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(57) Abstract: A real-time audiovisual streaming system transmits audiovisual content over an internetwork from an audiovisual
stream source to a plurality of invited viewers. The system includes an application monitor coupled to an internetwork to monitor
performance of streaming servers that receive and broadcast an audiovisual stream over the internetwork, based on its monitoring of
the streaming servers. The application monitor also monitors performance of control servers and selects a server based thereon to es -
tablish control with the audiovisual stream source and enable transmission of the stream from the source to a selected streaming
server and to establish control of invited viewers for the broadcast of the audiovisual stream from a selected streaming server to an
invited viewer.
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SCALABLE AUDIOVISUAL STREAMING METHOD AND APPARATUS

FIELD
[0001] The invention relates to audiovisual streaming. In particular, the
invention relates to real-time audiovisual streaming from a wireless camcorder to a

plurality of invited handheld devices over an internetwork.

BACKGROUND

[0002] Headset camcorders are well known in the art. For example, the
Looxcie LX1 camcorder is available from the assignee of the present invention. The
Looxcie headset camcorder records and wirelessly transmits video to a mobile
cellular communication device, allowing a wearer to view the video on the device’s
display screen. In particular, the camcorder captures video at 480p resolution at 30
frames per second and wirelessly transmits, via the Bluetooth™ open wireless
technology standard, a Moving Picture Experts Group 4 (MPEG4) encoded
recording to an Apple iPhone or Android operating system-based smartphones. The
smartphone can act as a viewfinder for properly aligning the camcorder with the
wearer's field of vision and allows the wearer to share videos via e-mail or post
them on Facebook or YouTube.

[0003] Real-time audiovisual streaming is also well known in the art. For
example, the Apple iPhone FaceTime feature provides for audiovisual
communication between two iPhone users. Additionally, qik is a mobile real-time
video streaming and two-way video conferencing application that allows users to
stream live video from their mobile phones to the Internet.

[0004] What is needed, however, is a real-time audiovisual streaming
method and apparatus that provides for improved streaming of audiovisual content
from a headset camcorder to a selected group of mobile communications or

computing device over an internetwork.
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BRIEF DESCRIPTION OF DRAWINGS

[0005] Embodiments of the invention are illustrated by way of example and
not by way of limitation in the figures of the accompanying drawings in which like
references indicate similar elements. It should be noted that references to “an” or
“one” embodiment in this disclosure are not necessarily to the same embodiment,
and such references mean ““at least one.”

[0006] Figure 1 is a diagram of a real-time audiovisual streaming

architecture in accordance with an embodiment of the invention.

[0007] Figure 2 is a flow chart depicting an embodiment of the invention.
[0008] Figure 3 is a flow chart depicting an embodiment of the invention.
[0009] Figure 4 is a block diagram of an embodiment of the invention.
DETAILED DESCRIPTION

Overview

[0010] An embodiment of the invention permits individuals to stream live

audio and video, that is, transmit a “real-time audiovisual stream”, from a headset
camcorder, such as the L.ooxcie [.X1, available from the assignee of the invention,
to invited viewers, using a smartphone as a gateway in wireless communication with
the camcorder. The audiovisual stream is wirelessly transported to a source mobile
device, for example, the stream may be transmitted via Bluetooth to a smartphone, a
tablet computer, a personal digital assistant (PDA), a laptop computer, etc., then to a
streaming server, from where it may be distributed to viewers who are authorized to
view that stream (“invited viewers”). The phrase real-time audiovisual stream as
used herein refers to live streaming which involves taking multimedia content and
broadcasting it over a telecommunications network and/or the Internet, where the
content can essentially be viewed by end-users live. Practically speaking, there is of
course some delay between the broadcasting of the stream and the live viewing of
the stream by end-users owing to delays that occur in the network as the stream
passes through and is buffered in various nodes and traverses multiple network

segments.
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[0011] According to one embodiment of the invention, the real-time
audiovisual stream uses a “personal cast” session model, implying that sessions are
created between a broadcaster operating the headset camcorder and accompanying
source mobile device with known contacts and distributed to known viewers.
According to another embodiment of the invention, the broadcaster may stream to a
channel that can be viewed by many. For example, an Internet service provider may
define broadcast channels to carry live audiovisual content.

[0012] Given the headset camcorder is contemplated transporting a fixed
video format to a broadcaster’s mobile device, an embodiment of the invention
monitors and adopts a streaming bitrate to accommodate sessions connected to a
streaming server via different communication technologies such as 3G cellular
communications, 4G cellular communications, and Wi-Fi (IEEE 802.11). It is
contemplated therefore that an embodiment of the invention adjusts the end-to-end
throughput of the audiovisual content in a range of 100kbps to 500kbps or higher
based on the network conditions. In one embodiment of the invention, the
audiovisual stream is transcoded to H.264 format for viewing.

[0013] According to an embodiment of the invention, a personal cast session
between a broadcaster and a community of users is created via invitation, in other
words, viewers are only able to view available sessions that they are invited to view.
The personal cast session model involves disclosing the presence and state of
broadcasters to particular viewers, and the ability of those viewers to intentionally
select sessions to view or broadcast. In one embodiment, a personal cast session
defines a relationship between one broadcaster and a limited number of individually
invited viewers. [n an alternative embodiment, a personal cast session is established
between a broadcaster (e.g., video blogger) and an invited group of viewers or
broadcast viewing channels.

[0014] Particular embodiments include an apparatus comprising an
application monitor coupled to an internetwork to: monitor performance of each of a
plurality of streaming servers coupled to the internetwork and select at least one
streaming server based thereon to receive and broadcast an audiovisual stream over

the internetwork; and monitor performance of each of a plurality of control servers

3



WO 2012/166444 PCT/US2012/039014

and select at least one control server based thereon to establish control with an
audiovisual stream source to enable transmission of the audiovisual stream from the
audiovisual stream source to the at least one selected streaming server and to
establish control with at least one of a plurality of invited viewers to enable the
broadcast of the audiovisual stream from the at least one selected streaming server
to the at least one invited viewer. In further embodiments, the application monitor
to monitor performance of each of the plurality of streaming servers and to monitor
performance of each of the plurality of control servers comprises the application
monitor to monitor processor load for each of the plurality of streaming servers and
each of the plurality of control servers. In further embodiments, the application
monitor to monitor performance of each of the plurality of streaming servers and to
monitor performance of each of the plurality of control servers comprises the
application monitor to monitor traffic bandwidth usage for each of the plurality of
streaming servers and each of the plurality of control servers. In further
embodiments, a plurality of streaming servers are coupled to the internetwork,
wherein at least one of the streaming servers is selected to receive an audiovisual
stream transmitted over the internetwork from an audiovisual stream source and to
broadcast the received audiovisual stream over the internetwork to at least one of a
plurality of invited viewers; a plurality of control servers coupled to the
internetwork, wherein at least one of the control servers is selected to establish
control with the audiovisual stream source to enable the transmission of the
audiovisual stream from the audiovisual stream source to the at least one selected
streaming server and to establish control with at least one of the plurality of invited
viewers to enable the broadcast of the received audiovisual stream from the at least
one selected streaming server to the at least one invited viewer; and an application
monitor coupled to the internetwork to monitor performance of each of the plurality
of streaming servers and select the at least one streaming server based thereon and
to monitor performance of each of the plurality of control servers and select the at
least one control server based thereon. In further embodiments, the application
monitor to monitor performance of each of the plurality of streaming servers and

each of the plurality of control servers comprises the application monitor to monitor
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processor load for each of the plurality of streaming servers and each of the plurality
of control servers. In further embodiments, the application monitor to monitor
performance of each of the plurality of streaming servers and each of the plurality of
control servers comprises the application monitor to monitor traffic bandwidth
usage for each of the plurality of streaming servers and each of the plurality of
control servers. In further embodiments, a method comprises monitoring
performance of each of a plurality of streaming servers coupled to an internetwork;
selecting at least one streaming server, responsive to the monitoring performance of
each of a plurality of streaming servers, to receive an audiovisual stream and
broadcast the received audiovisual stream over the internetwork; monitoring
performance of each of a plurality of control servers; and selecting at least one
control server, responsive to the monitoring performance of each of the plurality of
control servers, to establish control with an audiovisual stream source to enable
transmission of the audiovisual stream from the audiovisual stream source to the at
least one selected streaming server and to establish control with at least one of a
plurality of invited viewers to enable the broadcast of the received audiovisual
stream from the at least one selected streaming server to the at least one invited
viewer. In further embodiment, monitoring the performance of each of the plurality
of streaming servers and monitoring the performance of each of the plurality of
control servers comprises monitoring the processor load for each of the plurality of
streaming servers and each of the plurality of control servers. In further
embodiments, monitoring the performance of each of the plurality of streaming
servers and monitoring the performance of each of the plurality of control servers
comprises monitoring traffic bandwidth usage for each of the plurality of streaming
servers and each of the plurality of control servers.

[0015] In embodiments, an apparatus comprises an audiovisual stream
source to stream a plurality of frames of encoded audiovisual content over a
wireless communication channel according to an encoding bit rate selected in
accordance with a data rate of the wireless communication channel; a source mobile
device coupled to the wireless communication channel to receive the plurality of

encoded frames and transmit the encoded frames over a first communication
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channel at a first data rate; a streaming server coupled to the first communication
channel to receive the encoded frames and transmit the encoded frames over a
second communication channel at a second data rate; a destination mobile device
coupled to the second communication channel to receive the encoded frames;
wherein the source mobile device detects congestion when it transmits the encoded
frames over the first communication channel at the first rate, and responsive thereto,
adjusts the first rate at which the source mobile device transmits the encoded frames
over the first communication channel. In further embodiments, the source mobile
device to adjust the first rate at which the source mobile device transmits the
encoded frames over the first communication channel comprises the source mobile
device to discard one or more of the plurality of encoded frames and transmit the
remaining plurality of encoded frames. In further embodiments, when the source
mobile device detects congestion when it transmits the encoded frames over the first
communication channel at the first rate, the source mobile device further to transmit
a control message to the audiovisual stream source via a wireless control channel,
wherein the audiovisual stream source to adjust the encoding bit rate at which to
stream the encoded audiovisual content over the wireless communication channel
responsive to receiving the control message. In further embodiments, the source
mobile device detects congestion when it transmits the encoded frames over the first
communication channel at the first rate when a transmit queue via which the source
mobile device buffers and then transmits the encoded frames experiences
congestion. In further embodiments, the source mobile device detects congestion
when it transmits the encoded frames over the first communication channel at the
first rate by transmitting a query over a control channel to the streaming server and
receiving an indication over the control channel from the streaming server
responsive to the query that the streaming server is experiencing congestion. In
further embodiments, the audiovisual stream source detects congestion when it
streams the encoded frames over the wireless communication channel, and
responsive thereto, adjusts the encoding bit rate. In further embodiments,the
streaming server detects congestion when the streaming server detects internal

resources are insufficient to process the encoded frames at a minimum rate or when
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transmits the encoded frames over a second communication channel at a second data
rate, and responsive thereto, adjusts the second data rate at which the streaming
server transmits the encoded frames over the second communication channel. In
further embodiments, the streaming server detects congestion when it transmits the
encoded frames over the second communication channel at the second rate when a
transmit queue associated with an output port of the streaming server via which the
streaming server buffers and then transmits the encoded frames experiences
congestion. In further embodiments, the streaming server to adjust the second rate
at which the streaming server transmits the encoded frames over the second
communication channel comprises the steaming server to discard one or more of the
plurality of encoded frames and transmit the remaining plurality of encoded frames.
In further embodiments, the streaming server detects congestion when it transmits
the encoded frames over the second communication channel at the second rate, and
responsive thereto, transmits a control message to the source mobile device via a
control channel, wherein the source mobile device to adjust the first rate at which
the source mobile device transmits the encoded frames over the first communication
channel responsive to receiving the control message. In further embodiments, the
source mobile device, responsive to receiving the control message from the
streaming server, transmits a control message to the audiovisual stream source via a
wireless control channel, wherein the audiovisual stream source to adjust the
encoding bit rate at which to stream the encoded audiovisual content over the
wireless communication channel responsive to receiving the control message. In
further embodiments, the streaming server detects congestion when it transmits the
encoded frames over the second communication channel at the second rate by
transmitting a query over a control channel to the destination mobile device and
receiving an indication over the control channel from the destination mobile device
responsive to the query that the destination mobile device is experiencing
congestion; and the system further comprises an audiovisual stream source to stream
a plurality of frames of encoded audiovisual content over a wireless communication
channel according to an encoding bit rate selected in accordance with a data rate of

the wireless communication channel. In further embodiments, the audiovisual
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stream source is to stream encoded audiovisual content over the wireless
communication channel according to a discrete cosine transform compression
algorithm. In further embodiments, the discrete cosine transform compression
algorithm adheres to the Motion Pictures Expert Group (MPEG) 4 Part 2 standard.
In further embodiments, the wireless communication channel operates in
accordance with the Bluetooth wireless technology standard. In further
embodiments, the source mobile device is coupled to the first communication
channel via a cellular telephone communication network. In further embodiments,
the first communication channel is the Internet. In further embodiments, the
destination mobile device is coupled to the second communication channel via a
cellular communication network. In further embodiments, the second
communication channel is the Internet. In further embodiments, a method
comprises streaming from an audiovisual stream source a plurality of frames of
encoded audiovisual content over a wireless communication channel according to an
encoding bit rate selected in accordance with a data rate of the wireless
communication channel; receiving the plurality of encoded frames at a source
mobile device coupled to the wireless communication channel and transmitting the
encoded frames over a first communication channel at a first data rate; receiving the
encoded frames at a streaming server coupled to the first communication channel
and transmitting the encoded frames over a second communication channel at a
second data rate; receiving the encoded frames a destination mobile device coupled
to the second communication channel; detecting congestion at the source mobile
device when it transmits the encoded frames over the first communication channel
at the first rate and responsive thereto adjusting the first rate at which the source
mobile device transmits the encoded frames over the first communication channel.
[0016] In further embodiments, adjusting the first rate at which the source
mobile device transmits the encoded frames over the first communication channel
comprises the source mobile device discarding one or more of the plurality of
encoded frames and transmitting the remaining plurality of encoded frames. In
further embodiments, detecting congestion at the source mobile device when it

transmits the encoded frames over the first communication channel at the first rate
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further comprises the source mobile device transmitting a control message to the
audiovisual stream source via a wireless control channel, the audiovisual stream
source adjusting the encoding bit rate at which to stream the encoded audiovisual
content over the wireless communication channel responsive to receiving the control
message. In further embodiments, detecting congestion at the source mobile device
when transmitting the encoded frames over the first communication channel at the
first rate if a transmit queue via which the source mobile device buffers and then
transmits the encoded frames experiences congestion. In further embodiments,
detecting congestion at the source mobile device when transmitting the encoded
frames over the first communication channel at the first rate comprises transmitting
a query over a control channel to the streaming server and receiving an indication
over the control channel from the streaming server responsive to the query that the
streaming server is experiencing congestion. In further embodiments, a method
comprises detecting congestion at the audiovisual stream source when it streams the
encoded frames over the wireless communication channel, the audiovisual stream
source to adjusting the encoding bit rate responsive thereto. In further
embodiments, a method comprises detecting congestion at the streaming server
when it transmits the encoded frames over a second communication channel at a
second data rate, and adjusting the second data rate at which the streaming server
transmits the encoded frames over the second communication channel responsive
thereto.

[0017] In embodiments, an apparatus comprises a control server to
periodically receive one of a plurality of thumbnail images, representative of an
audiovisual stream, from an audiovisual stream source via a first control channel
and to periodically transmit the one of the plurality of thumbnail images to at least
one of a plurality of audiovisual stream destinations, selected to receive the
audiovisual stream, via a second control channel; the control server to receive a
request from the one of the plurality of selected destinations via the second control
channel to receive the audiovisual stream responsive to the periodically transmitting
one of the plurality of thumbnail images; the control server to transmit via the first

control channel an indication to the audiovisual stream source to transmit the
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audiovisual stream source responsive to the control server receiving the request; a
streaming server to receive the audiovisual stream from the audiovisual stream
source over a first communication channel responsive to the audiovisual stream
source receiving the transmitted indication; and the streaming server to transmit the
received audiovisual stream to the at least one of the plurality of selected
destinations via a second communication channel. In further embodiments, the
control server to receive an initial indication of an audiovisual stream to be
transmitted to the selected plurality of audiovisual stream destinations from the
audiovisual stream source via the first control channel. In further embodiments, the
initial indication of the audiovisual stream to be transmitted comprises a destination
identifier for each of the selected plurality of audiovisual stream destinations. In
further embodiments, the initial indication of an audiovisual stream to be
transmitted comprises a stream identifier associated with audiovisual stream. In
further embodiments, the request from the at least one of the plurality of selected
destinations to receive the audiovisual stream from the audiovisual stream source
comprises the stream identifier. In further embodiments, the control server to
receive the initial indication of an audiovisual stream to be transmitted to the
selected plurality of audiovisual stream destinations comprises the control server to
receive an HyperText Transfer Protocol (HT'TP) Get message including the initial
indication. In further embodiments, the thumbnail images representative of an
audiovisual stream comprise compressed images. In further embodiments, the
compressed images comprise Joint Photographic Experts Group (JPEG) images. In
further embodiments, a method comprises periodically receiving at a control server
one of a plurality of thumbnail images, representative of an audiovisual stream,
from an audiovisual stream source via a first control channel; periodically
transmitting the one of the plurality of thumbnail images from the control server to
at least one of a plurality of audiovisual stream destinations, selected to receive the
audiovisual stream, via a second control channel; receiving a request at the control
server from the at least one of the plurality of selected destinations via the second
control channel to receive the audiovisual stream responsive to the periodically

transmitting one of the plurality of thumbnail images; transmitting from the control
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server via the first control channel an indication to the audiovisual stream source to
transmit the audiovisual stream source responsive to the control server receiving the
request; receiving at an streaming server the audiovisual stream from the
audiovisual stream source over a first communication channel responsive to the
audiovisual stream source receiving the transmitted indication; and transmitting the
received audiovisual stream from the streaming server to the at least one of the
plurality of selected destinations via a second communication channel. In further
embodiments, a method further comprises receiving at the control server an initial
indication of an audiovisual stream to be transmitted to the selected plurality of
audiovisual stream destinations from the audiovisual stream source via the first
control channel. In further embodiments, the initial indication comprises a
destination identifier for each of the selected plurality of audiovisual stream
destinations. In further embodiments, the initial indication comprises a stream
identifier associated with audiovisual stream. In further embodiments, the request
to receive the audiovisual stream responsive to the periodically transmitting one of
the plurality of thumbnail images comprises a stream identifier. In further
embodiments, receiving the initial indication of an audiovisual stream to be
transmitted to the selected plurality of audiovisual stream destinations comprises
receiving an HT'TP Get message including the initial indication. In further
embodiments, the thumbnail images representative of an audiovisual stream
comprise JPEG images.

[0018] In embodiments, a camcorder comprises an input interface via which
audiovisual information is to be received at a first rate as measured in a number of
frames per second, n; a bus; a capture buffer; a media processor coupled via the bus
to the input interface to receive the audiovisual information at the first rate n, and
coupled via the bus to the capture buffer to transfer the received audiovisual
information at a second rate as measured in a number of frames per second, x, for
storage therein; an output interface coupled via the bus to the media processor to
transmit the received audiovisual information at a third rate as measured in a
number of frames per second, y, wherein the addition of x and y is less than or equal

to n; a general purpose processor coupled to the media processor; and a set of

11



WO 2012/166444 PCT/US2012/039014

computing instructions executed on the general purpose processor to program the
media processor to transfer the audiovisual information to the capture buffer at the
second rate x and to transmit the audiovisual information at the third rate y to the
output interface. In further embodiments, the input interface comprises a Video
Graphics Array (VGA) camera to receive the audiovisual information at 30 frames
per second. In further embodiments, the media processor coupled via the bus to the
input interface to receive the audiovisual information at the first rate n, and coupled
via the bus to the capture buffer to transfer the received audiovisual information at a
second rate as measured in a number of frames per second, x, for storage therein,
comprises a media processor coupled via the bus to the input interface to receive the
audiovisual information at 30 frames per second, and coupled via the bus to the
capture buffer to transfer the received audiovisual information at 15 frames per
second for storage therein. In further embodiments, the output interface coupled via
the bus to the media processor to transmit the received audiovisual information at a
third rate as measured in a number of frames per second, y, wherein the addition of
x and y is less than or equal to n, comprises the output interface to transmit the
received audiovisual information at 15 frames per second. In further embodiments,
the output interface operates in accordance with the Bluetooth wireless technology
standard. In further embodiments, the media processor coupled via the bus to the
input interface to receive the audiovisual information at the first rate n, and coupled
via the bus to the capture buffer to transfer the received audiovisual information at a
second rate as measured in a number of frames per second, x, for storage therein,
comprises a media processor coupled via the bus to the input interface to receive the
audiovisual information at 30 frames per second, and coupled via the bus to the
capture buffer to transfer the received audiovisual information at 24 frames per
second for storage therein. In further embodiments, the output interface coupled via
the bus to the media processor to transmit the received audiovisual information at a
third rate as measured in a number of frames per second, y, wherein the addition of
x and y is less than or equal to n, comprises the output interface coupled via the bus
to the media processor to transmit the received audiovisual information at 6 frames

per second, wherein the addition of 24 frames per second and 6 frames per second is
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equal to 30 frames per second. In further embodiments, a camcorder comprises a
video camera via which audiovisual information is to be received in accordance
with a Video Graphics Array (VGA) graphics display resolution; a bus; a capture
buffer; a media processor coupled via the bus to the video camera to receive the
audiovisual information at the VGA resolution, the media processor further coupled
via the bus to the capture buffer to transfer the audiovisual information at a first
graphics display resolution lower than the VGA resolution for storage therein; and a
wireless output interface coupled via the bus to the media processor to transmit the
audiovisual information at a second graphics display resolution lower than the VGA
resolution, wherein the first and second graphics display resolutions combined are
less than or equal to the VGA resolution. In further embodiments, the first and
second graphics display resolutions are the same. In further embodiments, the first
and second graphics display resolutions are different. In further embodiments, the
first graphics display resolution is greater than the second graphics display
resolution. In further embodiments, a camcorder further comprises a second capture
buffer, wherein the media processor is further coupled via the bus to the second
capture buffer to transfer the audiovisual information at a third graphics display
resolution lower than the VGA resolution for storage therein; and wherein the first,
second and third graphics display resolutions combined are less than or equal to the
VGA resolution. In further embodiments, the capture buffer is in a volatile memory
and wherein the second capture buffer is in a permanent storage device.

[0019] Iigure 1 provides an illustration of a real-time audiovisual streaming
architecture 100 in accordance with an embodiment of the invention. A description
of an overview of the architecture and operation of the same follows, with reference
to Fig. 1. A camcorder 101 may be worn by an individual, or may be placed
proximate the individual. For example, the camcorder may be worn on either ear of
the individual by means of a flexible rubberized ear loop, or the camcorder may be
mounted on an apparatus controlled by the individual, such as a bicycle. A rotating
camcorder barrel may be adjusted to keep the camcorder level. The camcorder is the
source of an audiovisual stream that may ultimately be transmitted to one or more

invited viewers at destination cellular mobile communication devices 145a-145n
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(“invited viewers 145”"). The individual wearing the camcorder 101 (“the
broadcaster”) can control camcorder 101 via an interface to cause the camcorder to
record audiovisual content and to transmit at least a portion of the audiovisual
content to a source cellular mobile communication device 115 for forwarding to the
invited viewers 145. It should be noted that each of destination cellular mobile
communication devices 145a-145n can equally be configured and operate as a
source cellular mobile communication device and be coupled to a respective
camcorder to receive wirelessly from the camcorder an audiovisual stream for
transmission to one or more invited viewers as described below. Likewise, source
mobile device 115 can equally be configured to operate according to a destination
mobile device 145.

[0020] Camcorder 101 is wirelessly coupled to source cellular mobile
communication device 115. For example, camcorder 101 may communicate with
source mobile device 115 via the Bluetooth™ wireless communication protocol,
according to one embodiment of the invention. Alternatively, camcorder 101 may
communicate with source mobile device 115 via other wireless Personal Area
Network (PAN) or Local Area Network (ILAN) communication technologies such as
IrDA (infrared Data Association), wireless Universal Serial Bus (USB), and Wi-Fi
based on the IEEE 802.11 standards.

[0021] Source cellular mobile communications device 115 may be a
smartphone, such as an Apple iPhone or a Google Android operating system-based
smartphone with a video display screen via which the individual wearing camcorder
101 and holding source mobile device 115 can view the source audiovisual content
transmitted from the camcorder to the source mobile device. (A smartphone is a
mobile phone that has advanced computing capability and connectivity relative to a
low-end mobile phone, and indeed can be thought of as a handheld computer
integrated with a mobile telephone.) Alternatively, source mobile device 115 may
be a tablet computer, a personal digital assistant (PDA), a laptop computer, and may
utilize either a cellular mobile communications transmitter and/or another wireless

communications technology-based transmitter, for example, a Wi-I'i transmitter.
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[0022] Source cellular mobile communications device 115 is coupled to an
internetwork such as the Internet, or cloud, 130. Various aspects of the physical
communication infrastructure necessary for source mobile device 115 to be coupled
to the cloud 130 are not shown in Fig. 1 in order to not obscure the invention since it
is well known to those skilled in the art that source mobile device 115 may
communicate via a 3G or 4G radio-based communication link to a cellular mobile
communications base station and a gateway mobile switching center (MSC), which
in turn is coupled to a public switched telephone network (PSTN) to allow source
mobile device 115 to communicate with other phones and devices over the PSTN
and the Internet. Alternatively, source mobile device 115 may communicate with
the Internet via Wi-Ii.

[0023] An audiovisual content streaming server 155, or simply streaming
server 155 is coupled to cloud 130 to receive the audiovisual stream from source
mobile device 115 and forward the stream to invited viewers 145a-145n. As such,
the streaming server’s primary function is fast packet switching, wherein a source
mobile device 115 uploads an audiovisual stream of packets to the streaming server.
The streaming server forwards the packets to a broadcast port to which destination
mobile cellular communication devices (invited viewers) 145a-145n connect to
receive the audiovisual stream of packets. While a single streaming server 155 may
be able to receive many audiovisual streams concurrently from multiple source
mobile devices 115, a number of streaming servers 155a-155n coupled to the cloud
is contemplated in accordance with one embodiment of the invention in order to
provide for large numbers of camcorders and corresponding source cellular mobile
communication devices simultaneously streaming respective audiovisual content,
and further to provide for large numbers of invited viewers to connect to a broadcast
port to receive streams of audiovisual content. An application monitor 170 monitors
performance of each of the streaming servers and selects one of the streaming
servers to receive the audiovisual stream from source mobile device 115.

[0024] It should be noted that while the embodiment of the invention
illustrated in Fig. 1 depicts a single camcorder 101 and counterpart source mobile

device 1135, it is anticipated that hundreds, or thousands, or even greater numbers, of
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such camcorders and source mobile devices could be active and streaming
audiovisual content at the same time. Thus, application monitor 170 is capable of
selecting additional ones of streaming servers 155a-155n as needed in order to
provide adequate bandwidth to handle multiple concurrent real-time audiovisual
streams from multiple camcorders and accompanying source mobile devices 115.
[0025] A control server 165 is coupled to cloud 130 to control a connection
between source mobile device 115 and the streaming server 155 selected by
application monitor 170. It is contemplated that a number of control servers 165a-
165n be coupled to the cloud in accordance with one embodiment of the invention
in order to provide for managing a large number of concurrent connections between
different source cellular mobile communication devices and streaming servers, each
connection carrying audiovisual content, as well as for managing a large number of
concurrent connections between streaming servers and invited viewers.

[0026] Application monitor 170 monitors performance of each of the control
servers and selects one of the control servers, based on its monitoring of the control
servers, to establish control with source mobile device 115 for the purpose of
enabling transmission of the audiovisual stream to the selected streaming server
155. The control server 165 further establishes control with at least one of the
invited viewers 145 to enable a broadcast of the audiovisual stream from the
selected streaming server 155 to the invited viewer 145.

[0027] A database management system and nonvolatile storage component
180 is coupled to the streaming servers 155a-155n to provide information relating to
subscription services and authentication of source mobile devices 115 and
corresponding camcorders 101, and invited viewers 145a-145n, and further
information relating to data usage and billing services for account holders for both
camcorder broadcasters (wherein typically there is a unique account for each
audiovisual stream source) and invited viewers. The database management system
further stores and provides to control servers 165a-165n information relating to

account holder profiles and contacts or friends associated with a particular account.
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Application Monitoring

[0028] The application monitoring platform 175, or simply, application
monitor 175, communicates with streaming servers 155a-155n via its link 170 to
cloud 130. In particular, application monitor 175 monitors the performance of each
of the streaming servers 155a-155n coupled to the cloud 130 via link 150. The
application monitor selects a streaming server 155 to receive the audiovisual stream
over cloud 130 from source mobile device 115 and broadcast the received
audiovisual stream back over the cloud 130 to invited viewers 145. The application
monitor selects a particular streaming server based on monitoring performance of
each of the streaming servers. Likewise, application monitor 175 monitors
performance of each the control servers 165a-165n coupled to the cloud 130 via link
160. The application monitor selects a control server to establish control with the
source mobile device 115 when it is ready to transmit a stream of audiovisual
content from an accompanying camcorder 101. The selected control server 165
enables transmission of the audiovisual stream from the source mobile device 115 to
the selected streaming server 155 via cloud 130. The application monitor further
establishes control with an invited viewer 145 to enable the broadcast of the
audiovisual stream received by the selected streaming server 155 to the invited
viewer 145 over cloud 130.

[0029] According to one embodiment of the invention, the application
monitor 175 monitors the performance of each of the streaming servers and each of
the control servers by monitoring the processor load for each server. Additionally
or alternatively, application monitor 175 monitors the performance of servers by
monitoring traffic bandwidth usage for each server. According to one embodiment
of the invention, by separating the streaming servers from the control servers, and
managing bringing online or taking offline individual streaming servers or control
servers, the embodiment is able to independently scale, whether up or down, the
number of streaming servers versus the number control servers needed for the
internetwork architecture to support a variable number of real-time audiovisual
streaming sessions between different audiovisual stream sources and respective

invited viewers.
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End-to-End Throttling of Audiovisual Content Stream

[0030] Throttling in the context of an embodiment of this invention
generally can be thought of as a limitation of frames of an audiovisual data stream
to be transferred from one node to a subsequent node of a communications network
based on the ability of the next node to accommodate the audiovisual stream’s data
rate. Audiovisual content is encoded from raw audio frames and raw video frames.
This content is transmitted across the communications network from the headset
camcorder 101 to the destination cellular mobile communication device 145 by
travelling from the camera in the camcorder through a series of nodes, namely, the
radio transceiver in the camcorder 101, the source cellular mobile communication
device 115, the streaming server 155, and finally the destination mobile device 145.
[0031] The media processor in camcorder 101 encodes and compresses a
raw video stream (in one embodiment, the stream is 30 frames per second and a
VGA resolution of 640x480 pixels) into MPEG-4 compressed video frames). As
described below, when the output buffer at each node “overflows”, the node drops
some frames it transmits. While this does reduce the number of frames displayed on
the destination mobile device, it keeps quality of the video frames that are displayed
as high as possible.

[0032] In general, controlling the rate of transmission of the audiovisual
stream from each node is handled in the same manner, whether that node is the radio
transceiver in the camcorder 101, the source mobile device 115, or the streaming
server 155, as described below. Additionally, the combination of throttling by each
of these nodes provides for end-to-end throttling from the camcorder 101 to the
destination mobile device 145. At each node, there is an output buffer associated
with a transmit queue. Frames of the audiovisual stream are queued for transmission
in the output buffer allocated to a transmit queue. The frames are transmitted from
the transmit queue over a communications channel to the next node in the sequence
of nodes from the camcorder to the destination mobile device until the frames arrive
at the destination mobile device. The destination mobile device processes the
frames it receives to display the audiovisual content carried therein on its display

screen.
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[0033] If the transmit queue in any one node is experiencing congestion, that
is, if the transmit queue is filling up, passes some threshold, or is full, for example
because the node is receiving packets faster than it can transmit them, then the node
may throttle the rate at which it transmits frames of the audiovisual stream. For
example, the node may drop some frames in an effort to prevent an output buffer
overflow (and to keep audiovisual content transmission near real-time). In one
embodiment, the frames can be dropped in such a way as to maximize the user’s
viewing and listening experience at the destination cellular mobile communication
device 145. This throttling process can be implemented without a control channel if
every node knows which frames to drop. A node may also, or alternatively,
according to one embodiment of the invention, send a control message via a control
channel coupled between the node and a previous node in the communications
network if its ability to transmit data is limited or if the node detects that its internal
resources are insufficient to process the encoded frames it receives at a minimum
rate necessary to maintain acceptable quality of the audiovisual stream. Some
examples of this are, if a node’s transmit queue is experiencing congestion, if its
resources are overloaded, if too many users are currently transmitting, if its internal
buffers are being heavily consumed, and/or if it is unable to get adequate processor
cycles. The previous node can throttle the rate at which it transmits frames of the
audiovisual stream responsive to receiving the control message.

[0034] Additionally, or alternatively, according to embodiments of the
invention, a node can communicate with a subsequent node in the communications
network, for example, by querying the subsequent node to determine whether the
subsequent node is experiencing congestion, either in the form of inbound or
outbound congestion. This query can be transmitted over the control channel
coupled between the two nodes, in one embodiment. If the node receives an
indication from the subsequent node, responsive to the query, that the subsequent
node is experiencing congestion, the node can throttle the rate at which it transmits
frames of the audiovisual stream to the subsequent node responsive to receiving the
indication. The indication can also be transmitted over the control channel between

the two nodes. A node may also, or alternatively, according to one embodiment of
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the invention, send a control message via a control channel coupled between the
node and a previous node in the communications network responsive to receiving
the indication that the subsequent node is experiencing congestion. The previous
node can throttle the rate at which it transmits frames of the audiovisual stream to
the node responsive to receiving the control message.

[0035] Thus, in the above described manner, each node can communicate
back in turn to headset camcorder 101 via the control channels 140, 125 and 110,
for example, when the node is dropping frames of the audiovisual content stream. If
frames are being dropped, in one embodiment, the headset camcorder reduces the
multimedia encoding bandwidth to produce smaller frames and/or produce fewer
frames. Conversely, the nodes in one embodiment are able to transmit control
messages informing the headset camcorder when the network can accommodate
more data, the advantage being that the camcorder is able to modify its encoding
parameters in such a way as to maximize quality of the video recording and
maximize quality of the transmitted audiovisual stream.

[0036] With reference to the flowchart in Fig. 3, in one embodiment of the
invention, the headset camcorder 101 records and encodes audiovisual content for
transmission via a radio transmitter to the source cellular mobile communication
device 115 over communications channel 105. The camcorder encodes the
audiovisual content for transmission over a wireless communication channel
according to an encoding bit rate selected in accordance with a data rate negotiated
and agreed on between the camcorder 101 and the source mobile device 115 when a
connection is established over the wireless communication channel 105 between the
camcorder and source mobile device. At 305, camcorder 101 streams the encoded
audiovisual content.

[0037] Likewise, the source mobile device 115 establishes a connection to
streaming server 155 over communication channel 120, cloud 130, and
communication channel 150. The source mobile device 115 takes the encoded
audiovisual content received from camcorder 101 over wireless communication

channel 105 and in turn at 310 transmits it over the connection between the source
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mobile device 115 and streaming server 155, at a data rate negotiated and agreed on
between the source mobile device 115 and streaming server 155.

[0038] A connection is established between an output port of the streaming
server and a destination cellular mobile communication device 145 over
communication channel 150, cloud 130, and communication channel 135. The
streaming server 155 takes the encoded audiovisual content received from source
mobile device 115 and in turn at 315 transmits it over the connection between
streaming server 155 and destination mobile device 145 at a data rate negotiated and
agreed on between streaming server 155 and destination mobile device 145.

[0039] The headset camcorder 101, the source mobile device 115 and the
streaming server 155 are each a sending device, or a sender, in the sense that each
sending device transports the audiovisual content to a respective receiving device.
To transmit the audiovisual stream, as described above, each sender maintains an
output buffer to hold audiovisual frames to be transmitted. In particular, at the
streaming server, each output port of the streaming server maintains an output
buffer to hold frames to be transmitted to a corresponding destination mobile
device. While attempting to transmit the frames to the receiver, the output frame
buffer can grow in size if the output data rate is slowing down, or the buffer can
shrink in size if the output data is transmitted at a faster data rate, for example, a
data rate that is faster than expected.

[0040] In one embodiment, each sender has the ability to: 1) selectively drop
frames (usually video frames) to keep its output buffer from backing up; and 2)
transmit through the control channels of the communications network a control
message comprising congestion details all the way back to the headset camcorder,
for example, when such occurs. In one embodiment, those details include a) the
initial speed of the link and b) whether the local buffer is growing or shrinking. In
another embodiment, those details further include the viewing capabilities of the
destination mobile device, such as maximum display resolution, and decoding
capability. Alternatively, each sender has the ability to transmit a simplified control
message, €.g., a simple control signal, through the control channel when any

threshold is reached, such as a sender’s output buffer growing to a certain size or
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otherwise backing up. For example, the destination mobile device 145 may transmit
at 320 a control message over control channel 140 when a threshold is reached. The
control server coupled to the destination mobile device 145 via the control channel
140 receives the transmitted control message, and in turn, given the control server is
coupled to the source mobile device 115 via control channel 125, forwards or
otherwise retransmits the control message to the source mobile device 115. It
should be noted that control server 165 may receive a control message (including a
control signal) from more than one destination mobile device 145a-145n, in which
case, the control server can process or combine multiple control messages from the
more than one destination mobile device and relay only one message back through
the control channel 125 to source mobile device 115.

[0041] Streaming server 155, as a sender, also may operate in the same
manner as described above for destination mobile device 145, transmitting a control
message at 325 to control server 165 when a threshold is reached, for example, an
output buffer associated with a transmit queue grows beyond a threshold. The
control server in turn forwards the message to source mobile device 115 via control
channel 125.

[0042] In one embodiment, source mobile device 115 and the streaming
server 155 are able to adjust the data rate previously negotiated for transmitting the
audiovisual stream to the next respective stage in the communications network,
namely, the streaming server 155 and the destination communication device 145,
responsive to receiving the control message from the control server.

[0043] Ultimately, the source mobile device 115, which is coupled to the
camcorder via the wireless control channel 110, transmits a control message to the
camcorder at 335, responsive to receiving the same from control server 165, or
when the source mobile device itself detects reaching a threshold of its own, such as
its output buffer overflowing or the output buffer reaching a certain size, as depicted
at 330 in the flowchart of Fig. 3.

[0044] In any case, at 340 the camcorder adjusts the encoding bit rate at
which to stream encoded audiovisual content over the wireless communication

channel 105 to adjust the data rate for audiovisual content to be transmitted, based
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on its output buffer overflowing or receiving a control message from the source
mobile device 115 or otherwise receiving information about the communications
network or nodes therein, such as described above: link speed, buffer size, buffer
growth, or maximum display bit rate or decoding capability of the destination
mobile device 145. The goal according to one embodiment of the invention is to
ensure that maximum video quality that can be transmitted is transmitted while
minimizing detail of delivery of the audiovisual stream.

Thumbnail Images Transmission

[0045] With reference to the flowchart 200 in Fig. 2, broadcasting a stream
of audiovisual content is described. A broadcaster decides to transmit live
audiovisual content, enables the camcorder 101 to communicate with source mobile
device 115 by powering up the camcorder and executing an application program on
the source mobile device to receive the stream of audiovisual content once the
camcorder begins recording content. The source mobile device 115 connects at 205
to the control server 165 selected by application monitor 175 as described above, for
example, by virtue of starting execution of the application program on the source
mobile device.

[0046] Likewise a destination mobile communication device 145 (“invited
viewer”’) connects at 210 via control channel 140 to the control server selected by
application monitor 175 as described above, for example, by starting execution of an
application program on the destination mobile device that is to receive, process, and
display an audiovisual stream. A user of the destination mobile device 145 reviews
a list of contacts or friends to determine if any such contacts or friends are online
and have audiovisual content to share. From this list of contacts that are online, the
user selects at 215 the source mobile device 115, and this selection is communicated
from destination mobile device 145 to control server 165 via control channel 140.
[0047] At this point, a broadcaster may elect to begin transmitting a stream
of audiovisual content from the camcorder and so indicate by providing input to the
application program executing on the source mobile device. The source mobile
device communicates over control channel 125 to the control server 165 that it is

ready to stream audiovisual content. The control server receives the indication that
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an audiovisual stream is ready to be transmitted. In one embodiment, the indication
identifies which destination communication devices 145a-145n are invited to
receive the audiovisual stream. In one embodiment, the control server receives the
indication in a HyperText Transfer Protocol (HT'TP) Get message. In response to
receiving the indication, the control server assigns a streaming server 155 to which
the source mobile device 115 establishes a connection over communication channel
120 to stream the audiovisual content,

[0048] In one embodiment of the invention, the indication that the source
mobile device is ready to stream audiovisual content comprises a destination
identifier for each of the destination mobile devices 145 to which to stream the
audiovisual content. In one embodiment, the indication further comprises a stream
identifier associated with audiovisual stream. The source mobile device 115 then
begins streaming the audiovisual content to streaming server 165 at 220.

[0049] At 225, concurrently according to one embodiment of the invention,
source mobile device 115 begins periodically transmitting selected thumbnail
images, each essentially a single frame of the audiovisual stream such that the
sequence of thumbnail images are representative of the audiovisual stream, to
control server 165 over control channel 125. In another embodiment, the thumbnail
images are transmitted to control server 165 prior to streaming the audiovisual
content to streaming server 155, the streaming not beginning until the invited viewer
receives the thumbnail images and selects, based on user input, to receive the
corresponding audiovisual stream, as described below. In one embodiment, the
thumbnail images representative of the audiovisual stream are compressed images,
for example, the images may comprise Joint Photographic Experts Group (JPEG)
images.

[0050] The control server receives the thumbnail images transmitted by
source mobile device 115, representative of the audiovisual stream, via control
channel 125, and in turn, periodically transmits at 230 via control channel 140 the
thumbnail images to the destination mobile device 145 that selected the source
mobile device at 215. At 235, the destination mobile device 145, responsive to the

device receiving user input indicating to receive the audiovisual stream

24



WO 2012/166444 PCT/US2012/039014

corresponding to the thumbnail images, transmits a request over control channel 140
to control server 165 to receive the corresponding audiovisual stream to be
broadcast from streaming server 155. In one embodiment, the request to receive the
audiovisual stream comprises a stream identifier associated with the audiovisual
stream.

[0051] The control server 165, receiving the request to receive the
audiovisual stream from mobile destination device 145, assigns at 240 (or redirects
as the case may be, for example, if the destination mobile device 145 was previously
receiving a different audiovisual stream) the destination mobile device 145 to a
session on streaming server 155 via which the audiovisual content is to be
broadcast, over communication channel 135. At 245, the streaming server
broadcasts over communication channel 135 the audiovisual content to destination
mobile device 145.

Camcorder Multiple Encoding

[0052] With reference to Fig. 4, the camcorder 101 is depicted in block
diagram 400 comprising a video camera 405, for example, a Video Graphics Array
(VGA) resolution video camera capturing 640 x 480 pixels at 30 frames per second,
a bus 420 to which the camera 405 is coupled, and one or more capture buffers, for
example, a capture buffer maintained in a memory such as volatile Dynamic
Random Access Memory (DRAM) 425, and a second capture buffer maintained in
nonvolatile memory such as permanent storage device 435. Both memory 425 and
permanent storage device 435 are also coupled to bus 420. A media processor is
coupled to the video camera via the bus to receive audiovisual content from the
video camera at the VGA resolution and at 30 frames per second. The media
processor is capable of encoding and transferring the audiovisual content received
from the video camera to one or all of the capture buffers, at the same or different
bit rates, and at the same or different encoding resolutions. Importantly, the media
processor encodes and stores the audiovisual content at a lower bit rate, for
example, 15 frames per second in the capture buffer(s). Additionally, the encoder
may be used to generate multiple encoded video streams with the same frame rate

and resolution but different bit rates by using different compression schemes on the
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different respective streams or using a higher proportion of progressive frames
instead of independent frames.

[0053] A radio transmitter/receiver (transceiver) 430 is coupled via bus 420
to media processor 410, which transfers the received audiovisual content from video
camera 405 to radio transceiver 430 for transmission over communications channel
105 to source mobile device 115. The media processor transfers the audiovisual
content at a lower bit rate to the transceiver for output over communications channel
105 such that when the transfer rate for transferring the content to the transceiver
420 is added to the transfer rates for transferring the content to one or more of
buffers, such as buffers in memory 425 and permanent storage 435, the combined
transfer rate does not exceed the rate at which the content is received from video
camera 405. Thus, in an example in which the audiovisual content is received from
video camera 405 at 30 frames per second and transferred to buffer 425 at 15 frames
per second, the transfer rate for transferring the content to the transceiver 420 is at
most 15 frames per second. In another example, if the audiovisual content is
received at 30 frames per second from video camera 405 and transferred to the
memory buffer at 24 frames per second, then the audiovisual content is transferred
to radio transceiver 430 at 6 frames per second.

[0054] Media processor 410 performs this multiple encoding technique
under programmatic control of general processor 415. In particular, general
processor 415 executes a computer program, or set of computing instructions, to
program or control the media processor to transfer the audiovisual content to the
memory and/or permanent storage at first rates less than the received frame rate, and
to transmit the audiovisual content to the radio transceiver at a second rate less than
the received frame rate, wherein the addition of the first rates and second rate is less
than or equal to the received frame rate. In one embodiment, the capture buffer is
implemented in a 2GB memory so that up to 1.5 hours of VGA quality (640x480)
audiovisual content may be stored. In another embodiment, the capture buffer is
implemented in a large capacity permanent storage device so that many hours of

VGA quality audiovisual content may be permanently stored.
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[0055] The multiple encoder in one embodiment produces a) up to a 30 fps
and 640x480 resolution encoded video stream with little compression as a high
quality stream for the on-board recording or storage in memory or permanent
storage, and b) a lower bit-rate video stream where the frame rate and/or the
resolution is less than 30 fps and 640x480 pixels. In one embodiment, 15 fps is
used, which automatically cuts the data rate in half, but in other embodiments, this
may not be sufficient. Importantly, the video compression is increased which lowers
the bit-rate and lowers the quality of the transmitted video stream. Quality can be
reduced by using higher compression of the video frames and/or by using more low
bit-rate P-frames than high bit-rate I-frames.

Conclusion

[0056] An embodiment of the invention may be a machine-readable medium
having stored thereon instructions that cause a programmable processor to perform
operations as described above. Alternatively, a machine-readable medium might
contain information to configure a digital signal processor (“DSP”) to process one
or more signals as explained. In other embodiments, the operations might be
performed by specific hardware components that implement the operations
described above. Those operations might alternatively be performed by any
combination of programmed computer components and custom hardware
components.

[0057] A machine-readable medium may include any mechanism for storing
information in a form readable by a machine (e.g., a computer), including but not
limited to Compact Disc Read-Only Memory (CD-ROM), Read-Only Memory
(ROM), Random Access Memory (RAM), and Erasable Programmable Read-Only
Memory (EFPROM).

[0058] The applications of the invention have been described largely by
reference to specific examples and in terms of particular allocations of functionality
to certain hardware and/or software components. However, those of skill in the art
will recognize that embodiments can also be produced by software and hardware

that centralize or distribute the functions of the embodiments of this invention
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differently than herein described. Such variations and implementations are

understood to be captured according to the following claims.
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CLAIMS

‘What is claimed is:

1. An apparatus comprising:
an application monitor coupled to an internetwork to:

monitor performance of each of a plurality of streaming servers coupled to
the internetwork and select at least one streaming server based thereon to receive
and broadcast an audiovisual stream over the internetwork; and

monitor performance of each of a plurality of control servers and select at
least one control server based thereon to establish control with an audiovisual
stream source to enable transmission of the audiovisual stream from the
audiovisual stream source to the at least one selected streaming server and to
establish control with at least one of a plurality of invited viewers to enable the
broadcast of the audiovisual stream from the at least one selected streaming server

to the at least one invited viewer.

2. The application monitor of claim 1, wherein the application monitor to
monitor performance of each of the plurality of streaming servers and to monitor
performance of each of the plurality of control servers comprises the application
monitor to monitor processor load for each of the plurality of streaming servers

and each of the plurality of control servers.

3. The internetwork architecture of claim 1, wherein the application monitor to
monitor performance of each of the plurality of streaming servers and to monitor
performance of each of the plurality of control servers comprises the application
monitor to monitor traffic bandwidth usage for each of the plurality of streaming

servers and each of the plurality of control servers.

4. An internetwork architecture comprising:
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a plurality of streaming servers coupled to the internetwork, wherein at least
one of the streaming servers is selected to receive an audiovisual stream
transmitted over the internetwork from an audiovisual stream source and to
broadcast the received audiovisual stream over the internetwork to at least one of a
plurality of invited viewers;

a plurality of control servers coupled to the internetwork, wherein at least
one of the control servers is selected to establish control with the audiovisual
stream source to enable the transmission of the audiovisual stream from the
audiovisual stream source to the at least one selected streaming server and to
establish control with at least one of the plurality of invited viewers to enable the
broadcast of the received audiovisual stream from the at least one selected
streaming server to the at least one invited viewer; and

an application monitor coupled to the internetwork to monitor performance
of each of the plurality of streaming servers and select the at least one streaming
server based thereon and to monitor performance of each of the plurality of control

servers and select the at least one control server based thereon.

5. The internetwork architecture of claim 4, wherein the application monitor to
monitor performance of each of the plurality of streaming servers and each of the
plurality of control servers comprises the application monitor to monitor processor
load for each of the plurality of streaming servers and each of the plurality of

control servers.

6.  The internetwork architecture of claim 4, wherein the application monitor to
monitor performance of each of the plurality of streaming servers and each of the
plurality of control servers comprises the application monitor to monitor traffic
bandwidth usage for each of the plurality of streaming servers and each of the

plurality of control servers.

7. A method comprising:

30



WO 2012/166444 PCT/US2012/039014

monitoring performance of each of a plurality of streaming servers coupled
to an internetwork;

selecting at least one streaming server, responsive to the monitoring
performance of each of a plurality of streaming servers, to receive an audiovisual
stream and broadcast the received audiovisual stream over the internetwork;

monitoring performance of each of a plurality of control servers; and

selecting at least one control server, responsive to the monitoring
performance of each of the plurality of control servers, to establish control with an
audiovisual stream source to enable transmission of the audiovisual stream from
the audiovisual stream source to the at least one selected streaming server and to
establish control with at least one of a plurality of invited viewers to enable the
broadcast of the received audiovisual stream from the at least one selected

streaming server to the at least one invited viewer.

8. The method of claim 7, wherein monitoring the performance of each of the
plurality of streaming servers and monitoring the performance of each of the
plurality of control servers comprises monitoring the processor load for each of the

plurality of streaming servers and each of the plurality of control servers.

9.  The method of claim 7, wherein monitoring the performance of each of the
plurality of streaming servers and monitoring the performance of each of the
plurality of control servers comprises monitoring traffic bandwidth usage for each

of the plurality of streaming servers and each of the plurality of control servers.

10. An apparatus comprising:

an audiovisual stream source to stream a plurality of frames of encoded
audiovisual content over a wireless communication channel according to an
encoding bit rate selected in accordance with a data rate of the wireless

communication channel;
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a source mobile device coupled to the wireless communication channel to
receive the plurality of encoded frames and transmit the encoded frames over a
first communication channel at a first data rate;

a streaming server coupled to the first communication channel to receive the
encoded frames and transmit the encoded frames over a second communication
channel at a second data rate;

a destination mobile device coupled to the second communication channel to
receive the encoded frames;

wherein the source mobile device detects congestion when it transmits the
encoded frames over the first communication channel at the first rate, and
responsive thereto, adjusts the first rate at which the source mobile device

transmits the encoded frames over the first communication channel.

11. The apparatus of claim 10, wherein the source mobile device to adjust the first
rate at which the source mobile device transmits the encoded frames over the first
communication channel comprises the source mobile device to discard one or
more of the plurality of encoded frames and transmit the remaining plurality of

encoded frames.

12. The apparatus of claim 10, wherein when the source mobile device detects
congestion when it transmits the encoded frames over the first communication
channel at the first rate, the source mobile device further to transmit a control
message to the audiovisual stream source via a wireless control channel, wherein
the audiovisual stream source to adjust the encoding bit rate at which to stream the
encoded audiovisual content over the wireless communication channel responsive

to receiving the control message.

13.  The apparatus of claim 10, wherein the source mobile device detects
congestion when it transmits the encoded frames over the first communication
channel at the first rate when a transmit queue via which the source mobile device

buffers and then transmits the encoded frames experiences congestion.
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14.  The apparatus of claim 10, wherein the source mobile device detects
congestion when it transmits the encoded frames over the first communication
channel at the first rate by transmitting a query over a control channel to the
streaming server and receiving an indication over the control channel from the
streaming server responsive to the query that the streaming server is experiencing

congestion.

15. The apparatus of claim 10, wherein the audiovisual stream source detects
congestion when it streams the encoded frames over the wireless communication

channel, and responsive thereto, adjusts the encoding bit rate.

16. The apparatus of claim 10, wherein the streaming server detects congestion
when the streaming server detects internal resources are insufficient to process the
encoded frames at a minimum rate or when transmits the encoded frames over a
second communication channel at a second data rate, and responsive thereto,
adjusts the second data rate at which the streaming server transmits the encoded

frames over the second communication channel.

17.  The apparatus of claim 16, wherein the streaming server detects congestion
when it transmits the encoded frames over the second communication channel at
the second rate when a transmit queue associated with an output port of the
streaming server via which the streaming server buffers and then transmits the

encoded frames experiences congestion.

18. The apparatus of claim 16, wherein the streaming server to adjust the second
rate at which the streaming server transmits the encoded frames over the second
communication channel comprises the steaming server to discard one or more of
the plurality of encoded frames and transmit the remaining plurality of encoded

frames.
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19. The apparatus of claim 16, wherein the streaming server detects congestion
when it transmits the encoded frames over the second communication channel at
the second rate, and responsive thereto, transmits a control message to the source
mobile device via a control channel, wherein the source mobile device to adjust
the first rate at which the source mobile device transmits the encoded frames over

the first communication channel responsive to receiving the control message.

20. The apparatus of claim 19, wherein the source mobile device, responsive to
receiving the control message from the streaming server, transmits a control
message to the audiovisual stream source via a wireless control channel, wherein
the audiovisual stream source to adjust the encoding bit rate at which to stream the
encoded audiovisual content over the wireless communication channel responsive

to receiving the control message

21.  The apparatus of claim 16, wherein the streaming server detects congestion
when it transmits the encoded frames over the second communication channel at
the second rate by transmitting a query over a control channel to the destination
mobile device and receiving an indication over the control channel from the
destination mobile device responsive to the query that the destination mobile
device is experiencing congestion; and further comprising

an audiovisual stream source to stream a plurality of frames of encoded
audiovisual content over a wireless communication channel according to an
encoding bit rate selected in accordance with a data rate of the wireless

communication channel.

22.  The apparatus of claim 10, wherein the audiovisual stream source is to
stream encoded audiovisual content over the wireless communication channel

according to a discrete cosine transform compression algorithm.
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23.  The apparatus of claim 22, wherein the discrete cosine transform
compression algorithm adheres to the Motion Pictures Expert Group (MPEG) 4
Part 2 standard.

24.  The apparatus of claim 10, wherein the wireless communication channel

operates in accordance with the Bluetooth wireless technology standard.

25. The apparatus of claim 10, wherein the source mobile device is coupled to

the first communication channel via a cellular telephone communication network.

26. The apparatus of claim 10, wherein the first communication channel is the

Internet.

27. The apparatus of claim 10, wherein the destination mobile device is coupled

to the second communication channel via a cellular communication network.

28. The apparatus of claim 10, wherein the second communication channel is the

Internet.

29. A method comprising:

streaming from an audiovisual stream source a plurality of frames of
encoded audiovisual content over a wireless communication channel according to
an encoding bit rate selected in accordance with a data rate of the wireless
communication channel;

receiving the plurality of encoded frames at a source mobile device coupled
to the wireless communication channel and transmitting the encoded frames over a

first communication channel at a first data rate;

35



WO 2012/166444 PCT/US2012/039014

receiving the encoded frames at a streaming server coupled to the first
communication channel and transmitting the encoded frames over a second
communication channel at a second data rate;

receiving the encoded frames a destination mobile device coupled to the
second communication channel;

detecting congestion at the source mobile device when it transmits the
encoded frames over the first communication channel at the first rate; and
responsive thereto, adjusting the first rate at which the source mobile device

transmits the encoded frames over the first communication channel.

30. The method of claim 29, wherein adjusting the first rate at which the source
mobile device transmits the encoded frames over the first communication channel
comprises the source mobile device discarding one or more of the plurality of

encoded frames and transmitting the remaining plurality of encoded frames.

31. The method of claim 29, wherein detecting congestion at the source mobile
device when it transmits the encoded frames over the first communication channel
at the first rate further comprises the source mobile device transmitting a control
message to the audiovisual stream source via a wireless control channel, the
audiovisual stream source adjusting the encoding bit rate at which to stream the
encoded audiovisual content over the wireless communication channel responsive

to receiving the control message.

32.  The method of claim 29, wherein the detecting congestion at the source
mobile device when transmitting the encoded frames over the first communication
channel at the first rate if a transmit queue via which the source mobile device

buffers and then transmits the encoded frames experiences congestion.

33.  The method of claim 29, wherein detecting congestion at the source mobile
device when transmitting the encoded frames over the first communication

channel at the first rate comprises transmitting a query over a control channel to
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the streaming server and receiving an indication over the control channel from the
streaming server responsive to the query that the streaming server is experiencing

congestion.

34.  The method of claim 29, further comprising detecting congestion at the
audiovisual stream source when it streams the encoded frames over the wireless
communication channel, the audiovisual stream source to adjusting the encoding

bit rate responsive thereto.

35. The method of claim 29, further comprising detecting congestion at the
streaming server when it transmits the encoded frames over a second
communication channel at a second data rate, and adjusting the second data rate at
which the streaming server transmits the encoded frames over the second

communication channel responsive thereto.

36. An apparatus comprising:

a control server to periodically receive one of a plurality of thumbnail
images, representative of an audiovisual stream, from an audiovisual stream source
via a first control channel and to periodically transmit the one of the plurality of
thumbnail images to at least one of a plurality of audiovisual stream destinations,
selected to receive the audiovisual stream, via a second control channel;

the control server to receive a request from the one of the plurality of
selected destinations via the second control channel to receive the audiovisual
stream responsive to the periodically transmitting one of the plurality of thumbnail
images;

the control server to transmit via the first control channel an indication to the
audiovisual stream source to transmit the audiovisual stream source responsive to
the control server receiving the request;

a streaming server to receive the audiovisual stream from the audiovisual
stream source over a first communication channel responsive to the audiovisual

stream source receiving the transmitted indication; and
37



WO 2012/166444 PCT/US2012/039014

the streaming server to transmit the received audiovisual stream to the at
least one of the plurality of selected destinations via a second communication

channel.

37. The apparatus of claim 36 wherein the control server to receive an initial
indication of an audiovisual stream to be transmitted to the selected plurality of
audiovisual stream destinations from the audiovisual stream source via the first

control channel.

38. The apparatus of claim 37 wherein the initial indication of the audiovisual
stream to be transmitted comprises a destination identifier for each of the selected

plurality of audiovisual stream destinations.

39. The apparatus of claim 37 wherein the initial indication of an audiovisual
stream to be transmitted comprises a stream identifier associated with audiovisual

stream.

40. The apparatus of claim 39 wherein the request from the at least one of the
plurality of selected destinations to receive the audiovisual stream from the

audiovisual stream source comprises the stream identifier.

41. The apparatus of claim 37 wherein the control server to receive the initial
indication of an audiovisual stream to be transmitted to the selected plurality of
audiovisual stream destinations comprises the control server to receive an

HyperText Transfer Protocol (HT'TP) Get message including the initial indication.

42. The apparatus of claim 37 wherein the thumbnail images representative of an

audiovisual stream comprise compressed images.
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43. The apparatus of claim 42, wherein the compressed images comprise Joint

Photographic Experts Group (JPEG) images.

44. A method comprising:

periodically receiving at a control server one of a plurality of thumbnail
images, representative of an audiovisual stream, from an audiovisual stream source
via a first control channel;

periodically transmitting the one of the plurality of thumbnail images from
the control server to at least one of a plurality of audiovisual stream destinations,
selected to receive the audiovisual stream, via a second control channel;

receiving a request at the control server from the at least one of the plurality
of selected destinations via the second control channel to receive the audiovisual
stream responsive to the periodically transmitting one of the plurality of thumbnail
images;

transmitting from the control server via the first control channel an
indication to the audiovisual stream source to transmit the audiovisual stream
source responsive to the control server receiving the request;

receiving at an streaming server the audiovisual stream from the audiovisual
stream source over a first communication channel responsive to the audiovisual
stream source receiving the transmitted indication; and

transmitting the received audiovisual stream from the streaming server to the
at least one of the plurality of selected destinations via a second communication

channel.

45.  The method of claim 44 further comprising receiving at the control server an
initial indication of an audiovisual stream to be transmitted to the selected plurality
of audiovisual stream destinations from the audiovisual stream source via the first

control channel.
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46. The method of claim 45 wherein the initial indication comprises a
destination identifier for each of the selected plurality of audiovisual stream

destinations.

47. The method of claim 45 wherein the initial indication comprises a stream

identifier associated with audiovisual stream.

48. The method of claim 47 wherein the request to receive the audiovisual
stream responsive to the periodically transmitting one of the plurality of thumbnail

images comprises a stream identifier.

49.  The method of claim 45 wherein receiving the initial indication of an
audiovisual stream to be transmitted to the selected plurality of audiovisual stream
destinations comprises receiving an HI'TP Get message including the initial

indication.

50. The method of claim 45 wherein the thumbnail images representative of an

audiovisual stream comprise JPEG images.

51. A camcorder comprising:

an input interface via which audiovisual information is to be received at a
first rate as measured in a number of frames per second, #;

a bus;

a capture buffer;

a media processor coupled via the bus to the input interface to receive the
audiovisual information at the first rate n, and coupled via the bus to the capture
buffer to transfer the received audiovisual information at a second rate as

measured in a number of frames per second, x, for storage therein;
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an output interface coupled via the bus to the media processor to transmit the
received audiovisual information at a third rate as measured in a number of frames
per second, y, wherein the addition of x and y is less than or equal to n;

a general purpose processor coupled to the media processor; and

a set of computing instructions executed on the general purpose processor to
program the media processor to transfer the audiovisual information to the capture
buffer at the second rate x and to transmit the audiovisual information at the third

rate y to the output interface.

52. The camcorder of claim 51, wherein the input interface comprises a Video
Graphics Array (VGA) camera to receive the audiovisual information at 30 frames

per second.

53. The camcorder of claim 52, wherein the media processor coupled via the bus
to the input interface to receive the audiovisual information at the first rate n, and
coupled via the bus to the capture buffer to transfer the received audiovisual
information at a second rate as measured in a number of frames per second, x, for
storage therein, comprises a media processor coupled via the bus to the input
interface to receive the audiovisual information at 30 frames per second, and
coupled via the bus to the capture buffer to transfer the received audiovisual

information at 15 frames per second for storage therein.

54. The camcorder of claim 53, wherein the output interface coupled via the bus
to the media processor to transmit the received audiovisual information at a third
rate as measured in a number of frames per second, y, wherein the addition of x
and y is less than or equal to n, comprises the output interface to transmit the

received audiovisual information at 15 frames per second.

55.  The camcorder of claim 54, wherein the output interface operates in

accordance with the Bluetooth wireless technology standard.
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56. The camcorder of claim 51, wherein the media processor coupled via the bus
to the input interface to receive the audiovisual information at the first rate n, and
coupled via the bus to the capture buffer to transfer the received audiovisual
information at a second rate as measured in a number of frames per second, x, for
storage therein, comprises a media processor coupled via the bus to the input
interface to receive the audiovisual information at 30 frames per second, and
coupled via the bus to the capture buffer to transfer the received audiovisual

information at 24 frames per second for storage therein.

57. 'The camcorder of claim 56, wherein the output interface coupled via the bus
to the media processor to transmit the received audiovisual information at a third
rate as measured in a number of frames per second, y, wherein the addition of x
and y is less than or equal to n, comprises the output interface coupled via the bus
to the media processor to transmit the received audiovisual information at 6 frames
per second, wherein the addition of 24 frames per second and 6 frames per second

is equal to 30 frames per second.

58. A camcorder comprising:

a video camera via which audiovisual information is to be received in
accordance with a Video Graphics Array (VGA) graphics display resolution;

a bus;

a capture buffer;

a media processor coupled via the bus to the video camera to receive the
audiovisual information at the VGA resolution, the media processor further
coupled via the bus to the capture buffer to transfer the audiovisual information at
a first graphics display resolution lower than the VGA resolution for storage
therein; and

a wireless output interface coupled via the bus to the media processor to

transmit the audiovisual information at a second graphics display resolution lower
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than the VGA resolution, wherein the first and second graphics display resolutions

combined are less than or equal to the VGA resolution.

59. The camcorder of claim 58, wherein the first and second graphics display

resolutions are the same.

60. The camcorder of claim 58, wherein the first and second graphics display

resolutions are different.

61. The camcorder of claim 60, wherein the first graphics display resolution is

greater than the second graphics display resolution.

62. The camcorder of claim 58, further comprising:

a second capture buffer, wherein the media processor is further coupled via
the bus to the second capture buffer to transfer the audiovisual information at a
third graphics display resolution lower than the VGA resolution for storage
therein;

and wherein the first, second and third graphics display resolutions

combined are less than or equal to the VGA resolution.

63. The camcorder of claim 62, wherein the capture buffer is in a volatile memory

and wherein the second capture buffer is in a permanent storage device.
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