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Multimedia Education and Conferencmg Collaboration over ATM

Networks and Others

B Hauppay

The objective of the project was to provide all the
technologycomponentspther than the datanetwork
itself, to support collaborative RTD through the
deployment of enhanced tools for multimedia
collaboration in Europe. The project aimed to
improve and defdoy the existing toolsets with a
particularapplicationaim of distance education and o
conferencing. Verification activities were pursued
inside the project, in other Telematicsprojectsand
other projects to stress each of the technical activitie

Sdting the Scene

MECCANO continued the
aims of the MERCI project
to promotethe useof packet
based multimedia
conferencing amongst the
European Education and
Research community.

The project took an holistic
view of the many problems
which  arise in the
dedoyment of multimedia
conferencing. Its overall
objectives were to provide
improved interactive tools,
running on both UNIX

workstationsand PCs, using
Internet and ITU-T

standardswith Security and
Server facilities, operating
over a variety of networks
and providing medium and
high quality conferencing
both on workstationsand in

conference rooms

The Approach

The primary thrust was not
applicationdevelopmentbut
ratherapplicationsupportin
other projects - developing

further tools ™o

User Support

W2z [7eB<0T6 Ple
only when multicast, multimedia
necessary conferencing systems.
Most developments were User Toolkit
undertaken to meet users' Most MECCANO toolswere

stated needs; for example,
the modification of NTE to

allow multiple charactersets
for languageteaching. The

partnerscarried out many of

these tool developments
underrelatedinitiatives. The

project used established
standardsand helpedto set
new ones. To provide user
support, it made facilities

available  on multiple

platforms, including IPv6.

Major demonstrationswere
made in Teaching and

Seminars over diverse
networks, including DBS.

Achievements

In summarywe mademajor
advancesin the following
areas:

Systems architecture

We delivereda major work
on the architecture of

developedor adaptedto run
on a range of platforns,
including most versions of
MS Windows; core
applicationsowrunon IPv6
also. We have implemented
new standards for error
recoveryin the audio tools
RAT and FreePhone and
deliveredimproved versions
of the shared workspace
tools AOFwb, dlb and NTE.

We have designeda new
inter-tool communication
protocol, Mbus, which we
haveimplementedwidely. In
RAT andthevideotool VIC,
its inclusion has made
synchronisation  between
them now possible.Mbus in
RAT hasalsomadepossible
the useof RAT’s component
parts in novel ways in
gateways and transcoders.
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Performance of the tools
ported to PC platforms has
beenimproved. We released
a versionof VIC supporting
transmission for several
video boards.

Also, we have tested tools
developed by others.
Conference recorder

A major redesign of the
MMCR server has been

completed, with the
implementation underway.
Gateways

We have developedseveral
new gatewayswhich allow
communication between
PSTN,ISDN andthe Mbone.
Othersallow H.323 audioto
Mbone and SIP to AVSC
control translation. We
delivered an RTP reflector
which has been used to
counter the effects of the
unreliable multicast
networking. Also, we have
redesignedthe transcoding
gateway, UTG.

Video server

The implementationof the
video server architecture
which we deliveredusesthe
Sun Media Center; we
delivered also the NL
multimedia server, software
based on its hardware
conferencing product.
Satellite

We have used the DBS
facilities provided by
Eutelsat for satellite
transmission with lower-
bandwidth, multicast return
channelsWe havedonethis
using links provided by the
TEN-155 Managed
BandwidthService(MBS) to
conveymaterialto the uplink
at INRIA.

Networking

We have spent much time
and effort with the network
providers to improve the
multicast comectivity in
Europe. We used the MBS
from TEN-155 to deliver
high-quality  conferencing
between key partners.
Security

We delivered an improved
architecture for  secure
conferencing and have
implementeda new Secure
ConferenceStore (SCS) to
provide more use-friendly
access control and
encryption via the web.
Demonstrations

Seminars We have tried,
with  mixed success, to
deliver seminars over the
normal European multicast
network. Thosedeliveredvia
the TEN-155 MBS and
EUTELSAT’s DBS were of
consistently hig quality.

Events We multicast the
launch of TEN-155 from
Essen in February 1999,
including a  successful
demonstration of project
technology using the TEN-
155 MBS (see picture
above).

Our user community

Our conferencingtools have
been used by the many
projects which we have
supported We haveusersin
the Polish medical
community in Krakow, and
throughout the EC higher
education and research
community.

Conclusions and Plans for
the Future

We have greatly improved
the usability of the tools, at

the same time simplifying
considerablythe use of the
features for confidentiality
and security.

We have demonstratedthe
efficacy of DBS for usein
wide-area distance learning
applications, especially in
conjunction with  higher
bandwidth MBS links. We
expectthis technologyto be
developed further.
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1. Setting the Scene

1.1. The challenge

Considerablénterestin networkedmultimediahasbeenclearly identified, both in studiesandin comments
from many applications areas. Many users would like accessto networked multimedia facilities for
consultation conferencingand databaseccess. The needwhich the projectidentified wasfor a numberof
specific services:

e Multimedia conferencing facilities - often with a clear quality/cost traaéf;

« Audio, often withVideo - the quality needed depends on the application and cost;
e Shared Workspace- different application areas need different functionality;

« Multimedia Servers are vital in many application areas

« Range of Network Supportis required again depending on availabjliand cost

* Range of Workstation Supportis needed and also foconference rooms

e Security and Multiple Locations are often needed

« Capabilities foManagement and Trouble Shootingare vital

1.2. The background and the project

This is the third in a seriesof projects— MICE*, MERCF* and now MECCANO which hasaimedto bring
multicast,multimedia,conferencingrom a researctprototypeto a usefulandusablesystem For reasonghat
will becomeclearerin Section4 on Conclusionsandfurtherplans,it is alsothe last of that series.At theend
of the MERCI project,the tools wereusableandsupportedput still did not run very well underWindowsor
in any sophisticateanode.UnderMECCANO, therangeof networkssupportedgrew— with the emergencef

ATM networksand DBS satellites.Therewasa fairly good Europearmulticastservice— largely co-ordinated
by UCL underthe MERCI project. The rangeof gatewayswas very limited, and they were not really in a
deployablestate.Significantefforts hadbeenmadeto ensue that packetnetworksmore suitablefor network
multimedia were coming to fruition. While the throughputof the 2 Mbps Internet was only marginally
suitable, the lack of resourcereservationmadeits use marginal. This was changingwith both the initial

deploymentof ResourceReservatiorand multicastfacilities in the Routers,andwith the Internetbandwidth
increasing with the deployment of ATM and other higieed solutions.

By the start of the project, the improvementsn Codecboardsfor workstatiors at affordablecost, and the
generalincreasen processospeedmadeit possibleto provide mostof the functionality in generalpurpose
hardware requiringminimal specialisecoards. This hadresultedin only a marginalincreasen the costof
making workstationsable to incorporatemultimedia facilities. Growth in switched Ethernethubs, UTP-5
wiring, low-cost higher speed100baseTand FDDI LANs had madethe local distribution of multimedia
relatively straightforward. The quality and costof video projectorsto work directly from workstationsmade
the equippingof conferencerooms cheaper.Neverthelessthere were still problemsin dealingwith audio
resulting from the variability of delays when linking multiple sites.

N-channelBasic RateISDN for circuit-switchednetworkswas well-establishedthoughfew workstationsor

PCswerethenableto supportthesefacilities for n>2. Moreover the protocolstructuresupportecon most of
the ISDN boardsavailablenow usuallysupportedP; ISDN gatewaysverebecomingavailablewhich support
the commonISDN protocolstructuresWhile the supportof the H.320adoptedoy the carriersfor multimedia
working on the ISDN wasthe mostcommon the H323for working on LANs wasbecomingfreely available—

with H.323 — H.320 gatewayscommercially available. Some manufacturersvere providing boardswhich

incorporatedP and multicast;otherswere providing protocol stacksboth for the nextgeneratiormultimedia
based on other coding algorithms, and for the next generdtiéh- IPv6.

! Multimedia Integrated Conferencing for Europe (http://wwmice.cs.ucl.ac.uk/multimedia/projects/mice/mice_home.html)

2 Multimedia European Research Conferencing Integration (http:/Amiag.cs.ucl.ac.uk/multinta/projects/merci/)
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Video Serverswere (andstill are) being developedtrantically to supply the anticipated‘video-on-demand”
market. Thesehadthe requisitehardwarebaseneededor this project- but the softwarefacilities wereless
flexible thanwe requiral. Discussionswith manufactureref thesedevices severalof whomwerementioned
in the proposal, indicated that they wanted to develop this market also.

Many providersof workstationsvantedto incorporatesecurityfeatures Therewaslittle problemin providing
alight level of security;for thisit is not clearthattherewasa seriousdemand. Strongersecurity,usingRSA
and DES, was desirable. Regulatoryconsiderationsparticularlyin Franceandthe US, still madeit unclear
whetheruniform levels of secureproductscould be introducedon a world scale. This would constrainthe
growth of theseproducts.More seriously,the concernwith network securitywas makingit very difficult to
deploy multicasbased services through firewalls in commereiatironments.

Theresearclttommunity,particularlyin the IETF, alwayswantedto bring real standardisation into the packet
switchednetworkingenvironmentith a truly flexible multicastcapability. This environmenis clearlymuch
more powerful,economé andflexible thanthe circuit-switchedmodelusing multiway control units (MCUSs);
neverthelesst requiredandstill doesrequirefurtherdevelopmenti networkandroutertechnologyto allow
easydeploymentof suchfacilities. The technologywasnealy thereat the start of the project; the network
speedswere thereto allow widespreaddeployment. The priority for deployingit nationally was already
strong; howeverthe interestin internationaldeploymentwas still marginal. It was clear that the project
intendedto help deploythetechnologyin the TelematicsSector;thatsectorwould be ableto embracdt much
more slowly without such a project.

1.3. The role of the key partners

ACC (PL) contributedto five of the workpackagesvith major work in the devdopmentof gatewaysand a
multimediaserver.It wasalsoactivein the supportof usersin Poland,providing network support,helpdesk
facilities andtranslationsof the User Guidesinto Polish. CRC (CA) was a nonfundedpartner.lts principal
roles were in the promotion and supportof applicationsand the monitoring and troubleshootingof the
network. The key contributionsof HPLB (UK) werein the fields of defining the architectureand assessing
the usability of the tools. INRIA (FR) wasconcernednainly with the developmenbf audio & video tools
and of the protocolsfor use of DBS satellites.RUS (DE) put much effort into demonstrationsand user
support,with translationsof the User Guidesinto German It continuedwork on its sharedworkspacetool in
JAVA andprovidedalsoa major contributionto the networkmeasuremerdctivity. TKI (DE), in conjunction
with TELES (DE), provided new gateway developments towards a fullTTtJMbone gateway, based on the
Mbus protocol, and major contributions to standatdvelopments. The universities of Erlangen, Freiburg and
Mannheimcontributedconferencingools for DistanceEducationwhich were beingdevelopedvith German
DFN financialsupport;they supportedrials andprovidedfacilities not otherwiseavailableto the MECCANO
team.UCL (UK) co-ordinatedthe project; it provided a large part of the effort in defining the overall
architectureand specifically that relatedto security;it was a major contributorto the project’s standards
activities;it producedanimprovedaudiotool, IPv6 versionsof the key tools, and co-ordinatedthe Managed
BandwidthService(MBS) trials for TEN-155.UiO (NO) co-ordinatedthe main activity on the consolidation

of applications;it also madesubstantialefforts in the developmenbf tools, in network supportandin the
conference control activities.
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2. Approach

2.1. Application support for users

We aimedto provide softwaresupportto all our technologyusersto the extentthatresourcesvereavailable.
The scopeof the supportwas limited by the budgetavailable,but compriseda willingnessto respondto
requests for assistance via email, telephone and personal contact.

We supporteca numberof majorteachingprojectswhich wereusingthetools. Most notableof thesewerethe
VIROR project® in Germanysupportedby UF and UM and the PIPVICZ projectin the UK supportedby
UCL. These activities are reportedin the deliverable R9.2. Such users benefitted especially from the
continued improvement to the tools on the PC platforms.

In addition to providing supportfor our usersin the supportworkpackagewe facilitated the work of our
associatgartnerSSEESIn its promotionof a seriesof lecturesgiven by the Institute of Social Studiesof the
University of Warsaw to students in London.

The porting of key toolsto IPv6 wasnecessaryor someof our users- in additionto beinganimportantstep
forward for the technology in its own right.

For moregenerakupportof userswe setup a seriesof emaillists opento usersfor eachof thetools. For first
line supportwe continuedto rely on our links with thoseMultimedia National SupportCentreswhich still
exist, mostly unfunded,in severalcommunitycountries;theseare ableto filter the userquestionspassingon
to the developers only thesvhich need their attention.

Finally, we did not rely only on externalfeedback Hewlett Packard CRC andUCL madea detailedstudyon
the usability of the whole systemithis provideda semiindependenindicationon the technicaldevelopments
required

2.2. Tool development

Our approachto the developmentof tools was to concentrateon improvementof existing tools and their
integrationinto new userenvironmentsA major exampleof this is the porting of the basictools, RAT, NTE,
SDR and VIC, to the IPv6 environment. Where the tools were not suitablefor the taskswe were setto
achieve we developedhe necessaryiew features An exampleof this is the changesnadeto the sharedext
editing tool, NTE to allow it to handlethe multiple fonts neededor languageteachingwith otherthanLatin
alphabetsSpecialistools wereusedfor teachingin projectssuchasVIROR whereAOFwb anddlb provided
features including muHiormat image distribution, and session recording with replay on demand.

Improvementavere madeto the main audiotools RAT and FreePhondo developfurther their resiliencein
the face of packetlossby theinclusionof ForwardError Correction(FEC). Improvementaveremadealsoin
the Codecdfor high-quality sound.We haveintroducedhierarclical codinginto thevideotool, VIC, together
with an Mbus implementation which allows synchronisation with the audio tool RAT.

We aimedto addresall levelsof the spectrumof networkprovision.Wherewe had high bandwidth available,
aswith the MBS links providedby the TEN-155 project, we provided high-quality audio and video which
could utilise this capacity.In the audio field this was done by using the high quality codecsin RAT and
FreePhoneAt the otherend of the spectrumwe aimedto provide mechanismsn the tools to adaptto the
lower quality links whilst still providing useful humancommunicationsThis was achievedin RAT and
FreePhondy useof the redundantiudioencodingtechniquescombinedwith the provisionof low-bandwidth
CodecsHierarchicalvideo encodingallowed a broadrangeof quality, tailoredto the actualnetworkquality
during a session.

Much effort wasput into the developmenbf gatewaysandrelaysto meetthe needsof usersto communicate
overa selectionof networkswhich areheterogeneous termsboth of their quality andtheir presentationWe
haveredesignedhe UCL TranscodingGateway(UTG), developedn the MERCI project,and,in AudioGate
andStarGatewe havestarteddevelopmenbf a new range of tools which addeethese needs in a flexible and
effective way. We have also developedstraightforwardRTP transcodinggatewaysto meetthe immediate

3 Virtuelle Hochschule Oberrhein (httpuivw.viror.de/)

4 Piloting IP Videoconferencing (http://wwwmice.cs.ucl.ac.uk/multimedia/projects/pipvic2/)
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needsof our tool users,ourselvesincluded,to haveconnectivityin face of the frequentfailuresin multicast
connectiviy.

2.3. Standards

Participationin, co-ordinationwith, and influencing of, the IETF and the ITU-T standardsactivities were

madevery importantactivities in the MECCANO project. Throughour activities, we aimedto ensurethat

relevantEuropearpracticeswerefully compatiblewith the IETF ones- in factin someareaslike conference
control, conferenceanvitation, andkey distributionfor secureconferencingwe largely setthe standardsWe

collaboratedclosely with ICE-CAR to ensurethat the facilities provided underMECCANO both fitted into

the IETF frameworkandwere usablewith the ICE-CAR infrastructure. From all our work we wantedto be

sure that the standards used in the MECCANO project had worldwide compatibility.

In additionto participatingin the key technicalworking groupsof the IETF, co-chairingAVT, MMUSIC, SIP
and UDLR, we took a leading part in the promotion of the MessageBus (Mbus) standardsfor local
coordination which, originating in the preceedingMERCI project, have been considerablyrefined and
improvedduring MECCANO. We wereresponsibldor the promotionof standard$or FECin the RTP audio
domain through their implementation in the MECCANO audio tools, FreePhone and RAT.

Throughthe IETF we aimed also to maintain the good colladtasn with ISI and LBL who are responsible for
major US multimedia conferencing initiatives.

2.4. Evaluation and validation

The main developmentvork of the projectwasin the improvementof the tools and the developmenbf a
seriesof gatewaysandrelays.Therefore, validation and evaluationwere integratedinto the structureof the
project, not just separate activities. Here we rehearse our approach and describe our achievements.

2.4.1. Plans for validation
The stated objectives of the project included:

* Regular resgrch seminars given from the sites of the partharsl from North America

» Use in the researchcommunity, including over the national researchnetworks of UKERNA, DFN,
UNINETT, and CA*Net Il of seminars, lectures, research collaboration and home working.

¢ Useby at least8 other Telematics ESPRITand ACTS projectsand severalnationalones.Besidestools
from MERCI and ICETEL projects, it will utilise resultsfrom ICE-CAR, current National and EC
projects.

Our approach to validation used the followingrfstages of verification:

1. Thecomponentsvereshownto work by beingtransferredo anotherMECCANO partnerwho wasable
to mount and use them satisfactorily, usually in conjunction with other MECCANO components

2. We held bi-weekly multimedia project meetigs. The second stage of verification was that the
components worked well when introduced into thevbekly meetings.

3. Wedemonstratethe MECCANO tool Deliverableso the CEC (andothers)usingpublic conferencesr
exhibitions as vehicles. This is a very harshtest of whetherthe componentdit togetherand operate
reliably. Sinceall of our component$iadto be demonstratedthis stagewasan importantmilestonefor
them.

4. Finally, we transferredhe componentgo one of the validationworkpackages.Here peopleoutsidethe
projectsubjectedthemto intensivetestingin use.Only whentheseresultswere judgedsatisfactorydid
we considerthemreadyfor the demonstratiorphaseand,eventhen,any drawbacksverenotedfor usein
further development of hcomponents.
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The validation which we haveactually achievedis a mixture of work donewithin the project,that doneby
otherbodiesandthe feedbackfrom usersin other Nationaland Europearprojects. We havealsotakenon
board the feedback from thegreeviews of our deliverables.

2.4.2. Validation within the project

The activities within the project have been characterisedby generally poor connectivity, despite the
availability of improved internationalconnectivity from TEN-155. The bandwidthhas beenadejuate,but
therehasbeenconsistenfailure of the multicastinfrastructure The useof MBS links providedby TEN-155
hasbeenvery usefulin the specificinstanceof demonstrationandour useof the DBS networkprovidedby
Eutelsat.

2.4.2.1. Multimedia conferences

During the courseof the project, we have held 29 multimedia conferencedor project managemenand a
similar number for technical discussion.Since most of these conferenceshave suffered from the poor
connectivitymentionedabove,we haveusedNetwork Text Editor (NTE) to showthe agendawhich is then
interactively developedinto the minutes; if connectivity declines temporarily, participantsuse NTE to
communicateThe useof the RobustAudio Tool (RAT) and FreePhonewith redundanencodingfor audio,
has enabledus to continueto speakand be heardin conditions where loss would have preventedthis
otherwise.Unfortunately,no tool can counterthe effectsof the network partitioning causedby the multicast
routing problems.

24.2.2. Lectureseriesfrom the I ntitute of Social Studies, Warsaw University

In conjunctionwith the Schoolof SlavonicandEastEuropearttudies(SSEES), the Institute of Social Studies
at WarsawUniversity (UW) transmitteda seriesof tenlecturesunderthetitle Social Change: Adaptation and
Resistance. ACC, in conjunctionwith the Centrefor Open Distance Multimedia at the UW, assistedin
organising the transmissionsand provided technical support during the project, specifically during the
transmission of the lectures.

2.4.2.3. Seminars
During the course of the project, we have delivered 3 seminars over the public multicast network:

Title Speaker

UDLR (Unidirectional link routing) Walid Dabbous, INRIA Sophia Antipolis
The dlb seminar Werner Geyer, University of Mannheim
Non-secret enyption and publiekey cryptography Dr. Whitfield Diffie

Thesehavebeendocumentedn our deliverables Despitethe provision of a web-form for ontline feedback
from seminar participants, we had only limited feedback fromproject people attending the seminars.

In view of the generallypoor connectivity, we experimentedsuccessfullywith using a combinationof the
TEN-155 MBS link from UCL to INRIA, the DBS infrastructureavailablefrom Eutelsatand the satellite
receptiondishesinstalled at the partner sites. Four recordingsof seminars,given originally to the Basic
Researchnstitutein the MathematicalSciencegBRIMS), attachedo HPLB, weremulticastby UCL during
the summer of 1999:

Title Speaker
C_60 Buckminsterfullerene: Not Just a Pretty Professor Sir Harry Kroto FRS
Molecule Royal Society Research Professor of Chemistry,

University of Sussex
Topology and Quantum Physics: from Knots to  Sir Michael Atiyah OM FRS

Quarks Master of Trinity College, Cambridge
Tools for Brains: how Technologyreated Human Professor Daniel Dennett

Consciousness Department of Philosophy, Tufts University
Tangles, Bangles and Knots Professor John Conway FRS

Professor of Mathematics, University of Princetol

Receptionquality at the partnersiteswas excellent.The tools performedproperly and usersatisfactionwas
high.
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2.4.2.4. Demonstrations

We haveconducteda numberof demonstrationshoth to the commissionat our two annualprojectreviews,
and to the general public:

June 1998 Demonstrationof IP-multicastbasedvideoconferencingluring the official openingof
new facilities at HP Labs, Bristol

December 1998Information Society Technologies Conference & Exhibition, IST 98 Vienna

February 1999 The Launchof TEN 155 at the launchof the Fifth FrameworkprogrammeEssen.The
demonstratiorwas visited by the GermanFederalMinister for Educationand Research,
Edelgard Bulmahn

June 1999 TERENA-NORDUnet Networking Conference, Lund, Sweden

July 1999 Visit to UCL, Londonby the UK Secretaryof State,Departmenbf TradeandIndustry.
Partsof the eventwere multicastat 1 Mbps via a TEN-155 MBS link to INRIA and
thence via the Eutelsat HOT BIRD satellite to those sites able to receive the
transmissions.

October 1999 5th International Conferenceon Safety in the Port Environment, Environmental
Protection and Information Technology, Bremen

2.4.3. Evaluation and validation outside the project

During the courseof the project,we havesupportedmanyusergroups.We havedeliveredfull descriptionof
this work in the deliverable RB. These are a brief summary for the main projects supported:

2.4.3.1. Distributed Media Journaling (DMJ)

Media journaling is a blankettermto referto a broadclassof applicationsn which usersareableto capture
multimediacontentandrelatedinformationof realworld activitiesasthey happenAlso, they canprocesghe
mediaso as to createa segmentedsynchronisednultimediarecord of events.To be able to validatethe
theoreticalresultsof this project, a prototypeimplementatiorhasbeenestablishedincluding a mediaserver
and severalwork stationswhich are connectedo the multicastinternet. During the pastyear, MECCANO
provided the tools VIC, RAT and SDR for testing by the DMJ project and have supported its work.

2.4.3.2. Internet Collaboration Board (ICB)

We have continuedto provide network and tool supportto the ICB on request,and have receivedmuch
positive feedback, particularly to our provision of IPv6 versions of the major tools as requested last year.

24.3.3. ICE-CAR

The objectiveof this projectis to provide the technologycomponents$o supportthe secureuseof the Internet
for commercialandadministrativeapplicationsn Europe.The projectis improving securitytoolsetsfrom the
perspectiveof usability andinteroperabilityand deployingthem.We hae liaised closelywith the projecton
the improvementamadeto SDR in its ability to handlesecureconferencesWe have also helpedthemto
deploy and test the new MECCANO secure conference store (SCS).

2.4.3.4. German philosophy workshop

This philosophy workshop consistedof a weekly seriesof discussionsabout Internetrelated topics in
philosophy.The workshopwas plannedbetweentwo Germangroupsof philosophergonein Stuttgart,the
other in Leipzig) and officially announced to the public.

During the first two sessionsthe philosophersmostof themnot beingtrainedcomputerusershadproblems
becomingfamiliar with the variousMECCANO tools. However,from the third sessiononwards,they were
able to concentrate on their discussion rather than the compptexasions.
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2.4.3.5. Piloting I P Videoconferencing (PIPVIC2)

The project startedin December1998 with the aim of undertakingpiloting activities to gain a greater
understandingf the issuesencounteredn running a large-scalelP videoconferencingervice.The project,
with thirteenpartnerswas co-ordinatedby UCL. It wasactivein teachingresearcrandadministration.The
teachingactivities provideda numberof real coursesjncluding languagesfilm studies,sociology,computer
networkingand businessResearch activities were in the field of particle physicsand collaborationin data
archiving. Administrative tasksin which the project was active included externalexaminersmeetingsand
project meetings of the several projects, including PIPVIC2 itself.

The support provided to the project by MECCANO can be summarised under four headings:
* Help with the installation of the tools
« Modification of the tools to provided needed additional features
* Network analysis during events and activities to identify conrigcfivoblems
e Support to project users during events such as seminars and classes

As a result of providing this help, we receivedimportant feedbackfrom usersof the tools both on their
usability and the general utility of the technology for their purposes

2.4.3.6. REDISE

An initial study showrdthe needfor applicationsharingand reliable audio/videocommunicationbetween
three sites on the Internet. As a consequencean H.323 tool (NetMeeting) was used along with the
MECCANO tools VIC andRAT. Therewere somese-up problems,but after that the tools were stableand
metthe needsof the projectparticipants As partof this co-operationwith REDISE,installationandoperation
manuals for the MECCANO tools were written in German and published on the WWW.

24.3.7.UNINETT

SinceMay 1999, the Institute of Informaticsat the University of Oslo hasbeenrunninga multicastsupport
service on behalf of UNINETT. The main objective of this service was to stimulate use of reattime
multimediaservices(i.e. the MECCANO tools) on the multicastinternetand to offer practical supportto
UNINETT userswho either already use, or wish to start using, such tools. Support personnelvisited
institutionsthat were completelyunfamiliar with the multicastworld to help themstart. A web site provides
updatedinformation on multicast,the servicesprovidedand otherrelevantissues Recently,therehavebeen
an average of 73,000 hits per month on the web page,

2.4.3.8. Virtuelle Hochschule Oberrhein (VIROR)

The MECCANO toolkit is used for a large remde educationproject betweenthe four upper Rhine
universities:Freiburg,Mannheim,Karlsruhe,and Heidelberg.The projectencompasseseveraldepartments
rangingfrom computerscienceto businessandlanguagestudies.lt hasprovidedfeedbackon the useof the
MECCANO toolkit from a large group of real users MECCANO tools areusedfor VIROR in two different
ways:for the live transmissiorof regularlecturesandfor the recording,storage andreplay of pastlectures.
The mostimportantaspectof VIROR in the contextof MECCANO wasthat regularlecturesand seminars
were multicastasteleteachingevents.This wasa servicefor real users- lecturersand studentsMECCANO
partners were responsible for the-gsptand maintenance of the tools and for netveorknectivity

2.4.3.9. WINSPECT

This German research project on the combined use of wireless networking, interactive multimedia
conferencinganddatamining/databasetechnologiedor inspectingand maintainingindustrialmachinerywas
provided with the MECCANO toos and supportfor evaluatingtheir use on wearablecomputers.This
included consultingin the areasof systemdesign,tool selectionand network analysisas well as preparing
(installation, test, etc.) mobile computing equipment and carrying out sdedditrials.
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2.4.3.10. WIPTEL

The WIPTEL project, piloting an IP telephonyinfrastructurefor the Germanresearchmetwork (WiN), was
supportedwith respectto gatewaydesignand deploymentA prototypeof a PRI IP telephonygatewaywas
madeavailableand experiere from the designof AudioGateand StarGatgaswell aspiecesof the software
itself) were providedasinput to the project. WIPTEL is aninfrastructureprojectand,aswith WINSPECT,
the project is still in the stages of development.

2.4.4. Peer reviews

Peerreviews,generallypositive,have providedseveralhelpful suggestionsespeciallyin the caseof someof
the tool deliverablesWe havetakenup the positive suggestionsnadewherethis hasbeenappropriate for
example, where additional material in a report would assistunderstandingIn some cases,where the
deliverablewas an early alphaor betareleaseof a tool, we have beenaware ourselvesof the needfor
improvementandhavemadeplansto introducethem.We havehadno major criticismsof our work from our
peer reviews.

2.4.5. Collaboration lessons learned

Our collaborationwithin the project hasbeenexcellent,helpedby the fact that severalof the partnershave
beenin successfutollaborationswith eachotherovera numberof years.lt is evidentlyeaser to absorbnew
partnersinto an existing successfubroup thanto startfrom scratch.We were unableto maintainthe good
collaborationwhich we hadachievedduring MERCI andthe early part of MECCANO with the UiO spin-off,
New Learning AS; the company,in commonwith many other suchtechnologystartups,experiencedboth
manageriabndfinancial difficulties during the secondyearof MECCANO andhadto concentraten solving
theseproblemswhich it wasableto do. Sincethe contributionof the companywasnot plannedto be large,
the projectwasnot seriouslyaffected.We havehadsuccessfutollaborationsvith our users especiallyin the
PIPVIC2andVIROR projects,from whomwe hadgoodfeedbackbothin reportsandfrom attendance at each
other's meetings. Theseactivities, presentediriefly above,are describedn somedetail in the deliverables
R9.1 and R9.2.
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3. Results and Achievements

3.1. Concrete results

Our objective in developing our conferencingsoftware has been to provide high quality multimedia
componentdo meetthe conferencingneedsof diverseusersover a variety of platforms.Work hastherefore
focusedon improving the quality of the componentsand on increasingthe rangeof platformson which they
can be run, including IPv6 platforms.

3.1.1. MECCANO user toolkit

MECCANO hasdelivereda toolkit of endusertools for building tailored applications for re@&he interactive
multimedia collaboration systems for specific user groups.

3.1.1.1. Main functions supported

The toolkit comprisesa set of tools which conform to industry standards.Thesetools allow usersto
communicatedirectly with eachother over the regularInternet,in the mannerof a phonecall, or, via the
multicast network, to participatein a multi-user conferenceinvolving many simultaneougaticipants. We
offer both authenticatiorand encryptionto preserveconfidentiality.Individually the tools offer the following
functionality:

Audio During the project, we have deliveredimproved versionsof the two audio tools: FreePhondrom
INRIA andRAT from UCL. Thejoint developmenandimplementatiorof IETF standards for the use of error
correctiontechniquegor audioover RTP werefollowed by proof of interworking.Fromthis point FreePhone
developmentvasdonecommerciallyby Detexis.RAT developnent continuedthroughoutthe projectwith a
major redesignnto a modulartool, the componentmodulesusingthe Mbus protocolfor communicationThis
design allows the individual componentsto be used separatelyand has provided the meansfor an
implementéion of audicvideo synchronisatiorbetweenRAT andthe UCL versionof the video tool vic. It
hasallowedalsothe useof the RAT enginein the AudioGatetool andthe developmentf a prototypeaudio
transcoder. We have produced an IPv6 version of RAT.

Video Theprojecthas used and developed two video tools: Reiirrs from INRIA and the UCL version of
VIC. RendezVous, which incorporateghe audiotool FreePhonénto its userinterface ,wasenhancediuring
thefirst yearto provideanimprovedversionof the layeredvideo codec,manybugfixes anda contextuahelp
system.With the acquisitionof the commercialrights by Detexis,developmentstoppedwithin the project.
VIC developmentconsistedof the integrationof a layeredcodec,supportfor new framegabbersand the
integration of IPv6 capability.

Shared text editing NTE, developedn the MICE and MERCI projects,provideda basictext editing facility

at the start of the MECCANO project. Although text editing is also availablein the more sophisticatd
whiteboardgegdlb), therehasbeena continuedneedfor a text editingcomponentbleto be integratedwith
othertoolsasneededThetool, also a part of the ReLaTe integrated interface (see below), has been developed
further to handle multiple fonts for our languageteachingusersand to work under IPv6. It is a good
illustration of the benefitsof developingcomponentsvhich canbe integratedwith othersin novelinterfaces

for specific users,ratherthan integratinga full rangeof featuresin a monolithic tool which mustbe used
whether or not all the features are needed.

Shared Whiteboard The sharedwhiteboardsAOFwb/AOFrecand dib, with their enhancedfacilities for

handlinga rangeof graphicsformatsandrecordingfeatures providetools with the functionality requiredfor

distancelearningapplications,albeit limited to Unix platforms.In the view of the organisationfunding the
developmentof these tools, there was no perceived need for Windows platform operation, secure
communicatioror useover IPv6 networks.The developersare collaboratingto integratethe AOFwb/AOFrec
and dlb tools into a new common successorthe multimedia lecture board (mlb), in a national project,
ANETTE, which started in October 1999. This new tool will be availabl¢he Windows platforms.

Session announcement Sessiorannouncemerthroughthe SDR tool wasimprovedconsiderablyin the first
year of MECCANO with the addition of authenticatiorand encryption,using both PGP and PKCS#7.We
havesubsequentladaptedt to IPv6 operationusing codedevelopedat ISI. The IPv6 versionof SDR does
notincludeencryption.Latterly we haveconcentrate@n makinga secureconferencingannouncemerservice
availablevia a secureweb serverand we deliveredthis asthe UCL SecureConferenceServer(SCS).The
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web-basednodel makes it easier to develop secure services and to migrate to IPv6. SCS uses the experimental
GLOP addressing, described in RFC 2770, to avoid address clashes.

RelaTe integrated interface This tool, originally developedfor the ReLaTé project, providesa single
window userinterfaceincorporatingfunctionality from RAT, VIC, NTE and Wbd. During MECCANO we
have modified this so that it can be launchedfrom the SecureConferenceServer (SCS) and we have
relaunchedhe Unix versions for Solaris and Irix.

3.1.1.2. Technologies and components

All the tools are basedon the Internet protocolsand use IP multicastingto achievescalablemulti-user
interactionsin all the functionsprovided. They areindependentools althoughmary canbe integratedinto
novel adhoc interfaces such as that developed for the ReLaTe project

3.1.1.3. Software and hardware requirements
Software The softwareis availablefree of chargevia the MECCANO web sité®. It runson most Windows
platforms and is availdé for Sun’s Solaris and several other Unix platforms.

Hardware Any Sun workstation will run the tools, including audio using the built-in audio and video
reception. To transmit video requires the addition of a SunVideo framegrabber board and a camera.

Forthe PC, the minimum specification needed to run the MECCANO tools is:

¢ Pentium PC (133Mhz or above) running Windows 95 with 32Mb ram, 10Mb of free hard drive space
e 16bit full duplex sound card

«  Video for windows compatible frame grabber card (if transnossiequired)

» graphics card capable of a minimum resolution of 1024x768x16bit (colour palette)

e video camera (if transmission required)

More is betterin this situation.The higherthe specificationthe better.For examplethe lower performance
PCswould not be ableto manageashigh a frameratefor video, or be ableto supportasmanysimultaneous
video windows.

3.1.1.4. Integration and portability

We havefurtherdevelopedhe ReLaTeintegratednterfacewhich combinesRAT, VIC, NTE andWbd into a

singlewindow. The new SCSenvironmenintegrateghe provensecurityavailablevia standardveb browsers
with the secureconferencingoolsetto give usersa simplerway to announcesessionsyith authenticatiorand

encryption, when necessary.

We havedeliveredthetools on the following platforms:SunSPARCrunningSolarisand PCsrunningLinux,
Windows95/98 and NT.

Portability hasbeenenhancedy the developmenbf the new SCSwhich usesJavato launchthetoolsvia the
SPAR applet.

3.1.2. Audio Mbone-Telephony Gateway (Audid>ate)

AudioGate providesuserson an arbitrary telephonenetwork (PSTN, ISDN and GSM) with accessto the
audiochannelof MboneconferencesdJpon connectionsetup functionssuchasdynamicconferenceselection
anduserauthenticatiorare provided.Passcodesandcalling party numbersareemployedfor this purpose As
soonasa connectioninto an Mbonesessioris establishedadditionalservicessuchasuseridentificationand
muting are provided. The MECCANO deliverable D6.2/7.2 contains more detail on the design and
implementation of the gateway.

5 Remote Language Teaching (http://www.ex.ac.uk/pallas/relate/)

6 www-mice.cs.ucl.ackimultimedia/projects/meccano/
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3.1.2.1. Main functions supported

AudioGate0.3 provides the following features:

Calling userscanbe authenticatedbasedupontheir Calling Line Identification(CLI). AudioGatecan
selectivelyallow or disallowaccesgo certainusersaswell asto usersthat do not provide the calling
party number information.

For usersthatdo providea calling party number,AudioGateallows to assigna full nameto eachof
these numbers for presentation in the Mbone session.

AudioGat providesa simple(easilyconfigurable)voice menufor promptingcallersfor a conference
selection and/or asking them to enter a passcode.

Conferenceganeitherbe explicitly selectedhroughthe voice menuor callerscanautomaticallybe
put into a particular conference. Optionally, this may dependon the phonenumberthey dial into.
The mode of operation is controlled through the configuration file.

Conferenceselectionvia the voice menumay be baseduponannouncedextensions™for the various
conferences as well as on conferespecific passcodes.

AudioGateimposesno artificial limits on the numberof simultaneousallsit canhandle. Besides
processingpower for audio coding, the only practicallimit is the numberof B channelsthat are
available (AudioGate supports one or more ISDN BRI boards).

AudioGatesupportsup to nine simultaneougonferences.The callsfrom the telephonenetworkmay
all lead into the same conference or into different ones.

AudioGate can be configuredto use any numberof ISDN MSNs someof which can be directly
mapped into a conference while others may first lead into a voice menu.

AudioGate supportsmuting/unmutingcallers using DTMF for control. The initial statusfor the
callers can be configured in the AudioGate @unfation file.

3.1.2.2. Technologies and components

The AudioGatearchitecturesplits the functionality providedinto severallogical componentsasshownin the
figure below.

AudoGate
SAP / SDP Modue
A A
\ 4 \ 4
A A
v v \ 4 I
Conference Aaditionad '
Selection control A x RAT

Architecture of AudioGate 0.3

Thesecomponentsre implementedas separatgrocessesonly the utilisation of the samelSDN board for
controlanddataexchangeequiresthe ISDN call-controllerandthe RAT enginefor asingleISDN B channel
to reside within the same process, although forming two independestévilities. The components are:

the RAT media engine acts as a line-switching to packetswitching converter,supportsnumerousaudio
codecs and packetisation formats as well as audio redundancy coding;
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the ISDN call-controller (AudioGateModule) providesa simple interfaceto allow setupand teardownof
calls, detectionof busy and call completionindications,an interfacefor detectionand generationrof DTMF
signals and the generation of voice clips for the ISDN side;

the AudioGate controller glues theseentities togetherby acceptinginput from the various other Mbus
entities and forwarding them appropriately.

the SAP/SDP module receives sessiondescriptionsfrom the announcementchannel(s), extracts the
information relevantto identifying and joining Mbone conferencesand providesthis information to other
Mbus entities in an Mbuspecific format.

the Conference selectionmodule receivessessiondescriptionsfrom the SAP/SDPmoduleand turnsthem

into a choicelist assigninga numericidentifier to eachconferencdy which the usercanselectthe conference
to join (via DTMF). The conferenceselection module also implementsa filtering mechanism(to be

configured e.g. via a simple resource file) to limit access to a certain subset of conferences.

the Additional control module is an Mbusentity intendedto providean extensiblesetof additionalfeatures,
largely basedupon DTMF selectionby the telephoneuser.Suchservicesmay include muting/unmuting the
telephony user and changing the volume, amauihstrs.

The conferenceselectionandadditionalcontrol modulesareintegratedwith the AudioGatecontrollerandthe
AudioGate module rather than implemented as separate Mbus entities.

3.1.2.3. Software and hardware requirements

AudioGate 0.3p5 requiresa Linux PC, an ISDN BRI board, and an ISDN basic rate interface. It was
developedon a RedHat6.2Systemusing Kernel 2.2.14andthe HiSax Version 3.3. It shouldwork with any
distribution which uses glibc >=2.0.7.

The ISDN-cardmustbe supportedy the HiSaxdriver, becausét is the only driver which supportsaudio via
ISDN. AudioGatewas developedusinga TELES S0 16.3 ISDN board.For kernelsolder than2.2.12,the
ISDN subsystenmust be updated HiSax versionsmustbe 3.3 or later. The kernel must supportaudio via
ISDN andIP: multicast.

3.1.2.4. Integration and portability

Sincethis is a gatewayapplication the questionof integrationwith othertoolsis lessimportant.The designof
the gatewayto use the Mbus protocol to link its componentmodulesallows for easyaddition of other
functionalcomponentsHencethe easewith which it canpresentlyuseRAT andwill, in future,usethe RAT
transcoder currently under development.

3.1.3. IP-PSTN gateway
The IRPSTN gateway allows an Internet workstation to communicate witir Bl BBone and viceersa.

3.1.3.1. Main functions supported

The gatewaytranslatewoice betweerthe analogueanddigital domains, a process which can be initiated from
eitherend— IP or PSTN. It receivesanalogueaudiofrom the PSTN,which is presentedy the hadwareas
p-law PCM, packetisest andsendss asan RTP streamto the IP receiver.Thereis anoptionto convertthe
input signalto GSM prior to transmissiorto the receiver.IP packetsreceivedare sentto the hardwarefor
conversionto analoguqu-law PCM andput outto the PSTN.If GSM audiois receivedfrom the IP side,it is
converted.

3.1.3.2. Technologies and components

The gatewayusesoff-the-shelf componentgo provide a simple solution to point-to-point communication
betweenlP workstationsand the anal@ue telephonenetwork. IP-PSTN usesDialogic D/41ESCtelephony
card,which provides:4 externalports (to phonelines), 4 analog/digitalchannelseachwith specialisedSP,
SGBUS for connectingother cards/devicespossibility to connect2 channelsto one port, makingit full-

duplex, Alaw and glaw sound codecs, echo cancellation, silence suppression, low latency.
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3.1.3.3. Software and hardware requirements

The softwareruns on Windows NT 4.0 becausehe SDK for the Dialogic D/41ESCtelephonycard works
only with this system.This factinfluencedthe choiceof otherpackages/librariessed:Dialogic DNA 3.1and
Gatenet 3.0, sipd (Columbia University), RTPlib (elemedia Lucent), GSM codec (TU Berlin).

3.1.3.4. Integration and portability

The softwareis a fine exampleof the integrationof componentgo provide a simple solutionfor a common
requirement. It cannot be made portable since the hardware component predicates the use of Windows NT.

3.1.4. MURS/RTSPC gateway

We are delivering the gatewayfrom UiO which consistsof the MURS serverwith its associatectlient
application, RTSPC. The systemoffers a straightforwardreflector without transcodingfacilities which is
easily accessible via the web and is simple to operate.

3.1.4.1. Main functions supported

MulticastUnicastReflectoris a systemproviding multicastto-unicastpacketreflectorfunctionality combined
with WWW interfaceand an easyto-use client. The purposeof this architectureis to enableuserswithout
accesgo a multicastenablednetworkto participatein multicastsessias in a userfriendly mannerthrough
web integration. Functions supported in version 2.1 are:

« forwarding multicast traffic to a set of unicast addresses
« forwarding unicast traffic to a multicast address and other unicast addresses connected
e RTP and UDP syport

e Capacityfor manymulticastaddressegchannels)ith manyassociatedinicastaddressegisteners)
each; exact numbers depend on the hardware used

e Activity and error logging

e Access protection in form of “trusted addresses”

3.1.4.2. Technologiesand components

The reflector consistsof three components:ithe reflector application, the RTSP server and the session
announcement system (SEXT).

Reflector application is the centralcomponenin this architecturelt playsthe role of proxy for its unicast
clientsandjoins multicastgroupson their behalf. Reflectorforwardsdatapacketsrom multicastaddresseto
their associatedinicastaddresseandvice versa.lts operationis externallycontrolledusingReflectorSession
Protocol(RSP),atext-basedprotocolincludingthe necessarfeaturesor adding/removingnulticastchannels
and listeners etc.

RTSP server, which includesan RTSP client unit that controls the associatedReflector, is basedon a
reference implementation available from Apple Computer.

Sessiomannouncementsystem(SEXT) collects,andlocally cachesmulticastsessiorinformationfrom SDP
multicasts which it provides to interested clients (WWW and RTSP servers) upon request.

3.1.4.3. Software and hardware requirements

The reflector and SEXT are written in Javaand require Javaversion1.1. It hasbeenrun successfullyon
Solaris, Linux and Windows NT platforms. An RTSP server binary is available for Linux.

3.1.4.4. Integration and portability

The Javaelementsare portable,and other functions can be portedin the future. Integrationwith the Web
simplifies the userinterfaceand allows integrationwith other web-basedapplications.We havelinked an
H.323 IP telephonyproduct from Cisco into this reflector to allow H.323 audio clients to join multicast
conferenceshis way.
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3.1.5. SIP to AVSC Gateway Architecture (SAGA)

This SAGA gatewayrepresents very specificextensiorof anestablishedORBA AV streamcontrol system
to allow control via the Internet Sessionlnitiation Protocol (SIP). It representsa typical MECCANO
integrationeffort in extendingthe scopeof existingtools by makingthemusablein new environmentsandfor
new purposes.

3.1.5.1. Main functions supported

The gatewaytranslatesSIP calls into AVSC streamcontrol processactivity so that the SIP useragentcan
initiate connections between SIP and AVSC users.

3.1.5.2. Technologies and components

This gatewaywas designedo achieveinteroperabilitybetweentwo different proceduredor initiating media
streams:one basedon the AVSC specificationand the otherthe SIP protacol. SIP is an applicationlayer
protocolusedfor establishingandtearingdown multimediasessionsboth unicastand multicast. The AVSC
representsa platform independentCORBA approachto the problem of multimedia streamsmanagement.
CORBA mechanismare usedto performcontrol functions,multimediastreamtransportprotocolsand QoS
parameterdeingorthogonatto the controlarchitecturelt is possibleto usetransportprotocolssuchasRTP,
UDP, AALS5 or any other protocol developed to transfer theimatlia streams. A diagram of the structure of
the SAGA gateway is presented below.

This approachmakes possiblethe implementationof multimedia client and server applicationson two

different platforms able to exchange multimedia data. This requires interoperability of the session
establishmentand control protocolson both client and serversides. The gatewayprovidesa solution by

translatingSIP calls into AVSC streamcontrol processactivity. Currentlyonly a SIP useragentcaninitiate

connectionsbetweenSIP and AVSC users,however, media streamingprovidesfull bi-directional audio
connections. The Locator interface currently uses static data rather than external locating facilities.

y 4
Locetion service CORBA AVSC

EEE

Spcdl | SIPVDev

S SIPNet

packes

SIP StrEndPoint

SAGA Gateway

3.1.5.3. Software and hardware requirements

This gatewayrunsonly on the Linux platform and needsthe AVSC multimediadeviceimplementatiorcore,
which is currently implemented on Solaris and Linux only.

3.1.5.4. Integration and portability

The SIP interfaceto the AVSC video serversystemenharesits utility by increasinghe sytem’saccessibility.
Unfortunately,useof the Vovida SIP packagepredicateghe Linux platform; otherSIP implementationgould
be used to widen the availability in future.

3.1.6. SVDA server system

The Scalable Video Distrilved Architecture (SVDA) is an environment that handles enormously large storage
capacitydevices.SVDA enhanceghe functionality of video serversby addingthird-party devicesthat can
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savevideofiles on their large capacity low accesdime storagedevices.Clients,by andlarge,wantthe most
recentvideo recordingsavailabledirectly from the video server;otherfiles canbe storedon deviceswith a
large storage capacity and a longer time to access, then migrated onto the video server as needed.

3.1.6.1. Main functions supported

The systemsupportsJavabasedclient accesso a CORBA serversystemwhich can provide simultaneous
transmission of stored video as a videedemand system.

3.1.6.2. Technologiesand components
The system consists of three elements:

 CORBA sewers: MainServer,VFS Proxies (which cover video servers)and AS Proxies (which
cover storage devices)they form the core of SVDA system,

e SVDA client (available as standalone Java application or web browser applet),

« JMFPlayer- the player application.

3.1.6.3. Software and hardware requirements
The server system requires:

e a Unixbased computer to run Sun MediaCenter MSM & CM servers for the cache functionality

e anymassstoragedevicewith UniTreesoftware(in our casean ACL 2640tapelibrary) for backend
storage.

Theclientfor the SVDA systemcanbe run on any Javamachine The systemwasdeveloped on Solaris 2.5.1.
It wasbuilt usinglona’'sCORBA implementatiorOrbix2.3 (patch02.18)andrequiresalsothe Orbix Names
service.SunMediaCenteiRelease?.0 or 2.1 at the cachesideandUniTree+V3.0 at the massstoragedevice
side are also required.

3.1.6.4. Integration and portability

The systemprovidesan interfaceto a Sun MediaCentewideo server,which both demonstratethe project’s
commitmentto extendingexisting tools for new usesand highlights the difficulties of making suchservers
truly portable.ACC is continuingwork on the systemto allow it accesgo other VoD serverhardwareand
software, initially the Oracle server.

3.1.7. New Learning AV server

The New Leaming serveris fully commercialisedas a Microsoft NT version of the hardware shared
whiteboard sytem developed under MICE/MERCI and now the company’s main product.

3.1.7.1. Main functions supported
The server provides:

« H.261 video over RTP.

« PCM,IDVI, L16, L8, GSM audioover RTP with redundancyPCM, IDVI, L16 andL8 with 8 and
16 Khz sample rate.

e Hardware H.261 compression (using a card from Bitfield OY).
« ISDN H.320 videoconferences, with an additional VideoServer ISDN card installed.
e control through a simplep -based interface

« very high video quality, up to 2 Mb/s video bandwidth
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3.1.7.2. Technologies and components

The New Learning A/V -serverhandlesthe audio and video communicationfor New Learning’s electronic
classroom product. The server can also be used-diamel, or for integration in other usage scenarios.

3.1.7.3. Software and hardware requirements

The serverrunson a Windows/NT4.0 platform havinga Bitfield videocompressionardanda suitablesound
card (e.g. most Turtle Beach cards)

3.1.7.4. Integration and portability

The AV -serveris normally usedintegratedwith other softwarecomponentdrom New LearningAS. These
includean easyto usetouchscreerbasedcontrol systemanda sharedelectronicwhiteboardfor presentation
of learning material.

3.2. Networks created/used

We havegiven a detaileddescriptionof our networkingactivitiesin the deliverablefor the Network Support
workpackage, R5.1/5.2. Here we give the highlights.

3.2.1. MECCANO use of TEN-155Managed Bandwidth Service (MBS)

MBS enablesconnectivity among researchprojects in countries connectedto TEN-155, the European
ResearctiNetwork. The serviceallows projectsto requesbandwidthfor specifiedperiodsof time, connecting
specifiednodes,with variousserviceguaranteesAccessyia ATM, is availableto institutions connectedo a
National Research Network (NRN) or directly at a Point of Presence ofTBBN

Deploymentof the MBS wasscheduledo occurin threephasesalphatest,betatestandfull service.Theaim

of the testwasto verify proceduredor estallishing an MBS account,to verify working of the ATM NOC
service to identify andresolveissuese NRN interworking,andto identify and resolve issues re NRN internal
workings. The sole alphatesterwas the MECCANO project, acting on behalf of ERCIM; this projectwas
chosenbecausédt was one of the very few multi-national oneswhich were both able technically to take
advantage of the MBS and required its facilities for better performance.

After the expectednitial problemsthe servicewastestedsuccesfully andput into service.Oneof the tests
compriseda major demonstratiormadeas part of the openingof TEN-155 at the official launchof the 5th

Frameworkprogrammen Essenn February1999.This involved links betweerthe MECCANO partnersites
atINRIA, RUSandUCL andanadditionallink from RUSto EssenThis demonstratiorwasvery successful,
showing clearly the potential for this-Adc virtual network, made possible by the MBS.

Subsequento this testingactivity, the projectmadeuseof the MBS to provide high-bandwidthconnectivity
betweenINRIA, RUS and UCL for the delivery of high-quality seminarsto the DBS uplink at INRIA for
onward transmission to partners with satellite receivers.

3.2.2. Direct Broadcast Satellite

We have setup and usedthe DBS facilities provided by Eutelsatto allow satellite transmissiorwith low-
bandwidth, multicast return channels.The downlinks operateat 2 Mbps using the DVB Europeandigital
televisionformats.It requireda specialdecodingcardbetweerthe satelliteantennaand the receiving PC. This
configurationis very suitablefor sites which cannotbe servicedeconomicallywith internationalmedium
speed internet traffic.

3.2.3. Gateways

The gatewayglevelopedn MECCANO weremostly completedowardsthe endof the project. The exception
to this is the AudioGate , which wasdeliveredat the end of thefirst yearandwasusedon a regularbasisfor

participationin multicastproject meetingsfrom mobile phones.This functionality proveda useful meansof

including in suchmeetingthosewho were not only remotefrom other partners,but away from their home
bases.
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3.3. Standards contributions

Ourinterestin developingandapplyingstandardsn the developmentvork of the projecthasbheenmanifested
in the considerableffortswe havemadeto participatein thework of the relevant standards bodies of both the
Internet and of the ITAT.

3.3.1. Internet Engineering Task Force (IETF)

We provided joint chairs for four workgroups,Audio Video Transport, MMUSIC, SIP and UDLR and
regularly attended the security sessions.Through the MECCANO activities, we ensuredthat relevant
Europeanpracticeswere fully compatiblewith the IETF ones- in fact in someareas,suchas conference
control (MMUSIC), conferencanvitation (SIP), andkey distributionfor secureconferencingwe largely set
the standards.

We havebeenpatrticipatingin the new initiative to standardisenultimediaserverinterfaces. In the security
area,UCL was particularly strongly involved both from the MECCANO and ICE-CAR perspetives. We
collaboratedo ensurethatthefacilities providedunderMECCANO fitted into the IETF framework- butalso
that they were usable with the IGEAR infrastructure.

We retainedalso good collaborationwith ISI and LBL who are responsiblefor majar US multimedia
conferencingnitiatives. Reportson all the IETF meetingsve haveattendedareavailablethrough the Scimitar
project and from our project web site.

During the life of the project, we have beenrepresentedit all the IETF meetings,from the 42nd IETF in
August 1998to the 47th in March 2000, and we we have mademajor contributionsto the standardisation
process, which are recorded in our progress reports.

3.3.2. ITU-T

We patrticipatedin the ITU-T H.323 meetingsin November1998andin Februaryl99, contributingto the
discussionon the continueddevelopmentof H.323, with a particular focus on gatewayarchitectureslin
October1999, we madea core contributionon robust/redundant/fautblerantH.323 componentdy leading
the discussionin one of the ad-hoc groupsand by drafting terms of referencefor future work. We have
participatedalso in the following meetingsand conferencesiTU-T and SG16 Q.11-15 Joint Rapporteurs
meetings in August 1999 and the SG 16 meeting in February 2000.

3.3.3. IRTF Meetings
We have been represented at the meetings of the IRTF Reliable Multicast Research Group.

3.3.4. ETSI

The projectparticipatedn the ETSI Tiphon Meetingin October1998with a contributionon the architecture
for IP Telephonyandgeneralaudiocommunicationsn the Internet.We participatedalsoin the Januaryl999
meeting.

3.3.5. Other

MPEG We representedhe AVT group of the IETF at meetingsof the MPEG workgroupin Octoberand
December 1998 and in April 1999.

Joint work TELES contributedas a memberof the designteam to the designof capability syntaxin the
MEGACO WG of the IETF and ITI SG16 Q.14.

VON Conferencein September 1998

3.4. Major results in execution

3.4.1. Multimedia Conferencing Architecture

Early in the project,we developedan architecturefor multimediaconferencingwhich we deliveredasR3.1.
This documentprovidedan overview of the Architecturefor multimediaconferencingon the Internetto be
usedin the MECCANO project. The protocolsmentionedareall specifiedelsewhereasRFCs,internetdrafts,
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or ITU recommendationgachof thesespecificationggives detailsof the protocolitself, how it works and
what it does.The documentprovidedan overview of how the componentdit togetherand of someof the
assumptionsnade,aswell assomestatemenbdf direcion for thosecomponentstill in a nascenstage Parts
of this documentwere strongly basedon a draft providedfor the Multiparty Multimedia SessionControl

(MMUSIC) working groupof the InternetEngineeringlaskForce.Neverthelesst covered a numbesf areas
nottackledin thatdraft - or evenrelevantto the IETF. It wasdesignedo be a guideto whatwe weretrying to

addressn the MECCANO project.Specificallyit updatedandamplified the work previouslydonein MERCI

on the architecture for semuconferencing.

The intentionis to periodicallyreviewthe documentandmaintainit asa valid, practicalintroductionto those
new to the technology and as a reference for those working in the area.

3.5. Technical & socio-economic assessment

To the extentthat the projectis generic,we candiscussonly the impacton telematicapplicationsin general.
In the particulareducation training and healthcareareasthe impactcanbe immense. In tertiary education,
UF and UM are already putting on full courses.

In the medicaleducatiorfield, UCL haslong beeninvolvedin providing integratedcoursesacrossthe three
medical sites for which they are responsibleand have also beenpart of a larger British project, funded
nationally, to provide surgical educationembracing6 universitiesand using SuperJANET.ACC, with the
high-bandwidthmetropolitanareanetworkat their disposalin Krakow, haveprovidedexcellent,high-quality
accesgo actualoperationgor educationapurposesWheninternationalmulticastconrectivity is consistently
available,we expectto seegreateruse of our technologyfor medicalapplications;it was pioneeredn the
MICE and MERCI projects and has been successfully used where capacity and connectivity were adequate.

Theseargumentsxterd to otherapplicationareas. It shouldbe notedthatthe entry costsarenot high. Now
that robust applications are available on high-end PCs, much larger numbersof users are using our
technology Clearly the higherperformancevorkstations PCs,serves andnetworksdo improvethe facilities
thatcanbe offered,butif the networkconnectivityproblemscanbe solved,therearemanyapplicationswvhich
do not needmore bandwidththanis currently there. The economicjustification for further deploymentis
clear.
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4.  Conclusions and future plans

4.1. Review of the technology achievements in the context of future activities

The fundamentaimediatechnologyhasalreadymovedinto productsand we are experiencinga numberof
enquiries.Oneimportantaspects the emergencef cardssupportingvideo captureanddisplayintegratedn
with StandardAPIs for Windows’95, '98 and2000;thesehavemadefor greateruseof our work of porting to
thoseplatforms.The speedof processorand cardsis makingmuch more mediaprocessingpossiblealsoin
workstations;some manufacturershave asked us to port our tools onto their hardwareusing its native
capability — ratherthan the more genericAPIs now in use. There are better codecs— someof which are
proprietaryandrequirehigh licencefees.Thesedevelopmentsmply that universitywork in the basicmedia
toolsis nolongerneedecbr appropriateThereis still a needto havea betterunderstandingf the benefitsof
hierarchicaland layered coding for heterogeneougnvironnents. There is also a needto signal media
requirementdor Quality of Service(QoS). This work requires,howevermore than just the basictools; it
requiresalso network supportin relaysand gateways- partly at the edgeof the Wide Area Networks,and
passibly even in routers themselves.

The onepart of the mediatools thatwe havefound difficult to provideover a wide rangeof platformsis the
synchronisatiorbetweenaudio and video. The problemis that while we can provide time stampsoncethe

media streamsreach the processor,the delay in that occurring dependsboth on the operating system
implementatiorandon the processor speed. We can easily tune the parameters to deal with specific processors
andcards;we find it muchmoredifficult to do this overthe broadrangeof platformswe aresupporting With

the higherspeed®f currentprocessorghis is nolongerasserious;it remainshowever,a problemthatneeds
resolution for strict synchronisation.

We seealsomanycardsfor the newercommunicéions offeringssuchasADSL. While connectiongor GSM
impactthe dataandaudiomarket,its speedof communicationss too low for video. This will changewith the
comingof GPRSandUMTS. Anotherimpactof GPRSandUMTS, is the needto moveto IPv6 for many(or
possiblyevenall) mobile servicesOur activitiesin this directionunderMECCANO haveshownthatit is not
difficult to movethe applicationso operateunderthe new protocols.To takefull advantagef the potentials
of theseprotocolswill require much more radical activity inside the mediatools themselvedo label the
different partsof the datastreamsTherewill haveto be a closercollaborationbetweenthe labelling at the
application level, and the policies to use the labelling infdomdbr routing, QoS and even security policies.

We realisedat the beginningof MECCANO that the developmenbf relaysand gatewayswould play a key
role in the deploymentof multicastconferencingacrossthe heterogeneousetworkswe were considering A
very significantproportionof our technicaleffort wentbothinto the provisionof a technicalinfrastructurefor
such gatewaysand into the gatewaysthemselvesWe have developedseveral— though not with all the
facilities we would haveliked. Moreovertheir deploymenthasbeenlimited — partly dueto the limited useof
heterogeneousetworksby the MECCANO partnersTheintroductionof suchcomponentsloesraiserisksto
availability androbustnessTheir widespreadleploymentwill alsorequireattention to be paidto problemsof
providing robustness, maintainability and replication in the gateway architecture.

Secureconferencings anotherareawe havepursuednsideMECCANO. Again the provisionof encryptionat
the applicationlevel hasprovedrelatively straightforward- with just one setof securityalgorithms,andwith

appropriatelywritten applications.Neverthelesst hasbeendifficult to apply it at thatlevel in a way thatis

consistentacrosddifferent platforms,and continuesto work with both IPv4 andIPv6. Moreoverit requiresa
particulardisciplinein writing the application.In NTE, for example the useof IP addresses/ere muchtoo

prevalentinside the application;it requireda muchcleanerseparatiorto provide an applicationwhich coud

be usedacrossboth IPv4 and IPv6. The mechanismdor key distributionin the multicastenvironmenthave
provedevenmoredifficult. The useof SessionAnnouncemenin secureconferencingwhile attractivefrom

the user viewpoint, has proved difficult to get throughthe IETF standardsody. The use of a web-based
servicehas proved easierto deploy, and is morein keepingwith other movesin distributedapplications.
Moreover,by usingthe web-basedservice,the transitionto IPv6 hasbeenmuch simpler.It requiredmerely
the use of IPv@&nabled web services, and the appropriateltawmiching Applets.

The deploymentof securityin commercialand governmentaknvironmentshasmany policy and regulatory
implications;thesewill not be met by single setsof algorithms,mechanisms&nd policesasin MECCANO.
The useof IPSECshouldeasethe difficulties of deploymentits flexible relianceon securitypolicies should
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makeit moreacceptablén sensitiveenvironmentsAs discussedn therelevantdeliverableD3.1,D4.3 and
D5.1/5.2), the use of IPSEC could not be considered in MECCANO.

Oneactivity in MECCANO hasbeenthe useof Direct BroadcasSatellite(DBS) technology We haveshown
thatthis is quite feasibletechnology,andhaveevenmadeit work with IPv6 componentsBecausef the cost
of usingthe up-link, the applicationsscenariogor which it is usedmustbe evaluatedarefully. Howeverit is
clearly very appropriatein distancelearning situationsboth to the home market and to areaswhere the
conwentionalcommunicationsgnfrastructures poor. Oneof the MECCANO partnerss planninga spintoff in
this area, which is discussed in the Technology Implementation Plan (TIP).

The Serverfacilities thatwe are providing are important.During the period of MECCANO, therehavebeen
manyadvancedn theseserversoutside the project but those inside are also important. A recent development
in MECCANO hasbeenthat of distributedrecordingand playback;this is particularly importantwhenthe
communicationss poor or variablein quality. The presentfacilities that we are providing requiresthat the
recordersand play-out facilities be located specifically; more automatedproceduresfor their location
depending on traffic characteristics would be desirable.

Thereremainsa seriousquestionto what extentmulticasttechnologyis neededor conferencingFor only a

few confereesit is convenientout not essentialFFor large numbersviewing the samepresentationit is very
important.Overthelifetime of MECCANO, multicastroutertechnologyhasimproved,and the operators have
ensuredhatperformancen the nationalportionsof the Research networks has become quite acceptable. This
is why the national experiencesn Canada,Germany,Norway and the UK have been very satisfactory.
However, the same effort has not been made internationally; different nations are still running different routing
policies, have not necessarilycommitted enough international bandwidth and are not really monitoring
international performance so closely. As a result the international performance,as experiencedby the
MECCANO partners,has remainedunsatisfactory We have had to resortto Unicasttunnels,which are
increasinglyundesirablein the light of the nationalrouting policies As the different networksmoveto a
uniform routing policy nationally,and asthey give due weight to internationalmulticastperformancethese
communications should improve.

At different times the usershave requestedoetter configurationfacilities and more integratedworkstation
packagesWe have made considerableprogressin this areaunder MECCANO. The provision of binary
releaseswhich are selfinstalling, haseasedthe mountingof the applications— particularlyin the Windows
environment.Neverheless,we are eagerlyawaiting the auteconfigurationfacilities promisedwith IPv6 to
easethe problemfurther. The RELATE interfacedoescombinethe tools underWindows. The problem of
more open, integratedreleaseswhich combine the separatetools and work over the multiple platforms
supporteduinderMECCANO, hasproved much more difficult. The MARRATECH activity starting has shown
that the integrationcan be doneover a single platform; howevertheir toolsetis restrictedto their tools; it is
not possble to integratein othertools. That decisionmay be basedpartly on commercialgrounds,but the
MASH experiencefrom the UCB seemsto show otherwise.They again have an integratedtoolset, which
operatemverboth Unix andWindows.Again, however,it is closed;it is infeasibleto add in other tools which
do not adhererigidly to the interfacespecificationsof their system. Sincethesesystemdo not necessarily
support all the features we require, the users must decide which approach more closehemeetxs.

In summary,the experiencesnith national applicationsprojectslike PIPVIC and VIROR show that the
technologycan be very successfulVarious manufacturerdrave expressednterestin producingcommercial
products basedon the MECCANO toolkit. Details of specific plans are containedin the Technology
Implementation Plan which we submit with this Final Report.
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4.2. The Further Plans of the MECCANO Partners

The MECCANO partnershavenot putin a directfollow-on proposathemselvesThis wasnot becaisethere
wasnhothingfurtherto do; it just seemedhatthe constitutionof thatconsortiumwasnot idealfor a follow-on.
If it was going to be the sort of project of MECCANO, the main theme should have been either a
commercialisatiorof the tools or a strong commitmentto an applicationsproject.Indeedone suchproposal
wasmadeby a Consortiumwhich includedtwo of the MECCANO partners (but not with one as@dinating
Partner).The applicationwas unsuccessfumainly becausethe commitmentto commergalisation was not
statedin a crediblefashion.NeverthelessparticularMECCANO partnersare continuingfurther someof the
activities they havebeencarrying out underMECCANO. Anothersuchproject, ANETTE, is being pursued
further as a developmenfproject by the universitiesof Freiburgand MannheimunderDFN funding. Yet a
third is being pursued as a national project by UiO.

It is clear from Section 3.2 that some of the more interesting aspects of QoS, security and deployability require
assistanc@nside the network. For this reasonUCL will be deeplyinvolved,with otherpartnersjn providing
suchnetwork supportin the ANDROID project. Initially the work will be donein the contextof IPv4, but
eventuallythis will be IPv6. The consortiumis very commerciallyoriented,with stronginvolvementfrom the

supplier and telecommunications industry

Five of the MECCANO partners(CracowU, CRC, TZI, RUS andUCL) will be movingto anothemetwork
technologyin the BWINIT project.Herethe mainthemewill bethe useof IPv6 in the GPRS/UMTScontext.

The work with the multimediaapplications gatewaysand securityagainfigure prominently— but the whole
consortiumis morecommerciallyoriented with strong involvement from the supplier and telecommunications
industry.Herethe deploymentof the technologyin the clinical and healthcaredomainare a major direction
being pursued.

The pursuit of the satellite technology remainsimportant. A spinoff from INRIA is being startedto
commercialisethis technology.INRIA is continuingto pursuethe technologyin a numberof important
internationaldistanceeducationenvironmentsin additionUCL is discussinga significanteffort to introduce
this technology into Central Asia, where the communications infrastructueen® poor.
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