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ABSTRACT

We presenmethodsandsystemsor authoringby linking—generatingnultimediadocument$y creatingrichly typedlinks
betweercomponenmediaassetsAs anexamplewe describeour StickyVideofunctionalityin the MEERCAT systemrfor
linking photoandvideo media. We do sowithin the framework of a hierarchyof possiblelink-basedauthoringsystems
from manualto programmatidink creationand documentauthoring. We discussmechanismdgor accuratelysituating
links betweenrich mediacomponentsandflexibly typing thoselinks to allow both betterhumaninformation browsing
and searchingand automaticauthoring. We describeissuesin realtime distributed authoringand the use of metadata
channels.In particularwe presenthe conceptof authoringby meeting the automaticcreationof multimediadocuments
from businessneetings.

1. INTRODUCTION

Multimediadocumentgdigital documentsvith oneor moretext, bitmapor vectorimage,audio,video,3-D modelor other
componentspffer a rich experiencefor both businessand consumerapplications. Although tools for the creationand
viewing of multimediadocumentshave existedfor mary years,systemshatprovide morethanjust single-usebrowsing
andauthoring,or real-timeauthoringwith time-basednedia,or rich re-usefor authoringhave beenscarcer

Businesstechnical,or social meetingsare a specialkind of multimediadocumentcomprisingthe events,actions,
recordedaudio-visualinformationandsharednformationof the meeting. They areauthoredoy participantsvho maybe
interactingfrom geographically-remotcations. The outputof the meetingis alsoa multimediadocumentcomprising
the content(audio, visual, documentsandlinks) sharedoy documentsn a “authoringby meeting”type scheme.In the
consumespacethe examplewould be sharedmultimediafamily albumswith linkedcommentsanecdoteandstories.

1.1. Outline of the paper

In section2 we introduceour ideasof multimediadocumentauthoringby linking componenspatio-temporainediaand
the StickyVideo functionality within the MEERCAT systemwe built. Section3 describeshow links canbe typedand
accuratelysituated.In section4 we introducethe notion that compositedocumentsactasgatevaysinto documentepos-
itories andthe attendanissues. Section5 discusseseal-timedistributed documentauthoringandjoint or collaborative
browsingof compositedocumentsReal-timeauthoringandsharingof mediamakesit particularlyimportantfor metadata
to be generatedn real-time,both for immediateuseaswell asto avoid the Write Once,ReadNever problem. Section6
describeshiow metadatanaybegeneratedh adistributedlive documentuthoringernvironmentandintroducegshe concept
of MetadataChannelsWe endwith a descriptionof our currentimplementationa summaryandplansfor futurework.

2. AUTHORING COMPOSITE MULTIMEDIA DOCUMENTSBY LINKING

Authoring by linking proceedsy offering to the userat leastonechronologically-orderednediastream usuallya time-
basedmediasuchasa live audioor audio-visualmeetingor a recordedaudio-visualmeeting;a setof assetshatcanbe
linkedto oneor moreof thesetime-basednedia,anda mechanisnto createtypedlinks (seeSection3). The specialcase
of authoringby meetinginvolvesparticipantscreatinglinks duringa live meeting,with eachlink beingmadeto thetime
in the meetingeventstream(i.e. atime-indexed representingf meetingevents,eitheran audio-visualstreamor a text
transcript)thatthe participantcreatedt (seeSection4.1).



2.1. The MEERCAT StickyVideo link authoring system

The StickyVideo prototypelink-basedauthoringsystemintegratedwith the MEERCAT multimediainformationmanage-
mentsystem 3 allows a userto authora compositemultimediadocumentoy linking high resolutionstill photographgo
pointswithin a video stream(usedasthe timebasemedia). Figure 1 shows a screenshobf the mediafile specification
page.Theuserenterghe URL of thevideo,andspecifiesitheralocal Zip file containingimagesor alocal PDFfile with
eachpagecorrespondindgo animage. The systembreaksup the PDFfile into individual pageimagesor unzipsthe Zip
file contentsandputsthe userinto anauthoringervironmentshown in Figure2. It is alsopossibleto invoke the authoring
environmentdirectly with a collectionof imagesandvideo associatedvith it (by arelated-videdink) in the MEERCAT
system. This correspondso the secondevel of the applicationhierarchydescribedn 2.2. In this ervironmentthe user
cancreatdinks simply by clicking onthumbnailimages.Thefinal compositenultimediadocumentanbe playedbackas
shavnin Figure3. This playbackinterfaceconsistsof avideoplaybackwindow with photosbeingdisplayedatthechosen
timesaswell asanindex barthathassegmentscorrespondingo theintervals betweerinks. Mousingovertheindex bar
allows preview of thestill photosthathave beenlinkedto a particularseggment.Clicking on a sggmentjumpsto thatpoint
in thevideostream.This systemis usedto authorpresentatiortalkswithin ourlaboratoryaswell asvideodemonstrations
with associatednformationby linking PowerPointslide images(eachslide corvertedto individual bitmapimages)into
thevideostreamof the presentation.

This approactis relatedto thefield of video summarizatiorby shotandscenedetection.Insteadof parsingthe video
streamto obtainsemanticallymportantchangepoints,authoredinks maybe usedfor the samepurpose.

Figure 1. Screenshotsf initial StickyVideocomponentnediauploadpage

2.2. Hierarchy of authoring

The MEERCAT StickyVideo systemdescribedabove or similar systemscanbe usedto createmanuallinks and author
documents.Thereis actuallya hierarchyof possiblelink-basedauthoringsystemsn increasingorderof compleity and
automation:

Manuallinking with no context: the userselectsall thecomponentdy hand.The StickyVideostartingpagewith no
entriesis anexample.



Figure 2. Screenshotef StickyVideoauthoringervironment

Manuallinking with automaticcontext selection:StickyVideoauthoringfrom a MEERCAT album is oneexample
of this. Here ,thecomponenmediafiles arechoserautomaticallyor somecontext alreadyexistsandthe userhasto
merelychooseoneof afew choicesratherthanall the possibilities

Automaticauthoring:if a network of richly typedlinks (seeSection3) existsin a documentepository the system
canprogrammaticallyfollow theseto achieve automaticauthoringof acompositedocument

Automaticlink generationattheverytopis a systemthatexaminesmediafiles andcreatedinks automatically

Thevaluepropositionof creatingcompositelocument®y linking is theselectioraccordingo certainsemantichemes.
Therecentlypopularauthoringof WebLogs(blogs) shovs the valueassignedo annotatedinks to resourcesThe small
tradingmarket for playlists of audiofiles compiledby handandboughtandsold on auctionagaindemonstratethe per
ceivedvalueof linking relevantmediain a chain.

3. MEDIA ASMETADATA: TYPED AND SITUATED LINKS

Hyperlinks have beenusedin hypertect applicationdor mary years.Thebestknown exampleis the hyperlinkingin the
World Wide Web specifiedby HTML anchors.Therearetwo problemswith hyperlinkingasusedin theweb:

Thereis no specificatiorasto the semanticf thelink. Is it a citation,anexample,a refutation,a pagewith more
information,analternateenderinglanguagelayout,frame/noframesdf the currentpage or other?Searchengines
attemptto guesghis by examiningthetext surroundinghelink.

Thereis no way to specifythe situationof the otherendof the link at a finer granularitythanthat of a URL. For
HTML documentghe'# fragmentidentifier sufficesif the pointed-todocumenthasthe fragmentidentifierin its
source For arbitrarypositions the authorof thelink musthave write permissioron the pointed-todocument.

For multimediaauthoringbasedon links, both of theseareseriousproblems:if onecannotspecifythetype of alink,
thenprogrammatidollowing of links for automaticauthoringasdescribedn Section2.2 cannotoccur For voluminous
mediafiles suchasvideo,therearebothuserinterfaceanddatahandlingreasongo be ableto specifythe situationof alink
atafiner granularitythanthe URL level.

Thereis previouswork to tacklesomeof theseproblems.The XLink standardhttp://www.w3.01g/TR/xlink/) allows
arbitrarynamespace® be specifiedn alink. However, mediaspecificextensionsarenot standardizedWork at CSIRO in
Australiaonthe ContinuousMediaWeb andthe ContinuousMediaMarkupLanguaggCMML) appeargomprehensie.



We solwe this problemwithin the MEERCAT systemby allowing a link to residein a specifiednamespaceand by
allowing anarbitrarynumberof tagsto beattachedo alink. A tagcanrangefrom free-formtextual metadatdo aresource
ID in a particularnamespaceOur systemis anexampleof anopenhypermediasystem wherelinks arenotembeddedn
contentbut insteadmanagedy anexternallink service.

4. MULTIMEDIA DOCUMENTS ASBROWSING GATEWAY S

All documentsarein theoryliving or evolving documents.For documentghat are explicitly derived from others,a de-
pendengy trail existsthatcanbe savredandusedto link the chainof deriveddocumentsassuminghatthe samedocument
repositoryis usedto storeall documentsHowever, evendocumentshatarenotexplicitly derivedfrom othersmayactually
beinfluencedby othercreatecdocumentshroughthe mindsof readersNote: we usetheword readingto indicateall kinds
of documentonsumptiongventhosenotinvolving ary text. In academigublications suchinfluencesareusuallyestab-
lishedby formal bibliographicreferencesin businessebowever, suchformal referencings lesscorventional. However,
weakrelationscanbe derived automaticallyby trackingdocumentghata documentreatorreadsbeforeauthoringa new
document.

4.1. Authoring by browsing
Vanne&ar Bushervisionedasystem thatwould allow browsingpathsto be shared A quoteis revealing:

Theownerof thememe, letussay is interestedn theorigin andpropertief thebow andarrow. Specifically
heis studyingwhy theshortTurkishbow wasapparentlysuperiorto the Englishlong bow in the skirmishesof
the CrusadesHe hasdozensof possiblypertinentbooksandarticlesin his memex. First herunsthroughan
eng/clopediafinds aninterestingbut sketchyarticle, leavesit projected.Next, in a history, he findsanother
pertinentitem, andtiesthe two together Thushe goes building atrail of mary items.Occasionallyheinserts
acommenbf hisown, eitherlinking it into themaintrail or joining it by asidetrail to a particularitem. When

Figure 3. Screenshotef authoredStickyVideodocumenshaving video,linked high resolutionimagesandtimelineindex.



Figure 4. Screenshoof anexampleinterfacefor browvsing multiple mediaobjectswith embeddedinks

it becomesvident that the elasticpropertiesof available materialshada greatdealto do with the bow, he
brancheff on a sidetrail which takeshim throughtextbookson elasticityandtablesof physicalconstants.
He insertsa pageof longhandanalysisof his own. Thushe builds atrail of his interestthroughthe mazeof
materialsavailableto him.

And histrails do notfade.Severalyearslater, his talk with a friend turnsto the queerwaysin which a people
resistinnovations,evenof vital interest.He hasanexample,in thefactthatthe outragedEuropeanstill failed
to adoptthe Turkishbow. In facthe hasatrail onit. A touchbringsup the codebook. Tappinga few keys
projectsthe headof thetrail. A lever runsthroughit atwill, stoppingat interestingitems,going off on side
excursions.t is aninterestingrail, pertinentto thediscussionSohe setsareproducein action,photographs
thewholetrail out,andpassedt to his friend for insertionin his own meme, thereto belinkedinto themore
generalrail.

Trackingusersactionsandhistoryis usuallyusedfor collaboratvefiltering andpersonalizationHerewe areadwocating
it for a differentpurposethatof authoringdocument$asedon users’actionsor reactionswhetherpublicly in a meeting
(by makingcommentssharingdocumentsor introducinghyperlinksto relevantonlinedocumentspr evenatanindividual
level, by browsingandsearcidocumentsn therepository Notethattheuserneednot necessarilype avarethatthesdinks
arebeingcreated.

In this view, contentselectiorbecomegpartof thebrowsingprocessandvice versa.However, theusermaynotwishall
their browsingactionsto generateauthoredcontent. Thereforethe systemshouldallow two modes:onefor investigatve
or purebrowsingandonefor authoringbrowsing. It shouldalsoallow the userto view andedittheir browsingpaths thus
implicitly alsoalteringthefinal authoreddocumentln addition,the editingmodeshouldallow the userto qualify or taga
particularpathlink, with eitherfree-formmetadatauchas“moreinformation” or “examples”or morestructurednetadata
in anamespace.

Browsing pathsthatresultin authoreddocumentsarelikely to be high quality pathsandpossiblyof interestto others

thanthe author Thusthe systemshouldpresenthe “trailheads”,to useVannear Bushs term, of pathsthat resultedin
documentdo otheruserseithersimply browsingor authoringwithin the documentepository



Figure4 showvs ascreenshabf anexampleinterfacefor browsingmultiple mediaobjectshasedn acommontemporal
stream. Media objectsappearand disappeaias the time intervals with which they are associategassin andout. For
example,a slide documentmay appearat the point in an associatediideo streamin which it is displayed. Eachobject
hasassociatedinks, pointingto a persons homepage,web photoalbum, anintroductoryvideo, etc. Links may pointto
arbitraryframesor intervalswithin avideo stream.Links may be uni- or bi-directional.

5. REAL-TIME DISTRIBUTED AUTHORING

As mentionecearlier meetinggof which the presentatiortalksthat MEERCAT StickyVideoarchivedarea specialcase)
are a specialkind of multimediadocumentthat consistof the baseaudio or audio-visualtranscriptwith links at times
whereinterestingeventssuchasquestionscommentspor sharednformationfrom participantsoccurred.The participants
jointly authorthe meetingdocument.Sincemeetingscanbe held betweerparticipantavho arenot co-locatedthis raises
theissuesf distributedauthoringandrealtimecollaboration.

5.1. After thefact authoring

After thelive collaborationeventis over, usersmay still wish to go backand annotatethe archived meetingdocument
with moreinformationor useit asa basisfor further collaboration. For example,the Action ltemssectionof a meeting
documenmmaybe usedto trackprogressTheremay alsobe follow-up meetingghatreferto a pastone.

5.2. The question of times

When consideringtime-basednediaas well asthe needto track useractionsand interactionswith documentsandthe
systemover real-world times, it becomeglearthattherearemary differenttime co-ordinatesystemshatsimultaneously
co-«ist. Therearethe multiple temporalco-ordinatesystemsof the time basedmediastreams.Thereis the real world
time of occurrenceof events,suchasthe creationof a documentjn the physicalworld. Thenthereis thetime at which
eventsoccur(links are createdor changeddocumentsaiploadedor edited,annotationsnade,metadatayenerated)n the
documentepository The systemneeddo be ableto keeptrackof anddisambiguatell of these.

5.3. Collaborative browsing

While thereis alot of previouswork on collaboratiorandcollaboratve authoringsystemsthereis lesswork on collabora-
tive browsingandsearching.Twidale etal notethe collaboratve andsocialaspect®f informationseekingandthe need
to designsuchsocialprocesseito information managemensystems.We introducethe notion of collaboratve or joint

browsingto accounfor justsuchneeds.Therearetwo mainideas:first thata participantneednotconsumeahemainthread
of a meeting;secondthattwo or more participantsmay explore a particularpaththroughthe linked documentnetwork

together Thefirst ideais similar to that of interactve mediawith multiple storylines. A goodexampleis a live meeting
thatis alsoa multimediadocumenin a respository When participantsin a live meetingexperiencet remotelythrough
a computeyor locally on a computerin additionto their live experiencethey have a numberof choicesat ary instantof

time. They mayfollow the currentstateof the meeting,or elsethey maygo backin time to review previous statespr they

mayfollow alink createdn the pastthatwasneverfollowedin the mainthreadof the meeting.

The seconddeaof sidecorversationcorrespondsvell to realworld occurrencesluringmeetings.Here(a subsebf)
participantdisplayandsharea commonvirtual browsingspace Navigationdecisionanaybeallowedby certainpolicies.
E.g. oneparticipantmaybemasterthe otherslaves;participantsequest masteitokento take chagein turn; aparticipant
may chooseo brawseon their own at which point their browsingspacebecomedlisjoint.

6. METADATA GENERATION

As describedn Section2.2, thereis a hierarchyof authoringby linking. At the top of the pyramid is the completely
automatedsystemwhereboth links and compositemultimediadocumentsusingthoselinks are automaticallygenerated.
In orderto generatdinks automatically a rich set of metadataneedsto be createdby automaticmultimediaanalysis
agentsMetadatanaybegenerate@itherat capture-timgespeciallyfor realtimecollaboration)or attheserializingsener,
eithersynchronoushor asynchronouslyiypesof metadataretime-stampgeographicalocation(throughGPS),spealer
identification,topic label,etc. Metadatanay generateaitherautomaticallyor in somecasesbhy userinteraction.



Figure 5. DistributedAuthoring by BrowsingandMetadataChannels

6.1. Metadata channels

For thereal-timedocumentreationdescribedn Section5, wherelive documentareexperiencedssoonasthey arecre-
ated,metadatas usuallybestcreatecht capturdime. However, sometimesthisis not possible githerdueto computational
constraintf the analysisalgorithmor becausesomeotherdataneededs situatedat aremotelocation(e.g. similarity to
otherdocumentsn the documentrepositoryis metadatahatis bestgeneratedn the documentsener). Sometimeshe
persorcreatingmetadatanay be remoteto the actuallive meeting.This impliesthatmetadataregenerate@ndstreamed
justasmediaare. We mustthereforethink of a network of metadataharingthatexistsin parallelwith the dataor media
distribution networks usedfor realtimedistribution. We usethe term“MetadataChannels’to capturethis idea. Oneana-
logueis the protocolsusedfor (multicast)text streaming.A concreteexamplein our systemwould be the useof manual
annotationyia a lightweight userinterface,of the currentcontet of the meeting. For example,eachusermay generate
their meetingnotesindependenthandtheseform metadatahannelghataredistributedto all clients. A usermaychoose
which metadatachannelthey wish to “tune” to to obtaina running commentaryon the meeting. Also ary multimedia
documentretrieved from the repositoryby a participantcould be linked to the currentmultimedia(meeting)document
beingauthoredandthusbecomemetadatdor the meeting(cf Section3’s mediaas metadata).Suchmetadatgthe link)
would be streamedhrougha metadatachannel Figure5 illustratestheidea.

7. SYSTEM DESCRIPTION

Our currentpartialimplementatiorusesthe Apacheweb sener asa frontendandthe MySQL relationaldatabaseasthe
baclend storagefor metadata.Media files themseles are storedon network attachedstoragefor flexibility. The asset
managemergystemis usedto uploaddocumentgmediaassetsjor a future or ongoingor pastmeeting.A cateyory node
is usedto storeall assetdor a particularmeetingandthe meetingis associatedvith that categgory node. A meetingmay
be commandedo go “live” by the meetingowner. The time basefor the meetingbegins at this starttime. Documents



uploadedwhile a meetingis live arelinkedto the correspondingime. A lightweightinterfacefor annotationis provided
for live meetings After thefactadditionof document®r commentsaretimestampeadvith thetime of addition.

8. CONCLUSIONS

We have presenteddeas conceptsdesignsandpartialimplementationef methodsandsystemdor flexible authoringand
sharingof multimediadocumentdasedonrichly typedandtaggedinks. We have presenteéinimplementatiorof a link-
basechuthoringsystem(the MEERCAT StickyVideofunctionality). We have alsopresentedhe concepf collaboratie or
sharedbrowsing, especiallyin the context of time-dominantive mediasharedconsumptionsaidmediahaving a network
of links. We have describedssuesn realtimedistributedauthoringandthe useof metadatahanneldo allow distributed
metadatayeneration.

Our currentimplementatioris built uponthe MEERCAT multimediainformationmanagemergystem.We have cre-
atedSQL tableschemado representypedandsituatedlinks, meetingsas compositedocumentsandto handlebothlive
and archived playbackand annotation. Our designallows the dynamiccreationand marking of meetingmetadataand
annotationsAll annotationsrein theform of links.

Thereis immensescopefor future work to fully implementall theseideasin efficient and practicalways. We have
ongoingwork in theareaof businessneetingauthoringarchiving andretrieval.
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