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iSS™S^URAI ^,remaking 
USERS a decision to buy or sell, he or she will frequently need to 

discuss the information with other experts, who may be geo-

CROSS-REFERENCE TO RELATED 5 graphically dispersed, and with the client. One or more of 
APPLICATIONS these other experts may be in a meeting, on another cal I, or 

otherwise temporarily unavailable. In this event, the expert 

The present application is a continuation of application Scr must communicate "asynchronously"—to bridee time as 
No. 09/702,737 filed Nov. 1,2000 now U.S. Pat No 7 185 well as distance. * 

Sf S^Tltt^^l'i '° AS **** ̂  pri°r *« deskt0P videoconferencing 

U.S. Pat. No. 5,689,641, the^IosIsoTmJXZ. ,, StaTX™? """ C^discus?edabove)a»d** 
porated herein by reference llmited ^^ shann8 capabilities. Similarly, telephone 

answering machines, voice mail, fax machines and conven-

BACKGROUND OF THE INVENTION tional electronic mai' systems provide incomplete solutions 
to the problems presented by deferred (asynchronous) col-

The present invention relates to computer-based systems 20 laboration because they are totally incapable of communicat-
for enhancing collaboration between and among individuals ing visual cues> gestures, etc and, like conventional videocon-
who are separated by distance and/or time (referred to herein fercncing systems, are generally limited in the richness of the 
as "distributed collaboration"). Principal among the inven- data mat can be exchanged. 

S2T"1 I t '^ 5 /k environmenl.t0 1« Ithasbcenproposedtoextcndtraditional videcconfercnc-

It is well known to behavioral scientists that interpersonal 3/°Jmptansetal for Video Conferencing Network issued on 
communication involves a large number of subtle and com- V' Ithasalsobeen proposed to augment such video 
plex visual cues, referred to byWs L 'C conS." and ?°nferencln8 *«<*"* ™* Knifed 'Video mail" facilities, 
"body language," which provide additional information over Howwer> s«ch dedicated videoconferencing systems (and 
and above the spoken words and explicit gestures These cues extensl0ns hereof) do not effectively leverage the investment 
arc, for the most part, processed subconsciously by the par- 35 \n ejusUn8 embedded information infrastructures—such as 
ticipants, and often control the course of a meeting. desktop personal computers and workstations, local area net-

In addition to spoken words, demonstrative gestures and work (LAN) and wide area network (WAN) environments, 
behavioral cues, collaboration often involves the sharing of bui'dmg wiring, etc.—to facilitate interactive sharing of data 
visual information—e.g., printed material such as articles, m rae foral of text, images, charts, graphs, recorded video, 
drawings, photographs, charts and graphs, as well as video- 40 screen disPlays a«id the like. That is, they attempt to add 
tapes and computer-based animations, visualizations and computing capabilities to a videoconferencing system, rather 
other displays—in such a way that the participants can col- ^^ adding multimedia and collaborative capabilities to the 
lectively and interactively examine, discuss, annotate and user's existing computer system. Thus, while such systems 
revise the information. This combination of spoken words, may be useful in limited contexts, they do not provide the 
gestures, visual cues and interactive data sharing significantly 45 capabilities required for maximally effective collaboration 
enhances the effectiveness of collaboration in a variety of and are not cost-effective 

more expensed one or mo're clients seiiSeTusineTs or ^T T^ T* ̂ ̂ ^ "* P°r' 
political negotiations, and the like. In distributed collabora- 50 table .pe.fonal computers and workstations (hereinafter 
tion settings, then, where the participants cannot be in the 8enencally referred to as "workstations"). These capabilities 
same place at the same time, the beneficial effects of face-to- e ° USed P"11"1"^ in desktop multimedia authoring 
facecollaborationwillberealizedonlytothccxtentthateach systeras for producing CD-ROM-based works. While such 
of the remotely located participants can be "recreated" at each sysIcms are capable of processing, combining, and recording 

site. JS audio, video and data locally (i.e., at the desktop), they do not 
To illustrate the difficulties inherent in reproducing the adequately support networked collaborative environments, 

beneficial effects of face-to-face collaboration in a distributed principally due to the substantial bandwidth requirements for 
collaboration environment, consider the case of decision- real-time transmission of high-quality, digitized audio and 
making in the fast-moving commodities trading markets, full-motion video which preclude conventional LANs from 
where many thousands of dollars of profit (or loss) may 60 suPP<"1ing more than a few workstations. Thus, although 
depend on an expert trader making the fight decision within currently available desktop multimedia computers frequently 
hours, or even minutes, of receiving a request from a distant include videoconferencing and other multimedia or collabo-
client. The expert requires immediate access to a wide range rati ve capabilities within theiradvertised feature set (see e a 
of potentially relevant information such as financial data, AReinbardt,"VideoConquers theDesktop,"BYTE,Septem-
55 S" Tf on'cur1rentPric^«°«es,newswire 65 ber 1993, pp. 64-90), such systems have not yet solved the 
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3 4 
BRIEFDESCRIPTIONOFTHEDRAWINGS FIG^aisadiagnunmaticrepresentatioaofthebasicoper-

Clr , . . allmJ evenls occurring in a preferred embodiment of the 
FIG. 1 is an enterprise view of a desk-top collaboration present invention during initiation of a two-parr?caH 

, 

raentofthe present invention. 

shown in FIG. 3 can be connected via a wide area network in nr> « i- ' ' • .. •„ 
accordance with the present invention FIO\28 dla8ramma'«:ally illustrdtes how a snapshot with 

FIG. 5 is a schematic diagram iliusirating how collabora- ^SZ^ ̂ "DMd * " plUnllity of bitmaPS durin* 
tion sites at distant locations L1-L8 are conventionally inter- pir. w. 1, .■ aa-

uuii iuu iii ui&uuii locations n-La arc interconnected over a ci/- ■>«• i. • j ■• 

wide area network in a preferred embodiment ofthe invention ,. 3(!ls' schematic a"d diagrammatic illustration ofthe 
using a multi-hopping approach 25 multunedla document architecture employed in a preferred 

FIG. 7 is a block diagram illustrating a preferred embodi- ""S?"^1 ̂ *C invcntion-
ment of video mosaicing circuitry provided in the MLAN of s illustrates a centralized Audio/Video Storage 

FIGS. 8A, 8B and 8C illustrate the video window on a FIG- 31B is a sehematic aQd diagrammatic illustration of 
typical CMW screen which may be generated during opera- 30 ^imeractions between the Audio/Video Storage Server and 
tion of a preferred embodiment ofthe present invention, and *e remainder ofthe CMW System, 
which contains only the callee for two-party calls (8A) and a 31C i"ustratcs an alternative embodiment ofthe intcr-
video mosaic of all participants, e.g., for four-party (8B) or aeti,ons illustrated in FIG. 31B. 
eight-party (8C) conference calls. r?IG- 3' ̂  is a schematic and diagrammatic illustration of 

FIG. 9 is a block diagram illustrating a preferred embodi- 35 *e intcgration of MMM MMCR and MMDM facilities in a 
mentofaudiomixingcircuitryprovidedintheMLANofFIG. preferred embodiment ofthe invention. 
3. FIG. 32 illustrates a generalized hardware implementation 

FIG. 10 is a block diagram illustrating video cut-and-paste of a scalable Audio/Video Storage Server, 
circuitry provided in the MLAN of FIG. 3. FIG. 33 illustrates a higher throughput version ofthe server 

FIG. 11 is a schematic diagram illustrating typical opera- 40 >"ustrated in FIG. 32, using SCSI-based crosspoint switching 
tion of the video cut-and-paste circui try in FIG. 10. Io increase the number of possible simultaneous file transfers. 

FIGS. 12-17 (consisting of FIGS. 12A, 12B, 13A, 13B, F'G. 34 illustrates the resulting multimedia collaboration 
14A, 14B, 15A, 15B, 16, 17A and 17B) illustrate various environment achieved by the integration of audio/video/data 
examples of how a preferred embodiment of the present teleconferencing and MMCR, MMM and MMDM. 

invention provides video mosaicing, video cut-and-pasting, 45 FIGS. 35-42 illustrate a series of CMW screens which may 
and audio mixing at a plurality of distant sites for transmis- be generated during operation of a preferred embodiment of 
sion over a wide area network in order to provide, at the CMW the present invention fora typical scenario involving a remote 
of each conference participant, video images and audio cap- expert who takes advantage of many ofthe features provided 
tured from the other conference participants. by the present invention. 

FIGS. 18A and 18B illustrate various preferred embodi- 50 
ments of a CMW which may be employed in accordance with SUMMARY OF THE INVENTION 
the present invention. 

/!?.™,iS?JSChemalic dia?ram of a Preferred embodiment In accordance with the present invention, computer hard-
ot a CMW add-on box containing integrated audio and video ware, software and communications technologies are com-

ci^n1?,m accordance with *e present invention. 55 bined in novel ways to produce a multimedia collaboration 
r-Jlj. 20 illustrates CMW software in accordance with a system that greatly facilitates distributed collaboration in 

prelerred embodiment of the present invention, integrated part by replicating the benefits of face-to-face collaboration 
with standard multitasking operating system and applications The system tightly integrates a carefully selected set of raul-

S°™are:, ... „ timedia and collaborative capabilities, principal among 
HU 21 illustrates software modules which may be pro- 60 which are desktop teleconferencing and multimedia mail 

vided forrunmng on the MLAN Server in the MLAN ofFIG. As used herein, desk-top teleconferencing includes real-
3 f°LCMlro"?n8 °Pcration °/*« AV and Data Networks. time audio and/or video teleconferencina as wdl as dZ ¥,?TT* °PCratiOn °f *e AV and Dala NctWorks- tinw audi° and/°' video teleconfcrerKing as wd 

FIG. 22 .llustrates an enlarged example of "speed-dial" conferencing Data conferencing, in turn, includes ,„._ 
face icons of certain collaboration participants in a Collate- sharing (sharing of "snapshots" of selected reeions of the 
ration Initiator window onatypical CMW screen which may 65 user'slreen), application^toring (slS conn^ofiund Jg 
be generated during operation of a preferred embodiment of applications), shared whiteboard (equivalent to shS f 
the present invention. "blank" window), and associated teleprinting and annotation 
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capabilities. Teleconferences may be recorded and stored for devices. Further, the method comprises maintaining service 
later playback, including both audio/video and all data inter- records for at least the first and second logged in users, the 

actions- service records including user identification information and 
While desktop teleconferencing supports real-time inter- an associated location where each user is logged in. A display 

actions, multimedia mail permits the asynchronous exchange 5 of a user identifier for at least the second user on the display 
of arbitrary multimedia documents, including previously of at least a first user's communication device is provided, 
recorded teleconferences. Indeed, it is to be understood that thereby allowing the user to select the displayed second user's 
the multimedia capabilities underlying desktop teleconfer- identifier and retrieve necessary addressing information of 
encing and multimedia mail also greatly facilitate the ere- the second user so that a connection between the first and 
ation, viewing, and manipulation of high-quality multimedia 10 second users can be established, thereby enabling real-time 
documents in general, including animations and visualiza- communication including video images of at least one user 
tions that might be developed, for example, in the course of and real-time text messages displayed on the display associ-
information analysis and modeling. Further, these animations ated with at least one user, 
and visualizations may be generated for individual rather than 

collaborative use, such that the present invention has utility is DETAILED DESCRIPTION OF THE PREFERRED 
beyond a collaboration context. EMBODIMENT 

The preferred embodiment of the invention is a collabora 

tive multimedia workstation (CMW) system wherein very Overall System Architecture 
high-quality audio and video capabilities can be readily 

superimposed onto an enterprise's existing computing and 20 Referring initially to FIG. 1, illustrated therein is an overall 
network infrastructure, including workstations, LANs, diagrammatic view of a multimedia collaboration system in 

WANs, and building wiring. accordance with the present invention. As shown, each of a 
In a preferred embodiment, the system architecture plurality of "multimedia local area networks" (MLANs) 10 

employs separate real-time and asynchronous networks—the connects, via lines 13, a plurality of CM Ws 12-1 to 12-10 and 
former for real-time audio and video, and the latter for non- 25 provides audio/video/data networking for supporting col-
real-time audio and video, text, graphics and other data, as laboration among CMW users WAN 15 in turn connects 
well as control signals. These networks are interoperable multiple MLANs 10, and typically includes appropriate com-
across different computers (e.g., Macintosh, Intel-based PCs, binations of common carrier analog and digital transmission 
and Sun workstations), operating systems (e.g., Apple Sys- networks Multiple MLANs 10 on the same physical premises 
tern 7, DOS/Windows, and UNIX) and network operating 30 may be connected via bridges/routes 11, as shown, to WANs 
systems (e.g., Novell Netware and Sun ONC+). In many and one another. 

cases, both networks can actually share the same cabling and In accordance with the present invention, the system of 
wall jack connector. FIG. 1 accommodates both "real time" delay and jitter-sen-
The system architecture also accommodates the situation sitive signals (e.g., real-time audio and video telcconferenc-

in which the user's desktop computing and/or communica- 35 ing) and classical asynchronous data (e.g., data control sig-
tions equipment provides varying levels of media-handling nals as well as shared textual, graphics and other media) 
capability. For example, a collaboration session—whether communicationaraongmultipleCMWsl2regardlessoftheir 
real-time or asynchronous—may include participants whose location. Although only ten CMWs 12 are illustrated in FIG. 
equipment provides capabilities ranging from audio only (a 1, it will be understood that many more could be provided. As 

telephone) or data only (a personal computer with a modem) 40 also indicated in FIG. 1, various other multimedia resources 
to a full complement of real-time, high-fidelity audio and 16 (e.g., VCRs, laserdiscs, TV feeds, etc.) are connected to 
full-motion video, and high-speed data network facilities. MLANs 10 and are thereby accessible by individual CMWs 
The CMW system architecture is readily, scalable to very 12. 

large enterprise-wide network environments accommodating CMW 12 in FIG. 1 may use any of a variety of types of 
thousands of users. Further, it is an open architecture that can 45 operating systems, such as Apple System 7, UNIX, DOS/ 
accommodate appropriate standards. Finally, the CMW sys- Windows and OS/2. The CMWs can also have different types 
tem incorporates an intuitive, yet powerful, user interface, of window systems. Specific preferred embodiments of a 
making the system easy to leam and use. CMW 12 are described hereinafter in connection with FIGS. 
The present invention thus provides a distributed mullime- 18A and 18B. Note that this invention allows for a mix of 

dia collaboration environment that achieves the benefits of 50 operating systems and window systems across individual 
face-to-facc collaboration as nearly as possible, leverages CMWs. 

("snaps on to") existing computing and network infrastruc- In the preferred embodiment, CMW 12 in FIG. 1 provides 
ture to the maximum extent possible, scales to very large real-time audio/vidco/data capabilities along with the usual 
networks consisting of thousand of workstations, accommo- data processing capabilities provided by its operating system 
dates emerging standards, and is easy to learn and use. The 55 CMW 12 also provides for bidirectional communication, via 
specific nature of the invention, as well as its objects, features, lines 13, within MLAN10, for audio/video signals as well as 
advantages and uses, will become more readily apparent from data signals Audio/video signals transmitted from a CMW 12 
the following detailed description and examples, and from the typically comprise a high-quality live video image and audio 
accompanying drawings. of the CMW operator. These signals are obtained from a video 
More specifically, the present invention provides a method 60 camera and microphone provided at the CMW (via an add-on 

ofreal-time communication between a plurality of users each unit or partially or totally integrated into the CMW), pro-
with respective communication devices having associated cessed, and then made available to low-cost network trans-
displays, the method comprising the steps of providing each mission subsystems. 

of the plurality of users with collaboration initiation software Audio/video signals received by a CM W 12 from MLAN 
at their communication devices and allowing at least first and 65 10 may typically include: video images of one or more con-
second users to connect to at least one communication net- ference participants and associated audio, video and data 
work by logging in at their respective communication from multimedia mail, previously recorded audio/video from 
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previous calls and conferences, and standard broadcast tele- 4-pair UTP telephone wires, wherein one pair is used for 
T°££$' l Received vldeo s^s are displayed on incoming video with accompanying audio (mono or stereo) 
the CMW screen or on an adjacent monitor, and the accom- multiplexed in, wherein another pair is used for outRoine 

Sf0^?)1 ,J°1SrepnidU^dbyaSpeakerprovidedinorRear "lultiplexed audio/video, and wherein the remaining two 
the CMW In general, the required transducers and signal 5 pairs are used for carrying incoming and outgoing data in 
processing hardwarecould be mtegrated into the CMW, or be ways consistent with existing LANs For example, lOBaseT 
provided via a CMW add-on unit, as appropriate. Ethernet uses RJ-45 pins 1,2,4, and 6, leaving pins 3,5,7 and 

Inthcpreferrcdembodiment,ithasbcenfoundparticulariy Savailablc for the two A/V twisted pairs. The resulting sys-
advantageous to provide the above-described video at stan- tem is compatible with standard (AT&T 258A E1A/TIA568 

^ ̂ n ̂J? ^^P^OlmanCe(.iei30framespersec- l0 8P8Cl l°BaseT, ISDN, 6P6C, etc.) telephone wiring found 
ond a 640x480 pixels per frame and the equivalent of 24 bits commonly throughout telephone and LAN cable plants in 
of color per pixel) with accompanying high-fidelity audio most office buildings throughout the world These UTP wires 
typica ly between 7 and 15 KHz). For example, FIG. 2A are used in a hierarchy or pe^r arrangements of star topologies 
illustrates a CMW screen containing live, Jull-motion video to create MLAN 10, described below. Note that the distance 
of three conference participants, while FIG. 2B illustrates u range of the data wires often must match that of the video and 
data shared and annotated by those conferees (lower left audio Various UTP-compatible data. LAN networks may be 
Wlndow)' used, such as Ethernet, token ring, FDDI, ATM etc. For dis-

.. „■ ... . . .. . tances longer than the maximum distance specified by the 
Multimedia Local Area Network data LAN protocol, data signals can be additionally processed 

n r • r*,~ « ... 20 for proper UTP operations. 
Retemng next to FIG. 3, illustrated therein is a preferred As shown in FIG 3 lines «» f™ «.r 

coupled to A/V Switching Circuitiy 30 and possibly (if 

useMTfo^Tf fte °'nC^Orkm* ̂ "ogi^ii is needed)theDataLANhubB25,vialines356and3PSa,respec-
useful (for the sake of maintaining quality and minimizing ,ively, for providing multi-party Conferencing in a particu-
costs) to provide separate signal paths for real-time audio/ larlyadvanmgeousmaimer.LwillheremaftertedescnCin 

mafl Z5? *"?" *? Vf° ""*??" °1 F™**** «*■*» between MLAN 10 and WAN 15 in FIG. 1. FoX 
mail messages that are free from real-tune delivery con- purpoSc, Data LAN hub 25 and AW Switching Circuitry 30 
tra.nts). At the moment analog methods for carrying real- ^ coupled to WAN gateway 40 via outputs ̂ Saand 30a 
tune audio/video are preferred In the future, digital methods respectively. Other deWces connect to L AW SwkchinB 
may be used. Eventually, d.g,tal aud o and video signal paths 35 Circuitry 30and Data LANhub2S to addlddmonalf^S 
may be multiplexed w.th the data signal path as a common such as multimedia mail, conference recording! ™ J«dta 
digital stream. Another alternative is to multiplex real-time cussed below 

and asynchronous data paths together using analog multi- Control ofA/V Switching Circuitry 30, conference bridges 
plexmg methods For the purposes orthe present application, 35 and WAN gateway 40 in FIG. 3 is provided by MLAN 
however, we wdl treat these two signal paths as using physi- 40 Server 60 via lines 606, 60c, and\ 60d^ZSewTl 
cally separatewu-es-Furth^asthecurrentpreferredembodi- preferred embodiment, MLAN Server 60 Sup^Stcp" 
ment uses analog nemorking for aud.o and video, it also IP network protocol suite. Accordingly soiW processes 
physically separates the real-time and asynchronous switch- on CMWs 12 communicate with one anoE^dTAN 

l tT r^ r^S™eSld!/id S 
p asynchronous switch on CMWs 12 communicate with one anoE^dTAN 
r«^ r^S™eSM^al08lUd!°/Vide0 Server60viaMLAN10usin6theseProtoco.s.OthernetwS 
tS ' 8 COmmOn SWItCkDg VChld° (e'8' A5 proI°C0ls COuld also be "^ such » IPX" Th" «««"« in 

hih ft Th^AxiinA i.. ■ which software running on MLAN Server 60 controls the 
The MLAN 10 thus can be implemented ui the preferred operation ofMLAN 10 will be described in detail hereinafter 

embodiment using conventiona technology, such as typical Note in FIG. 3 that Data LAN hub 25, A/V Switching 
Data LAN hubs 25 and AN Switching Circuitry 30 (as used Circuitry 30 and MLAN Server 60 also provide respective 
wotksTS^??^Jheir7Cl°Sed"CirCUi- television.net- 10 lines 2si>30*. and 60* forcoupling to additional multimedia 
works) linked to die CMWs 12 via appropriate transce.vers resources 16 (FIG. 1), such as multimedia document manage-
and unshielded twisted pair (UTP) wiring. Note in FIG. 1 that ment, multimedia databases radio/TV chaZel setc Data 
r- ikl?^?? mtcrconncct cach CMW * 2 within its ™P«- LAN hub 25 (via bridges/routers 11 in FIG 1) and AN 
ive MLAN 10, comprise two sets of lines 13« and 136 Lines Switching CircuittySOadditionallyprovidelines^ndSOc 
iiln1^ am i n kTJ- con™™"cax[o? f audio/video « for coupling to one or more other MLANs 10 which may be 
within MLAN 10, while lines 136 provide for the bidirec in the same locality (i.e., not farenoughawaytorequireuseof 
ve°nln«.TIUN TT ̂Tr ̂  Separatio" pemlUs CO"- WAN technology) Where WANs are r«uLlTAN gtte-
ventional LANs to he used for data communications and a ways 40 are used to provide highest quality compression 
supplemental network to be used for audio/video communi- mediods and standards in a shared Source fidSSTSS 
fe™^,^0"8^5. ̂Para!ionisuadvantageous inthepre- 6o minimizing costs at the workstation for a given WAN quality 
ferred embodiment, it is again to be understood that audio/ level as discussed below 

video/data networking can also be implemented using a The basic operation of the preferred embodiment of the 
single pair of lines for both audio/video and data coramuni- resulting collaboration system shown in FIGS 1 and 3 will 
cations via a very wide variety of analog and digital multi- next be considered. Important features of the present inven-

P<WhLS«nlTri ^iia u • . _>• « «i°n reside in providing not only multi-party real-time desk-
While ines 13a and 136 may be implemented in various top audio/video/data teleconferencing among geographically 

ways, ,t is currently preferred to use commonly installed distributed CMWs, but also in providing fe,m?he!Z3 
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lop audio/video/data/text/grapbics mail capabilities, as well contained on a CMW can be readily added but the invention 
as access to other resources, such as databases, audio and extends this capability^.^in Ve S that MLAN 10 
^SST ZEST T ̂ *"?* « - * « S i ti' 

ible (e.g., for snapshot shar- is relatively complex nestings 

mannTrtlS T - T: T^ P^^rf^ultimediLonfeStawS 
maSST^ ^ ̂  facllltatin8 «««l'toedia users has accessed multimedia mail messages and 
mailanddatashanngaswellasaudio/videocommunications. them to a multimedia database, and theniend 

^Z* 

setupappropnatecommiinicationpaths(viaWAN15inFIG. below. presented in detail 
1) as required for interconnecting theconfcrees MLAN Serv 
ers 60 also communicate with one another via data paths so Wide Area Network 
that each MLAN 10 contains updated information as to the 

capabilities of all of the system CMWs 12, and also the 35 Next to be described in connection with FIG 4 is the 
current locations ofall parlies available for teleconferencing. advantageous manner in which the present invention provides 
The data conferencing component of the above-described for real-time audio/video/data communication amonB Eeo-

system supports the sharing of visual information at one or graphically dispersed MLANs 10 via WAN 15 (FIG 1) 
more CMWs (as described m greater detail below). This whereby communication delays, cost and degradation of 
encompasses both "snapshot sharing" (sharing "snapshots" 40 video quality arc significantly minimized from what would 
ol complete or partial screens, or of one or more selected otherwise be expected 

windows) and "application sharing" (sharing both the control FourMLANs 10 are illustrated at locationsA B CandD 
and display of runnmg applications) When transferring CMWs 12-1 tol2-10,A/VSwitchingCircuitry30,DataLAN 
images, lossless or slightly lossy image compression can be hub 25, and WAN gateway 40 at each location correspond to 
used to reduce network bandwtdth requirements and user- 45 those shown in FIGS. 1 and 3 WAN gateway 40 in FIG 4 will 
perceived delay while maintaining high image quality. be seen to comprise a router/codec (R&C) bank 42 coupled to 

In alI casojjiuv participant can point at or annotate the WAN 15 via WAN switching multiplexer 44. The router is 
snared data. These associated telepointers and annotations used for data interconnection and the codec is used for audio/ 
appear on every participant's CMW screen as they are drawn video interconnection (for multimedia mail and document 
(i.e, e lectively in real time). For example, note FIG. 2B 50 transmission, as well as videoconferencina) Codecs from 
whichinusln.tesalypicalCMWscreenduringamuIti-party multiple vendors, or supporting various compresS, aC 
IZt TJ? ̂ T Whfd"thC SCrCC" COnIainS anno' rithms ̂  te **&**■** the preferred embodiments tated shared data as well as video images of the conferees. As routerand codec are combined with the switching mSexer 

described m greater detail below, all or portions of the audio/ to form a single integrated unit mumpiextr 

CMWafodr wiTh°f iSrltTofefenCe.Can be/ecoidcd at a " TyPica%. WAN 15 is comprised of Tl or ISDN common-
CMW (or within MLAN 10), complete with all the data carrier-provided digital links (switched or dedicated) in 
TnihJT' a u a r , .. which case WAN switching multiplexers 44 are ofthe apprn-

fi.e £?bove-des.c"bedpreferreUembodiment,audio/video prime type (Tl, ISDN, fractional Tl, T3, switched 56 Kbps 
PMw,, if" be, lmPlemented either at ^ ̂dividual etc.). Note that the WAN switching multiplexer 44 2 
CMWsnorbyemploymgacentelizedaudio/videostorage 60 creates subchannels whose bandwiZ ifa muSf of S 
server. This » one example of the many types of additional Kbps (i.e., 256 Kbps, 384, 768, etc.) among u T\ T3 

S£l ^ baSiC SyStCm °f MLANi 10 'SDN Carri ' ^ta ^S S ^ baSiC SyStCm °f MLANi 10" 'SDN CarrieiS '" """^taeni may be^uS S,en pp is used for mcorporatmg other multime- using 56 Kbps dedicated or switched service? from these 
dia services, such as commercial TV channels, multimedia carriers 

mail, multimedia document management, multimedia con- 65 In the MLAN 10 to WAN 15 direction router/codec bank 
~r Zfht TallZat.10,n seT- elc- 0" descril»-'d i" «in FIG. 4 provides conventional arSi^SSiSlS 
greater detail below) Certainly, applications mat run self- sion and compression of audio/video signals S 
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A/V!Switching Circuitry 30 for transmission to WAN IS via in order for the CMWs at all sites to be provided with live 
WAN switching multiplexer 44 along with transmission and audio/video of every participant in a teleconference^imuTtl 
WAN?s^A^^CIVedfrOnlDataL^hub25Inthe n~us>y.eachsitehastoallocatC(inroU,cr/codecbank42ln 
WAN 15 to MLAN10 direction, each router/codec bank 42 in FIG. 4) a separate codec for each participant, as well as a like 
FIG. 4 providesd.gitoi-to-analog conversion and decompres- 5 number of WAN trunks (via WAN switching multiplexer 44 
sionofaudio/videodigital signals received from WAN 15 via in FIG 4) mumpiexer 44 

SShliS?-,""??1?"1" "^ trdnSm™ ln *" ASwiirnextbedesCribed,however,theprererredembodi-
Sn S« f H 7 ' I0"8 W- % tnuf1nussion t0 DaIa fficnI «»f «h» Mention advantageously permits each wide area 
LAN hub 25 of data signals received from WAN 15. audio/video teleconference to use only one codec at each ste 
The system also provides optimal routes for audio/video 10 and a minimum number of WAN digital trunks Basically the 

s1gnalsthroughtheWAN.ForeXample,inFIG.41location.A preferred embodiment achieves thimost impSrStby 
can toke e.ther a direct route to location D via path 47, or a employing "distributed" video mosaicing vl a Wcto "cun 

able, the multipath route via location C and paths 48 and 49 15 Distributed Video Mosaicina 
could be used. e 

In a more complex network, several multi-hop routes are FIG. 7 illustrates a preferred way of providing video mosa-
typically available, in which case the routing system handles icing in the MLAN of FIG. 3—i.e., by combining the indi-
the decision making, which for example can be based on vidual analog video pictures from the individuals participat-
nerwork loading considerations. Note the resulting two-level 30 ing in a teleconference into a single analog mosaic picture As 
network hierarchy: a MLAN 10 to MLAN 10 (i.e., site-to- shown in FIG. 7, analog video signals 112-1 to 112-nfromthe 
site) service connecting codecs with one another only at eon- participants of a teleconference are applied to video mosaic-
nection endpoints. lng ciKUItIy 36> whjch in me preferred embodiment is pro-

The cost sayings made possible by providing the above- vided as part of conference bridge 35 in FIG. 3. These analog 
described multi-hop capability (with intermediate codec 25 video inputs 112-1 to 112-n are obtained from the VV 
bypassing) are very significant as will become evident by Switching Circuitry 30 (FIG. 3) and may include video'sia-
noting the examples of FIGS. 5 and 6. FIG. 5 shows that using nals from CMWs at one or more distant sites (received via 
the conventional "fully connected mesh" location-to-location WAN gateway 40) as well as from other CMWs at the local 
approach, thirty-six WAN links are required for interconnect- site. 

ing the nine locations LI to L8. On the other hand, using the 30 In the preferred embodiment, video mosaicing circuitry 36 
above multi-hop capabilities, only nine WAN links are is capable of receiving N individual analog video picture 
required, as shown in FIG. 6. As the number of locations signals (where N is a squared integer, i.e., 4, 9 16 etc ) 
increase, the difference in cost becomes even greater, grow- Circuitry 36 first reduces the size of the N input'video signals 
ingasthesquareofthenumberofsites. For example, for 100 by reducing the resolutions ofeach by a factor of M (where M 
locations, the conventional approach would require about 35 is the square root of N (i.e., 2, 3,4, etc.), and then arranging 
5,000 WAN links, while the multi-hop approach or the them in an M-by-M mosaic ofN images. The resulting single 
present invention would typically require 300 or fewer (pos- analog mosaic 36a obtained from video mosaicing circuitry 
sibly considerably fewer) WAN links. Although specific 36 is then transmitted to the individual CMWs for display on 
WAN links for the multi-hop approach of the invention would the screens thereof. 

require higher bandwidth to cany the additional traffic, the 40 As will become evident hereinafter, it may be preferable to 
cost involved is very much smalleras compared to thecost for send a different mosaic to distant sites, in which case video 
the very much larger number of WAN links required by the mosaicing circuitry 36 would provide an additional mosaic 
conventional approach. 36i for this purpose. A typical displayed mosaic picture 
At the endpoints of a wide-area call, the WAN switching (N=4, M=2) showing three participants is illustrated in FIG 

multiplexer routes audio/video signals directly from the as 2A. A mosaic containing four participants is shown in Flo' 
WAN network interface through an available codec to MLAN 8B. It will beappreciatedthat, sinceamosaic (36a or36Z>) can 
10 and vice versa. At intermediate hops in the network, how- be transmitted as a single video picture to another site via 

friuAM60 S'^S Bre T?d from °ne netWOrk interfacecn WAN1S(nGS-' **4>'onlyonecodecanddigitaltrunkare 
the WAN switching multiplexer to another network interface. required. Of course, if only a single individual video picture is 
Although A/V Switching Circuitry 30 could be used for this 50 required to be sent from a site, it may be sent directly without 
purpose, the preferred embodiment provides switching func- being included in a mosaic. Note that for large conferences it 
tionahty inside the WAN switching multiplexer. By doing so, is possible to employ multiple video mosaics, one for each 
it avoids having to route audio/video signals through codecs video window supported by the CMWs (see en FIG 8C1 In 
tcHhe analog switching circuitry, thereby avoiding additional very large conferences, it is also possible'to display video 
codec delays at the intermediate locations. ss only from a select focus group whose members are selected 
A product capableorperforming the basic switching func- by a dynamic "floor control" mechanism. Also note that, with 

tions described above for WAN switching multiplexer 44 is additional mosaic hardware, it is possible to give each CMW 
available from Teleos Corporation, Eatontown, N.J. This its own mosaic. This can be used in small conferences to raise 
product is not known to have been used for providing audio/ the maximum number of participants (from M sup 2 to M sup 
video multi-hopping^and dynamic switching among various 60 2+1—i.e., 5, 10, 17, etc.) or to give everyone in a large 
WAN links as desenbed above. conference their own "focus group" view 

thenreint°^abTdflCribCdmUhiplC'.OpapprOachl Ms° note that thc cmirc video ™*>i<=ing approach the preferred embodiment of the present invention provides a described thus far and continued below applies should digital 
particularly advantageous way of minimizing delay, cost and video transmission be used in lieu of analog transmissfon 
degradation of v,deo quality ma multi-party video telecon- 65 particularly since bothmosaic and video window implemen-
ference involving geographically dispersed sites, while still unions use digital formats internally and in curren^^s 
dcl.venngfullconfcrcncev,CwsofallparticipantS.Nonnally, are transformed to and from analog for external interfecuTg 
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Havin8 dcscribed in "nnection with FIGS. 7-11 how 

25=36 StX 
n^Tt? *■» ""P™. *«**»,* pub. i2.i7wL5uSS£,tS 
FIG. 9 illustrates preferred audio mixing circuitry 38 for 5 ties may advantageously be used in combination in the con-

use in conjunction with the video mosaicing circuitry 36 in text of wide-area videoconferencing. For these examples the 
MG. 7, both of which may be part of conference bridges 35 in teleconference is assumed to have four participants desia-
HCi. 3 As shown in FIG. 9, audio signals 114-1 to 114-nare ™ted as A, B,C and D, in which case 2x2 (quad) mosaics arc 
applied to audio summing circuitry 38 for combination. employed. It is to be understood that greater numbers of 
IHese input audio signals 114-1 to 114-n may include audio 10 participants could be provided. Also, two or more simulta-
signals from local participants as well as audio sums from neously occurring teleconferences could also be handled in 
participants at distant sites. Audio mixing circuitry 38 pro- which case additional mosaicing, cut-and-paste and audio 
vides a respective "minus-1" sum output 38o-l, 3&J-2. etc., mixing circuitry would be provided at the various sites alone 
lor each participant. Thus, each participant hears every con- with additional WAN paths For each example the "A" fiaure 
Terence participant's audio except his/her own. 15 illustrates the video mosaicing and cut-and-pasting provided, 

In the preferred embodiment, sums are decomposed and and tne corresponding "B" figure (having the same figure 
formed in a distributed fashion, creating partial sums at one number) illustrates the associated audio mixing provided, 
site which are completed at other sites by appropriate signal NoIe tnat these figures indicate typical delays that might be 
insertion. Accordingly, audio mixing circuitry 38 is able to encountered for each example (with a single "UNIT' delay 
provide one or more additional sums, such as indicated by 20 ranging from 0-450 milliseconds, depending upon available 
output 38, for sending to other sites having conference par- compression technology). 
ticipants. FIGS. 12A and 12B illustrate a 2-site example having two 

Next to be considered is the manner in which video cut- participants A and B at Site #1 and two participants C and D 

and-paste techniques are advantageously employed in the at Site #2 Note that tnis example requires mosaicing and 
preferred embodiment. It will be understood that, since video 25 cut-and-paste at both sites. 

mosaics and/or individual video pictures may be sent from F.IGS- 13A and 13B illustrate another 2-site example, but 
one or more other sites, the problem arises as to how these having three participants A, B and C at Site #1 and one 
situations are handled. In the preferred embodiment, video participant D at Site #2. Note that this example requires 
cut-and-paste circuitry 39, as illustrated in FIG. 10, is pro- mosaicing at both sites, but cut-and-paste only at Site #2. 
vided for this purpose, and may also be incorporated in the 30 FIGS- 14A and 14B illustrate a 3-site example having 
conference bridges 35 in FIG. 3. participants A and B at Site #1, participant C at Site #2, and 

Referring to FIG. 10, video cut-and-paste circuitry receives ParticiPam D at Site #3. At Site #1, the two local videos A and 
analog video inputs 116, which may be comprised of one or B are pU.1 int0 a mosaic which is sent t0 bolh site *2 ™<* Site 
more mosaics or single video pictures received from one or #3-Al S.lte #2 and Site #3> cut-and-paste is used to insert the 
more distant sites and a mosaic or single video picture pro- 3$ ?"*e Vldeo ̂ C or D^ at that site mto ̂  emPty region in the 
duced by the local site. It is assumed that the local video lmPor|ed A, B, and D or C mosaic, as shown. Accordingly, 
mosaicing circuitry 36 (FIG. 7) and the video cut-and-paste raosaic»ng is required at all three sites, and cut-and-paste is 
circuitry 39 have the capability of handling all of the applied "T,!^ for Oaiy S'te #2 a°d S'te #3-
individual video pictures, or at least are able to choose which . 15A and 1SB illuslrate another 3-site example hav-
ones are to be displayed based on existing available signals 40 rag W^P™1 A at site «, participant B at Site #2, and 

Ttevideocut-and-pastecircuitrySgdigitizestheincominc PartlcIPanlsiC and DrtSile #3. Note that mosaicing and 
analog video inputs 116, selectively rearraJT ZTS ^;Pas'earere3u'«ld at all sites Site « additionally has 
signalsonar^ion-by-re^onbasistoproduceasinglediSa ^fP^'^'^^ff^nt cut-and-paste mosaics to Sites 
M-by-M mosaic, having individual pictures in S „ «andSrte#3.Furthernotew.threspecttoFIG.15BthatSite 
regiod;mS S '' "V T^1 a"d'° ,mixeS for Sile #1 and Site *2' bu« 

*■ *?*?** ' mml audio mix (A&B) for Site #3. These 

having the individual input video pictures in appropriate Sa+B+S p 
regions. This resulting cut-and-paste analog mosaic 39o will «ft cir i«ii '. a ■ 
provide the same type of displayas illustrated in F G 8B A." ?' ■ lllustrates.a.4-slteexanlPle employing a star topol-
will become cvidemhereinafteMt is sometimcTbeneSho ^^^JV^T *¥***** *' pMiciPml A 
send different cut-and-paste mosaics to different sites n £ T ".participant B is at Site #2, participant C is at Site 
which case video cmind-paste circuitry 39 Si pSide f'^.f^^D'^'Si.eW. An audio implementation 
additional cut-and-paste mosaics 396-1 396-2 etc for this " lllustfatedi°r mls examPlc- smcc standa«l ™™-l 
purpose «w«w wm, ««, ̂ , etc. lor this ss mixing can be performed at Site #1, and the appropriate sums 

,, .- . . transmitted to the other sites. 

;! ^"^"y lllustrates "» ««"npl° of how FIGS.17Aandl7BillUstratea4-siteexamp!e.hatalSOhas 

£22?szsr&,« 
allowing a conference participant to select a close-up of a 

™S 2Z -P™te Vldeo °P<^°n whenever a full individual video picture is available at to 
sum opcraUon. uscr-s sitc In suchcasc> theAW Switching Circuitry 30 (FIG. 
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3) switches the selected full video picture (whether obtained work interface card 110 in each CMW) Note that each CMW 
locally or from another site) to the CMW that requests the will typically be a node on both the AV and the Data Nel-
closc-up. wojjcs. 

Next to be described in connection with FIGS. 18A, 18B, There are several approaches to implementing Add-on box 
19 and 20 are various preferred embodiments of a CMW in 5 800. In a typical videoconference, video camera 500 and 
accordance with the invention. microphone 600 capture and transmit outgoing video and 

audio signals into ports 801 and 802, respectively, of Add-on 
Collaborative Multimedia Workstation Hardware box 800. These signals are transmitted via Audio/Video I/O 

port 805 across AV Network 901. Incoming video and audio 

One embodiment of a CMW 12 of the present invention is 10 siBna's (from another videoconference participant) are 
illustrated in FIG. 18A Currently available personal comput- received across AV network 901 through Audio/Video I/O 
ers (e.g., an Apple Macintosh or an IBM-compatible PC, P°rt 805. The video signals are sent out ofV-OUTport 803 of 
desktop or laptop) and workstations (e,g., a Sun SPARC CMW add-on box 800 to video input card 130 of base plat-

station) can be adapted to work with the present invention to fonn 1<J0' wnere they are displayed (typically in a separate 
provide such features as real-time videoconferencing, data l5 v'deo window) on monitor 200 utilizing the standard base 
conferencing, multimedia mail, etc. In business situations, it platform video display card 120. The audio signals are sent 
can be advantageous to set up a laptop to operate with reduced out of A-OUT port 804 of CMW add-on box 800 and played 
functionality via cellular telephone links and removable stor- through speaker 700 while the video signals are displayed on 
age media (e.g., CD-ROM, video tape with timecode support monitor 200. The same signal flow occurs for other non-
etc), but take on fall capability back in the office via a dock- 20 teleconferencing applications of audio and video, 
ing station connected to the MLAN 10. This requires a voice Add-on box 800 can be controlled by CMW software (il-
and data modem as yet another function server attached to the histrated in FIG. 20) executed by base platform 100 Control 
MLAN. signals can be communicated between base platform port 104 

The currently available personal computers and worksta- and Add"on box Control port 806 (e.g., an RS-232, Centron-
tions serve as a base workstation platform The addition of 25 lcs' SCSI or other standard communications port), 
certain audio and video I/O devices to the standard compo- Man.y other embodiments of the CMW illustrated in FIG. 
nents of the base platform 100 (where standard components * 8A wl11 woric'" accordance with the present invention. For 
include the display monitor 200, keyboard 300 and mouse or example, Add-on box 800 itself can be implemented as an 
tablet (or other pointing device) 400), all of which connect add"in card t0 the base Platform 10° Connections to the audio 
with the base platform box through standard peripheral ports 30 and vldeo ̂ devices neednot change, though theconnection 
101,102 and 103, enables the CMW to generate and receive for base platform control can be implemented internally (e.g., 
real-time audio and video signals. These devices include a vla ̂  sy.stcm bus) rather than through an external RS-232 or 
video camera 500 for capturing the user's image, gestures and SCSI PeriPneral port. Various additional levels of integration 
surroundings (particularly the user's face and upper body), a can also be acnieved as will be evident to those skilled in the 
microphone 600 for capturing the user's spoken words (and 35 art- For examPle- microphones, speakers, video cameras and 
any other sounds generated at the CMW), a speaker 700 for VlV transceivers can be integrated into the base platform 100 
presenting incoming audio signals (such as the spoken words "sclf> and a11 media nandling technology and communica-
of another participant to a videoconference or audio annola- tions can be ""egrated onto a single card, 
tions to a document), a video input card 130 in the base A nandset/headset jack enables the use of an integrated 

platform 100 for capturing incoming video signals (e.g., the 40 audio V0 device as an alleraate to the separate microphone 
image of another participant to a videoconference, or video- and sPeaker- A telephone interface could be integrated into 
mail), and a video display card 120 for displaying video and add'on box 800 as a local implementation of computer-inte-
graphical output on monitor 200 (where video is typically 8ratedtelephony.A"hold"(i.e.,audioandvideomute)switch 
displayed in a separate window) and/or a separate audio mute switch could be added to Add-on 

These peripheral audio and video I/O devices are readily "5 box *00 if sJ*han implementation were deemed preferable to 

into the monitor and/or base platform on certain personal m VR-19 Vldeo S1gnals generated at the CMW (e.g., cap-
computers and workstations, L, e.g., the aforeme'ntionTd 50 £** ™NS°° °"?'JL8A>« sent .t0 CMW add"°» 
BYTE article ("Video Co L Dk") hih 5° ^S^/18 Y"^ P«f 801 They then typ.cally pass unaf-
computers and workstations, L, e.g., the aforementionTd 50 £* N ?JL>. CMW add°» 
BYTE article ("Video Conquers L Desktop"), which 5° ^S^/18 Y"^ P«f 801 They then typ.cally pass unaf-
descib t dl f Al' Mih V Sf ^^ ̂A "T ™V^ ™ Vide° 

(ideo Conquers L Desktop), which 
describes current models of Apple's Macintosh AV series 

personalcomputersandSiliconGraphics'Indyworkstations. ^^^ 
ArM.nn hn, «nn /cUn., ■ cir- 10A a u j ■ 84° (via Video In port 842) where they are transformed from Add-on box 800 (shown in FIG 18A and illustrated in standard video cab]e si |s t0 ̂ p < ,s and . 

p j (c g mutlng aud,0 vi(Jco or ̂ ^ vidco g ]g mj . { for 

In the present embodiment, the AV network 901 is separate example, be disconnected and no video signal would be sent 
and distract from the Data Network 902 portion of the MLAN out video port 834 Loop back and muting switching function-
10, which carries bidirectional data signalsamong the CMWs 65 ality is also provided for audio in a similar way Note-that 
and the Data LAN hub (e.g., an Ethernet network that also computer control ofloopback is very useful for remote testing 
utilizes UTP wiring in the present embodiment with a net- and diagnostics while manual override of computer control 
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on mute is effective for assured privacy from use of the system with a small monitor) or where it is impossible or 
wo*s.a.,on for electromc spying, undesirable to retrofit older, existing or special!^ desktop 
™™T^mPUu (Ct' Cap by the Vldeo camcra at ** computers for audio/video support. In this embodiment 
CMWofanotherwdeoconferenceparticipanOishandledina video camera 500, microphone 600 and speaker700 of FIg' 
I™! ̂  ̂  'S ref1Ved al°nB AV NetWOrk 901 through s 18A are integrated together with the functionality of Add-on 
Audio/Video I/O port SOS and port 845 of AW Transceivers box 80). Side Mount 850 eliminates the necessity of extoila" 
840, where it is sent out Video Out port 841 to video port 832 connections to these integrated audio and video I/O devices 
of Loopback/AV Mute circuitry 830, which typically passes and includes an LCD display 810 for displaying the incoming 
suchsignalsoutvideoport831 toV-OUTport 803 (forreceipt video signal (which thus eliminates the need fora base plat-
by a video input card or other display mechanism, such as to form video input card 130) 

LCD display 810 of CMW Side Mount unit 850 in FIG. 18B, Given the proximity of Side Mount device 850 to the user 
to be discussed). and ̂  direcl access t0 audio/video yo wilhin tha, deWce 

Audio input and output (e.g., forplayback through speaker various additional controls 820 can be provided at the user's 
700 and capture by microphone 600 of FIG. 18A) passes touch (all well within the capabilities of those skilled in the 
through A/V transceivers 840 (via Audio In port 844 and is art). Note that, with enough additions, Side Mount unit 850 
Audio Out port 843) and Loopback/AV Mute circuitry 830 can become virtually a standalone device that does not require 
(through audio ports 837/838 and 836/835) in a similarman- a separate computer for services using only audio and video 
ner. The audio input and output ports of Add-on box 800 This also provides a way of supplementing a network of 
interface with standard amplifier and equalization circuitry, full-feature workstations with a few low-cost additional 
as well as an adaptive room echo canceler 814 to eliminate 20 "audio video intercoms" for certain sectors of an enterprise 
echo.mimmizefeedbackandprovideenhancedaudioperfor- (suchas clerical, reception, factory floor etc) 
mance when using a separate microphone and speaker. In A portable laptop implementation can be made to deliver 
particular, use of adaptive room echo cancelers provides multimedia mail with video, audio and synchronized annota-
high-quality audio interactions in wide area conferences. tions via CD-ROM or an add-on videotape unit with separate 
Becauseadaptive room echo canceling requires training peri- 25 video, audio and time code tracks (a stereo videotape player 
ods(typicallyinvolvinganobjectionableblastofhigli-ampli- can use the second audio channel for time code signals) 
tude white noise or tone sequences) for alignment with each Videotapes or CD-ROMs can be created in main offices and 
acoustic environment, it is preferred that separate echo can- express mailed, thus avoiding the need for high-bandwidth 
celing be dedicated to each workstation rather than sharing a networking when on the road. Cellular phone links can be 
smaller group of echo cancelers across a larger group of 30 used to obtain both voice and data communications (via 
workstations. modems) Modem-based data communications are sufficient 

Audio inputs passing throughaudio port 835 of Loopback/ to support remote control of mail or presentation playback 
AV Mute circuitry 830 provide audio signals to a speaker (via annotation, file transfer and fax features. The laptop can then 
standard Echo Canceler circuitiy 814 and A-OUT port 804 be brought into the office and attached to a docking station 
and/or to a handset or headset (via I/O ports 807 and 808, 35 where the available MLAN 10 and additional functions 
respectively, under volume control circuitry 815 controlled adapted from Add-on box 800 can be supplied providing full 
by software through Control port 806). In all cases, incoming CMW capability, 
audio signals pass through power amplifier circuitry 812 

before being sent out of Add-on box 80) to the appropriate Collaborative Multimedia Workstation Software 
audio-emitting transducer. 40 

Outgoing audio signals generated at the CMW (e.g., by CMW software modules 160 are illustrated generally in 
microphone 600 of FIG. 18A or the mouthpiece of a handset FIG. 20 and discussed in greater detail below in conjunction 
or headset) enter Add-on box 800 via A-IN port 802 (for a with the software running on MLAN Server 60 of FIG. 3 
microphone) or Handset or Headset I/O ports 807 and 808, Software 160 allows the user to initiate and manage (in con-
respectively. In all cases, outgoing audio signals pass through 45 junction with the server software) videoconferencing data 
standardpreampHfier(811)andequalization(813)circuitry, conferencing, multimedia mail and other collaborative ses-
whereupon the desired signal is selected by standard "Select" sions with other users across the network, 

switching circuitry 816 (under software control through Con- Also present on the CMW in this embodiment are standard 
trol port 806) and passed to audio port 837 of Loopback/AV multitasking operating system/GUI software 180 (c g Apple 
Mute circuitry, 830. 50 Macintosh System 7, Microsoft Windows 3.1, or UNIX with 

It is to be understood that A/V Transceivers 840 may the "X Window System" and Motif or other GUI "window 
include muxing/demuxing facilities so as to enable the trans- manager" software) as well as otherapplications 170 such as 
mission of audio/video signals on a single pair of wires, e.g., word processing and spreadsheet programs Software mod-
by encoding audio signals digitally in the vertical retrace ules 161-168 communicate with operating system/GUI soft-
interval of the analog video signal. Implementation of other 55 ware 180 and otherapplications 170 utilizing standard func-
audio and video enhancements, such as stereo audio and tion calls and interapplication protocols 

TJZr!HaU,di^dMw(° ̂ T (C-8;; K■<X0"iitt& Signa'S nc CentraI C°W*« °f the Collaborative Multimedia 
generated at the CMW), are also well within the capabilities Workstation software is the Collaboration Initiator 161 All 
of one skilled in the art. If stereo audio is used in teleconfer- collaborative functions can be accessed through this module 
encing (i.e., to create useful spatial metaphors for users), a 60 When the Collaboration Initiator is started, it ^changes ini-
second echo canceler may be recommended. lial configuration information with the Audio Video Network 
Anomer embodiment of the CMW of this invention, illus- Manager (AVNM) 60 (shown in FIG. 3) through Data Net-

trated m FIG.18B, utilizes a separate (fully self-contained) work 902. Information is also sent from the Collaboration 
bide Mount approach which includes its own dedicated Initiator to the AVNM indicating the location of the user the 

video display. This embodiment is advantageous in a variety 65 types of services available on that workstation fe g video-
of situations, such as instances in which additional screen conferencing, data conferencing, telephony, etc.) and other 
display area is desired (e.g., in a laptop computer or desktop relevant initialization information 
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The Collaboration Initiator presents a user interface that between the telephone and the CMW's audio I/O port) Fur-

allows the user to irutiate collaborative sessions (both real- ther details on multimedia mail are provided betaw 
time and asynchronous). In the preferred embodiment, ses-

sionparticipantscanbeselectedfromagraphicalrolodexl63 MLAN Server Software 
that contains a scrollable list of user names or from a list of j Software 

" 

systen/rolodex or a persona, rolodex, o/by Sng on Se ±^7 
quick-dial button for that participant (see, e.g., FIG. 2A). In , ,. , J L 
either case, the user then selects the desired session tvne— ?• Preferred embodiment, clients (e.g., software-con-
e.g., by clicking on a CALL button to initiate a videoconie7 trD"mg workstations. vCRs, laserdisks, multimedia 
encecall.aSHAREbuttontoinitiatethesharingofasnapshot :o """ES iH?^"^™!111 theMLANSefver Soft-
image or blank whiteboard, or a MAIL button to send mail "f M^uleS 62 usln«the TCP/IP network Protocols. Gen-
Altematively, the user can double-click on the rolodex name V*T "* A^M 63 C00Perates wi«h the Service Server 69, 
or a face icon to initiate the default session typc-e g an Z^l^^ ge Mana^r <CBM M in F1G- 21) and the 
audio/video conference call WAN Network Manager (WNM 65 in FIG. 21) to manage 
The system also allows sessions to be invoked from the 25 SSTTfS^ t^ a"d am°ng both MLANs 10 and 

keyboard. It provides a graphical editor to bind combinations ( and J)-
of participants and session types to certain hot keys. Pressing Tne AVNM additionally cooperates with Audio/Video 
this hot key (possibly in conjunction with a modifier key, e.g Storage Server 67 and other multimedia services 68 in FIG. 
<Shift> or <Ctrl>) will cause the Collaboration Initiator to 2110 ̂ PP0* various types of collaborative interactions as 
start a session of the specified type with the given participants. 30 described nereul CBM 6<* in FIG. 21 operates as a client of the 
Once the user selects the desired participant and session AVNM 63 to manage conferencing by controlling the opera-

type, Collaboration Initiator module 161 retrieves necessary tion ?f confcrence bridges 35. This includes management of 
addressing information from Directory Service 66 (see FIG. the video mosaicln8 circuitry 37, audio mixing circuitry 38 
21). In the case of a videoconference call, the Collaboration and cut-and-paste circuitry 39 preferably incorporated 
Initiator then communicates with the AVNM (as described in 35 therein WNM 65 manages the allocation of paths (codecs and 
greater detail below) to set up the necessary data structures lnmks) provided by WAN gateway 40 for accomplishing the 
and manage the various states of thai call, and to control A/V communications to other sites called for by the AVNM. 
Switching Circuitry 30, which selects the appropriate audio 
and video signals to be transmitted to/from each participant's Audio Video Network Manager 
CMW. In the case of a data conferencing session, the Col- 40 

laboration Initiator locates, via the AVNM, the Collaboration The AVNM 63 manages A/V Switching Circuitry 30 in 
Initiator modules at the CMWs of the chosen recipients, and FIG- 3 for selectively routing audio/video signals to and from 
sends a message causing the Collaboration Initiator modules CMWs 12, and also to and from WAN gateway 40, as called 
to invoke the Snapshot Sharing modules 164 at each partici- for by clients Audio/video devices (e.g., CMWs 12, confer-
pant's CMW. Subsequent videoconferencing and data con- 45 ence bridges 35, multimedia resources 16 and WAN gateway 
ferencing functionality is discussed in greater detail below in 40 in FIG. 3) connected to A/V Switching Circuitry 30 in FIG. 
the context of particular usage scenarios. 3, have physical connections for audio in, audio out, video in 
As indicated previously, additional collaborative ser- and video out. For each device on the network, the AVNM 

vices—such as Mail 165, Application Sharing 166, Com- combines these four connections into a port abstraction 
puter-lntegrated Telephony 167 and Computer Integrated Fax so wherein each port represents an addressable bidirectional 
168—are also available from the CMW by utilizing Collabo- audio/video channel. Each device connected to the network 
ration Initiator module 161 to initiate the session (i.e., to has at least one port Different ports may share the same 
contact the participants) and to invoke the appropriate appli- physical connections on the switch. For example, a confer-
cation necessary to manage the collaborative session When ence bridge may typically have four ports (for 2x2 mosaicing) 
initiating asynchronous collaboration (e.g., mail, fax, etc.), 55 that share the same video-out connection. Not all devices 
the Collaboration Initiator contacts Directory Service 66 for need both video and audio connections at a port. For example, 
address infoimation (e.g., EMAIL address, fax number, etc.) a TV tuner port needs only incoming audio/video connec-
for the selected participants and invokes the appropriate col- tions. 

laboration tools with the obtained address information. For In response to client program requests, the AVNM provides 
real-hmesessions,theCollaboratlonInitiatorqueriestheSer- 60 connectivity between audio/video devices by connecting 
v,ceServ;ermodule69,ns,deAVNM63foru1ecurrentl0ca- Mr ports Connecting ports is achiev^Tby switchTngonf 
t.on of the specified partidpants. Using this location infor- port's physical input connections to the other port's phS 
mation, >t commumcat^ (v» the AVNM) with the output connection (for both audio and video)and vicSa 
Collaboration Initiators of the other session participants to Client programs can specify which of the 4 physical connec-
coordinate session setup. As a result the various Collabora- 65 tions on its ports should be switched. TOs aUows di^ro-
l.onImt.atorsw,ll,nvokemoduleS166,167orl68(including grams to establish unidirectional calls (e*,S°S™g tot 
activatmg any necessary devices such as the connection only the port's input connections should be switchedfand no\ 
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the port s output connections) and audio-only or video-only button or by double-clicking the face icon of the callee on the 
calls (by^ specifying audio connections only or video connec- quick-dial panel), the caller's Collaboration Initiator 
tions only). responds by identifying the selected user and requesting that 

„ . „ user's address fiom Directory Service 66, as indicated by (2) 
Service Server 5 in FIG. 23 Directory Service 66 looks up the callee's address 

„„,- ,- , .. , .. in the directory database, as indicated by (3) in FIG 23 and 
J? T* "SfflT" Ca" aCCeSS aUud'0/V*" reS°UrCeS lhenrelums il'° theca»;r's Collaboration initooY as i Iu7 through the AVNM, they must register the collaborative ser- tratcd by (4) in FIG 23 
vices they provide with the Service Server 69. Examples of The caller's Collaboration Initiator sends a request to the 
these services indicate 'Video call", "snapshot sharing", 10 AVNM to place a video call to caller with the specified 
"conference'and'Videofilesharing.-n.eseservicerecords addre^aiiSdicatedhyStaFIG M^SelvNMquerfe tnt 

database thus keeps track of the location of client whose name corresponds to the callee's addreTs. This^ce 
T « ! ̂  °,i mlla^TuSBSS °"S in Which ""»* identifies *e location of the callee's CoHaboS 

Jcanparticipate.ThisallowstheCollaborationlnitiatorto 15 Initiator as well as the network ports that the callee is con" 
JS.S ftparticipants no matter where they are nected ,0. If no service instance is found fo75 «5toe1te 
located. The service database 1. replicated by all Service AVNM notifies me caller that the callee is not logg^nif he 
tZt ■ * J^Tt^TT W'th °'her SefVice callee is local-«"* AVNM se»<* a call event to the SJeS 
thc^S ^ ^ SyStem'° eXChange Cbllaboration Wtialor, as indicated by (6) in FIG. 23 IfThe 

I,. . 1 ,- , 20 calleeis at a remote site, theAVNM forwards the call reauest 
()^hWANgateway40fortrai«nussiorviawSj 
15(FIG.l)totheCollaborationInitia.orofthecallee'sCMW 

py rk resources (e.g ports) that will at the remote site 

be used by this service. In particular, service information is The callee's Collaboration Initiator can respond to the call 

of P,f '"t0 Wh'ch the USW 1S "^-selectable sound is generated to announce the incoming 
i£ If ■ ■ T t0 "T ̂qUfS d° S° by calL ""* Collaboration Initiator can then act in one of two 
puttmg their services in listening mode. If clients want to modes. In "Telephone Mode," the Collaboration Initiator dis-

ZUTZ8 1 ""T? Wam '° bl0Ck inC°ming ^M^^SSiSSSSL video calls, they must create different serv.ces. M ̂  narae of ̂  cMer ̂  buttons to accept or refuse the call 

n±;elCanireaTeXClUS'VeSerViC-OnaSetOfpOrtSI° TheCollaborationlnitiatorwillthenac4torrefoetheca prevent other clients from creatmg semces on these ports. dcpcndmg on which button is ^ ̂  ̂ ^ 

bSle,S ' CXa"1^>'° PreVem r'tiPrle COnferenCe COm Mode" *« Collaboration Initiator accepts all incomfng 
bndges from managing the same set of conference bridge calls automatically, unless there is already another call active 

w»vt !„!,,, a ^a- u r j ■ L. , 3S on the callee's CMW, in which case behavior reverts to Tele-
Next to be considered is the preferred manner in which the phone Mode 

rel'uircd t0 estab"sh the ca»- TheAVNM then noUfieslhe 
caller's Collaboration Initiator that the call has been estab-

"hd b di i 
callers Collaboration Initiator that the call has been estab-

BasicTwo-PartvVideoconferencina "shed by sending it an accept event (8). Ifthe caller and callee 
»asic iwo rarty videoconterencing are at difleren, s\tes> their AVNMs will coordinate in setting 

As previously described, a CMW includes a Collaboration * Sf" COmmUDiCati°n p3thS 8t b°th ̂  aS r^uired *the 

illustoted, forexample in FIG. 22, which is anenlarged view As has been described previously, the AVNM manaKes the 
of typical face icons along with various initiating buttons switches in the A/V Switching CircX 30 1^0 3 to 
(described ,„ greater detail below in connection with FIGS. provide po^.p^ connectio» in ,^ to coSrfm 
vbA. r 11 l • • • j .. requests from clients. The primary data structure used by the 

me^h H TCr kS Can ? ™"atedl f°r eXample> 55 AVNM formanaging these connectio ill b fd 
SL yh rMW ' ^,°n ̂  'COnS- Whe° 8 Ca" iS ^'""'"dle. initiated, the CMW typically provides a screen display thai ing state bits 
includes a live video picture of the remote conference parlici- Each port-tp 

Sir d'T;11" '? hIG- ^ t? Preferrcd Prise$ ̂  Callhandles' one assSTS tcSf the embodiment, this display also includes control buttons/menu 60 connection. Thecallhandleattheclientportoftheconnection 
oreiea^S6^ M°,P to««h»«»»»<ep™rl«,paat«mhold. permits me client to manage the client's end of the conned 
to resumeacallonhold, o add one or more participants to the tion. The callhandle mode bits determine the current state of 
calUo .nitiate data shanng andto hang up the call. me calihandie and which of a port's four switchTnnecS 
The basic underlying software-controlled operations (video in, video out, audio in, audio out) are involved in a call 
S^i^ S^'party « ■ 3re dia8rammati«'l|y i»™- « AVNM clients send call requests to the AVNM whenever 
trated m FIG. 23 When a caller initiates a call (e.g., by select- they want to initiate a call. Aspart ofa call request theclient 
mg a user from the graphical rolodex and clicking the call specifies the local service in which the call will be involved 
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All callhandles are created in the "idle" stale. The AVNM (FIG. 21) in each network 
then puts the caller's callhandle in the "active" state. The 5 
AVNM next creates a callhandle for the callee and sends it a Conference Calls 
call event, which places the callee's callhandle in the "ring 

ing" «ate When the callee accepts the call, its callhandle is Next to be described is the specific manner in which the 
ph, ed m .he "active" state, which results in a physical con- preferred embodiment provides for multiparty coXnce 
n«tt°nbetween Aecajlerand the callee. Each port can have .0 calls (involving more than .wo participants) When a 3 
an arbitrary number of cal handles bound to it, but typically party conference call is initiated, the CMW provides a screen 
only one of these caUhandles can beactiveat the sametime. that is similar to the screen for two-party calls whichdSs 

After a call has been set up, AVNM clients can send a live video picture of the callee's inZe in a videlwK, 
requests to the AVNM to change the state of the call, which However, ft? multi-party SfthSen indute a vS 
canadvantogeously be accomp ished by controlling the call- 15 mosaic containing a live video pictureof each ofme confS 
5, 1 For.e,xamPle'^n8 a «"- * «>» «q«est from ence participants (including theCMW user's ownpTcZ) as 

anther party could arnve This arrival could be signaled to shown, for example, in FIG. 8B. Of course, other embodi-

Jf ̂ yn^ g " ™ mdlCa"On m a dia'OgUe b0x on mentS could show only "» remote inference participant the user s CMW screen. The user could refuse the call by (and not the local CMW user) in the conference mo JfcTr 
onSg.H"rf sebu"on«?the^logue box, orby clicking 20 show a mosaic containing both participants in atT-paS 
ona hold buttonontheacfvecallwindowloputthecurrent call). In addition .0 the controls shown in FIG 8B Aemul^ 
callon hold and allow the incoming call to be accepted. party conference screen also includes buttons/menu items 
The placing of the currently act,ve call on hold can advan- that can be used to place individual conference participanton 

Uigeously be accomplished by changing the caller's call- hold, lo remove individual participants from ihe cote 
handle from the active state to a "hold" stele, which permits 25 to adjourn the entire conference, or to provide a "closTu?'' 
the caller to answer incoming calls or initiate new calls, image of a single individual (in place of the video mosaic) 
™S releaslng^P^'°^ call. Since the connectionset- Multi-party conferencing requires all the mecS. 
up to the calico will be retained, a call on hold can conve- employed for 2-Party calls In addition, it requires the i™ 
memly be resumed by (he caller clicking on a resume button ference bridge managerCBM 64 (FIG 21)and the confer-
on the acuve call window, which returns the corresponding 30 ence bridges 36 (FIG. 3). The CBM acts as a client" the 
callhandle back to the active state Typically, multiple calls AVNM in managing the operation of the conference bridges 
canbeputonholdinthismanncr. Asanatdinmanagingcalls 36. The CBM also acts a server to other clients on the net-
ttat are on hold, the CMW advantageously provides a hold work. The CBM makes conferencing services available by 
list display identifying these on-hold calls and (optionally) creating service records of type "conference" in the AVNM 
Uie length of time that each party is on hold. A corresponding 35 service database and associating these services with the ports 
face ,con could be used to idemify each on-hold call. In on A/V Switching Circuitry 30 for connection to conference 
addmon,bu«onscouldbeprovidedinthisholddisplay which bridges 36 KJtunierence 
would allow the userto send a preprogrammed message to a The preferred embodiment provides two ways for initiat-
party on hold For example, this message could advise the ing a conference call. The first way is to add one or more 
ca ee when the call will be resumed, or could state that the 40 parties to an existing two-party call. For this purpose an ADD 
call is bemg termmated and will be reinitialed at a later time. button is provided by both the Collaboration Initiator and the 

Reference is now directed to FIG. 24 which diagrammali- Rolodex, as illustrated in FIGS. 2A and 22 To add a nevv 
callyillusu-ateshowtwo.partycallsareconnectedforCMWs party, a user selects the party to be added (by clicking on the 
Rr ̂ S2-'^atted^s^MLAN10.Asshownin user's rolodex name or face icon as described above) and 
FIG 24!CMWsWS-landWS.2arecoupledtothelocalAW 45 clicks on the ADD button to invite that new party *dditonal 
Switching Circuitry 30 vm ports SI and 82, respectively. As parties can be invited in a similar manner The second wav to 
previous ydesenbed when CMW WS-1 calls CMW WS-2, a initiate a conference call is to selecTTpartiesTa SS 
clKr"! 7hrIfCMWWS-2aCCeptSllle naannerandthenclickontheCALLbutton(alsoprovidTdln 
call, these two calltandles become active and in response the Collaboration Initiator and Rolodex windows on the 
thereto, tneAVNM causes the A/V Switching Circuitry 30 to 50 user's CMW screen) 

* 
!o«n~?Ji\ Vnl f ̂  'CMW WS2 * ■««- in a video mosaic, whkh will SS 
Z^n ,!P°m'*OflhTSwitchin8Circuiliy30Aof subsequently added participants). New participants^be 
MLAN106. It will be assumed that MLANs 10O and lOfccan invited, for example, by selecting each nw oarT's fece icon 
commun.catewmeachotherviaports920and92A(through 60 d th lild D P^ 

^wiulrererencetoF.GS.26and27is 
^ ^ hcd by *"> manner in which conference calls arc handled in the 
nd'^T * *" ̂  °" °f Ca"- Prefelred eml»<«^t. For the purposes of this decrip^nh 
nd 92a, setting up appropriate connec- will be assumed that up to four parties may participate in a 

l/S £ 'X rcSP°nSe l° ra lhandlescrealed 1. "6-2, 136-3 and 136-4 provided on ANSung Or 
914 and 926, setting up appropriate connections cuitry 30a, which are respectively coupled to bidirectional 
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audio/video lines 36-1, 36-2, 36-3 and 36-4 connected to then redirect the callhandles created for ports 81 and 83 to 
conference bridge 36. However, from this description it will callhandles created for bridge ports 136-1 and 136-2 rcsnec-
be apparent how a conference call may be provided for addi- tivcly. ' 
tional parties, as well as simultaneously occurring conference As shown in FIG. 27, this results in producing a connection 
ca"s* 5 86 between WS-1 and bridge port 136-1, and a connection 87 
Once the Collaboration Initiator determines that a confer- between WS-2 and bridge port 136-2, thereby creating a 

ence is to be initiated, it queries the AVNM for a conference conference set-up between WS-1 and WS-2. Additional con-
service. If such a service is available, the Collaboration Ini- ference participants can then be added as described above for 
tiator requests the associated CBM to allocate a conference the situations described above in which the conference is 
bridge. The Collaboration Initiator then places an audio/video 1° initiated by the user of WS-1 either selecting multiple partici-
call to the CBM to initiate the conference When the CBM pants initially or merely selecting a "conference" and then 
accepts the call, the AVNM couples port 101 of CMW WS-1 adding subsequent participants. 

to lines 36-1 of conference bridge 36 by a connection 137 Having described the preferred manner in which two-party 
produced in response to callhandles created for port 101 of calls and conference calls are set up in the preferred embodi-
WS-1 and bridge port 136-1. is ment, the preferred manner in which data conferencing is 
When the user of WS-1 selects the appropriate face icon provided between CMWs will new be described, 

and clicks the ADD button to invite a new participant to the 
conference, which will be assumed to be CMW WS-3, the Data Conferencing 
Collaboration initiator on WS-1 sends an add request to the 
CBM. In response, the CBM calls WS-3 via WS-3 port 103 20 Data conferencing is implemented in the preferred 
When CBM initiates the call, the AVNM creates callhandles embodiment by certain Snapshot Sharing software provided 
for WSJ port 103 and bridge port 136-2 When WS-3accepts al th,e CMW (see FIG- 2°)- Tbis software permits a "snap-
the call, its callhandle is made "active," resulting in connec- shot" of a selected portion of a participant's CMW screen 
tion 138 being provided to connect WS-3 and lines 136-2 of (such as a w'ndow) to be displayed on the CMW screens or 
conference bridge 36. Assuming CMW WS-1 next adds 25 olher selected participants (whether or not those participants 
CMW WS-S and then CMW WS-8, callhandles for their arealso'nvolvedinavideoconference).Anynumberofsnap-
respective ports and bridge ports 136-3 and 136-4 are created, shots may be snared simultaneously. Once displayed, any 
in turn, as described above for WS-1 and WS-3, resulting in participant can then telepoint on or annotate the snapshot, 
connections 139 and 140 being provided to connect WS-5 and which animated actions and results will appear (virtually 
WS-9 to conference bridge lines 36-3 and 36-4, respectively. 30 simultaneously) on the screens of all other participants. The 
The annotation capabilities provided include lines of several dif-

conferees WS-1, WS-3, WS-5 and WS-8 are thus coupled fe™1 widths. and text of severaI different sizes. Also, to 
to conference bridge lines 136-1,136-2, 136-3 and 136-4, facilitate participant identification, these annotations may be 
respectively as shown in FIG 26 ' provided in a different color for each participant. Any anno-

It will be understood that the video mosaicing circuitry 36 M ™ioa.™y al?° bo crased{}V «V Participant FIG. 2B (lower 
and audio mixing circuitry 38 incorporated faSSce leftw.lnd.ow)'!lus^«a CMW screen having a shared graph 
bridge 36 operate as previously described, to form a resulting ™ Wh'Ch P^'P31"8 .have drawn ™d W* to call attention 
four-picture mosaic (FIG. 8B) that is sent to all of the confer- a' supP1?ment *"?*! Ponions of **shared imaS«-
ence participants, which in this example are CMWs WS-1, M nJL^T T/T^ '"f™8 ̂ith selected 
WS-2, WS-5 and WS-8 Users may leave a conference by jus 4° ^mmfaMs (selec'cd «**"«> ™ desenbed above for vid-
hangingup, whichcausestheAVNM to delete the associated ^T^tf^ ft 'p^8 °" 8f^P bu"°n °n the 
callhandles and to send a hangup notification to CBM When ™T (a™lahle. 'n the Rolodex or Collaboration Initiator 
CBM receives the notification! i[notifies all other conference 7 f owf'.shown in FIG- ™> *> are CALLand ADD buttons), 
participants that the participant has exited. In the pre fered fol'°W by * )eclIOn\?f *e w,lndow to te shared *>«•> a 
embodiment, this results in a blackened portion of that par- 4S ET" eff™ ™ *^,RE buttOn,; Ws C°»ab°ra*>« 

ss^1 irsz^^jzrxx?^ 
mema.merinwhichmeCBMandtheconferencebridge ^l^K^SSSSSS^ 

36opera.e when conference parhc.pants are located at differ- J0 ^^SJ3 l 

mosaIC from ano her s.te >s connected to a respective one of 55 for each selected participant p 
u,econferencebndgeUneS36-l,o36-4viaWANga,eway40. After the snapshoV.o be shared is diSp.ayed on all CMWs 
The situation in which a two-party call is converted to a each participant may telepoint on or annotate the snapshot 

conterence call will next be considered in connection with which actions and results are displayed on the CMW screens 

• cir? *?; 7? previously considered 2-party call illustrated of all participants. This is preferably accomplished by moni-
ln HG. 24 Converting this 2-party call to a conference 60 toring the actions made at the CMW (e.g., by trackine mouse 

wTiTndW^1-'"pTA^I3" (such^s;1Iustrated ̂ '^ movements) and sending these "operating system com! 
WS-1 and WS-2 in FIG. 24) be rerouted dynamically so as to mands" to the CMWs of the other participants rather than 
be coup ed through conference bridge 36 When the user of continuously exchanging bitmaps, as would be the case with 
Wb-i clicks on the ADD button to add a new party (for traditional "remote control" products 

S'mS; ?,?!iSSjSiiMi!^lltar °f WS"J ̂  a W AS illustrated m nG-M'the ori*inal ""changed snapshot 
?ST, uq IV ' Wh'C.h co°Perales WIIh the i" s">red in a first bitmap 210a. A second bitmap 2106 stores 
CBM to break the two-party connection 83 in FIG. 24, and the combination of theoriginal snapshot and any annotations 
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Thus, when desired (e.g., by clicking on a CLEAR button Multimedia Documents 
located in each participant's Share window, as illustrated in 

FIG. 2B), the original unchanged snapshot can be restored In the preferred embodiment, the creation, storage 
(i.e., erasing all annotations) using bitmap 210a Selective retrieval and editing of multimedia documents serve as the 
erasures can be accomplished by copying into (i.e., restoring) 5 basic element common to MMCR, MMM and MMDM 
the des.red erased area of bitmap 2106 with the correspond- Accordingly, the preferred embodiment advantageously pro^ 
ing portion from bitmap 210a. vides a universal format for multimedia documents This 

Rather than causing a new Share window to be created format defines multimedia documents as a collection of indi-
whenever a snapshot is shared, it is possible to replace the vidual components in multiple media combined with an over-
contents of an existing Share window with a new image. This '<> all structure and timing component that captures the identi-
can be achieved ineitherof two ways. First, the user can click ties, detailed dependencies, references to, and relationships 
on the GRAB button and then select a new window whose among the various odier components. The information pro-
contents should replace the contents of the existing Share vided by this structuring component forms the basis for spa-

window.Second,theusercanclickontheREGRAB button to «ial layout, order of presentation, hyperlinks, temporal syn-
cause a (presumably modified) versi f th riil " chronizatio t 

ond,theusercanclickontheREGRAB button to «ial layout, order o 
cause a (presumably modified) version of the original source " chronization, etc., 

window to replace the contents of the existing Share window. with respect to the composition of a multimedia document 
This is particularly usefiil when one participant desires to FIG.30showsthestructureofsuchdocumentsaswelIastheir 
share a long document that cannot be displayed on the screen relationship with editing and storage facilities, 
in its entirety, or example, the user might display the first page Each of the components of a multimedia document uses its 
of a spreadsheet on his screen, use the SHARE button to share 20 own editors for creating, editing, and viewing. In addition, 
that page, discuss and perhaps annotate it, then return to the each component may use dedicated storage facilities. In the 
spreadsheet application to position to the next page, use the preferred embodiment, multimedia documents are advanta-
REGRAB button to share the new page, and so on. This gcously structured for authoring, storage, playback and edit-
mechanism represents a simple, effective step toward appli- ing by storing some data under conventional file systems and 
cation sharing. 25 some data in special-purpose storage servers as will be dis-

Further, instead of sharing a snapshot of data on his current cussed later. The Conventional File System 504 can be used to 
screen, a user may instead choose to share a snapshot that had store all non-time-sensitive portions of a multimedia docu-
previously been saved as a file This is achieved via the LOAD racnt. In particular, the following are examples of non-time-
button, which causes a dialogue box to appear, prompting the sensitive data that can be stored in a conventional type of 
user to select a file Conversely, via the SAVE button, any 3C coinPuter file system: 
snapshot may be saved, with all current annotations. 1 • structured and unstructured text 

Thecapabilitiesdescribedabovewerecarefullyselectedto 2. raster images 
be particularly effective in environments where the principal structured graphics and vector graphics (e.g., PostScript) 
goal is to share existing information, ratherthan to create new 1: refere"ces t0 files mother file systems (video, hi-fidelity 
information. In particular, user interfaces are designed to " aud'o, etc.) via pointers 
make snapshot capture, telepointing and annotation 5. restnctedformsofexecutables 
extremely easy to use. Nevertheless, it is also to be understood structure and timing information for all of the above 

that, instead of sharing snapshots, a blank "whiteboard" can (Sp y0UI? order of Presentation> hyperlinks, temporal 
also be shared (via the WHITEBOARD button provided by Wron^on. «&) 
the Rolodex, Collaboration Initiator, and active call win- Of particular importance in multimedia documents is sup-
dows), and that more complex paintbox capabilities could P°" tlme-sensitive media and media that have synchrani-
easily be added for application areas that require such capa- ZatlOn re<lulrements wlth omer media components. Some of 
bilhies these time-sensitive media can be stored on conventional file 

As pointedou. previously herein, important features of the 45 gSL"™* ̂  ""* "**" '******»* storage 

' . . ' . .. events reoccurs with the same relative timing as when they 
Having already described various preferred embodiments 60 were recorded. In prior-art systems, this capability has been 

and examples of audio/video/dala teleconferencing, next to used for creating automated demonstrations In the present 

mJ™ 12SSlr*nli^l/^?m1-T?f °f mIC8ratin8 invention it can be used, forcxample, to reproduce annotated 
MMCK, MMM and MMDM with audio/video/data telecon- snapshots as they occurred at recording 
ferencing in accordance with the invention, or this purpose, As described above in connection with collaborative work-
basic preferred approaches and features of each will be con- 65 station software, Snapshot Share 514 shown in FIG. 30 is a 
sidered along with preferred associated hardware and soft- utility used in multimedia calls and conferencing for captur-
ware' ing window or screen snapshots, sharing with one or more call 
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or conference participants, and permitting group annotation, Next, start audio only (a "voice annotation") as text and 
telepointing, and re-grabs. Here, this utility is adapted so that graphical annotations on the share continue (audio is timing 
its captured images and window events can be recorded by the source for window events). 

Window-EventRecordandPlaysystem512whilebeingused Audio ends, but annotations continue (macbine-time-
by only one person. By synchronizing events associated with s driven synchronization). 

a video or audio stream to specific frame numbers or time Next, start co-recorded audio/video continuing with fur-
codes, a multimedia call or conference can be recorded and iher annotations on same share (audio is timing source for 
reproduced in its entirety. Similarly, the same functionality is window events). 

preferably used to create multimedia mail whose authoring Next, start a new share during the continuing audio/video 
steps are virtually identical to participating in a multimedia io recording; annotations happen on both shares (audio is timing 
call or conference (though other forms of MMM are not source for window events), 

precluded). Audio/video stops, annotations on both shares continue 
Some time-sensitive media require dedicated storage serv- (machine-time-driven synchronization), 

ers in order to satisfy real-time requirements. High-quality Document ends 
audio/video segments, for example, require dedicated real- '* l-ulnem enas-
time audio/video storage servers. A preferred embodiment of Audio/Video Storage 

such a server will be described later. Next to be considered is As described above, the present invention can include 
how the current invention guarantees synchronization many special-purpose servers that provide storage of time-
between different media components. sensitive media (e.g. audio/video streams) and support coor-

20 dination with other media. This section describes the pre-
Media Synchronization ferred embodiment for audio/video storage and recording 

services. 

A preferred manner for providing multimedia synchroni- Although storage and recording services could be provided 
zation in the preferred embodiment will next be considered. al eacn CMW, '< is preferable to employ a centralized server 
Only multimedia documents with real-time material need 25 S02 coupled to MLAN 10, as illustrated in FIG. 31. A cen-
include synchronization functions and information Synchro- tralized server 502, as shown in FIG. 31, provides the follow-
nization for such situations may be provided as described "B advantages: 
below. 1. The total amount of storage hardware required can be far 

Audio or video segments can exist without being accom- les.s (due t0 better utilization resulting from statistical aver-
panied by the other. If audio and video are recorded simulta- 30 a&°li)-
neously ("co-recorded"), the preferred embodiment allows 2- ^tity and expensive compression/decompression hard-
the case where their streams are recorded and played back ware.can b.e P00'6*5 on the storage servers and shared by 
with automatic synchronization- - as would result from con- multiple clients. As a result, fewer compression/decompres-
ventional VCRs, laserdisks, or time-division multiplexed sion engines ofhigher performance are required than if each 
("interleaved") audio/video streams. This excludes the need 3S workstation were equipped with its own compression/decom-
to tightly synchronize (i.e., "lip-sync") separate audio and pression hardware. 
video sequences. Rather, reliance is on the co-recording eapa- ^- A'so> more costly centralized codecs can be used to 
bility of the Real-Time Audio/Video Storage Server 502 to transfer mail wide area among campuses at far lower costs 
deliver all closely synchronized audio and video directly at its man attempting to use data WAN technologies, 

signal outputs. 40 4. File system administration (e.g. backups and file system 
Each recorded video sequence is tagged with time codes replication, etc.) are far less costly and higher performance, 

(e.g. SMPTE at Vio second intervals) or video frame numbers. Tne Real-Time Audio/Video Storage Server 502 shown in 
Each recorded audio sequence is tagged with time codes (e.g., FIG- 31A structures and manages the audio/video files 
SMPTE or MIDI) or, if co-recorded with video, video frame recorded and stored on its storage devices Storage devices 
numbers. The preferred embodiment also provides synchro- 45 may typically include computer-controlled VCRs, as well as 
nization between window events and audio and/or video rcwritablemagneticoropticaldisks.Forcxample,scrvcr502 
streams. The following functions are supported: m pIG- 31A includes disks 60e for recording and playback. 

1. Media-time-driven Synchronization: synchronization of Anal°8 infoniiation is transferred between disks 60e and the. 
window events to an audio, video, or audio/video stream <n A/v.Switeh«>8 Circuitry 30 via analog I/O 62 Control is 
using the real-time media as the timing source. ' Provlded ty control 64 coupled to Data LAN hub 25. 

2. Machmc-tirae-drivcn-Synchronization: asynchroniza- , A[ a I?'8*1 leveL'*e c^?Ui,afd audi°/video sloraSe and 
tion of window events to the system clock functions-^^ '" "^ followin8 

b synchronization of the start of an audio, video, or audio/ 
video 55 File Management 

segment to the system clock '' provides mechanisms for creating, naming, time-stamp-

If no audio or video is involved, machine-.ime^lriven syn- in8> St°™$' rejrievin8 «W»* *>«»«. and playing back 
chronization is used throughout the document Whenever S°™ %"" P?rtIon.sRof« ™d'o/v.deo file. 
audioand/orvideoisplayingTmedia-time-synchronizationis m F"^TransferandRephcation 
used. The system supports transition between machine-lime 6° A ■„ **"*»**> ®e server supports replication of files on 
and media-time synchronization whenever an audio/video dl"erelU dlsks managed by the same file server to facilitate 
segment is started or stopped. simultaneous access to the same files. Moreover, file transfer 

p. 6S back engines. File transfer can also be achieved by using the 
Document starts with an annotated share (machine-lime- underlying audio/video network facilities: servers establish a 

driven synchronization). real-time audio/video network connection between them-
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selves so one server can "play back" a file while the second playback system-502 is illustrated in FIG 32 Individual I/O 
server simultaneously records it. cards 530 supporting digital and analog I/O are linked by 

Disk Management intra-chassis digital networking (e.g. buses) for fie transfer 

The storage facilities support specific disk allocation gar- *ithin chassis 532 holdin8 »« number of these cards Mul-
bagecollectionanddefragmentationfacilities.Theyalsosup. 5 "Ple chassis 532 ̂  1!nked by inter-chassis networking. The 
port mapping disks with other disks (for replication and stag- P'8.ltal Video Storage System available from Parallax Graph 
ing modes, as appropriate) and mapping disks, via I/O >«s is an example of such a system implementation, 
equipment, with the appropriate Video/Audio network port. The bandw'dth available for die transfer of files among 

Synchronization Support disks is ultimately limited by the bandwidth of these intra-

Synchronization between audio and video is ensured by the '° chassis and inter-chassis networking, or systems that use 
multiplexing scheme used by the storage media typically by sufficiently powerful video compression schemes, real-time 
interleaving the audio and video streams in a time-division- dehvcry requirements fora small number of users can be met 
multiplexed fashion. Further, if synchronization is required by °i'st|f8Jile system software (suchas the Unix file system), 
with other stored media (such as window system graphics) Pravlded lhal ll>e block-size of the storage system is opti-
then frame numbers, time codes, or other timing events are ™zcd for Vldco stora8e and *»» sufficient buffering is pro-
generated by the storage server. An advantageous way of Vlded by the °Peratln8 svsten> software to guarantee continu-
providing this synchronization in the preferred embodiment ous flow of ** l*'ilfco data-
is to synchronize record and playback to received frame num- . Special-purpose software/hardware solutions can be pro-
ber or time code events. v'ded t0 guarantee higherperformance under heavier usage or 

20 higher bandwidth conditions, for example, a higher through-
searching put version of FIG. 32 is illustrated in FIG. 33, which uses 

To support intra-file searching, at least start, stop, pause, crosspoint switching, such as provided by SCSI Crossbar 
fast forward, reverse, and fast reverse operations are pro- 540, which increases the total bandwidth of the inter-chassis 
vided. To support inter-file searching, audio/video tagging, or and intra-chassis network, thereby increasing the number of 
more generalized "go-to" operations and mechanisms, such 2S possible simultaneous file transfers, 
as frame numbers or time code, are supported at a search-

function lwel. Real-Time Network Delivery 

Connection Management 

The server handles requests for audio/video network con- 30 By usine tlle same audio/video format as used for audio/ 
nections from client programs (such as video viewers and video teleconferencing, the audio/video storage system can 
editors running on client workstations) for real-time record- leverage the previously described network facilities: the 
ing and real-time playback of audio/video files. MLANs 10 can be used to establish a multimedia network 

Next to be considered is how centralized audio/video stor- connection between client workstations and the audio/video 
age servers provide for real-time recording and playback of 35 slora8e servers Audio/Video editors and viewers running on 
video streams. ^ client workstation use the same software interfaces as the 

multimedia teleconferencing system to establish these net-

Real-Time Disk Delivery work connections. 
The resulting architecture is shown in FIG. 31B Client 

To support real-time audio/video recording and playback, 40 workstations use the existing audio/video network to connect 
the storage server needs to provide a real-time transmission t0 ̂ e stota&e server's network ports. These network ports are 
path between the storage medium and the appropriate audio/ connected to compression/decompression engines that plug 
video network port for each simultaneous client accessing me inl° lne server bus. These engines compress the audio/video 
server. For example, if one user is viewing a video file at the streams that come in over the network and store them on the 

same time several other people are creating and storing new « local disk- Similarly, for playback, the server reads stored 
video files on the same disk, multiple simultaneous paths to video segments from its local disk and routes them through 
the storage media are required. Similarly, video mail sent to ^ decompression engines back to client workstations for 
large distribution groups, video databases, and similar func- local disP'ay. 
tions may also require simultaneous access to the same video The present invention al lows for alternative delivery strat-
files, again imposing multiple access requirements on the jo C8ies- or example, some compression algorithms are asym-
video storage capabilities. metric, meaning that decompression requires much less cora-

For storage servers that are based on computer-controlled Pute power than compression. In some cases, real-time 
VCRs or rewritable lascrdisks, a real-time transmission path decompression can even be done in software, without rcquir-
is readily available through the direct analog connection mB any special-purpose decompression hardware. As a result, 
between the disk or tape and the network port. However, 55 there is no need to decompress stored audio and video on the 
because of this single direct connection, each VCR or laser- storage server and play it back in realtime over the network, 
disk can only be accessed by one client program at the same Instead, it can be more efficient to transfer an entire audio/ 
time (multi-head laserdisks are an exception). Therefore, v'deo file from the storage server to the client workstation, 
storage servers based on VCRs and laserdisks are difficult to cache it on the workstation's disk, and play it back locally, 

scale for multiple access usage. In the preferred embodiment, to These observations lead to a modified architecture as pre-
multiple access to the same material is provided by fie repli- sented in FIG. 31C. In this architecture, clients interact with 
cation and staging, which greatly increases storage require- mo storage server as follows: 

ments and the need for moving information quickly among To record video, clients set up real-time audio/video net-
storage media units serving different users. work connections to the storage server as before (this con-

Video systems based on magnetic disks are more readily 65 nection could make use of an analog line), 
scalable ror simultaneous use by multiple people. A general- In response to a connection request, the storage server 
izcd hardware implementation of such a scalable storage and allocates a compression module to the new client. 
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As soon as the client starts recording, the storage server The Multimedia Mail system524 inFIG 31D provides the 
routes Ihe output from the compression hardware to an audio/ user with the additional GUIs and other functions required to 
video fflc allocated on its local storage devices. provide the previously described MMM functionality Multi-

Forplayback, this audio/video file gets transferred over the media Mail relies on a conventional Email system 506 shown 
data network to the client workstation and pre-staged on the s in FIG. 31D for creating, transporting, and browsing mes-
workstation's local disk. The client uses local decompression sages. However, multimedia document editors and viewers 
software and/or hardware to play back the audio/video on its are used for creating and viewing message bodies Mullime-
local audio and video hardware. dia documents (as described above) consist of tirac-insensi-

Inis approach frees up audio/video network ports and live components and time sensitive components The Cbn-
compression/decompression engines on the server. As a 10 ventional Email system 506 relies on the Conventional File 
result, the server is scaled to support a higher number of system 504 and Real-Time Audio/Video Storage Server 502 
simultaneousrecordingsessions,thereby furtherreducingthe for storage support. The time insensitive components are 
cost of the system. Note that such an architecture can be part transported within the Conventional Email system 506 while 
of a preferred embodiment for reasons other than compres- the real-time components may be separately transported 
sion/decompressionasymmetry (such as theeconomics of the is through the audio/video network using file transfer utilities 
technology of the day, existing embedded base in the enter- associated with the Reai-Time Audio/Video Storage Server 
pnse.etc). 502. 6 

Multimedia Conference Recording Multimedia Document Management 
20 

Multimedia conference recording (MMCR) will next be Multimedia document management (MMDM) provides 
considered. For full-feature multimedia desktop calls and long-term, high-volume storage for MMCR and MMM The 
conferencing (e.g. audio/video calls or conferences with MMDM system assists in providing the following capabili-
snapsnot share), recording (storage) capabilities are prefer- ties to a CMW user: 

ably provided for audio and video of all parties, and also for 2J 1. Multimedia documents can be authored as mail in the 
all shared windows, including any telepointing and annota- MMM system or as call/conference recordings in the 
tions provided during the teleconference. Using the multime- MMCR system and then passed on to the MMDM sys-
dia synchronization facilities described above, these capabili- tern. 

ties are provided in a way such that they can be replayed with 2. To the degree supported by external compatible multi-
accurate correspondence in time to the recorded audio and 3o media editing and authoring systems, multimedia docu-
video, such as by synchronizing to frame numbers or time ments can also be authored by means other than MMM 
code events. and MMCR. 

A preferred way of capturing audio and video from calls 3. Multimedia documents stored within the MMDM sys-
would be to record all calls and conferences as if they were tern can be reviewed and searched 

multi-party conferences (even for two-party calls), using 35 4. Multimedia documents stored within the MMDM sys-
video mosaicing, audio mixing and cut-and-pasting, as pre- tern can be used as material in the creation of subsequent 
viously described in connection with FIGS. 7-H. It will be MMM. 

appreciated that MMCR as described will advantageously 5. Multimedia documents stored within the MMDM sys-
permit users at theirdesktop to review real-timecollaboration tem can be edited to create other multimedia documents 
as it previously occurred, including during a later telcconfer- A0 The Multimedia Document Management system™m' 
memSrT0,fa MMCR session is a multimedia docu- FIG. 31D provides the user with ttaXK^UI«S 
mem that can be stored, viewed and edited using the multi- other functions required to provide the previously described 
medm document facilities described earlier. MMDM functionality. The MMDM includes sophiSed 

FIG. 31D shows how conference recording relates to the searching and editing capabilities in connection wkhne 
various system components described earlier. The Multime- 45 MMDM multimedia document such that a user can rapidly 

wi^SdT **%**** TT SM Prde? 'he "SCr "--^esiredselectedportionsofastoredmultimeSiadoc? 
with the additional GUIs (graphical user interfaces) andother ment. The Specialized Search system 520 in FIG 31D com-

Sc°RnLXae?tvt0 P ^ FeVi0USly deSCribed prisCS UtUitieS *" allow use" <° d0 ™re sophisticated MMCR functionality. searches across and withm muitin)edja ^^ TOs 

The Conference Invoker518 shown in FIG. 31D is a utility 50 includes context-based and content-based searches (employ-
that coordinates the audio/video calls that must be made to ing operations such as speech and image recognition infor-
conncct the aucuo/vidco storage server 502 with special mation filters, etc.), time-bascd searches, and event-based 
recording outputs on conference bridge hardware (35 in FIG. searches (window events, call management events, speech/ 
3). Ihc resulting recording is linked to information identify- audio events, etc.). 

ing the conference, a function also performed by this utility. 55 

,. , . Classes of Collaboration 
Multimedia Mail 

v, ... .. ., The resulting multimedia collaboration environment 
Now considering! multimedia mail (MMM), it will be achieved by the above-described integration of audio/video/ 

understood that MMM adds to the above-described MMCR 60 data teleconferencing, MMCR, MMM and MMDM is illus 
ive capabihty ofdelivenng delayed collaboration, as well as .rated in FIG. 34. It will be evident that each user can col-
thc additional ability to review the information multiple times laboratc with other users in real-time despite separations in 
and, as described hereinafter, to edit, re-send, and archive it. space and time. In addition, collaborating users can access 
The captured info™ation ls preferably a superset of that information already available within their computing and 
captured during MMCR, except that no otheruseris involved 65 information systems, including information capnired from 
and the user is given a chance to review and edit before previous collaborations. Note in FIG. 34 that space and time 
sending the message. separations are supported in the following ways-
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Ca" (UtiliziD8 C°llab°™i™ Viator software module 161 
S"° i KI° M) iUi d 

re module 161 

2 DiSmttrirlce S"°Wn in KI°- M) inUiaIe and COnlrol various »"■*«"** 2 sesso F l h i ) nUiaIe and COnlrol various »"■*«"** 
sessions. For example, the user can initiate with a selected 
participant a video caU (CALL button) or the addition of that 

3D£eZm^SebTPy8OneSell) 5 "^^ »««*"»»-«"«• video call (A^5 button) a 3. afferent hrae, different place we|| as , share session (SHARE button) ^ g ^^^ 

,multimedia document creation can also invoke his MAIL software (MAIL button) and pre' 

5 £ xss==£K 
d . a r. ■ do8's mouth in In Box icon 205), as well as check for "I 
Remote Access to Expemse called" messages from othercaU«(MESSA?EStamm) left 

Si3f§|Sp Sii3I5sf§|Sp 

Ata* ind " £ ISSISSSSKS SS^ffilSSiS inured on the Experfs screen in K.G. 3S «. the £ ISSISSSSKS SS^ 
Collaboranon In.tiatorw.ndow 204 from which the Expert being displayed on the caller's screen 
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Expert is unavailable) or add the new caller to the Expert's mail message-e.g., a beep accompanied by the am>earance 
ex.stmgcaKApDbuUonMnthiscase.theExper.elec.sye. of an envelope 252 in thTdog'sZIin In Box Sol 
another option (not shown)-to defer the call and leave the shown in FIG. 40. Once he concludes ms «,U LTl 
caller a standard message that the Expert will call back in X scans his incoming multimedia mail message by clic 

KS? "" T^ Pel1 lheneIeCtS alM'° 5 In B°X icon 205' " "** 'mvokes his mail »ft2S 

^tZT^TTl^T^' 10 Hethenrei«i«i^(byselectingdeferredcailindica,or230, 
in tfie caller s name (and perhaps other information associ- shown in FIG. 40) his deferred call with field representative 
atedw.mtheca^suchasthetjmethecallwasdeferredoris 201 and his client 202, as shown in FIG 41 NoXt me ful! 
o be resumed) being displayed ma list 230 (see FIG. 38) on state of the call is also recreated, including restorationot 

Moreover L^e'wTtr1116 t' ̂  ** "^^ PreVi°US'y Shared ^ 220 with *««&£££*£ Moreover, the state ofthe call (eg the information being is itd h h ll dfd 

!: F1G-41^.h^g^^edhisoUunrifiomfngm 
IZnvtS * V- 7^),deferringacall timedia mail message, InBox icon 205 no longer shotTan 
TIP. i ^ ?fl "^ ̂yS'^al connections« «lu^ ^elope in the dog's mouth, indicating that the Expert cu™ 
ing that the entire call be remitiated by the Collaboration rently has no unread incoming messages 
initiator and theAVNMas described above. 20 As the Expert continues to provide advice and pricing 
Upon returning to the initial deferred call, the Expert information to Held representative^M?he ̂ eiv« noE 
2X V; ^ h"231 Ii f h riri ll S 5 

p tion to Held representative^M?he ̂ eiv« noE 
2X V; ^nT6 WlthrCa"eru231' S reSearch IiOn Of three Priorilv calls 2«-263 » hort successS 5l analyst who is located 10 floors up from the Expert with a 261 is the Head of Sales for the Chicago office Workina a 

complex question regardmg a particular security Caller 231 home, she had instructed her CMW to alert her of Sen 
^'des,oaddUndonexpert232tothevideoconference(via 25 news or messages, and was subsequently alerted to meaS 
™v1£JST r" C,0llab0ratl°n Initator window 204) to ofmeExpert'searliermultimediaLilmessageCaSTsan 
provide additional mformation regarding the factual history urgent international call Call 263 is from the Headof Sato to 
ofthesecuntyUponselectmgtheADDbutton, video window Los Angeles. The Expert quickly winds down aidJ2Zn-
203 now displays, as dlustrated m FIG. 38, a video mosaic eludes his call with field representative 201 
consisting of three smaller images (instead of a single large 30 The Expert notes from call indicator 262 that this call is not 

S'fc ̂ °? } °f thC BXPei1 233> Ca"er Only^^^ionalcalKshowninthetopportionoftheNew SLofcx ̂ 2? P > y^^^ionalcalKshowninthetopportionoftheNew 
Z31and London expert 232. Call window), but he realizes it is from a laptop user in the 
Dunng this v,deoconference, an urgent PRIORITY field in Central Mexico. The Expert elects fo pSze Ms 
Z7 [NewCallw'ndow234).sreceivedfromtheExpen's calls in the following manner 262,261 and 263 He therefore 
S 1 t(iiragnhWha '^P^.^^onf^ncecall 35 quickly answers call 261 (by clicking on its ACCEPT button) 
with two members of the bank's operations department and is and puts that call on hold while deferring call 263 in the 
attemptmg to add the Expert to that call to answer a quick manner discussed above. He then proceeds to accept thecal! 
question). The Expert puts his three-party videoeonference identified by international call indicator 262 
on hold (merely by clicking the HOLD button in video win- Note in FIG. 42 deferred call indicator 271 and the indica-

Sr, Lad?,reP (Vla!lhrACC,EI7bUtt0n0fNewCal1 40 Ior for the ral1 P'aced °n ""Id (next to the WgidTgtoed 
wmdow 234) the urgent call from his boss, which results in RESUME button in video window 203), as well as the imaae 
the Expert being added to the boss' three-party videoconfer- of caller 272 from the laptop in the field SS 
A^nLtmt^i • Pir -.o -a -a , ■ Although Mexican caller 272 is outdoors and has no direct 

Jh Ji T^ *\ ° ^ndoW 2°3 is n0W access t0 ̂  wired IelePhone connection, his laptop has two 
replaced w.th a four-person video mosaic representing a four- 45 wireless modems permitting dial-up access to two date cT 
party conference call consist.ng of the Expert 233, his boss nections in the nearest field office (through which uT £n. 

ions department The Expert quickly answers the boss'qucs- (op'sregisteredservicecapabilitiesjallocatedoneconnection 
dowfoVi H ^?g,tn "" RES^1E uUIt°n (°f Vide° Win" f0rmanal°8 telePh°ne™™ «n (using his laptopXS dow203)adjacenttothenamesofmeotherparticipantstothe so microphone and speaker and the Expert's computer inte" 
call on hold, simultaneously hangs up on the conference call grated telephony capabilities) to provideaudio teKerenc-
w,th his boss and resumes his three-party conference call ing.Thcotherconnectionprovidescontrol dataco^ferencba 
2n0WFIG4rUntieS1SSUe'aSil^frat^inVidCOWbd^^ andone-waydigi.alvideoP(i.e,melap,oPuic^otT3 

wi-i ti, ii ■ .., u ""age ofthe Expert) from the laptop's built-in camera, albeit 
LoSnextntJr5 °n,^ h0VTer> a"alySt M1 and " ataveiyslow frame rate(e.g., 3 10 small frames perTecond 
London expert 232 were still engaged in a two-way video- due to the relatively slow dial-up phone connection 
conference (with a blackened portion ofthe video mosaic on ft is important to note that, despheTeS ̂abilities 
S^T ,IC,at^8that^e^PertWaSOnh°ld)andhad of ±e w*reIess laPt0P equipment, tteiSSiTSSS staredandannotetedagrap^hmage2S0(seeannotationS accommodates such c^pTbilities, supplementing TTudb 
2S1 to image 250 of FIG. 40) illustrating certain financial 60 telephone connection with limited (i e relatively slow W 

ZedleEx^Sh T reSUmed lhe.Ca"'anal^ 231 wa/videoanddateconferencingfunciSS AsShony 
added the Expert to the share session, causing Share window and video compression technologies improve the present 

LiC°n^r8rOtatedlmaf 2S0t°afpearOntheExPert'S invention wi» £commodate such it S 
n, causing Share window and video compression technolog 

t°afpearOntheExPert'S invention wi» £commodate such 
OTUldhiIth »M 

me^rSs^rf T^^T^' ^^ZSZtttt the Expert reewves notification of an incoming multimedia additional participants could be added to the call illustrated in 
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wi !fi^HWed'thC °ffftC ̂ T^00272 in Mexic° 5 The Expert then receives an audio and visual reminder (not 
was notified by his manager through the laptop about a new shown) that a particular video feed (e g a Oumwbum* of a 

SLtS™ rv-nced S his,cliem wof hr ™^"^^^£tS££ particular interest in this issue. The salesperson therefore ments) will be triggered automatically in a few minutes He 
decided to contact .he Expert as shown in FIG. 42. While uses .his time.o sfareh his local SZ dSaTwWchis 

tSSlSfiS rCS> *" EXPett a6aln SharcS a" '° dynamica"y Updated •«■ financiaI formation feeleg! 

client tomoirow. He says he will fax it to the Expert for is watches this short video segment 
analysisUponreceivingthefax-onhisCMW.viacoraputer- After analyzing mis extremely 

2SStJr^?C? 3SS lthB fT"1 hb d * E *L 

o segment 

After analyzing mis extremely up-to-date information the 

P pioLlydet^caTfrimi! 
ISrfl?, ^ ;T.(a lower quality com- cator 271 shown in FIG. 42, which he knows is from the Had 
pressed video standard from Apple Computer) on his laptop of Sales in Los Angeles, who is seeking to providers prime 
2f!"^•^^'^'yCDviaJedXloBonow-ite 20 clientswimsecuritiesadviceonanothers^Liesic^n 
not on being that the Expert can produce an actual video based upon the most recent available infonnatioT The 
presentation with models and annotations in video form. The Expert's call is not answered directly, though T^ I 

TT^ ?yitt°hlSClltnttOffiOrrOWaftcrn0On short^did(lftb TndhwT^ T?r-t Pmessage(leftbythecallerXhadto 
IS " wouSf ,h 'rn ro°m- ^ MeXiMn 'eaVe WS h°me for a raeetin* a«"n soon after his caller decides he would prefer the CD. 25 priority message was deferred) asking .hat the Expert leave 
Contmumg w.th this scenario, the Expert learns, in the him a multimedia mail reply message with advice for w 

courseofhiscall with remote laptop caller 272, that he missed ticular client, and explaining mat he will access S.m™ 
an .mportant issue during his prewous quick scan of his remotely torn his laptop as !oon as his meeting i™3 
ncoming muhimedia mail message The Expert is upset that The Expert complies with .his request and composes and 
the senderof the message didnotutilize the 'Video highlight" 30 sends this mail message "'"poses ana 
feature to highlight this aspect of the message. This feature The Expert men receives an audio and visual reminder on 
perm.tsmecomposerofthemessagetodefine<'tags"(e.g.,by his screen indicating that his office hours will end in two 
clicking a TAG button, not shown) during record time which minutes. He switches from "intercom" mode to "telephone" 
are stored with *e message along with a "time stamp," and mode so that he will no longer be disturbed without an oppor-
which cause a predefined or se ectable audio and/or visual 35 tunity to reject incoming calls via the New CallTSw 
indicator to be played/displayed at that precise point in the described above. He men receives and accept a final call 
message during playback. concerning an issue from an electronic meetingTscvcra 

Becausemis.ssuerelatestothecalleruiat.heExperthason months ago, which was recorded in its enrire^ 
m' £ T,'1 lC'df V"*? 'he tWD Ca"S t08ether ̂  The ExPert accesses >Ws recorded meeting from his "cor-

adding the call on hold to his existing call. As noted above, 40 porate memory." He searches the recorded meTttag(whTch 
SL S.V Pn!VI0USly KeW Cal'Cr ,7" •""* fu" appeare in a SeCOnd Video window «» his ««« aswouTd a video capabi Hies v s-a-vis one another and W1I1 see a three- live meeting, along with standard controls for stop/play/re-
way mosaic image {w,.h .he,mage of caller 272 a. a slower wind/fas, forward/etc.) for an event that will trigger Ws 
frame rate), whereas caller 272 will have access only to the memory using his fast forward controls, but cannot locate the 
audio portion of this three-way conference call, .hough he 45 desired portion of the meeting. He then electsTsS he 
o^ZiTz TferenCmB funclionali'y with both °f lh* ASCII text log (which was automatically mlZln Ihe 
otner participants. background after me meeting had been recorded, using the 
calleT272Pea^,r^ them"lt.unediamf''^^etoboth latest voice recognition techniques), but still cannolocate the 
caller 272 and die o±er participant, and all three of them desired portion of the meeting. Finally, he applies an infor-

™raeJe?bOvenH ^'"^f^J^f^^the 50 ma.ionnlter.operfonnaconten.-orientedcimanliterd) 
concern raised by caller 272 They share certain relevant data search and finds the portion of the meeting he was seeking 
as described above and reahze that mcy need to ask a quick After quickly reviewing this short portion^." Z prevXy 

SSJ^^?^^8ddthatTtothe reeorded meeting-±e ***** resp°nds to *• «SJ2 call (resulting in the addi.ion of a fourth image to the video tion, adjourns the call and concludes his office hours 
mosa,c, also not shown) for less than a minute while they 55 It should be noted that the above scenario involves many 
obunn a quick answer to their question. They then continue stat^f-me-art desktop tools (e.g., video andTnforrnS 
tnaSmsT .7 ^ Pn5VideShlS adViC°aWl fc^'^"»^nfilteringandVoLrecognitionCSbe 
Tn.ePWr .• -j- leveraged by our Expert during videoconferencing, data con-
The Expert composes a new multimedia mail message, ferencing and other collaborative activities provided by the 

ESfttt imageHand aUd'° rt0"™? (?s described *° P^ntinvention-becausethis invention, instead of provid! 
mTeSL whH ̂ rSS "8- fi°m '"* simulfanTOUS in» a ̂ ^'^ videoconferencing system, provides a desk-
mtcraction with his CMW (e.g running a program that per- top multimedia collaboration system that integrates into the 

FxTrt n 7, a-1OnS .«**'&»' a »-aPh whlle ^ Expert', existing workstation/LANAVAN ewSSSt 
!S h ^ ri$ 'T" POmU by •eleP01lntm8°n thescrcen- H ̂ ould also be noted that all of the preceding collabora-
dunng which time his image and spoken words are also « live activities in this scenario took place during a rekVrveTy 

r«in" ?' .! h *1S meSS8f'° a-nUmber °f Salesf0IVe shorl P°rtion of the exPert's ̂  (4- less Z. 3^3 
recipients whose identities are determined automatically by cumulative time) while the Expert remained in his officcand 
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continued to utilize the tools and information available from 
his desktop. Prior to this invention, such a scenario would not 
have been possible because many of these activities could 
have taken place only with face-to-face collaboration, which 
in many circumstances is not feasible or economical and 5 
which thus may well have resulted in a loss of the associated 
business opportunities. 

Although the present invention has been described in con 
nection with particular preferred embodiments and examples, 
it is to be understood that many modifications and variations 10 
can be made in hardware, software, operation, uses, protocols 
and data formats without depanii " 
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6. The method of claim 1, wherein the communication 
between the first and second users includes at least one of a set 
consisting of audio communications, video communications, 
snapshot sharing, and data conferencing. 

7. The method of claim 6, wherein the data conferencing 
includes text communications. 

8. The method of claim 1, wherein the communications 
between the first and second users includes at least audio 
communication. 

9. The method of claim 1, wherein the dial panel includes 
at least a graphical icon representing the second user. 

What is claimed is: 

1. A method comprising: 

maintaining a first association between a first user and 
corresponding addressing information of a first commu 

nication device used by the first user to log in; 
maintaining a second association between a second user 

and corresponding addressing information of a second 
communication device used by the second user to log in, 

wherein the second communication device is separated 
from the first communication device by a wide area 
network; 

wherein the first and second associations are dynamically 
changeable by keeping track of client programs at the respec 
tive communication devices so that the first and second users, 
if logged in, can be found no matter where they are located; 

presenting a user interface on a display associated with the 

first communication device, the user interface including 
at least one of a scrollable list of identifiers of a plurality 
of users and a dial panel of identifiers for at least a subset 
of users from the scrollable list, wherein at least one of 
the scrollable list and the dial panel includes an identifier 
for the second user; 

if the second user is not logged in, indicating to the first user 
that the second user is not logged in; 

allowing the first user to select from the user interface the 
identifier of the second user; 

in response to the first user selecting the identifier of the 
second user and if the second user is logged in, using the 

addressing information of the second communication 
device to allow communication between the first and 
second users, the communication being established 

12. The method of claim 1, wherein at least one of the 
identifiers in the scrollable list includes at least one graphical 
icon representing a user of the plurality of users. 

13. The method of claim 1, further comprising allowing the 
first user to: 

select one or more users from among the plurality of users 
by selecting corresponding identifiers associated with 
the selected one or more users; and 

add the selected one or more users to an existing commu 
nication. 

14. The method of claim 1, wherein the communication 
30 appears automatically on a display of the second communi 

cation device. 

15. The method of claim 1, further comprising allowing the 
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communication instead of accepting the requested i 
nication. 

16. A method comprising: 

maintaining a first association between a first user and 
corresponding addressing information of a first commu 
nication device used by the first user to log in, wherein 
the first communication device is a wireless device; 

maintaining a second association between a second user 
and corresponding addressing information of a second 
communication device used by the second user to log in, 
wherein the second communication device is separated 
from the first communication device by a wide area 
network; 

wherein the first and second associations are dynamically 
changeable by keeping track of client programs at the respec-

-

least a third user, at the first communication device of the 
first user during an active communication with the sec 
ond user; 

indicating to the first user the third user; and " 
providing the first user with an option of accepting the 

incoming request for communication with the third user. 

2. The method of claim 1, wherein maintaining a first 
association is done by at least one server. 60 

3. The method of claim 1, wherein selecting the identifier 
of the second user by the first user invokes the default com 
munication type. 

4. The method of claim 1, wherein at least one communi 
cation device is a computer. 4J 

5. The method of claim 1, wherein tile first communication 
device is a wireless device. 

first communication device, the user interface including 
identifiers of a plurality of users including an identifier 
forthe second user, wherein information associated with 
at least the second user is retrieved from at least one 
server; 

allowing the first user to request communication with the 
second user by selecting the identifier of the second user 
from the user interface; 

if the second user is not logged in, indicating to the first user 
that the second user is not logged in; 

if the second user is logged in, indicating to the second user 
that the first user requested communication with the 
second user including revealing a corresponding identi 
fier for the first user; 

in response to the first user selecting the identifier of the 
second user and if the second user is logged in, using the 
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SSSSS3SS 
e all0WingHlhe ireluser lo requcsl c™ ication wilh lhe 

-

communication type 

19. The method of claim 16, wherein at leas, one commu-
nication device is a computer. 

20. The method of claim 16, wherein the communication 
between the first and second users includes at leas, audio 
communication. 

21. The method of claim 16, wherein the communication 
includes text. uuwuhiuh 

22. The method of claim 16, wherein at least one of the 
identifiers includes at least one graphical icon representing a 
user ofthe plurality of users. 

23. The method of claim 16, wherein the communication 
device includes at least audio. 

24. The method of claim 16, further comprising allowing 
the first user to disconnect any one ofthe second and third 
users during an active communication between the first, sec-
ond and third users. ' 

25. The method of claim 16, further comprising allowing 
the first user to send an e-mail to the third user. 

26. The method of claim 16, further comprising allowing 
the first user to notify the third user of postponing the 
requested communication instead of accepting the requested 
communication. 

27. The method of claim 16, further comprising allowing 
the first user to: 

select one or more users from among the plurality of users 
by selecting corresponding identifiers associated with 
the selected one or more users; and 

add the selected one or more users to an existing commu-
nication. 

28. The method of claim 16, wherein the communication 
appears automatically on a display of the second communi-
cation device. 

29. A method comprising: 

maintaining a first association between a first user and 
corresponding addressing information of a first commu-
nication devicc used by the first user lo log in; 

maintaining a second association between a second user 

and corresponding addressing information of a second 
communication device used by the second user to log in, 

wherein the second communication device is separated 
trom the first communication devicc by a wide area 

detecting an incoming request for communication, from at 

SS"** ***?* """"J^fcviceof the 
actlve communication with the sec-

wherein die first and second associations are dynamically 
changeable by keeping track of client programs at the respec-

found no matter where they arc located; 

'^'catmg to the firs, user a corresponding identifier of the 
mira user> and 

Providmg «* «*« ma with an option of accepting lhe 
incoming request for communication. 

30--^ me1hod of claira 29' wherein maintaining a first 
a™!°n ls donf *V the « >"»l °ne server. 

I- 'nemetnod of claim 29, wherein the default commu-
nication .|yPe is invoked if the first user does not select a 
communication type. 

32'Thc method of claim 29> wherein at least one commu-
mcatlon devicc is a coraPuter-

33. The method of claim 29, wherein the communication 
between the first and second users includes at least audio 
communication. 

34- llle metnotl of claim 29, wherein the communication 
mcludes real-time text. 

35' The metn°d of claim 29, wherein the communication 
appears automatically on a display ofthe second communi-
cation device. 

36- Tile method of claim 29, further comprising allowing 
the first user to: 

select one or more users from among the plurality of users 
bv selecting corresponding identifiers associated with 
lhe selected one or more users; and 

add the selected one or more users lo an existing commu 
nication. 

37- The method of claim 29, further comprising allowing 
lhe first user to disconnect any one of the second and third 
users during an active communication between the first sec-
ond and third users. 

38. The method of claim 29, further comprising allowing 
the first user to notify the third user of postponing the 
requested communication instead of accepting the requested 
communication. 

39. The method of claim 29, wherein the communication 
60 includes video. 

40. The method of claim 29, wherein at least one eommu-
nication device is a wireless device. 

41. The method of claim 29, wherein a. least one of the 
identifiers includes a graphical con representing at least one 

65 user prewming at least one 

«. The method of claim 29, wherein the communication 

between thc first and second users includes at least one of a set 
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43.Amcthodcomprising: ZZZX^™X?ZZF!™ 
first user and 

munication device used by the first user lo log in; J^Vr ? com™TCat.IOn-
maintaining a third association between a second user and io JZ2LT£? IT ' WhCICm maintainin8 a ««« 

corresponding addressing information of a third com- a™on "fj >>/»'.'east one server, 
munication device used by the second user to log in «„ V^. ^ °f C'T 43> wherein seIectin8 the ideati-
whereinthethirdcommunicationdeviceseparatedfrom ™ ^ ?^°nd USW by *" ** user invokes a defau" 
Uieatleas.oneoftoeconw.unicationdeWcesu'eTS Tr? Z Tr , ■ ., . 
the first user to log in by a wide area network- i < • . method of claim 43, wherein at least one commu-

wherein the first, second and third associations a^ dynami- ™T™ I"/ TT^ 
cally changeable by keeping track of client programs at the . hod of claun 43> wherein «1» at 'east one of the 
respectivecommunicationdevicessothatthefirstandsecond c^umcaion devices used by the first user to log in is a 
users, if logged in, can be found no matter where they are „"?! ^ 
located; 4S- "« method of claim 43 further comprising alloi 
users, if logged in, can be found no matter where they are „?! ^ 
located; 20 4S- "« method of claim 43, further comprising allowing 

presenting a user interface on a display associated with at *' fi.rSl USer to: 
least one of the communication devices used by the first Se one °.r more users from amonB the plurality of users 
user to log in, the user interface including at least one of by selccting corresponding identifiers associated with 
a scrollable list of identifiers of a plurality of users and a *e selecIed one or more users; and 
dial panel of identifiers for at least a subset of users from 25 add ̂  selected one or more users to an existing commu-
the scrollable list, wherein at least one of the scrollable nication. 
list and the dial panel includes an identifier for the sec- *9- Ille method of claim 43, wherein the communication 
ond user; includes at least audio, 

allowing the first user to select the identifier of the second 50- Tne method of claim 43, wherein the communication 
user; 30 includes text, 

if the second user is not logged in, indicating to the first user SI. The method of claim 43, further comprising allowing 
that the second user is not logged in; and the first user to notify the third user of postponing the 

in response to the first user selecting the identifier of the requested communication instead of accepting the requested 
second user and if the second user is logged in, using the communication. 

addressing information of the third communication 35 52. The method of claim 43, wherein the communication 
device to allow communication between the first and automatically appears on a display of the second communi-
second users, the communication being established cation device. 
using either a communication type selected by the first 
user or a default communication type; * * * 
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