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live or recorded 3D video content may be accessible by differ-
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tocols across a network of the content provider. A first video
signal corresponding to a first video feed for one eye of a
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may be received. The first video signal and the second video
signal may be encoded. The encoded first video signal and the
encoded second video signal may be transmitted independently
over a network. The two video signals may be received and
frame synced at an off-site location for eventual rendering to a
display device.
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VIDEO CONTENT DISTRIBUTION

This application is a continuation-in-part of commonly-owned United States
patent application serial no. 12/755,382, filed on April 6, 2010, the contents of

which are incorporated herein by reference in its entirety.

This application is related to commonly-owned United States application serial

no. , filed on January 14, 2011, entitled “3D Video Content

Generation,” with an attorney docket number of 007412.01376, the contents of

which are incorporated herein by reference in its entirety.

BACKGROUND

[03]

[04]

As more video content becomes available in both two dimensional (2D) and three
dimensional (3D) appearances, more demands are placed on service providers to
provide users with access to the video content in a number of different manners

and to a number of different users across different service providers.

With the emergence of 3D video content offerings by service providers to
viewers, live events, such as sporting events, may be captured with stereoscopic
cameras and production equipment. There will always be a demand for more 3D
video content offerings to more viewers across more service providers. As some
service providers gain exclusive access rights for video content distribution of
certain content, such as 3D content, a demand is placed for creating architectures

to allow other service providers to access and offer such video content to viewers.
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SUMMARY

[05]

[06]

[07]

The features described herein relate generally to acquiring, formatting, and
distributing live video content and other content signals to a variety of devices in
multiple geographies. Some features described herein relate to preserving

stereoscopic effect for formatting and distribution of live 3D video content.

Aspects of the present disclosure describe a stereoscopic production solution, e.g.,
for live events, that provides 3D video asset distribution to multiple devices and
networks. The production solution centralizes stereoscopic signal multiplexing,
audio synchronization, compression, file capture and for distribution over networks
such as broadband networks. In some embodiments, live or recorded 3D video
content may be accessible by different service providers with different

subscribers/users and protocols across a network of the content provider.

The preceding presents a simplified summary in order to provide a basic
understanding of some aspects of the disclosure. The summary is not an extensive
overview of the disclosure. It is neither intended to identify key or critical elements
of the disclosure nor to delineate the scope of the disclosure. The summary merely
presents some concepts of the disclosure in a simplified form as a prelude to the

description below.
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BRIEF DESCRIPTION OF THE DRAWINGS

[08] The present disclosure is illustrated by way of example and not limited in the
accompanying figures in which like reference numerals indicate similar elements
and in which:

[09] Figure 1 illustrates an example communication or content distribution network in
accordance with one or more aspects of the present disclosure.

[10] Figure 2 illustrates an example hardware architecture that can be used to implement
various features of the disclosure.

[11]  Figure 3 illustrates an example system for distribution of content over a plurality of
networks in accordance with one or more aspects of the present disclosure.

[12] Figure 4 illustrates an example video capture and distribution process in
accordance with one or more aspects of the present disclosure.

[13] Figure 5 illustrates an example video encoding process in accordance with one or
more aspects of the present disclosure.

[14] Figure 6 illustrates an example video distribution process for a plurality of
providers in accordance with one or more aspects of the present disclosure.

DETAILED DESCRIPTION

[15] In the following description of various illustrative embodiments, reference is made

to the accompanying drawings, which form a part hereof, and in which is shown,

by way of illustration, various embodiments in which aspects of the disclosure may

3



WO 2011/126586 PCT/US2011/021377

[16]

[17]

[18]

be practiced. It is to be understood that other embodiments may be utilized and
structural and functional modifications may be made, without departing from the

scope of the present disclosure.

Aspects of the present disclosure describe a distribution architecture that allows
client adaptation (multiple CODECs, multiple bitrates, multiple transports),
higher reliability by, e.g., placing critical components in monitored facilities with

uninterrupted power sources, and redundancy.

Aspects of the disclosure may be made operational with numerous general
purpose or special purpose computing system environments or configurations.
Examples of computing systems, environments, and/or configurations that may
be suitable for use with features described herein include, but are not limited to,
personal computers, server computers, hand-held or laptop devices,
multiprocessor systems, microprocessor-based systems, set top boxes, digital
video recorders, programmable consumer electronics, Internet connectable
display devices, network PCs, minicomputers, mainframe computers, distributed
computing environments that include any of the above systems or devices, and

the like.

The features may be described in the general context of computer-executable
instructions, such as program modules, being executed by a computer. Generally,
program modules may include routines, programs, objects, components, data
structures, etc. that perform particular tasks or implement particular abstract data

types.  Features herein may also be practiced in distributed computing

4
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environments where tasks are performed by remote processing devices that are
linked through a communications network. In a distributed computing
environment, program modules may be located in both local and remote
computer storage media including memory storage devices.  Although described
in relation to IP video, concepts of the present disclosure may be implemented for

any format capable of carrying 3D video content.

Figure 1 illustrates an example communication distribution network in
accordance with one or more aspects of the present disclosure. Aspects of the
network allow for streaming of 3D video content over a packet switched network,
such as the Internet. One or more aspects of the network are adapted to deliver
3D stercoscopic content to Internet (or another public or local network)
connected display devices. Still other aspects of the network adapt stercoscopic
content to a variety of network interface device technologies, including devices

capable of rendering two dimensional (2D) and 3D content.

3D video content, including live 3D video content, may be created and/or offered
by one or more 3D content sources 100. The sources 100 may capture 3D video
content using one or more cameras 101A and 101B. Cameras 101A and/or 101B
may be any of a number of cameras that are configured to capture video content.
In accordance with one or more aspects of the present disclosure, cameras 101A
and 101B may be configured to capture video content for a left eye and a right
eye, respectively, of an end viewer. The captured video content from cameras

101A and 101B may be used for generation of 3D video content for transmission,
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23]

¢.g., to an end user output device. In yet other configurations, a single camera
101A or 101B may be utilized for capturing of 2D video content. In such
configurations, the captured video content form camera 101A or 101B may be

used for generation of 2D video content for transmission to a user output device.

The data output from the cameras 101A and/or 101B may be sent to an encoding
(e.g., stereographer/production/video processing) system 102 for initial
processing of the data. Such initial processing may include any of a number of
processing of such video data, for example, cropping of the captured data, color
enhancements to the captured data, and association of audio to the captured video

content.

An optional audio recording system 103 may capture audio associated with the
video signal from the cameras 101A and 101B and generate a corresponding
audio signal. Alternatively, cameras 101A/B may be adopted to capture audio.
The audio captured may, for example, include spoken words in an audio track
that accompanies the video stream and/or other audio associated with noises
and/or other sounds. Audio recording system 103 may generate an audio signal
that may be inserted, for example, at corresponding time sequences to the

captured video signals in the encoding system 102.

The audio track may be directly associated with the images captured in the video
signal. For example, cameras 101 A and/or 101B may capture and generate data
of a video signal with an individual talking and the audio directly associated with
the captured video may be spoken words by the individual talking in the video

6
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signal. Alternatively and/or concurrently, the audio track also may be indirectly
associated with the video stream. In such an example, the cameras 101A and/or
101B may capture and generate data of a video signal for a news event and the
audio indirectly associated with the captured video may be spoken words by a

reporter not actually shown in the captured video.

For example, data from the encoding system 102 may be 3D video content
corresponding to two signals of live video content of a sporting event. Audio
recording system 103 may be configured to capture and provide audio
commentary of a sports analyst made during the live sporting event, for example,
and encoding system 102 may encode the audio signal to one or more video
signals generated from cameras 101A, 101B. Alternatively, the audio signal may
be provided as a separate signal from the two video signals. The audio signal
from the audio recording system 103 and/or the encoding system 102 may be sent
to a stream generation system 104, to generate multiple digital datastreams (e.g.,

Internet Protocol streams) for the event captured by the cameras 101A, 101B.

The stream generation system 104 may be configured to transmit at least two
independent signals of captured and/or processed video data from cameras 101A
and 101B. The data may be compressed in accordance with a particular protocol
and/or for transmission of the signals across a particular type of infrastructure for
data transmission. For example, compression of the video may allow for
transmission of the captured vide signals across a greater distance while using

less bandwidth in comparison to no compression of the captured video signals.
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The audio signal added by the audio recording system 103 also may be
multiplexed with one or both of the two video signals. As noted above, the
generated signals may be in a digital format, such as an Internet Protocol (IP)
encapsulated format. By transmitting each video signal for respective eyes of a
viewer as two separate/independent signals, data integrity is better maintained
and fewer resources are used. Independent or separate video signals, for
example, have not been frame synced to the other between a video image and/or
audio capturing location, e.g., an on-site location, and a central processing point
in the infrastructure of a service provider, e.g., an off-site location. A single
centralized processing point for video frame synchronization enables a service
provider, for example, to capture and process video for 3D implementation with

minimal equipment needed at on-site locations.

The single or multiple encapsulated IP streams may be sent via a network 105 to
any desired location. In the example of captured 3D video with camera 101A
capturing a video signal for one eye of a viewer and camera 101B capturing a
video signal for the other eye of the viewer, two separate or independent
encapsulated IP streams may be sent via the network 105 to a desired location,
such as central office 106. The network 105 can be any type of communication
network, such as satellite, fiber optic, coaxial cable, cellular telephone, wireless
(e.g., WIMAX), twisted pair telephone, etc., or any combination thereof. In some
embodiments, a service provider’s central office 106 may make the content

available to users.
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[29]

The central office 106 may include, for example, a decoding system 107
including one or more decoders for decoding received video and/or audio signals.
In the example configuration for processing 3D video signals, decoding system
107 may be configured to include at least two decoders for decoding two video
signals independently transmitted from the stream generation system 104.
Decoding system 107 may be configured to receive the two encoded video
signals independently. Decoding system 107 may further be configured to
decompress the received video signals, if needed, and may be configured to
decode the two signals as the first and second video signals corresponding to the
video signal captured for the left eye of a viewer and the video signal captured for

the right eye of the viewer.

In the case of an audio signal being transmitted with the associated video signals,
decoding system 107 further may be configured to decode the audio signal. In
one example, an audio signal corresponding to audio captured with associated
video content may be received as part of one of the two video signals received
from a stream generation system 104. In such an example, one of the video
signals may be for the right eye of a viewer and the other video signal may be for
the left eye. The audio signal may be received as an encoded combined signal

with the left and/or right eye signal.

Upon receipt of the two, or more, video signals, ¢.g., one for the right eye of a
viewer and the other as a combined signal, one signal being for the left eye of the

viewer and one being the audio signal, decoding system 107 may be configured
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to decode the first video signal, e.g., the video signal for the right eye of the
viewer, and to decode the second video signal, e.g., the combined signal. The
combined signal may be decoded to the video signal for the left eye of the viewer

and the audio signal.

The two, or more, video signals received by decoding system 107 may be
compressed video signals. The two video signals may be compressed, for
example, for transmission purposes in order to reduce the use of bandwidth
and/or to operate with a service provider’s infrastructure for transmission of
video signals. In such examples where the video signals are compressed,
decoding system 107 may be configured to decompress the video signals prior to,

concurrent with, and/or after decoding the video signals.

Operatively connected to decoding system 107 may be a frame syncing system
108, which may be combined as a computing device as depicted in Figure 2
(discussed below). Frame syncing system 108 may be configured to compare
time codes for each frame of video content in the first video signal with those for
cach frame of video content in the second signal. The syncing system 108 may
match frames by time codes to produce a frame synced video signal in which
cach frame contains the left and right eye data, e.g., images, which occur at the
same time in the video program. In the example of 3D video content for viewers,
a frame synced video signal may be utilized by an output device of a viewer. The
output device may output the frame synced video signal in a manner appropriate

for a corresponding viewing device to render the video as a 3D video appearance.

10—
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The resulting output from the syncing system 108 may be a single stream of the
frame synced signal. The left and right eye video may drift during transport. As
long as the drift is consistent, it may be corrected on the receive side of the

transport.

For example, a viewer may utilize an active shutter headgear/eye gear that reads a
video signal from an output device as an over/under format. In such an example,
the active shutter headgear may be configured to close the shutters for one eye
and open the shutters of the other eye of the headgear per respective frame of

video content. As such, an appearance of 3D images may be created for a viewer.

Options for methods of frame syncing a first video signal with a second video
signal include, but are not limited to, over/under syncing, e.g., top/bottom, side
by side full syncing, alternative syncing, e.g., interlaced, frame packing syncing,
e.g., a full resolution top/bottom format, checkerboard syncing, line alternative
full syncing, side-by-side half syncing, and 2D+ depth syncing. These example
methods are illustrative and additional methods may be utilized in accordance

with aspects of the disclosure herein.

In the example of an audio signal included with one or both of the video signals
as a combined signal, upon decoding of the audio signal by a decoding system
107, frame syncing system 108 may be configured to sync the audio signal with
the frame synced video signal. The process of syncing the audio signal with the
by frame syncing system 108 may include identifying a time sequence of the
frame synced video signal to insert the corresponding audio signal. In an

11—
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example where only video for the right eye of the viewer is compressed by the
right eye encoder and where video for the left eye of the viewer and audio are
both compressed by the left eye encoder, the left eye encoder runs slower than the
right eye encoder. The extra processing of audio on the left eye path results in
this stream taking longer to compress. On the receive site, all of the video and
audio may be decompressed and then reassembled as the independent left eye
video, right eye video, and audio. Because of the processing time for procession
by the left eye encoder, the delta in delivery times between the left eye and right

eye delivery paths may be compensated for.

Operatively connected to frame syncing system 108 may be a video formatting
system 109. Video formatting system 109 may be configured to receive a frame
synced video signal from the frame syncing system 108. The frame synced video
signal includes a first video signal corresponding to a first video feed for one eye
of a viewer and a second video signal corresponding to a second video feed for
the other eye of the viewer. Video formatting system 109 may compress the
frame synced video signal into a plurality of compressed frame synced video
signals. FEach compressed frame synced video signal may be compressed
according to a different format, e.g., for different transmission systems and/or

different user devices.

In the example of Figure 1, video formatting system 109 may include three
different compression format devices for compressing a frame synced video

signal before transmission across a network 110. The three different compression

12—



WO 2011/126586 PCT/US2011/021377

137]

format devices may be, for example, H.264 component 111A, MPEG2
component 111B, and Windows Media 9 component 111C. By taking the output
the event back to baseband, the video may be multicast to multiple encoding and
distribution platforms using IP technology. Video is multicast using IP to
multiple video compression platforms. Previous technologies would have used
an SDI router to deliver the video to multiple compression platforms. By using
IP multicast, it is possible to feed the video to multiple compression and transport
platforms. The present disclosure is not limited to three video CODECs. Using
aspects of the present disclosure, it is possible to add any number of CODECs.
Others include Flash, On2, MPEG-1, Smooth, and Zeri. Additional and/or

alternative format devices or systems may be included as desired or required.

Component 111A may be configured to compress the frame synced video signal
to H.264 format, for example, which may be a format often utilized for set-top
boxes of users of service providers. Component 111B may be configured to
compress the frame synced video signal to MPEG2 format, for example, which
may be a format often utilized for home computers of users, ¢.g., subscribers, of
service providers. Component 111C may be configured to compress the frame
synced video signal to Windows Media 9 format, for example, which may be a
format often utilized for streaming video to users. Although Figure 1 shows
H.264 component, MPEG2 component and Windows Media 9 component as
three illustrative compression format devices, the disclosure is not so limited and

may include any format of compression of video and number of components.

13-
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The present disclosure should not be interpreted as being limited to the examples

provided herein.

Video formatting system 109 may be configured to encode the 3D video content
for a plurality of different formats for different end devices that may receive and
output or render the 3D video content. Video formatting system 109 may be
configured to generate a plurality of Internet protocol (IP) streams of encoded 3D

video content specifically encoded for the different formats for rendering.

The different formats may correspond to different types of rendering/display
devices that a user would use to view the 3D content. For example, one set of two
of the IP streams may be for rendering the 3D video content on a display being
utilized by a polarized headgear system, while another set of two of the IP streams
may be for rendering the 3D video content on a display being utilized by an
anaglyph headgear system. Any of a number of technologies for rendering and/or
viewing rendered 3D video content may be utilized in accordance with the
concepts disclosed herein. Although anaglyph and polarized headgear are used as
examples herein, other 3D headgear types or display types may be used as well,

such as active shutter and dichromic gear.

Video formatting system 109 may be connected to network 110, which can be any
type of communication network, such as satellite, fiber optic, coaxial cable, cellular
telephone, wireless (e.g.,, WiMAX), twisted pair telephone, etc., or any
combination thereof. Video formatting system 109 may be configured to transmit
the compressed frame synced video signals from components 111A, 111B, and

14—
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111C over the network 110. As such, a frame synced video signal according to any
particularly desired compression format may be transmitted to any desired location.
In some embodiments, network 110 may be operatively connected to, may

incorporate one or more components, or may be network 105.

In some examples, a home of a user may be configured to receive data from
network 110. The home of the user may include a home network configured to
receive encapsulated 3D video content and distribute such to one or more viewing
devices, such as televisions, computers, mobile video devices, 3D headsets, etc.
For example, 3D video content may be configured for operation with a polarized
lens headgear system. As such, a viewing device or centralized server may be
configured to recognize and/or interface with the polarized lens headgear system to

render an appropriate 3D video image for display.

In other examples, a computer may be configured to receive data from network 110
as streaming video. The computer may include a network connection to a closed
system configured to receive encapsulated 3D video content and distribute such to
one or more viewing devices that operate within a closed network. Such an

example may be an intranet network.

Figure 2 illustrates general hardware elements that can be used to implement any of
the various computing devices discussed herein. The computing device 200 may
include one or more processors 201, which may execute instructions of a computer
program to perform any of the features described herein. The instructions may be
stored in any type of non-transitory computer-readable medium or memory (e.g.,

15—
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disk drive or flash memory), to configure the operation of the processor 201. For
example, instructions may be stored in a read-only memory (ROM) 202, random
access memory (RAM) 203, removable media 204, such as a Universal Serial Bus
(USB) drive, compact disk (CD) or digital versatile disk (DVD), floppy disk drive,
or any other desired electronic storage medium. Instructions may also be stored in
an attached (or internal) storage 205 (e.g., hard drive, flash, etc.). The computing
device 200 may include one or more output devices, such as a display 206 (or an
external television), and may include one or more output device controllers 207,
such as a video processor. There may also be one or more user input devices 208,
such as a remote control, keyboard, mouse, touch screen, microphone, etc. The
computing device 200 may also include one or more network interfaces, such as
input/output circuits 209 (such as a network card) to communicate with an external
network 210. The network interface may be a wired interface, wireless interface,
or a combination of the two. In some embodiments, the interface 209 may include
a device such as a modem (e.g., a cable modem), and network 210 may include the
external network 110, an in-home network, a provider’s wireless, coaxial, fiber, or
hybrid fiber/coaxial distribution system (e.g., a DOCSIS network), or any other

desired network.

The Figure 2 example is an example hardware configuration. Modifications may
be made to add, remove, combine, divide, etc. components as desired.
Additionally, the components illustrated may be implemented using basic
computing devices and components, and the same components (e.g., processor 201,

storage 202, user interface 205, etc.) may be used to implement any of the other

16—
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computing devices and components described herein. For example, the various
components herein may be implemented using computing devices having
components such as a processor executing computer-executable instructions stored

on a computer-readable medium, as illustrated in Figure 2.

One or more aspects of the disclosure may be embodied in a computer-usable data
and/or computer-executable instructions, such as in one or more program modules,
executed by one or more computers or other devices. Generally, program modules
include routines, programs, objects, components, data structures, etc. that perform
particular tasks or implement particular abstract data types when executed by a
processor in a computer or other data processing device. The computer executable
instructions may be stored on one or more computer readable media such as a hard
disk, optical disk, removable storage media, solid state memory, RAM, etc. As
will be appreciated by one of skill in the art, the functionality of the program
modules may be combined or distributed as desired in various embodiments. In
addition, the functionality may be embodied in whole or in part in firmware or
hardware equivalents such as integrated circuits, field programmable gate arrays
(FPGA), and the like. Particular data structures may be used to more effectively
implement one or more aspects of the invention, and such data structures are
contemplated within the scope of computer executable instructions and computer-

usable data described herein.

Figure 3 illustrates an example system for access or distribution of video content

over, for example, a plurality of different service provider networks in accordance

17—
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with one or more aspects of the present disclosure. The different service provider
networks can serve some or different geographic regions (e.g., one network 311
may serve users in Ohio while another network 331 may serve users in
Pennsylvania), different access types (e.g., one network 311 may serve fiber
optic/coaxial cable users in Pennsylvania, and another network 331 may serve
wireless cellular customers in Pennsylvania), different IP services (e.g., two
different web services offering streaming 3D video to their respective users), any
other form of offering services to different users, and any combination or
subcombination thereof. In the example of Figure 3, a network 301 of a first
service provider is shown operatively connected to a plurality of networks of other
service providers, including network 311 of service provider 310, network 321 of
service provider 320, network 331 of service provider 330, and network 341 of
service provider 340. Alternatively, networks 301, 311, 321, 331, and 341 may be
operated by one service provider. Network 301 as described herein may be
operatively connected to, may incorporate one or more components, or may be
network 110 described above with respect to Figure 1. Network 301 may operate

as a video distribution system to the networks 311, 321, 331, and 341.

Network 311 of service provider 310 may be a network for users of a competitor to
the service provider transmitting data through network 301. In the example of a
live 3D sporting event where the rights for capturing and distribution are owned by
one service provider, competitor service providers may desire access to the same
live 3D video and audio feeds. An arrangement may be in place between the

service providers to allow access to the particular live 3D video content. However,
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in such situations, the transmission format for the network 311 may be different
from the transmission format of the service provider providing the live 3D video
signal through its network 301. A television 319 connected to the service provider
310 may be configured to receive and render 3D video content through, for
example, a set-top box 317, a QAM 315, and a processing platform 313.
Alternatively, this and other networks may communicate directly with a user’s
display device.  Distribution through network 311 may require unicast
transmissions while the backbone operation of network 301 may be a multicast
transmission format. In accordance with the present disclosure, an IP network may

be utilized for acquisition and distribution amongst various service providers.

Service provider 320 may stream live video content to users through a URL. A
user to service provider 320 may access live video content originating from
network 301 of a different service provider at a computer 327, through, for
example, a content delivery network 325, an encoder 323, and network 321.
Again, in such situations, the transmission format for the network 321 through, e.g.,
the competitor service provider 320 may be different from the transmission format

of the service provider providing the live video signal through its network 301.

Like network 311 for service provider 310, network 331 of service provider 330
may be a network for users of a competitor to the service provider transmitting data
through network 301. In such situations, the transmission format for the network
331 through the competitor service provider 330 may be different. A television

339 (or other display device) connected to the service provider 330 may be
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configured to receive and render video content through, for example, a set-top box

337, a QAM 335, and a processing platform 333.

Service provider 340 may be for users in an international market, such as Europe.
A user to service provider 340 may access video content originating from network
301 of a different service provider at a display device 347 connected to the service
provider 340. The display device 347 may be configured to receive and render
video content through a set-top box 345, a QAM 343, or directly from network
341. In this example, network 341 may comprise, in whole or in part, a wircless
network (e.g., satellite, cellular, WiMax, etc.). The transmission format for the
network 341 through the competitor service provider 340 may be different from the
transmission format of the service provider providing the live video signal through

its network 301.

In one or more of the examples of Figure 3, the video signal (e.g., a live video
signal) from network 310 may be a 3D video signal, such as for a concert, a
political event, and/or a sporting event. In some examples of Figure 3, the live
video signal from network 310 may include an audio signal associated with the live
video signal. The audio signal may be directly and/or indirectly associated with the
live video signal. Still further, one or more features of the distribution of the
original live 3D video content from a source to network 110 in Figure 1 may be

utilized as the live video content distributed from network 310 in Figure 3.

Figure 4 illustrates an example video distribution process in accordance with one or

more aspects of the present disclosure. The various steps may be performed by
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different entities in the system (e.g., the cameras 101A, 101B, encoding system
102, audio recording device 103, stream generator 104, decoding system 107,
frame syncing system 108, and video formatting system 109) as discussed herein.
In step 401, a video feed for the right eye of a viewer may be captured by, for
example, the camera 101A. In what may be a concurrent step, in 403, a video feed
for the left eye of the viewer may be captured by, for example, camera 101B. In
yet another step that may be concurrent, in 405, an audio feed associated with the

video feeds may be captured by, for example, audio recording device 103.

In step 407, the captured live video feed for the right eye of the viewer may be
encoded by, for example, encoding system 102, and in step 409, the captured live
video feed for the left eye of the viewer may be encoded with the audio feed into an
encoded combined signal by, for example, encoding system 102. Alternatively, the
audio feed may be encoded separately or with the right eye video feed. Encoding
of the video feeds may be desired in order to transport the video feeds from a first
point to a second point over a known network configuration of a service provider to
meet a specific frame size and format for a receiver. In 411, the encoded live video
feed for the right eye of the viewer may be compressed, and in step 413, the
encoded combined feed may also be compressed by, for example, the stream
generator 104. Compression of the encoded video feeds may be desired in order to

utilize less bandwidth in transmitting the encoded video feeds through a network.

Proceeding to step 415, the compressed encoded live video feed for the right eye

and the compressed encoded combined feed may be transmitted over a network, for
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example over network 105, as two independent signals. One benefit of
transmission of the video feeds as two independent feeds, e.g., IP streams, is that it
ensures a full resolution signal (e.g., originally captured resolution video feed for
cach eye, as opposed to a frame synced half resolution video for each eye) may be
transmitted for later processing before output to a viewer. Such a delay of frame
syncing the left eye and the right eye video off-site from a point of origination
allows for centralized processing of the signals. Thus, resources for later

processing to frame sync the signals are reduced to the central location.

In step 417, which may be concurrently performed with step 419, the compressed
encoded live video feed for the right eye of the viewer may be decompressed, and
the compressed encoded combined feed may be decompressed, respectively, by,
for example, decoding system 107. In step 421, the encoded live video feed for the
right eye of the viewer may be decoded by, for example, decoding system 107,
back to an original captured video format and in step 423, the encoded combined
feed may be decoded into the live video feed for the left eye of the viewer and the
audio feed by, for example, decoding system 107 back to an original captured

video and audio format.

Proceeding to step 425, the live feed for the right eye that was captured in step 401
and the live feed for the left eye that was captured in step 403 are ready for frame
syncing. In 425, ecach frame of video content may be synced between the feed for
the right eye and the feed for the left eye by, for example, frame syncing system

108. The frame syncing of the two signals may be performed in any of a number

L



WO 2011/126586 PCT/US2011/021377

[57]

[58]

of different manners. For example, for ecach frame of video content, the live feed
for the right eye may be reduced by % resolution and placed in the upper half of a
frame synced video signal. The live video feed for the left eye also may be reduced
by 2 resolution and placed in the lower half of the frame synced video signal.
Thus, the resulting frame synced video feed may be an over/under frame synced
video feed. The live video feeds may be synced based upon a time sequence of the
original recording of the live video feeds by the cameras. The live video feeds may
have been marked at predefined intervals with a time code that corresponds to a
particular time in the captured video feeds for the right eye and the left eye of the

viewer.

An end user’s 3D viewing device may be configured to output the upper half of the
frame synced video signal to a right eye of the viewer and to output the lower half
of the frame synced video signal to a left eye of the viewer. Utilizing a frame
synced video signal, the 3D viewing device (e.g., headgear) may create the
appearance of live 3D video content for the viewer. As described herein, any of a
number of different frame syncing formats may be utilized to frame sync the video
feed for the right eye of a viewer with the live video feed for the left eye of the

viewer and the present disclosure is not limited to any specific example herein.

Moving to step 427, if an audio signal was included with one of the video feeds
for the left eye and/or video feed for the right eye in a combined feed, the audio
signal may be synced to the sync framed video feed by, for example, frame

syncing system 108. The audio signal may be synced with the frame synced
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video signal based upon a time sequence of the original recording of the audio
stream by the audio recording system with the original capturing of the live video
feeds by the cameras. The audio signal may have been marked at predefined
intervals with a time code that corresponds to a particular time in the captured

video feeds for the right eye and the left eye of the viewer.

In alternative embodiments of the example process of Figure 4, two independent
video feeds, one for the right eye of a viewer and one for the left eye of a viewer
that were captured originally by two different cameras may be distributed and
frame synced as a frame synced video feed without the inclusion of an audio
signal. In such examples, in step 409, the video feed for the left eye of the viewer
may be encoded without the inclusion of an audio feed. In step 413, the encoded
live video feed for the left eye may be compressed, again without the inclusion of
an audio feed. Transmission in step 415, decompression in step 419, and

decoding in step 423 follow without the inclusion of any audio feed.

In addition, compressing and decompressing feeds may be an optional step. One
or more steps may be implemented and/or not included. Still further, although
the example of Figure 4 illustrates an embodiment of encoding and transmitting
an associated audio feed with the video feed for the left eye of a viewer, the
associated audio feed may alternatively or concurrently be encoded and

transmitted with the video feed for the right eye of the viewer.

Figure 5 illustrates an example video encoding process in accordance with one or

more aspects of the present disclosure. The various steps may be performed by
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different entities in the system (e.g., the cameras 101A, 101B, encoding system
102, audio recording device 103, stream generator 104, decoding system 107,
frame syncing system 108, and video formatting system 109) as discussed herein.
In step 501, a frame synced live video feed with associated audio may be received
by, for example, video formatting system 109. A service provider may want to
distribute the frame synced live video feed in a number of different video formats
in order to distribute the video content over a wider range of electronic devices
configured to render the video content on an output device. For transmission
through different networks and mediums, different compression formats may be

needed.

Proceeding to step 503, the received frame synced video feed (e.g., live video feed)
may be compressed in accordance with a first video compression format by, for
example, H.264 component 111A, MPEG2 component 111B, and/or Windows
Media 9 component 111C. Any of a number of different video compression
formats may be utilized herein and the present disclosure should not be interpreted
as limited to those described. Example video compression formats that may be

utilized include MPEG2, H.264, and Windows Media 9.

The process then moves to step 505 where a determination may be made as to
whether there are more compression formats associated with the distribution
network of the service provider that are needed in order to transmit the frame
synced live video feed to a larger pool of viewers utilizing different output devices

for rendering the live video feed. If there is no other compression format needed,
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the process moves to step 511. If another compression format is needed in step
505, the process moves to step 507 where the next video compression format may
be identified for implementation. For example, in step 503, the frame synced live
video feed may be compressed in accordance with an H.264 compression format.

In step 507, an MPEG?2 video compression format may be identified as needed.

In step 509, the frame synced live video feed received in 501 may be compressed
in accordance with the identified next video compression format. Thus, there now
may be two compressed frame synced live video feeds, one compressed in
accordance with the first format in step 503 and one compressed in accordance
with the next identified compression format in step 509. The process may return to
step 505 to determine, once again, if another compression format associated with

the distribution network of the service provider is needed.

In step 511, the compressed frame synced live video feeds for each of the different
compression formats are transmitted over a network, such as over network 110, as
different compression format signals. As such, a service provider with some
users/subscribers having end devices configured to receive and decompress signals
of a first format and other users having end devices to receive and decompress
signals of a second and different format may be able to receive and view the same

live video content.

In step 513, a device associated with a subscriber/end user may determine an
available frame synced live video feed of compression format that matches the
compression format utilized by the end device, for example, in response to a user
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viewing an electronic program guide and opting to view a particular video
program. In the examples described above, the end device of the user may utilize a

frame synced live video feed according to an H.264 compression format.

Having determined the frame synced live video feed according to the matching
compression format, in step 515, the matching compressed frame synced live video
feed may be received by a subscriber/end user system. For example, a set-top box
at a home of a user may be configured to receive such a compressed frame synced
live video signal. Then, in step 517, the received compressed frame synced live
video feed may be decompressed in order to render the live video content to an end

uscr.

In other embodiments of the example process of Figure 5, the frame synced live
video feed may or may not include an audio signal associated with the frame
synced live video feed. In such examples, the frame synced live video feed may
include a similarly compressed audio feed. Then, in step 517, the audio signal

may be decompressed from the frame synced live video feed as well.

In addition, the example in Figure 5 may be implemented in accordance with one
or more examples of embodiments of Figure 4 described above. For example, the
frame synced live video feed received in step 501 may be the same frame synced
live video feed generated in step 425 in Figure 4 or may be the frame synced live
video feed generated in step 427 that includes an audio feed associated with the

originally captured video.
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Figure 6 illustrates an example video distribution process for a plurality of service
providers in accordance with one or more aspects of the present disclosure. The
various steps may be performed by different entities in the system (e.g., the
cameras 101A, 101B, encoding system 102, audio recording device 103, stream
generator 104, decoding system 107, frame syncing system 108, video formatting
system 109, network 301, one or more components within service provider 310,
one or more components within service provider 320, one or more components
within service provider 330, and one or more components within service provider
340) as discussed herein. In step 601, a frame synced live video feed (or a non-
live feed) with associated audio may be received by, for example, video
formatting system 109. A service provider may want to distribute the frame
synced live video feed through a number of different networks of other service
providers in order to distribute the video content over a wider range of electronic

devices configured to render the video content on an output device.

Proceeding to step 603, the received frame synced live video feed may be
processed into a digital datastream by, for example, video formatting system 109.
Any of a number of different datastream generated formats may be utilized herein
and the present disclosure should not be interpreted as limited to those described.
Example datastream generated formats that may be utilized include Internet
Protocol streams, internetwork packet exchange streams, and Internet Group

Management Protocol streams.
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Some service providers might only use unicast transmissions for transports of video
data across its network. In step 605, the datastream from step 603 may be further
processed into a first datastream configured to be transmitted across a network
according to a unicast transmission for such service providers by, for example,
video formatting system 109. For example, a competitor service provider may
want to receive and distribute the original frame synced live video feed from the
originating service provider. In such an example, the competitor service provider
may distribute in a unicast transmission. Accordingly, the first processed
datastream configured for transmission as a unicast transmission in 605 may be

utilized as described below.

In step 607, a determination may be made as to whether there are more service
provider transmission types that are needed in order to transmit the frame synced
live video feed to a larger pool of viewers across different service providers. If
there are no other service provider types needed, the process moves to step 613. If
another service provider type is needed in step 607, the process moves to step 609
where the next service provider transmission format may be identified for

implementation.

In step 611, the datastream received in step 603 may be processed into a next
datastream configured to be transmitted across a network according to a different
transmission format, such as a multicast transmission by, for example, video
formatting system 109. Thus, there now may be two datastreams for frame synced

live video feeds, one datastream in accordance with the first format in step 605 and
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one datastream in accordance with the next identified format in step 611. The
process may return to step 607 to determine, once again, if another service provider
format type associated with the distribution network of another service provider is

needed.

In step 613, the datastreams for each of the different service provider formats are
transmitted over a network, such as over network 110, as different service provider
formatted signals. As such, different service providers with networks configured to
receive unicast transmission and/or networks configured to receive multicast
transmission may be able to receive and view the same live video content. Thus,
the different transmissions across a network, such as across network 110, may be
signals with different transmission formats as well as signals with different frame

syncing formats

In step 615, for a first service provider network, the processed datastream for
unicast transmission may be received. As such, the first service provider may
transmit within its system accordingly. Similarly in step 617, for a second service
provider network, the processed datastream for multicast transmission may be
received. As such, the second service provider may transmit within its system

accordingly.

In embodiments of the example process of Figure 6, the processed datastreams
may or may not include an audio signal associated with the frame synced live
video feed. In still other embodiments, although described in Figure 6 as a frame
synced live video signal, the live video signal may be for 2D video rendering and
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a frame synced live video signal may not be needed. In such examples, the frame
synced live video signal may be a live 2D video signal with, or without, an

associated audio signal.

In addition, the example in Figure 6 may be implemented in accordance with one
or more examples of embodiments of Figures 4 and 5 described above. For
example, the frame synced live video feed received in step 601 may be the same
frame synced live video feed generated in step 425 in Figure 4 or may be the frame
synced live video feed generated in step 427 that includes an audio feed associated

with the originally captured video.

Aspects of the disclosure have been described in terms of illustrative embodiments
thereof. While illustrative systems and methods as described herein embodying
various aspects of the present disclosure are shown, the disclosure is not limited to
these embodiments. Modifications may be made by those skilled in the art,

particularly in light of the foregoing teachings.

For example, the steps illustrated in the illustrative figures may be performed in
other than the recited order, and that one or more steps illustrated may be optional
in accordance with aspects of the disclosure. Modifications may be made without
departing from the true spirit and scope of the present disclosure. The description

is thus to be regarded as illustrative instead of restrictive on the present disclosure.
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What is claimed is:

1. A method comprising;:

receiving, by an encoding system, a first video signal corresponding to a first video
feed for one eye of a viewer;

receiving, by the encoding system, a second video signal corresponding to a second
video feed for the second eye of the viewer;

encoding, by the encoding system, the first video signal;

encoding, by the encoding system, the second video signal; and

transmitting the encoded first video signal and the encoded second video signal

independently over a network.

2. The method of claim 1, further comprising receiving, by the encoding
system, an audio signal associated with the first video signal and the second video signal,

wherein encoding the second video signal includes encoding the second video
signal with the audio signal to a combined encoded signal,

wherein transmitting the encoded first video signal and the encoded second video
signal independently over the network includes transmitting the encoded first video signal

and the combined encoded signal independently over the network.

3. The method of claim 2, further comprising:
receiving, by a decoding system, the encoded first video signal and the combined
encoded signal independently over the network;

decoding, by the decoding system, the encoded first video signal;
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decoding, by the decoding system, the combined encoded signal to the second
video signal and the audio signal; and
frame syncing the first video signal with the second video signal to a frame synced

video signal.

4. The method of claim 3, further comprising syncing the audio signal with

the frame synced video signal.

5. The method of claim 1, further comprising:

receiving, by a decoding system, the encoded first video signal and the encoded
second video signal independently;

decoding, by the decoding system, the encoded first video signal;

decoding, by the decoding system, the encoded second video signal; and

frame syncing the first video signal with the second video signal to a frame synced

video signal.

6. The method of claim 5, wherein the frame synced video signal is a frame
synced 3D video signal.
7. The method of claim 5, further comprising:

compressing the encoded first video signal prior to transmitting;
compressing the encoded second video signal prior to transmitting;

decompressing the compressed encoded first video signal after receiving;
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decompressing the compressed combined encoded signal after receiving,

wherein transmitting includes transmitting the compressed encoded first video
signal and the compressed encoded second video signal independently over the network,

wherein receiving includes receiving the compressed encoded first video signal and

the compressed encoded second video signal independently.

8. The method of claim 1, wherein the first video signal and the second video
signal are full resolution signals and wherein the transmitting the encoded first video signal
and the encoded second video signal independently over the network includes transmitting
the encoded full resolution first video signal and the encoded full resolution second video

signal independently over the network.

9. A method comprising;:

receiving, by a decoding system, an encoded first video signal and an encoded
second video signal independently over a network;

decoding, by the decoding system, the encoded first video signal;

decoding, by the decoding system, the encoded second video signal; and

frame syncing the first video signal with the second video signal to a frame synced

video signal.

10.  The method of claim 9, further comprising:
decompressing the encoded first video signal after receiving; and

decompressing the encoded second video signal after receiving.
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11.  The method of claim 9, wherein the second video signal includes an audio

signal associated with the first video signal and the second video signal.

12.  The method of claim 11, further comprising syncing the audio signal with

the frame synced video signal.

13. A method comprising;:

receiving, by a video system, a frame synced video signal, the frame synced video
signal including a first video signal corresponding to a first video feed for one eye of a
viewer and a second video signal corresponding to a second video feed for the other eye of
the viewer;

compressing, by the video system, the frame synced video signal into a plurality of
compressed frame synced video signals, each one of the plurality of compressed frame
synced video signals compressed according to a different compression format; and

transmitting the plurality of separate compressed frame synced video signals over a

network.

14.  The method of claim 13, wherein the frame synced video signal includes an

audio signal associated with the first video signal and the second video signal.

15.  The method of claim 14, wherein the audio signal is synced with the frame

synced video signal.
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16.  The method of claim 13, wherein the frame synced video signal is a frame
synced 3D video signal.
17. The method of claim 13, wherein the different formats include a first format

for a home computer and second format for a set-top box.

18. The method of claim 13, wherein the different formats include at least one

of: MPEG-2 and H.264.

19. A method comprising;:

receiving, by a video distribution system, a live video signal;

processing, by the video distribution system, the live video signal into a datastream;

processing, by the video distribution system, the datastream into a first processed
datastream configured to be transmitted according to a unicast transmission from a first
network over a second network and a second processed datastream configured to be
transmitted according to a multicast transmission from the first network over a third
network; and

transmitting, by the video distribution system, the first and second datastreams to

the second and third networks.

20. The method of claim 19, wherein the live video signal is a live 3D video signal.
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21.  The method of claim 19, wherein the live video signal includes an audio signal

associated with the live video signal.

22.  The method of claim 21, wherein the live video signal is a frame synced live 3D

video signal synced with an associated audio signal.

23.  The method of claim 19, wherein the first and second processed datastreams are

Internet Protocol (IP) first and second processed datastreams.

24.  The method of claim 19, wherein receiving, by the video distribution system, the
live video signal includes:

receiving an encoded first live video signal and an encoded second live video
signal independently over a fourth network;

decoding the encoded first live video signal;

decoding the encoded second live video signal; and

frame syncing the first live video signal with the second live video signal to a

frame synced live video signal.

25. The method of claim 24, wherein the third and fourth networks are a same network.

26.  The method of claim 19, wherein processing, by the video distribution system, the

datastream into the plurality of processed datastreams includes compressing each
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datastream of the plurality, each one of the plurality of compressed datastreams

compressed according to a different format.
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