or collab oration transparency this can cause resource mappin problems. or example if our conference includes sev eral 24 and bit plane displa ys and one bit (blac white) displa what displa yp do tell the appli- cation it is connected to? Assuming the lo est comm on denomi nator causes the least mapping problems, but ma pro to restrictiv for some applications. orse still, what do do if the user of the bit displa joins the conference part through? The only go course of action is for the user who starts the application to de- cide dep ending on the application and the exp ected user (and hence hardw are) group. In some cases it ma necessary to sp ecify minim al resources and user whose system do es not meet these requiremen ts receiv es either an incom plete displa or no displa at all. It is clear that the windo system as not designed to allo displa replication, and as result attempting to design extensions or additions to do so elegan tly is not trivial. Ho ev er allo wing collab oration transparen applications is extremely desirable, as cannot exp ect man useful applications to rewritten in collab ora- tion are manner. Conclusi ons Multim edia applications are no starting to ecome ail able, initial ly with lo cal area net orks but increasingly with ISDN and other connection based net orks in mind. Although conference systems designed for these net orks will run er the next generation of net orks suc as Su- erJanet and other TM net orks, for the most part they do not tak adv an tage of the increased exibilit and oten tial for ul ticast that these net orks can pro vide. Ho ev e to mak full use of suc net orks requires ex- tensions of existing proto cols. In particular, the curren implem en tatio of IP ul ticast do es not elegan tly sup- ort video switc hing, as it mak es assumptions ab out the nature of ulti cast tra�c whic are not en tirely justi�ed for video tra�c. The windo system is no su�cien tly ell established and supp orted that it is natural base on whic to build conferencing systems. Ho ev er, for shared applications it do es not elegan tly supp ort collab oration transparen replication of displa ys. Shared windo extensions suc as Shared-X do ermit displa replication, but at the cost of cen tralised arc hitecture, whic prev en ts the use of ultica st or ery large conference groups. It should ossible to design decen tralised arc hitecture for shared windo system, though ideally this should included in the serv er itself. Wide area ul tim edia conferencing is still in its infancy and although their are standards suc as H261 for video compression, they do not map ell on to heterogeneous re- ceiv ers on di�eren bandwidth net orks. Suc standards clearly need to dev elop ed. There are still man asp ects of ultim edia conferencing for whic no standards exist. Ho ev er for some of these it is clearly still to early to setting suc standards, and uc more exp erimen tation and exp erience is required. Ac kno wl edgem en ts wish to thank Jon Cro croft and Ian ak em an for some of the ideas presen ted in this pap er. ould also lik to thank all our colleagues in the CAR pro ject who are in ol ed in the dev elopmen of the conferencing system. This ork has een funded the CAR pro ject of the CEC RA CE Programm and Departmen of Computer Science, UCL This pap er is dedicated to the ruins of Llan thon Abb ey in the Blac Moun tains of South ales. References [1] Deering, S. Cheriton, D. E. "A Multicast Exten- sion to the In ternet Proto col", RF C-966, Dec 1985 [2] Huitema, C. "Soft are co decs and ork-station video conferences ", Pro ceeding on INET ’92, June 1992 [3] Shac ham, N. "Multip oin Comm uni cation Hi- erarc hically Enco ded Data", Pro ceedings of INF O- COM92, Ma 1992 [4] ak em an, I. Cro croft, J. "Note on the use of hierarc hical enco ding in ameliorati ng the problems of dissemination of audio visual data er catenets of arying bandwidth", UCL In ternal Note IN/92/3 [5] Wilbur, S. "The UK National Researc Net ork: rom Janet to Sup erJanet", Pro ceedings of IEEE Eu- ro con ’92, Ma 1992 Due to un usual routings, it ma di�cult to ensure that the old source ceases ul ticast e- fore the new source egins. On limited band- width links to some receiv ers this ma cause problems. The new source ust send resync hronisation oin t, but only after are sure that this will not lost due to the end of the stream from the previous source. need fast e�cien to select/deselec ul ticast (without actually lea ving the ul ti- cast group), but this is relativ ely simple, as it only needs to an on/o� selection at source. eer Group ulti cast with ulti ple hannel video This is the most complex, and the most exible system. It requires fast e�cien to select/deselec ul ticast, but for this top ology need the routers to resp ond to the select so can add/remo receiv er on ul ticast route. The source co decs ust capable of pro ducing resync hronisation oin ev ery time that source is reselecte receiv er. IP Multicast The In ternet Proto col ul ticast routing system dis- tributes tra�c across minim um spanning tree of all the net or ks and routers where there are mem ers of ul ticast group. join ul ticast group, pro cess issues gr oup join whic is propagated globally This sc heme is scalable, and orks ell for suc tra�c as audio conferences (cf. vat ). It mak es an assumption that the group is symmetric in that no mem er of the group is more imp ortan than the others, and th us an mem er of the group can ulti cast to the group. or audio this is reasonable assumption, as silence suppression decides whic group mem er sends. If more than one mem er sends, mixing or �ltering can alw ys erformed at the receiv er. Ho ev e for video do not an more than one site sending sim ul taneously to ulticast group, and when there are man oten tial sources, it is the eiver that decides whic one to receiv from. What is required is for mem ers of conference to join group at the start of the conference, but to able to select from time to time whether they wish to forw arded tra�c from that group. do not wish to use group join for this purp ose as it is propagated globall whic is not necessary as already kno the group mem ers. What is needed is some tra�c �lter in the ulti cast routers and mec hani sm to send an activ ation message to them. This can done in ys: ulticast an \activ ate group" con trol message to the group. As this is ulticast it will only propagate to the existing group routers. send message to the source requesting activ ation of the group. The source then propagates the \acti- ate group" message along with the existing stream of video pac ets to the routers do wnstream. As the source ust also send sync hronisation oin in the video for the new receiv er, the latter metho ensures that this arriv es after the �ltering of the ulticast stream has een remo ed. This �ltering sc heme could part of more general sc heme for hierarc hically enco ded video as describ ed ear- lier. Applications When examine the comm unicati on of conference appli- cations, it ecomes clear that man collab oration are applications lend themselv es to the use of ulti cast pro- to cols, and th us to e�cien net ork usage in large confer- ences. Ho ev er Shared-X whic allo ws us to run collab- oration transparen applications do es not, and cannot mo di�ed to do so. Shared-X orks mapping requests and resource ids from single application on to requests and resource ids for ultipl serv ers. The problem with this mo del is that as the mapping is erformed at the clien t, this re- sults in di�eren request stream eing sen to eac serv er, ev en though these request streams are supp osed to erform the same task, (alb eit on di�eren resources suc as the colourmap). The proto col mak es the complete distribution of this resource mapping di�cult, as clearly only one consisten reply and ev en stream ust reac the clien t. Ho ev er if the request and resource mapping ere erformed in pseudo serv er asso ciated with eac real serv er, then the requests from the clien can ul ticast to the pseudo serv ers. do this, the pseudo serv ers ust impl em en virtual space, similar in concept to virtual memory or instance suc pseudo serv er ould map virtual colourmap (whic is the same for the clien and all pseudo serv ers) on to the logical colourmap at its serv er. heterogene it Heterogeneit within the windo system can cause shared windo systems problem at lev els: serv ers within conference ma ha di�eren dis- pla yp es, sizes, or depths of colourmap and so on. ev en homogeneous hardw are ma ha di�eren re- sources ai la ble due to other applications already running.

Figure 2: Hierarc hical enco ding of video and audio for wide area ul ticast Less go er TM: can ulticast from the ub, but unless the ub is on the net ork bac k- one, ul ticasting from source is lik ely to more e�cien t. Go for single hannel conferences (the o or holder con trols who sees what). only need to send source to the ub when the hannel is switc hed to that source Less go for ul ti-c hannel conferences (the re- ceiv er con trols what they see), as the um er of sources sending to the ub sim ul taneously ma large. eer group with ul ticast Go for single and ul ti-c hannel conferences. Needs ulti cast to mini m i se scaling problems. Don’t an ev ery one sending to ev ery one else con tin uously so need fast to se- lect/deselect forw arding. As already kno the mem ers of the group, group lea and join ould ine�cien t, and restrict scalabilit Hybrid top ologies are also ossible, but the same basic issues apply The di�eren top ologies and tec hnologies eac ha im- plications for video switc hing, and the compression algo- rithms used: Switc hed analogue Simple for lo cal systems Switc con trol do es not scale Exp ensiv er wide areas Switc hed analogue ub with digital sp ok es Simple Allo ws standards con ersion can put sev eral co decs on one switc Only really feasible for single hannel confer- ences. Multiple hannels require one co dec er sp ok e. The video ust go through pairs of co decs. lo data rates eac pair ma add dela of around 400ms, whic mak es comm uni cation et een sp ok sites di�cult. Digital ub with single hannel video Simple Ma dela whilst the video stream from the source to the ub sets up. It is imp ortan for the video to switc imm e- diately so the o or holder gets con�rmation of the switc h, but the other users ust inform ed that the break in signal is in tended. The video source co dec ust generate syn- hronisation oin imm edia tely the call is set up. With some co decs this ma problem. Digital ub with ul tiple hannel video This is not go solution there is risk that the ub’s net ork connections will sw amp ed. eer group system do es not ha this ottle- nec k, but is more complex con trol problem. Eac time add receiv er to source, ust tell the source to generate resync hronisation oin imm ediately eer Group ulti cast with single hannel video This is more net ork e�cien than equiv al en ub systems. place. The cost of suitable co decs to connect these sites is curren tly ab out $50000, whic is not exp ensiv when compared with the cost of equipping studio. ha een running pilot video conferencing service et een the studio at UCL and arious sites in the US er the 384 kb/s UK-US IP link. Curren tly are using 128 kb/s for video and 64 kb/s for audio, whic pro vides excellen qualit sound, and acceptable picture qualit Ho ev e this link is ob viously lim ited to one conference at time. With the adv en of Sup erJanet, it will ossible for this sort of conference with higher qualit video to ecome relativ ely comm onpla ce within the UK. Connecting studios in this presen ts few tec hnical problems as the video is not computer mediated, and it can safely assumed that all sites are lik ely to ha high bandwidth net ork connections. It greatly enhances the uses of these lo cal video net orks. It also serv es to build user base for ul tim edia services, whic will them driv the dev elopm en of smaller scale systems, including ork- station based conferencing. ards desktop conferencing With the adv en of Sup erJanet in the UK, and particu- larly with an TM service, will ha net ork that can pro vide the connectivit exibilit and bandwidth to supp ort ultim edia services emplo ying this tec hnol- ogy Connecting homogeneous ul tim edia orksta- tions together for video and audio is not tec hnically di�- cult, and man suc pro ducts will rapidly ecome ail able. Ho ev er, conferences with more than partici- pan ts cause more problems. Ev en on high bandwidth net- orks wish to oi ha ving to send separately to all participan ts, and to this end ulticast app ears to pro vide desirable solution, as it o ids tra�c duplication where ossible. Ho ev er, an real large scale conference user group will con tain ariet of equipmen and ariation of bandwidth of connections to the net ork bac kb one. This leads us to dilemm a: wish to send the same data stream to ev ery one (m ulti cast), but di�eren users ha di�eren bandwidth and facilities for decompression. really do not an to ha to tak the lo est commo de- nomina tor, and send lo qualit to ev ery one, just ecause few sites ha or connections. One approac is to co de the audio and video data using hierarc hical enco ding sc heme, in whic higher lev els of the hierarc pro vide additional qualit Th us the most signi�can part of the signal is sen to all receiving sites, and the higher lev els of the hierarc are only forw arded to sites whic can cop with them. This also has the adv an t age that the lo lev els of enco ding are the more imp ort an for in telli gi bili and th us ha priorit sc heme to ensure that the most imp ortan pac ets get through if net ork ecomes congested. ak em an Cro cr oft (1992) suggest sev eral ys these ob jectiv es can ac hi ev ed. Wide Area Conferencing As mo from lo cal conferences and simple ISDN ub and sp ok top ologies to ards true wide area high sp eed net orks suc as Sup erJanet and TM with large um ers of large scale conferences some of the limi tations under whic curren conferencing systems suc as CAR ere dev elop ed no longer apply acil ities suc as ul ticast can mak more e�cien use of these net orks and reduce resp onse times. Man lessons can learn from the existing systems whic should a�ect the de- sign systems for tomorro w’s net orks, and determine the services these net orks should pro vide. Conference Supp ort Directory service Conference directory services are required to �nd equip- men t, resource and user details, so that these ma in tegrated in to the conference con trol soft are. Clearly this directory inform ation should distributed so that eac site holds informatio ab out its wn resources satisfy these requiremen ts, in tend to replace the ex- isting CAR directory service with one based on the OSI X500 directory standard. Ho ev er if in tend to use the same A/V equipmen with other soft are, standard for sp ecifying the actual informa tion ould desirable. Conference serv er Conference serv ers pro vide means to disco er details ab out conferences curren tly in progress. cen tralised ar- hitecture in not su�cien tly fault toleran t, and clearly do es not scale. Ho ev er this informa tion ma to timely and transien to allo us to use X500 or similar \hea vyw eigh t" standards. ligh eigh proto col is re- quired, whic do es not need to guaran tee consistency As the same informatio will frequen tly required man sites, this proto col should mak use of ulticast proto cols with cac hing, whic should allo for elegan scaling. Video and Audio As the CAR pro ject has een based around the con trol of an analogue video switc with ISDN as comm unica- tion medium opted for cen tralised ub and sp ok arrangemen for the distribution and switc hing of video (see �gure 1). Ho ev er as progress to fully digital video and broadband pac et/cell net orks, other top olo- gies ha ene�ts: Hub and sp ok The simplest solution for connection based net- orks suc as ISDN will ecome uc more widely ail abl e, whic will ha far reac hing e�ects for tomorro w’s net orks. Digi tal Conferences and eac hi ng In Marc 1992 as an exp erimen t, audio from the IETF conference in San Diego as succes sfully ulti cast er the in t ernet to man sites in the US, and others orld- wide, including the UK. This as done using ISI’s vt (v oice teleconferencing to ol) and La wrence Berk eley Lab orato- ries vat (visual audio to ol). UCL ha een exp erimen ting with ul ticasting oth audio (using at) and slo frame rate video using our w soft are. date ha ul ticast sev eral con- ferences from the London Univ ersit (Liv enet) video net- ork to sites in the UK including Cam bridg and Ed- in burgh er JIPS (JANET In ternet Proto col Service). As cannot assume an sp ecial hardw are at the receiv- ing sites, and as JIPS is hea vily used and of restricted bandwidth, ha een restricting video to one frame er second with no sp ecial compression, but this pro es to quite adequate to create feeling of cohesion and, most im ortan tly to disseminate an slides. Giv en more net or bandwidth, there app ear to few problems in- creasing this rate to ab out fps, whic is the maxim um rate can obtain from the Sun VideoPix digitiser oard are using. An alternativ approac migh to mak the slides ail able efore the seminar for �le transfer, whic eing lo er priorit has less e�ect on net ork tra�c, and to pro vide sync hronisation data to displa eac slide at the correct time. Unfortunately this elimi nates the oten tial ene�ts of ul t icast to reduce total net ork tra�c, and loses the imm ed iacy that ev en lo rate video can pro vide. Although these exp erimen ts ha sho wn the oten tial for conference dissemination, there is curren tly not enough bandwidth a il able in the UK for this ultim edia tra�c to considered as regular service. It do es ho ev er pro- vide an imp ortan stepping stone to ards in tegrated ul timedia services. These exp erimen ts also spread a re- ness of the oten tial uses of this tec hnology build o- ten tial user group, and th us steer the dev elopmen of the supp ort tec hnology and of the net orks themselv es. ards Sup erJanet Plans are eing laid for new UK academic net ork to pro vi de basis for high bandwidth and no el appli- cations including ul tim edia teac hing and conferencing. The original JANET X25 net ork as one of the �rst Europ ean national academic and researc net orks. Ov er the ears it has gro wn in size and erformance to the oin where some 200 UK sites are connected, with 25% of sites connected at Mb/s. With the gro wth of orkstation based systems, it as de- cided to pro vide an IP erla on the JANET net ork, ie. IP pac ets ere tunnelled er JANET. Appro xim ately one third of the Mb/s bac kb one is used for this JIPS (Janet IP Service) tra�c. Since it ecame ai la ble in Octob er 1991, JIPS tra�c has seen explosiv gro wth. Pro jecting the existing demands forw ard, data services alone will probably need 34 Mb/s trunks efore the end of the decade. In addition there will oten tially exp o- nen tial gro wth in demand for ul tim edia services as in- creased pro cessing er drastically reduces the sp ecialist hardw are required. Clearly new net ork is required if this oten tial is to exploited. this end, the Sup erJanet Pro ject as founded. Its aims are: from an early stage, to pro vide higher capacit con- en tiona data comm uni cations on service basis al- lo wing existing use to gro naturally; to pro vide testb ed for users to dev elop new appli- cations whic only really ecome feasible with signif- ican bandwidth; to allo the comm unicatio ns and systems researc comm unit to use part of the net ork for exp erimen ts in high erformance comm uni cation; to allo collab orating companies from Europ ean in- dustry access to large-scale testb ed for no el com- unications and applications. The curren thinking is to use SDH (Sync hronous Data Hierarc y) tec hnology with erhaps three rings co ering roughly the south, middle and north of the UK. Eac ring migh op erate at 622 Mb/s initially with cross connects et een the rings. Connections to user sites ould prob- ably at 155 Mb/s initiall Although in man ys TM (Async hronous ransfer Mo de) standards ould of- fer an ideally exible of sharing bandwidth, it seems lik ely that pro ducts and standards will to imm ature for the initial net ork. Ho ev er, an TM pilot service is planned for early in 1993 with ultim edia applications. Multim e di Services and Sup er- Janet Ev en tuall iso hronous ultim edia services suc as oice and video will pro vided er TM, but initially it is lik ely that Mb/s circuits will set up et een H261 co decs, or pac etised and sen er the pac et net orks. The �rst uses of these services will to pro vide cost e�ec- tiv connections et een the existing lo cal video net orks and studios suc as the Univ ersit of London Liv enet, and simila net orks at the Univ ersities of Ulster and al es (C5C). These sites already ha video teac hing ro oms in

Figure 1: Hub and sp ok arrangemen for CAR ISDN ul tim edia conference trials is con trolled the o or holder through the conferenc- ing soft are, and switc hes automatical ly when there is hange of o or. This degree of in tegration ensures that users view the video and applications as eing one con- ference, rather than separate. The o or holder can also select quad mixing, whic allo ws four conference sites to visible to ev eryb dy whic is esp ecially useful for small in teractiv conferences The audio hannel for conference is op en-c hannel, and so an o ne can sp eak at an time. prev en feedbac k, emplo an n-1 audio mixer, whic returns mixed audio to site from all the other sites, but not to the originator. CAR user trials sho that in collab orativ design con- ference, uc of the user’s atten tion is tak en up the design applications. There tend to quite long eri- ds when designer is concen trating on design task, and often he do es not explain erbally what he is trying to do. these times, video link is in alua ble to �nd out what the other participan t(s) are doing, and whether they exp ect ou to doing something. or this pur- ose high qualit video is really not necessary Ho ev er for larger lecture st yle conferences if video is required, greater bandwidth ould desirable. Our �ndings indicate that man users (esp ecially design- ers) do not wish to sacri�ce screen space for video win- do w, ho ev er small or the purp oses of in teractiv design conferences, also �nd that fron tal head and shoul- ders view do es not include enough con textual informatio n. Muc etter app ears to view from one side, whic allo ws the remote site to see the user from the aist up- ards. Ideally it should include the orkstation eyb oard, so the remote site can clearly see when the user is busy create an illusion of co-presence the camera and video displa ust situated close together. This enables user to talk to the image of the remote site, and feel he is eing talk ed to. The impli cation of this is that man users will not require the video to displa ed on the orkstatio screen, but rather on separate monitor sit- uated to one side of the desk. Using analogue video for lo cal distribution pro vides us with maxim um exibilit and ery high qualit at rel- ativ ely lo cost. Ho ev er it is clearly not cost e�ectiv to use analogue video for wide area distribution, and the problems of scaling switc con trol are certainly not triv- ial. or wide area distribution emplo oth propri- etary Picturetel and H261 video co decs. As video co decs are curren tly exp ensiv it mak es sense to use them as shared resource, and hence connecting them to our ana- logue video switc rather than to an individual orksta- tion is cost-e�ectiv solution. are curren tly preparing for the second phase of tri- als of the CAR system with designers from ord, eugeot SA, and IAD Ltd. This will in o lv sites in German rance, and the UK. connect these sites emplo ISDN connections, and protot yp British elecom H261 video co des. ISDN will pro vide 64Kb/s for the applica- tions data, and 64Kb/s for the com bined video and audio data. or these trials UCL will feature as ub site to allo us to erform video switc hing and quad mixing Whilst appreciate that 48Kb/s video is of rather lo qualit the results of the �rst phase of CAR user trials suggest that due to the uses the video is put to, this will not problem. Ho ev er the dela of passing through pairs of co decs, eac of whic adds 400ms dela means that abandon an attempts to get sync hronisa- tion et een the audio whic is ery imp ortan t, and the video whic is less time critical. Although car designers alue the real estate of the ork- station screen, it ma pro uc more cost e�ectiv to displa video there. estimate that on orkstations with greater than 100 MIPS pro cessing er, H261 video compression will ossible in soft are without exp en- siv hardw are assistance. This is supp orted �ndings at INRIA (Huitema, 1992) on curren top end DEC orksta- tions. Suitable high er orkstations should ail able within 18 mon ths. As result, digital ultim edia Supp ort for new conference a re applications. Applications Applications whic can included in CAR conference can divided in to categories collab oration a re and collab orati on transparen t. Collab orati on are applications are those whic ha een written sp eci�cally for the conferencing system. An exampl is distributed sk etc hpad dev elop ed for CAR FhG-IGD at Darmstadt, German Suc an application receiv es async hronous noti�cations (simila to callbac ks in the windo system) inform ing it of ev en ts suc as hange of o or holder. It can obtain informati on ab out the conference through calls to the CAR library whic uses ANSA RPC to con tact the conference serv er. Collab orati on transparen applications are existing win- do system applications whic can shared in confer- ence using shared windo system (based on Shared-X, dev elop ed under the CEC Nestor pro ject at DEC Karl- sruhe). This allo ws us to include imp ortan applications suc as CAD pac ages, whic ould require uc ork to rewrite them sp eci�cally for the conference en viron- men t. The shared windo system is in tegrated in to the conferencing system, and collab oration transparen appli- cations are sub ject to the same conference mec hanism as collab oratio are applications. Shared -X The standard clien t-serv er distributed windo system mo del of computing impl em en ted in the Windo Sys- tem consists of serv er pro cess whic con trols orksta- tion screen, and clien (application) pro cesses whic re- quire their output to displa ed. The application sends requests to the serv er suc as \Dra me line", and the serv er sends bac reply to the application to con�rm what happ ened. mak the mo del in teractiv e, the serv er can send ev en ts to the application suc as \The user just clic ed the mouse button at osition ...". Applications can ho ose whic yp es of ev en ts they are in terested in, and so don’t get informed ab out irrelev an ev en ts. These requests, replies and ev en ts are all erformed or con trolled calls to functions in Xlib, the library The applica- tion pro cess and the serv er can on the same mac hine, but they don’t ha to the Xlib functions just need to told whic displa to use on whic mac hi ne. Shared-X as in tended to aid remote teac hing allo wi ng the replication of the displa and con trol of an appli- cation on more than one displa this end, ersion of Xlib as dev elop ed whic eeps cop of all the state informa ti on ertaining to an application that is normall stored inaccessible in the serv er, and ermits its dupli- cation to other serv ers. Programs can recompiled using the Shared library instead of the standard Xlib,

but more ypically the duplication is erformed using Shared bridge, whic con erts standard Xlib requests in to Xlib requests for eac serv er. This bridge pro cess sits et een the clien application and the serv er(s). It lo oks lik serv er to the clien t, and lik clien to all the serv ers. When the Shared-X bridge receiv es request from the clien t, it eeps trac of an resources that ould cre- ated in the serv er, and the passes the request on to the serv ers. Replies and ev en ts coming from the serv ers to the clien are �ltered, as the application only exp ects to hear from one serv er, and hence o or con trol regime is im- osed whic only allo ws user input ev en ts from one serv er through to the application at an time. One problem with Shared-X is that it do es not pro vide an form of distributed windo managem en t. Th us it is ossible to ha di�eren sized windo ws on di�eren dis- pla ys, and for one erson to orking in part of windo that is not visible to other users. form of dis- tributed windo manager ould desirable extension. Another ma jor dra wbac is Shared-X’s cen tralised design, whic greatly a�ects erformance when replicating to large group of displa ys. The comm unicatio ns impl ications of this cen tralised design are discussed later. Video UCL ha digitally switc hed analogue video net- ork connecting sev eral o�ces and lab oratories. The video switc is con trolled soft are running on UNIX orkstation, and is transparen tly in tegrated in to CAR ultim edia conferences. The conference video hannel Multimedia Conferencing: from protot yp to national pilot Mark J. Hand ley Pr of. Steve. R. Wilbur Departmen of Computer Science Univ ersit College London Go er Street London C1E 6BT, UK M.Hand ley@cs.ucl.ac .uk S.Wilbur@cs.ucl.ac.uk Abstract Univ ersit College ha dev elop ed ultim edia conferencing system as part of the CAR pro ject funded the Europ ean Comm i ssion RA CE Program. This confer- encing system is aim ed at assisting distributed collab ora- tiv design in the automoti industry It runs er basic rate ISDN lines, with video and audio pro vided in te- grated video switc hing and ISDN video co decs. This pa- er describ es some of our exp erience with wide area ul timedia conferencing, oth from the orkstation based approac and from the oin of view of in terconnecting studios and large conferences using digital net orks. are curren tly in ol ed in the planning of the Sup erJanet broadband net ork whic will enable routine use of ul ti- media services et een researc and academic institutions in the United Kingdom. describ some of the services that it will ossible to pro vide, oth for orkstation and studio based ul tim edia services, and the necessary lo cal infrastructure that will required. In tro ducti on With the adv en of ISDN, practical wide area ul tim e- dia conferencing has ecome ossible at reasonable costs. One suc protot yp system is the CAR ul tim edia con- ferencing dev elop ed at UCL under the RA CE programm e, and aim ed at collab orativ design in the automotiv in- dustry will describ asp ects of this system, and some of the im pl ications of the design decisions tak en. ISDN ho ev er do es not pro vide exible or e�cien com- unica tions medium for large scale conferencing, and high bandwidth is still exp ensiv e. The JANET researc and academic net ork in the UK is so on to sup ersede new high bandwidth net ork dubb ed Sup erJanet. When this ecomes ai labl e, applications suc as CAR conferencing will ha new and uc more erful net- ork, and will able to pro vide ul tim edia ser- vices rather than the exp erimen ts that to da y’s researc net ork can supp ort. As Sup erJanet will supp ort TM tec hnology and high sp eed ul ticast proto cols, more ef- �cien ys to implem en these services can found. will describ some of the ossible ys to impl em en large scale desktop conferences on net ork suc as Su- erJanet, and the impli cations these ha for the video compression tec hnology shared windo systems and the ulticast proto cols themselv es. The CAR Pro ject Univ ersit College London ha dev elop ed ul timedia conferencing system as part of the CAR pro ject (CAD/CAM for the Automotiv industry under RA CE (Researc for Adv anced Comm uni cations in Europ e)). The CAR system is ul tim edia conference managem en and supp ort system. It is aimed at assisting automotiv designers at di�eren sites to in teractiv ely discuss design decisions in order to reduce the dev elopm en time of new cars. The conferencing system erforms the follo wi ng services: directory of authorised users, ulti m edia stations, video and audio eripherals. conference serv er, whic eeps trac of activ con- ferences and their participan ts. switc hing service, con trolling lo cal analogue video and audio switc hing and mixing conference con trol application, whic pro vides user in terface to transparen tly access the ab ser- vices, and pro vides o or con trol and application con- trol services. The in tegration of shared windo system whic allo ws existing applications to shared in confer- ence.