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(57) Abstract: A system to adaptively control multimedia
communication sessions includes a mediator unit in an inter-
mediary communication position between two or more re-
mote clients and a media infrastructure. The mediator unit
includes a receiver, a transmitter and a control processor
that controls the receiver and the transmitter. The mediator
unit communicates remote clients across a communication
network, where the first client initiates a communication
session and the mediator unit assigns a unique session iden-
tifier to the communication message. Additional remote cli-
ents send join requests including the unique session identiti-
er, and the mediator unit acts as a back-to-back user agent to
pass messages between two remote clients of a two-client
communication session. The control processor configured to
execute predefined context- sensitive strategies including
the number of remote clients in the communication session,
bridging incompatible peer-to-peer communications, sup-
porting multiple devices of a single remote client, and dy-
namic allocation of multipoint control unit resources.
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SYSTEMS AND METHODS FOR ADAPTIVE CONTEXT-AWARE CONTROL OF
MULTIMEDIA COMMUNICATION SESSIONS

BACKGROUND

[0001] Videoconferencing systems allow two or more locations to communicate across
duplex (i.e., simultaneous, two-way) audio and video channels. The availability of low cost,
high capacity broadband services supported by powerful processors capable of sophisticated
compression algorithms has led to the widespread use of videoconferencing in a wide variety of

communications — personal, business, education, government, etc.

[0002] A multipoint control unit (MCU) is a device that is used to interconnect, or
bridge, three or more remote clients (terminals, workstations, gateways, etc.) into one
simultaneous videoconference session. among three or more remote points is possible by means
of a Multipoint Control Unit (MCU). This is a bridge that interconnects calls from several

sources (in a similar way to the audio conference call).

[0003] The MCU can be located at an endpoint of alocal area network (LAN). The
MCU can collect bandwidth capability data for each of the remote clients of a videoconference.
The MCU then configures the session to meet the capability of the least powerful remote client

to assure that the videoconference is of the best quality for each participant.

[0004] An MCU can be a stand-alone device or it can be embedded into dedicated
videoconferencing units. At a high-level, the MCU can be viewed as including two components,
a single multipoint controller (MC), and one or more multipoint processors (MP), sometimes

referred to as the mixer.

[0005] The MC controls the conferencing while it is active on the signaling plane —
managing conferencing creation, endpoint signaling and in-conferencing controls. The MC can
negotiate parameters with every endpoint in the network and control conferencing resources.
The MP(s) operate on the media plane and receive media from each endpoint, and then generates
output streams from each endpoint and redirects the information to other endpoints in the

conference.
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[0006] Digital compression of audio and video streams in real time is performed by a
coder/decoder (codec). The compressed digital stream can be subdivided into labeled packets,
which are then transmitted through an electronic communication network under a known

protocol.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIGS. 1A-1B depict a system in accordance with some embodiments;

[0008] FIG. 2 depicts a flow diagram of a bridging process in accordance with some
embodiments;

[0009] FIGS. 3A-3C depict a flow diagram of an allocation process in accordance with

some embodiments; and

[0010] FIG. 4 depicts a flow diagram of a device switch process in accordance with

some embodiments.
DETAILED DESCRIPTION

[0011] In accordance with embodiments, systems and methods provide a context-aware
framework for adaptively controlling multimedia communication sessions. Embodying systems
and methods provide a mediator unit that is an intermediary entity located between a remote
client and the underlying media infrastructure. The mediator unit mediates communication

between the remote clients and the media infrastructure.

[0012] Figure 1A depicts system 100 during a two-client communication phase in
accordance with some embodiments. System 100 can include mediator unit 110 that can include
receiver 112, transmitter 118, and control processor 116. In some implementations, receiver 112
and transmitter 118 can be separate units within mediator unit 110 as depicted. In other
implementations, the receiver and transmitter can be structured as a transceiver. The receiver

and transmitter are operated under the control of control processor 116.

[0013] For purposes of description, during the two-client communication phase system

100 includes two remote clients — clientl 122 and client2 126. However, system 100 is not
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limited to a two-client communication session, and other numbers of remote clients can be
implemented. In accordance with implementations, the remote clients transmit communication
messages to the mediator unit, which then routes the messages to the proper destination(s). In
conventional communication systems, an intermediary entity merely acts as a proxy to simply
exchange communication messages between remote clients. However, embodying mediator
units have a proactive role in the process and manage communication sessions based on
contextual information regarding the remote clients and media infrastructure. The contextual
information can include, but is not limited to, network bandwidth, numbers of clients, codecs,
and content being communicated. By way of example, contextual information can also include
the nature of a video conference’s content can be used by the mediator to process and manage a
communication session. For example, if the video conference is sharing a video of a
manufacturing part inspection versus video conferencing of individuals, different codecs or
parameters can be chosen by the mediator to optimize the session. Another example of
contextual information that the mediator unit can use is if one client is streaming a PowerPoint
presentation, the mediator could potentially automatically detect long static images and switch to
a much lower frame rate. The frame rate can then be increased by the mediator when dynamic
images are later detected (e.g., video playback, or participant interaction). In another non-
limiting example of contextual information used by the mediator, the mediator unit’s proactive
role can include, but is not limited to, (1) automatically convert a peer-to-peer connection to an
MCU connection; (2) automatically perform media transcoding when the clients support
different codes; and (3) allow a user to switch devices without dropping current communication
session. Embodying MCUs make these proactive role decisions based on contextual cues, which

cannot be done by a conventional MCU.

[0014] Mediator 110 accesses various contextual knowledge regarding participating
communication entities, such as the server(s) supporting the communication network, the remote
clients, the surrounding network environment, etc. The information is collected and stored at the
mediator unit. Some of it is statically stored, such as network topology, but some is dynamically
collected from the environment (e.g. network bandwidth), or from the user client (e.g. number of
clients in the session, locations of the clients). The MCU uses knowledge included in the client’s
session description protocol (SDP), such as client’s IP address, port number, media codec, etc.

This contextual knowledge is used to provide adaptive, flexible, intelligent, context-aware
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communications without requiring complex modifications to the remote clients. In accordance
with embodiments, because the MCU has such intelligence built in, the clients are freed from
certain network connection chores and overhead — for example, in embodying systems clients
do not need to handle redial when switching devices, calling a different number when more than
two participants join the communication session, or switch codecs when clients on incompatible
platforms (e.g., VP8 video compression, virtual synchrony systems, H264 compression format,

etc.) join the communication session.

[0015] By having knowledge about the number of clients in each communication
session, the media codecs supported by each client at the mediator, system resource allocation of
the MCU and/ or media transcoder can be optimized. Each client supports a predetermined set
of media codecs. When the client calls into the session, it provides its list of supported codecs in

their SDP.

[0016] The mediator unit reviews the supported codecs of the clients in the
communication session to identify a common codecs among clients. If they all share at least one
codec, mediator exchange SDP by using the common one, so transcoder is not needed. If there
is no common codecs, the mediator will allocate transcoder to bridge the video streaming.
Further, the mediator can have its own list of supported codecs, which can include the client

codecs.

[0017] Mediator 110 is configured to detect changes in the remote client address (e.g.,
reconnect to the session using a different user ID (e.g. SIP address), reconnection at another
URL, etc.) and/or changes in the device instrumentation itself (e.g., from a terminal to a smart

phone, vice versa, and any other instrumentation change).

[0018] The mediator unit provides seamless mobility support of the communication
session when a remote client changes location from one place to another. As the remote client
changes location, the network address used for communication can be changed. Under
conventional systems if each client is directly connected to the other, the session has to be
terminated and be re-established with a new address. According to embodiments, an embodying
mediator unit allows remote clients to keep a communication session active even though the

network address is changed. Embodying mediator units maintain the session state, as opposed to
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the conventional approach of the session state being maintained on each client side. When a user
drops connection, the session / client state is still maintained by the mediator. Accordingly,
when the user re-joins the session the state will be recovered by the mediator. Under this

process, other participants in the same session are not impacted.

[0019] The mediator unit provides a smooth user experience by routing messages to the
new address and/or changing to communication protocols and/or formats suitable for the new

remote client device without dropping current sessions.

[0020] In accordance with embodiments, the basic unit of communication is defined as
a communication session started by one, or more, of remote clients 122, 126, 128. At the start of
a communication session a unique session ID (SID) is assigned by the mediator unit when it
receives a new session request from the client(s). This unique SID is used to identify the session
by all participating clients. Each remote client who wants to join the communication session
sends a join request with the session ID to mediator unit 110. Control processor 116 within the
mediator unit processes the join requests, and messages. The actions taken by the control
processor is based on contextual knowledge. In accordance with embodiments, this contextual
knowledge can be of the participating clients, or content of the message, or other contextual

information. The relevancy of the information’s content is determined based on the use case.

[0021] Receiver 112 receives communications messages from the remote client(s).
Receiver 112 parses SID information of the communication and identifies the communication
session to which the communication message belongs. Control processor 116 executes
algorithms of predefined context-sensitive strategies to determine what action the mediator unit
is to undertake in handling the communication message. Based on the determination results of
the control processor, transmitter 118 transmits appropriate responses and/or requests to the

remote client(s).

[0022] Figure 1B depicts system 150 that includes client3 128, as a third client joining
the session depicted in FIG. 1A, to create a multi-client communication phase in accordance with
some embodiments. FIGS. 1A-1B illustrate a simple example of how communication requests,
in the form of SIP messages, from remote client(s) are processed differently by the mediator unit

based on different contexts. For purposes of this example, the context is simply the number of
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clients. In the beginning (phase 1) (FIG. 1A) there are two clients in the session. Later a third
client joins the session (phase 2) (FIG 1B). During the second phase, where for purposes of
explanation the context is based on the number of participants, the mediator automatically switch
to a MCU session. For example, in a session identified “SID”, all clients send their SIP
messages to the mediator unit with “SID” as part of the destination SIP address. By parsing the
SIP address, the mediator knows that the clients participate in the session identified by “SID.”
During phase 1, because there are only two clients in the session, they support the same media
codec. Hence, the mediator unit performs the role as a back-to-back user agent to pass messages

through to each of the two remote clients in the session.

[0023] Later, third client (client3 128) joins the same session by sending SIP messages
with the same “SID”, the mediator determines that there are more than two clients in the same
session (now in phase 2). Therefore, the mediator unit directs all SIP messages with SID “SID”
in the destination SIP address to MCU 130. The MCU then handles communication between the
three or more remote clients participating in the session. According to embodiments, these
strategies adaptively mediate communication sessions by using different kinds of contextual

knowledge in the context of SIP-based communication.

[0024] The predefined context-sensitive strategies implemented by control processor
116 can include, but are not limited to, bridging incompatible peer-to-peer (P2P)
communication; dynamic allocation of MCU resources based on the number of participants; and

supporting multiple devices of a remote client.

[0025] Figure 2 depicts a flow diagram of bridging process 200 for bridging
incompatible P2P entities in accordance with some embodiments. Bridging process 200 is
applicable in peer-to-peer sessions whenever the incompatibility of supported media codec
between peers is detected. In accordance with embodiments, the session description protocol
(SDP) negotiation will be modified by mediator unit 110 to use a media transcoder. A remote
client calls into a P2P session, step 210, via the mediator unit. The mediator unit sends an
INVITE with an empty SDP, step 220, to get a response from the second remote client. This
step is done instead of forwarding the INVITE request with the first remote client’s SDP (sdp1).
The second remote client responds with its own SDP (sdp2), step 230.
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[0026] The mediator parses the content of the two SDP messages it has received (the
INVITE from remote client 1, and the response from remote client 2), to check the compatibility
(and/or whether there is an incompatibility) between the two remote clients, step 240. If an
incompatibility between the two remote clients is uncovered (i.e., a common media codec cannot

be found), the mediator sends a modified response, step 250, to the first remote client.

[0027] This modified response includes the media transcoder’s media information as the
SDP answer. Meanwhile, the mediator sends the ACK to the second remote client, step 260,
with the media transcoder’s media information. In this way, the P2P communication between
the two remote clients is bridged, step 270, using the media transcoder, without the media

transcoder involved in the communication initialization.

[0028] Figure 3 depicts a flow diagram of allocation process 300 for allocating an MCU
for video conferencing in accordance with some embodiments. Allocation process 300 relates to
dynamic allocation of MCU resources based on the number of participants in a video
conferencing session. In response to a first remote client of a given communication session
calling in, step 310, the mediator unit can place the first remote client on hold by responding

with an SDP having a recvonly attribute, step 315.

[0029] When a second remote client calls into the session, step 320, the session can be
converted into a P2P session by having the mediator unit forwarding requests/ responses from
one client to each other, step 325. In accordance with embodiments, with only two clients
engaged in the communication session, the mediator unit performs the interchange between these

clients.

[0030] Should a third remote client enter the session, step 330, the mediator unit can
allocate an MCU for the session. The mediator unit converts the session to an MCU session,
step 335. Mediator calls the API of the MCU to allocate a room, and get the room address that

can be called in by the client.

[0031] The MCU invites remote client 3 into this communication session through the

mediator unit, step 340. The MCU invites remote client 1 into this communication session
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through the mediator unit, step 344. The MCU invites remote client 2 into this communication

session through the mediator unit, step 348.

[0032] In accordance with embodiments, the mediator unit forwards requests/ responses
from and between the three remote clients in this session to the assigned MCU. In this way,
MCU resources are reserved for the sessions with more than two clients, and the mediator unit

dynamically manages the MCU resources.

[0033] Figure 4 depicts a flow diagram of device switch process 400 for supporting
multiple communication devices of a remote client in accordance with some embodiments. In
accordance with embodiments, should a remote client switch between active communication
devices during a communication session (e.g., from a mobile phone to a web browser on a
laptop, vice versa, and any other instrumentation change), these devices can be supported while
maintaining the existing connection of this remote client to the communication session. FIG. 4
depicts an implementation for a P2P session between two remote clients. However,
embodiments are not so limited and communication sessions of more than two remote clients can

be implemented.

[0034] At step 410, as described above remote client 1 and remote client 2 enter into a
communication session. In accordance with embodiments, when one of the remote clients in this
communication session switches from one active device to another, step 420, the remote client
does not need to hang up the previous connections and reconnect. Instead, the client can simply
call into the same session with the same SIP address and with a different SDP. Because the
mediator unit maintains a list of clients who are in the session, the mediator unit can detect that
this client is an existing participant by checking the session list. The mediator unit automatically
updates the session, by sending out a new INVITE with the client’s new device SDP to the peer
(in a peer-to-peer session) or the MCU (in a conferencing session), step 422 The other remote
client(s) of the communication session acknowledge this update to the session, step 424. In this
way, neither the client who switches the device, nor the other participant(s) in the session does

any extra action to update the session.

[0035] Embodying systems and methods provide smart resource allocation of the back-

end media infrastructure. The mediator unit allocates an MCU if the number of participants for a
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session is more than two. The mediator unit detects differences of codecs between the remote
clients in the communication session. If there is a difference detected, the mediator unit
allocates the resources of a media transcoder. Because the mediator unit detects whether codecs
for the remote clients are compatible, the resources of an MCU and a media transcoder are not
needed to be allocated for each communication session until an incompatibility is detected. The
mediator unit has the knowledge for participants or their supported codecs As noted above,
because embodying mediators maintain the session states with each client, the mediator is
provided with the information about each participant and their supported codecs. This
information can be stored on the memory or disk of the mediator device itself. By allocating
resources (i.e., an MCU and/ or media transcoder) to a remote communication session only when
the number of participants and/ or incompatibility of participating remote clients require the
resource allocation, the mediator unit reduces the resource consumption of the back-end media

infrastructure.

[0036] In accordance with embodiments, a generic framework is described that can be
applied to any communication application. The adaptation strategies described above are only a
few possible use cases, and other adaptation strategies can be developed based on the specific
use cases and what kinds of contextual information are available in the application. For
example, if network bandwidth information is available, the mediator can dynamically control
each remote client's media bandwidth by updating the desired transmission rate on the fly.
Further, if a mediator unit has knowledge about the loads on multiple MCUs and/or transcoders,
the mediator unit can adjust a communication sessions to archive the best performance of the

video infrastructure.

[0037] In accordance with some embodiments, a computer program application stored
in non-volatile memory or computer-readable medium (e.g., register memory, processor cache,
RAM, ROM, hard drive, flash memory, CD ROM, magnetic media, etc.) may include code or
executable instructions that when executed may instruct and/or cause a controller or processor to
perform methods discussed herein such as a method for adaptively controlling the allocation of
back-end media infrastructure to communication sessions based on the number of participating
remote clients in the communication session and/ or an incompatibility of supported media

codecs between the participating remote clients, as described above.
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[0038] The computer-readable medium may be a non-transitory computer-readable
media including all forms and types of memory and all computer-readable media except for a
transitory, propagating signal. In one implementation, the non-volatile memory or computer-

readable medium may be external memory.

[0039] Although specific hardware and methods have been described herein, note that
any number of other configurations may be provided in accordance with embodiments of the
invention. Thus, while there have been shown, described, and pointed out fundamental novel
features of the invention, it will be understood that various omissions, substitutions, and changes
in the form and details of the illustrated embodiments, and in their operation, may be made by
those skilled in the art without departing from the spirit and scope of the invention. Substitutions
of elements from one embodiment to another are also fully intended and contemplated. The
invention is defined solely with regard to the claims appended hereto, and equivalents of the

recitations therein.

10



WO 2016/114967 PCT/US2016/012405

CLAIMS:
1. A system to adaptively control multimedia communication sessions, the system comprising:

a mediator unit in an intermediary communication position between two or more remote clients

and a media infrastructure;

the mediator unit including a receiver, a transmitter and a control processor, the control
processor configured to execute instructions that cause the control processor to control the

receiver and the transmitter;

the mediator unit configured to communicate with two or more remote clients across a
communication network, the communication network having a server supporting operation of the

communication network;

a first remote client configured to transmit a communication message on the communication

network, the communication message initiating a communication session;

the receiver configured to receive the communication message from the communication

network;

the mediator unit is configured to assign a unique session identifier to the communication

message,

additional remote clients configured to send join requests on the communication network, each

join request including the unique session identifier; and

the mediator unit further configured to act as a back-to-back user agent to pass messages

between two remote clients of a two-client communication session.

2. The system of claim 1, the receiver configured to parse session identifier information in the

communication message.

11
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3. The system of claim 1, the control processor configured to execute predefined context-

sensitive strategies to perform a decision process.

4. The system of claim 3, the predefined context-sensitive strategies including at least one of the
number of remote clients in the communication session, bridging incompatible peer-to-peer
communications, supporting multiple devices of a single remote client, and dynamic allocation

of multipoint control unit resources.

5. The system of claim 1, the mediator unit further configured to apply contextual knowledge of
the first and additional clients in a decision process on whether a multipoint control unit is

needed to conduct a communication session having three or more remote clients.

6. The system of claim 1, the mediator unit configured to route communication messages

between the remote clients.

7. The system of claim 1, the mediator unit configured to proactively process communication

sessions based on contextual information of the remote clients and media infrastructure.

8. The system of claim 7, mediator unit configured to at least one of convert a peer-to-peer
connection to a multipoint communication session, support a remote client to switch from a first
communication device to a second communication device while maintaining the current
communication session, and perform media transcoding when remote clients of the same

communication session support different codes.
9. A method of contextually adapting a communication session, the method comprising:

receiving at a mediator unit a first remote client first session description protocol invite call for a

peer-to-peer session;
sending an empty session description protocol invite message to a second remote client;
receiving from the second remote client a second session description protocol message:;

the mediator unit parsing the content of the first session description protocol invite and the

content of the second session description protocol; and

12
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the mediator unit initializing the peer-to-peer session without a media transcoder involved in the

initialization.

10. The method of claim 9, including the mediator unit determining if the result of the parsing

step indicates an incompatibility between the first and the second remote clients.

11. The method of claim 10 including, if an incompatibility is indicated, the mediator unit
sending a modified response to the first remote client and a acknowledge signal to the second

remote client, wherein the modified response includes a media transcoder media information.

12. A method of allocating a multipoint communication unit for a video communication, the

method comprising:
receiving at a mediator unit a request from a first remote client to join a video communication;
the mediator unit placing the first remote client on hold;

receiving at the mediator unit a request from a second remote client to join the video

communication; and

initiating the video communication by the mediator unit forwarding requests and responses

between the first and the second remote clients in a peer-to-peer session.

13. The method of claim 12, including placing the first remote client on hold by responding with

a session description protocol having a recvonly attribute.
14. The method of claim 12, including:
receiving a request from a third remote client to join the video communication;

the mediator unit allocating a multipoint communication unit to the video communication in

response to the third remote client request; and

the mediator unit converting the peer-to-peer session to a multipoint communication unit session.

13
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15. The method of claim 14, the multipoint communication unit inviting the first, the second,

and the third remote client to the multipoint communication unit session through the mediator

unit.

14
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