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VIDEO CONFERENCING WITH MULTIPOINT CONFERENCING UNITS AND
MULTIMEDIA
TRANSFORMATION UNITS WITH ACTIVE SPEAKER DETECTION

TECHNICAL FIELD
5 The present disclosure relates generally to communication networks, and more

particularly, to vidco confcrencing.

BACKGROUND
Video conferencing provides real-time, face-to-face interactions between people
10 from distributed geographic locations and has become increasingly popular as a way to
reduce travel expenses and enhance collaboration. .Conventional video conferencing
systems often use a centralized multipoint conferencing unit (MCU) to couple
communication equipment at various conference sites. The MCU combines video,
audio, and data streams from multiple endpoints into a single, multiple location,
15 interactive session. Video conferencing systems developed by different suppliers often
do not interoperate very well due to signaling and format mismatches between different

endpoints.

BRIEF DESCRIPTION OF THE FIGURES

20 Fig. 1 illustrates an example of a network in which-embodiments described
herein may be implemented.
Fig. 2 depicts an example of a network device uscful in implementing
cmbodiments described herein, 4
Fig. 3 is a block diagram illustrating details of a multimedia transformation unit
25 (MTU), in accordance with one embodiment.
Fig. 4 is a flowchart illustrating a process for using redundant streams at the
MTU to provide robustness, in accordance with one embodiment. |
Fig. 5 is a block diagram illustrating an example for processing redundant
streams at the MTU, in accordance with one embodiment.
30 Fig. 6 is a block diagram illustrating optimiiation at a multipoint confcrencing

unit (MCU), in accordance with one cmbodiment.
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Fig. 7 is a flowchart illustrating a process for MTU optimization, in accordance
with one embodiment.
Corresponding reference characters indicate corresponding parts throughout the

scveral views of the drawings.

DESCRIPTION OF EXAMPLE EMBODIMENTS

Overview
In one embodiment, a method generally comprises receiving at a multimedia
transformation unit, media strcams from a plurality of endpoints, transmitting audio
10 components of the media streams to a multipoint conferencing unit, receiving an
identifier from the multipoint conferencing unit identifying one of the media streams
as an active speaker stream, processing at the multimedia transformation unit, a video
component of the active speaker stream, and transmitting the active speaker stream to
one or more of the endpoints without transmitting the video component to the
15 multipoint conferencing unit.
In another embodiment, an apparatus generally comprises a processor
configured to transmit media streams received from a plurality of endpoints to a
multipoint conferencing unit, receive a plurality of redundant streams from the
multipoint conferencing unit, decode two or morc substrcams generated from the
20 redundant strcams, identify a failure of one of the substreams, and utilize another one
of the substrcams in place of the failed substream. The apparatus further compriscs
memory for storing a redundancy paramétcr corresponding to a number of substrcams
decoded at the apparatus.
In yet another embodiment, an apparatus generally comprises an interface for
25 receciving media streams from a multimedia transformation unit, the media streams
transmitted from a plurality of endpoints, and a processor for interconnccting the
cndpoints in a conference session. The processor is configurcd for offsctting delivery
of packets to the multimedia transformation unit to decorrelate channels at the
multimedia transformation unit.
30
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Example Embodiments

The following description is presented to enable one of ordinary skill in the art
to make and use the embodiments. Descriptions of specific embodiments and
applications are provided only as examples, and various modifications will be readily
apparent to thosce skilled in the art. The general principles described herein may be
applied to other applications without departing from the scope of the embodiments.
Thus, the embodiments are not to be limited to those shown, but are to be accorded the
widest scope consistent with the principles and features described herein. For purpose
of clarity, details relating to technical material that is known in the technical fields
related to the embodiments have not been described in detail.

The embodiments described herein provide an cfficient implementation for joint
deployment of a multipoint conferencing unit (multipoint control unit) (MCU) and
multimedia transformation unit (MTU) to provide video conferencing. As described in
detail below, one or more of the embodiments provide robustness through the use of
redundant streams at the MTU or controlled delivery of packets at the MCU. One or
more of the embodiments provide an optimization to increasc capacity at the MTU or
minimize bandwidth between the MCU and MTU.

The embodiments operate in the context of a data communications network
including multiplennet\;vork devices (nodes). Some of the devices in the network may
be switches, routers, gateways, servers, call managers, service points, media sources,
media receivers, MTUs, MCUs, or other network devices.

Referring now to the figures, and first to Fig. 1, an cxample of a network in
which embodiments described hercin may be implemented is shown. The network
includes a plurality of endpoints (c.g., media sources/receivers) 10 in communication
with one or more conferencing systems (MTU 14 and MCU 16) via network 12. The
network 12 may include one or more networks (c.g., radio access nctwdrk, public
switched netlwork, local area network, metropolitan area network, wide area network,
cnterprise network, Internet, intranct, or any other nctwork). The nodes 10, 14, 16 are
connected via communication links (wired or wireless). Media flow paths between the

endpoints 10 may include any number or type of intermediate nodes (e.g., routers,
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switches, gatcways, or other network devices), whiéh facilitate passage of data between
the endpoints.

The term ‘conference’ as used herein may include any communication session
between a plurality of users transmitted using any audio or video means, including

5 signals, data, or messages transmitted through voice or video devices. The term
‘media’ as used herein refers to video, audio, data, or any combination thereof (e.g.,
multimedia). The media may be encrypted, compressed, or encoded according to any
format. The media content may be transmitted as streaming media or media files, for
example.

10 The endpoints 10 are configured to originate or terminate communications over
the network 12. The endpoints 10 may be any device or combination of devices
configured for receiving, transmitting, or receiving and transmitting media flows. For
example, the endpoint 10 may be a personal computer, media center device, mobile
device (e.g., phone, personal digital assistant), or any other device capable of engaging

15 in audio, video, or data exchanges within the network 12. The endpoints 10 may
include, for example, one or more processor, memory, network interface, microphone,
camera, speaker, display, keyboard, whitcboard, and video conferencing interface.

In the example shown in Fig. 1, the network includes an MTU 14 and MCU 16
for each conferencing system. One or more media streams or components of the

20 streams received at the MTU 14 are processed and then forwarded to the MCU 16. The
MCU 16 uses the streams to create a representation for the multi-location interactive
session. The MTU 14 receives this representation from the MCU 16 and performs
processing on the representation with fhc objective of tailoring it according to the
capabilitics and limitations of the associated endpoints 10. This representation is

25 distributed to various endpoints 10 involved in the interactive session.

The MTU 14 cnables different endpoints 10 to interoperate with one another by
performing protocol and codec conversions on input streams from source endpoints 10
to creatc output strcams that arc well matched to destination cndpoints. The MTU 14
shields any peculiarities or limitations of various endpoints 10 involved in the videco

30 conference scssion by performing all of the necessary processing in the network. The

processing may include, for example, conversion from onc codec format to another
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codec format, multimedia re-sampling, spatial resolution scaling for video streams, etc.
The term ‘multimedia transformation unit’ as used herein refers to any network device
configured for processing media strcams received from twb or more cndpoints.

The MCU 16 is configured to manage a multi-party conference by connecting
multiple endpoints 10 into the same conference. The MCU 16 collects audio and video
signals transmitted by conference participants through their endpoints 10 and
distributes the signals to other participants of the conference. The MCU 16 combines
video, audio, and data streams into a single‘multi-location, interactive session. The
term ‘multipoint conferencing unit’ as used herein refers to any network device
configured for interconnecting a plurality of endpoints in a conference session.

1t is to be understood that the network shown in Fig. 1 and described herein is
only an example and that the embodiments described herein may be implemented in
networks having different network topologies and network devices, without departing
from the scope of the cmbodiments.

An example of a network device 20 (e.g., MTU 14, MCU 16) that may be used
to implement embodiments described herein is shoWn in Fig. 2. In onc cmbodiment,
network device 20 is a programmable machine that may be implemented in hardware,
software, or any combination thercof. The device 20 includes one or more processors
22, memory 24, network and MTU/MCU interfaces 26, and onc or more media
processing components 28 (e.g., encoder, decoder, etc. as shown in Figs. 3 and 5).
Memory 24 may be a volatile memory or non-volatile storage, which stores various
applications, modules, and data for cxccution and use by the processor 22.

Logic may bc encoded in one or more tangible media for execution by the
processor 22. For example, the processor 22 may exccute codes stored in a computcr-
readable medium such as memory 24. The computer-readable medium may be, for
example; electronic (e.g., RAM (random access memory), ROM (rcad-only memory),
EPROM (erasable programmable read-only memory)), magnetic, opticdl (eg., CD,
DVD), clectromagnetic, semiconductor technology, or any other suitable medium.

The network and MTU/MCU interfaces 26 may comprise one or more wireless

or wired interfaces (linccards, ports) for recciving signals or data or transmitting signals
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or data to other devices. The interfaces 26 may include, for example, an Ethernct
interface for connection to a computer or network.

The network device 20 may further include any suitable combination of
hardware, software, algorithms, processors, devices, components, or elements operable
to facilitate the conferencing capabilities described herein. It is to be understood that
the network device 20 shown in Fig. 2 and described above is only one example and
that different configurations of network devices may be used.

Fig. 3 illustrates an example of processing performed on a media stream by the
MTU 14, in accordance with one embodiment. A top leg (as viewed in Fig. 3)
illustrates a path taken by an input strecam at the MTU 14, and a bottom leg illustrates a
path taken by an output stream at the MTU. For simplification, only one input strcam
and one output stream are shown, howcver, any number of input streams or output
streams may be processed at the MTU 14, The media stream (e.g., audio component,
video component, audio and vidco components) received from the endpoint 10 is
processed by a decrypter 30, decoder 32, pixel processor 34, and encoder 36 before
being transmitted to the MCU 16. The stream received from the MCU 16 is processed
by decoder 32, pixel processor 34, encoder 36, encrypter 38, and jitter adapter 40. Itis
to be understood that the processing components shown in F ig. 3 arc only an example
and that additional, fewer, or different processing components may be utilized at the
MTU 14, without departing from the scope of the embodiments. Also, in one or more
embodiments only a portion of the media stream may pass through one or more of the
components. For cxample, onc or more video components may follow path 42 and
bypass the encoder 36 in the top leg of the MTU and decoder 32 and pixel processor 34
in the bottom leg of the MTU (as shown in Fig. 3), while the audio components pass
through all of the processing components, as described below.

In one example, various outbound streams from disparate endpoints 10 with
heterogeneous capabilities are combined into a single stream, with their audio
components mixed and their video components composited together by the
conferencing system. The top leg of the MTU 14 (Fig. 3) prepares the input streams for
the MCU 16 by equalizing the heterogeneity (c.g., spatial and temporal resolution) of
the various endpoints 10. The bottom leg of the MTU 14 then adapts the stream for the
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limitations and capabilities of the various endpoints 10. If the MCU 16 is incognizant
of the presence of the MTU 14 between itself and the endpoints 10, it would transmit
the composite stream individually to all of the endpoints 10, with cach of the identical
bit-strecams being intercepted by the MTU 14 and tailored for the target endpoints 10.
5 As described below, the embodiments described herein allow for interaction between
the MTU 14 and MCU 16 to provide an efficient joint deployment of the MTU and
MCU.
The MTU 14 serves as a proxy for the associated endpoints 10, terminating a
logical connection between MCU 16 and an endpoint 10, and replacing it with two
10 physical connections, one between the MCU 16 and MTU 14, and the second from the
MTU to the corresponding endpoint. As a result, the transmission from the MCU 16 to
the MTU 14 is highly redundant (i.c., many of the streams from the MCU are identical
or close to identical). The following describes embodiments that use this redundancy to
provide robustness in the conferencing system. The redundancy may be used as a
15 means for providing N-to-1 redundancy, where N is equal to the number of redundant
streams reccived from the MCU 16. In the following examples, a redundancy
parameter (k) is used to identify the number of substreams (c.g., streams, substreams,
scts of frames) processed at the MTU 14,
Fig. 4 is a flowchart illustrating a process for utilizing the redundancy at the
20 MTU 14 to provide system robustness, in accordance with one embodiment. The MCU
16 transmits each of the redundant streams to the MTU 14 and the redundancy is used
inside of the MTU to provide high availability. At stcp 40, the MTU 14 receives N
redundant streams from the MCU 16. The MTU decodes k (¢.g., two or more)
substrcams gencrated from the redundant streams, where k<=N (stcp 42). If one of the
25 k substreams fails due to hardware or software unavailability (step 44), one of the other
k streams is used in place of the failed stream (step 46).
In a first example, the substreams (k) comprise a subset of the N redundant
strcams rcceived from the MCU 16, This provides k-to-1 redundancy at the expensc of
k-1 extra resources.
30 In a second example, the redundancy is used to provide forward error

correction. For cxample, this may correspond to an (N, 1)-repetition code, where N-1
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crasures may be corrected for. In this case, as long as 1 of the N streams is received,
reliable packet delivery to the endpoint 10 can take place.

In a third example, each of the N streams is' subsampled by a factor of k in the
video domain. The redundancy prediction structurc may be a temporally scalable
structure, where given an input stream, cach of the k substrcams capture a mutually
exclusive subsampled portion of the video that is downsampled by a factor of k. As
shown in Fig. 5, data is received from the network and processed at input stream
processing components 54. Upon receiving the N redundant streams from the MCU
16, the MTU 14 decodes any k streams which corresponds to an (ﬁ,k) forward error
correction code. This is sufficient to recover the k redundant sets of frames (e.g., 1, 2,
3, ...k, as shown in Fig. 5). Furthermore, if one of these k substreams fails,-then the
other k-1 substreams may be used with an error concealment algorithm 56 to provide
the reconstructed stream to all of the endpoints 10. As long as not all of the k
substreams fail, then a version of the input stream may be provided to the appropriate
endpoint 10 by the MTU 14. ,

Fig. 6 illustrates embodiments implemented at the MCU 16 to provide
robustness. In a first example shown in Fig. 6, the MCU 16 offsets (i.e., staggers)
delivery of packets 60 to decorrelate channcls to the MTU 14 in case that the channels
from MCU to MTU consist of paths that traverse similar routes. This prevents
congestion or losses within the network.

In a second example, the MCU 16 is configured to only send non-redundant
strcams with appropriatc side-information that cnablcs the MTU 14 to choose strcams
appropriately for various endpoints 10. The communication bandwidth between the
MCU 16 and MTU 14 is therefore reduced. For example, if St and S2 are redundant
streams, the MCU 16 would only send one of the streams (e.g., only S1 or S2) to the
MTU 14 (Fig. 6). Inone ‘qmbodimcnt, the MTU 14 communicates to the MCU 16 the
number of streams to transmit.

In another cmbodiment, the MTU 14 and MCU 16 implementation is optimized
for use with active speaker based stream selection. Fig. 7 is a flowchart illustrating
active speaker based optimization at the MTU 14, in accordance with one embodiment.

At step 70, the MTU 14 receives media strecams from endpoints 10. The MTU 14
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equalizes the audio components of the media streams received from various endpoints

10 to a common format that can be processed by the MCU 16 and sends the audio

components of the streams to the MCU (step 72). The MCU 16 uscs the audio
components of the media streams from various endpoints 10 to identify the stream
associated with the current active speaker at onc of the endpoints. The MCU 16
identifies the current active speaker and communicétcs this information to the MTU 14,
The MTU 14 receives an identifier for the active speaker stream at step 74. The MTU
14 processes (e.g., decodes, encodes) the video component for the active speaker
stream identified by the MCU 16 (step 76). The MTU 14 preferably maintains in
memory a list of one or more previously active speaker streams so that the MTU 14 can
also process the previously active speaker streams for distribution to onc or more of the
endpoints 10. '

The MTU 14 transmits the media strecams to the endpoints without transmitting
the video component to the multipoint conferencing unit (step 78). For example, the
video components that are processed at the MTU 14 may follow path 42 shown in Fig.
3. The MTU 14 may choose to only perform processing on the uncompressed strcam
data corresponding to the currently active speaker stream and a specified number of
previously active speaker streams (e.g., 0, 1, 2A, ...). The remaining video components
(e.g., video components of media streams that are not identified as currently or
previously active speaker streams) may be dropped at the MTU 14. The MTU 14 may
transmit, for example, the media siream corresponding to the currently active speaker to
all of the endpoints 10 except for the currently active spcaker and transmit the stream
corresponding to the last active speaker to the currently active speaker.

Transmission bit-rates for the audio component are significantly less than those
for the video component and the active speaker stream identifier that is transmitted
from the MCU 16 to the MTU 14 is an ultra-low bit-rate communication. Therefore,
significant bandwidth savings are realized in the communication between the MTU 14
and MCU 16 by climinating communication of the vidco components to the MCU.
Furthermore, bypassing of additional encoding and decoding for the video components

at the MTU 14, as shown in Fig. 3, and dropping video components of strcams that arc
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not currently or previously active speaker streams increase available capacity at the
MTU.

The embodiments described herein may be implemented independent from one
another or more than one embodiment may be implemented together.

Although the method and apparatus have been described in accordance with the
embodiments shown, one of ordinary skill in the art will readily recognize that there
could be variations made without departing from the scope of the embodiments.
Accordingly, it is interided that all matter contained in the above description and shown
in the accompanying drawings shall be interpreted as illustrative and not in a limiting

sense.

10



WO 2012/138573 PCT/US2012/031606

20

25

30

CLAIMS
WHAT IS CLAIMED IS:

1. A method comprising:

receiving at a multimedia transformation unit, media streams from a plurality
of endpoints;

transmitting audio components of said media strcéms to a multipoint
conferencing unit;

receiving an identifier from the multipoint conferencing unit identifying onc of
said media streams as an active speaker stream;

processing at the multimedia transformation unit, a video component of said
active speaker stream; and

transmitting said active spcaker stream to one or more of said plurality of
endpoints without transmitting said video component to the multipoint conferencing

unit.

2. The method of claim | wherein said video components of said media
strcams not identificd as active speaker streams are dropped at the multimedia

transformation unit.

3. The method of claim 2 wherein said active speaker strcams comprise

currently and previously active speaker streams.

4. The method of claim 1 further comp}ising maintaining a list of previously

active speaker streams at the multimedia transformation unit.

-5. The method of claim 1 whercin processing said video component

comprises decoding and encoding said video component.

6. The method of claim 5 wherein additional decoding and encoding

processcs are bypassed at the multimedia transformation unit.

11
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7. An apparatus comprising:

a processor configured to transmit media streams received from a plurality of
endpoints to a multipoint conferencing unit, reccive a plurality of redundant streams
from the multipoint conferencing unit, decode two or more substreams gencerated from
the redundant strcams, identify a failurc of onc of said substreams, and utilize another
one of said substreams in place of said failed substrecam; and

memory for storing a redundancy parameter corresponding to a number of said

substreams decoded at the apparatus.

8. The apparatus of claim 7 wherein the redundancy parameter is less than the

number of redundant streams received from the multipoint conferencing unit.

9. The apparatus of claim 7 wherein cach of the redundant streams received
from the multipoint conferencing unit is subsampled by a factor corresponding to the

redundancy parameter to generate said substreams.

10. The apparatus of claim 7 wherein the processor is configured to'apply an
error concealment algorithm to said substreams to generate a reconstructed stream for

transmittal to said plurality of endpoints.

11. The apparatus of claim 7 wherein the processor is configured to perform

forward error correction.

12. The apparatus of claim 7 whercin the apparatus is a multimedia

transformation unit.

13. The apparatus of claim 7 wherein said substreams comprise a subset of the

redundant strcams reccived from the multipoint conferencing unit.

14. The apparatus of claim 7 wherein cach of said substreams comprises a set

of frames from the redundant streams.
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15. An apparatus comprising;
an interface for receiving media streams from a multimedia transformation
unit, said media streams transmitted from a plurality of endpoints; and

a processor for interconnecting said plurality of endpoints in a conference

‘session;

wherein the processor is configured for offsctting delivery of packets to the
multimedia transformation unit to decorrelate channels at the multimedia

transformation unit.

16. The apparatus of claim 15 wherein the processor is configured to transmit

only one of a plurality of redundant streams to the multimedia transformation unit.

17. The apparatus of'claim 16 further comprising transmitting information to

the multimedia transformation unit for use in choosing said media streams for each of

‘said plurality of endpoints.

18. The apparatus of claim 15 wherein the apparatus is a multipoint

conferencing unit.

19. The apparatus of claim 15 wherein the processor is conﬁguréd for

identifying onc of said media strcams as an active spcaker strcam.

20. The apparatus of claim 15 further comprising transmitting said packets to

the multimedia transformation unit in a plurality of redundant streams.

13
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