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Abstract Theapplicationof openhypermediao temporalmediahaspreviously
beenexplored with respectto the link service,in particularlink delivery and
genericlinking. This paperis basedon the notion of continuous metadata, in
which we usemetadatan atemporallysignificantmanneito captureandcorvey
theinformationrequiredto supportinking. With afocusonlink creationandlive
processingour approachenricheshypermedha contentwith additionalmetadata
at a numkber of pointsbetweencaptureanddelivery. We illustrate this approach
with a tool which assistametadatacaptureby anndation of continuos media
accordirg to asimpleontology.

1 Intr oduction

Previously we have investigatedhe apgdication of openhypermediao tempogl media
[[7]. Thispape extendsthiswork in threeways:we addresd$ink creatiorratherthanlink
resolutionanddelivery; we generdiselink or anchofendpant streamdo beinstancesf
continuous metadata andwe considetthis metadatahroughaut the systemwe suppat
live processingratherthanassumingve areworking with storedmedia.

Thescenariavhich motivatesthis work involvescaptumg anevent,suchasasem-
inar or meeting and makingthis available retrespectvely asa hypermediaresouce.
We will focuson videorecordngsandassociategresentatioal materialasthisis the
resoure we have availablefor study but we arelooking towards therichersetof infor-
mationthatmight be obtainedfrom ‘smart’ environmentswherethe evert is suppoted
by augmeted (andpossiblyvirtual) reality. In this respectpurwork is informedby the
meetingroomscenariadiscussedn [21].

Ourgoalhereis to provide auserwith amears to anndate(enrich theoriginal ma-
terialwith metad#&gawhichwill suppat linking. We seethisasanexampge of proassing
thatmayoccurseveraltimesduring the captue, productionanduseof the materid the
pipelineof enrichrment. Theannotatia is relatedto anagreedvocahulary (a simpleon-
tology) for descriling the evert, anddifferent eventswill have differentontolaies.We
areinterestedn gereratingthe anrotationinterfaceautonatically from the ontology.
In the smartworkshg scenariowe ervisage a variety of personaliseihterfaceswhich
enabldive annotatio by thoseinvolvedin theevent.



In the next sectionwe introduce our notion of continubus metadatahat uncerlies
this work, enablirg usto generalisdink streamsandaddesslive processinghrough-
out. Thisis followedin sectiori3 by adescriptim of ourtool which suppats cortinuous
metadataln sectiorid we corsiderthe simpleontolagy, basecon RDF. Section com-
binesthetool andthe ontolayy, andthereis adiscussionn section@l

2 Intr oduction to Continuous Metadata

In previous papes we have introducedthe notionof continuous metadata [[18][[5], built
uponearlierwork linking tempaal mediain the audiodomain[[10][[6]. We view meta-
datasimply asdataaboutdata,which canbe encapslatedin a numkber of formats.In
thissituationit is notthetypenor contern of themetadatdhatis of premer importarce;
we aremore concenedwith its tempaal relevane andcontiruousnatue.

We definea mediadata flow to be the streamecdconten from and agairst which
continwous metadta flows are derived and synchonised.The mediadéa flow would
normally bea multimeda stream suchasaudioand/orvideg, transpatedusingareal-
time network protacol. The metadatadistributedasa separatdlow (possiblythrough
a nunber of intermedi&e filter nodes) might be generatd on a “just-in-time” or live
basis,but cannotbe downloadedin its entiretybefae presentatio begins. Although it
might be the casethatit is the volumeof metadatahatwarrantsstreamingwe do not
presune thatthe continiousmetadéga flow will besaturatedvith a non-stoptransferof
information.

3 The HyStream System

3.1 The Temporal Linking Sewice

The Temporal Linking Service(TLS) washbuilt to demastratethe concets of medi-
adataflows and metadatalows. The TLS compisesof a streamingmediasener, a
continuousmetadatasener anda client that canreceve andsynchionisethe resultant
streamdrom bothseners.

Thepraotypemediaseneruseghe Java MediaFrameavork (JMF) to streanmmedia
to theclientusingthe Real-timeTranspaot Protocd (RTP) [[19]. Theclientapplication
also usesJMF to view the incoming mediaflow. The JMF compnert of the client
maintainsa mediaclock, which IMF usesinterrally to maintaina steadyideoimage.
Theclientapplicationalsousesghis mediaclock to synchionisetheincomirg metadata
with the media.

The persistencef metactawithin the seneris perfamedby an XML backend.
The storedform of the metadataonsistof:

1. A startpoint for thelink (a URI [[2] which points to the mediafor whichthelink is
relevarnt).

2. An endpant (a URI to thedestinatiorof thelink).

3. A humanreadblelabelfor thelink.

4. Thetime periodfor whichthelink is relevant in therespectre mediaflow.



3.2 The Temporal Linking Transfer Protocol

The Tempoal Linking TransferProtacol (TLTP) is usedbetweencompamentsof the
TLS, andis describedn moredetailin [5]. In this protacol, on-timedelivery of meta-
datais preferredover guaanteeddelivery. To suppat small devices and featues of
thenetwork layerwith smallbuffering capability we optto transmitmetacta“just-in-
time”. Sincewe canna usefdly incorporatelate metactainto a contiruousmediaflow
thedesirecbehaiour is to simplydroplatemetadataDueto thetimelinessof metadata,
we dispensavith therequiementfor the clientto acknavliedgethearrival of particuar
fragmentsof data,asthe sener canna usefully retransmitthe datainto the metadata
stream.

As partof the setupprocessbetweera TLS senerandclient, the client deternines
theeffective lateny of paylcadsfrom the senerto theclient. To achieve this, theclient
requeststhesener to retun thetime valueof thesener’'slocal clock Theclientrecads
thevalue of its localclockwhentherespmseis receved Thisactionallowstheclientto
determire the effective time differenceof senerto client messagesrhis methoddoes
notassumehatthelocal clock on eithertheclientor the sener hasbeensetcorrectly.

After calculatingthe effective time differencebetweerthe clientandthe sener, the
clienttheninforms thesener of this differerce. Thusthe seneris capatlte of determin
ing at ary time whethe a metadatgaylaadis too late for delivery, allowing it to drap
suchmetadata.

3.3 The Seminar Application

Our first apgication of the HyStreamsystemwasto deliver seminaractiities held at
the IAM group with metadtaon slide changs. Geneally, this involvesa spealer, a
setof presentatioslidesanda video cameraatthe evert. This metadatdakestheform
of links into a pulicly availablesetof slidesthat correspondo the onesgiven in the
video. Figurelll shavs a clip of a seminarpresetationatthe IAM group. Thetop left
of thefigureshavs thevideoof theseminarandthetempordmetad#ais shavn belon
thevideq in theform of hypertext links. The sectionto theright of thewindow showvs
theresultanslide of thevisible link.

Thetarget of alink is deternined by the mime type of the endmint. If the mime
typeof theendmintis amediatypesuppotedby the Java MediaFrameavork, thevideo
window is redirectedto thatendpant. If the Mime-Typeis not suppoted by JMF, the
endmint is invoked on the right handside of the window. This allows the metadata
producerto augnentthe contiruousmetadtastreamwith links thatreferto othervideo
resoures,eitherlive or stored.

The buttons abore the presetation slide containlinks that refer to other slides
within the samepresetation, allowing the viewer to navigate the presentatio slides
independently of the video window. During the seminay the currert slide is always
availableasa link uncer the video window, allowing the userto “synchonise” back
with the preseter.
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Figurel. TheHyStreamseminarapplication

4 Authorin g Continuous Metadata

Earlier researchincludng the HyStreamsystem,hasfocusedon the mechaismsto
distribute anddeliver contiruousmetadataThis work comgementstechnol@iessuch
as RTP [19], RTSP[20], and Quality of Serviceprovision [[3][l4] for network trans-
portation of cortinuousmediadta. Synchonisedpresentatiorof suchmaterialwithin
anOpenHypemediaSystenis usuallybasednconceptsntroducedin the Amsterdam
HypermediaModel [11] andlatterlyincludedin SMIL [[1].

In this paperwe will focuson the creationof continlous metadéa to accomary
streamednultimeda, the beginning of a brancling andrepetitve processof authaing
andanndation;apipeline of dataenrichment.

Several standard are alreadydefinal within the broadtastentertaimentindustry
which utilise metadata:

— TV Anytime [[8] annotéesmediato allow navigation andintegraion betweerand
within tempoal conten (storedon a users device from broadcast)and extemal
Webbasedata.

— MHEG marksup multimeda ascollectionsof relatedobjectsfor interchamge and
synchrmisedpresetation, with a procediral languageto describenteractionand
presentatinal semanticg§9)].

— The Multimedia ContentDescriptionInterface, MPEG-7, definesa core set of
guantitatve measuresf audio-vsualfeaturesandstructure relationshipdetween
them,associateavith the origind mediaasmetadatd15].

Thesestandardfocusonaugmating conter with metadataboutthe mediaitself, nor
mally within a combned mediaand metadatastream.For our workshopscenariowe



will recod continlousmetadatanotdirectly repesentedvithin or by thestreameaon-
tent(video); wewill repesenipeope, objeds,andeverts asabstractlataentities.More
specificallywewill recordinformationabouttheworkstop attendes,thevideorecord
ing of theproeedingspresentatio slides,andary annotatimsa participarn mightadd
(perfapsfrom a personallinkbase).However, befole ary suchmetadatacan be au-
thored we mustspecifya structureto defineary relatiorshipsbetweenthe entities,as
well asthe entitiesthemseles- anontology.

The ResourcéescriptionFramavork (RDF) [[12] is aninfrastructurethatenables
theencodhg, exchange,andreuseof structuredmetadataRDF doesnot prescribese-
manticsfor eachparticuar resoucedescriptiorcomnunity, insteadt providestheabil-
ity to definenew metad#éa elemens asneead usingan XML syntax Its datamodel
definesaresource asary objectuniguely identifiedby a URI (Uniform Resourcdden
tifier) [2], andresoureshave properties which expressthe relationshig of values as-
sociatedwith thatresouce. The valuescanbe eitheratomic(strings,nunbersetc.) or
otherresourcegwhichmayhave their own properties)[[14].

Collectionsof propetiesabou a particdar resouceform adescription; collections
of propertiesusedto describeresouceswithin a particularresourcedescriptioncom-
munity form a vocabulary. RDF includes a mechaism for declaringand publishirg
vocahllariesas XML Schemasso that RDF can suppot ary nunber of descriptve
requilementswithout needng to definethem.For examge, the Dublin CoreMetadata
[22] is a simple vocalulary designd for resoure discorery on the WWW which is
definedwithin RDF. Vocalulaly semanticeantherdore be undestood,reusedandex-
tended in a modular mannerusingthe XML namespacenechanisnby ary system
suppeting RDFE

Oncean RDF vocahlulary hasbeendefined,gatheing the metadatatself canbe a
manud or automéaed process;for a simplescenaricsuchasours it is trivial to collate
theinformationby hand however technola@y is alreadyavailableto aid generatio and,
atleastin part,dosotranspaently:

— On registerirg at a corference,it is usualfor a delegateto be given a bar codel
namebadye; wherever the delegate entersa workshopor seminarroom the bar
codeis manually scannegdcomgling anattendanelist typically usedfor marketing
purposes put alsoidealfor creatingmetadata.

— Presentationesouces(suchasPowerPoint,AppleWorks,andsoon) canbeparsed
to build self-descriing RDF sequenes.Meaningfilly cataloging resoucesnot
containeé within a standad presentatiorformat (for exampge demamstratedsoft-
wareapplications) would be moreinvolved, requring a baclgrourd application to
monitassfile actvity for the durationof the presentatin.

Nonetteless the laboricus opeation of tempoal anndation - identifying andrecord
ing whena personis speakingor aresourcds displayed- still remains.Smart spaces
leverage penasie technolgy, combining computing embeldedwithin theexistingin-
frastructuie with mohile devices suchas PDAs [[13]. Use of smartspacescombinel
with morerecen audioandvideoanalysiscoud beappliedto automatehis processof
tempoal anndation:



— Proximity identificationsystemssuchas RFID, couged in the longe term with
spealer recogrition andvideo analysismay be emplo/ed to reliably identify the
curren spealer.

— ThePaletteproject]17], devdlopedat XeroxFX PaloAlto Labaatory, offersamore
novel apprachto identifying the current slidethanvideo analysis Paperprintouts
of theslidesto beshovn areprodiced,eachcarryjing a barcalethatuniquelyiden-
tifiesthatslide. To displaytheirchoserslide,the spealer placeghe pagerrepresen
tationuncer a barcalereaderwhichis linkedto the presetation PC. By distribut-
ing penstyle barcoa readersaandprinted booKets of slidesamorgstthe audierce,
during a questionandanswersessionanaudierte membe may quicky selectfor
displaytheslide which they wish to quey. Thusthistechnol@y offersinstanttan-
gible bendits duringthe presentationin additionto expedting the productionof
metadatdor futureuse.

— Video and audo analysistechniqees suchas gesturerecaynition may allow the
moodof the workshopto be captued, allowing someoe to, for exanple, search
for instancesn the presentationvhenthe spealerlookedunconiortalde.

Within the IAM Group at Soutlamptonwe are investigding how penasive compu-
ing devicescanexploit RDF to commuicatewirelesslywithin a smartenvironmeri.
Otherwork in the groupinvolvesthe exchangeof relevart links betweenparticipants
in aH.323 video-conkrencehy piping metaditaover a T120datachamel. Combinirg
thesadeasin thescenariaf aworkshg or conferencemembes of theaudiercecould
exchangelinks amorgstthemseles thatthey find relevant asthe presentatioproceels.
Suchambien metadatanayalsobe capturedpoteriially offeringafascinatingnsight
into theaudienesfirstimpressionstheextentto whichthisinformationcanbeusefully
exploited will of cousedepead ontherichnessof the ontologcal structurein which it
is defined.

The scopefor automaticmetadatacaptue in the future is so vastthat ultimately
ratherthan simply addingnewv metadatathe authaing processmay be asmuchcon-
cernedwith filtering that metadatavhich hasalreadybeenelectrorically harnested,to
producea persomlisedview or window ontotheevent.

5 Extending HyStreamwith RDF Metadata

In the context of the workshopscenaripwe have exterdedthe HyStreamseminarap-
plicationto interactwith an RDF knowvledgebasewhencreatingthelink data.By de-
scribingthe smartspacewith a setof RDF entities,we canproduceaninterfacewithin
theHyStreamapplicationwhich containsall thepossibldinks thatcanoccurduiing the
meeting.In ourmockup smartspacewe have produceda setof RDF descriptimsthat
would have beencreatedyy our smartroom(figure[2).

The RDF vocalulary, shavn asa simplified ovewview in figure[3, contains:

1. Video/ Media- definedby the URI of themediaonthe sener

2. Person expressedn theVCardschemaA numter of Persorentitieswould attend
theworksh@

3. Presentation given by a particularPerson(s)whichwill contan
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Figure2. RDF Entity Diagram

4. Slide - the separateslideswithin a Presentation, which the HyStreamviewer can
displayalongwith theworkshopvideo

5. RelevantLink - ananrotationofferedby a Personnat necessarilfhe Persorgiv-
ing the Presentation)nking to somerelevart information. Thismightbegenersed
at the workshop,or at a later point whenthe Personis viewing the recoraed Pre-
sentation

To deliver this cortentwhendisplayirg the workshopvideothe HyStreamapplication
queriesthe Tempaal Linking Sener asbefore To generatehe cortinuousmetadata
streamusing TLTP, the sener now locatesvalid entitiesfor eachparticulartime point
within the RDF descriptiorof theworksh@, andthensendghedatato the client.

TheHyStreanclientcanalsobeusedo auttor theoriginal metadatar annotatios,
asshown in figureld A customisedHTTP sener geneatesa dynamic userinterface
derived fromtheRDF descripion, delivering theresouresasclick-ablehypertext links.
Eachdynamically geneatedlink is acconpaniedby two extra links, labelled“appea”
and“disappedt, which canbe usedto inform the HTTP sener of everts thathappea
in themedia.Theauthoing links invoke JavaScriptto encoc the currenttime from the
mediawindow (which canbe pawsedto allow moreaccuratelytimed anndations)into
the HTTP request.Uponreceving the HTTP reglests,the sener addsthe new events
into theRDF knowledge base.

Events that are captued by the HTTP sener relateto a predse time during the
video.This mustbethecaseduring aliverecordng, becasethe periodof time thatthe
evert remaings unknovnwhentheeventis recoraed. Whenthemetadatas playedoback
to the userthrough the continlous metadéa stream the links have time ranges. This



doesnot posea prodem whenwe autha andview the metadatastreamsequentially
If we try to perfam thesein pardlel, we find thatwe cannd deliver metadatawith a
known endtime. This arearequiresfurtherresearchOur currentsolutionis to deliver
thelink with a preseduration whenthedurationis notknown.

Relevant Link

Video / Media

Figure3. SimpleRDF relationshis

6 Discussion

6.1 Further Enhancementgo the HyStream Client Using RDF

Thecurrent mechanismfor creatingmetaditathroud the HyStreanviewer is limited.
Although the autloring interfaceis geneateddynamically, the HTTP sener expects
an RDF vocalulary that confams to the Person,Video/ Media, PresentationSlide
and Relevant Link entitieswe have used.This shouldbe extended so thana similar
authoing interfacecanbe generged from an arbitray RDF knowledge baseusinga
vocalulary previously unknown to thesener.

Theontdogy we have usedincludessomebasicrelationslips betweerentities.For
exampe, a nameandemailtogetherdefinea ‘persa’; thatpersm canthenbelabelled
asa ‘creatorof’ aresourceandthatresourcen turn canhave othercreatorsattached
While it is currenly assumedhatary resoucewhichis partof anRDF sequenerepre-
sentsaslide,a sequene mightalsobe usedto referto anumter of audioclips, or even
odousreleasedluringthepresenttion. If theapplicationis to sensiblyhande typesof
resoures previously unkrown to it, thena hierardwy of relationshig is requirel. The
odous releasednight form partof a workshopon perfunery. It cannotbe reasonaly
expeded that a geneic application suchasourswill have in-built knowledge of this
area.However a seriesof relationslips canbe defined to explain thatary particdar
fragranceis amemtler of asuperclassfragrances’ andthatobjectsof superclass‘fra-
gran@’ have odaur andvisualimage,but do not emit sound The application canthen
follow this hierardy of relationship until it reaclesa corceptthatit canhandle- i.e.
visualimage,andplacetheresourceaccordimgly within its userinterface.
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Figure4. TheHyStreamauthaing window

Richontologcal relationshig will provide afurther benefit. Eachworkstopis cur
rently viewedasanisolatedevent,andit is not possiblewithin the current ontologcal
structureto reliably expressthefarreaclhing professionahetworks thatinvariebly con-
nectsucheventsin the real world. If rich relationshig areemployed, then, provided
thatthey derive from acomman setof baseclassesa network of relatiorshipsbetween
worksh@s canbe establishedallowing theselines of professionalnetwork to be tra-
verseckelectronicly through ourapplication

6.2 RepresentingTime in Hypermedia

Although the HyStream/RDFsystemhasan awarenesf time - it mustdo to sene
continuousmetadata it doesnot storethis asanintrinsic partof the RDF entities,nor
asadirectrelatiorship betweerthem.Instead whenqueryirg the sener we specifya
time paraneterwhich returrs all the objectsvalid at thatmomnent - it is theseobjects
which have relatiorshipsbetweerthemseles,not with time - the sener superimposes
atempaal persgctive.

Thus, a slideis relatedto a video andis valid for a settime, rathe thanboththe
slideandvideobeingrelatedto a “first class"time entity.

Doesthis matter?As far asthe useris corcernedthe resultis the same.Couldthe
waywe discerntimeimpad uponourability to exchangemetadéabetweerhypemedia
systemsTertainlythe MPEG-7growp arenotusingRDF for storingmetactabecause
of thelack of linking to spatio-tenporalsectionsof data[[16].

The predbminarnt view of tempaal mediais of a discrete"block” within a hyper
mediasystemt it is the synchrmisedpresetation of the mediawith otherhypemedia
elementghat hasreceved the mostattention As suchwe tendto usemechamsmsto



jump to or from particulartime indexes within the media- again,thetimelineis su-
perimmsedsothatwe cansynchionisehypermediaelementsFor instancewithin the
HyStream/RDFapplicdion a pointin thevideois accessedsallink to thevideoitself
appewedwith atime index.

Thesituationis further complicatedvhenthetempoal mediabecoms unbainded
suchasin a live scenarioHere it becomeanore difficult to dealwith the mediaas
a block within a carefdly scriptedhypermediapresetation, becausehe block hasan
infinite length.

Sohow couldwe representime? Oneway might be to introducetime asa sepa-
rate entity to which otherentitiesarerelated.Although this sound simpleit charges
the mannerin which we createpresetations- we would have to maintaina constant
tempoal perspetive - andthis would significantlycomplicde the system Anotheral-
ternative might be to usetime asa context - viewing an entity from a particdar time
contet couldresole thatentity to the correctdatafor thatmomen.
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