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ABSTRACT

Wepresentmethodsandsystemsfor authoringby linking—generatingmultimediadocumentsbycreatingrichly typedlinks
betweencomponentmediaassets.As anexamplewe describeour StickyVideofunctionalityin theMEERCAT systemfor
linking photoandvideomedia. We do sowithin the framework of a hierarchyof possiblelink-basedauthoringsystems
from manualto programmaticlink creationand documentauthoring. We discussmechanismsfor accuratelysituating
links betweenrich mediacomponentsandflexibly typing thoselinks to allow both betterhumaninformationbrowsing
and searchingand automaticauthoring. We describeissuesin realtimedistributed authoringand the useof metadata
channels.In particularwe presenttheconceptof authoringby meeting,theautomaticcreationof multimediadocuments
from businessmeetings.

1. INTRODUCTION

Multimediadocuments(digital documentswith oneor moretext, bitmapor vectorimage,audio,video,3-D modelor other
components)offer a rich experiencefor both businessandconsumerapplications.Although tools for the creationand
viewing of multimediadocumentshave existedfor many years,systemsthatprovidemorethanjust single-userbrowsing
andauthoring,or real-timeauthoringwith time-basedmedia,or rich re-usefor authoringhavebeenscarcer.

Business,technical,or social meetingsare a specialkind of multimediadocumentcomprisingthe events,actions,
recordedaudio-visualinformationandsharedinformationof themeeting.They areauthoredby participantswho maybe
interactingfrom geographically-remotelocations.The outputof the meetingis alsoa multimediadocumentcomprising
the content(audio,visual, documentsandlinks) sharedby documentsin a “authoringby meeting”type scheme.In the
consumerspace,theexamplewould besharedmultimediafamily albumswith linkedcomments,anecdotesandstories.

1.1. Outline of the paper

In section2 we introduceour ideasof multimediadocumentauthoringby linking componentspatio-temporalmediaand
the StickyVideo functionality within the MEERCAT systemwe built. Section3 describeshow links canbe typedand
accuratelysituated.In section4 we introducethenotion thatcompositedocumentsactasgatewaysinto documentrepos-
itories andthe attendantissues.Section5 discussesreal-timedistributeddocumentauthoringandjoint or collaborative
browsingof compositedocuments.Real-timeauthoringandsharingof mediamakesit particularlyimportantfor metadata
to begeneratedin real-time,both for immediateuseaswell asto avoid theWrite Once,ReadNever problem.Section6
describeshow metadatamaybegeneratedin adistributedlivedocumentauthoringenvironmentandintroducestheconcept
of MetadataChannels.We endwith a descriptionof ourcurrentimplementation,asummary, andplansfor futurework.

2. AUTHORING COMPOSITE MULTIMEDIA DOCUMENTS BY LINKING

Authoringby linking proceedsby offering to theuserat leastonechronologically-orderedmediastream,usuallya time-
basedmediasuchasa live audioor audio-visualmeetingor a recordedaudio-visualmeeting;a setof assetsthat canbe
linkedto oneor moreof thesetime-basedmedia,anda mechanismto createtypedlinks (seeSection3). Thespecialcase
of authoringby meetinginvolvesparticipantscreatinglinks duringa live meeting,with eachlink beingmadeto thetime
in the meetingevent stream(i.e. a time-indexedrepresentingof meetingevents,eitheran audio-visualstreamor a text
transcript)thattheparticipantcreatedit (seeSection4.1).



2.1. The MEERCAT StickyVideo link authoring system

TheStickyVideoprototypelink-basedauthoringsystemintegratedwith theMEERCAT multimediainformationmanage-
mentsystem13254 allows a userto authora compositemultimediadocumentby linking high resolutionstill photographsto
pointswithin a video stream(usedasthe timebasemedia). Figure1 shows a screenshotof the mediafile specification
page.TheuserenterstheURL of thevideo,andspecifieseithera localZip file containingimagesor a local PDFfile with
eachpagecorrespondingto an image. Thesystembreaksup the PDFfile into individual pageimagesor unzipsthe Zip
file contentsandputstheuserinto anauthoringenvironmentshown in Figure2. It is alsopossibleto invoketheauthoring
environmentdirectly with a collectionof imagesandvideoassociatedwith it (by a related-videolink) in theMEERCAT
system.This correspondsto the secondlevel of the applicationhierarchydescribedin 2.2. In this environmentthe user
cancreatelinks simplyby clicking on thumbnailimages.Thefinal compositemultimediadocumentcanbeplayedbackas
shown in Figure3. Thisplaybackinterfaceconsistsof avideoplaybackwindow with photosbeingdisplayedat thechosen
timesaswell asanindex bar thathassegmentscorrespondingto theintervalsbetweenlinks. Mousingover theindex bar
allowspreview of thestill photosthathavebeenlinkedto a particularsegment.Clicking on a segmentjumpsto thatpoint
in thevideostream.Thissystemis usedto authorpresentationtalkswithin our laboratoryaswell asvideodemonstrations
with associatedinformationby linking PowerPointslide images(eachslide convertedto individual bitmapimages)into
thevideostreamof thepresentation.

This approachis relatedto thefield of videosummarizationby shotandscenedetection.Insteadof parsingthevideo
streamto obtainsemanticallyimportantchangepoints,authoredlinks maybeusedfor thesamepurpose.

Figure 1. Screenshotsof initial StickyVideocomponentmediauploadpage

2.2. Hierarchy of authoring

The MEERCAT StickyVideo systemdescribedabove or similar systemscanbe usedto createmanuallinks andauthor
documents.Thereis actuallya hierarchyof possiblelink-basedauthoringsystemsin increasingorderof complexity and
automation:

6 Manuallinking with nocontext: theuserselectsall thecomponentsby hand.TheStickyVideostartingpagewith no
entriesis anexample.



Figure 2. Screenshotsof StickyVideoauthoringenvironment

6 Manuallinking with automaticcontext selection:StickyVideoauthoringfrom a MEERCAT album is oneexample
of this. Here,thecomponentmediafilesarechosenautomatically, or somecontext alreadyexistsandtheuserhasto
merelychooseoneof a few choicesratherthanall thepossibilities

6 Automaticauthoring:if a network of richly typedlinks (seeSection3) exists in a documentrepository, thesystem
canprogrammaticallyfollow theseto achieveautomaticauthoringof acompositedocument

6 Automaticlink generation:at thevery top is a systemthatexaminesmediafilesandcreateslinks automatically.

Thevaluepropositionof creatingcompositedocumentsby linking is theselectionaccordingto certainsemanticthemes.
Therecentlypopularauthoringof WebLogs(blogs)shows the valueassignedto annotatedlinks to resources.Thesmall
tradingmarket for playlistsof audiofiles compiledby handandboughtandsold on auctionagaindemonstratesthe per-
ceivedvalueof linking relevantmediain achain.

3. MEDIA AS METADATA: TYPED AND SITUATED LINKS

Hyperlinks798;: havebeenusedin hypertext applicationsfor many years.Thebestknown exampleis thehyperlinkingin the
World WideWebspecifiedby HTML anchors.Therearetwo problemswith hyperlinkingasusedin theweb:

6 Thereis no specificationasto thesemanticsof the link. Is it a citation,anexample,a refutation,a pagewith more
information,analternaterendering(language,layout,frame/noframes)of thecurrentpage,or other?Searchengines
attemptto guessthis by examiningthetext surroundingthelink.

6 Thereis no way to specify the situationof the otherendof the link at a finer granularitythanthat of a URL. For
HTML documentsthe ’#’ fragmentidentifier sufficesif the pointed-todocumenthasthe fragmentidentifier in its
source.For arbitrarypositions,theauthorof thelink musthavewrite permissionon thepointed-todocument.

For multimediaauthoringbasedon links, bothof theseareseriousproblems:if onecannotspecifythetypeof a link,
thenprogrammaticfollowing of links for automaticauthoringasdescribedin Section2.2 cannotoccur. For voluminous
mediafilessuchasvideo,therearebothuserinterfaceanddatahandlingreasonsto beableto specifythesituationof a link
at afinergranularitythantheURL level.

Thereis previouswork to tacklesomeof theseproblems.TheXLink standard(http://www.w3.org/TR/xlink/) allows
arbitrarynamespacesto bespecifiedin a link. However, mediaspecificextensionsarenotstandardized.Work atCSIRO in
Australiaon theContinuousMediaWeb< andtheContinuousMediaMarkupLanguage(CMML) appearscomprehensive.



We solve this problemwithin the MEERCAT systemby allowing a link to residein a specifiednamespaceandby
allowing anarbitrarynumberof tagsto beattachedto alink. A tagcanrangefrom free-formtextualmetadatato aresource
ID in a particularnamespace.Our systemis anexampleof anopenhypermediasystem: wherelinks arenot embeddedin
contentbut insteadmanagedby anexternallink service.

4. MULTIMEDIA DOCUMENTS AS BROWSING GATEWAYS

All documentsarein theoryliving or evolving documents.For documentsthat areexplicitly derived from others,a de-
pendency trail existsthatcanbesavedandusedto link thechainof deriveddocuments,assumingthatthesamedocument
repositoryis usedto storeall documents.However, evendocumentsthatarenotexplicitly derivedfrom othersmayactually
beinfluencedby othercreateddocumentsthroughthemindsof readers.Note:weusethewordreadingto indicateall kinds
of documentconsumption,eventhosenot involving any text. In academicpublications,suchinfluencesareusuallyestab-
lishedby formal bibliographicreferences.In businesseshowever, suchformal referencingis lessconventional.However,
weakrelationscanbederivedautomaticallyby trackingdocumentsthata documentcreatorreadsbeforeauthoringa new
document.

4.1. Authoring by browsing

VannevarBushenvisionedasystem7 thatwould allow browsingpathsto beshared.A quoteis revealing:

Theownerof thememex, let ussay, is interestedin theorigin andpropertiesof thebow andarrow. Specifically
heis studyingwhy theshortTurkishbow wasapparentlysuperiorto theEnglishlongbow in theskirmishesof
theCrusades.He hasdozensof possiblypertinentbooksandarticlesin his memex. First herunsthroughan
encyclopedia,findsan interestingbut sketchyarticle, leavesit projected.Next, in a history, hefindsanother
pertinentitem,andtiesthetwo together. Thushegoes,building a trail of many items.Occasionallyheinserts
acommentof hisown, eitherlinking it into themaintrail or joining it by asidetrail to aparticularitem. When

Figure 3. Screenshotsof authoredStickyVideodocumentshowing video,linkedhigh resolutionimagesandtimelineindex.



Figure 4. Screenshotof anexampleinterfacefor browsingmultiple mediaobjectswith embeddedlinks

it becomesevident that the elasticpropertiesof availablematerialshada greatdeal to do with the bow, he
branchesoff on a sidetrail which takeshim throughtextbookson elasticityandtablesof physicalconstants.
He insertsa pageof longhandanalysisof his own. Thushebuilds a trail of his interestthroughthemazeof
materialsavailableto him.

And his trails do not fade.Severalyearslater, his talk with a friend turnsto thequeerwaysin which a people
resistinnovations,evenof vital interest.Hehasanexample,in thefactthattheoutragedEuropeansstill failed
to adoptthe Turkishbow. In facthehasa trail on it. A touchbringsup thecodebook. Tappinga few keys
projectstheheadof the trail. A lever runsthroughit at will, stoppingat interestingitems,goingoff on side
excursions.It is aninterestingtrail, pertinentto thediscussion.Sohesetsa reproducerin action,photographs
thewholetrail out,andpassesit to his friend for insertionin his own memex, thereto belinkedinto themore
generaltrail.

Trackingusersactionsandhistoryisusuallyusedfor collaborativefilteringandpersonalization.Hereweareadvocating
it for a differentpurpose,thatof authoringdocumentsbasedon users’actionsor reactions,whetherpublicly in a meeting
(by makingcomments,sharingdocuments,or introducinghyperlinksto relevantonlinedocuments)or evenatanindividual
level, by browsingandsearchdocumentsin therepository. Notethattheuserneednotnecessarilybeawarethattheselinks
arebeingcreated.

In thisview, contentselectionbecomespartof thebrowsingprocessandviceversa.However, theusermaynotwishall
their browsingactionsto generateauthoredcontent.Thereforethesystemshouldallow two modes:onefor investigative
or purebrowsingandonefor authoringbrowsing. It shouldalsoallow theuserto view andedit their browsingpaths,thus
implicitly alsoalteringthefinal authoreddocument.In addition,theeditingmodeshouldallow theuserto qualify or taga
particularpathlink, with eitherfree-formmetadatasuchas“more information”or “examples”or morestructuredmetadata
in a namespace.

Browsingpathsthat resultin authoreddocumentsarelikely to behigh quality pathsandpossiblyof interestto others
thanthe author. Thusthe systemshouldpresentthe “trailheads”,to useVannevar Bush’s term,of pathsthat resultedin
documentsto otheruserseithersimply browsingor authoringwithin thedocumentrepository.



Figure4 showsascreenshotof anexampleinterfacefor browsingmultiplemediaobjectsbasedonacommontemporal
stream. Media objectsappearanddisappearas the time intervals with which they areassociatedpassin andout. For
example,a slide documentmay appearat the point in an associatedvideo streamin which it is displayed.Eachobject
hasassociatedlinks, pointing to a person’s homepage,webphotoalbum, an introductoryvideo,etc. Links maypoint to
arbitraryframesor intervalswithin avideostream.Links maybeuni- or bi-directional.

5. REAL-TIME DISTRIBUTED AUTHORING

As mentionedearlier, meetings(of which thepresentationtalks thatMEERCAT StickyVideoarchivedarea specialcase)
area specialkind of multimediadocumentthat consistof the baseaudioor audio-visualtranscriptwith links at times
whereinterestingeventssuchasquestions,comments,or sharedinformationfrom participantsoccurred.Theparticipants
jointly authorthemeetingdocument.Sincemeetingscanbeheldbetweenparticipantswho arenot co-located,this raises
theissuesof distributedauthoringandrealtimecollaboration.

5.1. After the fact authoring

After the live collaborationevent is over, usersmay still wish to go backandannotatethe archived meetingdocument
with moreinformationor useit asa basisfor furthercollaboration.For example,the Action Itemssectionof a meeting
documentmaybeusedto trackprogress.Theremayalsobefollow-upmeetingsthatreferto a pastone.

5.2. The question of times

Whenconsideringtime-basedmediaaswell as the needto track useractionsand interactionswith documentsand the
systemover real-world times,it becomesclearthat therearemany differenttime co-ordinatesystemsthatsimultaneously
co-exist. Therearethe multiple temporalco-ordinatesystemsof the time basedmediastreams.Thereis the real world
time of occurrenceof events,suchasthe creationof a document,in the physicalworld. Thenthereis the time at which
eventsoccur(links arecreatedor changed,documentsuploadedor edited,annotationsmade,metadatagenerated)in the
documentrepository. Thesystemneedsto beableto keeptrackof anddisambiguateall of these.

5.3. Collaborative browsing

While thereis a lot of previouswork oncollaborationandcollaborativeauthoringsystems,thereis lesswork oncollabora-
tive browsingandsearching.Twidaleet al= notethecollaborativeandsocialaspectsof informationseekingandtheneed
to designsuchsocialprocessesinto informationmanagementsystems.We introducethe notionof collaborative or joint
browsingto accountfor justsuchneeds.Therearetwo mainideas:first thataparticipantneednotconsumethemainthread
of a meeting;second,that two or moreparticipantsmay explore a particularpaththroughthe linkeddocumentnetwork
together. Thefirst ideais similar to thatof interactive mediawith multiple storylines.A goodexampleis a live meeting
that is alsoa multimediadocumentin a respository. Whenparticipantsin a live meetingexperienceit remotelythrough
a computer, or locally on a computerin additionto their live experience,they have a numberof choicesat any instantof
time. They mayfollow thecurrentstateof themeeting,or elsethey maygo backin time to review previousstates,or they
mayfollow a link createdin thepastthatwasnever followedin themainthreadof themeeting.

Thesecondideaof sideconversationscorrespondswell to realworld occurrencesduringmeetings.Here(a subsetof)
participantsdisplayandshareacommonvirtual browsingspace.Navigationdecisionsmaybeallowedby certainpolicies.
E.g.oneparticipantmaybemaster, theotherslaves;participantsrequestamastertokento takechargein turn;aparticipant
maychooseto browseon their own at which point their browsingspacebecomesdisjoint.

6. METADATA GENERATION

As describedin Section2.2, thereis a hierarchyof authoringby linking. At the top of the pyramid is the completely
automatedsystemwhereboth links andcompositemultimediadocumentsusingthoselinks areautomaticallygenerated.
In order to generatelinks automatically, a rich set of metadataneedsto be createdby automaticmultimediaanalysis
agents.Metadatamaybegeneratedeitheratcapture-time(especiallyfor realtimecollaboration)or at theserializingserver,
eithersynchronouslyor asynchronouslyTypesof metadataaretime-stamp,geographicallocation(throughGPS),speaker
identification,topic label,etc.Metadatamaygeneratedeitherautomaticallyor in somecases,by userinteraction.



Figure 5. DistributedAuthoringby BrowsingandMetadataChannels

6.1. Metadata channels

For thereal-timedocumentcreationdescribedin Section5, wherelivedocumentsareexperiencedassoonasthey arecre-
ated,metadatais usuallybestcreatedatcapturetime. However, sometimes,this is notpossible,eitherdueto computational
constraintsof theanalysisalgorithmor becausesomeotherdataneededis situatedat a remotelocation(e.g. similarity to
otherdocumentsin the documentrepositoryis metadatathat is bestgeneratedin the documentserver). Sometimesthe
personcreatingmetadatamayberemoteto theactuallivemeeting.This impliesthatmetadataaregeneratedandstreamed
just asmediaare. We mustthereforethink of a network of metadatasharingthatexists in parallelwith thedataor media
distribution networksusedfor realtimedistribution. We usetheterm“MetadataChannels”to capturethis idea.Oneana-
logueis theprotocolsusedfor (multicast)text streaming.A concreteexamplein our systemwould betheuseof manual
annotation,via a lightweight userinterface,of the currentcontext of the meeting.For example,eachusermay generate
their meetingnotesindependentlyandtheseform metadatachannelsthataredistributedto all clients.A usermaychoose
which metadatachannelthey wish to “tune” to to obtaina runningcommentaryon the meeting. Also any multimedia
documentretrieved from the repositoryby a participantcould be linked to the currentmultimedia(meeting)document
beingauthoredandthusbecomemetadatafor the meeting(cf Section3’s mediaasmetadata).Suchmetadata(the link)
wouldbestreamedthrougha metadatachannel.Figure5 illustratestheidea.

7. SYSTEM DESCRIPTION

Our currentpartial implementationusesthe Apacheweb server asa frontendandthe MySQL relationaldatabaseasthe
backendstoragefor metadata.Media files themselvesarestoredon network attachedstoragefor flexibility . The asset
managementsystemis usedto uploaddocuments(mediaassets)for a futureor ongoingor pastmeeting.A categorynode
is usedto storeall assetsfor a particularmeetingandthemeetingis associatedwith thatcategory node.A meetingmay
be commandedto go “li ve” by the meetingowner. The time basefor the meetingbegins at this start time. Documents



uploadedwhile a meetingis live arelinkedto thecorrespondingtime. A lightweight interfacefor annotationis provided
for livemeetings.After thefactadditionof documentsor commentsaretimestampedwith thetime of addition.

8. CONCLUSIONS

Wehavepresentedideas,concepts,designsandpartialimplementationsof methodsandsystemsfor flexible authoringand
sharingof multimediadocumentsbasedon richly typedandtaggedlinks. We havepresentedanimplementationof a link-
basedauthoringsystem(theMEERCAT StickyVideofunctionality).Wehavealsopresentedtheconceptof collaborativeor
sharedbrowsing,especiallyin thecontext of time-dominantlive mediasharedconsumption,saidmediahaving a network
of links. We have describedissuesin realtimedistributedauthoringandtheuseof metadatachannelsto allow distributed
metadatageneration.

Our currentimplementationis built upontheMEERCAT multimediainformationmanagementsystem.We have cre-
atedSQL tableschemasto representtypedandsituatedlinks, meetingsascompositedocumentsandto handleboth live
andarchived playbackandannotation.Our designallows the dynamiccreationandmarkingof meetingmetadataand
annotations.All annotationsarein theform of links.

Thereis immensescopefor future work to fully implementall theseideasin efficient andpracticalways. We have
ongoingwork in theareaof businessmeetingauthoring,archiving andretrieval.
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