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SYSTEMS AND METHODS FOR
CONTROLLING THE ENCODING OF A MEDIA STREAM

PRIORITY CLAIM
[o001] This application is 'a continuation in part of US Patent Application Serial
No. 11/147663 entitled “Personal media broadcasting system with output buffer”
filed on June 7, 2005, which claims the benefit of U.S. Provisional Application No.
60/577,833, filed Jun. 7, 2004. Both of these applications are incorporated by .

reference in their entirety.

‘ TECHNICAL FIELD
[0002] The present disclosure generally relates to techniques for controlling the
encoding of a bitstream, such as a media stream, that is transmitted over a data

connection.

BACKGROUND

[0003]Recently, consumers have expressed significant interest in “place shifting”
devices that allow viewing of television or other media content at locations other
than their primary television set. Place shifting devices typically packetize media
content that can be transmitted over a local or wide area network to a portable
computer, mobile phone, personal digital assistant, remote television or other
remote device capable of playing back the packetized media stream for the viewer.
Placeshifting therefore allows consumers to view their media content from remote
locations such as other rooms, hotels, offices, and/or any other locations where
portable media player devices can gain access to a wireless or other communications
network.

[0004]While placeshifting does greatly improve the convenience afforded to the
viewer, challenges can arise in effectively creating and transmitting the encoded
media stream. The variety of network environments (e.g., LAN, WAN, Internet,
wireless telephone, etc.) that may be supported can lead to significant variations in
encoding parameters over time. Moreover, digital networks, particularly those
based on Ethernet and/or TCP/IP-type protocols, are inherently unpredictable,
which can lead to difficulties in selecting particular encoding parameters to be used

in creating and transmitting the media stream over any particular network.
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Moreover, network conditions can change very rapidly, thereby leading to
difficulties in maintaining encoding parameters that are both efficient and current.

[0005] 1t is therefore desirable to create systems and methods for controlling the
encoding of a media stream that is transmitted over a network or other data
connection. These and other desirable features and characteristics will become
apparent from the subsequent detailed description and the appended claims, taken

in conjunction with the accompanying drawings and this background section.

BRIEF SUMMARY

[0006] According to various exemplary embodiments, systems and methods are
described for providing a media stream transmitted from an encoding system to a
remotely-located media player. In an exemplary method, the media stream is
encoded according to an encoding parameter. Data is gathered about a transmit
buffer within the encoding system, and the gathered data is processed to determine
an estimate of network capacity and a calculated encoder rate. The encoding
parameter is adjusted during subsequent encoding as a function of in at least one of
the estimate of network capacity and the calculated encoder rate. '
[0007] In other embodiments, a media encoding system is provided for providing
a media stream to a remote player over a network. The media encoding system
comprises a media encoding module configured to receiving an input signal and to
encode the media stream according to an encoding parameter, a network interface
configured to transmit the encoded media stream to the remote player over the
network, a transmit buffer configured to be filled by the media encoding module
and emi)tied by the network interface; and a control module. The control module is
configured to gather data about the transmit buffer, to process the gathered data to
determine an estimate of a network capacity and a calculated encoder rate, and to
adjust the encoding parameter during subsequent encoding as a function of at least
one of the estimate of network capacity and the calculated encoder rate.
[o008]Various embodimen'gs, aspects and other features are described in more

detail below.

_ BRIEF DESCRIPTION OF THE DRAWING FIGURES
[0009] Exemplary embodiments will hereinafter be described in conjunction with

the following drawing figures, wherein like numerals denote like elements, and
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[0010] FIG. 1is a block diagram of an exemplary media encoding system;

[0011] FIG. 2 is a block diagram of an exémplary media encoding device;

[0012] FIG. 3 is a diagram of an exemplary category/watermark structure that may
be useful in describing certain buffer conditions; and

[0013] FIG. 4 is a flowchart of an exemplary process for controlhng the encoding

of a media stream.

DETAILED DESCRIPTION
[0014] The following detailed description of the invention is merely exemplary in
nature and is not intended to limit the invention or the application and uses of the
invention. Furthermore, there is no intention to be bound by any theory pi‘esented
in the preceding background or the following detailed description.
[0015] According to various embodiments, the efficiency ahd effectiveness of
media stream encoding can be greatly improved by considering the particular values
of the current encoder rate and the capacity of a transmit buffer located between the
encoder and the network, as described more fully below. The buffer’s occupancy
behavior can be a relatively good indicator of actual network capacity and behavior.
As a result, by considering the actual rate at which the media stream is being
created with respect to the actual rate that the stream is being transmitted on a
network, system behavior can be significantly improved in comparison to
conventional techniques. .
[0016] In particular, at least two issues can arise durlng the encodlng and
transmission process. First, if the data encoder has a wider range of operation
above and below the capacity of the data connection, a bbttleneck in system
throughput can occur if the encoder provides data at a faster or slower rate than the
network transmission rate. If the encoder operates at a faster rate than the network
transmission rate, then the buffer between the encoder and the network will fill
until it reaches its capacity. Conversely, if the encoder operates slower than the
network transmission rate, then the capability of the network becomes
underutilized.
[0017] Secondly, issues can occur in assigning processing resources between the
encoder module and the network processing module within the device that can lead
to sub-optimal performance. For example, if the encoder consumes an unduly large

amount of processor time to produce the media stream, the remaining processor
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time may be insufficient for the network module to transmit the data, thereby
resulting in loss of data and/or a degraded user experience. Similarly, if the
encoder generates data at a less-than-optimal rate, the quality of the encoded signal
can also be less than optimal, thereby reducing the demands plaﬁed upon the
network transmission module. In this case, the processor is under-utilized, thereby
again leading to a degraded user experience. Hence, it is desirable in many
implementations to balance the processor allocation between the encoder and the
network modules in a manner that allows both the encoder and network processing
modules to operate at a capacity that provides the best possible user experience.
[0018] By addressing the actual rates by which the transmit buffer is filled and
emptied, much more precise control over the encoding and transmitting processes
can be achieved, resulting in better resource allocation and/or more efficient
resource utilization. Various embodiments may address either or both of these
issues, and/or may provide' other features as desired.

[0019] Turning now to the drawing figures and with initial reference to FIG. 1, an
exemplary placeshifting system 100 suitably includes a placeshifting encoder system
102 that receives media content 122 from a content source 106, encodes the received
content into a streaming format, and then transmits the encoded media stream 120
to a media player 104 over network 110. The media player 104 suitably receives the
encoded stream 120, decodes the stream, and presents the decoded content to a
viewer on a television or other display 108. In various embodiments, a server 112
may also be provided to communicate with encoder system 102 and/or player 104
via network 110 to assist these devices in locating each other, maintaining security,
providing or receiving content or information, and/or any other features as desired.
This feature is not required in all embodiments, however, and the concepts
described herein may be deployed in any data streaming application or
environment, including placeshifting but also any other media or other data
streaming situation.

[o020] Placeshifting encoder system 102 is any component, hardware, software
logic and/or the like capable of transmitting a packetized stream of media content
over network 110. In various embodiments, placeshifting device 102 incorporates
suitable encoder and/or transcoder (collectively “encoder”) logic to convert
audio/video or other media data 122 into a packetized format that can be

transmitted over network 110. The media data 122 may be received in any format,
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and may be received from any internal or external source 106 such as any sort of
broadcast, cable or satellite television programming source, a “video-on-demand” or
similar source, a digital video disk (DVD) or other removable media, a video
camera, and/or the like. Encoder system 102 encodes media data 122 to create
media stream 120 in any manner. In various embodiments, encoder system 102
contains a transmit buffer 105 that temporarily stores encoded data prior to
transmission on network 110. As buffer 105 fills or empties, one or more
parameters of the encoding (e.g., the bit rate of media stream 120) may be adjusted
to maintain desirable picture quality and data throughput in view of the then-
current network performance. As described more fully below, various embodiments
are able to calculate a current encoding rate and a current network transfer rate,
and are able to adjust the encoding rate as the network transfer rate changes.
Changes in the network transfer rate may be identified from, for example, changes

in the utilization of the outgoing buffer 105.

[0021] Several examples of encoding systems 102 may be implemented using any

of the various SLINGBOX products available from Sling Media of Foster City,
California, although other products could be used in other embodiments. Many
different types of encoder systems 102 are generally capable of receiving media
content 122 from an external source 106 such as any sort of digital video recorder .
(DVR), set top box (STB), cable or satellite programming source, DVD player,
and/or the like. In such embodiments, encoder system 102 may additionally
provide commands 124 to the source 106 to produce desired signals 122. Such
commands 124 Imay be provided over any sort of wired or wireless interface, such as
an infrared or other wireless transmitter that emulates remote control commands
receivable by the source 106. Other embodiments, however, particularly those that
do not involve placeshifting, may modify or omit this feature entirely.

[0022] In other embodiments, encoder system 102 may be integrated with any sort
of content receiving or other capabilities typically affiliated with source 106.
Encoder system 102 may be a hybrid STB or other receiver, for example, that also
provides transcoding and placeshifting features. Such a device may receive satellite,
cable, broadcast and/or other signals that encode television programming or other
content received from an antenna, modem, server and/or other source. The "
receiver may further demodulate or otherwise decode the received signals to extract

programming that can be locally viewed and/or place shifted to a remote player 104
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as appropriate. Such devices 102 may also include a content database stored on a
hard disk drive, memory, or other storage medium to support a personal or digital
video recorder (DVR) feature or other content library as appropriate. Hence, in
some embodiments, source 106 and encoder system 102 may be physically and/or
logically contained within a common component, housing or chassis.

[0023] In still other embodiments, encoder system 102 is a software program,
applet or the like executing oﬁ a conventional computing system (e.g., a personal
computer). In such embodiments, encoder system 102 may encode, for example,
some or all of a screen display typically provided to a user of the computing system
for piaceshifting to a remote location. One device capable of providing such
functionality is the SlingProjector product available from Sling Media of Foster City,
California, which executes on a conventional personal computer, although other
products could be used as well.

[0024] Media player 104 is any device, component, module, hardware, software
and/or the like capable of receiving a media stream 120 from one or more encoder
systems 102. In various embodiments, remote player 104 is personal computer
(e.g., a “laptop” or similarly portable computer, although desktop-type computers
could also be used), a 'mobile phone, a personal digital assistant, a personal media
player (such as the ARCHOS products available from the Archos company of Igny,
France) or the like. In many embodiments, remote player 104 is a general purpose
computlng device that includes a media player application in software or firmware
that is capable of securely connecting to placeshifting encoder system 102, as
described more fully below, and of receiving and presenting media content to the
user of the device as appropriate. In other embodiments, however, media player
104 is a standalone or other separate hardware device capable of feceiving the
media stream 120 via any portion of network 110 and decoding the media Stream
120 to provide an output signal 126 that is presented on a television or other display
108. One example of a standalone media receiver 104 is the SLINGCATCHER
product available from Sling Media of Foster City, California, although other
products could be equivalently used.

[0025] Network 110 is any digital or other communications network capable of
transmitting messages between senders (e.g., encoder system 102) and receivers
(e.g., receiver 104). In various embodiments, network 110 includes any number of

public or private data connections, links or networks supporting any number of
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communications protocols. Network 110 may include the Internet, for example, or
any other network based upon TCP/IP or other conventional protocols. In various
embodiments, network 110 also incorporates a wireless and/or wired telephone
network, such as a cellular communications network for communicating with
mobile phones, personal digital assistants, and/or the like. Network 110 may also
incorporate any sort of wireless or wired local area networks, such as one or more
IEEE 802.3 and/or IEEE 802.11 networks.

[0026] Encoder system 102 and/or player 104 are therefore able to comrrlunicéte
with player 104 in any manner (e.g., using any sort of data connections 128 and/or
125, respectively). Such communication may take place over a wide area link that
includes the Internet and/or a telephone network, for example; in other
embodiments, communications between devices 102 and 104 may take place over
one or more wired or wireless local area links that are conceptually incorporated
within network 110. In various equivalent embodiments, encoder system 102 and
receiver 104 may be directly connected via any sort of cable (e.g., an Ethernet cable
or the like) with little or no other network functionality provided.

[0027] Many different placeshifting scenarios could be formulated based upon
available computing and communications resources, consumer demand and/or any
other factors. In various embodiments, consumers may wish to placeshift content
within a home, office or other structure, such as from a placeshifting encoder
'éystem 102 to a desktop or portable computer located in another room. In such
embodiments, the content stream will typically be provided over a wired or wireless
local area network operating within the structure. In other embodiments,
consumers may wish to placeshift content over a broadband or.similar network
connection from a primary location to a computer or other remote player 104
located in a second home, office, hotel or other remote location. In still other
embodiments, consumers may wish to placeshift content to a mobile phone,
personal digital assistant, media player, video game player, automotive or other
vehicle media player, and/or other device via a mobile link (e.g., a GSM/EDGE or
CDMA/EVDO connection, any sort of 3G or subsequent telephone link, an IEEE
802.11 “Wi-fi” link, and/or the like). Several examples of placeshifting applications
available for various ‘platforms are provided by Sling Media of Foster City,
California, although the concepts described herein could be used in conjunction

with products and services available from any source.
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[0028] Encoder system 102, then, generally creates a media stream 120 that is
routable on network 110 based upon content 122 received from media source 106.
To that end,' and with reference now to FIG. 2, encoder system 102 typically
includes an encoder module 202, a buffer 105 and a network interface 206 in
conjunction with appropriate control logic 205. In operation, encoder module 202
typically receives media content 122 from an internal or external source 106,
encodes the data into the desired format for media stream 120, and stores the
encoded data in buffer 105. Network interface 206 then retrieves the formatted .
data from buffer 105 for transmission on network 110. Control module 205 suitably
monitors and controls the encoding and network transmit processes carried out by
encoding module 202 and network interface 206, respectively, and may perform
other features as well. Encoder system 102 may also have a module 208 or other
feature capable of generating and providing commands 124 to an external media
source 106, as described above. |
[0029] In the exemplary embodiment shown in FIG. 2, modules 202, 105, 205,
206 and 208 may be implerhented in software or firmware residing in any memory,
mass storage or other storage medium within encoder system 102 in source code,
object code and/or any other format. Such features may be executed on any sort of
processor or microcontroller executing within encoder system 102. In various
embodiments, encoder system 102 is implemented as a system on a chip (SoC) type
system with integrated processing, storage and input/output features. Various SoC
hardware implementations are available from Texas Instruments, Conexant
Systems, Broadcom Inc., and other suppliers as appropriate. Other embodiments
may use any number of discrete and/or integrated processing components,
memories, input/output features and/or other features as desired.
[0030]As noted above, creating a media stream 120 typically involves encoding
and/or transcoding an input media stream 122 received from an internal or external
media source 106 into a suitable digital format that can be transmitted on network
110. Generally, the media stream 120 is placed into a standard or other known
format (e.g., the WINDOWS MEDIA format available from the Microsoft
Corporation of Redmond, Washington although other formats such as the
QUICKTIME format, REALPLAYER format, MPEG format, and/or the like cduld be
. used in any other embodiments) that can be transmitted on network 110. This

encoding may take place, for example, in any sort of encoding module 202 as
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appropriate. Encoding module 202 may be any sort of hardware (e.g., a digital
signal processor or other integraied circuit used for media encoding), software (e.g.,
software or firmware programming used for media encoding that executes on the
SoC or other processor described above), or the like. Encoding module 202 is
therefore any feature that receives media 'data 122 from the internal or external
source 106 (e.g., via any sort of hardware and/or software interface) and encodes or
transcodes the received data into the desired format for transmission on network
110. Although FIG. 2 shows a single encoding module 202, in practice system 102
may include any number of encoding modules 202. Different encoding modules
202 may be selected based upon preference of player 104, network conditions,
and/or the like. '

[0031] In various embodiments, encoder 202 may also apply other modifications,
transforms and/or filters to the received content before or during the transcoding
process. Video sigr\l_als, for example, may be resized, cropped and/or skewed.
Similarly, the color, hue and/or saturation of the signal may be altered, and/or
noise reduction or other filtering may be applied. Audio signals may be modified by
adjusting volume, sampling rate, mono/stereo parameters, noise reduction, ‘multi-
channel sound parameters and/or the like. Digital rights management encoding
and/or decoding may also be applied in some embodiments, and/or other features
may be applied as desired.

[0032] As noted above, one or more parameters of the encoding process (e.g., the
bit rate, frame rate, image resolution and/or other parameters) may be adjusted
during the encoding process to produce a media stream 120 that is modified or
tuned to the then-current capabilities of network 110. The encoding bit rate, for
example, can be adjusted in response to a measured capability of network 110. That
is, bit rate may be increased when network conditions are able to accommodate the
larger bandwidth consumption associated with the higher rate; conversely, bit rate
can be decreased when network conditions are less able to accommodate the greater
demands. By adjusting the bit rate of the encoding process in response to the
network performance, the user experience can be greatly improved.

[0033] Network interface 206 refers to any hardware, software and/or firmware
that allows encoding system 102 to communicate on network 11. In various

embodiments, network interface 206 includes suitable network stack programming
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and other features and/or conventiqnal network interface (NIC) hardware such as
any wired or wireless interface as desired.

[0034] In various embodiments, control module 205 monitors and controls the
encoding and transmit processes performed by encoding module 202 and network
interface 206, respectively. To that end, control module 205 is any hardware,
software, firmware or combination thereof capable of performing such features. In
various embodiments, control module 205 further processes commands received
from the remote player via network interface 206 (e.g., by sending commands 124
to the media source 106 via a command module 208 or the like). Control module
205 may also transmit commands to the remote player 104 via network interface
206 and/or may control or otherwise effect any other operations of the encoder
system 102. In various embodiments, control module 205 implements the control
features used to monitor and adjust the operation of encoder 202 and/or network
interface 106 to efficiently provide the media stream to remote player 104.

[0035] One technique for monitoring the capability of network 110 involves
monitoring the fullness and/or utilization of a buffer 105 in the encoder system 102
as well as the rates at which the buffer 105 fills and empties. Buffer 105 is typically
any sort of hardware and/or software feature capable of temporarily storing
encoded data prior to transmission on network 110. Typically, buffer 105 is
implemented in a portion of memory or mass storage associated with encoder 101.

If buffer 105 remains relatively empty, then the data transmit rate can be deduced

- to be relatively well-matched to the data encoding rate. That is, data is being

transmitted at approximately the same rate that it is being encoded. If the buffer
105 is filling, however, this indicates that the encoder is generating data faster than
the network 110 can transmit the data.

[0036] FIG. 3 shows one example of a category/watermark structure that may be
useful in describing certain conditions of buffer 105. In the exemplary embodiment
of FIG. 3, the top of buffer 105 represents an empty state with little or no buffered
data present, and the bottom of buffer 105 represents a full state with relatively little
or no space available for buffering additional data. As noted in FIG. 3, the amount
of available space in buffer 105 may be represented by various exemplary states 302
(“Bonus”), 304 (“Green”), 306 (“Yellow”), 308 (“Red”) and 310 (“Full”). Other
embodiments may use any number of states having different relative sizes,

descriptors or other features. In the example of FIG. 3, a “Bonus” state 302 may be
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considered to be a state of relative buffer emptiness (e.g., less than about 15% or so)
when relatively aggressive parameters may be used. The “Green” state 304 may
represent some data in buffer 105 (e.g., about 15-30% or so), but with a substantial
portion of the buffer remaining available for use. “Yellow” state 306 may represent
somewhat more filling of buffer 105 (e.g., about 30-70% or so), with the “Red” state
representing a condition of relative buffer fullness (e.g., about 70-85% or so). The
“full” state may represent conditions wherein the buffer is simply flushed (e.g., data
is discarded) to avoid overflow. This condition may create gaps in the content
stream presented to the viewer, however. ‘As noted above, other embodiments may
use any number of widely-varying states. 302-310 to describe buffer 105, with any
state or combination of states having any size, upper or lower boundary, or other
parameters as desired.

[0037] In a conventional environment, the boundaries between various states 302-
310 may represent “watermarks” that indicate transition points wherein the bit rate
(or other encoding parameter) is adjusted upwardly and/or downwardly. As the
buffer utilization moves from the “yellow” state 306 to the “green” state 304, for
example, bit rate ‘may be increased to take advantage of the excess capacity.
Similarly, bit rate may be decreésed as the buffer utilization breaches a watermark
from the top (as shown in FIG. 3) toward the bottom of the figure.

[0038]In various embodiments, this broad concept of watermarks can be
expanded to even further improve performance. Rather than limiting parameter
changes to occurrences of watermark breaches, for example, adjustments may be
made within categories (or otherwise) based upon the actual measured/observed -
values of the encoder rate and buffer capacity. For example, the encoder rate (or
other appropriate parameter) may be adjusted based upon a specific amount that is
tailored to the actual buffer conditions rather than simply adjusting in accordance
with a pre-determined amount that was empirically or otherwise determined at a
different time. Further, different actions may be taken at different levels of
operation. More aggressive encoding (e.g., increasing encoding bitrate), for
example, can be perfofmed at the higher levels (e.g., “bonus” level 302 or “green”
level 304) in comparison to the lower levels. Hence, it may be possible and
desirable to increase the bitrate (for example) during “green” operation even if a
watermark has not been crossed. Sirhilarly, it may be desirable to maintain the

bitrate (or other parameter) at a lower level during “red” or “yellow” operation, even
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following a watermark transition, to let the buffer empty somewhat before making
more .aggressive parameter changes. Rather than simply adjusting bitrate or other
parameters upwardly or downwardly in response to watermark transitions, then,
more advanced processing can be used to obtain better performance and/or better
asset utilization. Additional details of an exemplary implementation are set forth
below. 4 ‘ \

[0039] Some embodiments may further retain the use of watermark structures
(such as the structure 300 shown in FIG. 3) for convenience, backward
compatibility, compensation for measurement, computation or other tolerances,
and/or the like. In various embodiments, the particular levels represented by one or
more watermarks may be adjusted upwardly or downwardly during operation as
desired to reflect the current state of encoding and transmission. Generally, the
watermarks can be varied as a function of any known and measurable parameters
such as network capacity, encoder bitrate, video width & height, and/or other
factors as appropriate. ‘ .
[0040] Turning now to FIG. 4; an exemplary method 400 for controlling the
encoding of a media stream 120 suitably includes the broad steps of gathering data
(step 406), processing the gathered data (step 408), adjusting one or more encoding
parameters (steps 412, 415) at appropriate times (steps 410, 414, 416), and adjusting
any watermarks at appropriate times (steps 402, 404). Generally speaking, the
various steps of method 400 may be carried out with any sort of hardware, software
and/or firmware logic within encoder system 102. Method 400 may be carried out,
for example, by control logic 205 (FIG. 2) operating in conjunction with encoder
logic 202, buffer 105 and network interface 206 as appropriate. In various
embodiments, the various steps of method 400 are carried out in response to
software or firmware instructions stored in a memory, or on a disk drive and/or
other storage associated with encoder system 102. Such instructions may be
executed by any processor and/or other processing features within encoder system
102 or the like. The particular means used to implement each of the various
functions shown in FIG. 4, then, could be any sort of processing hardware (such as
controller 205 of FIG. 2) execﬁting conventional software logic in any format.
[0041] Generally speaking, watermarks may be adjusted on any regular or
irregular basis (step 402). In various embodiments, watermarks are recalculated

(steﬁ 404) on any regular temporal basis (e.g., every second or so), any irregular
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logical basis (e.g., every n-th iteration of method 400, such as every tenth iteration
or so), or on any other basis as desired. In an exemplary embodiment, method 400
repeats at a frequency of about every 100 ms or so (other embodiments may vary),
with watermarks being recalculated on every tenth iteration or so, thereby resulting
in recalculation abouft every second. Other embodiments may use other
parameters, and/or may consider other factors as desired. For example,
watermarks may be recalculated in some embodiments when it is known that the
encoding parameter has been adjusted; conversely, some embodiments may omit
recalculation when it is known that the encoding parameter has not been adjusted
since the last recalculation. Other embodiments may supplement or modify step
402 in any manner.

[o042] Watermarks are calculated according to any suitéble parameters,
constraints or techniques (step 404). Generally speaking, the watermarks are
calculated based upon the then-current value of the adjusted parameter (e.g., bit
rate). In various embodiments, an average (or weighted average) of current and
former parameter values may be used in determining the new watermarks, as
appropriate. The ambu_nt of historical data used in creating the average can be
determined in any manner, and historical data may be weighted as desired (e;g., SO
that older data is given less weight). .
[o043]1Data is gathered on any appropriate basis (step 406). In various
embodiments, data is gathered on a relatively regular temporal basis (e.g., every 100
ms or so), although other embodiments may gather data on a more irregular or
other basis. Data gathered in step 406 is any information that allows for the
computation of network capacity, encoder bitrate and/or other factors as
appropriate. In various embodiments, data is gathered relating to amount of
network traffic (e.g., .number of bytes) transferred since the last iteration of step
406, the amount of encoded data (e.g., in bytes) generated since the last iteration of

step 406, and/or the current buffer occupancy level (e.g., expressed in bytes or as a

percentage of the total buffer capacity). Other factors or parameters may be

collected in any number of alternate embodiments.

[0044]The gathered data is then processed to arrive at an estimate of network
capacity and a calculated encoder rate {step 408). In various embodiments, the
values gathered in step 406 may be averaged over any appropriate period of time

(e.g., a second or so) to reduce the effects of relatively short term transients that
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may occur. Network capacity may be calculated based upon the average amount of
network traffic transferred over some appropriate period of recent time (e.g., a
second or so), for example. The encoder rate may be.similarly calculated based
upon actual and/or average saved encoder rates over a relevant period of time (e.g.,
a second or so). Hence, by tracking the rates by which the buffer 105 is filled (e.g.,
the encoder rate) and emptied (e.g., the network transmit rate), any discrepancies
. between the two can be readily identified. Similarly, average buffer occupancy over
a relatively recent period of time can be used to estimate the current zone of
operation. In various embodiments, the zone of operation may be adjusted based
upon an average of fewer samples (e.g., representing a shorter period of time, such
as abou_t 0.5 sec or so) than the average time window used for the other calculations
performed. The averages used to compute the various values may change with each
iteration of method 400 so that the averages are effectively “sliding” averages, as
appropriate. System processor load may also be considered in any manner. In
various embodiments, processor over and/or under utilization can be tracked and

compensated in any manner.

 [0045] Changes in the encoding parameter (e.g., bit rate) may be made in any

manner (steps 410 and 412). In various embodiments, the encoding parameter is
evaluated upon each iteration of method 400 (e.g., on the order of every 100 ms or
so) according to various criteria. In the exemplary embodiment shown in FIG. 4,
the encoding parameter is adjusted when change occurs in the buffer utilization
(step 410). As the buffer utilization increases or decreases to a new state 302-310
(FIG. 3), for example, the rate can be adjusted to reflect the newer state. Note that
in various embodiments, the pérticular state boundaries or watermarks used may
vary from iteration to iteration of method 400 due to recalculations in step 404.
Further, in some embodiments, only certain changes in buffer utilization will trigger
changes to the encoding parameter. As noted above, the encoding parameter may
not be adjusted when, for example, operation traverses the state boundary
separating “red” from “yellow” (and/or “yellow” from “green”) operation to prevent
over-filling of buffer 105, to allow buffer 105 to empty, and/or for any other reason.
Other rules may be applied as desired so that parameter adjustments are not
necessarily performed in response to all state transitions. Further, adjustments
may be performed even when no state transition has occurred. Adjustments may be

appropriate to “fine tune” operation within an operating state, for example, or
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adjustments may be made based solely on the relative buffer fill and empty rates
and/ or. the overall buffer utilizatibn value, without regard to whether a particular
watermark has been breached or other state transition has occurred.

[0046]If a parameter adjust is warranted, the particular encoding parameter may

be adjusted upwardly or downwardly as desired (step 412). Encoding bit rate, for

example, may be increased or decreased to reflect increased or decreased network

capability, for example. The particular amount of change will depend upon the
particular embodiment and various other factors. For example, bit rate changes
may increase more aggressively when the buffer 105 is relatively empty, since buffer
space is available to compensate for any over-aggressiveness. Conversely, rate
increases may be applied much more conservatively when buffer 105 is relatively
full. Other factors may be considered as appropriate.

[0047] In many embodiments, it may be undesirable to make too frequent changes
to the encoding parameter. Maintaining at least some time interval between
parameter changes can allow effective buffer utilization, and can reduce any
transient effects of short-lived changes in network capacity and/or processor load, -
thereby improving the user experience. This delay in time changes is reflected in a
“time interval” parameter in FIG. 4 that can be adjusted as desired (steps 413 and
415). It may be beneficial, for example, to prevent subsequent parameter changes .
for a second or so after any change so that the effects of the change can be more
carefully considered. Again, the amount of delay between changes may be less when .
the buffer is relatively empty, since additional margin for error exists. Similarly,
the amount of delay following a decrease in bit rate (or a similar parameter) may be
less than the delay following an increase. In various embodiménts, the time interval
parameter set in step 415 may be considered at a later point (e.g., step 414) to
determine if adjustments to the bit rate (or other encoding parameter) are allowed.
[0048]In addition to allowing changes in the encoding parameter in response to
breaching of a watermark in step 410, various embodiments further adjust the
encoding parameters when conditions otherwise warrant (step 416). Adjustments
may include any changes to the bit rate, frame rate, image resolution, audio or video
quality, or any other parameters or features as desired. For example, the encoding
parameter may be adjusted to match the network capacity calculations made in step

408. If the network rate is significantly greater or less than the encoding rate, for
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example, the encoding rate can be adjusted to match the network capability even if
buffer utilization does not indicate a zone transition/watermark breach.

[0049]1By adjusting the éncoding parameters (e.g., the encoding bit rate) in
response to the actual fill and empty rates of buffer 105, the performance of
encoding system 102 can be substantially improved. By measuring and
manipulating the fill and/or empty rates of buffer 105, (e.g., to adapt the fill and
empty rates to each other as closely as possible) the user experience can be
significantly improved. Moreover, by considering processor utilization in adjusting
the encoding parameters, the processor can be more effectively utilized, thereby
preventing issues that can result from imbalance.

[0050] The particular techniques used to adjust one or more encoding 'parameters
can vary significantly from embodiment to embodiment using the general concepts
set forth herein. One detailed implementation is presented below that is intended
as one example of the sorts of features that could be implemented in an exemplary
encoding system or technique. The various parameters and values used in this
example, however, are strictly for purposes of illustration, and are not intended as
being exclusive or otherwise limiting.

[0051] With reference -again to FIG. 3, a transition into bonus zone 302 may be
made based upon any suitable conditions. In one embodiment, bonus zone 302 is
entered from any other zone if the estimated network rate (“NET”) is significantly
greater (e.g., more than 25% greater) than the either the set rate of the encoder
(“SET™) and/or the calculated encoder output rate (“ASF”). In many embodiments,
the actual calculated encoder rate may be expected to be within about 10% or so of
the set value. The network rate can be expected to significantly exceed the set or
actual encoder rates when, for example, the network performance deteriorated in
the recent past buf has now recovered. In such cases, aggressive correction would
be suitable, so the encoder rate may be set to a substantial poftion (e.g., 80% or so)
of the network rate. This new encoder rate, however, may be limited by peak
network values from the recent past. The encoder rate may be limited, for example,
to not exceed the avergge or peak network rate of some appropriate period of time
(e.g., 500-1000 ms or so) or some number (e.g., five or so) of the previous values
observed. Because this particular adjustment responds to very positive network
performance, in some embodiments the bonus transition fnay be performed even if

little or no delay has occurred since a previous adjustment.
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[0052] Parameter transitions may also occur within zones. Within bonus zone
302, for example, the encoding rate may be increased as network performance
increases (e.g., to a maximum of 80% or so of the network rate, which may be
constrained by the average or peak values observed in recent past network °
performance as described above). Such adjustments may be limited to appropriate
time intervals, such as every two seconds or so as desired. Although 80% or so is an
exemplary value for this particular illustration that is not intended to be limiting on
all embodiments, that general value has been identified in pracﬁce as providing a
particularly beneficial result in that it allows a relatively high utilization of available
network resources during “bonus” or similar conditions while still providing a
comfortable margin for subsequent degradation in network performance. “About
80%” as used herein generally encompasses a range of about 70-90% or s0,
although 75-85% or even 78-82% could be used in other embodiments, depending
upon the particular levels of precision and tolerance desired for the particular
application and setting. |

[0053] The encoding parameter may also be increased based upon the occupancy
of buffer 105, as desired. Within the “bonus” zone 302, for example, the encoder set
value may be increased by five percent or so if the buffer empties, and increased
more aggressively (e.g., by ten percent or so) if the buffer remains empty for an
appropriate period of time (e.g., 500 ms or so). These adjustments may be
constrained in time as desired: the smaller adjustment may only occur after the
prior rate has been in place for some period of time (e.g., five seconds or so),
whereas the more aggressive adjustment may occur after the rate has been steady
for a shorter period (e.g., two seconds or so) since the buffer occupancy is observed
over a,period of time prior to the more aggressive adjustment in this example.
[0054] Other upward adjustments of the encoding parameter may be performed in
any manner. In an exemplary embodiment, however, the encoding parameter is
only adjusted upwardly in response to the buffer achieving a “bonus” level of
performance (e.g., the network rate exceeding the configured and/or actual encoder
rates by a signiﬁcant margin) for conservative operation. Upward transitions
between non-bonus performance zones, however, may be allowed in other
embodiments as desired.

[0055] Downward adjustments may also occur in any manner. If the occupancy of

buffer 105 during “bonus” operation suddenly increases (e.g., touches “red” zone
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308 in FIG. 3, corresponding to about 70-85% or so full), for example, it may be
desirable to decrease the encoding rate. Decreasing the set encoder rate to, for
example, about 70% of the network and/or the currently set encoder rate (or the
lesser of the network and encoder rates) may be appropriate; this transition may
occur even if little or no delay had occurred since the prior adjustment. This
downward adjustment could be conceptualized as being somewhat similar to
decreasing the performance from the “bonus” level to the “green” level, although the
actual transition would be based upon actual encoding and network rates rather
than simply being based upon zone transitions.

[0056] Other downward transitions could occur in other levels of performance as
desired. If the system is currently operating in the “green” zone 304, for example,
yet buffer occupancy increases dramatically (e.g., to the “red” zone 308, or about |
70-85% full), then the encoding rate may be reduced to about eighty percent (or so)
of the network and/or set rates (or the lesser of the network and set rates) as
desired. This transition may occur after a second (or so) of time has elapsed since
the prior adjustment in some embodiments. Other embodiments may additionally
(or alternately) constrain the new encoder rate to prevent changes greéter than an
appropriate percentage (e.g., 50% or so) of the prior\ encoding rate when the buffer
105 becomes nearly full. That is, if a significant sway in the network rate imposes a
significant downgrade, it may be desirable to respond to such situations without
creating suddenly large shifts in the encoding rate. Such adjustments may be
performed even if little or no delay has occurred after the prior adjustment
(although some delay (e.g., 500ms or so) may be imposed when the encoder rate is
already relatively low to prevent excessive degradation to very low encoder rates).
[0057] In some embodiments, it may be desirable to prevent degradation during.
periods of slight transition. If the actual encoder rate is significantly greater (e.g.,
ten percent or so greater) than the set rate, it may be desirable to simply do nothing
(i.e., maintain the current encoder rate) for a period of time, provided that the
buffer 105 is not overly full and other conditions otherwise warrant. If the system
temporarily degrades from green to yellow performance, for example, yet the actual
encoder rate is still operating better than the set rate, it may be acceptable to retain
the green encoder rate until conditions otherwise warrant an adjustment.

[0058] Less dramatic adjustments in the encoder rate may also be performed as

desired. If the network rate is less than the set encoder rate yet the buffer
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utilization is steadily rising, for example, it may be desirable to decrease the set
encoder rate by ten percent (or so) to respond to the downward trend. Such trends
may be caused by temporary network congestion (or other network effects),
however, so it may not be desirable to use the network rate in setting the newly-
selected encoder rate during such times. Further, it may be desirable in some
instances to prevent inordinately large shifts in the encoder rate (e.g., shifts greater
than 30% or so) for such transitions. Adjustments of this sort might not be
performed until an appropriate delay (e.g., a second or so) has occurred following a
prior adjustment.

[0059] In the preceding example, the encoding parameter (e.g., the bit rate of an
encoded media stream or the like) can be adjusted based upon specific values that
are observed and/or computed based upon the rate at which the buffer 105 fills and
empties, thereby providing significantly greater flexibility and performance than
prior techniques that relied solely upon watermark transitions or the like. This
results in a significantly enhanced user experience.

[0060]As noted above, the particular adjustments, transitions, transition
parameters, timing parameters and other specific features of the preceding example
are intended solely.for purposes of illustration, and are not meant to be limiting.
Other embodiments may provide parameter rate adjustment techniques and
systems that vary significantly from those described herein, and fhat use any
number of alternate or additional parameters and parameter values.

[0061] The term “exemplary’; is used herein to represent one example, instance or
illustration that may have any number of alternates. Any ifnplementation described
herein as exemplary is not necessarily to be construed as preferred or advantageous
over other implementations. While several exemplary embodiments have been
presented in the foregoing detailed description, it should be appreciated that a vast
number of alternate but equivalent variations exist, and the examples presented
herein are not intended to limit the scope, applicability, or configuration of the
invention in any way. To the contrary, various changes may be made in the function
and.arrangement of elements described without departing from the scope of the

claims and their legal equivalents.
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CLAIM

What is claimed is:

1. A method of encoding a media stream provided from an encoding

system to a remotely-located media player, the method comprising:

encoding the media stream at the encoding system according to at
least one encoding parameter;

gathering data about a transmit buffer that receives the encoded
media stream within the encoding system;

processing the gathered data about the transmit buffer to determine
an estimate of network capacity and a calculated encoder rate;

adjusting the at leas_f one encoding parameter during subsequent
encoding as a function of at least one of the estimate of network capacity and the
calculated encoder rate; and | . |

transmitting the encoded media stream to the remotely-located media

player.

2. The method of claim 1 wherein the encoding parameter is a bit rate of

the media stream.

3. The method of claim 1 wherein the gathering comprises monitoring

the amounts of data entering and leaving the transmit buffer.

4. The method of claim 1 wherein the estimate of network capacity is

based upon a rate of data leaving the transmit buffer.

5.. The method of claim 1 wherein the estimate of network capacity is

based upon a Weighted average rate of data entering the transmit buffer.

6. The method of claim 1 wherein the calculated encoder rate is based

upon a rate of data entering the transmit buffer.

7. The method of claim 1 wherein the calcilated encoder rate is based

upon a weighted average rate of data entering the transmit buffer.
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8. The method of claim 1 wherein the adjusting comprises adjusting the

encoding parameter in response to changes in the estimate of network capacity.

9. The method of claim 1 further comprising adjusting the watermark

value.

10. The method of claim 9 wherein the watermark value is automatically

adjusted on a regular temporal basis.

11.  The method of claim 1 further comprising disallowing further
adjustments to the at least one encoding parameter for a time interval following a

previous adjustment to the at least one encoding parameter.

12.  The method of claim 11 further comprising adjusting the time interval

based upon the previous adjustment.

13.  The method of claim 1 wherein the adjusting is performed in response

to a utilization of a processor associated with the encoding system.

14. The method of claim 1 wherien the encodihg parameter corresponds
to an encoding rate and the estimate of network capacity corresponds to an

estimated rate at which the network empties the transmit buffer.

15.  The method of claim 14 wherein the adjusting comprises setting the
encoding rate to a predetermined percentage of the estimated rate at which the
network empties the transmit buffer when the estimate of network capacity

significantly exceeds the calculated encoder rate.

16. The method of claim 15 wherein the predetermined percentage is

approximately eighty percent.

17. A system for encoding a niedia stream provided to a remotely-located
media player, the system comprising:
a transmit buffer;
means for encoding the media stream according to at least one
encoding parameter and for providing the encoded media stream to the transmit
buffer;
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means for controlling the system, wherein the controlling means is
configured to gather data about the utilization of the transmit buffer, to process the
gathered data to determine an estimate of network capacity based upon a rate fhat
the transmit buffer empties and a calculated encoder rate based upon a rate that the
transmit ‘buffer fills, and to adjust the at least one encoding parameter in the
encoding means during subsequent encoding as a function of at least one of the
estimate of network capacity and the calculated encoder rate; and.

means for transmitting the encoded media stream to the remotely-

located media player.

18. A media encoding system for providihg a media stream to a remote
player over a network, the media encoding system comprising;:
a media encoding module configured to receiving an input signal and
to encode the media stream according to at least one encoding parameter;
a network interface configured to transmit the encoded media stream
to the remote player over the network;
‘ a transmit buffer configured to be filled by the media encoding
module and emptied by the network interface; and
a control module configured to gather data about the transmit buffer,
to process the gathered data determine an estimate of a network capacity and a
calculated encoder rate, and to adjust the at least one encoding parameter during
subsequent encoding as a function of at least one of the estimate of network

capacity and the calculated encoder rate.

| 19. The media encoding system of claim 18 wherein the processor is
further configured to determine the estimate of network capacity based upon a rate
that the transmit buffer empties and to determine the calculated encoder rate based

upon a rate that the transmit buffer fills.

20 The media encoding system of claim 18 wherein the processor is
further configured to adjust the encoding parameter to achieve a desired value of

the encoder rate based upon the estimated network capacity.
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