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1 
SYSTEMS AND METHODS FOR ENCODING 

AND STREAMING VIDEO ENCODED USING 

A PLURALITY OF MAXIMUM BITRATE 

LEVELS 

2 
cessor, and storage containing an encoding application and 

data relating combinations of resolution and frame rates to 

maximum bitrates, where a plurality of resolution and frame 

rates that are related to the same maximum bitrate form a 

CROSS-REFERENCE TO RELATED 

APPLICATIONS 

The current application is a continuation of U.S. patent 
application Ser. No. 1 6/789,303, filed Feb. 12,  2020, which 

5 maximum bitrate level. In addition, the encoding application 

configures the processor to encode a video stream as a 

plurality of video streams having different resolutions and 

frame rates, where the target maximum bitrate used during 

the encoding of the video streams is selected based upon the 
10 

maximum bitrate levels of the resolution and frame rate 
is a continuation of U.S. patent application Ser. No. 1 5/922, 
1 98, filed Mar. 1 5, 2018 and issued May 5, 2020 as U.S. Pat. 
No. 10,645,429, which is a continuation of U.S. patent 
application Ser. No. 13/600,046, filed Aug. 30, 2012, and 
issued Apr. 24, 201 8 as U.S. Pat. No. 9,955, 195, which 15 

claims priority to U.S.  Provisional Patent Application No. 
61/529,201 ,  filedAug. 30, 201 1 ,  the disclosures of which are 
incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to the delivery of multime­
dia content, specifically streaming video content encoded at 
a variety of recommended maximum bitrates optimized for 

20 

a variety of scaled display resolutions and network connec- 25 

tion maximum data rates of playback devices receiving the 
streams. 

BACKGROUND OF THE INVENTION 

combinations indicated within the data relating combina­

tions of resolution and frame rates to maximum bitrates. 

In a further embodiment, the resolution and frame rates 

within a maximum bitrate level have optimal target maxi­

mum bitrates that are within a predetermined percentage of 

the highest optimal target maximum bitrate of a resolution 

and frame rate combination within the maximum bitrate 

level. 

In another embodiment, the optimal target maximum 

bitrate of a resolution and frame rate combination is deter­

mined using a formula. 
In a still further embodiment, the optimal target maximum 

bitrate of a resolution and frame rate combination is deter­
mined using experimentation. 

In still another embodiment, the resolution and frame 
rates within a maximum bitrate level have optimal target 
maximum bitrates that are within a predetermined percent­
age of the optimal target maximum bitrate of at least one 

30 other resolution and frame rate combination within the 
maximum bitrate level. 

In a yet further embodiment, the data relating combina­
tions of resolution and frame rates to maximum bitrate levels 

The term streaming media describes the playback of 
media on a playback device, where the media is stored on a 
server and continuously sent to the playback device over a 
network during playback. Typically, the playback device 
stores a sufficient quantity of media in a buffer at any given 
time during playback to prevent disruption of playback due 

relates the resolution and frame rates to maximum bitrates in 
35 the manner illustrated in FIG. 5. 

to the playback device completing playback of all the 
buffered media prior to receipt of the next portion of media. 
Adaptive bitrate streaming or adaptive streaming involves 
detecting the present streaming conditions (e.g. the user' s 40 

network bandwidth and CPU capacity) in real time and 
adjusting the quality of the streamed media accordingly. 

In adaptive streaming systems, the source media is typi­
cally stored on a media server as a top level index file 
pointing to a number of alternate streams that contain the 45 

actual video and audio data. Each stream is typically stored 
in one or more container files. Different adaptive streaming 
solutions typically utilize different index and media contain-
ers. The Matroska container is a media container developed 
as an open standard project by the Matroska non-profit 50 

organization of Aussonne, France. The Matroska container 
is based upon Extensible Binary Meta Language (EBML), 
which is a binary derivative of the Extensible Markup 
Language (XML). Decoding of the Matroska container is 
supported by many consumer electronics (CE) devices. The 55 

DivX Plus file format developed by DivX, LLC of San 
Diego, Calif. utilizes an extension of the Matroska container 
format, including elements that are not specified within the 
Matroska format. 

Yet another embodiment includes a plurality of playback 
devices, where the playback devices have different display 
aspect ratios and utilize different types of network connec­
tions, and a streaming system comprising a plurality of 
servers on which a plurality of video streams are stored, 
where the plurality of video streams are encoded at different 
resolutions and frame rates. In addition, video streams stored 
on the streaming system are encoded using one of a plurality 
of maximum bitrate levels, where video streams having 
different resolutions and frame rates are encoded at the same 
maximum bitrate level, the playback devices are configured 
to support playback of video data encoded at maximum 
bitrates corresponding to a plurality of the maximum bitrate 
levels, the playback devices are configured to request video 
data from at least one video stream from the streaming 
system encoded at a maximum bitrate level supported by the 
playback device, and the playback devices are configured to 
playback video data encoded at a supported maximum 
bitrate level received from the streaming system. 

A further embodiment again also includes a source 
encoder including storage containing data relating combi­
nations of resolution and frame rates to maximum bitrate 
levels. In addition, the source encoder is configured to 
encode a video stream as a plurality of video streams having 

SUMMARY OF THE INVENTION 

Systems and methods in accordance with embodiments of 

60 different resolutions and frame rates, where the target maxi­
mum bitrate used during the encoding of the video streams 
is selected based upon the maximum bitrate levels of the 
resolution and frame rate combinations indicated within the 

the invention stream and play back video having a variety of 
resolutions, frame rates, and/or sample aspect ratios, where 65 
the video streams are encoded at one of a limited number of 
maximum bit rate levels .  One embodiment includes a pro-

data relating combinations of resolution and frame rates to 
maximum bitrates levels. 

In another embodiment again, the data relating combina­
tions of resolution and frame rates to maximum bitrate levels 
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3 
relates the resolution and frame rates to maximum bitrate 
levels in the manner illustrated in FIG. 5. 

A further additional embodiment includes a machine 
readable medium containing processor instructions, where 
execution of the instructions by a processor causes the 5 

processor to perform a process for determining a set of 
maximum bitrate levels for encoding video data for use in a 
streaming system including playback devices having differ­
ent display aspect ratios and network connections. In addi­
tion, the process includes selecting a set of resolution and 

10  
frame rate combinations, determining the optimal target 
maximum bitrate for encoding a stream of video data at each 
resolution and frame rate combination, grouping the reso­
lution and frame rate combinations into maximum bitrate 
levels based upon the optimal target maximum bitrates of the 
resolution and frame rate combinations utilizing at least one 15  

grouping criterion, and determining a target maximum 
bitrate for the resolution and frame rate combinations in a 
maximum bitrate level. 

In another additional embodiment, the optimal target 
maximum bitrate of a resolution and frame rate combination 20 

is determined using a formula. 
In a still yet further embodiment, the optimal target 

maximum bitrate of a resolution and frame combination is 
determined using experimentation. 

4 
FIG. 2 conceptually illustrates a playback device config­

ured to deliver video data encoded utilizing target maximum 

bitrate levels in accordance with an embodiment of the 
invention. 

FIG. 3 is a flow chart illustrating a process for determin­
ing a set of bitrates given video data in accordance with an 
embodiment of the invention. 

FIG. 4 is a flow chart illustrating a process for determin­
ing a set of encoding maximum bitrate levels in accordance 
with an embodiment of the invention. 

FIG. 5 is a table illustrating an example of a set of 
resolutions with encoded bitrates matched to maximum 
profile bitrates in accordance with an embodiment of the 
invention. 

FIG. 6 is a table illustrating an example of sets of 
resolutions for different aspect ratios, where the resolutions 
in each set are encoded so that each aspect ratio is encoded 
at a resolution falling within each of the maximum bitrate 
levels in accordance with an embodiment of the invention. 

DETAILED DISCLOSURE OF THE INVENTION 

Turning now to the drawings, systems and methods for 
streaming and playing back video having a variety of 
resolutions, frame rates, and/or sample aspect ratios, where 
the video streams are encoded at one of a limited number of 
maximum bit rate levels, in accordance with embodiments 
of the invention are illustrated. Video data is typically 
encoded to achieve a target maximum bitrate. The quality of 

In still yet another embodiment, the at least one grouping 25 

criterion groups resolution and frame rates within a maxi­
mum bitrate level that have optimal target maximum bitrates 
that are within a predetermined percentage of the highest 
optimal target maximum bitrate of a resolution and frame 
rate combination within the maximum bitrate level. 30 video encoded with a specific resolution, and frame rate 

typically does not improve appreciably beyond a specific 
maximum bitrate threshold. Beyond that threshold, increas­
ing the resolution of the encoded video can increase video 

In a still further embodiment again, the at least one 
grouping criterion groups resolution and frame rates within 
a maximum bitrate level that have optimal target maximum 
bitrates that are within a predetermined percentage of the 
optimal target maximum bitrate of at least one other reso- 35 

lution and frame rate combination within the maximum 
bitrate level. 

In still another embodiment again, determining a target 
maximum bitrate for the resolution and frame rate combi­
nations in a maximum bitrate level includes selecting the 
maximum optimal target bitrate of a resolution and frame 
rate combination within the maximum bitrate level. 

In a still further additional embodiment, determining a 
target maximum bitrate for the resolution and frame rate 
combinations in a maximum bitrate level includes selecting 
the minimum optimal target bitrate of a resolution and frame 
rate combination within the maximum bitrate level. 

In still another additional embodiment, determining a 
target maximum bitrate for the resolution and frame rate 
combinations in a maximum bitrate level includes selecting 
the average optimal target bitrate of the resolution and frame 
rate combinations within the maximum bitrate level. 

A yet further embodiment again also includes rounding 
the average optimal target bitrate using a predetermined 
rounding function. 

In yet another embodiment again, determining a target 
maximum bitrate for the resolution and frame rate combi­
nations in a maximum bitrate level includes selecting one of 
a plurality known network data rates based upon the optimal 
target data rate of at least one of the resolution and frame rate 
combinations within the maximum bitrate level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

quality. A formula can be used to recommend an optimal 
target maximum bitrate at which to encode video content at 
a specific resolution and frame rate efficiently and with the 
highest video quality achievable at the selected resolution. 
Alternatively, the bitrate threshold at which video quality 
does not appreciably improve can be determined through 

40 testing. While it can be beneficial to determine the optimal 
maximum bitrate at which to encode a specific piece of 
video content to efficiently achieve the highest quality video 
at a specific resolution and frame rate, the delivery of a large 
number of streams of video content to a large variety of 

45 playback devices can be simplified by specifying a limited 
number of maximum bitrates at which video can be encoded 
irrespective of the optimal target maximum bitrate for a 
specific frame rate and resolution combination. The ability 
of a specific type of playback device to playback video 

50 encoded at a specific maximum bitrate is typically confirmed 
via testing. Therefore, the smaller the number of maximum 
bitrate levels supported by a streaming system, the simpler 
the process of testing each playback device to confirm its 
ability to playback video encoded at supported target maxi-

55 mum bitrates. Accordingly, streaming systems can utilize a 
set of maximum bitrate levels to simply the process of 
certifying playback devices for use within the streaming 
system. When video is encoded for distribution via the 
streaming system at a number of different resolutions and 

60 frame rates, the maximum bitrate levels appropriate to each 
of the specific resolution and frame combinations can be 
selected and used as the target maximum bitrates when 
encoding the streams of video data. 

FIG. 1 is a network diagram of a level bitrate adaptive 65 

streaming system in accordance with an embodiment of the 

In several embodiments, the process of selecting a set of 
maximum bitrate levels to use when encoding video for 
distribution via a streaming system involves determining the 
most popular aspect ratios and frame rates for video content invention. 
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entirety. In adaptive bitrate streaming systems, a number of 
alternative streams are likely to be encoded having the same 
aspect ratio, but different resolutions. Systems and methods 
for selecting the resolutions at which to encode alternative 

5 streams of video for use in adaptive bitrate streaming 
systems are described in U.S. patent application Ser. No. 
13/430,032 entitled "Selection of Resolutions for Seamless 
Resolution Switching of Multimedia Content" to Soroushian 
et al., filed Mar. 26, 2012  (the disclosure of which is 

and then determining all of the streaming resolutions and 
frame rates at which the video content will be encoded. 
When the most likely resolution and frame rate combina­
tions are identified, the optimal target maximum bitrates for 
each resolution and frame rate combination can be deter­
mined using an appropriate bitrate formula or testing. Bitrate 
formulas that can be utilized to determine a optimal target 
maximum bitrate at which to encode video at a specified 
resolution and frame rate are discussed in U.S. patent 
application Ser. No. 13/432,521 entitled "Systems and 
Methods for Encoding Alternative Streams of Video for 
Playback on Playback Devices having Predetermined Dis­
play Aspect Ratios and Network Connection Maximum Data 
Rates", to Soroushian et al., filed Mar. 28, 2012  (the dis­
closure of which is incorporated by reference herein in its 15 
entirety). The optimal target maximum bitrates can then be 
grouped into levels and a maximum bitrate determined for 
each level. 

10 incorporated by reference herein in its entirety). Although 
much of the discussion that follows references adaptive 
bitrate streaming systems, systems and methods in accor­
dance with embodiments of the invention can be utilized in 
streaming systems that are non-adaptive. Systems and meth­
ods for streaming video at a plurality of resolution and frame 
rates using a smaller set of maximum bit rate levels in 
accordance with embodiments of the invention are discussed 
further below. 

In several embodiments, the resolution and frame rate 
combinations can be grouped into levels based upon their 20 
corresponding optimal target maximum bitrates so that all 
optimal target maximum bitrates within a group are within 

System Overview 
A streaming system in accordance with an embodiment of 

the invention is illustrated in FIG. 1. The streaming system 
100 includes a source encoder 106 configured to encode 
source video as a number of alternative video streams. 
Alternative streams are streams that encode the same media 

a predetermined percentage of the highest optimal target 
maximum bitrate within the group. In many embodiments, 
the resolution and frame rate combinations can be grouped 25 
into levels based upon their corresponding optimal target 
maximum bitrates so that each optimal target maximum 
bitrate within the group is within a predetermined percent-

content in different ways. In many instances, alternative 
streams encode media content ( such as but not limited to 
video) at different resolution and sample aspect ratio com­
binations and different maximum bitrates.  In a number of 
embodiments, alternative video streams form sets of alter-
native video streams encoded with the same aspect ratio 
corresponding to the display aspect ratio of a set of playback 
devices. In many embodiments, the source encoder pos­
sesses a lookup table that indexes resolution and frame rate 
combinations to a predetermined set of maximum bitrate 

age of the next highest optimal target maximum bitrate 
within the group. In other embodiments, any of a variety of 30 
grouping criteria can be utilized in accordance with embodi­
ments of the invention including criteria that group resolu­
tion and frame rate combinations into a predetermined 
number of groups based upon their optimal target maximum 
bitrates. 35 levels. The source encoder uses the lookup table to deter­

mine the target maximum bitrate at which to encode video 
at a specific resolution and frame rate combination. 

The maximum bitrate that is assigned to the resolution 
and frame rate combinations at a level can be determined in 
any number of different ways including (but not limited to) 
the average bitrate of the optimal target maximum bitrates 
included in the group, the minimum bitrate of the optimal 
target maximum bitrates included in the level, and/or a 
typical network connection data rate that is close to one or 
more of the target maximum bitrates in the level. The 
maximum bitrate determined for each level can then be used 
to encode content at the resolution and frame rate combi­
nations within the level. In several embodiments, the process 
of determining the maximum bitrate levels is performed in 
a first process and the maximum bit rate levels and the 
resolution and frame rate combinations that fall within each 
level can be provided to a source encoding system for use in 
the encoding of video content. 

In many embodiments, the streaming system is an adap­
tive bitrate streaming system. Adaptive bitrate streaming 
systems can stream alternative streams of video data 
encoded at maximum bitrates. In order to provide the highest 
quality video experience independent of the network data 
rate, the adaptive bitrate streaming systems switch between 
the available streams of video data throughout the delivery 
of the video data according to a variety of factors, including, 
but not limited to, the available network data rate and video 
decoder performance. Systems and methods for switching 
between video streams during playback are disclosed in U.S. 
patent application Ser. No. 13/221 ,682 entitled "Systems 
and Methods for Adaptive Bitrate Streaming of Media 
Stored in Matroska Container Files Using Hypertext Trans­
fer Protocol" to Braness et al., filed Aug. 30, 201 1 ,  the 
disclosure of which is incorporated by reference herein in its 

In many embodiments, the streaming system is an adap­
tive bitrate streaming system and the source encoder 

40 encodes each alternative stream into a separate container file 
and generates a top level index file describing each of the 
streams contained within the container files. The top level 
index file and the container files are uploaded to an HTTP 
server 104. In other embodiments, the container files are 

45 uploaded to an HTTP server 104 and the top level index file 
is dynamically generated in response to a request for a 
specific piece of content by a playback device. In the 
illustrated embodiment, the source encoder is a server. In 
other embodiments, the source encoder can be any process-

50 ing device including a processor and sufficient resources to 
perform the transcoding of source media (including but not 
limited to video, audio, and/or subtitles). 

In the illustrated embodiment, playback devices include 
personal computers 110, CE players 108, and mobile phones 

55 112. In other embodiments, playback devices can include 
consumer electronics devices such as DVD players, Blu-ray 
players, televisions, set top boxes, video game consoles, 
tablets, and other devices that are capable of connecting to 
a server via HTTP and playing back encoded media. In the 

60 illustrated embodiment, a variety of playback devices use 
HTTP or another appropriate stateless protocol to request 
portions of a top level index file and the container files via 
a network 102 such as the Internet. Prior to a playback 
device performing adaptive bitrate streaming using portions 

65 of media from alternative streams contained within the 
container files, a bandwidth probe can be performed by the 
playback device to determine available bandwidth. Once the 

Amazon/DivX 
Exhibit 1001 

Page 19



US 1 1 ,6 1 1 ,785 B2 

7 
bandwidth probe has been completed, the playback device 
can utilize data within the top level index including (but not 
limited to) the maximum bitrate of each of the available 
streams to determine the initial streams from which to 
commence requesting portions of encoded media as part of 5 
an adaptive streaming process. 

Once playback of content from the initial set of streams 
commences, the playback device utilizes the top level index 

8 

encode video at a plurality of resolution and frame combi­
nations in accordance with embodiments of the invention are 
discussed further below. 
Determining Target Maximum Bitrates 

The initial step in determining a set of predetermined 
bitrates at which to encode video is determining the char­
acteristics of the video that is likely to be streamed by a 
streaming system. Once the resolution and frame rate com­
binations of the video that is likely to be streamed are 

10 identified, the optimal target maximum bitrate of each 
resolution and frame rate combination can be calculated and 

to perform adaptive bitrate streaming of the content in 
response to changes in streaming conditions. In many adap­
tive bitrate streaming systems, the playback device can 
progress through a series of operational phases in which the 
playback device responds differently in each phase to 
changes in the streaming conditions. In a number of embodi­
ments, stability in streaming conditions or improving 15 
streaming conditions can result in a transition to a phase in 
which the playback device assumes stable operating condi­
tions, buffers more content, and is less responsive to fluc­
tuations in streaming conditions. In many embodiments, a 
deterioration in streaming conditions results in a stream 20 
switch to a set of streams at a lower resolution utilizing less 
bandwidth and resulting in the playback device transitioning 
to a phase in which the playback device assumes unstable 
operating conditions, buffers less content, and responds 
rapidly to variations in streaming conditions. 
Source Encoders 

the results used to determine a set of maximum bitrate levels 
at which video can be encoded for different resolution and 
frame rate combinations. The term optimal target maximum 
bitrate can be used to describe the maximum bitrate beyond 
which video quality at a specific resolution and frame rate 
does not appreciably increase. Stated another way, the 
optimal target maximum bitrate is the lowest bitrate at which 
the highest quality video can be achieved at a given reso­
lution and frame rate. In using a term such as optimal target 
maximum bitrate, there is typically an acknowledgement 
that video quality is subjective. Therefore, there is no 
concept of a "true" optimal target maximum bitrate. The 
optimal target maximum bitrate is simply a value that can be 

25 determined through subjective experimentation. In many 
instances, observations concerning target maximum bitrates 
have resulted in the definition of functions that can be 
utilized to calculate an optimal target maximum bitrate 

Source encoders in accordance with embodiments of the 
invention are utilized to encode source content at any of a 
number of resolutions and frame rates at target maximum 
bitrates determined using a set of predetermined maximum 30 
bitrate levels. The basic architecture of a source encoder in 

based upon the resolution and frame rate. As is discussed 
further below, the technique for determining an optimal 
target maximum bitrate is not as important as the manner in 

accordance with an embodiment of the invention is illus­
trated in FIG. 2. The source encoder 150 includes a proces-

which that maximum bitrates are utilized to select maximum 
bitrate levels. 

sor 152 in communication with memory 154. In the illus­
trated embodiment, the memory 154 includes an encoding 35 
application 156, video data 158, which can include (but is 

A process for determining optimal target maximum 
bitrates for video streamed within an adaptive bitrate stream­
ing system in accordance with embodiments of the invention 
is illustrated in FIG. 3 .  The process 200 commences by 
selecting 210 display aspect ratios and frame rates supported 
by the streaming system. The display aspect ratios and frame 

not limited to) source video data and encoded alternative 
streams of video data, and data describing the target maxi­
mum bitrates at which to encode a plurality of resolution and 
frame rate combinations 160. In many embodiments, the 40 
target maximum bitrates are selected from a set of prede­
termined maximum bitrate levels that includes a number of 
levels that is smaller than the number of resolution and 
frame rate combinations. In certain embodiments, a plurality 

rates are typically determined based upon popular display 
aspect ratios and frame rates supported by playback devices 
that are likely to be used to stream video within the stream­
ing system. Resolutions can be determined 212 based upon 
the selected display aspect ratios and, in many instances, 

of resolution and frame rate combinations is associated with 
each of a plurality of maximum bitrate levels. In several 
embodiments, the data concerning target maximum bitrate 
levels is a lookup table that is indexed by resolution and 
frame rate combinations and associates specific maximum 
bitrate levels with specific resolution and frame rate com­
binations. In other embodiments, any of a variety of data 
structures can be utilized to identify a target maximum 
bitrate from a predetermined set of target maximum bitrates 
to utilize in the encoding of a specific resolution and frame 
rate combination. 

Although a specific architecture is illustrated in FIG. 2, 
any of a variety of architectures including architectures 
where the application and/or set of predetermined maximum 
bitrate levels are located on disk or some other form of 
storage and is loaded into memory at runtime can be utilized 
to implement a source encoder in accordance with an 
embodiment of the invention. Furthermore, any of a variety 
of system architectures including (but not limited) to the 
system architecture illustrated in FIG. 1 can be utilized to 
perform video delivery in accordance with embodiments of 
the invention. Systems and methods for determining a 
predetermined set of maximum bitrate levels at which to 

45 based upon anticipated maximum data rates supported 
within the streaming system. Processes for determining 
resolutions at which to encode alternative video streams 
based upon the display aspect ratio of a playback device are 
described in U.S. patent application Ser. No. 13/430,032 

50 entitled "Selection of Resolutions for Seamless Resolution 
Switching of Multimedia Content" to Soroushian et al., filed 
Mar. 26, 2012 (incorporated by reference above). 

An optimal target maximum bitrate is determined (214) 
for each selected frame rate and resolution combination. In 

55 several embodiments, maximum bitrate targets are deter­
mined 214 utilizing a bitrate formula where the bitrate 
formula may utilize various aspects of the video data, 
including frame rate, resolution, and other pertinent infor­
mation as input. Examples of appropriate bitrate formulas 

60 are described in U.S. Patent Application No. "Systems and 
Methods for Encoding Alternative Streams of Video for 
Playback on Playback Devices having Predetermined Dis­
play Aspect Ratios and Network Connection Maximum Data 
Rates", to Soroushian et al., filed Mar. 28, 2012  (incorpo-

65 rated by reference above). In a number of embodiments, the 
determination (214) of the optimal target maximum bitrate 
for a specific resolution and frame rate combination may 
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involve subjective or objective quality evaluation methods 

10 
(but not limited to) maximizing the similarity of  the optimal 
target maximum bitrates of the resolution and frame com­
binations at each level. 

An example of a grouping of a set of maximum bitrate 
5 levels defined based on the resolution, and frame rate of 

encoded video in accordance with an embodiment of the 

of the video data encoded at the target maximum bitrate. 

Once the optimal target maximum bitrates for each of the 

resolution and frame rate combinations is determined, a 

process can then be performed to identify a set of maximum 

bitrate can be selected based upon the optimal target maxi­

mum bitrates.  Processes for determining a set of maximum 

bitrate levels based upon a set of optimal target maximum 

bitrates associated with specific resolution and frame rate 

combinations in accordance with embodiments of the inven-
10  

tion are discussed below. 

Generating Sets of Maximum Bitrate Levels 

invention is illustrated in FIG. 5. 
For example, in many embodiments of the invention 

1440x81 6  is a sub-resolution for video data having a pri­
mary resolution of 1920x816 at 24 frames per second with 
a sample aspect ratio of 4:3. Likewise, the resolution 1440x 
800 is a sub-resolution for video data having a primary 
resolution of 1 920x800 at 24 frames per second with a 
sample aspect ratio of 4:3 .  The encoded maximum bitrate of A process for determining a set of maximum bitrate levels 

based upon a set of optimal target maximum bitrates asso­

ciated with specific resolution and frame rate combinations 

in accordance with an embodiment of the invention is 

illustrated in FIG. 4. The process 300 involves setting (310) 

15  the 1440x81 6  video is 3,557 Kbps and the encoded maxi­
mum bitrate of the 1440x800 video is 3,459 Kbps. In several 
embodiments, 1440x816  and 1440x800 are within a thresh­
old value of each other and no other resolutions are within 
the threshold value. The average bitrate for these resolutions 
is 3,508 Kbps, rounded to 3,500 Kbps. In accordance with 
an embodiment of the invention, 3,500 Kbps will be one 
maximum bitrate in the set of maximum profile bitrates. 

In order to stream video content at each maximum bitrate 
level, a variety of resolutions may be utilized depending on 

the current bitrate to the highest optimal target maximum 

bitrate from a set of optimal target maximum bitrates. The 20 

level maximum bitrate is updated (312) utilizing the current 

bitrate. In many embodiments, the level maximum bitrate 

may be set to the average, median, minimum, or maximum 

combination of the bitrates in the current bitrate level. In a 

number of embodiments, the level average bitrate is a linear 25 the sample aspect ratio and frame rate of the source content. 

or non-linear combination of the bitrates in the current 

bitrate level. In other embodiments, the level maximum 

bitrate can be determined after all of the levels are identified. 

The current bitrate is compared (314) to the next lower 

optimal target maximum bitrate in the input set of optimal 30 

target maximum bitrates. A decision (316) is then made. 

Given a threshold value, if the difference between the 

current bitrate and the next lower optimal target maximum 

bitrate does not exceed the threshold value, the current 
35 

bitrate is included in the optimal maximum bitrate level. In 

other embodiments, any of a variety of criteria can be 

utilized to determine whether to include a specific resolution 

and frame rate combination in a level based upon the optimal 

target maximum bitrate for the resolution and frame com- 40 

bination. Accordingly, the current bitrate is set (318) to the 

next lower optimal target maximum bitrate and the process 

loops back to updating (312) the level maximum bitrate. In 
several embodiments, the threshold value is a percentage 
difference between consecutive bitrate levels, such as 10%. 45 

In several embodiments, the threshold value is a fixed value 
or is related in a non-linear marmer to the value of the current 
bitrate. If the threshold value is exceeded, the level maxi­
mum bitrate is recorded (320) in the set of maximum bitrate 
levels. In several embodiments, the level bitrate level is 50 

rounded to the closest whole number. Another decision 
(322) is made. If target maximum bitrates remain to be 
considered, a new level bitrate is started (324), the current 
bitrate is set (318) to the next highest optimal target maxi­
mum bitrate, and the process continues updating (312) the 55 

level maximum bitrate of the new level. The process 300 is 
complete when all bitrates have been considered. 

In a number of embodiments, the maximum bitrate levels 
and the resolutions and frame rates assigned to specific 
groups can be modified in accordance with the requirements 60 

of a specific application. For example, the optimal maximum 
bitrate at each level can be rounded down ( or up) to the 
closest whole-number multiple of 10, 100 or 1000. Although 
a specific process is illustrated in FIG. 4, any of a variety of 
processes can be utilized including a process that groups 65 

resolution and frame rate combinations into a predetermined 
number of levels based upon one or more criteria including 

An example profile of recommended resolutions based on 
the frame rate and primary aspect ratio of the video content 
for various maximum bitrates is illustrated in FIG. 6. In 
many embodiments of the invention, the same resolution 
may be utilized for multiple frame rates and sample aspect 
ratios in order to maximize the subjective and/or objective 
quality of the streamed video data. 

Although the present invention has been described in 
certain specific aspects, many additional modifications and 
variations would be apparent to those skilled in the art. It is 
therefore to be understood that the present invention may be 
practiced otherwise than specifically described, including 
playback devices where the set of streaming switching 
conditions utilized by the playback device are continuously 
changing, without departing from the scope and spirit of the 
present invention. Thus, embodiments of the present inven-
tion should be considered in all respects as illustrative and 
not restrictive. Accordingly, the scope of the invention 
should be determined not by the embodiments illustrated, 
but by the appended claims and their equivalents. 

What is claimed is: 
1 .  A method for encoding source content as a plurality of 

alternative video streams and adaptively streaming the plu­
rality of alternative video streams, each having a bitrate, the 
method comprising: 

identifying source video content; 
identifying a plurality of resolutions for encoding of video 

content; 
for each particular resolution of the plurality of resolu­

tions: 
encoding at least a portion of the source video content 

multiple times using the particular resolution and 
multiple different target bitrates for the particular 
resolution; and 

evaluating quality for each of the multiple encodings; 
selecting a plurality of resolution and target bitrate com­

binations for a plurality of alternative streams based on 
the evaluated quality of each of the multiple encodings; 

uploading encodings of a plurality of sections of the 
source video content at each of the selected plurality of 
resolution and target bitrate combinations for the plu-
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11  
rality of alternative streams to a set o f  servers that form 

part of a content distribution system; 

generating entries in a top level index describing at least 

one of the plurality of alternative streams; 

providing the generated top level index from the content 5 

distribution system to a one or more playback devices 

capable of performing adaptive streaming using the 

encodings of the plurality of sections; and 

responding to requests from the one or more playback 

devices, where the requests include requests for spe-
10 

cific encodings from the encodings of the plurality of 

sections. 

2. The method of claim 1 further comprising assembling 

the encodings of the plurality of sections for a given alter- 15 
native stream into a video container file. 

3. The method of claim 2 further comprising generating 

entries in a container index within each container file 

indicating sizes of portions of the given alternative stream 

within the video container file. 20 

12 
encoding at least a portion of the source video content 

multiple times using the particular resolution and 
multiple different target bitrates for the particular 
resolution; and 

evaluating quality for each of the multiple encodings; 
selecting a plurality of resolution and target bitrate com­

binations for a plurality of alternative streams based on 
the evaluated quality of each of the multiple encodings; 

uploading encodings of a plurality of sections of the 
source video content at each of the selected plurality of 
resolution and target bitrate combinations for the plu­
rality of alternative streams to a set of servers that form 
part of a content distribution system; 

generating entries in a top level index describing at least 
one of the plurality of alternative streams; 

providing the generated top level index from the content 
distribution system to one or more playback devices 
capable of performing adaptive streaming using the 
encodings of the plurality of sections; and 

responding to requests from the one or more playback 
devices, where the requests include requests for spe­
cific encodings from the encodings of the plurality of 
sections. 

4. The method of claim 1, wherein adaptively streaming 

the encodings comprises receiving at least one request for an 

encoded section of one of the plurality of alternative streams 

from the one or more playback devices based on the gen­

erated top level index. 

5. The method of claim 1, wherein generating entries in 

the top level index is performed in response to receiving a 

request for the source video content from the one or more 

playback devices. 

12. The non-transitory machine readable medium of claim 
11, wherein the process further comprises assembling the 

25 encodings of the plurality of sections for a given alternative 
stream into a video container file. 

6. The method of claim 1, wherein identifying a plurality 

of resolutions comprises identifying resolutions with target 

bitrates within a predetermined percentage of a bitrate 

associated with an alternative stream of the plurality of 

alternative streams. 

7. The method of claim 1, wherein both a width and a 

height of each resolution of the plurality of resolutions have 
an integer number of pixels .  

13. The non-transitory machine readable medium of claim 
12, wherein the process further comprises generating entries 
in a container index within each container file indicating 
sizes of portions of the given alternative stream within the 

30 
video container file. 

14. The non-transitory machine readable medium of claim 
11, wherein adaptively streaming the encodings comprises 
receiving at least one request for an encoded section of one 
of the plurality of alternative streams from the one or more 

35 playback devices based on the generated top level index. 

8. The method of claim 1, wherein each resolution of the 
plurality of resolutions has a same display aspect ratio and 40 
at least two resolutions of the plurality of resolutions have 
different sample aspect ratios. 

15. The non-transitory machine readable medium of claim 
11, wherein generating entries in the top level index is 
performed in response to receiving a request for the source 
video content from the one or more playback devices. 

16. The non-transitory machine readable medium of claim 
11, wherein identifying a plurality of resolutions comprises 
identifying resolutions with target bitrates within a prede­
termined percentage of a bitrate associated with an alterna-

9. The method of claim 1, wherein the target bitrate for 
each resolution is determined using a formula. 

tive stream of the plurality of alternative streams. 
10. The method of claim 1, wherein the target bitrate of 45 

a given resolution is determined using experimentation. 17. The non-transitory machine readable medium of claim 
11, wherein both a width and a height of each resolution of 
the plurality of resolutions have an integer number of pixels. 

18. The non-transitory machine readable medium of claim 
11, wherein each resolution of the plurality of resolutions 

50 has a same display aspect ratio and at least two resolutions 
of the plurality of resolutions have different sample aspect 

11 . A non-transitory machine readable medium containing 
processor instructions for encoding source content as a 
plurality of alternative video streams and adaptively stream-
ing the plurality of alternative video streams, each having a 
bitrate, where execution of the instructions by a processor 
causes the processor to perform a process that comprises: 

identifying source video content; 
identifying a plurality of resolutions for encoding of video 

content; 
for each particular resolution of the plurality of resolu-

tions: 

ratios. 
19. The non-transitory machine readable medium of claim 

11, wherein the target bitrate for each resolution is deter-
55 mined using a formula. 

* * * * * 
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