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NON-SIMILAR VIDEO CODECS IN VIDEO CONFERENCING SYSTEM

FIELD OF THE INVENTION

The present invention generally relates to video conferencing systems and,
more particularly, to the ufilization of non-similar video codecs in a video
conferencing system. Moreover, the present invention may also be employed with
respect to similar video codecs utilizing non-similar encoding and/or decoding

parameters.

BACKGROUND OF THE INVENTION

In most networks, the power of each of the computers across the network is
not homogeneous. For example, some of the computers may have the latest
processor having the highest processing power while other' computers may have
older processors having a lower processing power. The more powerful computers
can handle more efficient video encoders than the less powerful computers. As
used herein, the term “efficient” refers to the amount of compression that a particular
type of video codec (or encoder) is capable of implementing with respect to a subject
video stream.

Most video conferencing systems include hardware-based video
encoders/decoders. Disadvantageously, this situation limits such video
conferencing systems to only a single encoder/decoder combination and does not
easily allow upgrades. These systems are typically homogenous in terms of
encoding/decoding rates and do not easily allow the modification of parameters
corresponding thereto.

* Accordingly, it would be desirable and highly advantageous to have methods
for utilizing video codecs in a video conferencing system that overcome the above-
described deficiencies of the prior art.

SUMMARY OF THE INVENTION
The problems stated above, as well as other related problems of the prior art,
are solved by the present invention, which is directed to a method for utilizing non-
similar video codecs in a video conferencing system, and to a method for utilizing
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similar video codecs that involves employing different encoding and/or decoding
parameters for the similar video codecs.

According to an aspect of the present invention, there is provided a method
for conducting a videoconference between a plurality of nodes connected through a
network and having disparate processing power there between. The plurality of
nodes have a plurality of video codecs such that at least one of the plurality of nodes
has more than one video codec for use thereby and other ones of the plurality of
nodes, if any, have at least one video codec for use thereby. At least one of the
plurality of video codecs has a disparate video compression efficiency with respect
to at least another one of the plurality of codecs. The method includes the step of
determining nodal constraints of each of the piurality of nodes. The nodal
constraints include at least the processing power of each of the plurality of nodes.
The method further includes the step of negotiating between the plurality of nodes to
identify an optimal combination of video codecs that satisfy the nodal constraints
from the plurality of codecs.

According to another aspect of the present invention, there is provided a
method for conducting a video conference between a plurality of nodes connected
through a network and having disparate processing power there between. ~Each of
the plurality of nodes has a video codec of the same type for use thereby. The video
codec is adapted such that parameters thereof may be dynamically adjusted to
provide varying degrees of compression efficiency. The method includes the step of
determining nodal constraints of each of the plurality of nodes. The nodal
constraints include at least the processing power of each of the plurality of nodes.
The method further includes the step of negotiating between the plurality of nodes to
identify an optimal combination of video codec parameters that satisfy the nodal
constraints from among the video codec of each of the plurality of nodes.

These and other aspects, features and advantages of the present invention will
become apparent from the following detailed description of preferred embodiments,
which is to be read in connection with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a video conferencing system 100 to
which the present invention may be applied, according to an illustrative embodiment
of the present invention;

FIG. 2 is a block diagram illustrating a video conferencing system 200 to
which the present invention may be applied, according to another illustrative
embodiment of the present invention;

FIG. 3 is a high-level block diagram illustrating a method of employing video
encoders in a video conferencing session between a first video conferencing node
301 and a second video conferencing node 302, according to an illustrative
embodiment of the present invention; and

FIG. 4 is a high-level block diagram illustrating a method of employing video
encoders in a video conferencing session between a first video conferencing node
401 and a second video conferencing node 402, according to another illustrative

embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to a method for utilizing non-similar video
codecs in a video conferencing system and to a method for utilizing similar video
codecs that involves employing different encoding and/or decoding parameters for
the similar video codecs. As most video conferencing systems employ computers
having different processing powers, the present invention advantageously takes
advantage of the additional processing power available from some of these
computers. Thus, for example, a participant with a more powerful computer is able
to use an encoding algorithm that is more complex (i.e., more computationally
intensive) than an encoding algorithm used by another participant with a less
powerful computer, thereby providing the advantage of utilizing the more powerful
computer to provide a more efficient (a higher degree of) compression of the video
data that would otherwise be provided by the prior art. These and other advantages
and features of the present invention are set forth below.

It is to be understood that the present invention may be implemented in
various forms of hardware, software, firmware, special purpose processors, or a
combination thereof. Preferably, the present invention is implemented as a
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combination of hardware and software. Moreover, the software is preferably
implemented as an application program tangibly embodied on a program storage
device. The application program may be uploaded to, and executed by, a machine
comprising any suitable architecture. Preferably, the machine is implemented on a
computer platform having hardware such as one or more central processing units
(CPU), a random access memory (RAM), and input/output (//O) interface(s). The
computer platform also includes an operating system and microinstruction code.
The various processes and functions described herein may either be part of the
microinstruction code or part of the application program (or a combination thereof)
that is executed via the operating system. In addition, various other peripheral
devices may be connected to the computer platform such as an additional data
storage device and a printing device.

It is to be further understood that, because some of the constituent system
components and method steps depicted in the accompanying Figures are preferably
implemented in software, the actual connections between the system components
(or the process steps) may differ depending upon the manner in which the present
invention is programmed. Given the teachings herein, one of ordinary skill in the
related art will be able to contemplate these and similar implementations or
configurations of the present invention.

A general description will now be given of an illustrative embodiment of the
present invention with respect to FIG. 1.

FIG. 1 is a block diagram illustrating a video conferencing system 100 to
which the present invention may be applied, according to an illustrative embodiment

“of the present invention. The video conferencing system 100 includes a first video

conferencing node 110 and a second video conferencing node 150. In the
illustrative embodiment of FIG. 1, the first video conferencing node 110 is
implemented on a more powerful computer than that used for the second video
conferencing node 150. Moreover, in the illustrative embodiment of FIG. 1, each of
the video conferencing nodes includes at least one encoder. However, at least one
of the encoders at the first video conferencing node 110 is more powerful than at
least one of the encoders at the second video conferencing node 150, as described
more fully herein after.
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The first video conferencing node 110 includes a capture device 115, a
display device 120, a decoder 125, and two or more encoders including a more
powerful (more efficient) encoder 130. The second video conferencing node 150
includes a capture device 155, a display device 160, a decoder 165, and two or
more encoders including a less powerful (less efficient) encoder 170. One or more
communication mediums (not shown) may be employed in video conferencing
system 100 to facilitate communication between the nodes thereof.

While both the first video conferencing node 110 and the second video
conferencing node 150 each include more than two encoders, it is to be appreciated
that only of the nodes need have more than one encoder for the purposes of the
present invention as described more fully herein below. That is, for a determination
of an optimal combination of encoders to be used by the nodes participating in a
videoconference session (again, as described more fully herein below), only one of
the nodes need have more than encoder so as to allow an actual selection between
at least two encoders at at least one of the nodes. As the codecs shown in FIGs. 1
and 2 herein are preferably primarily software based, changing, replacing, and/or
adding codecs to the systems of FIGs. 1 and 2 should be readily possible, as is
known to those of ordinary skill in the art.

As used herein, the phrases “more powerful” and “less powerful”, as
respectively employed with reference to encoders 130 and encoders 170, define a
relationship between the respective powers of the encoders 130 and 170 such that
the compression efficiency of the more powerful encoder is greater than the
compression efficiency of the less powerful encoder.

It is to be appreciated that while only two videoconferencing nodes are shown
with respect to FIG. 1, the present invention may be utilized with a video
conferencing system having any number of videoconferencing nodes and even with
a videoconferencing system having a plurality of videoconferencing nodes and a
videoconferencing server. Moreover, while only some elements of a
videoconferencing node are shown with respect to nodes 110 and 150, other
elements as readily determined by one of ordinary skill in the related art may also be
included in such nodes. For example, one or more speakers and a microphone,
although omitted in FIG. 1 for the sake of brevity, will likely be present in most if not
all nodes of a videoconferencing system. Thus, given the teachings of the present
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invention provided herein, one of ordinary skill in the related art will contemplate this
and various other video conferencing systems and implementation thereof to which
the present invention may be applied while maintaining the spirit of the present
invention.

The participant with the more powerful computer (first video conferencing
node 110) can encode his/her video using a more efficient encoder (encoder 130
which may be, e.g., an MPEG4 encoder) and the participant with the less powerful
computer (second video conferencing node 150) can encode his/her video using a
less efficient encoder (encoder 170 which may be, e.g., an H.263 encoder). It is to
be initially noted that the present invention is not limited to the preceding encoder
types and, thus, other types of video encoders may also be employed in accordance
with the present invention while maintaining the spirit of the present invention.

Regarding the preceding example, it is preferable that the less powerful
computer (second video conferencing node 150) be able to decode the MPEG4
video data (or other compressed video data type) in real-time and the more powerful
computer (first video conferencing node 110) must be able to decode the H.263
video data (or other compressed video data type) in real-time. The properties of
video codecs are that the decoders are much less computationally intensive and
require less processing power than the encoders. It is therefore possible for a less
powerful computer to be able to decode MPEG4 and encode H.263 simultaneously.

A general description will now be given of another illustrative embodiment of
the present invention with respect to FIG. 2.

FIG. 2 is a block diagram illustrating a video conferencing system 200 to
which the present invention may be applied, according to another illustrative
embodiment of the present invention. The video conferencing system 200 includes
a first video conferencing node 210 and a second video conferencing node 250. In
the illustrative embodiment of FIG. 2, the first video conferencing node 210 is
implemented on a more powerful computer than that used for the second video
conferencing node 250. Moreover, each of the encoders of the first video
conferencing node 110 and the second video conferencing node 150 are of the
same type, but are capable of having their encoding parameters dynamically
changed as described more fully herein below. It is to be appreciated that while FIG.
2 is primarily described with respect to encoding operations, the present invention is
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equally applicable to the video conferencing system 200 with respect to decoding
operations.

The first video conferencing node 210 includes a capture device 215, a
display device 220, a decoder 225, and an encoder 130. The second video
conferencing node 150 includes a capture device 255, a display device 260, a
decoder 265, and an encoder 170. One or more communication mediums (not
shown) may be employed in video conferencing system 200 to facilitate
communication between the nodes thereof.

Each participant using the video conferencing system 200 could have the
same type of encoder (for encoders 130 and 170), but the parameters of the
encoders are changed to respectively make each encoder less or more
computationally intensive (also affecting the compression efficiency). This would
allow the less powerful computer (second video conferencing node 150) to run the
same codec, but it would result in a sacrifice of the efficiency of the compression. It
may also prevent the ability to encode at certain higher resolutions and restrict the
encoding to lower resolutions on the less powerful computer (second video
conferencing node 150).

An example of a trade-off in this situation could be the more powerful
participant would encode video data using MPEG4 at 352x288 (CIF) resolution (30
fps) and the less powerful participant would encode video data using MPEG4 at
160x120 (QC1F) resolution (30 fps) in contrast to another case wherein the more
powerful participant would encode MPEG4 at 352x288 (CIF) resolution (30 fps) and
the less powerful participant would encode H.263 at 352x288 (CIF) resolution (30
fps).

Another alternative would be for the more powerful participant to encode
MPEG4 at 352x288 (CIF) resolution (30 fps) and the less powerful participant would
encode MPEG4 at 352x288 (CIF) resolution (15 fps).

It is to be appreciated that while only two videoconferencing nodes are shown
with respect to FIG. 2, the present invention may be utilized with a video
conferencing system having any number of videoconferencing nodes and even with
a videoconferencing system having a plurality of videoconferencing nodes and a
videoconferencing server. Moreover, while only some elements of a
videoconferencing node are shown with respect to nodes 210 and 250, other
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elements as readily determined by one of ordinary skill in the related art may also be
included in such nodes. For example, one or more speakers and a microphone,
although omitted in FIG. 2 for the sake of brevity, will likely be present in most if not
all nodes of a videoconferencing system. Thus, given the teachings of the present
invention provided herein, one of ordinary skill in the related art will contemplate this
and various other video conferencing systems and implementation thereof to which
the present invention may be applied while maintaining the spirit of the present
invention.

Thus, a video conferencing system to which the present invention may be
applied should include multiple codecs at each (or, at the least, more than one
codec at at least one) video conferencing node, or a single type of codec (at each of
the nodes) with many parameters (for example, but not limited to, features and
options) that can be changed to vary the computational complexity of the encoder
and, thus, the compression efficiency. The video conferencing application will also
need to detect the type of computer and processing power of the computer the video
conferencing application has been installed on. This information can be sent to the
video conferencing server (and/or to other participating nodes, e.g., in a system not
having a dedicated video conferencing server) when a node starts the video
conferencing application. With this informatioh, it will allow two nodes to negotiate
and find an optimal combination of codecs that best fits the constraints of the
computer processing power.

FIG. 3 is a high-level block diagram illustrating a method of employing video
encoders in a video conferencing session between a first video conferencing node
301 and a second video conferencing node 302, according to an illustrative
embodiment of the present invention. It is to be appreciated that while the method of
FIG. 3 is shown and described herein with respect to iwo video conferencing nodes,
it may readily be applied to more than two video conferencing nodes, while
maintaining the spirit and scope of the present invention.

Nodal constraints of the first video conferencing node 301 and the second
video conferencing node 302 are determined (step 310). The nodal constraints
include, at the least, the processing power, of each respective node. The
processing power may be characterized by, but is not limited to, for example,
processor type, processor speed, available memory (RAM and otherwise), available
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bandwidth, and so forth. Moreover, the nodal constraints may include, for example,
user preferences as described herein below.

It is to be appreciated that many of the above constraints may apply not only
to the computer itself at which the node is represented but also elements of the
computer such as the video adapter card, which may have its only processor,
memory, and so forth. Given the teachings of the present invention provided herein,
one of ordinary skill in the related art will contemplate these and various other
constraints applicable to the present invention while maintaining the spirit thereof. It
is to be appreciated that the phrase “nodal constraints” is also used interchangeably
herein to represent capabilities and preferences of a given node/computer/client to
which the present invention may be applied. Moreover, it is to be appreciated that
the terms node, computer, and client are used interchangeably herein.

An optimal combination of codecs (for a system such as that shown and
described with respect to FIG. 1) or parameters (for a system such as that shown
and described with respect to FIG. 2) is determined for use in an upcoming video
conferencing session, based on the nodal constraints determined at step 310 (step
315). The optimal combination of codecs ideally is the combination that allows for
the most compression efficiency at each of the respective nodes, given the
respective processing powers of each of the nodes. That is, the optimal combination
of codecs ideally provides the high compression efficiency that a given node is
capable of. However, since the optimal combination of codecs may also involve
preferences of a given user at a given node, such preferences may alter the ideal
described above. Moreover, it is further preferable if reliability (e.g., dropped
frames) is not sacrificed. Another possible requirement for the optimal combination
is that it allows real-time decoding at all nodes of any video streams encoded by any
other ones of the nodes.

The optimal combination of codecs or parameters is then employed in the
video conferencing session (step 320).

FIG. 4 is a high-level block diagram illustrating a method of employing video
encoders in a video conferencing session between a first video conferencing node
401 and a second video conferencing node 402, according to another illustrative
embodiment of the present invention. It is to be appreciated that while the method of
FIG. 4 is shown and described herein with respect to two video conferencing nodes,
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it may readily be applied to more than two video conferencing nodes, while
maintaining the spirit and scope of the present invention.

A HELLO message is transmitted from the first video conferencing node 401
to the second video conferencing node 402 (step 410), and a HELLO message is
transmitted from the second video conferencing node 402 to the first video
conferencing node 401 (step 415). The exchange of HELLO messages signifies the
start of the initialization phase for exchanging capabilities between clients.

A CAPABILITIES REQUEST message is transmitted from the first video
conferencing node 401 to the second video conferencing node 402 (step 420). The
CAPABILITIES REQUEST message requests a receiving node to specify its
capabilities and preferences. In the event that the method of FIG. 4 is implemented
with respect to more than two nodes, then the CAPABILITIES REQUEST message
is sent to each of the other nodes.

A CAPABILITIES RESPONSE message is transmitted from the second video
conferencing node 402 to the first video conferencing node 401 (step 425). The
capabilities response message is provided in response to the receipt of a
CAPABILITIES REQUEST message (such as that made in step 420), and specifies
details regarding the specific capabilities and preferences of the node that previously
received the CAPABILITIES REQUEST message.

The capabilities may include, for example, the processing power of a given
node. The processing power may be quantified, for example, by specification of a
processor type (e.g., Pentium™ 4), a processor speed (e.g., 3.0 MHz), and/or so
forth. The capabilities and preferences may relate to, for example, the particular
compression and decompression algorithms available at a given node, encoding and
decoding parameters of the compression and decompression algorithms, bit rates,
and so forth. It is to be appreciated that many of these parameters and preferences
are directly related to the amount of processing power that is capable of being

_provided by a given node. Furthermore, the capabilities and preferences may

include a merit number that signifies the relative importance of a specific capability
or preference to which the merit number is assigned. The specified capabilities and
preferences, along with the optional merit numbers assigned thereto, are examined
by each client node to determine the optimal configuration.



10

15

20

25

30

WO 2006/019380 PCT/US2004/023258
-11 -

A CAPABILITIES REQUEST message is transmitted from the second video
conferencing node 402 to the first video conferencing node 401 (step 430). A
CAPABILITIES RESPONSE message is transmitted from the first video
conferencing node 401 to the second video conferencing node 402 (step 435).

A FINISH message is transmitted from the first video conferencing node 401
to the second video conferencing node 402 (step 440). A FINISH message is
transmitted from the second video conferencing node 402 to the first video
conferencing node 401 (step 445). The FINISH message is exchanged to verify the
optimal negotiation of capabilities between the clients. If a node does not happen to
send a FINISH message, then the process will start over again until all nodes in the
system can agree on a common set of parameters for the video conferencing
session.

A video conferencing session is then conducted between the first video
conferencing node 401 and the second video conferencing node 402 in accordance
with the negotiated capabilities and preferences (step 450). It is to be appreciated
that step 450 may include any one of steps 450A and 450B, which are directed to
the cases where the nodes having different encoders available thereat and where | 4,
the nodes have the same type of decoder but with variable features/options.

Thus, for example, in the case where the more powerful computer (located at
the first video conferencing node 401) has a more powerful (more efficient) encoder
than the less powerful computer (located at the second video conferencing node
402), then the first video conferencing node 401 will encode using the more powerful |
encoder while the second video conferencing node 402 will encode using the less
powerful encoder (step 450A). It is to be appreciated that the preceding
arrangement of using the more powerful encoder at the more powerful computer
while using the less powerful encoder at the less powerful computer may be
implemented even when both computers each have more than one type of encoder
available for use. The negotiations performed by the above exchange of messages
enable the optimal combination of encoders to be selected and used at the two or
more nodes that are to participate in a videoconference. On the other hand, if both
nodes have the same type of encoder, with both encoders having the capability of
having features/option changed to vary the computational complexity (efficiency) of
the encoder, then the parameters of the encoders are varied such that the encoder
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at the first video conferencing node 401 performs encoding at a higher efficiency

than the encoder at the second video conferencing node 402 (step 450B).

A description will now be given of many of the attendant advantages of the
present invention, that is, in using non-similar video encoding/decoding algorithms
between the participants in a videoconference on a video conferencing system. The
present invention provides the capability to obtain higher compression ratios, thus
effectively making better usage of network resources. Moreover, the present
invention provides the capability for some participants to obtain better resolution
and/or higher frame rates than other participants.

Although the illustrative embodiments have been described herein with
reference to the accompanying drawings, it is to be understood that the present
invention is not limited to those precise embodiments, and that various other
changes and modifications may be affected therein by one of ordinary skill in the
related art without departing from the scope or spirit of the invention. All such
changes and modifications are intended to be included within the scope of the
invention as defined by the appended claims.
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CLAIMS:

1. A method for conducting a videoconference between a plurality of
nodes connected through a network and having disparate processing power there
between, the plurality of nodes having a plurality of video codecs such that at least
one of the plurality of nodes has more than one video codeé for use thereby and
other ones of the plurality of nodes, if any, have at least one video codec for use
thereby, at least one of the plurality of video codecs having a disparate video
compression efficiency with respect to at least another one of the plurality of codecs,
the method comprising the steps of:

determining (810) nodal constraints of each of the plurality of nodes, the
nodal constraints including at least the processing power of each of the plurality of
nodes; and

negotiating (315) between the plurality of nodes to identify an optimal
combination of video codecs that satisfy the nodal constraints from the plurality of

codecs.

2. The method of claim 1, wherein the processing power is characterized
by at least one of a processor type, a processor speed, available memory, and

available bandwidth.

3. The method of claim 1, further comprising the step of conducting
(450A) the videoconference using the optimal combination of video codecs such that
at least one node of the plurality of nodes is encoding a video stream at a higher

video compression efficiency that at least one other node of the plurality of nodes,



10

15

20

25

WO 2006/019380 PCT/US2004/023258

-

-14 -
the at least one node having a higher processing power than the at least one other

nhode.

4, The method of claim 3, wherein the at least one of the plurality of
nodes is one of the same as and different from the at least one node, and wherein
the other ones of the plurality of nodes is one of the same as and different from the

at least one other node.

5. The method of claim 1, wherein the optimal combination of video
codecs is determined such that each of the plurality of nodes is capable of decoding,

in real-time, a video stream encoded by any of the plurality of nodes.

6. The method of claim 1, wherein at least one node of the plurality of
nodes has a disparate processing power with respect to at least one other node of

the plurality of nodes.

7. The method of claim 6, wherein the at least one of the plurality of
nodes is one of the same as and different from the at least one node, and wherein
the other ones of the plurality of nodes is one of the same as and different from the

at least one other node.

8. The method of claim 1, further comprising the step of limiting an upper
resolution limit on any of the video codecs having a processing power below a

predefined threshold.
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9. The method of claim 1, wherein the nodal constraints further include

respective preferences of respective users at each of the plurality of nodes.

10. A method for conducting a video conference between a plurality of
nodes connected through a network and having disparate processing power there
between, each of the plurality of nodes having a video codec of the same type for
use thereby, the video codec being adapted such that parameters thereof may be
dynamically adjusted to provide varying degrees of compression efficiency, the
method comprising the steps of:

determining (310) nodal constraints of each of the plurality of nodes, the
nodal constraints including at least the processing power of each of the plurality of
nodes; and

negotiating (815) between the plurality of nodes to identify an optimal
combination of video codec parameters that satisfy the nodal constraints from

among the video codec of each of the plurality of nodes.

11. The method of claim 10, wherein the processing power is
characterized by at least one'of a processor type, a processor speed, available

memory, and available bandwidth.

12. The method of claim 10, further comprising the step of conducting
(450B) the videoconference in accordance with the optimal combination of video
codec parameters such that at least one of the plurality of nodes is encoding a video |

stream at a higher video compression efficiency that at least another one of the
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plurality of nodes, the at least one of the plurality of nodes having a higher

processing power than the at least another one of the plurality of nodes.

13. The method of claim 10, wherein the optimal combination of video
codec parameters is determined such that each of the- plurality of nodes is capable

of decoding, in real-time, a video stream encoded by any of the plurality of nodes.

14.  The method of claim 10, wherein at least one of the plurality of nodes
has a disparate processing power with respect to at least another one of the plurality

of nodes.

15. The method of claim 10, further comprising the step of dynamically
changing (450B) the video codec parameters of the video codec of at least one of
the plurality of nodes in accordance with the optimal combination of video codec

parameters.

16. The method of claim 10, further comprising the step of dynamically
changing (450B) the video codec parameters of the video codec of at least one of
the plurality of nodes in accordance with the optimal combination of video codec
parameters so as to result in a modification of a present compression efficiency of

the at least one of the plurality of nodes.

17. The method of claim 10, further comprising the step of dynamically
changing (450B) the video codec parameters of the video codec of at least one of

the plurality of nodes in accordance with the optimal combination of video codec
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parameters so as to result in the at least one of the plurality of nodes encoding more

frames per second than at least another one of the plurality of nodes.

18. The method of claim 10, further comprising the step of dynamically
changing (450B) the video codec parameters of the video codec of at least one of
the plurality of nodes in accordance with the optimal combination of video codec
parameters so as to result in the at least one of the plurality of nodes encoding at a

higher resolution than at least another one of the plurality of nodes.

19. The method of claim 10, wherein the video codec parameters comprise
an upper resolution limit, and the method further comprises the step of limiting the
upper resolution limit on any of the video codecs having a processing power below a

predefined threshold.

20. The method of claim 10, wherein the nodal constraints further include

respective preferences of respective users at each of the plurality of nodes.
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