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ABSTRA CT

We describe the architecture and implementation of our comprehensie multi-platform collaboration framework
known as Columbia InterNet Extensible Multimedia Architecture (CINEMA). It providesa distributed architec-
ture for collaboration using synchronouscommunications like multimedia conferencing,instant messagingshared
web-browsing, and asyncronous communications like discussionforums, shared les, voice and video mails. It
allows seamlessintegration with various communication meanslike telephones,IP phones,web and electronic
mail. In addition, it provides value-added servicessud as call handling based on location information and
presencestatus. The paper discusseshe media servicesneededfor collaborative ervironment, the componerts
provided by CINEMA and the interaction amongthose componens.
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1. INTR ODUCTION

In many organizations, e-mail and tele-conferencingare the only meansof collaboration. More recertly, instant
messaging(IM) is being usedfor short interactive communication. Eventhough thesecommunication meansare
not designedfor collaborative work, the limited set of available options causesthem to put all their data such
as meeting notes, documerts, conferenceschedulesand remindersinto the email system.

We need a collaborative environment that seamlesslyintegrates with the existing communication means of
email and phone as well as newer methods like IP telephony and instant messaging.Consider an IP telephony
conferencewith some participants on phone, and someothers using desktop audio/video clients. Late-arriving
participants can browse through the past meeting proceedings,and non-participating group members can be
automatically noti ed of meeting minutes and other important documert locations via email.

One reasonmany earlier collaboration systemshave not succeededs that they were hard to usefor people
when the teams and groups span organizational boundaries. Also, they often require installing a lot of software,
usually only available for limited set of platforms such as Windows, or work for only one vendor tools.! Col-
laboration tends to the \least common multiple" con guration supporting all neededtools and platforms, since
groups can rarely say \sorry, sinceyou cannot run this software, we will not include you in the committee".

There are two modesof collaboration. A \synchronous" or tightly coupled collaboration is highly interactive
and requires the active presenceof the other members of the group. On the other hand, an \asynchronous" or
loosely coupled collaboration is part of somecollective activity directed towards some shared goal or common
purpose,but doesnot require the active presenceof the other members of the group. A comprehensie collab-
oration environment provides both synchronous and asyndronous collaboration tools and integrates the two so
that userscan easily alternate betweenthe two.

Our systemis di erent from other conferencingapplications in that it integratesthe two modesof collabora-
tion. For example, samegroup of peoplecan be addressedby video conference,IM and email, with appropriate
archival of interactions. Secondly it provides device-transparencyby allowing accessand interaction even if
participants temporarily have only a phone or email. Although it is not new, we also provide hybrid interaction
such that one can use phone for audio and PC for IM and documert sharing in the sameconference.

Our architecture providesbuilding block toolsfor any type of multimedia collaboration, instead of focusingon
speci ¢ typessud ascollaborativ e software developmen. We want to support three kinds of typical interactions:
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long-lived distributed groupsthat alternate betweensyndronous and asyndronous interactions, such as design
teams, collegeclassescommittees and work teams, asymmetric events such as lecture and lecture series,where
interaction is mostly limited to asking questionsto the speaker, and short-lived spontaneousinteraction among
groups of people.

Our collaboration tools are based on standard protocols such as SIP? and Real-Time Streaming Proto col
(RTSP?) for signaling, Real-time Transport Protocol (RTP#) for media transport, VoiceXML® for voice-based
interaction, Call ProcessinglLanguage (CPL®) for network-based service creation, Language for End System
Services(LESS’) for endpoint-based servicecreation and a web interface for asyndronous collaboration.

In this paper, we describe the architecture and implementation of our comprehensive multi-platform collab-
oration framework. While the previous work (81°) focused on the telephory aspects, this article focuseson
collaboration. We describe the requiremerts for comprehensie multimedia communication and collaboration
ernvironments in Section2. Somerelated work is listed in Section3. Section 4 provides an overview of the archi-
tecture and the userinterface. Section5 describesthe syndironous collaboration architecture whereasSection 6
details the asyndronous collaboration. Finally, we present the conclusionsand future work in Section 8.

2. REQUIREMENTS

The basic requiremerts for the comprehensie collaboration system consistof a personalizedview of the system,
real-time or interactive multimedia collaboration (called synchronous and looselytuned sharing of information
(called asynchionousg). A web-baseduserinterface providesa portable and personalizedway to accesghe system.

The per-user calendar for appointments and conferencesshould allow sharing, ltering and accesscortrol.
The multi-part y audio, video and text conferencingmay alsoallow sharedapplications, accessontrol, moderated
conferencesrecording and le sharing among the participants. Additional sharing of information via E-mail,
voice or video mails should be possible. The various tools should be accessiblefrom email or telephone, if
possible.

3. RELA TED WORK

The computer-supported collaborative work (CSCW) has beenstudied even beforethe web 144  ACM's special
interest group on supporting group work, SIGGROUP,1®> explores topics related to computer-basedsystems
that a ects team or group in workplace settings. However, the focus remained mostly on web-baseddocumert
sharing and concurrert editing in systemssuc asBSCW,® Lotus Domino,!’ Hyperwave'® or Livelink.1® Many
researdiershave explored speci ¢ typesof collaboration sud as collaborativ e software developmert,?° electronic
classrooms?' network gamesand sharing health-care information.

Multimedia conferencingusing audio, video, and data communication using IM and email, have indepen-
dertly ewolved and becomepopular over the years???®>  Using audio and video for collaborative work is not
new?% 27 There are a number of audio/video collaboration systemssudc as MBone tools,?®2° MeetingPlace®
and GnomeMeeting3! The ITU-T's H.323%2 23 provides video conferencingsystemsalong with T.120 for data
conferencingand T.128 for application sharing.®*

Most of the technologiesusedin our architecture, such as sharedweb-browsing,*® conference o or cortrol, 36
application sharing®”-3® and web-basedcollaboration®® have been investigated extensively. A number of web
portals such asYahoo! and MSN provide online calendaring, and sharing of information to someextent. However,
the concept of group is rarely used. Our work is the rst demonstration of a SIP-based comprehensie and
extensible collaboration system. Our approach comesfrom a multimedia communication background, that
extendsthe previous CINEMA communication suite'® to support di erent kinds of collaboration acrossdi eren t
platforms. Our architecture integrates together the conferencingand collaborative computing approadces.



4. CINEMA AR CHITECTURE

The architecture consists of a set of distributed server componerts and user agerts as shown in Fig. 1. The
SIP registration and proxy server (sipd) is used for user location and forwarding of signaling messages. The
multi-part y conferencesenwr, sipconf,*® forms the core of the syndhronous collaboration infrastructure. The
media sener, rtspd, allows streaming of multimedia content for playback and recording. The uni ed messaging
sener, sipum provides certralized answering machine, and multimedia mail service** A web-basedinterface
providesasyndronouscollaboration support. Useragerts such asregular PSTN phonevia a SIP/PSTN gateway,
IP-phone, or desktop based SIP user agerts like sipc are used for syndhronous collaboration. Interactive voice
dialogue via the VoiceXML browser, sipvxm|*? allows easyaccessto a telephoneuser. The SIP sener and the
SQL database®® form the core of the infrastructure for basiccall ow (Fig. 2).
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Figure 1. SIP-based collaborative work environment

Figure 3. Personal calendar

4.1. Web interface

The web-baseduser interface allows managing user accourts, voice-mails and conferences.The web pagesare
generatedusing the HTTP CGI** scripts that accesghe SQL databasefor con guration and pro les. The web
pagesprovide intuitiv e user interface componerts and context-sensitive help. There are multiple levels of details
in dierent user expertise levels. For example, a beginnerlevel user accesseonly basic featuresto get started
whereasan advanceedevel usercan con gure and managedetailed information. The interface allows con gurable
layout of the web pagessothat a particular installation of the systemcan be adapted as per the serviceprovider.

The call-routing prole is usedto manage current phone locations, accesscontrol for incoming calls and
programmable call handling. The unied messagingincludes voice, video mails, emails and discussionforum.
There is a per-user evernt calendar, addressgroup and accessgroup managemen. Finally the administrator
interface allows con guring the seners, gateways, phonetari s, and visual layout of the web pages.

4.2. Personal calendar and address book

When the userlogsin from the web, it shavsthe most recert appointments and voice-mails. A personalcalendar
shows the various appointments or conferencesceduled for the useror his group (Fig. 3). The usercan seethe
day, week, month or year view for di erent levels of information.



The per-useraddressbook allows organizing the contacts into local or global accessgroups. A local group is
visible only to the owner, e.g.,\my friends", whereasa glokal group is visible to everyone, e.g.,\net work researt
group". An addressbook entry can belongto zeroor more accesggroups. An evert, suc asan appointment or
a classsdedule, can have a group-namewith given group-privileges. The read or write accessprivilege for an
event can be owner, group or everyne similar to Unix le permissions. The read accessspeci es who can view
the description and details of the evert. The write accesgells who can modify the event attributes. A personal
appointment typically has owner privileges for read and write, whereasa seminar serieshas group read access
and ownerwrite access.

4.3. Events and event-groups

An eventis an individual evernt or appointment. An eventgroupis a collection of related everts, e.g.,an university
course for which individual classes,or everts, happen weekly. Every eventcan belong to an eventgroup An
eventgroupcan have zero or more evens. An eventgroupcan optionally have a repeat indicator, e.g., every
month, every year. The repeat indicator is useful if one doesnot want to itemize individual everts, e.g., yearly
birthday reminders.

An evert-group may be assaiated with an optional conferencename, e.g., on-line lecture series. While an
eventgroupde nes a group of everts usedin calendar, a conferenceis strictly a synchronous collaboration with
additional attributes like supported media-types,dial-in number, recording formats, default audio sampling rate,
public or private conferencetype and public or private participant list. Various SQL tables for storing the
information are explainedin CINEMA technical report. 1

5. SYNCHR ONOUS COLLABORA TION

A multi-part y multimedia conferenceis the simplest form of synchronous collaboration. In the absenceof
multicast, certralized conferenceservers provide an attractiv e solution for small to medium scaleconferences?®
Moreover, a certralized control integrates easily with other collaboration requiremerts such as o or control. For
example, the organizer can control who getsto speak at any instant if there are multiple speakers, and enforce
the policy at the sener.

The participants dial the conferenceURL, e.g., sip:sta -meet@cs.olumbia.edu, to join the dial-in confer-
ence. The conferencescan be pre-sheduled from the web interface, or created on the y, e.g., by dialing
sip:letsmest.adha@@onferenae-server For certralized conferencing,we needa certral conferencesener suc as
sipconf and user agerts such as sipc as described below.

5.1. User agent

Sipc is a SIP user agert that can be usedfor Internet telephony calls, multimedia conferencespresence,nstant
messaging,and sharedweb browsing. It supports a range of media types, such as audio, video, text and white
board (Fig. 4), and can be easily extendedto handle additional media types. It usesexternal media tools such
asvic,*®* RAT?*® and wb.*” We are currently developing our own low-latency audio tool. Beyond multimedia
communication, it can also perform network appliance cortrol, or act as SAP-basedInternet radio or TV. % We
are extending it to support emergencyservices?®

The participants can also use other SIP-phonesor regular telephonesto join the conference.We are imple-
mernting another SIP useragert, sipz for handheld devicesto allow mobile multimedia participants.

5.2. Audio mixing

When the participants join the conference the server mixes and redistributes the audio sud that a participant
hears everyone elseexcept herselffrom the server. The serer decadesthe incoming audio from the participant,
and puts it in a per-participant queueasshawn in Fig. 5. On periodic interrupt, the participant audio is mixed,
and redistributed badk to the participant after encading. Optimizations reduce the number of encaders and
decaders®® The sener acts as an RTP mixer* for the audio. Each call leg in the conferenceforms an RTP
sessionwith the participant.
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Figure 5. Audio mixing

MESSAGE sip:alice@office.net SIP/2.0
From: <sip:staff-meet@servers.com>
To: <sip:alice@office.net>; tag=Uo18a
Content-Type: Message/CPIM

Periodic timer interrupt
.

SIP headers

From: Bob Wilson <im:bob@home.com>
To: Alice <im:alice@office.net>
Content-Type: text/plain e —

Meet me at Tom's at 8:00.
IM text

Figure 4. Columbia SIP User Agent (sipc) Figure 6. Example SIP MESSAGE for instant messaging

5.3. Video forw arding

Unlike audio, mixing doesnot make sensefor video. Every participant may want video from everyone elsein the
conference.The serer implements transparent padet forwarding for video. A video padket from a participant
is distributed to every other participant in the conferencewithout modi cation. In this case,the server does
not implement the RTP stadk for video session.The lip synchronization betweenthe audio and video sessionss
done at the participant's useragert on receiving the two streams.

5.4. White-b oard sharing

The White-board is a conferenceapplication for shared drawing. It allows synchronous collaboration using

graphic information. The ITU-T Recommendation T.126 de nes a protocol to manage the conference-wide
syndironization of multi-plane and multi-view graphical workspace. However, In our system, we usean existing

simple white-board application developed at UCL*’ in sipc and are planning to support the sharing in sipconf.

The sipconf sener simply forwards the drawing commandsto all the participants except the sender. By this

way, it doesnot needto maintain a sharedgraphical workspaceinternally. To allow new joiners getting historical

drawings, the sener can cache the drawing commandsfor late-arriving participants.

5.5. Instan t messaging

The instant messag€IM) handling in the conferencesener is similar to video forwarding. When alice@o ce.net
sendsan IM to bob@homeam, the SIP server at home.om domain proxiesit to the current location of Bob's
phone. An IM sert to the conferenceURL sip:sta -me et@servers.am is intended for all the conferencepartici-

pants. If the conferenceis not active or there is no other participant, then the sener indicates the error to the
sender. If the senderis not already in the conferencethen the server can either indicate an error to the sender,
or still cortinue to distribute the IM to the participants. In a way, the server provides a group addressto send
IM to, similar to email-groups. An example SIP MESSAGE sert by the serer is shovn in Fig. 6. The server
can alsoforward indications® that allows Alice's useragert to display status such as\Bob is typing a message".

The sener should allow transitioning from an IM sessionto a full multimedia session,and vice-versa, when
the participant changesher media capabilities accordingly.



5.6. Shared web browsing

The SIP MESSAGE method can be usednot only for instant messagingbut alsofor someadditional cortrol. For
example, sipc can capture the browser evert on navigation and indicate that HTTP URL to the remote party.
The sener forwards the messagdike any other IM, thus, readily supports sharing among multiple participants.
In sipc, we have implemented an application to cortrol Internet Explorer and Netscape for shared browsing.

5.7. Screen sharing

We have added support for the open sourceVirtual Network Computing (VNC %')-basedscreensharing in both
sipc and sipconf. VNC is a client server protocol, wherethe server sharesits screento a viewer or client. To avoid
authenticating the client, we initiate the sessionfrom the VNC sener to the listening client. If a participant
sharesher screen,her user agent invokesthe VNC sener application whereasall the other participants invoke
the VNC client application. The conferenceserver merely forwards padkets similar to video forwarding. The
data padkets cortaining the screenbu ers are forwarded from the VNC server to all the VNC client applications
where asthe control padckets such as mouseand keyboard input are sert from the VNC client to the VNC server
application.

5.8. Conference control

In a hybrid conferenceusing phonefor audio and PC for IM, it should be possibleto control the conferencefrom
either phone or IM. Simple IM to the sener can be usedas cortrol commands, e.g., if a participant sendsIM
text as\list", the serwer returns the IM text containing list of all the active participants. Similarly, when a new
participant joins or one leaves,all the existing participants are noti ed by the serer via IM.

Conference o or control meanscortrolling who gets the exclusive accessof the shared media channels or
resources. For example, typically only one participant should speak in a conference. In caseof multiple con-
tenders, the conferencechair can decidewho getsto speak. There are many ways to do advanced o or cortrol
sud as using Simple Object AccessProtocol (SOAP) to run Remote Procedure Calls (RPC) %2 on the sener,
web interface, and via touch-tone phones. We are implementing the SOAP-based o or cortrol in our server and
user agert.

5.9. Dial-in vs dial-out conferences

Although most of our earlier discussionfocusedon dial-in conferencesdial-out mode is equally important. For
example, if a participant wants to invite another userin the conference,or the sener wants to send out call
invitations to the intended participants at the scheduledtime. Usually someform of audio and text announcemen
indicates the purposeof the call to the user. To avoid the dialed-out call going to answering machine, the server
may prompt the userto presscertain digits to actually join the conference.

6. ASYNCHR ONOUS COLLABORA TION

There are a number of related events during or after the conference,that needto be shared with others even
when the conferenceis not active. For example,the recordedconversation or meeting minutes may be neededin
subsequeh meetings, o -line discussionon the topics coveredin the conferenceneedsto be co-ordinated in the
sameway asthe conferencewas cortrolled or the notes may be edited remotely using WebDAV. 53 The primary
objectives of these collaboration medanismsare to avoid duplicating shared data and to provide someform of
changecontrol on shareddata.

Use of RTSP, instead of the traditional download-and-view web model, enablesthe recording of the content
once and the use of the pointer or the URL when forwarding the content without actually forwarding the
multimedia le. This is desirable for low bandwidth situations where downloading a whole media le is very
expensiwe, particularly if the recipient decidesthat shedoesn't want to listen to the audio after hearing the rst
few seconds.Moreover, the multimedia content can be accessedvith any RTSP basedmedia player, e.g., Apple's
QuickTime.

As mertioned earlier, every conferenceis assa@iated with some eventgroup An eventgroupcan be assai-
ated with various forms of asyndironous collaboration medanisms, such as le sharing and discussionforum.
Conferenceparticipants can share meeting notes, agendaor other documerts via the web.



Figure 7. File sharing

Figure 9. Web-baseddiscussionforum

Figure 8. Web interface for conferencerecording
Figure 10. Voice messages

6.1. File sharing

The web interface allows uploading shared les as shown in Fig. 7. The userscan register to get notied via
email when the shared le is modied or deleted.

6.2. Discussion forum

Messageboards and discussionforums facilitate asyndronous discussionon a particular topic. One advantage
over email-baseddiscussionis that it can systematically display the various discussionthreads, postings and
replies.

The userscan alsoregister to receive new postsor repliesin their email. They can useemail to post a message
or reply to the discussionthread. Fig. 9 showvs an example web interface.



6.3. Conference event recording

The systemallows recording of the audio, video and IM communications in a conference.The audio recording at
the conferencecan be done either when the media packets (RTP) are received from the participant or when the
mixed stream is created asin Fig. 5. In the former case,the recording is done by dumping the raw RTP (and
RTCP) packets along with padket sizeand time-stamp, in a le. On the other hand, a mixed audio stream can
be recordedin standard Sun\snd" or Microsoft \wav" le format. Only rtp dump recording format is needed
for video, sincethe serner doesnot generateany mixed video stream. The systemallows recordingin alocal le

or to remote media server using an RTSP URL.

We are deweloping a web interface to display the conferenceproceedingsin a time-line as shown in Fig. 8.
The rst time-line indicates the complete conferenceduration with the important events, suc asthe new user
join, leave, le uploads and instant messageanteraction. The secondtime-line is the zoom-in view of a part of
the conferenceduration as selectedin the rst time-line.

6.4. Unied messaging

The ability to sendmultimedia messageso other individuals or a group is an important feature of collaboration
systems. Registereduserscan listen to their voice/video messagestecorded conferenceproceedingsor view their
emails from the web. An example web pageis shown in Fig. 10.

The voice/video mail is recordedat the media sener, rtspd, by the certralized answering machine and voice
mail server, sipum*! The server noti es the userof new incoming messagese.g., using email, and indicates the
pointer or URL to listen to the message.t should allow sendingthe media content instead of the pointer in the
email, if the userwants that way.

6.5. Noti cations and announcemen ts

The system can notify the user of various appointment reminders, conferencesschedulesor changesin shared
les, messageboard or incoming multimedia message. The user can schedule the samenoti cation to multiple
destinations.

It supports dierent kinds of noti cations such as reminders for birthdays or appointments where the no-
ti cation is generated before the event, wake-up call kind of one time noti cations, and noti cations for the
eventgroupfor its all individual evens.

While an email or IM is an one-time evert with no interaction, a phone-basednoti cation can prompt the
userwith more options via IVR. For example,\press 1 to get noti ed again after 5 min, or press2 to listen to the
details of the evert". The system can allow scheduling the noti cations from the web interface or via telephone
using the touch-tone input.

7. ADDITIONAL SERVICES

There are other interesting servicesthat assistboth synchronous and asyndronous collaboration. For example,
a conferenceserver can dial-out a scheduled meeting only when all the required participants are on-line. An IM
usercan join a tele-conferenceand interact via speedt-to-text and text-to-speed corversionbetweenthe IM text
and other participants' audio.

7.1. Presence

The presenceinformation gets used quite often in people'sdaily life. Peopleare usedto cheding online status
before starting a conversation with their IM \buddies".

In our system, we base our presenceinformation handling on the SIP ewert notication architecture.%*
Beyond the existing implementations' presencestatus of onling oine or away, we consider both current and
future communication availability via timed-status a number of place-types, such as \home", \oce", and
\public" aswell as a privacy classi cation into \public", \priv ate" and \quiet". > The user can also indicate
whether the communication is likely to be overheard or whether audio is consideredundesirable.

The web interface displays the list of subscribed users(buddies) aswell as all the others who are interested
in knowing the presencestatus of this useras shown in Fig. 11. The client's userinterface is shown in Fig. 12.



Figure 11. Web-basedpresence ) o
Figure 12. IM and Presencesupport in sipc

7.2. Interactiv e voice response (IVR)

We have discusseda number of examplesinvolving user interaction via touch-tone input from a telephone.
VoiceXML?® is an XML-based language developed by the W3C to create voice dialogs that feature synthesized
speed, digitized audio, recognition of spoken and DTMF key input and recording of audio for telephony appli-
cations. Our sipvxmlis a SIP-basedVoiceXML browser that allows a SIP-phone, or a regular telephonevia a
gateway, to interact with the badk-end application logic.*?

We have deweloped some CGl-based applications for voice-mail accessand conferenceparticipation. Each
registered user gets a unique telephonePIN (personalidenti cation number) for authentication. The voice-malil
script announcesthe number of new and old messagesand prompts the caller to listen to the messages.

7.3. Interaction among email, telephone and IM

Today, email is the most common form of electronic communication. Howewver, the corvenienceof email is
limited by the necessiy of an Internet connected computer. A system that allows interworking of email with
other communication meanssud astelephoneor IM, will enhanceuser experience. Such systemcan be usedto
reach those userswho only have email accessvia IM, de ne certain incoming emails as important and forward
them to IM, get a virtual-IM accourt to interact with other IM usersvia email, accessemails via phone, get
notied of any important email on phone, and text-chat with other IM usersor in a conferencevia phone.

8. CONCLUSIONS AND FUTURE WORK

We have discussedseamlessintegration between two types of collaboration modes: synchronous and asyn-
chronous. The conferencesener and user agert in our CINEMA infrastructure allow synchronous multi-part y
multimedia collaboration via audio, video, instant message screensharing and shared web-browsing. The per-
sonalized user pro le, calendaring, addressbook managemen, event and conferencemanagemei, and system
con guration can be done from the web interface. It alsofacilitates document sharing and asyndronous discus-
sions among the group members. Moderators can monitor and cortrol various synchronous and asyncironous
activities. The messagingand noti cations are usedto reac the userswhen they are o -line.

A SIP-basedarchitecture allows easily extending the infrastructure with new features, e.g., presence-enabled
calls and programmable call routing. Interactive voice response provide easyaccessto the system from a tele-
phone, whereasvarious text-to-speed tools allow interaction via plain email. This facilitates accessto the
system transparent to the end user device. Hence, we claim CINEMA to be a comprehensive multi-platform
collaboration architecture. Moreover, the systemallows hybrid interaction, e.g., phonefor audio, PC for IM and
documernt sharing in the sameconference.



Although, CINEMA's main focusis on real-time synchronouscommunication, we alsocorrelate the two modes
of collaboration for an enhancedend-userexperience. CINEMA can be used within an organization as well as
in portal mode by application serviceproviders. In future, we plan to support replicated databases,distributed
mixing and other fail-over features such as automatic fail-over of a conferenceto a badk-up mixer.

We have not implemenrted everything described in the paper. In particular, we are working on recording of
conferenceevents such asjoin or leave, programmable end systemservices,conference o or-control, performance
measuremem and improvemert of the multimedia conferencesener, load balancing and scaling techniques for
the seners, and optimizations for distributed multi-site collaboration. This paper is a cortin uation of our earlier
work. 810

Details on a number of important aspects such as security, email/IM integration, and databasestema are
skipped in this paper for spaceconstraints. Interested readerscan refer to the detailed technical report. 56
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