mediareceiving,theclientplaysthe
mediawithasmalldelayornodelayatall.Thistechniquenotonlyfreesup
preciousterminalmemory,butalsoallowsformediatobesentlivetoclients
asthemediaeventhappens.

DDD...PPPaaaccckkkeeetttPPPrrroooccceeessssssiiinnngggCCCooommmpppooonnneeennnttt

Realtime transportprotocol(RTP)[8]is an IP-based protocolproviding
supportforthetransportofreal-timedatasuchasvideoandaudiostreams.
The services provided by RTP include time reconstruction,loss detection,
securityandcontentidentification.RTP isprimarilydesignedformulticastof
real-timedata,butitcanbealsousedinunicast.Itcanbeusedforone-way
transportsuch asvideo-on-demand aswellasinteractiveservicessuch as
Internettelephony.RTP providesthebasicfunctionality needed forcarrying
real-timedataoverpacketnetworks.Itdoesnotoffermechanismsforreliable
datadeliveryorprotocol-specificflow andcongestioncontrolssuchastheones
offeredbyTCP.RTPreliesonotherprotocollayers,capableofmanagingand
controlling network resources,to provide on-time delivery and the framing
service.The services provided by RTP include payload-type identification,
sequencenumbering,timestampinganddeliverymonitoring.RTPtypicallyruns
ontopofuserdatagram protocol(UDP).

RTP hasbeenstandardizedbyIETF (InternetEngineeringTaskForce)as
RFC (1889).Itprovidesend-to-end network delivery services forreal-time
media.ThisisachievedprimarilythroughtheRTP[5]packetheader,whichis
appendedtothedataasitdescendsthroughtheprotocolstack.Thisheaderhas
avarietyoffieldswhichthesenderorreceivercanusetomanipulatethedata
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stream.For example,a 32-bit timestamp field can be used to discard
time-delayedpacketsatthereceiver,orsynchronizestwoincoming streams.
Thisadditionalinformationisnecessaryfortimebasedmediatobepresented
correctlyandservestoillustratewhyRTPisnecessaryontopofUDP.While
RTP doesnotprovideany mechanism toensuretimely delivery orprovide
otherQoS guarantees,itisaugmentedbyacontrolprotocol,calledReal-time
TransportControlProtocol(RTCP),which monitorsthequality ofthedata
distribution.Thisprotocolcanalsobeusedtoprovideinformationaboutthe
source,suchasitsgeographicallocation,aswellasprovidinggeneralsignaling
functionssuchasnotifyingthereceiverthattheendofthedatastream has
beenreached.

EEE...CCCooonnntttrrrooolllaaannndddMMMaaannnaaagggeeemmmeeennntttSSSiiigggnnnaaallliiinnngggCCCooommmpppooonnneeennnttt

SessionInitiationProtocol(SIP)seemstobethepreferredstandard,which
providesuswithcapabilitiestoarchitectapplicationsoverubiquitousplatforms.
This paper introduces the Framework elements,explains the features and
capabilitiesand delineatesstate-of-the-artdesign and implementation ofSIP
basedvideoconferencingsystem.

ThedeploymentofSIP (Session Initiation Protocol)in enterprisenetworks
givesuserssignificantlygreaterflexibilitytouseandcontrolcommonlyused
communication technologies.An interesting feature ofSIP is the ability to
separatethecontrolandmediaportionsofaconnection.Infact,theymaytake
place atdifferentdevices.Thus SIP allows a levelofindirection and late
bindingofthemediadevice.Thisisapowerfulconceptandhasthepotential
todoforcommunicationswhatpointersdidforprogrammingbyseparatingdata
from addressesandvirtualmemorydidforlargeprogramsbycreatingvirtual
addressestoovercomelimitsofrealaddresses.
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Sincetheability toexercisecontrolplacesvery few requirementson end
devices,itispossibletomakewearabledeviceswithaTCP/IPstackpartof
theSIP infrastructure.In thispaperwearguethatwearablecomputersare
ideallysuitedforsettingupsessionsbecauseoftheiravailabilityandabilityto
gettheuser’sattentioninvariedsituations.Wearablecomputersalsocontain
informationthatcanbeusedtopersonalizeandimprovetheuserexperience.
Similarlystationarydevicesarebettersuitedtoplaythemediabecausethey
havefewerconstraintsin termsofpower,size,networking,etc.Theabove
balanceisunlikelytochangebecauseitisbasedonhumanbehaviorpatterns
andbasicphysics.
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IIIVVV...IIIMMMPPPLLLEEEMMMEEENNNTTTAAATTTIIIOOONNN

AAA...IIImmmpppllleeemmmeeennntttaaatttiiiooonnnooofffSSSIIIPPPVVViiidddeeeoooCCCooonnnfffeeerrreeennnccciiinnngggAAAppppppllliiicccaaatttiiiooonnn

The general architecture of the Framework deployed in SIP video
conferencingapplicationisshowninfig2.Itconsistsofapre-compiledlibrary
containingSIPsignalingstack,RTPstackandmediaprocessingcomponentsfor
voiceandvideohandling.Theframeworkisdesignedtoallow theconfiguration
oftheexistingcomponentsandaseamlessintegrationofnew componentsin
theframework.Thedesign ensuresthatno changesarerequired in media
managementcomponentwhentheapplicationismappedtodifferenthardware
architecturesandoperatingsystems.

Native

Java

RTOS Abstraction Layer

Me diaprocessing
Component

Packet Processing
C omponent

Comp onent Manager

Video Conferen ce User Application

Framework

Applica tion Class

SIP  signaling 
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FFFiiiggg...333... LLLaaayyyeeerrreeedddaaarrrccchhhiiittteeeccctttuuurrreeeooofffSSSIIIPPPvvviiidddeeeooocccooonnnfffeeerrreeennnccceeeaaappppppllliiicccaaatttiiiooonnn

Itconsistsofanumberofcomponentsandamanagerthatregistersand
managesthem andaimsatprovidingthenecessarydetailstodevelopaSIP
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basedVideoconferencing application.TheUserApplication isimplementedby
extendingtheapplicationclassprovidedbytheframework.Itprovidestheuser
with a communication interfaceto the underlying library through an event
handler.Theunderlyingcomponentscansendevents/messagestothisJava
application classby calling certain callback functions.Thebaseclassalso
providesdefaultfunctionalityforhandlingthesestatusanderrornotifications.
The user application is developed as an extension ofthis class and the
developer can over write the default functionality. The user application
communicateswith thesystem componentsthrough thecomponentmanager
usingJNI.

FFFiiiggg...444...SSSIIIPPPVVViiidddeeeooocccooonnnfffeeerrreeennnccciiinnngggAAAppppppllliiicccaaatttiiiooonnn

ThissectiondescribestheAPIprovidedbylibrary.TheAPI[1]isdividedinto
subsectionsthatdealwithmanagementofcomponents(likeaddition,deletion,
configurationetc.),callcontrolmanagementandmediacontrolinterfaces.
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BBB...CCCooommmpppooonnneeennntttMMMaaannnaaagggeeemmmeeennntttIIInnnttteeerrrfffaaaccceee

TheComponentManagerfunctionsasaregistryofexistingcomponents. It
alsoprovidesthecapabilityofconfiguringallunderlyingcomponentsunderthe
command of the User Application. It also provides the interface for
communicating toallthecomponentsin thesystem included asacompiled
imageoraddedatruntime.ThederivedUserApplicationclasshasaccessto
alltheAPIfunctionsoftheComponentManagersupportedinnativeinterface.
Component Manager has a list of all the components in the system
correspondingtotheirIDs.TheseIDsareassignedtothecomponentsatthe
timeoftheiraddition (compile/run time).Any furtherreferencetoan added
componentinthesystem isthereforethroughthisidentifier.
Eachcomponentimplementsthisfunctiontocompleteanyinitializationtasks

like thread creation etc.This is done by the application by calling the
ActivateComponentsfunctionoftheComponentManagerwhichinturncallsthe
StartComponent() function ofthe components presentin the system.The
ComponentManagerpassesthefunctionstothecorrespondingcomponentonly
ifitisintheactivestate.

Table.1. Table.1. Table.1. Table.1. Component Component Component Component management management management management APIAPIAPIAPI

InstantiateComponents()
ActivateComponents()
ActivateComponents(finalintcomponentId)
DeactivateComponents()
DeactivateComponents(finalintcomponentId)
GetComponentStatus(finalintcomponentId,param pStatus)
GetComponentConfiguration(finalintcomponentId,Param pConfiguration)
SetComponentConfiguration(finalintcomponentId,Param pConfiguration)
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CCC...CCCaaallllllcccooonnntttrrrooolllaaannndddMMMaaannnaaagggeeemmmeeennntttSSSiiigggnnnaaallliiinnngggIIInnnttteeerrrfffaaaccceee

CallControlandManagementProtocolsfallintothiscategory.Examplesare
SIP,H323,MGCP etc.This componenthas a listenerthread thatreceives
incoming signalsfrom theTransport,parsesthemessagesaccording tothe
specificprotocolandthenintimatestheapplicationoftheactionthatneedtobe
taken.ThesignalinggatewaycomprisesofanumberofSignalingTerminations.
Anincomingnew requestisfirstdirectedtotheapplicationthatdecidesthe
terminationtoroutethisrequestto.

TTTaaabbbllleee...222...CCCaaallllllcccooonnntttrrrooolllaaannndddMMMaaannnaaagggeeemmmeeennntttSSSiiigggnnnaaallliiinnngggAAAPPPIII

DDD...MMMeeedddiiiaaaSSStttrrreeeaaammm PPPrrroooccceeessssssiiinnngggIIInnnttteeerrrfffaaaccceee

ThemediaprocessingcomponentsareVoiceControllerandVideoController.
VoiceControllerhandlesthedifferentAudioCodecsonthesystem.Ithasa
recordofalltheaudiocodecsthatarepresentinthesystem alongwiththeir
parametersliketheinputstream sizeonwhichtheyoperate,theoutputstream
sizethattheygenerate,statesizesifanyisrequiredetc.Italsokeepsarecord
ofthedifferentchannelsthathavebeencreatedbytheapplicationandtheir
currentstate(e.g.activeorsuspended).TheI/O databuffersonwhichthe

AddSignalingTermination(intterminationId,Param pConfig)
RemoveSignalingTermination(intterminationId)
ApplyEventToSignaling(int terminationId,Enum event,Param lParam )
DisconnectSignalingTermination(intterminationId)
SetCofiguration(Param pConfig)
GetConfiguration(Param pConfig)
GetStatus(Param pStatus)
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tasksoperateareprovidedbytheapplication.

TTTaaabbbllleee...333...VVVoooiiiccceeessstttrrreeeaaammm ppprrroooccceeessssssiiinnngggAAAPPPIII

VideoControllerhandlesthedifferentVideoCodecsonthesystem.Ithasa
recordofallthevideocodecsthatarepresentinthesystem alongwiththeir
parametersliketheinputstream sizeonwhichtheyoperate,theoutputstream
sizethattheygenerate,statesizesifanyisrequiredetc.Italsokeepsarecord
ofthedifferentchannelsthathavebeencreatedbytheapplicationandtheir
currentstate(e.g.activeorsuspended).

TTTaaabbbllleee...444...VVViiidddeeeooossstttrrreeeaaammm ppprrroooccceeessssssiiinnngggAAAPPPIII

EEE...EEEvvveeennntttHHHaaannndddllliiinnngggaaannndddCCCaaallllllPPPrrroooccceeessssssiiinnnggg

Therealpoweroftheframeworkliesinitsextendibility.Thissectiontalks
oftheextendedfunctionalityoftheuserApplicationsuchasHandlingofevents
thataredetectedintheApplicationaswellasconfigurationofmostofthe
componentsthroughSNMP.

LocateVoiceMedia(Enum enumVoice,java.lang.Stringfilename);
getVoiceConrtol(Enum voiceData,Param VoicObj);
setVoiceControl(Enum voiceData,Param VoiceObj);

LocateVideoMedia(Enum enumVideo,java.lang.Stringfilename)
GetMediaStream(java.lang.string[]videostream,param videoObj)
getVideoControl(Enum videoEnum,param Videoparam)
SetVideoControl(Enum videoEnum,param Videoparam)
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The Application class pvroides a function HandleEvents,which is called
wheneveracomponentwantstorequestsomeinformationorsignalanevent.
Thisisavirtualfunctionandcanbeoverloadedbythederivedclass.A simple
implementationisshownbelow:

errCodeHandleEvents(
finalint sourceId,
finalEnum code,
finalParam paramObj)

{
switch(code)
{
default:
super.HandleEvents(sourceId,code,paramObj);

}
}

Theeventcodeallowstheusertowritecustom handlers.Ifthereisnoevent
handlerattachedwithaspecificcode,thedefaultcasecallstheHandleEvents
methodofthebaseclass.Followingdiagram showstheflow ofinSIPbases
video conferencing application which has been developed on top the
above-described
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FFFiiiggg...555... CCCaaallllllffflllooowww iiinnnSSSIIIPPPbbbaaassseeedddvvviiidddeeeooocccooonnnfffeeerrreeennnccciiinnnggg

This provides the defaultfunctionality for a particulareventcode.The
followingcodeprovidesexamplesofsomeeventhandlers,whichaderivedclass
shouldhandle:
The constructor operations in the previous section should have their

counterpartsinthedestructor.Thefollowingcodeshowsasamplecodeforthe
destructor.
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ShutDown()
{//Thesignalingterminationsareunregsiteredandremovedfrom the//signaling
gateways.Anyothermemory allocated and threads created in //the sample
applicationaredestroyedhere.
HashMaptermsigMap=new hashMap();
Iteratoriter=set.iterator();
while(iter.hasNext())
{
INT32termId,compId;
termId=termsigMap.get(‘termId’);
termConfig=term,sigMap.get(‘config’);
compId=config.compManagerConfig.termSigMap.get(‘gatewayId’);
pCompManager.RemoveSignalingTermination(compId,termId,termConfig);

}//Allthecomponentsinthestackarethenstoppedanddeactivated.
PCompManager.DeactivateComponents();
PCompManager.RemoveComponents();
}

SampleApplicationthendeactivatesallthecomponentspresentinthesystem.
This is being done here by calling Component Manager’s function
deactivatecomponents()whichinturncallstheStopComponent()functionof
allthecomponentsitshandling.Intheimplementationofthesefunctions,the
functions deallocate any memory that was previously allocated,stop and
terminateanythreadsthatwerecreatedatstartupanddoanyotherresource
releasethatwasusedbythem.Removecomponentthendeletestheirinstances
from thesystem.
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VVV...PPPEEERRRFFFOOORRRMMMAAANNNCCCEEE

Tocomparetheperformanceoftheproposedframeworkonfollowingdifferent
platformsanddifferent deviceswithdifferentcapabilitiesasimplesimulation
waswritteninbothlanguagesJavaandC++versionsofthelibraryinorderto
show thethread performanceofthese differentplatforms.The table below
showsthedifferentplatform usedandthedevicecapabilitiesonwhichthese
platformsaredeployed.

Table.5. Table.5. Table.5. Table.5. Simulation Simulation Simulation Simulation Execution Execution Execution Execution timestimestimestimes

AAA...SSSiiimmmuuulllaaatttiiiooonnn
Many modern operating systems directly support both time-sliced and
multiprocessorthreadingwithaprocessscheduler.Theoperatingsystem kernel
allowsprogrammerstomanipulatethreadsviathesystem callinterface.Some
implementationsarecalledkernelthreads,whereaslightweightprocessesisa
specifictypeofkernelthreadsthatsharethesamestatesandinformations.
Each simulation objectruns in its own thread,so the performanceofthe
underlying threading system is importantfor large simulations.The Java
runtimesystem usestheunderlyingoperatingsystem forthreadsupportorits
ownsoftwareemulationiftheOSdoesnotsupportthreads.

Platform Average Execution time over 5 runs

RTLinux on intel

Windows on Intel

Windows CE (mobile)PDA

Solaris Stand-alone Java

Solaris C++

9341 ms

1538 ms

12910 ms

11214 ms

1568 ms
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FFFiiiggg...666...TTThhhrrreeeaaadddPPPeeerrrfffooorrrmmmaaannnccceee

FFFiiiggg...777...MMMuuullltttiiittthhhrrreeeaaadddeeedddJJJaaavvvaaaaaappppppllliiicccaaatttiiiooonnnsssiiimmmuuulllaaatttiiiooonnn
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VVVIII...CCCOOONNNCCCLLLUUUSSSIIIOOONNN

Wehavedevelopedandimplementedaframework,whichisbasedontwo
components,signal-controlcomponentandaudio-visualcomponent.Splittingof
multimediaapplication intothesetwocomponentsprovidesan edgetobuild
multi-platform applicationforheterogeneousdevices.Thisframeworkenables
advanceddeveloperstodesignmultimediaapplicationsinJavathroughaJava
Native Interface (JNI)wrapperand seamlessly extends interface to support
pre-compiled library ofsignaling stack,RTP stack and media processing
components for voice and video handling developed in C and C++.The
frameworkisdesignedtoallow theconfigurationoftheexistingcomponents
andaseamlessintegrationofnew componentsintheframework.Thedesign
ensuresthatnochangesarerequiredinmediamanagementcomponentwhen
the application is mapped to differenthardware architectures and operating
systems.Based on this scheme,we developed SIP based videoconferencing
applicationthatusescallbackstomanageaudio-visualforrunningonPC as
wellasonPDA.Thisframeworkcansavesignificanttimefordevelopers.

Usuallywitheachprototypefinished,eachsystem evaluated,andeachpaper
publishedanumberofnew issuesthatposeinterestingchallengesappear.In
future this framework can be used for migration system that facilitates
transparentmigration from oneservertoanotherduring theirlifetime.To
assistfurtherdevelopmentoftheaugmentedscenario-baseddesignprocess,we
need totakeitthrough therigorsofdeveloping an actualworking system
prototype.Thiswillprovidefirsthandexperienceofitsadequacyasanaidto
thedesignprocess.Theevaluationchallengeofubiquitouscomputingsystems
stillpersists,mainlybecausetheeffectofactualusesituationsisverydifficult
torecreateinlabsettings.
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