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(57) ABSTRACT

A method is described for encoding video. A video sequence
is captured at a full frame resolution. Boundaries for an inner
region are identified within frames of the video sequence.
The video sequence is encoded at the full frame resolution
into a bitstream. The bitstream includes a sub-bitstream
which encodes for the inner region. Data is embedded within
the bitstream. The data identifies the sub-bitstream within
the bitstream. In one aspect, the data is a header specifying
the inner region. In another aspect, the encoding estimates
motion for pixels within the inner region based on pixels

within the inner region.
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SPLIT SCREEN VIDEO IN A MULTIMEDIA
COMMUNICATION SYSTEM

FIELD

[0001] Embodiments of the present invention relate to
split screen video in a multimedia communication system.
More particularly, embodiments of the present invention
relate to systems and methods for bitstream domain video
splitting.

BACKGROUND

[0002] Multi-party and multimedia communication in real
time has been a challenging technical problem for a long
time. The most straightforward way is for each user to send
media data (such as video, audio, images, text, and docu-
ments) to every other user, as illustrated in FIG. 1.

[0003] Such a prior art mesh connection of users typically
requires very high bandwidth because each user has to
receive different media data from multiple users and each
user has to send the identical media data to multiple users.
The total bandwidth of the data traffic in the network would
increase quickly with the number of users. The required
processing power of each user terminal would also increase
with the number of users. Therefore, such a mesh connection
of multiple users is typically disadvantageous.

[0004] The prior art video conferencing system of FIG. 2
attempts to solve this problem by using a Multipoint Control
Unit (“MCU”) as a central connection point for all users.

[0005] To save bandwidth, the MCU receives encoded
video bitstreams from all users, decodes them, mixes all or
a selected number of video sequences into one video
sequence, encodes the combined video sequence, and sends
a single bitstream to each user individually. In the process of
mixing multiple video sequences, the resolution of some
input video sequences typically has to be reduced in order
for the combined video sequence to fit into a given resolu-
tion. For example, if User 1, User 2, and User 3 use the
Common Intermediate Format (“CIF”) for their video, and
User 4, User 5, and User 6 use the Quarter CIF (“QCIF”) for
their video, the video resolution of the first three users is
352x288 pixels and the video resolution of the last three
users is 176x144 pixels. Assuming that the first four video
sequences typically are mixed into a single CIF video
sequence, the resolution of the first three video sequences
has to be reduced from CIF to QCIF before they are
combined with the fourth one into the output video
sequence. FIG. 3 illustrates the process for this example.
The choice of which video sequences are mixed together is
typically made by either voice activated selection (“VAS”)
or chair control. In the above example, if VAS is used, four
video sequences associated with the loudest four voices in
the video conference are selected for mixing. If chair control
is used, one of the users is designated as the chairperson and
this user can determine which video sequences are mixed
together.

[0006] With a single MCU, the number of users is typi-
cally limited because both bandwidth and processing power
of the MCU would increase with the number of users. To
handle a large number of simultaneous video conferences
with many users, in the prior art multiple MCUs are cas-
caded, as illustrated in FIG. 4. In a traditional video con-
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ferencing system, there typically is a Gatekeeper that,
among other things, keeps information about which users
are connected to which MCUs and how the MCUs are
cascaded so that the video calls can be made through
appropriate MCUs between users. For each MCU, the
connection to another MCU is typically treated the same as
the connection to a user. For example, if a video conference
involves the three users on MCU 1, two of the users on MCU
2, two of the users on MCU 3, and three of the users on
MCU 4, each individual MCU mixes its own local video and
sends the mixed video to its neighbor MCU as a single video
bitstream. This means that the video from User 1.1 is sent to
User 4.1 through three video mixers on MCU 1, MCU 3, and
MCU 4.

[0007] One of the problems in such a prior art cascaded
MCU video conferencing system is the end-to-end delay,
especially on an IP network. First, video processing on each
MCU introduces a delay. Second, each MCU typically has
to wait for all relevant video packets to arrive before
decoding and mixing multiple video sequences. There is also
transmission delay. The total end-to-end delay can therefore
sometimes be too long for users to have real-time interactive
communication. The amount of delay typically increases
with the number of cascaded MCUs in the delivery path
between any two end-points.

[0008] Therefore, one disadvantage of a traditional prior
art video conferencing system is the inability to handle many
users. Another disadvantage of a traditional prior art video
conferencing system is that typically the cost per user is
relatively high. Another disadvantage is that the complexity
of call setup typically can become very high very quickly
when the number of users and cascaded MCUs increases.

SUMMARY

[0009] A method is described for encoding video. A video
sequence is captured at a full frame resolution. Boundaries
for an inner region are identified within frames of the video
sequence. The video sequence is encoded at the full frame
resolution into a bitstream. The bitstream includes a sub-
bitstream which encodes for the inner region. Data is embed-
ded within the bitstream. The data identifies the sub-bit-
stream within the bitstream. In one aspect, the data is a
header specifying the inner region. In another aspect, the
encoding estimates motion for pixels within the inner region
based on pixels within the inner region.

[0010] A method is described including receiving an
encoded bitstream which encodes for a video sequence at a
full frame resolution. A sub-bitstream within the bitstream is
identified. The sub-bitstream encodes for an inner region
within frames of the video sequence. The inner region has a
first resolution lower than the full frame resolution. Bits of
the bitstream are discarded to obtain the sub-bitstream.

[0011] A method is described including identifying a split
screen layout for presenting video sequences from a plural-
ity of end points. A capability of an end point is determined,
including a first resolution for capturing a video sequence at
the end point. A second resolution for displaying the video
sequence within the split screen layout is determined. A
determination is made as to whether cutting the video
sequence from the first resolution to the second resolution is
acceptable. If the cutting is acceptable, the end point is
instructed to encode the video sequence into a bitstream at

Ex.1017
CISCO SYSTEMS, INC. / Page 20 of 33



US 2006/0215765 Al

the first resolution. The bitstream includes a sub-bitstream
encoding for an inner region of the video sequence at the
second resolution.

[0012] A graphical user interface is described including a
split screen window within the graphical user interface. The
window includes a plurality of regions, each region to
display a video sequence received from one of a plurality of
end points. A selection of a first region within the window
can be received. A command to drag the selected first region
over a second region within the window can be received. A
command to drop the selected first region over the second
region can be received. In response to receiving the com-
mand to drop the selected first region, positions for the first
region and the second region within the window are
switched.

[0013] Other features and advantages of the present inven-
tion will be apparent from the accompanying drawings and
from the detailed description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Embodiments of the present invention are illus-
trated by way of example and not limitation in the accom-
panying drawings, in which like references indicate similar
elements, and in which:

[0015] FIG. 1 shows a prior art mesh network;

[0016] FIG. 2 illustrates a prior art video conferencing
system with a single multipoint control unit;

[0017] FIG. 3 shows a prior art example of mixing four
video sequences into one in a multipoint control unit;

[0018] FIG. 4 shows cascaded multipoint control units in
a prior art video conferencing system;

[0019] FIG. 5 shows an embodiment of a system includ-
ing a group server, multimedia application routing servers,
and end-point devices;

[0020] FIG. 6 is a block diagram of a multimedia appli-
cation routing server;

[0021] FIG. 7 is a block diagram of system control
module of a multimedia application routing server;

[0022] FIG. 8 is a block diagram of a media functional
module of a multimedia application routing server;

[0023] FIG. 9 is a block diagram of end points in com-
munication with a multimedia application routing server;

[0024]

[0025] FIG. 11 illustrates an embodiment of video pro-
cessing method;

[0026] FIG. 12 illustrates a method used by the multime-
dia application routing server to determine encoding for
each end point;

FIG. 10 shows an embodiment of a video frame;

[0027] FIG. 13 illustrates a video source delivered to two
different destination end points;

[0028] FIG. 14 illustrates an encoding structure for a
video frame;

[0029] FIG. 15 illustrates an embodiment of a bit stream
domain video split header syntax;
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[0030] FIG. 16A illustrates an input bitstream to a mul-
timedia application routing server;

[0031] FIG. 16B illustrates an output bitstream to a mul-
timedia application routing server;

[0032] FIGS. 17A and 17B illustrate split screen (SS)
windows displayed on a monitor at an end point; and

[0033] FIGS. 18A and 18B illustrate a split screen win-
dow and a thumbnail window in a graphical user interface.

DETAILED DESCRIPTION

[0034] Embodiments of the invention help to overcome
problems with typical prior art video conferencing systems
and add functionality for real-time multimedia communica-
tion and collaboration. A component of a system architecture
of an embodiment of the invention is the Multimedia Appli-
cation Routing Server (“MARS”) that is capable of both
routing and processing multimedia data. The MARS unit is
also referred to as a real-time routing server. Other compo-
nents of the system include an end point (“EP”) and a group
server (“GS”). The end point is also referred to as an
end-point processing device.

[0035] In a video conferencing system, various users par-
ticipate from their respective end points. These end points
are personal computing devices which have an attached
video camera and a headset (or microphone and speaker),
and are connected to a network including a MARS. Each end
point transmits its respective video as a bitstream to the
MARS. This bitstream encodes for the full frame size/
resolution (e.g. 320x240 pixels) as captured by the end
point’s video camera. As the MARS receives video from
each of the end points, it then redistributes the video to
destination end points, which may be the same participants
contributing the video. The video streams received at the
destination end point are presented within a single window
in a split screen format, where each area in the split screen
corresponds to an end point, and each area’s content is
provided by a separate bitstream received from the MARS.
Due to screen area limitations (“screen real estate’) of the
split screen format, each of the video sources may be
displayed at a lower resolution than its full frame resolution
as captured at the source. Additionally, rather than reducing
the overall resolution of the full frame, only an inner size or
cropped portion of the frame is presented within the split
screen window. This offsets some of the drawbacks of the
lower resolution picture, by maximizing the display of the
center portion of the video frame, which most likely contains
the most significant and interesting content, such as a user’s
face, while omitting unnecessary background content.

[0036] Because the MARS routes video received from the
various end points, it is necessary to minimize the amount of
processing performed on the MARS to achieve an eflicient
and high degree of performance, as well as to improve the
user experience at the destination end points. One technique
to reduce the amount of processing at the MARS is accom-
plished by signaling to each of the end points, before the end
point encodes its video, what the exact inner frame position
and resolution their respective video content will be dis-
played in at the destination end point. The source end point
then takes this information into account when encoding its
video content into an output bitstream. The resulting bit-
stream includes a sub-bitstream which encodes only for the
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inner (cropped) portion of the frame. Once the full bitstream
is received at the MARS, the MARS can obtain just the inner
portion of the video frame, without having to decode the
bitstream, simply by discarding all of the bitstream data
except the sub-bitstream portion. Thus, processing time for
a bitstream is minimized at the MARS, since the MARS
does not need to fully decode the bitstream, down-sample or
crop the frame, then re-encode a new bitstream. Rather,
video encoding only occurs once at the source end point, and
the MARS simply routes only the relevant portion of the
bitstream to the destination end point for decoding. Addi-
tional features are described in greater detail below.

[0037] FIG. 5 shows system 50 that provides real-time
multimedia communication and collaboration. System 50 is
an example of a system having four MARS units 61-64. The
real-time routing servers 61-64 are coupled via a network to
group server 70. The MARS units 61-64 and group server 70
are also coupled via a network to end-point processing
devices 11-15, 21-24, 31-32, and 41-46. All components of
system 50—the MARS units 61-64, the group server 70, and
EP devices 11-15, 21-24, 31-32, and 41-46—are coupled to
an Internet Protocol (“IP”) network and are identified by
their IP address. Alternatively, other types of networks and
other types of addressing are used.

[0038] For other embodiments, more or fewer MARS
devices, group servers, and EP devices can be part of
multimedia communication and collaboration system 50.
For example, there could be one MARS device, one group
server, and several EP devices. As another example, there
could be ten MARS units, one group server, and 45 EP
processing devices.

[0039] Users of system 50 interact with end point pro-
cessing devices 11-15, 21-24, 31-32, and 41-46. System 50
allows the users of the end-point processing devices to send
video in real time with minimal delay. The users can
therefore communicate and collaborate. In addition to real-
time video, system 50 also allows the users to send real-time
audio with minimal delay. System 50 also allows the users
to send other digital information, such as images, text, and
documents. Users can thus establish real-time multimedia
communication sessions with each other using system 50.

[0040] An EP device, such as one of the EP devices 11-15,
21-24, 31-32, and 41-46 of FIG. 5, may be a personal
computer (“PC”) running as a software terminal. The EP
device may be a dedicated hardware device connection with
user interface devices. The EP device may also be a com-
bination of a PC and a hardware device. An EP device is
used for a human user to schedule and conduct a multimedia
communication session, such as a video conference, web
conference, or online meeting. An EP device is capable of
capturing inputs from user interface devices, such as a video
camera, an audio microphone, a pointing device (such as a
mouse), a typing device such as a keyboard, and any
image/text display on the monitor. An EP device is also
capable of sending outputs to user interface devices such as
a PC monitor, a TV monitor, a speaker, and an earphone.

[0041] An EP device encodes video, audio, image, and
text according to the network bandwidth and the computing
power of the EP device. It sends encoded data to the MARS
it is associated to. At the same time, the EP device receives
coded media data from its associated MARS. The EP device
decodes the data and sends decoded data to the output
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devices, such as the earphone or speaker for audio and the
PC monitor for displaying video, image, and text. In addition
to media data, an EP device also processes communication
messages transmitted between the EP device and its asso-
ciated MARS. The messages include scheduling a meeting,
joining a meeting, inviting another user to a meeting, exiting
a meeting, setting up a call, answering a call, ending a call,
taking control of a meeting, arranging video positions of the
meeting participants, updating buddy list status, checking
the network connection with MARS, and so on.

[0042] Each user of system 50 is registered into the group
server database and identified by a unique identification such
as a user email address. To conduct a session, a user is
associated with an end point, an end point is associated with
a MARS, and a MARS is associated with a group server.

[0043] The group server 70 manages multimedia commu-
nications sessions over the network of system 50. In the
group server 70, several software processes are running to
manage all communication sessions within its group of users
and to exchange information with other group servers for
conducting sessions across groups. For one embodiment, the
group server 70 uses the Linux operating system. The
software processes running in the group server 70 include a
provisioning server, a web server, and processes relating to
multimedia collaboration and calendar management.

[0044] The functionality of a MARS device can be divided
into two broad categories. One is to route media data and the
other is to process media data. Unlike certain prior art
cascading MCUs in a traditional prior art video conferencing
system where static data paths are typically determined at
the time of setting up the system, MARS dynamically finds
the best route with enough bandwidth to deliver media data
from source to destination with the shortest delay. Also
unlike certain prior art cascading MCUSs in a traditional prior
art video conferencing system where video may be pro-
cessed in every MCU along a path from source to destina-
tion, the architecture of system 50 guarantees that video
processing is performed at most in two MARS units from a
video source to any given destination.

[0045] FIG. 6 is block diagram of multimedia application
routing server 61, also referred to as real-time routing server
61. The MARS unit 61 includes a system control module 90
(“SCM”) and media functional modules (“MFMs”) 110,
120, and 130. Media functional modules 110, 120, and 130
are also referred to as multi-function modules. The system
control module 90 and the media functional modules 110,
120, and 130 are coupled to backplane module (“BPM”)
Ethernet switch 140. Alternatively, another type of switch
can be used.

[0046] For one embodiment of the invention, BPM Eth-
ernet switch 140 is a model BCM 5646 Ethernet switch
supplied by Broadcom Corporation of Irvine, Calif. Power
supply 150 is coupled to Ethernet switch 140 and the other
components. Backplane module Ethernet switch 140 is in
turn coupled to internet protocol network 160.

[0047] The system control module 90 includes system
control unit (SCU) 92 and media functional unit (MFU) 102.
Media functional module 110 includes media functional
units 112 and 114. Media functional module 120 includes
media functional units 122 and 124. Media functional mod-
ule 130 includes media functional units 132 and 134. Media
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functional units 102, 112, 114, 122, 124, 137, and 134 are
also referred to as multifunction units.

[0048] The architecture of MARS 61 provides high speed
multimedia and video processing. For one embodiment of
the invention, MARS 61 has a benchmark speed of approxi-
mately 120,000 million instructions per second (MIPS).
MARS unit 61 acts as both a router and a server for a
network. The architecture of MARS 61 is geared towards
high speed real time video and multimedia processing rather
than large storage. The MARS unit 61 thus allows for
real-time video communication and collaboration sessions.

[0049] FIG. 7 is a block diagram of system control
module 90, which includes system control unit 92 and media
functional unit 102. System control unit 92 controls the
real-time routing server 61. System control unit 92 includes
a PowerPC® microprocessor 172 supplied by Motorola
Corporation of Schaumburg, IlIl. The PowerPC micropro-
cessor 172 is coupled to a compact flash card 182. The
compact flash card contains the Linux operating system for
the microprocessor 172. The compact flash card 182 acts in
a way analogous to a hard disk drive in a personal computer.
Microprocessor 172 is also coupled to synchronous DRAM
(“SDRAM”) memory 174. Memory 174 holds code and data
for execution by microprocessor 172. For one embodiment
of the invention, memory 174 is 32 megabytes in size. For
alternative embodiments, memory 174 can be smaller or
larger than 32 megabytes.

[0050] PowerPC microprocessor 172 is coupled to digital
signal processor (“DSP”) 176 via PCI bus 184. For one
embodiment, DSP 176 is a model TMS 320C6415 DSP
supplied by Texas Instruments Inc. of Dallas, Tex. DSP 176
is a media processing resource for system control unit 92.
Digital signal processor 176 is coupled to a 32 megabytes
SDRAM memory 178. Alternative embodiments have a
memory 178 that is larger or smaller.

[0051] PowerPC microprocessor 172 is coupled to Ether-
net switch 140 via lines 186. Ethernet switch 140 is in turn
coupled to network 160. Media functional unit 102 includes
a Power PC® microprocessor 202 that is coupled to a 32
megabytes SDRAM memory 204.

[0052] PowerPC microprocessor 202 is coupled to PCI
bus 206. PCI bus 206 is in turn coupled to digital signal
processors 208 thru 211. Each digital signal processors 208
thru 211 is a model TMS320C6415 DSP supplied by Texas
Instruments Inc. of Dallas, Tex. Digital signal processor 208
is coupled to SDRAM memory 220. Digital signal processor
209 is coupled to SDRAM memory 221. Digital signal
processor 210 is coupled to SDRAM memory 222. Digital
signal processor 211 is coupled to SDRAM memory 223.
For one embodiment, each of SDRAM memories 220 thru
223 comprises a 32 megabyte memory.

[0053] PowerPC microprocessor 202 is also coupled to
Ethernet switch 140 via lines 230.

[0054] FIG. 8 includes a block diagram of media func-
tional module 110, which includes media functional units
112 and 114. Media functional unit 112 includes a PowerPC
microprocessor 280 that is coupled to 32 megabytes of
SDRAM memory 282. PowerPC microprocessor is coupled
to PCI bus 310. The PowerPC microprocessor is also
coupled to Ethernet switch 140 via lines 308.
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[0055] PC bus 310 is in turn coupled to digital signal
processors 291 thru 294. Digital signal processor 291 is
coupled to 32 megabytes SDRAM memory 300. Digital
signal processor 292 is coupled to 32 megabytes SDRAM
memory 301. Digital signal processor 293 is coupled to 32
megabytes SDRAM memory 302. Digital signal processor
294 is coupled to 32 megabytes SDRAM memory 303.

[0056] Media functional unit 114 is similar to media
functional unit 112. Media functional unit 114 includes a
PowerPC microprocessor 240 coupled to SDRAM memory
242. The PowerPC microprocessor 240 is coupled to Eth-
ernet switch 140 via lines 278. The PowerPC microproces-
sor 240 is also coupled to PCI bus 250.

[0057] PCI bus 250 is in turn coupled to digital signal
processors 261 thru 264. Digital signal processor 261 is
coupled to memory 270. Digital signal processor 262 is
coupled to memory 271. Digital signal processor 263 is
coupled to memory 272. Digital signal processor 264 is
coupled to memory 273. Each of memories 270 thru 273 is
a 32 megabytes SDRAM memory. For alternative embodi-
ments, other sizes of memory can be used.

[0058] The media functional modules 120 and 130 shown
in FIG. 6 are similar to media functional module 110.

[0059] MARS 61 can route media data and process media
data. The system control unit 92 of MARS 61 is used to
route media data. The digital signal processors of MARS 61,
such as digital signal processors 261 thru 264, act as digital
media processing resources. Unlike cascading MCUs in
prior art video conferencing systems, where video may be
processed in every MCU along a path from source to
destination (e.g. as described above with respect to FIG. 4),
embodiments of the present invention guarantee that video
processing is performed at most in two MARS units from a
video source to any given destination.

[0060] Because different user end points (EPs) may have
different processing power and the network connections may
have different bandwidths between EPs and a MARS or
between two MARS units, the objective of video processing
for embodiments of the invention is to ensure the best video
quality under a given video source, a given bandwidth, and
given destination EP computing power. For an embodiment,
the technique for video processing includes bitstream
domain video splitting (“BDVS”), transrating, and down-
sampling. FIG. 9 illustrates an embodiment of a system 900,
in which MARS 902 determines which operation is to be
applied on a plurality of video bitstreams 904A, 906A,
908A, 910A, 912A and 914A. Video content for each of the
six video sources 904, 906, 908, 910, 912 and 914 is sent
through the MARS to the same destination end point 920.
Each video source 904-914 corresponds to a respective EP
from which, for example, a user participates in a video
conference. Three of the six source EPs (904, 912, 914) are
capable of capturing and encoding video at a resolution of
320%240 pixels per frame and the other three source EPs
(906, 908, 910) are able to capture and encode video at a
resolution of 176x144 pixels. The destination EP 920 is able
to decode one video bitstream with a resolution of 208x160
pixels per frame and five video bitstreams each with a
resolution of 104x80 pixels per frame. As illustrated in FIG.
9, the destination EP 920 presents the decoded bitstreams in
a “5+1” split screen format, in which video content for five
sources are each presented at the same resolution (e.g.
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104x80 pixels), and video content for one source is pre-
sented at a larger resolution (e.g. 208x160 pixels). There-
fore, for this exemplary embodiment, MARS 902 receives
six input video bitstreams (904A, 906 A, 908A, 910A, 912A,
914A) at the full source resolutions and converts them into
six output video bitstreams (904B, 906B, 908B, 910B,
912B, 914B) at the destination EP 920 resolutions. More
specifically, the input video of EP 904 has to be converted
from 320240 to 208x160, the inputs from EPs 906, 908 and
910 have to be converted from 176x144 to 104x80, and the
inputs from EPs 912 and 914 have to be converted from
320%x240 to 104x80.

[0061] Because the output resolution is lower than the
input resolution in each of the exemplary cases, one imple-
mentation could be for MARS 902 to decode every input
bitstream, reduce the video resolution in the pixel domain,
re-encode the reduced-resolution video, and then send the
re-encoded bitstream to the destination EP. Reduction of
video resolution is achieved by either down-sampling the
input video pixels or cutting/cropping out some video pixels
around the picture borders. Down-sampling requires com-
plex computations, however, because a low-pass filtering
operation is needed to prevent aliasing artifacts in the
picture. Furthermore, down-sampling from an arbitrary
resolution to another arbitrary resolution requires more
computations than a less complex 2:1 down-sampling in
each dimension. On the other hand, cutting/cropping out
some pixels around the picture borders is a much simpler
operation, but results in the loss of some of the picture scene.
If the ratio of input and output resolutions after cutting is too
large, e.g., an input 0f 320x240 and an output of 104x80, too
much scene would be cut out. Therefore, for an embodiment,
MARS 902 is able to make an intelligent determination to
perform either down-sampling or cutting to achieve the
optimal tradeoff between computing/processing require-
ments and preservation of a video scene.

[0062] Although a cutting operation itself is relatively
simple, decoding and re-encoding operations still require
high computing power on MARS 902. Moreover, the decod-
ing and re-encoding of a video sequence may introduce
additional artifacts causing video quality degradation.
Accordingly, for an embodiment of the invention, to elimi-
nate the need for decoding and re-encoding operations at
MARS 902 in the case of cutting out pixels of the video
scene (cropping), a bitstream domain video splitting
(BDVS) operation is implemented to achieve the same goal
with much lower computing requirements. Bitstream
domain video splitting refers to the MARS’s ability to split
data for the inner size of a video sequence from within the
bitstream domain, without having to first decode the bit-
stream.

[0063] To use BDVS in MARS 902, a corresponding EP
encodes a video sequence in such a way that the central
portion of the video picture can be split out of the original
video picture in the bitstream domain at MARS 902, without
requiring decoding, cutting, and re-encoding. For example,
the source video resolution of EP 904 is 320x240 pixels per
frame and is to be converted to 208x160 pixels per frame for
the destination EP 920. Using BDVS, a video encoder at EP
904 encodes video originating at EP 904 into a bitstream
904A with a resolution of 320x240. Bitstream 904A also
includes a sub-bitstream with a resolution of 208x160. This
sub-bitstream encodes only for an inner region of the video
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frame. This may be better understood by reference to FIG.
10, which illustrates an exemplary video frame 1000. The
outer size 1020 (or full frame size) of frame 1000 is 320x240
pixels. The bitstream 904A encodes for the outer size frame
1020. Frame 1000 also includes an inner size 1040 (or inner
region) that has a resolution of 208x160 pixels. The bound-
aries of inner size 1040 define a portion of the full frame
scene that is encoded by the sub-bitstream within bitstream
904A. The inner size 1040 represents only the central
portion of the original or full video picture, as may result
from cropping or cutting an outer border of the full frame
1000. Referring again to FIG. 9, at MARS 902, the sub-
bitstream can be split out of the main bitstream without
decoding, cutting, and re-encoding. The sub-bitstream is
then sent as an output bitstream 904B from MARS 902 to
the destination EP 920, which then decodes it, thereby
reproduces the central portion of the original video picture
(e.g. 1040 of FIG. 10).

[0064] The video sequences for EPs 906, 908 and 910 are
encoded in a similar manner. Specifically, using EP 906 as
an example, the video encoder at EP 906 generates a
bitstream 906A with a full resolution of 176x144 pixels,
which includes therein a sub-bitstream with a resolution of
104x80 pixels. As above, MARS 902 receives the full
bitstream 906 A, then splits the sub-bitstream out of the main
bitstream 906 A without having to decode, cut, and re-encode
the bitstream. The split-out sub-bitstream is then sent as
output bitstream 906B to the destination EP 920.

[0065] For EPs 912 and 914, simple cutting from a reso-
lution of 320x240 pixels to 104x80 pixels would lose too
much of the video scene, and down-sampling from a reso-
lution of 320x240 pixels to 104x80 pixels would require too
much computation. Therefore, for an embodiment, BDVS is
combined with 2:1 down-sampling to achieve an optimal
balance. Using EP 912 as an example, a video encoder at EP
912 generates a bitstream with a resolution of 320x240
pixels, which includes a sub-bitstream with a resolution of
208x160 pixels. This operation is similar to the encoding
operation for EP 904. However, once MARS 902 receives
this bitstream from EP 912, MARS 902 splits the sub-
bitstream out of the main bitstream 912A. Instead of merely
sending the sub-bitstream to the destination EP 920 as in the
case for EP 904, MARS 902 performs a 2:1 down-sampling
operation to convert the 208x160 pixels video to 104x80
pixels. MARS 902 then encodes the 104x80 pixels video,
and sends the bitstream 912B to the destination EP 920.

[0066] As described in the Background, traditional video
conferencing systems mix video from multiple users in an
MCU, re-encode the mixed video as one bitstream, and send
the single bitstream of the mixed video to an EP. In contrast,
the system 900 illustrated in FIG. 9, MARS 902 processes
individual bitstreams (904A, 906A, 908A, 910A, 912A,
914A) but does not mix video from different sources
together into a single bitstream. If a certain video arrange-
ment and layout is desired as shown in the destination EP
920 of FIG. 9, the EP 920 positions each individual video
into the correct position in the specified split screen layout.
Thus, MARS performs either splitting or split-down-sam-
pling on individual video bitstreams, then sends just enough
data of the individual video to the destination EP 920 as
required by the layout of the destination EP 920. Thus, in a
sense, the destination EP 920 performs the mixing task of the
individual bitstreams provided by MARS 902. Therefore,
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there is no need for MARS 902 to wait to receive multiple
video bitstreams for processing video, no matter how many
MARS units the video bitstreams have to go through along
the path from their sources to the destinations. As compared
to cascading MCUES, in which the end-to-end delay increases
with the number of cascaded MCUs, the end-to-end delay of
sending video from source to destination in the system 900
of FIG. 9 is dramatically reduced.

[0067] Another important feature of an embodiment of the
present invention is the bandwidth characteristics of the
MARS system. As described above, the MARS receives the
full frame bitstream from an end point. The MARS then cuts
out the sub-bitstream, and forwards each sub-bitstream to a
destination endpoint. Thus, for a 5+1 layout, as in 920 of
FIG. 9, the MARS delivers a total of six individual bit-
streams from the MARS to the destination end point, each
of the bitstreams representing only the sub-bitstream por-
tion. Thus, the sum total bitrate of the six sub-bitstreams
transmitted from the MARS to an individual destination end
point only includes enough bits as are necessary to fill the
dimensions of the split screen window with video content. In
other words, the MARS transmits only the pixels actually
needed to fill the split screen window (i.e. only the sub-
bitstream). Because of this, the destination end point does
not need to do any cutting of pixels; the end point merely
needs to decode each of the received bitstreams and display
it in the appropriate location of the split screen window.
Thus, the MARS system provides comparable bandwidth
performance as with the conventional MCU systems illus-
trated in FIGS. 2 and 3, which send a single combined
bitstream to each individual user. However, the MARS
system lacks the drawbacks of the MCU systems, such as
increased processing in the form of multiple decoding
operations and mixing of video at the MCU, which can lead
to degradation of the video picture quality. Instead, the
MARS system provides comparable bitrate performance,
while only requiring a single encoding operation (at the
source end point) and a single decoding operation (at the
destination end point).

[0068] FIG. 11 illustrates an embodiment of a video
processing method 1100. For one embodiment, the method
1100 is implemented by MARS 902 of FIG. 9. At operation
1102, the split screen (SS) window layout is determined. The
SS layout may be manually specified by a user that controls
the video conference session, such as a chairperson, mod-
erator, or administrator of the video conference (collectively
referred to herein as the “chairperson”). The chairperson
may communicate with the MARS over a network to control
the video conference session. Alternatively, MARS 902 may
automatically determine a SS window layout, for example,
based on the number of participant end points. Numerous
split screen window layouts are contemplated for use with
embodiments of the invention. For example, a split screen
layout may be in any of a 5+1 (five areas of the same size,
with one larger area) as illustrated by EP 920 of FIG. 9),
1x1, 2x1, 2x2, 2+1, 3+1, 2x3 (i.e. two areas tall by three
areas wide, all areas being the same resolution), 3x2, 8+1,
among other configurations. For another embodiment, the
position for each end point within the split screen window is
determined automatically and on-the-fly by voice activated
selection (VAS) as described above.

[0069] At operation 1104, the MARS determines the pro-
cessing capacity/capabilities for each of the participant end
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points, as well as their connection bandwidths to the MARS.
For example, the MARS will determine the resolution that
each end point may capture source video at.

[0070] At operation 1106, the sub-bitstream resolution and
inner region of the video frame is determined for each
participant end point. For an embodiment, the MARS auto-
matically determines the sub-bitstream resolution for each
end point, based on the position of the end point video
content within the SS window layout. For another embodi-
ment, the MARS automatically determines the position of
the inner region represented by the sub-bitstream. For
example, the MARS automatically centers the inner region
with respect to the full frame, and aligns the boundaries of
the inner region along macroblock (MB) boundaries within
the video frame. For an alternative embodiment, the MARS
also can shift the inner region position up, down, left or right
in the full frame, to accommodate subjects which are off-
center in the frame, while still aligning the inner region
along MB boundaries. Alternatively, once MARS deter-
mines the resolution of the inner region, a user such as a
chairperson, manually positions the inner region with
respect to the full frame to fit as much of the subject (e.g. an
image of a participant) within the inner region, provided the
boundaries of the inner size align with the MB boundaries of
the video frame. It should be noted that to improve perfor-
mance, arbitrary positions of the inner size boundaries are
not permitted; rather, the inner size boundaries are aligned
along MB boundaries for ease of processing, as will be
described further below. Because a macroblock size (e.g.
16x16 pixels) is relatively small compared to the entire
frame size, requiring the inner size to be aligned along MB
boundaries does not result in a significant loss in scene.
Additional details of operation 1106 are described below,
with respect to FIG. 12.

[0071] At operation 1108, the MARS informs each of the
participant end points which sub-bitstream resolution to
encode at, as well as the position of the inner region of the
video frames with respect to the full frame. Each end point
encodes its source video based on the setup information
provided by the MARS.

[0072] Each respective end point then encodes its video
sequence as directed by the MARS at operation 1108. At
operation 1110, the MARS receives the full bitstream from
each of the respective end points. At operation 1112, the
MARS processes each of the received bitstreams to generate
an output bitstream. One type of processing the MARS can
perform is to split out the sub-bitstream from a received
bitstream, then transmit only the sub-bitstream to one or
more destination endpoints. It should be noted that this
entails simply dropping portions of the bitstream that are not
within the sub-bitstream, and does not require decoding or
re-encoding of the bitstream, as will be described below in
greater detail. Alternatively, and depending on the charac-
teristics of the source endpoint and its position in the split
screen of the destination endpoint, the MARS may split out
a sub-bitstream, then downsample the sub-bitstream, and
re-encode it to an output bitstream. Additionally, the MARS
may downsample the full bitstream received from a source
end point, then re-encode it to an output bitstream.

[0073] At operation 1114, the MARS then transmits each
of the respective output bitstreams to the one or more
destination end points. Thus, a single destination endpoint
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may receive multiple input bitstreams, which are then dis-
played together at the end point within a split screen layout.

[0074] FIG. 12 illustrates a method 1250 used by the
MARS to determine encoding for each end point. This
method can be performed at operation 1106 of FIG. 11. For
clarity, the method 1250 is described in FIG. 12 with respect
to a single source end point. However, the method 1250 is
performed for each end point participating in the multimedia
communication session.

[0075] Initially, the MARS is aware of the end point’s
capabilities from the determination made at operation 1104
of FIG. 11. Referring to FIG. 12, at operation 1254, for each
source end point, the MARS determines an output resolution
(from the MARS to the destination end point) based on the
source end point’s corresponding position in the split screen
layout of the destination end point, as well as the total size
specified for the split screen window on the destination end
point. For example, referring to the 5+1 split screen layout
920 of FIG. 9, end point 904 corresponds to the largest
region within the split screen layout. For one embodiment,
pre-defined resolution ratios (dimensions) for each position
within a split screen window configuration may be stored on
the MARS, so that once a source end point is assigned to a
particular position within the split screen window, its output
resolution from the MARS can be automatically determined
from a given total split screen window size.

[0076] At operation 1256, the method 1250 determines
whether cutting (i.e. cropping) the video frame from the end
point’s full source resolution to the MARS output resolution
would result in too large a portion of the scene being lost. In
other words, the determination is whether discarding an
outer border of pixels for the source video frame would
result in significant picture information being lost (e.g.
would the subject user’s entire head be visible?). This
determination may be made automatically by the MARS, for
example by setting a threshold ratio of source resolution to
output resolution that should not be exceeded. Alternatively,
a user such as a chairperson, may make a determination
whether too much scene is lost by cutting the frame to the
output resolution.

[0077] If the answer at operation 1256 is no (i.e. cutting is
acceptable), then the process flow proceeds to operation
1258, where the MARS instructs the source EP to encode
video at full resolution, while using a sub-bitstream match-
ing the output resolution used at the destination endpoint.
Again, using end point 904 of FIG. 9 as an example, if the
answer at operation 1256 is no, then MARS 902 would
instruct end point 904 to encode its source video at 320x240
pixels (full resolution) with a sub-bitstream of 208x160
pixels (a size matching the corresponding region within the
destination end point split screen 920).

[0078] 1If the answer at operation 1256 is yes, then opera-
tion 1260 determines whether down-sampling from the end
point’s full source resolution to the MARS output resolution
would be computationally easy. By computationally easy, it
is meant that down-sampling would not require excessive
computation at MARS; an example of a computationally
easy down-sampling is 2:1 down-sampling.

[0079] 1If the answer at operation 1260 is yes (i.e. down-
sampling is easy), then the process flow proceeds to opera-
tion 1262, where the MARS instructs the source end point
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to encode video at its full resolution. In such a case, the
MARS would then down-sample the received bitstream to
the output resolution.

[0080] If the answer at operation 1260 is no, then the
process flow proceeds to operation 1264. At operation 1264,
the MARS instructs the source end point to encode video at
its full resolution, using a sub-bitstream at an intermediate
resolution. By intermediate resolution, it is meant that
resolution of the inner region of the frame encoded by the
sub-bitstream has a resolution less than the full resolution of
the source, but larger than the resolution within the desti-
nation end point split screen (i.e. the MARS output resolu-
tion). Upon receiving the encoded video from the source end
point, MARS would split out the sub-bitstream, then down-
sample the sub-bitstream to the output resolution. Using end
point 912 of FIG. 9 as an example, performing operation
1264 with respect to end point 912 would result in end point
912 encoding video at 320x240 pixels resolution, with a
sub-bitstream having a resolution of 208x160 pixels. In this
case, 208x160 pixels would be the intermediate resolution.
Upon receiving the bitstream from the source end point 912,
MARS would split out the 208x160 pixel sub-bitstream,
then perform 2:1 down-sampling on the sub-bitstream to
yield 104x80 pixel output bitstream, which matches the
allocated resolution within the corresponding region of the
destination end point split screen window.

[0081] FIG. 13 illustrates an embodiment of a video
source 1302 that is delivered via MARS 1304 to two
different destination end points 1306, 1308 in two different
resolutions (alternatively, the video source may be delivered
via the MARS to a single destination end point with two
different resolutions). One of the destinations 1306 requires
the full size of the video source 1302, while the other
destination 1308 requires a portion of the source video to be
put into a split screen video window. The source video frame
includes an inner size (e.g. 208x160 pixels) as well as an
outer size (e.g. 320x240 pixels), similar to that illustrated in
FIG. 10.

[0082] As described above, for an embodiment, bitstream
domain video splitting (BDVS) is used to encode the video
source 1302, which encodes for the full frame resolution
(e.g. 320x240 pixels), as well as an inner region (e.g.
208x160 pixels) via a sub-bitstream. In order to ensure
proper encoding of the sub-bitstream, there are certain video
encoding considerations that are implemented by an encoder
at the video source 1302.

[0083] One consideration is the manner in which motion
estimation is implemented in the video encoding. In video
encoding, motion estimation is an image compression pro-
cess of analyzing previous or future frames to identify
blocks that have not changed or have only changed location;
motion vectors are then stored in place of the blocks.
Referring to FIG. 10, for an embodiment of the invention,
a motion estimation algorithm is implemented such that the
inner size video 1040 may be decoded without relying on the
pixels 1030 outside the inner size video to predict motion. To
accomplish this, the video source 1302 encoder’s motion
estimation algorithm for boundary macroblocks in the inner
video 1040 does not search outside 1030 the inner size area.
Thus, for an embodiment, the end point encoding is per-
formed in a manner such that upon decoding, the sub-
bitstream can be decoded by itself (i.e. internally), without
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relying on pixels outside the inner portion or portions of the
bitstream that are outside the sub-bitstream. Macroblocks
are 16x16 blocks of pixels within a video frame. Boundary
macroblocks are macroblocks completely within the inner
size 1040 which have at least one edge defined by the
boundary of the inner size 1040.

[0084] Another consideration is motion vector coding. A
motion vector is a two-dimensional vector used for motion
compensation that provides an offset from the coordinate
position in the current picture to the coordinates in a
reference picture. Because most video coding techniques
code motion vector difference instead of a motion vector
itself, for an embodiment of the invention, the motion vector
for a macroblock immediately outside the inner size 1040
shall be zero so that the motion vector difference for a
macroblock immediately inside the inner size 1040 is equal
to the motion vector itself.

[0085] Quantizer Coding is another consideration. A quan-
tizer is a construct that takes an amplitude-continuous signal
and converts it to discrete values that can be reconstructed
by a decoder. Quantizers are used to remove information,
redundancy, and irrelevancy from a signal. Because most
video coding techniques code quantizer difference, instead
of a quantizer itself, for an embodiment of the invention, the
quantizer difference shall be zero for every macroblock in
the frame 1000 before the first macroblock inside the inner
size 1040.

[0086] An embodiment of the video bitstream syntax for
Bitstream Domain Video Splitting (BDVS) is now
described. FIG. 14 illustrates an encoding structure for a
video frame 1400, as encoded by an embodiment of the
invention using BDVS. By way of example, the video frame
1400 represents the full video frame at a resolution of
320%240 pixels. The frame 1400 is divided into fifteen rows,
each row referred to as a group of blocks (GOB), each of
which consists of a single row of twenty macroblocks. Each
macroblock (MB) is a 16x16 block of pixels. An inner size
region of frame 1400 is defined collectively by the group of
center MBs labeled as Center 2 through Center 11. The GOB
and MB dimensions depend on the particular encoding
technique implemented. Other dimensions can be used with
embodiments of the invention.

[0087] In order to split the inner size bitstream out of the
bitstream of a video frame 1400 without decoding the
bitstream of the entire video frame 1400, four values are
signaled to a MARS to perform the split operation. With
these values, the MARS can simply cut out the sub-bitstream
from the full bit-stream. These values are signaled via a
BDVS header on the bitstream sent from the video source to
a MARS. As illustrated in FIG. 14, the four values are (1)
the number of start GOBs that may be cut out (e.g., GOB 0
and GOB 1); (2) the number of center GOBs that shall
remain (e.g., GOB 2 to GOB 1); (c¢) the number of start bits
within each remaining GOB (e.g., Start 2 to Start 11) which
may be cut out; and (d) the number of center bits within each
remaining GOB (e.g., Center 2 to Center 11), which shall
remain. Collectively, these four values indicate to the MARS
where the inner region is within the bitstream, and which
portion of the bitstream can be dropped to yield only the
inner size.

[0088] The first two values need to be signaled only once
per channel by specifying the inner size and outer size. For
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each encoded GOB, a GOB number is carried before the
bitstream of the GOB to identify the particular GOB. For
example, if the GOB number is 0, 1, 12, 13, or 14 in the case
illustrated in FIG. 14, the MARS can discard these GOBs
for an output channel to a destination EP that only needs the
inner size video. If the GOB number is between 2 and 11
inclusive, the MARS checks further inside the BDVS header
to find the last two values for the GOB.

[0089] FIG. 15 illustrates of an embodiment of the BDVS
header syntax. The BDVS header is appended to data
packets for each GOB sent from the source to the MARS.
For an embodiment of the invention, the BDVS header is
embedded in the bitstream sent from the source end point to
the MARS. The semantics of the header syntax are now
described by reference to each field.

[0090] The field gob_no 1502 is a 5-bit unsigned integer
ranging from 0 to 31 and indicating the GOB number.

[0091] The field h 1504 is a 1-bit flag with 1 indicating a
packet containing picture header or 0 indicating a packet
containing GOB header.

[0092] The field t 1506 is a 1-bit flag with 1 indicating a
packet containing data in an inter picture or O indicating a
packet containing data in an intra picture.

[0093] The field d 1508 is a 1-bit flag with 1 indicating
differential coding information in the packet or 0 indicating
no differential coding information in the packet.

[0094] The field frag_or_n_gob 1510 is a 3-bit unsigned
integer with a value 0 indicating a packet carrying a frag-
ment of a GOB or a non-zero value ranging from 1 to 7
indicating the number of GOBs carried in the packet. Note
that this limits the number of GOBs that can be packed into
one packet to 7.

[0095] The field gob_bytes_h_or_frag no 1512 is a 5-bit
unsigned integer. Its meaning depends on whether the packet
carries non-fragmented GOB(s) or a fragment of a GOB, as
indicated by frag or_n_gob 1510. If the packet carries
non-fragmented GOB(s), these 5 bits are the high 5 bits of
a 10-bit integer that indicates the number of bytes in the
GOB. If the packet carries a fragment of a GOB, this field
specifies the fragment sequence number ranging from 0 to
31

[0096] The field gob_bytes_1_or_n_frag 1514 is a 5-bit
unsigned integer. Its meaning depends on whether the packet
carries non-fragmented GOB(s) or a fragment of a GOB, as
indicated by frag_or_n_gob 1510. If the packet carries
non-fragmented GOB(s), these 5 bits are the low 5 bits of a
10-bit integer that indicates the number of bytes in the GOB.
If the packet carries a fragment of a GOB, this field specifies
the number of fragments minus 1. Note that, according to the
above definitions, there are two different ways to signal a
packet with exactly one GOB: (a) frag_or_n_gob is set to 0
and gob_bytes_1_or_n_frag is set to 0, and (b) frag_or_n-
_gob is set to 1. It is better to use (b) since it involves only
one field of syntax to make the decision. Another note is that,
when frag_or_n_gob is non-zero, the number of bytes in the
GOB is calculated as (gob_bytes_h_or_frag no <<5)+
gob_bytes_1_or_n_frag.

[0097] The field s 1516 is a 1-bit flag with 1 indicating a
switch of reference frame to the backup frame or 0 indicat-
ing use of previous frame as the reference frame.
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[0098] The field m 1518 is a 1-bit flag with 1 indicating a
move of the temporary frame to the backup frame or O
indicating not moving the temporary frame to the back up
frame.

[0099] The field r 1520 is a 1-bit flag with 1 indicating
saving the current reconstructed frame into the temporary
frame memory or 0 indicating not saving the current recon-
structed frame into the temporary frame memory.

[0100] The field hdr_bits 1522 is an 8-bit unsigned integer
indicating the number of bits for either the picture header or
the GOB header, depending on the 1-bit flagh. When his 1,
this field indicates the number of bits in the picture header.
When h is 0, this field indicates the number of bits in the
GOB header. Note that the splitting operation requires both
picture header bits and GOB header bits for the first GOB of
the inner picture and the picture header bits have to be stored
when the first GOB of the inner picture is not the same as the
first GOB of the outer picture.

[0101] The field sb 1524 is a 1-bit flag with 1 indicating a
packet containing the start bits of a GOB in differential
coding or O indicating a packet not containing the start bits
of a GOB in differential coding.

[0102] The field cb 1526 is a 1-bit flag with 1 indicating
a packet containing the center bits of a GOB in differential
coding or 0 indicating a packet not containing the center bits
of'a GOB in differential coding. Note that (a) sb=0 and cb=0
indicates a packet with all bits being the end bits of a GOB
in differential coding; (b) sb=1 and cb=0 indicates a packet
with all bits being the start bits and no center bits of a GOB
in differential coding; (c) sb=0 and cb=1 indicates a packet
with no start bits and all bits being the center bits plus
possibly some (or all) end bits of a GOB in differential
coding; and (d) sb=1 and cb=1 indicates a packet with all
start bits and some (or all) center bits plus possibly some (or
all) end bits of a GOB in differential coding. For a non-
fragmented GOB, sb=1 and cb=1 is the only possible setting,
even the number of start bits is zero.

[0103] The field gob_center_bits 1528 is a 14-bit unsigned
integer indicating the number of center bits contained in the
packet for a GOB in differential coding.

[0104] The field gob_start_bits 1530 is a 13-bit unsigned
integer indicating the number of start bits contained in the
packet for a GOB in differential coding.

[0105] The field gob_insert_bits 1532 is a 3-bit unsigned
integer indicating the number of inserted bits between the
(picture or GOB) header and data after splitting a differen-
tially coded GOB.

[0106] The syntax elements described above and illus-
trated in FIG. 15 serve various purposes. However, the
following syntax elements described above are particularly
useful in implementing BDVS: gob_no, d, hdr_bits, sb, cb,
gob_center_bits, gob_start_bits, and gob_insert_bits.

[0107] FIGS. 16A and 16B illustrate bitstream structures
before 1600 and after 1650 a split operation is performed in
the MARS. FIG. 16A illustrates an input bitstream 1600
(from a video source end point to the MARS) to a BDVS
operation in a MARS. For the embodiment illustrated, the
bitstream 1600 encodes for a single GOB. The bitstream
1600 includes a picture header 1602 (including picture width
and height), a BDVS header 1604 per GOB (including the
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GOB number, as well as the numbers of header bits, start
bits, center bits and insert bits), the GOB header 1606, and
the actual Start Bits 1608, Center Bits 1610 and End Bits
1612. The Start Bits 1608, Center Bits 1610 and End Bits
1612 collectively form a GOB.

[0108] FIG. 16B illustrates an output bitstream 1650 from
a BDVS operation in the MARS. This output bitstream is
transmitted from the MARS to an endpoint which presents
only the split-out inner size of the full video frame. Thus, the
bitstream encodes only for the inner size of the video
picture. As described above, this output bitstream is the
result of the MARS discarding portions of the picture
outside the inner size, without having to decode the bit-
stream. Thus certain elements of the input bitstream 1600
are preserved in the output bitstream 1650. The bitstream
1650 includes the picture header 1602, the BDVS header
1604 per GOB, the GOB header 1606, insert bits 1658, and
the center bits 1610. It should be noted that only the center
bits 1610 of the picture are needed to reproduce the inner
size. Because the Center Bits 1610 may not be byte-aligned,
Insert Bits 1658 are used in the output bitstream 1650 to
align them. The MARS generates these Insert Bits 1658,
since having the center bits aligned allows use of byte-copy,
while avoiding using bit-copy, to obtain the output bitstream
1650. On the decoding side (i.e., a destination EP), the
decoder checks the syntax element 1532 for the number of
Insert Bits, and discards them.

[0109] FIG. 17A illustrates a split screen (SS) window
1700 displayed on a monitor at an end point. Source video
corresponding to multiple end points (users) are displayed in
a split screen (SS) window. By way of example, a 5+1 split
screen format is illustrated, but other formats are contem-
plated. The individual component areas or positions 1702,
1704, 1706, 1708, 1710 and 1712 of the SS window 1700
each correspond to an individual bitstream received by the
destination end point from the MARS. A conference chair-
person is a user who controls or administrates various
characteristics of a video conference. One of the character-
istics that the chairperson may control is the layout of the SS
window 1700 for all participant end points (i.e. all destina-
tion end points). The layout not only includes the multi-
screen format (e.g. 5+1, 3x2, etc.), but also includes the
positional arrangement of the individual video sources
within the SS window 1700 (e.g. User 2’s video is to be
displayed in the upper right corner area of SS window 1700,
etc.).

[0110] For an embodiment of the invention, a chairperson
interacts with the MARS through a graphical user interface
to arrange the position of source video within the SS window
1700. A “drag and drop” user interface (“D&D”) is provided
to allow the chairperson to arrange the positions of source
video, for example, by using a mouse or other pointing
device, selecting (e.g., “clicking on”) a first area within the
SS window 1700, dragging the selected area to a new
desired position within the SS window 1700, then dropping
or deselecting (e.g. releasing the mouse button) onto the
desired area to insert the selected area in a new position
within the SS window 1700. The video that originally
occupied the new position is moved or switched to the old
location of the dropped video; hence, this operation may be
referred to as a “drag and switch.” The position of any given
user (end point video) in the SS window can be rearranged
by the chairperson using the mouse to “drag” it from its
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original position and “drop” is to a new position. In place of
a chairperson, a user who controls a session token may
rearrange their own SS window, and this same rearrange-
ment will be made for all viewers by a single user with a
single D&D action. For example, performing a D&D opera-
tion on the SS window 1700 by dragging area 1708 then
dropping it substantially over area 1704 would result in
areas 1708 and 1704 being switched, as illustrated in FIG.
17B.

[0111] As another example, referring to FIG. 9, a chair-
person can use the drag and drop feature to set up a video
conference such that the source video for end point 906 is to
be displayed in the upper left corner of the 5+1 layout of the
destination end point 920, at a resolution of 208x160 pixels.
Because the source EP 906 only captures video at a reso-
lution of 176x144 pixels, which is less than the resolution
allotted for the upper left corner of the split screen window
at destination 920 (e.g. 208x160 pixels), MARS does not
need to cut out the sub-bitstream from the bitstream 906A
received from EP 906. Rather, the MARS may simply
forward the received bitstream to the destination end point.
Thus, for an embodiment of the invention, the source end
point encodes its video at two levels (full size and inner
size), and the bitstream may then be decoded by the desti-
nation end point at either of two levels (full size or inner
size).

[0112] Because the resolution of the full bitstream 176x
144 pixels is less than the split screen window’s allotted
space of 208x160 pixels, the destination end point may
simply fill the remaining space with black space. It should
be noted that if this D&D operation causes the video for end
point 904 to be switched to the previous location of end
point 906 video within the split screen, the MARS would
down-sample the 208x160 pixels resolution sub-bitstream
received from end point 904 to a resolution of 104x80
pixels.

[0113] A chairperson may also use the D&D user interface
feature to remove a source video from the SS window. For
example, if area 1708 is dragged then dropped outside of
window 1700, the corresponding area 1708 within the
window 1700 will not display video content (e.g., it will
appear black).

[0114] For another embodiment, a source video for an end
point user who is not currently displayed in the SS window
1700 can be added into the SS window 1700 via a D&D
mechanism. Referring to FIG. 18A, a graphical user inter-
face on a chairperson’s monitor includes a thumbnail win-
dow 1802 in addition to the SS window 1804. The thumbnail
window 1802 displays low resolution images that are
refreshed at a relatively low rate (e.g. 1 or 2 times a second),
and which are received from the source end points using a
stateless protocol, in which no provision is made for
acknowledgement of packets received. These images corre-
spond to each participant in the video conference, regardless
of whether their source video is displayed in the SS window
or not. This allows participants and the chairperson to have
a visual reference of all the participants in the conference,
even though the main focus may be on the participants
whose video is displayed within the SS window.

[0115] The chairperson can drag an image from the
thumbnail window 1802 and drop it into the SS window
1804 to cause source video corresponding to that user to be

Sep. 28, 2006

displayed in the SS window 1804 at a desired position. For
example, if there is a blank or unoccupied portion in the SS
window, the chairperson may fill this portion by dragging a
user from the thumbnail window 1802 into the SS window
1804. The thumbnail window will still contain a correspond-
ing image for all participants in the video conference. In
another example, the chairperson may remove an end point
video (user) who is originally in the SS window by switch-
ing it with source video from another user. The chairperson
drags a thumbnail image from thumbnail window 1802 into
the SS window 1804, then drops the thumbnail at the desired
location, causing any existing video source (if any) dis-
played at or occupying that location to be switched out (or
removed) from the SS window 1804. If there is already an
existing source video displayed at that location, the existing
video source is removed from the SS window 1804 and
replaced by the dropped source video. For example, refer-
ring to FIG. 18A, if a thumbnail corresponding to User 9 is
dragged from thumbnail window 1802, and dropped onto
the area of SS window 1804 corresponding to source video
for User 3, the contents of the SS window 1804 will be
changed to present source video for the User 9 end point in
place of the User 3 source video, as illustrated in FIG. 18B.
As also illustrated in FIG. 18B, thumbnail window 1802
remains unchanged after the drag and switch operation.

[0116] For an alternative embodiment, a chairperson can
change the split screen layout of the video conference
session by dragging one or more user thumbnails from the
thumbnail window into the SS window. For example, upon
dropping the thumbnails into the SS window, the layout of
the SS window changes to accommodate the additional
source(s). If the layout was in a 3x1 layout (three columns
of screens by one row of screens), thereby displaying video
for three end points, dropping a single additional user
thumbnail into the SS window causes the SS window layout
to be changed to a 2x2 layout. Additionally, other layouts
can be used. For example, simultaneously dropping three
additional user thumbnails onto the SS window can cause
the SS window layout to change on the fly from, for
example, a 3x1 layout to a 5+1 layout. However, when the
layout for the SS window changes, each end point may need
to change their encoding to reflect an appropriate inner size
for the sub-bitstream. Additionally, frequent changing of the
SS window layout can create pauses or otherwise impact the
user experience. For these reasons, once a conference starts,
the screen layout may remain the same for the duration of
the conference. For an alternative embodiment, user’s at
each destination end point can use drag and drop features to
arrange their split screen format as they desire, including
which end point video is displayed within the split screen. In
such a case, the MARS then routes the appropriate bitstream
(full or sub-bitstream) to the respective end point.

[0117] For another embodiment, a “click-to-see” (CTS)
feature is provided by a graphical user interface presented at
an end point. Referring to FIG. 18A, an end point user/
viewer can double click on (or otherwise select) a user/
participant represented in the thumbnail window 1802.
Upon double clicking a selected user, a separate new win-
dow appears to show the source video corresponding to the
selected user/end point. The new window displays only the
source video for the selected user/end point at the full
resolution of the source as received by the MARS. This
allows a user to focus on the video for a particular partici-
pant, regardless of whether video for the participant is
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displayed in the SS window for the conference session. This
feature re-creates a real in-person conference situation, since
it allows a user to observe other participants behavior (e.g.
body language), even though the participant may not be
actively participating or speaking in the conference. Alter-
natively, the new window may display only the inner size of
the source video, as encoded by its sub-bitstream. Because
the bitstream provided to the MARS by the source end point
encodes for both the full frame resolution and the inner size
resolution, the single bitstream can accommodate presenta-
tion of both small size video (e.g. as presented in an SS
window) and large size video (i.e. the full frame resolution
as presented by the CTS feature).

[0118] A viewer can also double click on any of the source
video for the end points displayed within the SS window
1804, to spawn a separate window of just the selected
user/end point video. Again, the separate window presents
the full frame resolution source video for the selected user.
Because the SS window 1804 contains video content for
many users, the video of some users/end points in the SS
window 1804 may be truncated/cut or down-sampled in
order to fit into the SS window. The CTS feature allows the
viewer to focus on any particular user in the SS window
1804, by viewing a full scene and possibly a higher reso-
lution of the source video (as encoded by the full bitstream
received at the MARS) than compared to its sub-bitstream
form within the SS window 1804.

[0119] Various encoding and decoding schemes may be
used with embodiments of the invention. For an embodi-
ment of the invention, the H.263 standard published by the
International Telecommunications Union (ITU) is used as a
codec. H.263 is an ITU standard for compressing a video-
conferencing transmission. It is based on H.261 with
enhancements that improve video quality. H.263 supports
CIF, QCIF, SQCIF, 4CIF and 16CIF resolutions. Other
codecs such as the MPEG-1, MPEG-2, MPEG-4, H.261,
H.264/MPEG-4 Part 10, and AVS (Audio Video coding
Standard) may also be used with other embodiments.

[0120] In practice, the methods described herein may
constitute one or more programs made up of machine-
executable instructions. Describing the method with refer-
ence to the flow charts enables one skilled in the art to
develop such programs, including such instructions to carry
out the operations (acts) represented by the logical blocks on
suitably configured computer or other types of processing
machines (the processor of the machine executing the
instructions from machine-readable media). The machine-
executable instructions may be written in a computer pro-
gramming language or may be embodied in firmware logic.
If written in a programming language conforming to a
recognized standard, such instructions can be executed on a
variety of hardware platforms and for interface to a variety
of operating systems. In addition, embodiments of the
invention are not limited to any particular programming
language. A variety of programming languages may be used
to implement embodiments of the invention. Furthermore, it
is common in the art to speak of software, in one form or
another (i.e., program, procedure, process, application, mod-
ule, logic, etc.), as taking an action or causing a result. Such
expressions are merely a shorthand way of saying that
execution of the software by a machine caused the processor
of the machine to perform an action or produce a result.
More or fewer processes may be incorporated into the
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methods illustrated without departing from the scope of the
invention and that no particular order is implied by the
arrangement of blocks shown and described herein.

[0121] Embodiments of the invention have been
described. It will, however, be evident that various modifi-
cations and changes may be made thereto without departing
from the broader spirit and scope of the invention. The
specification and drawings are, accordingly, to be regarded
in an illustrative rather than a restrictive sense.

What is claimed is:
1. A method for encoding video comprising:

capturing a video sequence at a full frame resolution;

identifying boundaries for an inner region within frames
of the video sequence;

encoding the video sequence at the full frame resolution
into a bitstream, the bitstream including a sub-bitstream
encoding for the inner region;

embedding data within the bitstream, the data identifying

the sub-bitstream within the bitstream.

2. The method of claim 1, wherein the data is a header, the
header specifying the inner region.

3. The method of claim 2, wherein the header comprises
information specifying a number of Group of Blocks
(GOBs) to discard, a number of center GOBs to remain, a
number of start bits within each of the center GOBs to
discard, and a number of center bits within each GOB to
remain.

4. The method of claim 2, wherein the inner region is
capable of being decoded from only the header and the
sub-bitstream portion of the bitstream.

5. An apparatus for encoding video comprising:

means for capturing a video sequence at a full frame
resolution;

means for identifying boundaries for an inner region
within frames of the video sequence;

means for encoding the video sequence at the full frame
resolution into a bitstream, the bitstream including a
sub-bitstream encoding for the inner region;

means for embedding data within the bitstream, the data

identifying the sub-bitstream within the bitstream.

6. The apparatus of claim 5, wherein the data is a header,
the header specifying the inner region.

7. The apparatus of claim 6, wherein the header comprises
information specifying a number of Group of Blocks
(GOBs) to discard, a number of center GOBs to remain, a
number of start bits within each of the center GOBs to
discard, and a number of center bits within each GOB to
remain.

8. The apparatus of claim 6, wherein the inner region is
capable of being decoded from only the header and the
sub-bitstream portion of the bitstream.

9. A machine-readable medium having instructions to
cause a machine to perform a machine-implemented method
comprising:

capturing a video sequence at a full frame resolution;

identifying boundaries for an inner region within frames
of the video sequence;
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encoding the video sequence at the full frame resolution
into a bitstream, the bitstream including a sub-bitstream
encoding for the inner region;

embedding data within the bitstream, the data identifying

the sub-bitstream within the bitstream.

10. The machine-readable medium of claim 9, wherein
the data is a header, the header specifying the inner region.

11. The machine-readable medium of claim 10, wherein
the header comprises information specifying a number of
Group of Blocks (GOBs) to discard, a number of center
GOBs to remain, a number of start bits within each of the
center GOBs to discard, and a number of center bits within
each GOB to remain.

12. The machine-readable medium of claim 10, wherein
the inner region is capable of being decoded from only the
header and the sub-bitstream portion of the bitstream.

13. A method comprising:

receiving an encoded bitstream, the bitstream encoding
for a video sequence at a full frame resolution;

identifying a sub-bitstream within the bitstream, the sub-
bitstream encoding for an inner region within frames of
the video sequence, the inner region having a first
resolution lower than the full frame resolution; and

discarding bits of the bitstream to obtain the sub-bit-
stream.

14. The method of claim 13, further comprising:

down-sampling the sub-bitstream to a second resolution,
the second resolution being lower than the first reso-
lution.

15. The method of claim 13, further comprising:

transmitting the sub-bitstream to a destination end point

for display within a split screen window.

16. The method of claim 13, wherein identifying the
sub-bitstream comprises reading a header embedded in the
bitstream, the header specifying the inner region.

17. The method of claim 13, further comprising:

appending a number of bits to the sub-bitstream to byte-
align center bits within the sub-bitstream, the center
bits encoding for a portion of the inner region;

appending a header to the sub-bitstream, the header
including a value indicating the number of appended
bits; and

transmitting the sub-bitstream, the appended bits, and the
header to a destination end point.

18. An apparatus comprising:

means for receiving an encoded bitstream, the bitstream
encoding for a video sequence at a full frame resolu-
tion;

means for identifying a sub-bitstream within the bit-
stream, the sub-bitstream encoding for an inner region
within frames of the video sequence, the inner region
having a first resolution lower than the full frame
resolution; and

means for discarding bits of the bitstream to obtain the
sub-bitstream.
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19. The apparatus of claim 18, further comprising:

means for down-sampling the sub-bitstream to a second
resolution, the second resolution being lower than the
first resolution.

20. The apparatus of claim 18, further comprising:

means for transmitting the sub-bitstream to a destination
end point for display within a split screen window.
21. The apparatus of claim 18, wherein means for iden-
tifying the sub-bitstream comprises means for reading a
header embedded in the bitstream, the header specifying the
inner region.
22. The apparatus of claim 18, further comprising:

means for appending a number of bits to the sub-bitstream
to byte-align center bits within the sub-bitstream, the
center bits encoding for a portion of the inner region;

means for appending a header to the sub-bitstream, the
header including a value indicating the number of
appended bits; and

means for transmitting the sub-bitstream, the appended
bits, and the header to a destination end point.
23. A machine-readable medium having instructions to
cause a machine to perform a machine-implemented method
comprising:

receiving an encoded bitstream, the bitstream encoding
for a video sequence at a full frame resolution;

identifying a sub-bitstream within the bitstream, the sub-
bitstream encoding for an inner region within frames of
the video sequence, the inner region having a first
resolution lower than the full frame resolution; and

discarding bits of the bitstream to obtain the sub-bit-
stream.
24. The machine-readable medium of claim 23, wherein
the method further comprises:

down-sampling the sub-bitstream to a second resolution,
the second resolution being lower than the first reso-
lution.
25. The machine-readable medium of claim 23, wherein
the method further comprises:

transmitting the sub-bitstream to a destination end point

for display within a split screen window.

26. The machine-readable medium of claim 23, wherein
identifying the sub-bitstream comprises reading a header
embedded in the bitstream, the header specifying the inner
region.

27. The machine-readable medium of claim 23, wherein
the method further comprises:

appending a number of bits to the sub-bitstream to byte-
align center bits within the sub-bitstream, the center
bits encoding for a portion of the inner region;

appending a header to the sub-bitstream, the header
including a value indicating the number of appended
bits; and

transmitting the sub-bitstream, the appended bits, and the
header to a destination end point.
28. A method comprising:

identifying a split screen layout, the split screen layout for
presenting video sequences from a plurality of end
points;
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determining a capability of an end point, the capability
including a first resolution for capturing a video
sequence at the end point;

determining a second resolution for displaying the video
sequence within the split screen layout;

determining whether cutting the video sequence from the
first resolution to the second resolution is acceptable;

if the cutting is acceptable, instructing the end point to
encode the video sequence into a bitstream at the first
resolution, the bitstream including a sub-bitstream
encoding for an inner region of the video sequence at
the second resolution.

29. The method of claim 28, further comprising:

if the cutting is unacceptable, determining whether down-
sampling the video sequence from the first resolution to
the second resolution is acceptable;

if the down-sampling is unacceptable, instructing the end
point to encode the video sequence into a bitstream at
the first resolution, the bitstream including a sub-
bitstream encoding for an inner region of the video
sequence at an intermediate resolution, the intermediate
resolution being between the first resolution and the
second resolution.

30. The method of claim 29, further comprising:

receiving the bitstream including the sub-bitstream at the
intermediate resolution;

extracting the sub-bitstream from the bitstream; and

down-sampling the sub-bitstream to the second resolu-
tion.
31. An apparatus comprising:

means for identifying a split screen layout, the split screen
layout for presenting video sequences from a plurality
of end points;

means for determining a capability of an end point, the
capability including a first resolution for capturing a
video sequence at the end point;

means for determining a second resolution for displaying
the video sequence within the split screen layout;

means for determining whether cutting the video
sequence from the first resolution to the second reso-
lution is acceptable;

if the cutting is acceptable, means for instructing the end
point to encode the video sequence into a bitstream at
the first resolution, the bitstream including a sub-
bitstream encoding for an inner region of the video
sequence at the second resolution.

32. The apparatus of claim 31, further comprising:

if the cutting is unacceptable, means for determining
whether down-sampling the video sequence from the
first resolution to the second resolution is acceptable;

if the down-sampling is unacceptable, means for instruct-
ing the end point to encode the video sequence into a
bitstream at the first resolution, the bitstream including
a sub-bitstream encoding for an inner region of the
video sequence at an intermediate resolution, the inter-
mediate resolution being between the first resolution
and the second resolution.
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33. The apparatus of claim 32, further comprising:

means for receiving the bitstream including the sub-
bitstream at the intermediate resolution;

means for extracting the sub-bitstream from the bitstream;
and

down-sampling the sub-bitstream to the second resolu-
tion.

34. A machine-readable medium having instructions to
cause a machine to perform a machine-implemented method
comprising:

identifying a split screen layout, the split screen layout for
presenting video sequences from a plurality of end
points;

determining a capability of an end point, the capability
including a first resolution for capturing a video
sequence at the end point;

determining a second resolution for displaying the video
sequence within the split screen layout;

determining whether cutting the video sequence from the
first resolution to the second resolution is acceptable;

if the cutting is acceptable, instructing the end point to
encode the video sequence into a bitstream at the first
resolution, the bitstream including a sub-bitstream
encoding for an inner region of the video sequence at
the second resolution.
35. The machine-readable medium of claim 34, wherein
the method further comprises:

if the cutting is unacceptable, determining whether down-
sampling the video sequence from the first resolution to
the second resolution is acceptable;

if the down-sampling is unacceptable, instructing the end
point to encode the video sequence into a bitstream at
the first resolution, the bitstream including a sub-
bitstream encoding for an inner region of the video
sequence at an intermediate resolution, the intermediate
resolution being between the first resolution and the
second resolution.

36. The machine-readable medium of claim 35, wherein
the method further comprises:

receiving the bitstream including the sub-bitstream at the
intermediate resolution;

extracting the sub-bitstream from the bitstream; and

down-sampling the sub-bitstream to the second resolu-
tion.

37. An apparatus comprising:

means for displaying a split screen window within a
graphical user interface, the window including a plu-
rality of regions, each region to display a video
sequence received from one of a plurality of end points;

means for receiving a selection of a first region within the
window;
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means for receiving a command to drag the selected first means for, in response to receiving the command to drop
region over a second region within the window; the selected first region, switching positions of the first
. i d th d regi ithin the window.
means for receiving a command to drop the selected first region and the second reglon within the wincow
region over the second region; and LI T B
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