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ABSTRACT

As enalling techrologiesbemme available thereis an in-
creasinguseof temporalmediastreamssuchasaudioand
video, within a hypertext context. In this paper we present
the rationale and requiremets for delivering cortinuous
metadéa alongside the mediastream,andfocuson linking
asour casestudy We considerthe mechanismfor delivery
of the metad#a acrossa distributed system the formatand
content of the metadé#a flow itself, and the presentatiorof
the mediaandaugnentingmetadéa to the user Two initial
proofof conceptapgicationshave beendevelopal to deman-
stratethesecon@pts,whichwe describe Finally we propse
aframework for highly distributeddelivery andprocessingof
multicastcontinuousmetadé#a, asa partof theinfrastuctue
necessaryto provide a more compldée multimediaerviron-
mentfor hypermediasystems.

KEYWORDS: metad#a, streamedmedia, open hyperme-
dia, tempaal linking

INTRODUCTION

As hypermeda systemshave grown, they have developed
into rich multimediaernvironmentsincorporatingmary for-
mats other than text and still imagesinto the users expe-
rience. Increasinglyprevalent (and attractve to the user)
amorgst theseformats are streamedmedia such as audio
andvideo. Sud streaning applicatiors normally take one
of threeforms: pre-storedmedia(presentationamedia-m-
demand); live broaccastmedig and live interactve media
(video-conferencimg). The transmissin mechaism canbe
one-to-om (unicast)or one-to-maw (multicast).

How well cancurrentsolutionsdeliver suchcorntent? Adcock
et al. [Adc93 identify four resourcegequiredto support
distributedmultimediaapgications:

1. Explicit support for streaned (or temporal)media
2. The ability to specifyandresenre a requiredQuality of

Service(QoS)

3. Syndronisation within and betweea multimedia ele-
ments

4. Presentatiorand commurication to and betwee groups
of collabaatingusers

While nocompletesystenor underlying network (mainly In-
ternet)infrastiucture yetfully meetghesecriteria,the pieces
are beginning to fall into place RTP [Sch9§ and RTCP
[Sch9g enalte transportand control of streamedmeda;
IPv6 [Dee9§ brings promiseof supportfor QoS architee
tures(suchasintServ[Bra94 andDiffServ[Bla98]); mul-
ticastrouting will be expandel to encanpassthe entire In-
ternet(again, enaled by IPv6), facilitated by application
level routing; the AmsterdamHypermalia Model [Har94]
bringsthe notion of temporalpresentatiorio hypertext sys-
tems;mary of theideaswithin it have bemmethe basisfor
currentandfuture versionsof SMIL [Bug98]; andthe mary
issuesnvolved in synchraising communicationshave long
beenan importantareaof researchwithin the multimedia
community [Geo9§.

In this papemwe describeafurthermissinglink—the process-
ing anddelivery of metacgtaaccanparying thestreameane-
dia. This metadtais intendel to corvey all typesof informa-
tion relevant to the associatedneda, andin the next section
we presenthe casefor distributing the metadéa separately
from the mediaandon a continousbasis.We thendescribe
two ‘proof of conept’ systemsn which the metaditatakes
theform of links: firstly ourexperimental TemporalLinking
Servicé, andsecontly a development of this built within an
agen ervironment and implementing FOHM [Mil00]. We
genealise this work to presenta distributed framework for
continwous metadta, which is thenextendedto enmmpass
multicast.Finally we illustratethe applicaion of cortinuous
metadé#a througha nunberof scenarios.

CONTINUOUS METADATA

Metadda facilitatesthe discovery, useandre-useof the vast
resourcef information available via the Internet. Its sig-

nificance has been ackrowledged in recen yeas through
actvities such as the semanticWeb, which is establishing
aninfrastructureproviding interoperabity betweenapplica

tionsexchangingmachire-undestandableinformation. Dig-

ital meda is no exception, with a clear needfor metadhta
describingoothmultimediadocunentsandbroadasts.



We canview a hyperstructureasmetagtaassociateavith a
setof documents,a relationshipexploredin [Grg0d. In the
multimediacortext, we should expectto associatehe hy-
perstructurevith multimediadocumentsincluding streamed
temporalmeda [Bou99. It is this latter casewhich is our
focushere,with the hyperstructurdtself having a tempaal
dimensionfor example,alink mightbevalid only for agiven
time interval in anaudo stream.

By corsideringwherewe might useit, we cancategorisethe
metadé#a on two axes with regard to the associatedempaal
mediadata:when it is transmittedandhow it is transmitted.

Storedmultimediadata, suchas an audo or video record-
ing, is a persistenentity which canbe describedy its as-
sociatedmetadhtain exactly the sameway asary doaument,
but with atempaal element. In ameda-on-demad context,
the metacta might be usedto assistin finding, delivering
andnavigating themultimediamaterial;for example thecre-
ationof moviesby assemblingideoclips (‘sharablevideo’,
see[Pan0Q]) requiresandcreatesnetadita. The quantity of
meta-informatioris likely to be smallin comparisonto the
size of the original material. There may be little justifica-
tion for streamingthe metad#a, which canbe processedin
advanceof streaminghe multimediainformation,unlessthe
metadéa mustbe streamedlueto sheewolumeof data.

With live media, the metad#a describingthe structureof
the cortent might not be available in advance but instead
becanesavailabe during the geneation of the multimedia
stream(or streams). For example, this metadhta coud in-
clude information abait camerapositions,or dedsionsthe
prodwer is making on-the-fly, live interactionsmight gen-
eratelinks [Pim0Q. It could alsoresultfrom real-timepro-
cessingof the stream,suchas someform of classificéion,
sgymentationor anrotation. It is sometimesccetableto in-
troducea delay in suchlive media,which cangive time for
apipelineof intermedate processesAn analogussituation
canariseif the multimediadatatakesa long time to present:
afirst viewer of a presentatiotastingsereral hours maypro-
vide useful annotdions for a secondviewer who acesses
the presentatiorbeforethe first hascomplded authaing -
if metadéawerepreloaledatthestartof the presemationthe
secorl userwould notbendit from theinformationprovided
by thefirst (althoughthe mediastreamis not live the meta-
datais). In both caseghe metadatacamot be guaanteedo
be prepaed in adwance, and mustbe streamedat the same
time asthe multimediaconten. In someothersituationsthe
streamingof pre-&isting metadéa coud be necessitatedby
the absene of ary otherform of metad#a transport;for ex-
ample areceve-onlydevicejoining aliveradioor TV broad-
castatanarbitrarypointin time.

Live mediathat comectstwo or more partiesin real-time,
suchasvideo-conferening, is themostdemandingscenario.
Sessiorandparty metad&a maybe available in advance,but
contant metadhtais createdon-the-flyandthereis littl e op-

portunity for ary pre-processingstherearetight time con
straintson this style of synclronousinteraction By way of
example,theanctor gererationsystemin OvalTine [SmiOQ
was desigred with video-conferering in mind. Collabaa-
tive virtual environmentsalsoimposereal-timeaspectsto-
getherwith the prospeciof a wealth of metactaassociated
with the objeds aswell asthe peope.

Theevolution of multimediatechrologiesandstandardslso
promotesthe capure of metadéa ‘upstream’in the produc

tion processg.g. shots,script, storyboard. The MPEG stan-
dardsareevolving (throughMPEG-7[Nac99) to acaommo-
datethis, and associatednetad#a, within a combinel data
stream.While thereareadwantagpsto transmittingandstor

ing multimediadatawith themetadéa embedledin thisway,

we believe therearealsosituationsvheremetad#a shouldbe
handed separatly anddeliveredsynchronously

A flow of metadga which is distinct from the multimedia
dataflow not only follows the openhypermediacorvention

of separationof links [Dav95] (wherelinks are metadta
for a doaument), but also allows for a much more flexible

frameawork of distributed delivery, processingand presenta-
tion; metadtacanoriginateandbe usedin differentplaces

to the multimediaconten, indeed they may reachthe user
through differentmedums. For instance,while an audo-

video streammight reachthe userthrough a traditionaltele-

vision broactast(e.g. cale or satellite)the metadcita may

arrive throughan Internetcomection

In ary of the above scenaios the multimediadataflow may
beunicast or multicast,andthis alsoapgiesto thelive meta-
data;however, it mightnotbethe casethatevery partyneed
to receie identicd metadtaflows, andmetadctaprocessing
nodes may not requirethe multimediastreamat all, thusa
separatenetad#a flow is preferable.

Although the metad&a we refer to is streamedjt may be
better to think of it as continuous metadé&. The word
‘streani hasbemmecloselyassociatedvith real-timeaudio
andvideo,andoften(incorrectly)impliesa non-stopflow of
relatively high bandvidth data. Continwous metadtaneed
not be high volume andtheremay be significan lulls be-
tweenburstsof data(althoudh thetransportingcomectionis
keptopen); but the transmissioniming of the metadéa does
have significane, andit will normallybeaugnentingcontin-
uous,streamedmedia- herceforthknown as‘mediachta’.

In this pape it is not the type nor cortent of the metadhta
thatis important,ratherthatit is somekind of metad#a and
thatit is hardledin a continlousmanne. The classification
andexchange of metad#a canalreadybe describd by stan-
dardssuchasRDF andMPEG-7;thereis no reasorwhy the
metadéa ‘payload carriedby cortinuousflows couldnot be
encaledusingthesestandards.
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Figure 1: The TLS Client. Links from the semi-
nar video resolve to the presen tation slides in this
simple scenario

THE TEMPORAL LINKING SERVICE

Ouir first experienceof temporallinking (without streams)
wasthe Microcosm SourdViewer [Goo95, which wassub-
sequatly exterded to use RTSP in order to work with

streameadnedia. Thiswasusedn corjunctionwith anumkber

of othertools that were describedn [DR98]. Thesetools,
which were designedior mediaon-demad scengios, used
time intervals in the tempord meda streamasandiors;in-

tenals could also be usedto identify fragmentsof conter

from which featurescould be extraded for 'contert-based
navigation’.

Building on this experienceand to demorstrate the con-
ceptsoutlinedin the previous sectionthe TemporalLinking
Service(TLS) wasdeveloped to deliver continuouslinking
information (metad#&a) to hypermediaclients. Client and
sener apgications have beendevelopedin Java using the
Java Media Frameavork (JMF) to streamthe medadataus-
ing RTP (a screenshoof the client is shovn in figure 1).
While this enales provision of applé basedclients,it also
limits the systemto streamingformats suppated by JMFE
TLS metad#a takes the form of links relevant to the me-
dia which the client canresole throughits associatedveb
browser Thesenerretrievesthemetaditafromits ‘linkbase’
(i.e. link datalase)and usesXML markupto deliver it to
the client. We have designé our own HTTP-like protocd
to explore synchronisationissueshetwea TLS seners and
clients.

On-timedelivery of metad#a from theclientto theseneris
preferredover delayel, but guaanteed delivery. Our pro-
tocol must enale eath componert in the systemto dete-
mine the local transmissiordealline of eachitem of tem-
poral metad#a; we anticipatesituationsin which late meta-
datashouldbe dropped beforeenteringthe metadsa stream
to increasethe charcesof othermetadataeachiry the client
within time.

Protocol

The TemporalLinking Serviceallows a comectedclient to
selectacontinousmetad#aflow via somekind of descriptor
(i.e. URI), andto receire a ‘never-ending linkbaserelevant
to thatdescriptor In this pape, we do not describehow the
senerarrange®r discernghelinkbase,but theactual proto-
col betwee a TLS aware browserandthe TLS sener. The
TemporalLinking TransferProtocd (TLTP) is derived from
HTTP/1.1 andsendscommandsvia a TCP soclet conrec-
tion; the metad#a flow is maintaing for the durationof the
conrection. A summaryof commandsis shavn in tablel; a
more extensive descriptionof the protocoloperation canbe
foundin [Cru01].

The metad#a payloal (i.e. link data)is augnentedwith
timing constraints,so that the client browser can display
the links with temporalrelevance. It was decidal to use
XML to markupthis data,which led to a numbe of possi-
bilities for delivering this datawithin the TLTP flow. For
longer and more comgicated quantitiesof metad#a (and
payloal) it would seemsensibleto usea successiomf sep-
arate XML doaumerts, which would also maintan docu
mentform andintegrity shouldthe flow be broken midway
through To maintainsimplicity, however, we usemultiple
elemens within a single XML docurent (a techrique also
usedby SXML [Rog(0]).

Delivery of aparticula link is delayal up until acertainpoint
whichis specifia by theclientviatheBIAS command. Tem-
poralnavigation(i.e. fastforwardandrewind) within theme-
dia causegheclient to issuesucceasive BIAS commandsto
maintaincohaeng/ betwea thebrowserandthe TLS sener.

Tale 2 shavs an example sessiontranscriptof a client re-
ceving metad#a abouta seminampreseration.

In this implemernation, we notethatour TLS Clientis able
to receive metadhtaflows in dynamic network ervironments
by andysing the latenesf ead link asthey it is receved.
If nolink hasbeenrecevedduring certainperiod the client
issuesan STIME command to ensuresynctronisationwith
thesener.

This initial TLS prototype storesmetadga as simple uni-
directiond links on the sener. In the following section,we
describeanimplementéion wherelinks arestoredandcom-
municaedusingthe Fundamenth OpenHypermalia Model.

FOHM IMPLEMENTATION

Our secom prototypesystemwasprodued by mappingthe
TLTP protocd onto the performatves of the Souttampton
Framevork for Agent Reseach[Mor00]. The SoFAR frame-
work suppats the authaing of multi-agen systemdor dis-
tributed ernvironments, and is being usedfor researchinto

distributed multimediainformation systems. The result, as
describedn [Cru0]], is thatwe defire two agerts, a service
agen anda client agent thatrepresenthe TLTP sener and
clientrespectiely. The serviceagen requeststempaal link



| Comnmand | Description |

HELLO Thesenerrespondsvith "TLTP/1.0"to indicatethatthis seneris capableof corversingthe TLTP protoca.

BYE Invoking BYE tells the sener to closethe conrection.

SELECT Thiscommandis usedto selecthemediastreanthatthe TLS senersener deliverslinks abaut. Thesener

<URI > respond with YES or NOto tell theclientif it knows of ary metad&a abou the selectednediastream.

STIME The STI ME commandrequestghatthe sener returnthe value of the sener’slocd clock Theresultis used
by the clientto detemine a suitablevalue for the Bl AS command.

BIAS <n> TheBI AS command informsthe sener of thetime differene betweea the sener clock andtheclient clock.

ENABLE Tellsthesener to startmetadéa delivery of thetemporalinkbase. It is importantto notethatthe XML doc-
umert is notdeliveredimmediatdy; ratheread <t | i nk> elements deliveredshortlybeforeits deadine.

Dl SABLE Tellsthesenerto stopmetadtadelivery. If anXML documentis in the processof delivery, thedoaument
is finishedto ensurethatwell formedXML is prodwced.

Table 1: Summary of client to server TLTP comma nds

datafrom an agent that corforms to the Fundametal Open
HypermediaModel [Mil00]. In this systemthe TLS sener
agern in effect becanesa client agen for a FOHM sener
agen. Link datais insertedinto the FOHM sener agert’s
knowledgebaseandis extractedin tempaal order

Tempaal link informationis storedwithin the FOHM modéd
by extendingitemswithin theknowledgebasewith time Loc-
Soecs. The FOHM client agentreceveslinks with their as-
sociatedLocSpecs. In a nonlive scenaio, we cansimply
performasinglequay to the FOHM seneragen, requesting
all link informationabouta particula mediaflow. Thelive
scenaio, however, requiresa moredemailing corversation
betwea the two agents. The knowledge baseof the FOHM
seneragentis continwuslyexpandd,thusthe FOHM client
agernt is requred to periodicallyqueryfor link datathatlies
within a specifi@ time range In a finely tunedsystem the
FOHM senerdeliversablock of link informationjustbefare
it is to be deliveredasa cortinuouslink flow toaTLS client.

TheSoFAR framework performsamatch-mé&ing servicebe-
tweenagents: aFOHM clientqueaiesthe SOFAR registry for
FOHM sener agerts. Thuswhena FOHM sener agent is
startedwithin the SOFAR ernvironment, it neels to register
its ability to sene FOHM linkbaseswith the SOFAR reg-
istry. During this processthe sener agent canrestrictthe
nodes within the network to which it will adwertise services,
solimiting the possibility of overloading The matchng ser
vice of SOFAR alsoallows anagern to specifythe particular
mediaflow a sener delivers. Soa FOHM sener would only
be matchel with FOHM clientsthataslked for the adwertised
mediaflow, allowing usto addextra agents dynamically for
aparticularmediaflow whendema for thatflow is high.

In cortrastto thefirst TLS prototype we notetwo features
gained from integrating the Tempora Linking Servicewith
FOHM andthe SoFAR framework: firstly, the FOHM modé
allows us to add a tempora dimersion to existing FOHM
metadéa by way of the LocSpecmectanism;secomlly, the
match-m&ing serviceof SOFAR gives the TLS clienta ser
vice discovery ability. In the first prototype the TLS client

need to know exactly which metadsa senerto access,asit

requiregheinternetaddresandportnumber of themetadta
sener. The SOFAR registry enalbes TLS Senersto adwertise
their services,so that the TLS clients can ask the SoFAR

frameawork directly abaut mediaflows insteadof seners.

A DISTRIBUTED FRAMEWORK FOR CONTINUOUS
METADATA

The TemporalLinking Serviceand FOHM implemenation
demorstratethe usefulnes®of cortinuousmetadata In this
sectionwe will develop theseideaswithin a more geneal
coneptualframework for the delivery of continuous meta-
datain a distributedernvironment (suchasthe Internet). The
greateststrengh of the WWW as a hypertext systemis its
highly distributed nature;we seea framavork suchasthis
asa first stepto providing a correspoding architedure for
multimediadataandassociatednetadta.

Mediadata and Metadata

Aswith theTLS, theframavork will ded with medialataand
metad#a, wherea separatenddistinctcontinuaus metadta
flow carriesadditiond dataabou a correspadingmediadta
flow. Althoughtheframework catersfor amoregereralsce-
nario, we would normally expectthe mediadtato take the
form of a multimediastream suchasaudo or video, which
canbechaacterisedisacontinwally evolving flow of data—
oneframeof avideogererally hasa directrelationshipwith
the previous. Metadataon the otherhand will be split into
discretechunks of informationwithin the continlous meta-
dataflow.

It can be amgued that what may be metad#a in one case
shouldbe mediadtain anothe, andin mary ways this is

true. While a flow of MIDI informationwould be metacta
for araw audiomedadataflow in onecase jn anotler there
may be no audio streamandthe MIDI might form a medi-
adataflow augmeted by other metacita. The framewnork
shouldbe flexible enaugh to supportboth thesecases but
clarificationis required. Sincewe areworking in a highly

temporalsystemwe define the medialataflow to bethe one
against which thetiming of metad#a flows aremade;andin



| Client Commarnl

Sener Respose

HELLO TLTP/ 1.0
SELECT YES
http://exanpl e. conl dat a/
event s/ 20001023- 1. npg
STIME
BI AS - 961755418994
ENABLE <?xm version="1.0" encodi ng="UTF-8"?>
<! DCCTYPE TLI NKBASE SYSTEM "tli nkbase. dtd" >
<TLI NKBASE>
<TLINK START="0" END="297" LABEL="Xanadu, Zi gzag and Zepler"
FROVE" ht t p: / / exanpl e. cont dat a/ event s/ 20001023- 1. npg"
TO="http://exanpl e. conf dat a/ sl i des/ zi gzag/ sl d001. ht nf'/ >
<TLINK START="297" END="356" LABEL="Ted Nel son"
FROME"ht t p: / / exanpl e. conf dat a/ event s/ 20001023- 1. npg"/ >
TO="http://exanpl e. conf dat a/ sl i des/ zi gzag/ sl d002. ht nf'/ >
</ TLI NKBASE>
DI SABLE
BYE

Table 2: Example TLTP transc ript

mostcasest is desirableto desigratethe medialataflow as
that which carriesthe high volume multimediainformation
(sinceit will have the greatst amaunt of associatedneta-
data).

We shouldalsonotethat just becausea metad#a flow may
develop a derivative metad#a flow “about” it, this doesnot

male thederivative flow “metameta’-datanordoesit imply

the original metadtashouldbemmea mediadgtaflow. The
derivative flow merelybemmesanotter metadsa flow based
on the original mediadhta, albeit one with a more compex

relationshipwith othermetadta.

Firstly, we will conside how the framework should han-
dle point-to-pointmediaand metadat&lows by introducing
the various elements which make up a simpleversionof the
framework.

Sources and Flows

There must be a point at which the mediadhta entes the

framavork, and we refer to this point as the mediadata

source. For simplicity, we initially presumethat ead me-

diadda flow is derived from a single source;with a more

compex implemenationthereis noreasorwhy amediadta
flow camotentertheframework in adistributedmanrer. The

methodby which the content of the mediad#a is transported
throughthe framewvork shouldbe suitablefor thatdatatype,

e.g. RTP for audo or video. The framewvork shouldberel-

atively agrostic with regard to the methodof transport,al-

thoudh the protocolusedshould ensuretimely delivery and

must beableto provide identity andtiming informationto the

framawork (for presentatiorand synchroisation purposes,
discussedhater).

Themetadata source is the pointatwhich acontinousmeta-

dataflow entersthe framewvork. This may be at the same
pointasthemedialatasourceor it maybedistributedatadif-
ferentpoint: for alive nevsfeedaprovider mightconstructa
metadéaflow of relevart links atthesamebroactastpointas
the mediadhta; while viewing a video of a pre-recordedec-
ture a usermaywish to receve metadataanndationsfrom a
sourceotherthanthatof the original lecture.

The metadéa sourcemust always output informationin a
temporallyrelevant manrer, andto do so it may requirea
flow of mediactafrom the appopriatesource. If we pre-
sumethat the medialataflow will be a continuous stream,
thenin arecorcedbroadtastscenaio pre-conpiled metadita
caneitherbe sentalongthe apgopriatemetadatastreamto
arrive ahead of the relevant medadata,or held backto be
transmittedn nea synchronisationwith themediastreamin
the first casethe recevving end of the metadéa flow must
buffer the data,in the secondhe sourcebuffersinstead.Al-
ternatively, in alive broadastscenaio the metadatavould
normallybe createdasthemedialatais sent,sotherewill al-
waysbea processinglelaywhich causeshe metad#ato lag
behind Here eitherthe mediadtasourcemustbe buffered
awaiting the readines®f the metad#a, or the receving end
of themetad#&a mustbuffer themedadatainstead Of course,
in alive two-way corversationasituationthe scopefor delay
andbufferingis greatlyredued; otherwisethe systemwould
becaneunusable.

In all casesthegreatetthecoordnationof theflow, thelesser
the needfor buffering becanes. A greate relianceon coor
dinationin turn requiresmore timely and reliable delivery
of the metadatélow. Unlike mary forms of real-timemul-
timediawheredatacanbe dropped or scaledbackto com-
pensatdor network congestion,lost metacitacamot bere-



placeal through interpolation Sothetransporimechaismfor
metad#aflows mustbereal-timeandreliable - althowghRTP
couldbeusedover areliabletransporits wholedesignis tai-
lored to an unreliablescenarioherce is it unsuitatte. (At
best,a contrived transportcould be designé to assignone
atomic‘chunk’ of metad#ato eachtransportevel padketso
thatif onepadet werelost or out of orderit would not in-
validate otherchurks; we do not seethis asa very feasible
solution).In thefuturewe expectQoSenablel networkswill
allow guarateeddelivery of thetyperequiredto occu.

To enmde the metadéa flow above the transportlayer, a
derivative of the TLS XML marky wouldseensuitableand
if the metadé#a carriedin its payload is alsoenmdedusing
XML, the namespce[Bra99 mechanismcould be usefully
employed.

Present ation

We will refer to the point at which a userviews and uses
a combindion of mediaand metadatdlows as a presenta-
tion point. (This is a delibeate avoidarce of client/ sener
terminologysinceit will becone appaent that within this
framework a ‘client’ to one‘server’ canbe a ‘server’ to an-
other) There is no reasornwhy a presentatiorpoint should
only bethe corvergerce of a singlemediadéa andmetadata
flow; it shodd pull togethe andsynchroise asmary meta-
dataflows asthe userrequests. Sincea medadataflow is
the timer against which other flows are synchroiised, ary
metadéa flow usedat a presentatiorpoint musthave been
derived from thatmedialataat somepoint. Multiple presen-
tation pointsfor multiple medialataflows canexist on one
machne, for oneuser at the sametime, but they shouldbe
dealtwith asseparatentitieswithin the frameawork.

Thepresentatiomechanismalsostartsto placerequiremats
on the informationthe framevork mustenmdein the meta-
dataflow (in additionto the metadtaitself):

1. Themetad#a musthave anidertifying code. Whenmul-
tiple flows arecomhtined at a presenttion point anidentifier
is nealedto ded with padetsfrom aparticularflow in acon-
sistentmanrer; the identifier shouldalsoallow derivation of
themedadataflow with which it mustbe synchrorised.

2. To synchonisethe mediaand metadta, eat paclet of
metadéa musthave a pair of validity timestampsoundng
whenthemetadatas truein relationto themediadtaandthe
timing informationembedledwithin it.

3. For user presentationthere should be anothe pair of
timestampdourding a extensionaroundthevalid time, dur-
ing which it is suggestedhatthe metadhtais displayed(al-
thoudh this could be overriddenby userpresenttion prefer
ences).

4. To presenthemetadatan asuitablemanne theremustbe
a codeto describethe cortenttype of the paylaad the meta-
datapaclet is carrying. Althoughthe cortentcode need to
be standardisedithin theframework, theformatof the con-
tentitself neednotbe.
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Figure 2: Simple framework configu rations: (a)
The Tempor al Linking Service; (b) A unicast im-
plement ation of the recor ded lectur e presentat ion
scenario

Oncethemedialataandmetactahave beendeliveredby the
framawork to a presentatiorpoint, it is expectedthatactua
displayof theinformationto auserwould take placein coop
erationwith amechaismsuitedto the purposee.g.a SMIL
[Bug9g enadledbrowset

At this point we can usethe featuresof the framework to
describethe TLS systemdevelopal in the previous section
(figure2(a)).

Filter s

While the ability to selectdifferent metadhta sourcesfor a
particularmediadgtaflow is useful,therealflexibility of the
framawork is throughthe introdudion of processingnodes
betwea the metaditasourceandthe presentatiompoint.

Thesefilter nodes aredistributedthroughaut the framework,
takingonemetadd#a flow astheir input, modifying the meta-
datain someway, andthenoutpttting a nev metadatélow.
Theoutpu of onenodecanbelinkedto theinput of anothe
sothatthe endresultof metadéa processingbetwea source
and presentatioris formed from a seriesof simpler more
specialisedprocessingtepswithin the framework, thusex-
tendingthe coneeptof filter chans introducel in the Micro-
cosmOpenHypermediaSystem[Dav92]. Ead filter is ex-
pectedto perform a relatively specifc form of processing,
and by doing so it canbe locatedat a point wherethe re-
sourcest mayrequirearebestavailable. As aresultof this,
individual metadgtaflows within theframewvork shouldcarry
specifictypesof metad#a payloalsto allow maxmum flexi-
bility betwea filters. A filter shouldnothave to de-multiplex
ametadatdlow soit canselectonly relevant data.Semration
of themetadtafrom themediad#aflow mearsthatmary fil-
ternodeswill notneed toreceivetheoriginalmediad&aflow,
conservilg network resources.

Filter nodes introduce inevitable delays in the delivery of



metadé&a from sourceto presentatiorpoint. In minimising
this delaywe clarify the questionof buffering presetedear
lier: to give thefilters asmuch proessingtime aspossible,
metadéga should leave the sourceas soonasit can, which
would normally requiremedadatabuffering at the presenta-
tion point.

The endeffect of afilter shouldbe to eitheraddor subtract
metadéa from that which a userreceves at a presentation
point. To adddatg thefilter outpu flow canbe synchronised
with the original metad#a flow at the presentatiompoint. To
remove, or truly filter, the metadta, thefilter outpu should
betheonly flow aceptedatthe presentatiomoint: theorigi-
nal flow mustbe droppel. To accanmodde this, metadata
flow identities must incorporae the notion of deriatives,
suchthatthe history of aflow canbetracedbackthroudh fil-
tersto the original metad#a sourceidertity. Suggestedore-
sentationrelationshipgflow x mustbe presentedvith flow
y, but shouldnot be presentedvith flow z) alsonedl to be
encaledin the metadhtaflow.

Control

Even with buffering at the presentatiorpoint, network con-
gestioncould delay metadhta flows which needto be hard
synchronisedwith others;in this situationthe stalled flow
caneitherbedropped,or theremainingflows mustbepaused
while waiting for resumption Other pawsesor tempaal
movemernts may be usercortrolled, sincethe metadatdlows
mustbe pausedncethe medadatais. To provide suchfunc-
tionality within the framework theremustbe control chan-
nels betwea the presentatiorpoint and the various filters
and sourcegthat feedit; thesemight usea suitablecontrol
protocd suchasRTSP[Sch9§.

Therearetwo gereralappoache to propagtingthe control
messagesSendthe cortrol messagdrom the presentation
point to the mediaandmetad#a sourcesthenpropajatethe
messagéo the next filter in the chan; or sendthe control
messageo all thefilters onehop "upstream”of the presen-
tationpoint, thenpropajatethe messagep throughthefilter
chairsto thesources.

DEVELOPING THE FRAMEWORK FOR MULTICAST
FLOWS

To fulfil the fourth requiremen for distributed multimedia
applicaionsthe framewvork mustalsosuppat multicastcon-
nectiors. But the introductionof multicastcapabilities also
vastly increaseghe functiorality and flexibility the frame-
work canprovide throughits flows andfilters.

Sources, Flows, and Presentation Points

Although media and metadatasourcesremain largely un-

charged, they now transmitdataacrossthe framework us-

ing multicast flows. A sourcewill senda particularmediaor

metadga flow to ary numter of filter nodesor presentation
pointsin a multicastgroup. This apgoachis mostadwanta-
geots in alive broactastor grouppresentatiorernvironment

sinceall thenodesreceving aflow canrecevethesamgme-
diaor meta)datain the sametempaal momer.

In the caseof a single presentatiorpoint requesting a flow
thereis no adwvantage in usinga multicastconrectionrather
thanpoint-to-point,althoudh even in this scenaio communi-
cationbetweenfilter nodesmaybebettersenedby multicast.

Filter s

To receve a metagtaflow from andher filter or source,a
filter nodeonly hasto join the multicastgroupto which that
flow is beingsent. In turn the filter can easily transmitits
outputto mary othe filters or presentatiorpointsusingthe
samemechanism. This useof multicastcan createa much
moresophisticatedveb of interrelatedilter chairs available
to presentatiomoints.

Multicastingfilters alsoincreaseshe scalalfility of the pro-
cessingserviceofferedby eachnode For example,in alive
video broadtasta hypermeda sener may identify relevant
sectionf the pictureusingimageprocessindgechnques. It
wouldbeaninefficient useof boththehypermediasenerand
network resourcesor themary clientswhorecevethevideo
streamto querythe senerindividually; usingthe framewvork
the hypermediasener only proesseghe video onae, then
theresultsare multicastthrough a metadatdlow to asmary
presentatiomointsasrequested.

Contr ol

In mary waysexpandng thedistribution of framework flows
(from one-to-o® to one-to-may) is simplified through the
useof multicast. To receve a flow (from a sourceor filter)
apresentatiomoint or filter canjustjoin the multicastgroup
onwhichtheflow is beingtransmitteda muchmoreelegant
solutionthanmaintaning stateabaut multiple point-to-pant
links.

Otherfacetsf controlinevitably be@memorecompex with
theintrodudion of groupcommurication. A singlesourceor
filter canbe expectedto control flows to mary othernodes,
andary cortrol message$o or from thesenodes regarding
flow mustbe dealtwith, raisingseverd importantquestions:
How large a temporaldiscrepany is neecd for a sourceor
filter to launcha new (time offset) flow of the sameoutput,
ratherthanrelying on bufferingwithin theframeavork? If one
downstreamnodeof mary pausests flow shouldthe other
flows cortinue whilst the pawsedflow is forked? Shauld the
databe buffered for aslong as resourcesallow beforere-
questinganotter forkedflow from the upstreammode?

SCENARIOS
Having describedhe framawork it is usefulto presenssome
motivating scenarios.

Live News Broadcast

A television news programmecoud be augmeted by the
broadaster using metadita. The audio-viceo stream of
the programne itself would be the primary mediachtaflow,



broadtastto mary userswith multicast. Classificationsof
prospetive news itemsandclips might be corveyed in ad-
varce but asa broadtastis compled on-the-flysothe meta-
datamustalsobe gereratedwhile the broad@astocaurs.

Subtitles,althowgh traditionally embeldedwithin the video
stream, could be transmittedwithin a metadhta flow and
meigedbackwith the mediadtaat presentatiompointssub-
scribedto themulticastgroup. Specialisedfilter nodeswould
alsoreceve theflow via multicastandtranslatet into other
languageswhich would in turn be multicastto presentation
pointsrequestinghatparticularlanguage.In this way a sin-
gle languaye broadcastcan be viewed with subtitlesin arny
languagefor which thereis a translationnode eachtrans-
lating node canprocess multiple subtitle flows for different
broadtasts.

Spedalisedmetadéa sourcesnayprovide computeintensve
analsis of the video streamand createmetad#&a. This is
particularlyvaluable whenthe broad@astincludeslive mate-
rial which does not have associatednetad#a, or whenother
materialwithout appropiate metaditais used. Techniques
include scenesggmentationandfacerecoqition. Metadata
mightalsobegereratedbasedn existingmetadsa streans -
for example,informationabou the sourcef materialmight
be expancded to informationabou permissiondo reusema-
terial.

Links to relatedmaterialcan be provided by the originat-
ing broactasterand from other sourcessuchas the image
analysis node suggestedbore. Sincethey aretransmitted
as multicast metadhta flows, a usercan receve links both
directly from the broadasterand from nominaed interme-
diatefilters. Thesefilters would take links from the original

flow (optiondly resole the links) andmulticasta new flow

of links derived from a specialistlinkbase. If morelocd to

the presentatiompoint, suchafilter might provide alinkbase
built upon a users previousinterestsor currentcortext. See
figure3.

Music Performance

While reheasing,amusicianmighttransmita streanof their
musicto a specialistnode (eitherremoteor locd in relation
to the musician)which transcribesthe audo into a MIDI
metadéa flow (aMIDI enalbed instrumentcoud provide the
metadé&a atsource).

This metagtaflow couldthenbe processedby afilter node
which would analysethe melody and returna matchfrom
its databae. Using a combination of the matchfrom the
datalaseandthe original MIDI metadé#a flow for tempq a
secoml filter nodecoud usearemotemusiclibrary to outpu
a flow of additioral MIDI datafor the matchel tune. This
could provide suggestiongor relatedmusicor even an ac-
companimer for themelody, which thereheasingmusician
couldreceve andplay alorg to. We have exercisedthis sce-
nariothrough ourtoolsfor conent-basedavigation of music

basedn melodicpitch contous [Bla984.

Lectur e Presentat ion

A lecturermayanrotatea classby providing links to therel-
evant pointin theslidesor onlinenotesasa metadtastream.
This could be useddirectly by studentswith presentation
pointsin thesamephysicalspaceasthelecturer or accanpa-
nying amediadtabroadastof thelecturefor distancdearn-
ing. Whateverthelocationof thepresenttion point, it would
displaythe partsof the notesto coincide with thattempaal
spacdn thelecture.

Theframework canalsoaccanmodateary brandiingin the
presentationto give further explanationof a particula sub-
jectthelecturercanreferbackto anearlierpointin the pre-
sentatioror even to a previous lecture. Themeda andmeta-
datastreamawill beresetaccadingly, enalting the lecturer
to include both live and pre-recaded materialin the same
class.

The lecturermight also sugget that studentsutilise a spe-
cialistlinkbasefor thatparticularsubje¢ area.Thelinkbase
would interactwith the framevork thoudh a filter node re-
ceiving the metadtaflow of the lecturers’notes andtrans-
mitting a furthermetadé#a flow of links basednits process-
ing of theoriginal notes.

Closerto the presetation point, a studentmay have anextra
linkbaseof personapreferenes,built up from their previous
browsing history. This too would interactthrough a filter
node addng (or remaving!) links to external information
tailoredto thatindividual.

An enterprisingstudentmight thenwish to sharetheir per
sonallinkbasewith the restof the class,a mechaism the
studentcould also useto distribute ary insightsor annda-
tions they have added during the lecture. Once given, the
entirelectureincluding metad#a anrotationscan be stored
for replayto bothindividualsandgroupsof studerts.

A unicastrealisationof this scenarids shown in figure 2(b).

CONCLUSIONS
In this papemwe have presentedhecasdor continuasmeta-
data,andproposed framavork with thefollowing features:

1. Metadda is continuousandtraverseshe framework in a
temporallysignificart mamer.

2. Theframevork cortainsthreetypesof node: sourcesfil-
ters,andpresentatiorpoints.

3. Mediadhtais theflow againstwhich othermetadhtaflows
aresynclronised. It would normally be the temporalmulti-
mediastreamthe metadhtais derived from.

4. Metadda is carriedthroughthe framawvork in separate
flows to the medialata,so that intermediae (filter and pre-
sentationnodesneedonly receve andproaessthe mediaor
metadéa flows they require.
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5. Transmissionof media and metadta betweennodes
shouldbe multicastwherepossible.

6. Metadaa flows mustbe carriedby areliabletransport.

7. Themetad#a carriedwithin theflow (its payload)canbe
in ary recogrised metad#a format, but mustencoe infor-
mationto synchroise andpresenthe payloal data.

8. Filter nodes performprocessingpn anincomingmetadata
flow andoutpu theresultsin anaher(amendhg theidentify-
ing andderivative codesappropiately). Theoutpu from one
filter node canbe chaned to the input of anothe (or mary
other)filter nodes to createafilter chan.

9. Controlchannelsbetwea nodes mustmaragethe rateof
transmissiorandbuffering of thetemporalflows.

We have exploredtherequiremeat for streamf links to ac-
compary multimediastreamsandfor theseto be synchro-
nisedwhen somepart of the link delivery mustbe in real-
time. Two experimentalsystemshave illustratedtheseideas,
the secondn particula demorstrating this work in the con-
text of open hypermediathrough use of the Fundameral
OpenHypermediaModel (FOHM). Since we regard links
asmetad#a, andwe believe thelinking scenaios extend nat-
urally to otherforms of synchromsed metad#a, our study
makes a casefor continbus metaditain geneal. We have
presented gereraldistributedmode for working with con-
tinuousmetad#a, anddiscussedhe implications of exterd-
ing thisto multicast.

In thesameway asopen hypermeda promotes sepaablehy-
perstructurewe arepromotingseparablenetadsa. Many of
the amuments in favour of openhypermediaare apdicable
here. At first sightit may apper that multimediaformats
do not usuallysupportemtedde links, but we notethatthe

emeging MPEG standardseffectively promote embealded
metadéa andwe anticipatethatWebdeveloperswill instinc-
tively embedURLs in mediastreams.In mary applicatiors
thereis a casefor transportingdigital mediain a compos-
ite form including metadta, just asHTML with embelded
links is an effective transportanddelivery format. However,
whenwe have multiple streamsdescribedby one or more
metadéa flows, operatingin a real-timescenaio, thereis a
compdling casefor hardling the metadatasepartely.

Ourfuturework is to realisethedistributedmetadatanachn-
ery using multicastandto evaluate the appro&h. The ex-
isting experimentalsystemswill alsobe extendedto further
explore integrationwith othe OHS commnerts, particulaly
content-basedhavigation andapplicationof ontdogies. The
distributed architectureraisessystemsinfrastiucture issues,
especidly with respecto timely delivery whenworkingwith
mediaditaandmetadtastreamgogether
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