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(57) ABSTRACT

Systems. methods, and devices for transmitting video streams
are described herein. One method of transmitting video
streams includes coordinating transmission of intra-frames in
a first video stream with transmission of intra-frames in a
second video stream. The method further includes transmit-
ting I-frames in the first and second video streams such that
the [-frames do not overlap in the first and second video
streams.
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TRANSMITTING VIDEO STREAMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This Application claims the benefit of U.S. Provi-
sional patent application Ser. No. 61/004.652, filed Nov. 29,
2007, which is hereby incorporated by reference in it’s
entirety.

INTRODUCTION
[0002] Video encoding may, for instance, take an analog or
digital video input signal and convert it to packets of digital
data that can be transmitted over a communication network.
Video streams can be divided into a series of pictures and
compressed. Compressed video streams may include various
groups of pictures that have a header and a series of pictures.
A portion of the information in a picture within a group of
pictures may be similar to a previous picture, particularly in
applications such as video conferencing. Video conferencing
may, for instance, include video of an individual who is
located in one general position and is not moving much, other
than to talk. Video conferencing may not involve scene
changes, or marked color variation.
[0003] Video encoding may. in some implementations, take
advantage of this situation by representing some pictures in
terms of their differences from other pictures, rather than
encoding each picture independently of other pictures. Pic-
tures (e.g.. frames) used in video encoding may:, for instance,
include intra-frames (i.e., I-frames) and predicted-frames
(i.e., P-frames). [-frames may be coded using information
only found in the picture itself. P-frames may be coded with
respect to other P-frames or I-frames.
[0004] I-frames may have moderate compression ratios as
compared to P-frames. P-frames may be compressed to
higher compression ratios than [-frames. Due to the differ-
ence in compression ratios between I-frames and P-frames,
among other factors, transmission of I-frames may occupy
more bandwidth during transmission over the communica-
tions network. Increasing frequency of [-frames relative to
P-frames may improve image quality of transmitted video
streams. However, frequent encoding and transmission of
I-frames may result in elevated bandwidth consumption due
to, for instance. lower compression of I-frames increasing the
size of the I-frames relative to P-frames, and the proportion of
I-frames in the video stream.
[0005] Bandwidth management techniques may be set up
to allow more than one data channel to transmit substantially
simultaneous I-frames. To accommodate substantially simul-
taneous transmission of [-frames. a bandwidth management
technique may. for instance. devote a substantially similar
portion of bandwidth to each data channel. In some instances.
bandwidth devoted to more than one data channel may be
insufficient for transmission of substantially simultaneous
I-frames such that the speed of transmission of the one or
more [-frames may be decreased. The decreased transmission
speed ol I-frames in video streams may be experienced by a
participant in a video conference, for instance, as latency in
viewing other participants in the video conference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 illustrates a representation of a compressed
video transmission system according to an embodiment of the
present disclosure.
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[0007] FIG. 2A illustrates a representation of a group of
pictures including intra-frames and predicted-frames.

[0008] FIG. 2B illustrates a representation of clock drift in
a compressed video stream including a group of pictures.
[0009] FIG. 2C illustrates a representation of video streams
including a varied group of pictures size according to an
embodiment of the present disclosure.

[0010] FIG. 2D illustrates a representation of video streams
including a varied group of pictures size according to an
embodiment of the present disclosure.

[0011] FIG. 3A illustrates a representation of a number of
encoders generator locked by a reference clock according to
an embodiment of the present disclosure.

[0012] FIG. 3B illustrates a representation of a number of
encoders generator locked to one encoder according to an
embodiment of the present disclosure.

[0013] FIG.4illustrates an example of a videoconferencing
network in which embodiments of the present disclosure can
be implemented.

[0014] FIG. 5 is a block diagram illustrating a method of
transmitting video streams according to an embodiment of
the present disclosure.

DETAILED DESCRIPTION

[0015] Video conferencing may, for instance, use multiple
compressed video channels with reasonably predictable
bandwidth requirements. Video conferencing may not have
sudden scene changes that make use of frequent I-frame
transmission. Bandwidth requirements during transmission
of P-frames. for example. can be more than 50% lower than
during transmission of I-frames. In some instances, band-
width usage during P-frame transmission can be 10-20% of
that used during [-frame transmission.

[0016] As uvsed in the present disclosure, “P-frames”
includes frame types other than I-frames. such as bidirec-
tional-frames. Bidirectional-frames may. in some instances,
use both a past and future picture as a reference, and may be
compressed at a higher compression ratio than P-frames.
[0017] In some situations, an [-frame can include an
amount of data greater than an amount of data transmittable
within a bandwidth limit at a given {rame rate. Motion Pic-
tures Expert Group (MPEG) encoding, for instance, may
assign 188 bytes per transport packet. There may be seven
transport packets in one Real-time Transport Protocol (RTP)
packet. A particular I-frame, for instance, may include 100
RTP packets. A particular transmission system may have a 33
milliseconds (msec) frame rate (i.e.. one frame may be trans-
mitted every 33 msec).

[0018] In this instance, a bandwidth of roughly 4 mega-
bytes per second (MBPS) may allow transmission of all pack-
ets comprising the I-frame in one video frame at the given
{rame rate [( 188 bytes/transport packet)x(7 transport packets/
RTP packet)x(100 RTP packets)]=(33 msec)=3,987.879
bytes/second]. Ifless than 4 MBPS of bandwidth were avail-
able, in this instance, a remainder of the I-frame (i.e.. unsent
packets) may be transmitted with a later video frame. When
transmission of the entire I-frame is not completed as one
video frame at the given frame rate, then the viewer may
experience latency.

[0019] Bandwidth requirements for transmitting com-
pressed video streams may be affected when one transmis-
sion line, having a given bandwidth limit, is used to transmit
multiple video streams. For instance, a communication net-
work may have three compressed video streams that are trans-
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mitted over a shared transmission line having a given band-
width limit. Some bandwidth management techniques have
divided the bandwidth limit evenly between the three video
streams. With such a technique, when the three video streams
are each transmitting P-frames, bandwidth availability may
not be fully utilized. For example, using the framework of the
example described in the previous paragraph, if a P-frame
were 10 percent as large as an I-frame (i.e. 10 RTP packets).
and transmitted at the same rate (i.e.. 4 MBPS). transmission
of the P-frame could be completed in 3.3 msec. A subsequent
P-frame may not be encoded until it is received from the
source (e.g.. 30 msec later), so the bandwidth may go unused.
[0020] When, for instance, two of the three video streams
are each transmitting [-frames, their respective bandwidth
allocation may simultaneously be fully utilized and insuffi-
cient to transmit each I-frame as one video frame, while the
bandwidth allocation for the stream transmitting a P-frame
may be sufficient, but not be fully utilized. In this instance,
some bandwidth is unused while, at the same time, the com-
munication network may have latency due to insufficient
bandwidth allocated to transmit each I-frame as one video
frame. As the reader will appreciate, transmission latency for
a P-frame may be lower than for an I-frame in general, how-
ever the transmission latency for a stream can be established
by the longest latency (e.g.. greatest amount of time) for any
frame transmitted.

[0021]  Accordingly. among one or more embodiments of
the present disclosure, a method of transmitting video streams
can include coordinating transmission of I-frames in a first
video stream with transmission of I-frames in a second video
stream. The method can include transmitting 1-frames in the
first and second video streams such that the I-frames do not
overlap in the first and second video streams.

[0022] FIG. 1 illustrates a representation of a compressed
video transmission system according to an embodiment of the
present disclosure. As illustrated in FIG. 1, system 100 can
include a number of video sources 102-1, 102-2, 102-N. The
designator N is used to indicate that any number of video
sources can be included with the system 100. A video source
102 can, in one or more embodiments, use input received
from a camera and/or another video source, among other
input sources.

[0023] In one or more embodiments, output from each
video source can be input to an encoder device. As illustrated
in FIG. 1, each video source can output a video stream (e.g..
an uncompressed video stream) to an encoder. For example, a
video stream 103-1 output from video source 102-1 can be
input to encoder 104-1, a video stream 103-2 output from
video source 102-2 can be input to encoder 104-2, and a video
stream 103-N output from video source 102-N can be input to
encoder 104-N. An encoder (e.g.. encoder 104-1) can be
external or internal to a video source (e.g.. video source
102-1).

[0024] The encoders 104-1, 104-2, 104-N can, in one or
more embodiments, compress a signal from the video sources
102-1. 102-2, 102-N, respectively (e.g., by using MPEG
encoding). Compressing a signal from a video source priorto
transmission over a network can, for example, reduce band-
width consumption by the transmitted signal. However, com-
pressing a signal may reduce the quality of the signal. One or
more encoding standards, for example MPEG-2, have been
developed to lessen the reduction in quality that may occur
with compression while. for example. enhancing compres-
sion ratios.

Jun. 4, 2009

[0025] Encoders, as described in the present disclosure,
can, in one or more embodiments. encode a video stream into
groups of pictures that can include I-frames and P-frames. For
applications such as video conferencing, some of the frames
in a video sequence may be substantially similar due to, for
example, a lack of characteristics that can include scene
changes, fast moving objects, and/or significant color varia-
tion, among others. As such, a subsequent frame may bear
substantial similarity to a previous frame.

[0026] Encoders can, in one or more embodiments, take
advantage of this situation. For example, a group of pictures
can begin with an I-frame. which can include a moderately
compressed version of the original picture. Subsequent pic-
tures can include a number of P-frames, which may be com-
pressed to a higher compression ratio than I-frames and
encoded. for example. based on surrounding P-frames and/or
the nearest previous I-frame. The frequency of encoding
I-frames with respect to P-frames can depend on, for
example, the picture quality desired. A higher frequency of
I-frames may yield a higher picture quality.

[0027]  As illustrated in FIG. 1, the encoder 104 can output
avideo stream 107-1 (e.g.. a compressed video stream) based
upon input from the video source 102-1 (e.g., uncompressed
video stream 103-1). In one or more embodiments, as illus-
trated in F1G. 1. the encoder 104-2 can output a video stream
107-2 (e.g.. a compressed video stream) based upon input
from the video source 102-2 (e.g.. uncompressed video
stream 103-2). In one or more embodiments, as illustrated in
FIG. 1. the encoder 104-N can output a video stream 107-N
(e.g.. a compressed video stream) based upon input from the
video source 102-N (e.g.. uncompressed video stream 103-
N).

[0028] Inone or more embodiments, two or more uncom-
pressed video streams 103-1, 103-2, 103-N, as illustrated in
FIG. 1. having predictable bandwidth requirements. can be
compressed into a number of [-frames 108-1, 108-2, 108-N
and P-frames 110-1, 110-2, 110-N, respectively. As described
in the present disclosure, encoders can operate to encode
signals from video sources using a common group of pictures
size.

[0029]  As illustrated in FIG. 1. each encoder can function
1o transmit a video stream, however embodiments are not so
limited. For example. a transmitter can be a component that is
separate from an encoder. In addition. inone or more embodi-
ments, a transmitter and/or an encoder can include, or be
coupled with, a buffer for storing data prior to encoding
and/or transmitting, as will be appreciated by one of ordinary
skill in the art.

[0030] As illustrated in FIG. 1, each encoder 104-1, 104-2,
104-N can be coupled to, in one or more embodiments, a
controller 106. The controller 106 can, in one or more
embodiments, coordinate transmission of I-frames 108-1,
108-2, 108-N from the encoders 104-1, 104-2. 104-N. In one
or more embodiments, a controller 106 can stagger initiation
of encoding of I-frames 108-1, 108-2 for the first and second
video sources 102-1. 102-2. The controller 106 can, in one or
more embodiments, stagger initiation of video streams from
the encoders such that transmission of I-frames in the video
streams are non-overlapping. For example, the controller 106
can coordinate transmission such that an [-frame from only
one encoder is allowed to transmit at any given time.

[0031] As shown in the embodiment of FIG. 1, video
streams from encoders can be staggered such that [-frames do
not overlap. By way of example and not by way of limitation,
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the video stream 107-1 from encoder 104-1 can start first.
followed by video stream 107-2 from encoder 104-2, and then
followed by video stream 107-N from encoder 104-N. Each
video stream can include a group of pictures, which, in one or
more embodiments, can include an I-frame and a number of
P-frames. In one or more embodiments, the controller 106
can periodically vary a group of pictures size for at least one
of the number of encoders to maintain synchronization
against clock drift. In one or more embodiments, the plurality
of encoders can provide coordination information to the con-
troller 106.

[0032] Inone or more embodiments, each encoder can con-
tinue to transmit more than one group of pictures such that
after the end of the first group of pictures, a new group of
pictures is transmitted, which can begin with another I-frame
(not shown). Continuing coordination of transmission may be
facilitated by, for example. encoding each video stream with
a common number of pictures in their respective groups of
pictures. Thus, I-frames can be generated by initiating encod-
ing and by reaching the end of a group of pictures (e.g..
starting a new group of pictures).

[0033] Initiation of video streams can be staggered such
that I-frames do not transmit at the same time. I-frames can, in
one or more embodiments, be compressed to a lower com-
pression ratio than P-frames. For example, I-frames may use
a larger amount of bandwidth than P-frames to transmit. One
or more methods of maintaining synchronization of encoding
and/or transmitting video streams may be implemented, for
example, to transmit later [-frames in a non-overlapping fash-
ion, as described in the present disclosure.

[0034]  In one or more embodiments, limiting transmission
to one I-frame at a given time [rom a number of encoders can.
in one or more embodiments, be accomplished by staggering
initiation of video streams. For example. a controller can
stagger initiation of encoding of video signals {rom video
sources, or, for example, a controller can stagger initiation of
transmission of the video streams. In one or more embodi-
ments, initiation of the encoding of the first and second video
streams, for example, can be staggered. In embodiments
where a controller staggers initiation of encoding of video
signals by encoders, an encoder, after initiation, can encode
and then transmit a video stream. Encoders using a staggered
initiation of encoding may discard unused frames until trans-
mission of the stream is initiated, for example.

[0035]  In one or more embodiments, a controller can stag-
ger initiation of transmission of video streams. For example,
each encoder. after initiation, can transmit a video stream,
which can have been previously encoded and/or stored in a
transmit buffer. A buffer may be utilized prior to transmission
of an initial I-frame (e.g., using staggered initiation of encod-
ing) however. according to one or more embodiments of the
present disclosure, the buffer is not needed to maintain syn-
chronization after transmission of the initial I-frame. That is.
once transmission has been initiated. a video stream is not
buffered prior to transmission in one or more embodiments.

[0036] As described in the present disclosure. a transmitter
can be a separate component from an encoder. In embodi-
ments having separate transmission components, for
example, an encoder can encode a signal from a video source
and output the encoded signal to the separate transmission
component. The separate transmission component can store
information received from an encoder in a transmit buffer, for
example, until the controller instructs initiation of transmis-
5101,
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[0037] Inone ormore embodiments, initiation of transmis-
sion of the first and second video streams, for example, can be
staggered. In one or more embodiments, a controller can
stagger video streams by. for example, an interval propor-
tional to the number of pictures per group of pictures divided
by the number of video streams. For example. an embodiment
can use a group of pictures size of 18. and three video sources.
In such an embodiment, a controller can stagger initiation of
video streams 107 by 18/3=6 pictures.

[0038] In this example, the controller can start the second
video stream six frames after the first, and can start the third
video stream twelve frames afier the first. In this example, an
I-frame can be transmitted at pictures 1, 6. and 12. The
remaining pictures can be, for example, P-frames. Staggering
transmission as such can provide leeway between the three
I-frame transmissions. Hence. the ability of clock drift. or
other signal variations, to affect the signals such that [-frames
can begin to overlap can be reduced. That is, signal variations
can affect a signal such that transmission changes by one or
two frames, for example. [lowever, in this example, transmis-
sion of I-frames is still non-overlapping due to the number of
{rames by which each signal is staggered.

[0039]  As described in the present disclosure, two or more
video streams can be compressed. in one or more embodi-
ments, such that each of the video streams includes [-frames
and P-frames. Transmission of each of the video streams can,
for example, be staggered sequentially by a number of frames
proportional to a group of pictures size divided by the number
of video streams. Synchronization of transmission against
potential clock drift in each of the plurality of video streams
can, in one or more embodiments, be maintained.

[0040] In one or more embodiments, a controller may
include logic for controlling a plurality of encoders. In this
respect, the controller may possess a microprocessor, a
micro-controller, an application specific integrated circuit. or
the like. The controller may be interfaced with a memory
configured to provide storage of a set of computer readable
instructions in the form of software, firmware, and/or hard-
ware that provides functionality. The interfaced memory may
be implemented as a combination of volatile and non-volatile
memory, such as dynamic random access memory (“RAM™),
EEPROM, flash memory, or the like. It is also within the
purview of the present invention that the memory may be
included in the controller.

[0041] FIG. 2A illustrates a representation of a group of
pictures including I-frames and P-frames. The vertical axis of
the representation of the group of pictures 200 illustrated in
FIG. 2A indicates if a signal is transmitting while the hori-
zontal axis represents duration of the signal. The first frame in
a group of pictures 200 can, in one or more embodiments, be
an I-frame 208. The frames following the I-frame 208 can. in
one or more embodiments, be P-frames, for example, the
P-frame shown at 210.

[0042] MPEG-2, for instance, is a standard for encoding
that can be used with one or more embodiments of the present
disclosure. However, embodiments are not limited to any
particular encoding standard. MPEG encoding. for instance,
may include the use of I-frames and P-frames. With MPEG
encoding, the frequency of [-frame encoding may be selected
according o application-specific intent, for instance. quality
of picture and/or variation of images, among others. Increas-
ing a frequency of I-frame encoding with respect to P-frame
encoding may, in some instances, result in a higher picture
quality and increased bandwidth consumption.
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[0043] As used in the present disclosure, an interval
describes an amount of time that elapses between encoding
and/or transmitting of different frames. [arger intervals may
be used between encoding of later P-frames in group of pic-
tures, at least partially as a result of later P-frames having
more reference frames on which their encoding can be based.
[0044] FIG. 2A illustrates a number of intervals, 211-1.
211-2, .. ., 211-N. increasing in duration in the sequential
group of pictures 200, although embodiments are not so lim-
ited. Allowing more time to elapse between encoding and/or
transmitting frames can reduce bandwidth consumption, both
in terms of transmission bandwidth of a communications
network and compression bandwidth of an encoder. The
group of pictures 200 illustrated in FIG. 2A, for example,
includes one I-frame 208 and twelve P-frames 210, for a total
group of pictures size of thirteen frames. Group of picture
sizes are not so limited.

[0045]  FIG. 2B illustrates a representation of clock drifi in
a compressed video stream including groups of pictures. The
vertical axis of the representation of the groups of pictures
242-1,242-2, 242-3 illustrated in F1G. 2B indicates if a signal
is transmitting while the horizontal axis represents a duration
of the signal. The first frame in a group of pictures 242-1,
242-2, 242-3 can, in one or more embodiments, be an I-frame
248-1,248-2, 248-3. The frames following the [-frame 248-1,
248-2, 248-3 can. in one or more embodiments be P-frames,
for example, the P-frames shown at 250-1, 250-2, 250-3. The
representation of clock drift illustrated in FIG. 2B includes.
by way of example and not by way of limitation, three video
streams 242-1. 242-2. 242-3 showing a group of pictures.
[0046] Clock drifi may result from a slight difference in
signal speed in one video stream with respect to another
signal speed in a second stream, or with respect to a “true”
signal speed, that propagates over time. As used in the present
disclosure with respect to clock drift. a “true™ signal refers to
a signal running at an exact frequency, unaffected by clock
drift or other signal variations. For example, two or more
signals can be initially synchronized, and running at the same
frequency, but can drift apart from each other when synchro-
nization is not maintained.

[0047]  As shownin F1G. 2B, video stream 242-1 illustrates
a group of pictures including an I-frame 248-1 and a repre-
sentative P-frame 250-1 running at a “true” speed with no
clock drift. Video stream 242-2 illustrates, for example, the
same group of pictures, including the I-frame 248-2 and the
representative P-frame 250-2 running at approximately the
same frequency. However, video stream 242-2 has been
affected by clock drift over a period of time and thus appears
to have shifted slightly right (i.e., the video stream 242-2 is
running slower than a “true” speed). Video stream 242-3
illustrates, for example, the same group of pictures including
the I-frame 248-3 and the representative P-frame 250-3 run-
ning at approximately the same frequency. However. video
stream 242-3 has been aflected by clock drift over a period of
time and thus appears to have shifted slightly lefi (i.e. video
stream 242-3 is running faster than a “true” speed). That 1s,
clock drift, for example, can cause a signal to run either
slightly faster or slower than its intended speed.

[0048] In a video conferencing system, for example, clock
drift can affect transmission of multiple streams that were
originally synchronized. According to one or more embodi-
ments of the present disclosure, multiple video streams can be
initiated such that transmission of I-frames is non-overlap-
ping. However. without some form of control, clock drift in
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the video conferencing systems can contribute to inadvertent
transmission of large amounts of data (e.g.. I-frames) from
different channels at the same time, which can result in
elevated bandwidth consumption and latency.

[0049] For example, groups of pictures in video streams
242-1. 242-2. and 242-3. illustrated in F1G. 2B, can represent
three separate signals in a communications network. each
intended to transmit I-frames 248-1, 248-2. 248-3 over the
communications network such that the I-frames 248-1. 248-
2, 248-3 do not overlap. For example, the signals can have
been initially synchronized such that I-frames 248-1, 248-2,
248-3 were staggered so as not to transmit at the same time, as
illustrated with respect to groups of pictures 107-1. 107-2.
and 107-N in FIG. 1. However, the effects of clock drift can at
least partially cause the signals to drift such that transmission
of I-frames 248-1, 248-2, 248-3 overlaps between one or
more groups of pictures in the video streams 242-1, 242-2,
242-3, respectively, as illustrated in FIG. 2B.

[0050] In one or more embodiments of the present disclo-
sure, a first and a second video stream. for example, can be
synchronized to reduce an effect of clock drift. Synchronizing
can, in one or more embodiments, include varying at least one
group of pictures size according to information provided
from at least one video stream source. Synchronization of
transmission can, in one or more embodiments, be main-
tained by varying the group of pictures size to reduce an effect
of clock drifi.

[0051] For example, a controller, such as controller 106 in
FIG. 1, can receive a signal from one or more encoders (e.g..
encoder 104-2 in FIG. 1) including information related to, at
least, a number of frames encoded and/or transmitted. By way
ol example, and not by way of limitation, after a particular
period of time, in one or more embodiments. the controller
can compare a frame count for an encoder to allow detection
of a variation in a number of frames actually transmitted
and/or encoded from a number of frames that would be trans-
mitted and/or encoded at a frequency at which the encoder is
operating (e.g., as can be at least partially caused by clock
drift affecting the encoder). In one or more embodiments the
controller can maintain a running frame count for each
encoder to allow detection of a variation in frame counts
between the one or more encoders (e.g.. as can be at least
partially caused by clock drift affecting the one or more
encoders).

[0052]  Asillustrated in FIGS. 2C and 2D, clock drift can, in
one or more embodiments, be at least partially compensated
for by varying the group of pictures size by a number of
P-frames. In one or more embodiments, varying at least one
group of pictures size can include periodically adding a num-
ber of extra P-frames to the group of pictures to reduce an
effect of clock driff, as illustrated in FIG. 2C. In one or more
embodiments, varying at least one group of pictures size can
include periodically subtracting a number of P-frames per
group of pictures to reduce an effect of clock drift, as illus-
trated in FI1G. 2D.

[0053] FIG. 2C illustrates a representation of video streams
including a varied group of pictures size according to an
embodiment of the present disclosure. The vertical axis of the
representation of the video streams 262-1 and 262-2 illus-
trated in FIG. 2C indicates if'a signal is transmitting while the
horizontal axis represents a duration of the signal. The video
streams 262-1 and 262-2 can, in one or more embodiments,
include a number of [-frames as represented by 268-1 and
268-2 respectively. The video streams 262-1 and 262-2 can
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include, for example, groups of P-frames represented by
270-1 and 270-2 respectively. Each group of P-frames on the
left side of disconnect 298 includes, by way of example, and
not by way of limitation. four P-frames. As the reader will
appreciate, initiation of video streams 268-1 and 268-2 have
been staggered, according to one or more embodiments of the
present disclosure, so that I-frames do not overlap in the video
streams (i.e.. so that I-frames are transmitted at different
times for the video streams).

[0054] The disconnect 298, illustrated in FIG. 2C, repre-
sents a passage of time. After disconnect 298, an I-frame
268-3 in video stream 262-1 can, forexample, overlap with an
1-frame 268-4 in video stream 262-2. as indicated by overlap
230-1. Overlap 230-1 can be caused, at least in part, by clock
drift affecting, by way of example and not by way of limita-
tion, video stream 262-2 such that it can drift with respect to
video stream 262-1. Inone or more embodiments, a controller
can vary a group of pictures size by periodically adding a
number of extra P-frames to the group of pictures to reduce an
effect of clock drift. As illustrated in FIG. 2C, extra P-frames
can be added to group of pictures 271. Group of pictures 271
includes a group 270-3 of six P-frames, instead of four
P-frames as are shown in groups represented by group of
P-frames 270-2. In one or more embodiments, after a number
of P-frames are added 1o group of pictures 271, [-frames, for
example I-frames 268-5 and 268-6 in video streams 262-1
and 262-2 respectively. can cease to overlap (i.e.. synchroni-
zation can be reestablished).

[0055] Embodiments are not limited to the example illus-
trated in FIG. 2C. For example, one or more extra P-frames
can be added to a compressed video stream, in one or more
embodiments, to at least partially compensate for signal
variations (e.g., clock drift) before the variation is significant
enough that transmission of I-frames between one or more
video streams begin to overlap. In one or more embodiments,
one or more extra P-frames can be added to a compressed
video stream periodically, for example, to at least partially
preempt a signal variation (e.g., clock drift).

[0056] FIG. 2D illustrates a representation of video streams
including a varied group of pictures size according to an
embodiment of the present disclosure. The vertical axis of the
representation of the video streams 282-1 and 282-2 illus-
trated in FIG. 2D indicates if'a signal is transmitting while the
horizontal axis represents a duration of the signal. The video
streams 282-1 and 282-2 can, in one or more embodiments,
include a number of I-frames as represented by 288-1 and
288-2 respectively. The video streams 282-1 and 282-2 can
include, for example, groups of P-frames represented by
290-1 and 290-2 respectively. Fach group of P-frames on the
left side of disconnect 299 includes, by way of example, and
not by way of limitation, four P-frames. As the reader will
appreciate, initiation of video streams 288-1 and 288-2 have
been staggered, according to one or more embodiments of the
present disclosure, so that I-frames do not overlap in the video
streams (i.e.. so that I-frames are transmitted at different
times for the video streams).

[0057] The disconnect 299, illustrated in FIG. 2D, repre-
sents a passage of time. After disconnect 299, an I-frame
288-3 in video stream 282-1 can, for example, overlap withan
1-frame 288-4 in video stream 282-2, as indicated by overlap
230-2. Overlap 230-2 can be caused, at least in part, by clock
drift affecting, by way of example and not by way of limita-
tion, video stream 282-2 such that it can drift with respect to
video stream 282-1. In one or more embodiments, a controller
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can vary a group of pictures size by periodically subtracting a
number of extra P-frames from the group of pictures to reduce
an effect of clock drift. As illustrated in FI1G. 2D, anumber of
P-frames can be added to group of pictures 291. Group of
pictures 291 includes a group 290-3 of two P-frames, instead
of four P-frames as are shown in groups represented by group
of P-frames 290-2. In one or more embodiments. after a
number of P-frames are subtracted from group of pictures
291, I-frames, for example I-frames 288-5 and 288-6 in video
streams 282-1 and 282-2 respectively, can cease to overlap
(i-e.. synchronization can be reestablished).

[0058] Embodiments are not limited to the example illus-
trated in FIG. 2D. For example, one or more extra P-frames
can be subtracted from a compressed video stream, in one or
more embodiments, to at least partially compensate for signal
variations (e.g., clock drift) before the variation is significant
enough that transmission of I-frames between one or more
video streams begin to overlap. In one or more embodiments,
one or more extra P-frames can be subtracted from a com-
pressed video stream periodically, for example, to at least
partially preempt a signal variation (e.g.. clock drift).

[0059] FIG. 3A illustrates a representation of a number of
video sources generator locked by a reference clock accord-
ing to an embodiment of the present disclosure, As shown in
representation 300 illustrated in FI1G. 3A, a number of video
sources 302-1. 302-2, 302-N can, in one or more embodi-
ments, be generator locked (i.e., genlocked) by being linked
to reference clock 314. A genlock can be used to synchronize
signals (e.g.. video sources) to at least partially reduce effects
related to clock drift. In one or more embodiments. a genlock
can be used for synchronizing, for example, a first and a
second video stream. In one or more embodiments, a refer-
ence clock 314 can be used for synchronizing two or more
video streams.

[0060] As illustrated in FIG. 3A, each video source (e.g..
302-1) can receive a timing signal 316 from the reference
clock 314. The timing signal 316 from the reference clock 314
can, in one or more embodiments, be provided by a controller
(e.g.. 106 in F1G. 1). The timing of transmission of the respec-
tive signals from video sources 302-1, 302-2, 302-N can. in
one or more embodiments, be synchronized by the timing
signal 316 from the reference clock 314.

[0061] Clock drift may affect the reference clock 314.
However. each video source (e.g.. video source 302-1) can
receive the same timing signal 316 from the reference clock
314. Thus, each video source’s transmission can remain syn-
chronized relative to other video sources even if the timing
signal 316, on which that synchronization is based, drifts.
That is, transmission by video sources may drift relative to a
“true™ frequency. but transmission by video sources do not
drift with respect to each other. As such, the signals can
remain synchronized, and encoding of an I-frame from one
video source (e.g., video source 302-1) by an encoder (e.g..
encoder 104-1 in FIG. 1) can be completed before encoding
of an I-frame from another video source (e.g., video source
302-2) is initiated (e.g., by encoder 104-2 in FIG. 1).

[0062] FIG. 3B illustrates a representation of a number of
video sources generator locked to one video source according
10 an embodiment of the present disclosure. As shown in the
representation 340 illustrated in FIG. 3B, a number of video
sources (e.g., video source 342-2 and 342-N) can, in one or
more embodiments, be genlocked to an other video source
(e.g., 342-1) to maintain synchronization between the video
sources 342-1, 342-2, 342-N. In one or more embodiments, a
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generator lock can be used for synchronizing, for example.
the first and second video streams. In one or more embodi-
ments, genlocking the two or more video streams to each
other can use one of the video streams as a master video
stream and the remainder of the video streams as slave video
streams. As used in the present disclosure, an output from
video source 342-1 is referred to as a master video stream
(e.g.. an uncompressed video stream), while outputs from the
other video sources 342-2, 342-N are referred to as slave
video streams (e.g., an uncompressed video streams). That is.
video sources 342-2, 342-N can be slaved to master video
source 342-1.

[0063]  As illustrated in FIG. 3B, each video source 342-1,
342-2, 342-N can, in one or more embodiments, receive a
timing signal 346 from video source 342-1. The timing of
transmission of the respective signals from the slave video
sources 342-2. 342-N can, accordingly, be synchronized by
the timing signal 346 {rom the master video source 342-1.
[0064] Clock drift may affect the timing signal 346 from
video source 342-1. However, each slave video source (e.g..
video sources 342-2, 342-N) can receive the same liming
signal 346 from the master video source 342-1. As such, each
video source’s transmission can remain synchronized relative
to the other video sources even if the timing signal 346, on
which that synchronization is based, drifts. That is, transmis-
sion by video sources 342-1, 342-2, 342-N may drift relative
to a “true” frequency. but transmission by video sources
342-2 and 342-N does not drift with respect to video source
342-1 and each other. The signals remain synchronized.
[0065] FIG. 4 illustrates an example of a videoconferencing
network in which embodiments of the present disclosure can
be implemented. The video conferencing network 400 illus-
trated in FIG. 4 can, in one or more embodiments, include a
number of video conferencing terminals, for example, video
conferencing terminals 418-1, 418-2, 418-3.418-4, 418-N as
presented in FIG. 4. The designator N is used to indicate that
any number of video conferencing terminals can be con-
nected and embodiments are not limited to the number rep-
resented in FIG. 4. In one or more embodiments, a com-
pressed video transmission system (e.g., the video
conferencing network 400) can be usable for videoconferenc-
ing. In one or more embodiments, the system can include
video sources originating from different sites.

[0066] As described in the present disclosure, each video
conferencing terminal can. in one or more embodiments, be
coupled to an encoder. As illustrated in FIG. 4. an encoder can
be external to the video conferencing terminal. for example,
video conferencing terminals (VC) 418-2 and 418-4 with
external encoders 404-2 and 404-4, respectively. An encoder
can be internal to a VC, for example VC 418-1. 418-3, and
418-N with internal encoders 404-1, 404-3, and 404-N.
respectively.

[0067] The encoders illustrated in FIG. 4 can function sub-
stantially as described with regard to FIGS. 1. 3A, and 3B. A
number of video sources (not shown in FI1G. 4) can be gen-
locked as described with regard to FIGS. 3A and 3B.

[0068] VCs 418-1, 418-2, 418-3 can, in one or more
embodiments, be coupled to a controller 406, either directly
as shown with VCs 418-1 and 418-3, or through an external
encoder as shown with VC 418-2. The controller 406 can
function substantially as described with regard to FIG. 1.
[0069] Video conferencing terminals can. in one or more
embodiments, be interconnected to each other through a net-
work 420, as illustrated in FIG. 4. The network 420 can be, for
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example, the Internet, a local area network, a wide area net-
work, a metropolitan area network, an enterprise network,
and/or another type of network supporting video conferenc-
ing. One example of an enterprise video conferencing net-
work is Hewlett-Packard Development Company’s Halo
Video Exchange Network (HVEN).

[0070] Video conferencing terminals 418-1, 418-2, 418-3.
as illustrated in FIG. 3. can be in a same location and con-
nected to the network 420 collectively, in one or more
embodiments, using one connection through the controller
406. In one or more embodiments, a video conference can
involve video conferencing terminals from different sites, for
example video conference terminals 418-4 and 418-N, as
illustrated in FIG. 4. Transmission of video sources can be
coordinated between the number of sites as described in the
present disclosure.

[0071] In one or more embodiments, a compressed video
transmission system can include two or more video sources.
The compressed video transmission system can include two
or more encoders individually coupled to the two or more
video sources, where the two or more encoders compress
output of the two or more video sources. The compressed
video transmission system can also include a controller
coupled to a number of the encoders, where the controller can
coordinate encoding of the video sources such that transmis-
sion of an I-frame from, for example, a first video source is
completed before a transmission of an I-frame from a second
video source is initiated.

[0072] Some bandwidth management techniques for video
conferencing may transmit video streams from video confer-
encing terminals through a network to. for instance, a video
conferencing terminal without coordinating transmission of
I-frames between terminals. Such bandwidth management
techniques for video conferencing may allow more than one
I-frame to transmit at substantially the same time.

[0073] Due at least partially to the larger size of [-frames
with respect to P-frames, transmission of [-frames may fully
consume the available bandwidth for transmission through
the network. In such an instance, transmission of one or more
signals containing I-frames may be delayed to account for
limited bandwidth. Such a delay may cause a participant
and/or view at a terminal to experience latency in one or more
incoming signals. That is. there may be a noticeable delay in
an incoming video image. as perceived by the participant
and/or viewer of the terminal.

[0074] Latency related to insufficient bandwidth to trans-
mit multiple video signals may be different than latency
related to different distances over which a signal may be
transmitted. A particular video conference may include ter-
minals at different locations, for example, videoconferencing
terminals 418-1, 418-4. and 418-N. as illustrated in FIG. 4.
Signals sent substantially simultaneously from the three iden-
tified terminals may reach each of the other terminals in an
amount of time substantially proportional to the distance
between the terminals. That is, signals transmitted over
longer distances may take longer to reach their destinations
than signals transmitted over shorter distances. In contrast to
latency related to transmission lengths, embodiments of the
present disclosure may be used to reduce the effects of latency
related to limited bandwidth.

[0075] FIG. 5 is a block diagram illustrating a method of
transmitting video streams according to an embodiment of
the present disclosure. Unless explicitly stated. the method
embodiments described herein are not constrained to a par-
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ticular order or sequence. Additionally, some of the described
method embodiments. or elements thereof, can occur or be
performed at the same, or at least substantially the same, point
in time.

[0076] Embodiments described herein can be performed
using logic, software, firmware, hardware, application mod-
ules, and ASICs, or combinations of these elements, and the
like. to perform the operations described herein. Embodi-
ments as described herein are not limited to any particular
operating environment or to software/firmware coded and
stored in a particular programming language.

[0077] The elements described can be resident on the sys-
tems, apparatuses. and/or devices shown herein. or otherwise.
Logic suitable for performing embodiments of the present
disclosure can be resident in one or more devices and/or
locations. Processing devices used to execute operations
described herein can include one or more individual modules
that perform a number of functions, separate modules con-
nected together, and/or independent modules.

[0078] The method embodiment illustrated in FIG. 5
includes coordinating transmission of I-frames in a plurality
of video streams, as shown in block 501. The method further
includes transmitting intra-frames in the plurality of video
streams such that the intra-frames do not overlap in the plu-
rality of video streams, as shown in block 503. In one or more
embodiments, coordinating transmission of the video streams
includes staggering initiation of encoding and/or transmis-
sion of the first and second video streams. The first and second
video streams, in one or more embodiments can be synchro-
nized (e.g. by using a generator lock) to reduce an effect of
clock drift. In one or more embodiments, a group of pictures
size for the first and/or second video streams can be varied
(e.g., by subtracting and/or adding a P-frame).

[0079] Although specific embodiments have been illus-
trated and described herein, those of ordinary skill in the
relevant art will appreciate that an arrangement calculated to
achieve the same techniques can be substituted for the spe-
cific embodiments shown. This disclosure is intended to
cover all adaptations or variations of one or more embodi-
ments of the present disclosure.

[0080] Tt is to be understood that the above description has
been made in an illustrative fashion, and not a restrictive one.
Combination of the above embodiments, and other embodi-
ments not specifically described herein. will be apparent to
those of ordinary skill in the relevant art upon reviewing the
above description.

[0081] The scope of the one or more embodiments of the
present disclosure includes other applications in which the
above structures and methods are used. Therefore, the scope
of one or more embodiments of the present disclosure should
be determined with reference to the appended claims. along
with the full range of equivalents to which such claims are
entitled.

[0082] In the foregoing Detailed Description, various fea-
tures are grouped together in a single embodiment for the
purpose of streamlining the disclosure. This method of dis-
closure is not to be interpreted as reflecting an intention that
the disclosed embodiments of the present disclosure need to
use more features than are expressly recited in each claim.
[0083] Rather, as the following claims reflect, inventive
subject matter lies in less than all features of a single disclosed
embodiment. Thus, the following claims are hereby incorpo-
rated into the Detailed Description, with each claim standing
on its own as a separate embodiment.
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What is claimed:

1. A method of transmitting video streams, comprising:

coordinating transmission of intra-frames in a first video

stream with transmission of intra-frames in a second
video stream; and

transmitting intra-frames in the first and second video

streams such that the intra-frames do not overlap in the
first and second video streams.
2. The method of ¢laim 1. where coordinating transmission
includes staggering initiation of encoding of the first and
second video streams.
3. The method of claim 1, where coordinating transmission
includes staggering initiation of transmission of the first and
second video streams.
4. The method of claim 1, where the method includes
synchronizing the first and second video streams to reduce an
effect of clock drift.
5. The method of claim 4. where synchronizing includes
using a generator lock for synchronizing the first and second
video sireams.
6. The method of claim 4, where synchronizing includes
varying at least one group of pictures size according to infor-
mation provided from at least one video stream source.
7. The method of claim 6, where varying at least one group
ol pictures size includes periodically adding a number of
extra predicted-frames to the group of pictures to reduce an
effect of clock drift.
8. The method of claim 6, where varying at least one group
of pictures size includes periodically subtracting a number of
predicted-frames per group of pictures to reduce an effect of
clock drift.
9. A video transmission system. comprising:
a plurality of video sources, each coupled to an encoder:
a plurality of encoders for compressing video streams from
the plurality of video sources to include intra-frames and
predicted-frames, each encoder coupled to a controller;

the controller having logic for controlling the plurality of
encoders;

wherein logic of the controller:

staggers initiation sequentially of transmission of each
of the plurality of video streams by a number of
frames proportional to a group of pictures size divided
by a number of video sireams in the plurality of video
streams; and

maintains synchronization of transmission against
potential clock drift in each of the plurality of video
streams.

10. The system of claim 9, where the controller includes
logic embedded in a format selected from the group includ-
ng:

computer readable instructions in the form of software:

computer readable instructions in the form of firmware:

and

hardware.

11. The system of claim 9, where logic maintains synchro-
nization of transmission by genlocking the plurality of video
streams to each other using one of the plurality of video
streams as a master video stream and the remainder of the
plurality of video streams as slave video streams.

12. The system of claim 9, where logic maintains synchro-
nization of transmission by using a reference clock for syn-
chronizing the plurality of video streams.
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13. The system of claim 9. where logic maintains synchro-
nization of transmission by instructing the plurality of encod-
ers to vary the group of pictures size to reduce an effect of
clock drift.

14. The system of claim 13, where logic periodically
instructs the plurality of encoders to vary the group of pictures
size by a number of predicted-frames.

15. A compressed video transmission system, comprising:

a plurality of video sources:

a plurality of encoders coupled to the plurality of video
sources, where the plurality of encoders compress out-
put of the plurality of video sources: and

acontroller coupled to a number of the plurality of encod-

ers, where the controller coordinates encoding of the
video sources such that transmission of an intra-frame
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from a first video source is completed before a transmis-
sion of an intra-frame from a second video source is
initiated.

16. The system of claim 15, where the controller staggers
initiation of encoding of intra-frames for the first and second
video sources.

17. The system of claim 15, where the controller periodi-
cally varies a group of pictures size for at least one of the
plurality of encoders to maintain synchronization against
clock drift.

18. The system of claim 15, where the plurality of encoders
provide coordination information to the controller.

19. The system of claim 15, where the system is usable for
videoconferencing,

20. The system of claim 15, where the system includes
video sources originating from different sites.
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