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each of which Is hosted by one video accessing point. The server downloads the A/V client software to client machines. Reflectors
direct audio/visual signals to client machines. The reflectors are coupled to the video accessing point and recelve a control signal
from the video accessing point in order to direct the A/V signals from the client machines participating in the VC session. The client
machines process all of the A/V signals. This system for distributing the VC session tasks across these components reduces any
bottleneck effect from using a single, central control point to direct the VC session and route the A/V signals. The server, also,
serves as a ticket agent, and Is configured to iIssue and redeem tickets for specific VC sessions and broadcasts through the use of
a session booking module. Finally, the downloading process of the A/V client software prevents software incompatibility among
participants and enables low storage devices such as handheld devices to participate.



WO 02/45427 Al

CA 02436836 2003-05-29

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
6 June 2002 (06.06.2002)

(51) International Patent Classification”:

(21) International Application Number:

(22) International Filing Date:
28 November 2001 (28.11.2001)

(25) Filing Language:

(26) Publication Language:

(30) Priority Data:

09/726,286

(71) Applicant:
[SG/SG]; Blk 20, 4

139964 (SG).

PCT

(10) International Publication Number

WO 02/45427 Al

HO4N 7/15 (72) Inventors: TAM, Wilson; Block 683B, #12-386 Choa

PCT/SG01/00240

Chu Kang Crescent, Singapore 682683 (SG). KASPER-
OVICH, Leonid; Block 60, #01-01 Farrer Road, Spanish
Village, Singapore 268846 (SQG).

(74) Agent: SEE, Jo-Ann; c/o Allen & Gledhill, 36 Robinson

Road, #18-01 City House, Singapore 068877 (SG).

English  (81) Designated States (national): AE, AG, AL, AM, AT, AU,

English

30 November 2000 (30.11.2000) US

IMAJET COMMUNICATIONS INC
H)7-22 Ayer Rajah Crescent, Singapore

AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, F1I, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, PH, PL, PT, RO, RU, SD, SE, SG, SI,
SK, SL, TJ, TM, TR, TT, TZ, UA, UG, UZ, VN, YU, ZA,
/. W.

(84) Designated States (regional): ARIPO patent (GH, GM,

KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),

[Continued on next page/

(54) Title: A UNIFIED DISTRIBUTED ARCHITECTURE FOR A MULTI-POINT VIDEO CONFERENCE AND INTERAC-
TIVE BROADCAST SYSTEMS

|

SERVER

{ { LODIN
PROGRAM |

I:
SESSION
USER f DATABASE
‘ DATABASE

FEEDBACK

SESSIUN
LISTING

32

| MODULE

T

CLIENT/
BROAOCAST
MACHINE

1

30 //,-30
VIDED VIDED
ACCESSING ACCESSING
POINT [VAP) POINT (VAP)

dm .

CCLIENT b e 50
MACHINE Y

CHANNEL
_5- CONTROL

|

[30

VIDED

ACCESSING
POINT (VAP

44 540
REFLECTOR

41'.‘=ill’ll:;—

s [

CLIENT
MACHINE

a0

CLIENT
MACH INE

D)

30

(§7) Abstract: A unified architecture for a multipoint VC ses-
sion and interactive broadcasting system is provided that in-
cludes a server, one or more video accessing points, reflectors
and client machines. The server sets up the video communi-
cation sessions (VC sessions), each of which is hosted by one
video accessing point. The server downloads the A/V client
software to client machines. Reflectors direct audio/visual sig-
nals to client machines. The reflectors are coupled to the video
accessing point and receive a control signal from the video ac-
cessing point in order to direct the A/V signals from the client
machines participating in the VC session. The client machines
process all of the A/V signals. This system for distributing the
V( session tasks across these components reduces any bottle-
neck effect from using a single, central control point to direct
the VC session and route the A/V signals. The server, also,
serves as a ticket agent, and is configured to issue and redeem
tickets for specific VC sessions and broadcasts through the use
of a session booking module. Finally, the downloading process
of the A/V client software prevents software incompatibility
among participants and enables low storage devices such as
handheld devices to participate.
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A Unified Distributed Architecture for a Multi-Point Video Conference and

Interactive Broadcast Systems

BACKGROUND

1. Technical Field

This patent application is directed to the field of video conferencing and

broadcasting systems. More specifically, the invention described herein provides
a system and method for conducting a video conference or broadcast (each
referred to as a video communications session) over a distributed network n
which audio and video signals generated by one or more participants in the video
communications session are transported via the network.

2. Description of the Related Art

Videoconferencing systems are known.  These systems can be
implemented over a network that transmits either analog or digital signals.
Multiple users can communicate with each other through these systems using a
combination of hardware and software, such as a personal computer having a
specialized videoconferencing application. These known systems are built so that
all of the audio and video signals (A/V signals) from each of the users are
transferred through a central control point and then distributed out to the
hardware/software system resident at each user's location. The central control
point retrieves A/V signals from each of the participants in the video conterence,
combines these signals into a single data stream, and then transmits the combined
data stream of A/V signals to each of the participants. Each participant in the

video conference then receives the same feed as every other participant from the

central point 1n the system.

Pap—

In order to interpret the A/V data stream transmitted from the central
control point to the user machines, each participant typically requires a special-
purpose application resident on his video conference hardware (i.e., personal
computer). The special-purpose application is typically stalled on the users
machine prior to participating in a video conference. The special-purpose
application typically requires a significant amount of local storage in order to be

properly installed at the user's machine, and this storage 1s then lost to the special-
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purpose application regardless of whether the user is presently participating 1n a

video conference.

Furthermore, in these known systems, each participant must retrieve the
appropriate special-purpose application prior to participating n a video
conference. Each time a new version of the application is introduced, each of the
participants must adapt to the software change by downloading and mstalling the
new version. Otherwise, within each video conference, different software
applications may be implemented and A/V signals must be directed to different
software applications.

These known systems suffer from many disadvantages. First, the central
control unit is expensive and does not scale well beyond its initial capabilities.
The central control unit is involved in computationally intensive processing of all
the A/V signals, administering the video conference, and controling the A/V
signal flow, therefore this control unit may not keep up with the additional load
if the number of concurrent video conferences increases. As the number of
participants in a video conference increases, the required processing power at the
central control unit dramatically follows. In addition, the limited ability of the
central control unit to organize, manage, and direct all of the video conferences,
may create a bottleneck when used on broadband networks. Second, these
systems are also limited by storage constraints of the user's hardware, particularly
when the hardware includes handheld devices and PDAs, in which memory
storage space is at a premium. Because the special-purpose application must be
installed on the user machine, which may not have enough storage space to hold
the application, these known systems are typically only used with desktop or
workstation machines that have ample memory storage.  Furthermore,
participants that have loaded the special-purpose application into their machines
prior to the video conference are likely to 61‘1(;01.111'[61' compatibility problems
because of different video conference applications or different versions of the
same application.

SUMMARY

A multi-point video conference and broadcasting system 1s provided that

includes a server, one or more video accessing points, reflectors and client
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machines. The server sets up the video communications sessions (VC sessions),
which are then hosted by one of the video accessing points. The retlectors are
coupled to the video accessing points and direct the audio and visual signals (A/V
signals) to client machines. The reflectors receive a control signal from the video
accessing points in order to direct the A/V signals to and from the client
machines participating in the VC session. The system distributes all of the
processing tasks among these components in order to reduce any bottleneck
effect from using a single, central control point to direct the VC session and route
the A/V signals. The server may also serve as a ticket agent issuing and
redeeming tickets for specific video conferences and broadcasts using an included
session booking module.

According to one aspect of the invention, a network architecture for a
videoﬂ communications system comprises a server, a video accessing point, and a
reflector. The server receives login data from a participant. The video accessing
point controls the resources allocated to a VC session based on the login data, and
the reflector passes A/V signals to the participants and/or other reflectors as
directed by the video accessing point.

According to another aspect of the invention, a method for distributing a
VC session over a network comprises the following steps: (1) receiving a request
for a VC session; (2) assigning a video accessing point for the VC session
request; (3) connecting each participant to a reflector; (4) distributing an A/V
signal to each reflector; and (5) sending the A/V signal from each reflector to
each participant.

According to another aspect of the invention, a method for distributing
video communications client software over a network to a participant m a VC
session comprises the following steps: (1) receiving a login request; (2)
determining the VC session in which the participant will participate; (3)
evaluating the performance of video communications client software over the
network: and (4) downloading the video communications client software tuned
to deliver the best performance to each participant in the VC session.

According to another aspect of the invention, a method for delivering a

ticket to an online event comprises the following steps: (1) setting a time and date
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for the online event; (2) retrieving a list of participants
from a user; (3) assigning a video accessing point to host

the event; (4) generating a digital ticket for each of the
participants on the list such that the digital ticket
includes a reference to the time, date, and video accessing
point; and (5) distributing the digital ticket to each

participant.

In accordance with another aspect of the
invention, there is provided a network architecture for a
video communications system, comprising: a server for
receiving login data for a video communications (VC)
session from a plurality of participants, each participant
being associated with a client machine; a controller
configured to control the VC session based on the login
data; and a plurality of geographically-dispersed
reflectors; the plurality of reflectors each being
configured to service one or more client machines based on a
network proximity between the reflector and the client
machine; the controller being operable to configure one or
more of the reflectors based on the login data for the
purpose of routing audio/visual (AV) data between two or

more client machines.

There is also provided a method for distributing a
video communications (VC) session over a network to a
plurality of client machines, comprising the steps of:
receiving a request for the video communications session;
assigning a controller for the video communications session
request; using the controller to configure a plurality of
geographically-dispersed reflectors to route audio/visual
(AV) data between a plurality of client machines, wherein
each of the reflectors is assigned to one or more of the
client machines based on a network proximity between the

reflector and the client machine; and transmitting AV data
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between the plurality of client machines using the

configured reflectors.

It should be noted that these are just some of the
many aspects of the present invention. Other aspects not
specified will become apparent upon reading the detailed

description of the drawings set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a system diagram of an unified,
distributed architecture for video conference and broadcast

systems according to a preferred embodiment of the present

invention;

FIG. 2 is a schematic diagram of a downloadable

video communications client operating within a browser

program at one of the client machines shown in FIG. 1;

FIG. 3 1is a schematic diagram showing the software
modules of the downloadable video communications client

shown 1n FIG. 2;

FIG. 4 is a schematic diagram of one of the video

accessing points (VAPs) shown in FIG. 1;

FIG. 5 is a logical flow chart setting forth the
preferred steps of a participant entering a video

communications session;

FIG. 6 is a logical flow chart setting forth the
preferred steps of organizing and conducting a video

conference using the system shown in FIG. 1; and

FIG. 7 is a logical flow chart setting forth the

preferred steps of a participant interacting with the system

shown in FIG. 1.
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DETAILED DESCRIPTION OF THE DRAWINGS

e e ey —

Turning now to the drawing figures, FIG. 1 1s a
system diagram of an unified, distributed architecture for
video conference and broadcast systems according to a
preferred embodiment of the present invention. The
architecture includes a server 10, video accessing poilnts
(VAPs) 30, reflectors 40, and client machines 50. The

server 10 administrates a video communications session (VC
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session) through a login program 12, user and session databases 16 and 18, and
session listing and feedback control module 20 and 22. A network 24 connects
the administrative server 10 to the VAPs 30. Each VAP 30 monitors a VC
session and communicates to the application server 10 through an administrative
link 32. Reflectors 40 communicate with the VAPs 30 through the network 24
via a control signal 42. The reflectors 40 route A/V signals 44 through the
network 24 directly or through other reflectors 40, as assigned by the VAP 30, to
the client machines 50 participating in the VC session.

The VC session can be administered as a single broadcast session, an
interactive broadcast session, or as a participating multi-point video conterence.
A single broadcast session is a VC session in which a stream of A/V signals from
a single broadcaster is delivered to each participant. The participants do not send

A/V signals to any of the other participants or the broadcaster. An interactive

broadcast session is a VC session in which the broadcaster chooses participants
that want to be included. Such a system might be used for a lecture series in
which audience participation is sought by the broadcaster. A participating multi-
point video conference is a session in which all participants at client machines 50
can send and receive A/V signals. Such a video conference would be used if the
participants wanted to discuss 1ssues.

A partioiﬁant uses the client machine 50 to connect to the server 10 in
order to enter a VC session. The participant connects to the server 10 fo enter
participant information and also to retrieve the necessary software to engage in
the VC session. The server 10 transmits the information about the particiﬁéﬁf to
the VAP 30 that is responsible for conducting the VC session that the participant
seeks to enter. The client machine 50 receives information about the VAP 30
from the server 10 and then connects to the VAP 30. The VAP 30 then connects
to a reflector 40 and controls it by sending a control signal 42 to the retlector 40.
Preferably, the reflector 40 is in close geographic proximity to the participant.
The client machine 50 begins sending and receiving A/V signals 44 through the
retlector 40.

The login program 12, user and session databases 16 and 18 and session

listing and feedback control module 20 and 22 within the server 10 can be
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implemented through a common gateway interface (CGI) to interact with the
participant. The login program 12 and the session listing control 20 pass
information from the client machine 50 to the databases 16 and 18. The feedback
channel control module 22 retrieves information from the VAP module 30 and
the databases 16 and 18. Each of these CGI applications within the server 10
comprises a high-level control of the VC session.

The login program 12 retrieves login information from the participant to
determine which VC session the participant may enter. Personal information,
such as name and password of the participant as well as an IP address for the
participant's current connection through the client machine 50, 1s retrieved by the
login program 12. By keeping track of the client machines 50 logged onto the
system, the server 10 can control the number of concurrent VC sessions to ensure
available resources for all sessions. Within the login program 12, the server 10
provides the participants with a graphical interface to select one of the on-going

VC sessions through session listing control 20, or allows the participant to create

a new VC session.

The server 10 creates a digital "ticket” for each participant to use in order
to access a VC session. Each ticket specifies the date, time, duration and session
assignment of the VC session. Using this ticket, the client machine 50 1s directed
to the VAP 30 that is conducting the VC session and a reflector 40 for receiving
and sending A/V signals 44. Each participant in each VC session can thus have a
one-time ticket that allows that user to participate in that particular VC session.
Similarly, if the participant was invited to participate in a lecture series, for
example, then the participant may be issued an event pass that allows the
participant to participate in all of the VC sessions associated with the lecture
series. The event pass includes a plurality of digital tickets so that the participant
has access to all of the VC sessions within the event. Using the digital ticket
allows a participant access to a VC session without requiring the login process 12
to query the participant.

In order to schedule a VC session, a participant inputs a list of
participants, a start time, and a time length for the VC session to reserve the

necessary resources. In this manner, the server 10 can manage and control the
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number of VC sessions that take place to ensure available resources for all
sessions. The server 10 can also manage its own resources by examining the
number of participants, the projected locations of the participants, and the lengths
of the VC sessions in order to determine an optimal configuration of the
reflectors 40 and which VAPs 30 to use for all the VC sessions.

The session listing control 20 generates a list of VC sessions that a
participant can enter by searching the session database 18. Access to a particular
VC session is determined by comparing the information in the session database
18, such as names of allowed participants, against the name of the participant

attempting to access the VC session.

Turning now to the control of the VC session, the VAP 30 1s responsible
for controlling the VC session by adding new participants to the VC session, and
initiating the process of retrieving and sending A/V signals 44 to the retlectors 40
that are associated with the particular VC session. The VAP 30 then monitors
each reflector 40 through the control signal 42. The control signal 42 signals the
reflector 40 to record an A/V signal 44 from a client machine 50, to send the A/V
signal 44 to other reflectors 40, and to retrieve A/V signals 44 from other
reflectors 40. The control signal 42 thus instructs the reflectors as to which client
machines 50 are participating in the VC session, and accordingly routes A/V
signals among the participants.

The VAP 30 oversees the control of a VC session through the control
signal 42 to the reflectors 40. Each VC session is preferably controlled through

one VAP 30 that manages the participants as they enter and exit the VC session.

The participants simply receive and send A/V signals 44 but are not required to

manage those A/V signals 44.
The reflectors 40 receive the control signal 42 from the VAP 30 and direct

A/V signals accordingly. The reflector 40 communicates with the client
machines 50 by delivering the A/V signals 44 of the other participants to the
respective client machines 50. The reflector 40 also redirects mncoming A/V
signals 44 to other reflectors 40 as directed by the VAP 30. By implementing
this strategy, the VAP 30 can prevent redundant information from being sent to

multiple locations by properly selecting reflector sites and A/V signal paths.
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The client machines 50 in the system are end-point terminals, e.g
personal computers with a permanent storage space and memory, or personal
access devices with limited memory and storage capacity, which can generate,
process and interpret A/V signals, input textual information, and communicate
over the network 24. The client machines 50 perform signal processing tasks in
order to generate and format A/V signals 44. The other network elements,
including the server 10, VAPs 30 and reflectors 40 perform the distributed
control and routing functions of the system.

The network 24 may comprise any combination of network topologies.
The largest network 24 may be the Internet, which can connect the client
machines 50 to the server 10 through a group of nodes within the network 24
using connections along backbone lines provided through the Internet. Smaller
networks 24, such as a wide area network (WAN), a metropolitan area network
(MAN), a local area network (LAN), or a campus network may connect the client
machines 50 to the server 10 or to modules such as the reflectors 40 or the VAPs
30. Networks such as a MAN, LAN and campus network are particularly useful
to connect participants who are located geographically close to one another. A
reflector 40, proximate to nearby participants, then only requires a single A/V
signal from distant participants, and can maintain a peer-to-peer connection
between the proximate participants. The use of such geographical relationships 1s
a useful tool in implementing the VC session architecture of the present
invention, as will be further discussed below.

By using a hierarchical structure of control strategies, such as shown in
FIG. 1, the server 10 may distribute the processing requirements of conducting a
VC session among machines that are more proximal to the VC session
participants. The server 10 controls the VC session at the highest level of detail.
All VC sessions conducted through the system are known to the server 10, as
well as who is participating in each session, which VAP 30 1s being used n the
session, and which reflectors are being used to route the A/V signals. The server
10 does not have to be aware of how much data is being transmitted through the
reflectors 40, the routing capacity of the reflector 40, or other low level functions.

The VAP 30 manages the transmission rate of the A/V signals 44 as they pass
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through the reflectors 40. The reflectors 40 send and receive the A/V signals 44
as directed by the VAP 30, and the client machines 50 compress the recorded
audio and video into an A/V signal and decompress the audio and video from the
imncoming A/V signals 44.

A simple strategy for selecting an appropriate reflector 40 may be based
on its geographic proximity to a particular client machine 50, provided that the
overall network load would not exceed the capacity of the reflector 40. If the
selected and assigned reflector 40 has not been involved in routing A/V signals
44 in a particular VC session, then the VAP 30 sends a control signal along the
control link 42 to the reflector 40 in order to activate it. In this case, control
signals 42 are also sent to the other reflectors 40 involved in the particular VC
session in order to update the routing tables with the information of the new
routing patterns for the VC session.

For example, a participant at a client machine 50 decides to enter a VC
session that is in progress. The participant connects to the server 10 through the
network 24. The participant may use the reflector 40 and the VAP 30 that will
eventually be assigned to him, but is not required to connect to the server 10
through these machines. The login program 12 retrieves the participant's
information through an interface with the client machine 50. A hist of available
VC sessions is then provided by the server 10. The participant selects the desired
VC session and the server 10 will create a digital ticket that is then passed to the
client 50. The client can then use the digital ticket to join the session by passing
the ticket to the appropriate VAP 30. The VAP 30 then assigns the participant's
client machine 50 to a particular reflector 40. The client machine 50 then begins
sending an A/V signal 44 to that retlector 40.

In a regular broadcast session, a single broadcasting client
machine 50 transmits A/V signals 44 to its reflector 40, while the other clent
machines 50 only receive a single stream of A/V signals 44. Each retlector 40
involved in the broadcast session receives a single stream of A/V signals 44 and
forwards it directly to the client machines 50 and/or other reflectors 40 as
specified by the VAP 30. In contrast, in a multi-point video conference, each

client machine 50 receives A/V signals 44 from the associated reflector 40 and
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transmits the participant’s A/V signals 44 Back to the same reflector 40. Each
reflector 40 then delivers multiple streams of A/V signals 44 to each of the client
machines 50 connected to that reflector. The reflector 40 also redirects incoming
A/V signals 44 to other reflectors 40 involved in the VC session as specified by
the VAP 30. In this manner, a particular client machine 50 receives a copy of
each stream of A/V signals 44 sent by the other client machines 50.

In an interactive broadcast session, a participant that 1s imtially configured
only to receive the A/V signal stream may transmit a request to become an active
participant in the VC session. The server 10 consolidates the requests from
different participants and generates a list of requests, which may be updated from
time to time throughout the VC session. This list 1s available to the broadcaster
50, the participant who initiated the VC session, who may then select the requests

to be granted. The server 10 provides a graphical interface for facilitating the

submission of the participant's request and for facilitating the selection process by
the broadcaster. Once a particular request is granted and the client machine 50
from which the request was submitted 1s allowed to interact with the
broadcaster’s client machine 50, the feedback channel control module 22 will
then inform the corresponding VAP 30. The VAP 30 sends a control signal via
link 42 to a reflector 40 that is assigned to communicate with the requesting
participant's client machine 50. The reflector 40 then enables the chent machme
50 to start sending A/V signals 44 to the reflector 40 as directed by the VAP 30.
Utilizing a plurality of geographically-dispersed reflectors 40 that are
each located near a group of client machines 50 minimizes the network resources
necessary to carry out a VC session. For example, 1f three client machines 50 are
involved in a three-party video conference using a single reflector where two of
the client machines 50 are located close to each other, but are geographically
distant from the single reflector 40, then, in order to reach the two remote client
machines 50, the A/V signal 44 received by the reflector 40 from the first client
machine 50 has to be sent twice over the network 24 connecting these remote
client machines 50 to the reflector 40. A second reflector resolves this problem
by assigning the first reflector 40 to communicate with the first client machine 50

and the second reflector 40, nearer to the two distant client machines 40, to
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communicate with the other two client machines 50. In contrast to the single
reflector scenario, in this dual reflector architecture, only one copy of A/V signal
44 is sent over the network 24 to the remote reflector 40, which in turn routes the
A/V signal locally to the two remote client machines 50. The VC session can
then minimize bandwidth consumption by implementing this efficient scheme 1n
distributing the A/V signals 44 over the network 24 during a VC session.

FIG. 2 is a schematic diagram of a downloadable VC client 56 operating
within a browser program 52 at one of the client machines 50. The VC chent 56
is a software program that operates within a VC session client container module
54. The VC client 56 is retrieved from the server 10 (and/or some other
component in the system) prior to establishing the connection between the chient
machine 50 and the VAP 30. Importantly, the VC client 56 is not permanently
installed on the client machine 50, but rather is held m volatile memory such as
RAM. Alternatively, the VC client 56 may be temporarily stored locally and then
deleted after a particular VC session is completed. The advantage of this method
is that the permanent resources of the client machine 50 are not taxed by the
existence of a special-purpose videoconferencing application i the permanent
memory of the client machine. Furthermore, software compatibility issues
among the participants in a particular VC session are eliminated because all the
participants download the VC client 56 when the VC session begins and thus
operate the same version of the VC client 56.

Another advantage of this method is that the server 10, may analyze the
network 24 through which A/V signals 44 are passed in order to determine the
most appropriate set of parameters of the VC client 56, thus tuning 1t for a
particular group of participants. The tuned parameters of the VC client 56 may
have charac.teristics that optimize the particular structure of the network 24
through which the A/V signals 44 are passed. Typically, such adjustable
parameters would specify a quality level of video and audio captured by the client
machine 50. Such parameters may include a video resolution and frame rate, a
sampling rate of an audio stream, a maximum transmission rate of A/V signals
44, as well as other settings which nﬁy affect the performance of the chent

machine 50 and an overall quality of the audio-visual communication. Also, by
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analyzing over the network 24 a processing capacity of the client machine 50 the
server 10 may determine certain specific features of the client machine 50 (e.g., a
hardware platform and operating system) and enable built-in optimizations 1n the
VC client 56 for that particular plattorm.

For example, if the server 10 recognizes that a number of participants are
using PDAs through a CDMA wireless network, then the server might choose a
set of parameters for the VC client 56 that optimizes the bandwidth available 1n a
CDMA network. Likewise, another group of participants in a different VC
session may connect to the server 10 through an EDGE wireless network, and a
different set of VC client parameters may better optimize the bandwidth of that
network 24, and thus this tuned VC client 56 would be downloaded to the
participants. Once the server 10 has chosen an appropriate set of parameters for
the VC client 56, then the process of downloading the VC chient 56 may occur.

As described in more detail with reference to FIG. 3, the VC client 56 1s
responsible for receiving the A/V signals 44, interpreting the A/V signals 44,
displaying the A/V signals 44 and recording A/V signals 44 from the participant.
As noted, each participant downloads the same VC client 56 when he logs mto
the server 10 to access a particular VC session.

FIG. 3 is a schematic diagram showing the software modules of the
downloadable video communications client 56 shown in FIG. 2. The VC chent
56 is organized into four major functional code groups, including a network
interface 58, a signaling module 60, A/V capture components, and A/V display
components. The A/V capture components include video and audio capture
modules 62 and 64, video and audio compress modules 66 and 68, and a time
stamping module 70. The A/V display components include a video and audio
synchronize module 74, video and audio decompress modules 76 and 78, an
audio mixer 80, a video display module 82, and an audio playback module 84.

A/V signals 44 are transmitted from the reflector 40 to the VC client 56
through a network interface 58. The network interface 58 is responsible for
managing the connection to the network. For example, in a dial-up configuration,
such as one used by a home computer, the network connection could be through a

modem. For a computer attached to a LAN, the network connection may be
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through a network interface card (NIC). In both cases, the network nterface
module 58 communicates with the network hardware of the client machine 50 m
order to manage sending and receiving A/V signals 44 to and from the reflector
40 as directed by the signaling module 60.

The VAP 30 communicates with the signaling module 60 of the VC client
56 to direct the processing and displaying of A/V signals 44. The signaling
module 60 instructs the capture components to record, compress and time stamp a
visual signal and an audio signal from the participant. The signaling module 60
also instructs the display components to synchronize, decompress, mix and
display the received A/V signals. As these processes are carried out, the
signaling module 60 also monitors the traffic on the network 24 and reports status
information of the client machine 50 to the VAP 30.

As instructed by the signaling module 60, the capture components
retrieve, compress, and time stamp the audio and video data generated as a result
of the participant’s activity. The video data stream may be generated by a CCD
camera, for example, and the audio stream may be generated by a microphone.
The video and audio streams are recorded by the video capture module 62 and
audio capture module 64, correspondingly. The video data is compressed 1n a
video compress module 66, and the audio data is compressed in an audio
compress module 68. The time stamping module 70 then time stamps the audio
and video signals. This allows the video and audio synchronize module 74 of
other participant's VC client 56 to match the audio stream to the video. The time-
stamped, compressed A/V signals 44 are then sent through the network interface
58 to the reflector 40. As the capture components capture A/V streams from the
participant, the network interface 58 is also receiving A/V signals 44 from other
participants through the retlector 40.

The received A/V signals 44 from other client machines 50 are passed
through the network interface 58 to the display components for processing. The
video and audio synchronize module 74 synchronizes each of the other
participants' audio signals with that participant's video signal. Once the audio
and visual signals for each of the other participants are synchronized, then the

video signal is decompressed in a video decompress module 76 and the audio
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signal is decompressed in an audio decompress module 78. An audio mixer 30
mixes the audio signals from all participants into a single stream so that the audio
can be played on the client machine 50. Each video stream from the other
participants is then displayed to the participant through a video display module
82 and the audio is played back to the participant through an audio playback
module 34.

The signaling module 60 controls the flow of A/V signals 44 to and from
the client machine 50. Instructions for when and from where the client machine
50 receives A/V signals 44 and/or where the client machine 50 should send A/V
signals 44 are passed to the network interface 58 from the signaling module 60 as
instructed by the VAP 30. The signaling module 60 is also responsible for
reviewing the performance of the network connection and for reporting the
performance to the VAP 30. In such a manner, the VAP 30 can determine 1t the
performance of the reflector 40 has been compromised, or 1s below a particular
threshold level, and may then stop assigning that reflector 40 to work with new
client machines 50 entering the VC session.

As previously noted, the VC client 56 is downloaded at some time
relatively close to the time of the VC session. This assures that all participants
are using a copy of the same VC client 56, and thus the same A/V coder/decoders
(codecs) for compressing and decompressing the A/V signals 44. The VC client
56 does not require multiple codecs to process the A/V signals 44 because each
participant is using the same codec. The A/V codecs for each participant will be
the same because the initiating participant of the VC session had detailed the time
at which the VC session was to begin through the session booking module 14,
which had previously invited all participants to the VC session at the proper time,
and thus downloaded the same VC client 56.

FIG. 4 15 a schelna‘gic diagram of one of the VAPs 30 shown i FIG. 1.
The VAP 30 preferably includes a client connection control 120, a digital ticket
validation module 122, a reflector control 124, and a local session database 120.
The client connection control 120 communicates with the client machine 50 and
the feedback channel control module 22. The digital ticket validation module

122 communicates with the client connection control 120 1n order to process a
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digital ticket received from a client machine 50. The reflector control 124
communicates with the client connection control 120 and the reflectors 40 to
control reflector assignments and signal paths. The local session database 126
can store information gathered by any of the controls 120-124 as needed by the

VAP 30 to further refine the control of the VC session.
Once the client machine 50 has contacted the VAP 30 and the VAP 30

has updated the session database 126 with the assigned reflector 40, then the
reflector control 124 passes information about the participant at the client
machine 50 to the retlector 40. The reflector 40 then begins sending ahd/or
recetving A/V signals 44 to/from the client machine 50. The client connection
control 120 monitors the status and performance of the communication link
between the client machine 50 and the reflector 40 through the signaling module
60 of the VC client 56. The VAP 30 is thus responsible for including the
participant in the VC session and monitoring the participant during the VC
SESSION.

FIG. 5 1s a logical flow chart setting forth the preferred steps of a
participant entering a VC session. The method begins at step 130 when a user
accesses the server 10 to participate in a VC session. The user logs in to the
server 10 at step 132. A list of accessible VC sessions is generated at the server
10 and presented to the user in step 133. The user then selects a VC session to
enter 1 step 134. The VC client 56 is then downloaded to the client machine 50
1n step 136, and the client machine 50 connects to the VAP 30. that 1s conducting
the selected VC session, as shown at 138. The user is now a participant in the VC session.

The participant continues to participate in the VC session in step 140 until

the VAP 30 receives a quit or time up signal in step 142. If the VAP 30 receives
a tume-up signal, then the initiating participant determines whether to extend the
time n step 144, If the time is extended, then the participant continues to attend
the session 1n step 140. If the session initiator does not extend the time, then the
session 18 termunated, and the session is halted in step 146. Otherwise, if the
VAP 30 receives a quit signal from the client machine in step 142, then that

participant quits the sesston 1n step 146 and the session ends at 148, After the participant quits
In step 146, the VAP 30 instructs the reflector 40 to disable the communication link to the
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participant’s client machine 50. If no other A/V signals 44 are being routed by
that reflector 40, then the VAP 30 sets the reflector’s status to inactive and the
reflector 40 is excluded from that VC session.

The login step 132 for joining a VC session can be accomplished through
a digital ticket, as described previously. The login step 132, as well as steps 133-
136, are preferably carried out by the server 10. Through the steps 142 and 144,
the VAP 30 controls the connection between the client machine 50 and the
selected VC session. The reflector 40 sends and receives the A/V signals 44 1n
step 140, and, when directed by the VAP 30, disables the participant’s
communication Ik in step 146.

The VC client 56 download step 136 does not occur until the session 1s
selected and a VAP 30 is assigned. This ensures that the VC client 56 used by
the participants in the session will be the same. It is possible that some
parameters of the VC client 56 may be tuned to make the VC client 56 more

efficient within certain networks 24 or VAPs 30.
FIG. 6 is a logical flow chart setting forth the preferred steps for

organizing and conducting a session using the system shown in FIG. 1. Once the
VAP 30 has been assigned to control a VC session and the session has begun, the
VAP 30 starts managing the VC session in step 150. The VAP 30 receives a new
user signal in step 152. The VAP 30 determines whether the new user 1s allowed
to enter the VC session as a participant in step 154 by validating the digital ticket.
If the user is not allowed to participate, then access is dented and thé client 1s
notified in step 156. The method then quits in o’s;tvep 158. If the user 1s allowed
access to the VC session, however, then the user’s communication link 1s added
to a reflector 40 in step 160. The client machine 50 retrieves the reflector’s
network address from the VAP 30 through the client connection control 120 1n
step 162 and the system A/V signals can then be transmitted to and from the

client machine 50 through the reflector 40.

The client machine 50 sends/receives A/V signals 44 to/from the retlector
40 in step 164 as the user becomes an active participant in the VC session. The
VAP 30 continues to direct the reflector 40 to send the A/V signals 44 to the

client machine 50 until a quit signal or session time-up signal is received 1n step
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166 from the client machine 50 or feedback channel control module 22,

respectively. A time-up signal in step 168 queries the imitiator of the session

whether to extend the time of the VC session. If the session initiator decides to

extend the time, then the VAP 30 continues to direct the reflectors 40 to receive

A/V signals 44 from the client machines 50 at step 164. If the time i1s not

extended, however, then the VAP 30 instructs the reflector 40 to terminate the

participants by disabling communication links between their client machines 50
and the retlector 40. A quit signal from a participant at step 166 also instructs the
VAP 30 to disable the participant’s commumication link to the reflector 40 in step

170. Once the commmunication between the participant’s client machine 50 and
the reflector 40 1s terminated 1n step 170, then the method quits in step 172.

FIG. 7 1s a logical flow chart setting forth the preferred steps of a
participant interacting with the system shown in FIG 1. The method begins at

step 200. The participant joins a broadcast session in step 202. The participant

then seeks to be active at step 204 and submits a request at step 206. Once the
request 1s recerved at the server 10, the participant's name is added to a request
list at step 208. The broadcaster checks the request list at step 210. If the
broadcaster does not allow the participant to become an active participant in step
212, then the broadcast continues at step 220. If the broadcaster allows the
participant to actively participate, then the process of adding the participant to the
broadcast begins.

After the broadcaster has allowed the participant to be active, the

feedback channel control module 22 sends a signal to the VAP 30 to signal the

reflector 40 to add a participant in step 214. The VAP 30 then signals the client
machine 50 to send A/V signals 44 to the reflector 40 in step 216. Finally, in step

218, the VAP 30 signals all client machines 50 and the broadcaster taking part in

the VC session to receive the additional A/V signal 44. The broadcast then
- continues 220 with the additional participant in the broadcast.

The method ends at 222.

Through the use of this hierarchical command and routing structure for
controlling a VC session, no single step or process over-burdens the capacity of
the machines 10, 30, 40 and 50 or the network 24. As the process enters each

additional step, the machines 10, 30, 40 and 50 each have higher bandwidth
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requirements, but are subject to less traffic. For instance, the server 10 may be
providing the interface and decision making tools for 100 concurrent VC
sessions. Each VAP 30 may be responsible for 10 VC sessions. Each retlector
may be assigned to one VC session, but be responsible for multiple client
machines 50. The client machines 50 are responsible for the most
computationally intensive task, which is to compress and decompress the audio
and video streams from the other participants, but each client machine 50 1s only
responsible for a single participant. Using this structure, a distributed multi-pont
video conference and broadcast system is provided that overcomes the
disadvantages of known video communications systems.

Having described an example of the invention by way of the drawing
figures, it should be understood that this is just one example of the invention, and
nothing set forth in this detailed description is meant to limit the invention to this
example. Other embodiments, improvements, substitutions, alternatives, or

equivalent elements and steps to those set forth in this application are also meant

to be within the scope of the invention.
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CLAIMS:

1. A network architecture for a video communications

system, comprising:

a server for receiving login data for a wvideo
communications (VC) session from a plurality of

participants, each participant being associated with a

client machine;

a controller configured to control the VC session

based on the login data; and

a plurality of geographically-dispersed

reflectors;

the plurality of reflectors each being configured
to service one or more client machines based on a network

proximity between the reflector and the client machine;

the controller being operable to configure one or
more of the reflectors based on the login data for the
purpose of routing audio/visual (AV) data between two or

more client machines.

2. The network architecture of claim 1, whereilin at
least one of the reflectors is located with at least one of

the client machines.

3. The network architecture of claim 1, further
comprising a video communications client program operating
on a participant's client machine, where the client program
includes an audio/visual viewer configured to display the

audio/visual signal received from a reflector of the

plurality of reflectors.
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4 . The network architecture of claim 3, wherein the
audio/visual viewer comprises a codec for compressing and

decompressing video i1mages and sound.

5. The network architecture of claim 3, wherein the
5 reflector can direct a peer-to-peer connection between the

audio/visual viewers of the participants.

6. A method for distributing a video communications
(VC) session over a network to a plurality of client

machines, comprising the steps of:

10 receiving a request for the video communications

session;

assigning a controller for the video

communications session request;

using the controller to configure a plurality of
15 geographically-dispersed reflectors to route audio/visual
(AV) data between a plurality of client machines, wherein
each of the reflectors is assigned to one or more of the
client machines based on a network proximity between the

reflector and the client machine; and

20 transmitting AV data between the plurality of

client machines using the configured reflectors.

7. The method of claim 6, wherein the step of
transmitting AV data between the plurality of client

machines further comprises compressing the AV data.

25 8. The method of claim 7, further comprising the

steps of:

receiving the audio/visual data at one of the

client machines;
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decompressing the audio/video data at the one

client machine; and

displaying the audio/video data signal at the one

client machine.

9. The method of claim 7, wherein the compressing

step occurs at one of the client machines.
10. The method of claim 6, further comprising:

receiving a login request from a VC session

participant;

determining a VC session in which the participant

will participate based on the login request;

evaluating the performance of audio/visual

processors over a network implementing the VC session; and

downloading an audio/visual processor to each

participant of the VC session based on the audio/visual

processor evaluation.

11. The method of claim 10, wherein the audio/visual

processor comprises a codec for compressing and

decompressing video images and sound.

TN

12. The method of claim 10, further comprising the

step of:

removing the audio/visual processor from the

client machine after the VC session is complete.
13. The method of claim 6, further comprising:

setting a time and date for an online event;
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retrieving a list of participants in the online

event from a first user;

generating a digital ticket for each of the
participants on the list such that the ticket 1includes a

reference to the time, date, and controller; and

distributing the digital ticket to each

participant.

14 . The method of claim 13, wherein the distributing

step comprises sending an email to each participant.

15. The method of claim 13, wherein the ticket
comprises a Uniform Resource Locator (URL) having an

individual code for each particilipant.

16. The method of claim 15, wherein the URL passes a

set of codes to a Common Gateway Interface (CGI) script.

17. The network architecture of claim 1, wherein the
network architecture includes an audio/visual viewer, the

audio/visual viewer comprising:

a network interface configured to receive

audio/visual signals from the plurality of participants;

a codec for compressing and decompressing

audio/visual signals;

a mixer for mixing the audio signals transmitted

from the plurality of participants; and

a video display for displaying the video signals

transmitted from the plurality of participants such that the

video display simultaneously displays each visual signal

from each participant of the plurality of participants.
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18. The network architecture of claim 17, wherein the

audio/visual viewer further comprises a time stamp

configured to stamp a time to each participant's audio and

video signals.
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