Con tinu ous Metad ata

Kevin Page, Ben Juby, Richard Beales and Da vid De Roure

Inte lligence , Agents, M ultimedia

Department of Elec tronic s and Computer Sc ienc e

Univers ity of Southampton, UK

{krp, bpj00r,rmb00r,dder}@ec s. soton.ac .uk

Met adat a for mul ti medi a cont ent can descri be the det ai l of cont ent i n order to faci li tat e processi ng, for example identi fyi ng events along the t ime axi s i n t emporal medi a, as well as carryi ng descripti ve i nformat ion for the overall resource. In bot h cases the met adata is essent ial ly stat ic and maybe associ ated wit h, or embedded i n, the mult imedia content; i t mayal so conveyl ow l evel si gnall ing dat a or hi gher l evel knowledge such as annot at i on byusers. Thi s paper discusses the case for worki ng wit h semant ical lyri ch metadat a as on e or more disti nct and conti nuous l ive fl ows, managed, del ivered and processed separatel yfrom t he cont ent . It di scusses a prot ot ype system designed t o expl ore the use of conti nuous metadat a i n videoconferenci ng and i ts ext ensi on to smart meeti ng spaces.

Int roduct ion

The most fami li ar form of met adata for mult imedia content is perhaps t he informati on that describes a parti cul ar mul ti medi a object ; e.g. catal ogue i nformat ion for archival purposes, or informati on rel at i ng to the producti on process (formats, equipment ). Met adata can al so describe element s wi t hi n t he mult i medi a cont ent , and this i s someti mes embedded wit hi n the mul ti medi a represent ati on. In t hi s paper we consi der met adata t hat i s bynecessi ty l ive and associat ed wi th mul ti pl e mul ti medi a flow s, and hence does not fi t these tradit ional vi ews.

Al t hough t hi s can be regarded as an encodi ng of si gnal s relati ng t o the mult imedia producti on process, we are also i nt erested i n capturi ng higher level knowl edge rel ati ng to the process and cont ent ˘ t hi s can be regarded as mul ti medi a annotat ion.

Keynoti ons of metadata are i nt roduced i n t he next secti on. Sect ion 3 descri bes our vi ew of conti nuous met adata. The videoconferenci ng scenari o, i n whi ch t he met adata is li ve and two - way, i s consi dered i n secti on 4 wit h our prototype i mpl ement ati on. In secti on 5 we ext end t hi s t o consider t he ri cher met adata associat ed wi th li nking smart spaces.

What is Met adata?

Met adat a is anci ll arydat a about ot her dat a, and as such i s data it self. In general i t refers to an ydata used t o aid t he i dent i ficat ion, descri pt ion and locat ion of some ot her el ect roni c resource. Manyforms of met adata exist ; some are verysimple whil e ot hers are qui te complex and richlyfeatured.

The definit ion of what met adat a i s and what i t can re present is verybroad, and whil e the creati on of met adata is no simple task, i t i s t he interchange of met adata that is the focus of most research. The whole poi nt of met adata i s t o aid t he understandi ng of other dat a, so t here must be a wayto decode t he m etadat a

i nt o useful informat ion or i t becomes as useless as t he dat a i t is augment ing. Wi thout common st ruct ures and st andards for metadat a t here can be nointerchange and t ransl ati on bet ween syst ems; wit hout consi stent i nt erpret ati on met adata has no val ue . Hence t he i nformat ion conveyed bymetadat a i s part of a shared, si mpl ified vi ew of t he domai n (a concept uali sati on), for exampl e a shared vocabul ary. The speci fi cat ion of t hi s concept ual isat ion i s call ed an ont ol ogy .

Semantic Web

Whil e much of the inf ormati on on the Web i s desi gned for human consumpt ion, t here is an i ncreasing need for machi ne - t o - machi ne communicati on. To achi eve t his, t he informat ion must be machi ne - understandabl e. Thi s has l ed to t he noti on of the semant ic web i n whi ch metadat a descr i bes resources in a machi ne - processabl e synt ax, and the schema can simi l arlybe specified and shared.

The Resource Descri pt ion Framework (RDF) 1 is an i nfrastructure that enabl estheencodi ng, exchange,and reuse of st ructured metadat a on the WWW. RDF does not prescri be semanti cs for each part icular resource descri pt i on communi t y, i nst ead i t provides the abi li ty t o define new met adat a el ements as needed usi ng an

XMLsyntax. It s dat a model defines a resource as any object uni quelyi denti fi ed bya URI (Uni form

Resource Identi fi er), and resources have propert i es which express t he rel at ionshi ps of val ues associ at ed wi t h that resource. The values can be ei ther at omic

(st ri ngs, numbers etc.) or ot her resources (whi ch may have t hei r own properti es).

Col lecti ons of p ropert i es about a part icul ar resource form a descri pt ion ; coll ect i ons of propert ies used to descri be resources wit hi n a part i cular resource

1 RDF, XMLand URIs are Worl d Wide Web

Consor t ium (W3C) recommendati ons; the reader is referred to the W3C web si te www.w3.org descri pt i on communi tyform a vocabul ary . An RDF vocabularycan be defined byan RDFSchema

(RDFS), whi ch has some p redefined concept s and properti es.

RDFS i s more expressive than RDFbut lacks features t hat t he used bythe knowledge engi neeri ng communit y. This has led to the act ivi tyin

DAML+OIL[ vanHarmel an00], which extends RDFS and support s i nference, providing a more powerful querymechani sm.

Me tadata and Multime dia Content

A metadat a schema for t emporal mult imedia coul d be considered of greater importance t han one for t he

(most lytext - based) WWW, since i t i s even more di fficult t o generat e met adata for media such as audio and video wit hout commonl yrecogni sed descri pt ions.

In t he mul ti medi a realm met adata has manyatt racti ve pot enti al uses: semant ic searching, i ndexi ng, retrieval and fil tering of mult i medi a dat abases; i mage understanding for intel li gent visi on and survei ll ance;

and conversi on between media (speech t o t ext et c.).

There are four fundament al ways of descri bi ng mult imedia dat a t hat could form useful met adata

[Nack99]:

· Medi um - based descri pt ions are of the medium in which t he data is expressed, such as the sampl ing rat e or the camera’s focal dept h.

· Perceptual descri pt ion breaks the media into perceptual objects such as col our, t ext ure or sound.

· Phy sical descri pti ons are of feat ures that do not correspond t o human percepti on, and can be easil yderi ved from raw mult imedia dat a.

Examples incl ude `l evel´ and `frequencý

(compared t o perceptual `l oudness´ and `pi tch´).

· Transcripti ve descri pt i ons represent a reconst ruct ion of the real worlds st ruct ure as capt ured byt he dat a. For exampl e, a musi cal score ca n represent audi o dat a.

For anypart icul ar segment of mul ti medi a dat a, several of these descri pt i on cl asses can be used to gi ve di fferent vi ews of t he same data. Anymult imedia met adata standard must not onlyaccommodate t hese i ndependent vi ewpoi nt s, but also make them compl ementaryrat her than mutuall yexclusive. There mayalso be a need for an archi tectural descri pt i on to formal ise the st ructure of the other descri pt ion classes, t he dat a theyrepresent , and rel ati onshi ps bet ween t hem.

The Moving Pict ure s Expert Group (MPEG) of the

Internati onal Organi sati on for Standardisat ion has produced several st andards for the coded represent at ion of temporal audi o and vi deo, wi th varyi ng level s of met adata support :

· The MP EG - 1 st andard for storage and retri eval i nc l udes a mechanism for mult i pl exing a data st ream(which coul d be met adata) i nt ot he MPEG -

1 st ream, but does not prescribe how t o format

t hi s data (whi ch has led t o proprietary, i ncompati bl e, i mpl ement ati ons).

· MPEG - 2, t he di gi tal tel evi sion standard, i s an ext ensi on to MPEG - 1 that uti li ses a higher resoluti on. It offers li mit ed addit ional met adata support t hrough a structured informati on bl ock in i ts header, which can be used to encode copyright and access informati on.

· MPEG - 4 i s a st andard for t he producti on, di st ri buti on and content access of mul ti medi a, and i s desi gned to be appl icabl e to a wider range of fi elds t han t he earl ier st andards. It sti l l deals wi th st reams, but subdivi des audio - visual cont ent into object s. Metadat a can be att ached t o these obje cts, but agai n t here is no st andard structure or format .

· The Mult i medi a Content Descripti on Int erface, or

MPEG - 7, is not a standard for transmi tt ing or st oring mul ti medi a data. Inst ead, it aims to st andardi se a core set of quant it at i ve measures of audio - v i sual features ( Descri pt ors ) and struct ures of descript or rel at i onshi ps ( Descri pt ion Schemes ).

MPEG - 7 wi ll al so introduce t he Descri pt ion

Def init ion Language (DDL) t o speci fynew

Descri pt i on Schemes, which has t he same ai ms for mul ti medi a metadat a as RDFd oes for t he

WWW. RDF i s not suit abl e for inter - operati on of mult imedia metadat a si nce i t has no l inki ng mechani sms to spati o - t emporal sect ions of data and li mit ed dat a t ypi ng. However, t he MPEG - 7

DDLwi ll use t he XMLSchema l anguage as it s basi s wit h a vie w to future i nt eract ion wi th non -

MPEG - 7 met adata.

Si nce the earli er MP EG standards have mechani sms to i nclude met adat a, but no standard metadat a format , it i s envi si oned t hat t heywi ll use MPEG - 7 to improve t heir content descripti on capabi li ti es, al t hough t hi s does not preclude using MPEG - 7 wi th other, non -

MPEG encoded, medi a.

A concept ual framework f or cont inuous met adat a

Whil e stored t emporal mul ti medi a must be st reamed because of it s si ze, t he associat ed met adata would normal lyform a much smal l er quan t it yof dat a. For short er vol umes of media i t coul d be argued that t he met adata can be pre - l oaded into the cl ient by downloadi ng one fi le before present ati on of the media begins. This i s anal ogous to t radi t ional handl ing of met adata wi thin t he broadcast pr oduct ion environment : carri ed on a separat e floppyi denti fi ed bythe SMP TE Unique Materi al Identi fi er (UMID) of t he referenced essence mat eri al , or more oft en si mply recorded on a paper form or label which is bundl ed wi t h the essence medi a.

For greater len gths of media i t might be the case that t he amount of metadat a has become large enough to warrant st reami ng, but i t i s for l ive transmi ssion of medi a t hat streamed met adata becomes essent ial . In t hi s scenari o t he met adat a wi ll be generat ed on t he fly at t h e same t ime as t he medi a, and must be transmi tt ed i n paral lel wi th it . The met adat a mi ght be produced duri ng the l ive product ion process, but it coul d also be t he resul t of l ive processi ng or annot ati on when st ored medi a is broadcast .

Al t hough the met adata in our concept ual framework i s st reamed, i t maybe bett er t o think of i t as conti nuous met adata. The word `st ream´ has become closely associ ated wit h real - t ime audio and vi deo, and oft en

(i ncorrectl y) impli es a non - st op flow of rel ati vel yhigh bandwidth d ata. Cont i nuous met adata need not be hi gh vol ume, and there maybe signi fi cant lull s bet ween burst s of dat a (al t hough the t ransporti ng channel persist s); however t he transmi ssion t imi ng of t he met adata does have signi fi cance, and i t wi ll often be augment in g cont inuous, streamed, media data.

In t hi s framework it i s neit her the type nor cont ent of t he metadat a that i s important, rat her t hat it is some kind of met adata and t hat i t is handl ed in a conti nuous manner. The cl assifi cati on and exchange of met adata can alreadybe descri bed bystandards such as RDF and MPEG - 7 there i s no reason whyt he met adat a carri ed bythe framework coul d not be encoded usi ng t hese standards.

Me tadata and Mediadata

In t hi s framework we consi der medi adata ( cf .

essence), and metada t a, where t he conti nuous met adata flow carries addi t ional dat a about a corresponding t emporal mul t imedia, or medi adata, fl ow. The mediadat a wil l normall ybe a mult imedia st ream, such as audio or vi deo, and can be characterised as a conti nuall yevolving flo w of dat a - one frame of a video general l yhas a di rect rel at i onshi p wi th t he previ ous. Met adat a, on t he other hand, wil l be spl it i nto discret e chunks of informati on wi t hi n the cont inuous met adata fl ow.

In general the metadat a is transport ed t hrough t he framework separatel yfrom t he medi adata, rat her than mult iplexed wi thin i t . This all ows for a much more fl exi bl e framework of di stribut ed processi ng and presentat ion. The argument s agai nst embeddi ng met adata are well - rehearsed i n the hypermedi a research c ommunit y[Davis95]. The dist i ncti on bet ween medi adata fl ow and metadat a fl ow mayin reali t ybe bl urred, if met adat a essenti al t o t he reproduct ion of the medi adat a i s i nterl aced i nt o t he medi adat a fl ow.

It can be argued that what maybe metadat a i n one case shoul d be mediadat a i n anot her, and in many ways t hi s is t rue. Whi le a fl ow of MIDI informati on woul d be met adat a for a raw audi o medi adata fl ow in one case, i n anot her t here maybe no audi o st ream and t he MIDI might form a mediadat a fl ow augment ed by oth er metadat a. We shoul d not e t hat just because a met adata flow maydevel op a deri vat ive met adat a fl ow

`about´ it , this does not make t he derivat i ve fl ow

`met a - met a´ - dat a, nor does i t impl ythe original met adata should become a mediadat a fl ow. The derivat e f l ow merelybecomes another metadat a fl ow

based on the original medi adata, al beit one wi th a more complex rel ati onshi p wi t h ot her met adata.

We wil l first consi der how t he framework should handl e poi nt - t o - poi nt media and metadat a fl ows by i nt roduci ng the va ri ous element s that make up a si mpl e versi on of t he framework.

Sour ces and Flows

There must be a poi nt at whi ch t he mediadat a ent ers t he framework, and we refer t o this poi nt as t he medi adat a source. For si mpl ici ty, we i ni ti al l ypresume t hat each medi ada t a fl ow is deri ved from a si ngle source; wi th a more compl ex i mplement ati on t here i s no reason whya mediadat a fl ow cannot ent er t he framework in a di stribut ed manner. The met hod by which the content of t he mediadat a is transport ed t hrough t he framework sh oul d be sui table for that data t ype, e.g. RTP for audio or video.

The met adata source i s the poi nt at which a conti nuous met adata fl ow ent ers the framework. Thi s maybe at t he same point as t he mediadat a source or it maybe di st ri buted at a different poi n t : for a l ive news feed a provider mi ght const ruct a met adata flow of rel evant l inks at t he same broadcast point as the medi adat a;

whil e viewing a video of a pre - recorded l ect ure a user maywi sh t o recei ve metadat a annot ati ons from a source ot her t han t hat of t he original l ect ure.

Pr es entation

We wil l refer t o the point at which a user vi ews and uses a combinati on of media and met adat a fl ows as a presentat ion point. (This i s a del iberate avoi dance of cli ent / server termi nol ogysi nce i t wi ll become appare nt t hat wi thin t hi s framework a "cl ient " t o one

"server" can be a "server" t o anot her.) There is no reason whya present ati on poi nt shoul d onl ybe t he convergence of a si ngle medi adata and met adata flow;

i t shoul d pul l toget her and synchroni se as many met a dat a flows as t he user request s. Si nce a mediadat a fl ow i s the t imer agai nst which other flows are synchronised, anymet adat a fl ow used at a presentat ion poi nt must have been derived from that medi adat a at some point. Mul t iple present ati on poi nt s for mult i pl e medi adat a flows can exi st on one machi ne, for one user, at t he same t i me, but t hey should be deal t wi t h as separat e enti ti es wit hi n t he framework.

The presentati on mechanism also st art s t o pl ace requi rement s on t he i nformat ion t he framework must encod e i n t he metadat a flow (i n addit ion t o t he met adata it self):

· The met adat a must have an i denti fying code (for example a UMID). Not onl yis this code needed t o deal wi th packet s from a part icular flow i n a consistent manner, i t must al so all ow i dent ificati o n of t he medi adata fl ow wi th which t he metadat a must be synchroni sed.

· To synchroni se t he medi a and met adat a, each packet of met adat a must have a pair of vali di ty t imest amps boundi ng when t he met adata is t rue in rel at i on to t he mediadat a and t he t imi ng i nf ormati on embedded wi thin it .

· For user presentat ion there should be anot her pai r of ti mestamps boundi ng a ext ension around t he val id ti me, duri ng whi ch it is is suggested t hat t he met adata is di spl ayed (alt hough t hi s could be overridden byuser present ati o n preferences).

To present t he metadat a i n a sui tabl e manner t here must be a code t o describe t he cont ent t ype of t he payl oad the met adata packet is carrying. Al though t he content code needs t o be st andardi sed wit hi n t he framework, the format of t he conte nt i tsel f need not be.

Filter s

Whil e the abi li tyt o sel ect different metadat a sources for a part icul ar mediadat a fl ow is useful, t he real fl exi bi li tyof t he framework i s t hrough t he i nt roduct ion of processingnodesbetween t he met adata source and t he pre sent ati on point.

These fi lt er nodes are di stribut ed throughout t he framework, taking one metadat a flow as t heir input, modi fying the metadat a i n some way, and then out putt ing a new metadat a flow. The output of one node can be li nked t o the input of anothe r so that t he end result of metadat a processi ng bet ween source and presentat ion is formed from a seri es of si mpl er, more speci al i sed, processi ng st eps wit hi n the framework, t hus ext ending the concept of the Microcosm fi lt er chai ns [Davis92]. Each fi lt er is expected t o perform a rel at i velyspecific form of processi ng, and bydoi ng so i t can be located at a poi nt where the resources it may requi re are best avai labl e. As a resul t of this, i ndividual metadat a flows wi thin the framework should carryspecific typ es of metadat a payl oads t o all ow maximum flexibil it ybet ween fi lt ers. A fi lt er should not have t o demult iplex a metadat a fl ow so it can sel ect onl yrel evant dat a. Separat ion of t he met adata from the medi adata fl ow means that many fi lt er nodes wil l not need t o receive t he ori gi nal medi adat a fl ow, conserving network resources.

The end effect of a fi lt er should be to eit her add or subt ract met adat a from that whi ch a user receives at a presentat ion point. To add data, t he fil ter output fl ow can be synchronised wi th t he original met adata fl ow at t he presentat ion poi nt . To remove, or t rulyfi l ter, t he met adata, t he fil t er out put shoul d be the onl yfl ow accepted at t he present at ion poi nt : t he original fl ow must be dropped. To accommodat e t hi s, met adat a fl ow i dent i t ies must i ncorporate t he noti on of deri vat ives, such t hat t he hi storyof a fl ow can be t raced back t hrough fi l ters t o the ori gi nal met adata source identi t y.

Suggested present ati on rel at i onshi ps (fl ow x must be presented wit h fl ow y, but shoul d not be pres ent ed wi t h flow z) also need t o be encoded in t he met adata fl ow.

Contr ol

Even wit h buffering at the present ati on poi nt , network congest ion coul d del aymet adat a fl ows which need to

be hard synchroni sed wit h ot hers; in t hi s si tuati on t he st al l ed fl ow can e i ther be dropped, or t he remai ni ng fl ows must be paused whi le wai ti ng for resumpt ion.

Ot her pauses or temporal movements maybe user control led, si nce t he metadat a flows must be paused once t he medi adata has been stopped. To provide such funct ional it ywit h i n the framework there must be control channel s bet ween the present ati on point and t he vari ous fil t ers and sources that feed i t.

There are t wo general approaches to propagati ng t he control messages: Send t he cont rol message from t he presentat ion point to t he media and metadat a sources, t hen propagat e t he message to the next fil ter i n t he chai n; or send t he control message t o all the fil ters one hop `upstream´ of the present ati on point, then propagate the message up t hrough t he fi lt er chai ns to t he sources.

Prot ot ypes

Two earl ier prot otype systems have been devel oped to address conti nuous met adat a appli ed t o hypermedi a:

· For streami ng stored medi a, RTSP has been combi ned wi th the Fundament al Open

Hypermedi a Model (FOHM). Thi s syst em i nvol ves prefetchi ng meta dat a.

· For li ve (synchronised) met adata, t he `HySt ream´ appli cat i on uses a soft ware agent framework and si mpl e ont ol ogy[Crui ckshank01].

Here we focus on a vi deoconferencing scenario. The mai n di fference bet ween this scenari o and previ ous scenari os i s t hat medi adat a (i.e. audi o and video) cannot buffered for anysi gnificant ti me as i t would i nt roduce unaccept abl yhi gh lat encyi n the conference.

In t hi s scenario met adata needs to be generated as qui cklyas possible on t he fly. Possible sources of met adata in t hi s cont ext i ncl ude annot ati ons, sli des, meeti ng mi nutes and shared whi t eboard acti vi t y.

These can be capt ured usi ng l apt op PCs, PDAs and document cameras. Si nce t he mediadat a cannot be buffered, the capt ured metadat a must be sent as soon as i t is avail ab l e. This means t hat the met adata coul d pot enti all ylag behind t he vi deo and audi o due to t he overhead of it bei ng captured and processed. This i s unavoidabl e, and steps must be t aken t oensure t hat t he met adata processing t ime is as short as possi bl e.

H.3 23 i s t he dominant st andard i n vi deoconferenci ng, and through T.120 dat a conferencing can support conti nuous metadat a del i very. The T.120 series st andard i s part of the H.323 standard and i s commonlyused t o add funct ional it yto videoconferences such as sh ared whit eboard, text chat and fi le t ransfer. T.120 has a number of feat ures that make it sui table as a cont i nuous met adata transport mechani sm. These feat ures i ncl ude:

· Real ti me, rel iable deli very

· Independence from t he conference media streams

· Support fo r mult iple dat a channel s

· Mul ti cast support

Addi ti onall y, T.120 all ows one of four pri orit ylevel s t o be assigned t o data. This al lows ti mi ng cri ti cal met adata t o be assigned the hi ghest priorit yl evel, whil e other operat ions such as fil e t ransfer can be as si gned lower priori ti es.

The functi on of met adata processing nodes can be carri ed out byspecial ised conferencing t erminals.

Such a termi nal can recei ve a T.120 met adata stream, process it and ret ransmit t he t ransformed stream.

Feedi ng t he output of one fi lt er node termi nal i nt o another fil ter termi nal can creat e a fi lt er chai n. Si nce all T.120 data can pass t hrough a Mult ipoi nt Cont rol

Unit (MCU), some addi ti onal fi lt ering could pot enti all yt ake pl ace in MCUs.

One weakness of T.120 i s t hat t here is no bui lt i n mechani sm for synchroni sati on of dat a wit h audio and video st reams. Thi s i s not a probl em i n a videoconference, as t he mediadat a and met adata i s always di spl ayed as soon as avail abl e. For presentat ion, a suggested lengt h of ti me t he met adata shoul d be displayed for is more appropriat e t han a pai r of ti mestamps.

I mplementation

We have i mpl ement ed a si mple prot ot ype system to demonstrat e real t ime met adata del iveryin an H.323 videoconference. The chosen vi deoconferenci ng cl ient i s Mi crosoft Ne t Meeti ng 3.01 and t he metadat a is handl ed bya pl ug - i n writ ten usi ng a T.120 API avai labl e free as part of Mi crosoft ´s Net Meeti ng SDK.

The prot ot ype appl icati on uses hypermedia li nks as an example of l ive conference metadat a. Before t he conference, each parti ci pant can prepare apersonal l ist of li nks t hat wil l be rel evant to conference and load t hi s li st into t he plug - i n. These l inks could be t o documents and sl i des that are i nt ended t o be discussed duri ng t he conference. If during the course of t he conf erence a part i ci pant decides t hat one of t hei r li nks i s rel evant to t he current t opic under discussion, t hey can share t he l ink wi t h t he ot her part icipant s by select ing t he li nk and cl i cking t he send but ton. Thi s aut omat ical lysends the li nk i n real ti me t o the ot her parti ci pants over a T.120 connecti on. The reci pient s wi l l have a new l ink appear i n their pl ug - i n window.

Cli cki ng on t he recei ved l ink wi ll aut omat i cal ly l aunch a Web browser di spl ayi ng the t arget document .

A part ici pant has the opti on of mult i cast ing a li nk t o all members of the conference or uni casti ng t he l ink to a si ngle member byselect ing that member from a l ist of conference parti cipants. The user i nterface to t he pl ug - i n is shown in the figure bel ow.

Smart Conf erencing Smart Meeting

Sp aces

Most t radi t ional meeti ng rooms wil l be equipped wi th a range of object s and appli ances ˘ project or, fl ip - chart , possi bl ya basi c video conferencing facil i ty, and so on ˘ i nt ended to provi de passi ve assi st ance to the parti ci pants of a generi c meet ing.

Smart meeti ng spaces are di fferenti ated byt hei r abi li ty

t o support each specific meeti ng acti vel y, adopt ing t he

role of i nvisi bl e secretary, consul tant and t echn i ci an.

Theyvaryin the t echnologi es used t o achieve t hei r

smart ness, but t ypi cal lysupport the processing of

visual and audi torycues (for example gest ure or

speech recognit ion), some facil i tyfor i dent i fying t he

meeti ng context and goal s and pre - empt i ng t he

parti ci pants´ requirement s, and t he abi l it yto moni tor

and i nfl uence envi ronment al and spati al fact ors. Thi s

i s achi eved wit h the support of a si gnificant amount of

net worked embedded comput ing.

We are invest igati ng t he appl icati on t o smart meeti ng

spa ces of `Knowledgeabl e Devices´ ˘ a phrase we use

t o describe small , networked, embedded devices

characterised bythei r having a l ocal fact base and

reasoni ng capabil it yand abi li tyto `tal k´ RDF.

As an init ial t est - bed we have devel oped i - See!, a

si mpl e b usiness - card exchange appl icati on, which

aut omat es t he exchange of contact detai ls bet ween

parti ci pants in a meet ing. Impl ement ed using a

combi nati on of Java and Dynamic HTML, our

appli cat i on currentl yruns on st andard Wi ndows

l aptops equipped wi t h Lucent wi rel ess Et hernet cards.

Al t hough t ri vi al, i - See! embodi es manyof our key

principles: reasoning abil it y, and an RDF - based,

ont ol ogy - driven approach t o knowledge exchange,

dynamic servi ce di scoveryand ad - hoc wirel ess

connecti vit y. The possibil it yof net wo rking our

knowl edgeabl e devi ces wi t h a radical protocol bui lt

`knowl edge - aware´ from t he ground up, in place of

TCP/IP, i s under consi derat ion.

Whil e col laborat i on bet ween devi ces is current ly

l imi ted t o swapping names and addresses, it it s felt

t hat, wi t h a suffici entl yenriched ontologyand arrayof

physical cont ext ual inputs, much more imaginati ve

mult ist ep reasoning wi ll be possible. A short t erm ai m i s to enable t he devices t o assemble snapshot s of t he

meeti ngs i n which theyare i nvol ved which can the n

be used to recognise anot her instance of the same

meeti ng, and present the user wi th a choice of rel evant

resources, such as previous mi nutes. Bynegoti ati ng

amongst t hemsel ves, the devi ces wi ll also be abl e to

confi gure the room as t heyregard appropria t e.

The nature of the ad - hoc, wi reless connect ivit y

empl oyed i s that communi cati on from anydevi ce i s

l imi ted t o a range of several t ens of met res. In a

meeti ng where vi deoconferenci ng i s used t o li nk

remotel ysi tuat ed part i es, this could pot ent ial lylead to

i sol ated pool s of connecti vi ty, each unaware of

parti ci pants i n di fferent l ocat ions. However t he

provision of a metadat a st ream as a component of a

videoconference sessi on present s us wit h an

opport unit yto expand t hi s col l aborat i on beyond a

si ngle phy si cal room. As the mediadata, or essence,

st ream provi des an audio - visual li nk bet ween meeti ng

spaces, so t he accompanying metadat a wi ll form a

bridge between smart meet i ng spaces, effect ively

creati ng a si ngle smart conference space. Many

physical resourc es become as easyt o mani pulat e

remotel yas t he Net Meeti ng whit eboard, and the ad -

hoc, person t o person communicati on whi ch would

t ake pl ace wit hin a si ngle meeti ng room can now

proceed transparentl yt hroughout the conference

space.

Intrigui ngly, one compo nent of t he smart meeti ng

space maybe some kind of short - t erm electronic

memory, offeri ng t he possibil it yof `spi l l - over´

bet ween current and previ ous meeti ngs. So, for

example, `ghost´ business cards maybe passed

bet ween peopl e who have never met , i n ei t her physical

or vi rt ual space and have i ndeed never st ood i n t he

same room. Simil arly, if bot h met adata and essence

are archi ved, t hen a degree of exchange wil l al so be

facil i tated bet ween part ici pant s of the meeti ng and

t hose viewi ng a recording aft er t h e event .

The development of near - fi eld radi o based Personal

Area Net works offers a furt her excit ing possi bi li t y.

Thi s t echni que, wherebyexchanges of personal or

i nt imat e i nformat i on occur onl ywhen peopl e t ouch,

formi ng moment ary`inter - PANs´, maybe exte nded

across t he conference. A pai r of t ransceivers, i denti cal

t o t hose worn on the body, but bui l t i nt o a sui tably

t act il e object in each meet i ng room funct i on as remote

bodypart s ˘ whi le each is touched bya person a

t unnel wil l exi st , l inki ng t heir PANs as though they

were st andi ng next to each other.

Conclusions and fut ure w ork

We have made a case for met adat a to be regarded as

di st inct flows of commonl yunderst ood dat a rather

t han descri pt ive informati on embedded in a

mult imedia content representat ion . We have

i ll ust rated t hi s wi th a scenari o based on

videoconferenci ng and i nt erconnecti ng smart spaces.

Our earlyprot ot ypes focused on t ransporti ng

hypermedi a anchors and li nk i nformati on, a well understood form of metadat a. Rel ated work i n t he

hypertex t research communi t yi ncl udes [ Grønbæk00]

and [Smit h00] . In part icul ar, we are i nt erested in

adapti ng mult i medi a presentat ions on the fl y; an

i nt eresti ng exampl e can be found i n [Pan00] .

We are currentl yestabli shi ng ont ol ogi es for

hypermedi a l i nking and other forms metadat a, using

t owards RDF as a common metadat a format. In

parti cul ar we are devel opi ng ontologi es for t he

`knowl edgeable devices´ discussed i n t he previ ous

secti on, consi deri ng t he combinati on of pervasi ve

comput i ng and li ve mult imedia.

We a re also developi ng a tool for mult imedia

annot ati on according to an ont ology, so that someone

moni tori ng a l ive st ream is abl e to mark i t up wi th

ease; t hi s parti al mark - up can then provi de t he

navigati onal st ruct ures t o facil it ate furt her annot ati on.

As w ell as t he chal lenges of creat ing t hese new

ont ol ogies, we anti cipat e that t hi s work wil l raise

i ssues of t he `knowl edge l i fecycl e´, e.g. where i s t he

met adata created, how i s i t mai nt ained and how long

does it persi st?

Bibliography

[Cruickshank01] Don C ruickshank, Luc Moreau,

David De Roure. Archit ect ural Design of a Mul ti -

Agent System for Handli ng Met adat a Streams. 5 th

Internati onal Conference on Autonomous Agents,

May2001 (to appear).

[Davi s95] Hugh C. Davi s. To embed or not t o embed.

Communicati ons o f the ACM, 38(6):108 - 109, August

1995.

[Davi s92] Hugh C. Davi s, WendyHall , Ian Heat h,

GaryJ. Hi ll , and Robert J. Wil ki ns. Towards an

i nt egrat ed i nformat i on environment wit h open

hypermedi a systems. In Proceedings, ACM European

Conference on Hypertext EC HT’92, pages 181 - 190.

ACM SIGLINK/SIGWEB, November 1992.

[Grønbæk00] Kaj Grønbæk, Lennert Sl ot h, and Ni el s

Ol of Bouvi n. Open hypermedi a as user cont roll ed

met a data for t he web. In Proceedi ngs, The Ninth

Internati onal Worl d Wide Web Conference, pages

554 - 566.

[Nack99] Frank Nack and Adam T. Li ndsay.

Everyt hi ng you wanted to know about MPEG - 7: Part

1. IEEE Mul ti medi a, 6(3): 65 - 77, Sept ember 1999.

[Pan00] Pengkai Pan and Glori anna Davenport. I -

Vi ews: A communit y - oriented system for shari ng

st reaming vi deo on the i nt ernet . In Proceedigs, The

Ni nt h Int ernat ional World Wi de Web Conference,

pages 567 - 582.

[Smit h00] Jason W. Smi th, Davi d St ot ts, and Sang -

Uok Kum. An ort hogonal t axonomyfor hyperli nk

anchor generat ion in vi deo st reams usi ng oval ti ne. In

Hypertex t 2000, pages 11 - 18.

[vanHarmelan00] Frank van Harmelan and Ian

Horrocks. Reference Descri pt ion of the DAML+OIL

Markup Language. Avai lable from www.daml .org ,

December 2000.