
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization I

International Bureau
(10) International Publication Number

(43) International Publication Date
3 January 2014 (03.01.2014)

WO 2014/003951 A2
P O P C T

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
H04N 7/26 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,

PCT/US20 13/043 181 KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

29 May 2013 (29.05.2013) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

(25) Filing Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every

(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,

13/536,891 28 June 2012 (28.06.2012) US GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

(71) Applicant: SONIC IP, Inc. [US/US]; 2830 De La Cruz TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Boulevard, Santa Clara, CA 95050 (US). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,(72) Inventor: SOROUSHIAN, Kourosh; 3758 Brookshire
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

Street, San Diego, CA 921 11 (US).
KM, ML, MR, NE, SN, TD, TG).

(74) Agent: BAILEY, David, J.; Kauth, Pomeroy, Peck &
Published:Bailey, LLP, 2400 E. Katella, Suite 1050, Anaheim, CA

92806 (US). — without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(54) Title: SYSTEMS AND METHODS FOR FAST VIDEO STARTUP USING TRICK PLAY STREAMS

<

o FIG. 1

(57) Abstract: Systems and methods for fast startup of video playback in accordance with embodiments of the invention are dis
closed. One embodiment includes identifying a location within the first video stream at which to commence playback, identifying a

o frame of video in the second video stream that corresponds with the identified location in the first video stream, requesting the iden -
tified frame of video in the second video stream, requesting and buffering video from the first video stream starting at the identified

o location, decoding the identified frame of video in the second video stream, displaying the decoded frame of video in the second
video stream while buffering video from the first video stream, decoding video from the first video stream, and displaying the de
coded video from the first video stream when the first video stream is sufficiently buffered for continuous playback.



SYSTEMS AND METHODS FOR FAST VIDEO STARTUP USING TRICK PLAY STREAMS

FIELD OF THE INVENTION

[0001 ] The present invention generally relates to adaptive streaming and more

specifically to streaming systems that include fast video startup using trick play streams.

BACKGROUND

[0002] 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 to the playback device completing playback of all the

buffered media prior to receipt of the next portion of media. Adaptive bit rate streaming

or adaptive streaming involves detecting the present streaming conditions (e.g. the

user's network bandwidth and CPU capacity) in real time and adjusting the quality of the

streamed media accordingly. Typically, the source media is encoded at multiple bit

rates and the playback device or client switches between streaming the different

encodings depending on available resources.

[0003] During streaming, a user may desire to view a different portion of the media.

So called "trick play" functions are offered by many adaptive bitrate streaming systems,

which enable the user to show intermittent frames of the video stream in the forward

direction or the reverse direction (often with audio muted). The result is a jerky

sequence of still images that the user can view to locate a desired portion of the media

from which to commence normal playback.

[0004] Adaptive streaming solutions typically utilize either Hypertext Transfer

Protocol (HTTP), published by the Internet Engineering Task Force and the World Wide

Web Consortium as RFC 261 6, or Real Time Streaming Protocol (RTSP), published by

the Internet Engineering Task Force as RFC 2326, to stream media between a server

and a playback device. HTTP is a stateless protocol that enables a playback device to

request a byte range within a file. HTTP is described as stateless, because the server is

not required to record information concerning the state of the playback device

requesting information or the byte ranges requested by the playback device in order to



respond to requests received from the playback device. RTSP is a network control

protocol used to control streaming media servers. Playback devices issue control

commands, such as "play" and "pause", to the server streaming the media to control the

playback of media files. When RTSP is utilized, the media server records the state of

each client device and determines the media to stream based upon the instructions

received from the client devices and the client's state.

[0005] In adaptive streaming systems, the source media is typically stored on a

media server as a top level index file pointing to a number of alternate streams that

contain the 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 containers. The Synchronized Multimedia Integration Language (SMIL)

developed by the World Wide Web Consortium is utilized to create indexes in several

adaptive streaming solutions including IIS Smooth Streaming developed by Microsoft

Corporation of Redmond, Washington, and Flash Dynamic Streaming developed by

Adobe Systems Incorporated of San Jose, California. HTTP Adaptive Bitrate Streaming

developed by Apple Computer Incorporated of Cupertino, California implements index

files using an extended M3U playlist file (.M3U8), which is a text file containing a list of

URIs that typically identify a media container file. The most commonly used media

container formats are the MP4 container format specified in MPEG-4 Part 14 (i.e.

ISO/IEC 14496-14) and the MPEG transport stream (TS) container specified in MPEG-2

Part 1 (i.e. ISO/IEC Standard 1381 8-1 ) . The MP4 container format is utilized in IIS

Smooth Streaming and Flash Dynamic Streaming. The TS container is used in HTTP

Adaptive Bitrate Streaming.

[0006] The Matroska container is a media container developed as an open standard

project by the Matroska non-profit 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 DivX Plus file

format developed by DivX, LLC of San Diego, California utilizes an extension of the

Matroska container format (i.e. is based upon the Matroska container format, but

includes elements that are not specified within the Matroska format).



SUMMARY OF THE INVENTION

[0007] Systems and methods for fast startup of video playback in accordance with

embodiments of the invention are disclosed. One embodiment includes identifying a

location within the first video stream at which to commence playback using a playback

device, identifying a frame of video in the second video stream that corresponds with

the identified location in the first video stream using the playback device, requesting the

identified frame of video in the second video stream using the playback device,

requesting and buffering video from the first video stream starting at the identified

location using the playback device, decoding the identified frame of video in the second

video stream using the playback device, displaying the decoded frame of video in the

second video stream while buffering video from the first video stream, decoding video

from the first video stream using the playback device, and displaying the decoded video

from the first video stream when the first video stream is sufficiently buffered for

continuous playback.

[0008] In a further embodiment, the first video stream is encoded at a first bitrate, the

second video stream is encoded at a second bitrate, and the first bitrate is greater than

the second bitrate.

[0009] In another embodiment, the second video stream is a trick play stream and

each frame of the second video stream is encoded as an intra frame.

[0010] In a still further embodiment, the first video stream is encoded at a first

resolution, the second video stream is encoded at a second resolution, and the first

resolution is higher than the second resolution.

[001 1] In still another embodiment, the second video stream is a trick play stream

and each frame of the second video stream is encoded as an intra frame.

[0012] In a yet further embodiment, identifying a frame of video in the second video

stream that corresponds with the identified location in the first video stream includes

requesting an index of the second video stream and using the index to determine a

frame of video in the second stream that corresponds to the identified location within the

first video stream at which to commence playback.



[0013] In yet another embodiment, the first video stream and the second video

stream are stored in separate container files, and requesting and buffering video from

the first video stream starting at the identified location using a playback device also

includes requesting portions of files from at least one remote server via Hypertext

Transfer Protocol (HTTP) byte range requests using the playback device.

[0014] In a further embodiment again, the first video stream and the second video

stream are stored in separate Extensible Binary Markup Language (EBML) container

files.

[0015] Another embodiment again also includes retrieving a top level index file using

the playback device that identifies the first video stream and the second video stream.

[0016] In a further additional embodiment, the first video stream is selected from

multiple alternative video streams.

[0017] Another additional embodiment also includes configuring the playback device

to decode the identified frame of video in the second video stream based upon the

encoding of the identified frame of video in the second video stream.

[0018] In a still yet further embodiment, configuring the playback device to decode

the identified frame of video in the second video stream based upon the encoding of the

identified frame of video in the second video stream includes using a top level index to

locate encoding information for the second video stream and retrieving the encoding

information to determine the encoding of the second video stream.

[0019] Still yet another embodiment also includes decoding the buffered video from

the first video stream and displaying the decoded video.

[0020] A still further embodiment again also includes configuring the playback device

to decode content from the first video stream based upon the encoding of the first video

stream.

[0021] In still another embodiment again, configuring the playback device to decode

content from the first video stream based upon the encoding of the first video stream

includes using a top level index to locate encoding information for the first video stream

and retrieving the encoding information to determine the encoding of the first video

stream.



[0022] In a still further additional embodiment, displaying the decoded frame of video

in the trick play stream while buffering portions of video from the video stream also

includes displaying the same decoded frame of video continuously until the portions of

video from the video stream are adequately buffered for display.

[0023] In still another additional embodiment, the identified frame of video in the trick

play stream is downloaded together with partial or whole portions of subsequent frames

in the stream.

[0024] In a yet further embodiment again, displaying the decoded frame of video in

the trick play stream while buffering portions of video from the video stream also

includes displaying the same decoded frame of video continuously until the portions of

video from the video stream are adequately buffered for display.

[0025] In yet another embodiment again, a playback device for fast startup of video

playback of encoded media using at least two video streams, where the media is

encoded as at least a first video stream and a second video stream, includes a network

interface, memory, and a processor, where the processor is configured by a playback

application to identify a location within the first video stream at which to commence

playback, identify a frame of video in the second video stream that corresponds with the

identified location in the first video stream, request the identified frame of video in the

second video stream, request and buffer video from the first video stream starting at the

identified location, decode the identified frame of video in the second video stream,

display the decoded frame of video in the second video stream while buffering video

from the first video stream, decode video from the first video stream, and display the

decoded video from the first video stream when the first video stream is sufficiently

buffered for continuous playback.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a network diagram of an adaptive bitrate streaming system in

accordance with an embodiment of the invention.

[0027] FIG. 2 conceptually illustrates a top level index file and Matroska container

files generated by the encoding of source media in accordance with embodiments of the

invention.



[0028] FIG. 3 conceptually illustrates a specialized Matroska container file

incorporating a modified Cues element in accordance with an embodiment of the

invention.

[0029] FIGS. 4a - 4c conceptually illustrate the insertion of different types of media

into the Clusters element of a Matroska container file subject to various constrains that

facilitate adaptive bitrate streaming in accordance with embodiments of the invention.

[0030] FIG. 4d conceptually illustrates the multiplexing of different types of media

into the Clusters element of a Matroska container file subject to various constraints that

facilitate adaptive bitrate streaming in accordance with an embodiment of the invention.

[0031] FIG. 4e conceptually illustrates the inclusion of a trick play stream into the

Clusters element of a Matroska container file subject to various constraints that facilitate

adaptive bitrate streaming in accordance with an embodiment of the invention.

[0032] FIG. 5 conceptually illustrates a modified Cues element of a specialized

Matroska container file, where the Cues element includes information enabling the

retrieval of Cluster elements using HTTP byte range requests in accordance with an

embodiment of the invention.

[0033] FIG. 5a conceptually illustrates a modified Cues element of a specialized

Matroska container file in accordance with an embodiment of the invention, where the

Cues element is similar to the Cues element shown in FIG. 5 with the exception that

attributes that are not utilized during adaptive bitrate streaming are removed.

[0034] FIG. 5b conceptually illustrates a modified Cues element of a specialized

Matroska container file in accordance with an embodiment of the invention, where each

CueTrackPositions element includes non-standard CueBlockPosition attributes that

point to the BlockGroup (or SimpleBlock) elements within the Cluster element pointed to

by the CueTrackPositions element.

[0035] FIG. 6 conceptually illustrates the indexing of Cluster elements within a

specialized Matroska container file utilizing modified CuePoint elements within the

container file in accordance with embodiments of the invention.

[0036] FIG. 7 conceptually illustrates the indexing of BlockGroup (or SimpleBlock)

elements within a specialized Matroska container file utilizing non-standard



CueBlockPosition attributes within the container file in accordance with embodiments of

the invention.

[0037] FIG. 8 is a flow chart illustrating a process for encoding source media for

adaptive bitrate streaming in accordance with an embodiment of the invention.

[0038] FIGS. 9a - 9b conceptually illustrate communication between a playback

device and an HTTP server associated with switching between streams in response to

the streaming conditions experienced by the playback device and depending upon the

index information available to the playback device prior to the decision to switch

streams in accordance with embodiments of the invention.

[0039] Fig. 10 conceptually illustrates a visual interface that provides a scroll bar for

visual indication of the current position in the video presentation and the ability to

visually seek in accordance with an embodiment of the invention.

[0040] FIG. 11 is a flow chart illustrating a process for fast video startup using a trick

play stream in accordance with an embodiment of the invention.

DETAILED DISCLOSURE OF THE INVENTION

[0041] Turning now to the drawings, systems and methods for fast video startup of

media using trick play streams are illustrated. In a number of embodiments, source

media is encoded as at least one video stream for normal playback and at least one

trick play stream that can be utilized to perform visual search of the encoded media. In

other embodiments, source media is encoded as a number of alternative streams for

adaptive bitrate streaming and an additional trick play stream. The trick play stream

encodes the source media in such a way that playback of the trick play stream appears

to the user to be source media played back at a higher speed. In this way, the trick play

stream can be utilized to perform a smooth visual search as opposed to the disjointed

sequence of frames experienced when visual search is performed by jumping between

intra or IDR frames in one of the streams utilized for normal playback. A process that

can be referred to as video startup occurs when the next frame to be played back is not

already stored within the buffer of the playback device and ready to be displayed. Thus,

a delay in buffering or loading the new content (to reduce the likelihood of buffer

underflow when playback commences) may result in a delay in displaying the new

content. Video startup can occur, for example, when a video is started for the first time



or when a non-sequential playback operation is initiated, such as a chapter seek or time

seek. In a number of embodiments, frames from the trick play stream are displayed

upon video startup, while the stream used for normal playback is being buffered or

loaded. In many embodiments of the invention, frames in a trick play stream are of a

lower bitrate and/or resolution than frames in streams used for normal playback, so

loading a frame from the trick play stream can alleviate some of the delay in displaying

content on video startup. In addition, displaying the first frame of the content that will

playback (once full playback commences) provides the viewer with a visual cue as to

the content that will playback.

[0042] Each stream is stored in a Matroska (MKV) container file. In many

embodiments, the Matroska container file is a specialized Matroska container file in that

the manner in which the media in each stream is encoded and stored within the

container is constrained to improve streaming performance. In several embodiments,

the Matroska container file is further specialized in that additional index elements (i.e.

elements that are not specified as part of the Matroska container format) can be

included within the file to facilitate the retrieval of individual frames of video from the

trick play stream for fast video startup. A top level index file containing an index to the

streams contained within each of the container files is also generated to enable

adaptive bitrate streaming of the encoded media. In many embodiments, the top level

index file is a Synchronized Multimedia Integration Language (SMIL) file containing

URIs for each of the Matroska container files. In other embodiments, any of a variety of

file formats can be utilized in the generation of the top level index file.

[0043] The performance of an adaptive bitrate streaming system in accordance with

embodiments of the invention can be significantly enhanced by encoding each portion

of the source video at each bit rate in such a way that the portion of video is encoded in

each stream as a single (or at least one) closed group of pictures (GOP) starting with an

Instantaneous Decoder Refresh (IDR) frame, which is an intra frame. In a number of

embodiments, the trick play stream is further constrained such that every frame of the

trick play stream is an IDR frame. In many embodiments, the trick play stream is also

encoded at a lower bitrate, frame rate and/or resolution. The frames of the trick play

stream are stored within Cluster elements having time codes corresponding to the



Cluster elements of the alternative streams used during normal playback. In this way,

the playback device can switch between the alternative streams used during normal

playback and the trick play stream at the completion of the playback of a Cluster and,

irrespective of the stream from which a Cluster is obtained the first frame in the Cluster

will be an IDR frame and can be decoded without reference to any encoded media other

than the encoded media contained within the Cluster element.

[0044] In a number of embodiments, the indexes used in the Matroska container files

containing the alternative streams used during normal playback is a reduced index in

that the index only points to the IDRs at the start of each cluster. Retrieval of media

using HTTP during streaming of a trick play stream can be improved by adding

additional index information to the Matroska container files used to contain the trick play

stream. The manner in which a conventional Matroska container file identifies a

BlockGroup element within a Cluster element is using a block number. In many

embodiments, the Matroska container file format is enhanced by adding a non-standard

CueBlockPosition attribute to identify the location of a specific BlockGroup or

SimpleBlock within the Matroska container file. In several embodiments, the

CueBlockPosition attribute identifies the location of a specific BlockGroup or

SimpleBlock within a Cluster element relative to the start of the Clusters element. By

encoding the source media so that the index to the trick play stream identifies the

location of individual frames within the trick play stream, a playback device can request

individual frames from the trick play stream based upon the desired playback rate

(typically expressed as a multiple of the normal playback rate) without the need to

stream the entire trick play stream.

[0045] Adaptive streaming of source media encoded in the manner outlined above

can be coordinated by a playback device in accordance with embodiments of the

invention. The playback device obtains information concerning each of the available

streams from the top level index file and selects one or more streams to utilize in the

playback of the media. The playback device can then obtain header information from

the Matroska container files containing the one or more bitstreams or streams, and the

headers provide information concerning the decoding of the streams. The playback

device can also request index information that indexes the encoded media stored within



the relevant Matroska container files. The index information can be stored within the

Matroska container files or separately from the Matroska container files in the top level

index or in separate index files. The index information enables the playback device to

request byte ranges corresponding to Cluster elements within the Matroska container

file containing specific portions of encoded media via HTTP from the server. When the

user selects to perform visual search of the encoded media using the trick play stream,

the index enables the playback device to use multiple byte range requests to select

portions of the file containing the trick play stream corresponding to individual frames of

the trick play stream. In this way, the playback device can request only the frames from

the trick play stream utilized in the visual search of the encoded media at a desired rate.

When the user has located the desired portion of the encoded media, the playback

device can resume adaptive bitrate streaming using the alternative streams encoded for

normal playback.

[0046] The encoding of source video for use in adaptive bitrate streaming systems

that support visual search using trick play streams and the playback of the encoded

source video using HTTP requests to achieve visual search of the encoded media in

accordance with embodiments of the invention is discussed further below.

ADAPTIVE STREAMING SYSTEM ARCHITECTURE

[0047] An adaptive streaming system in accordance with an embodiment of the

invention is illustrated in FIG. 1. The adaptive streaming system 10 includes a source

encoder 12 configured to encode source media as a number of alternative streams. In

the illustrated embodiment, the source encoder is a server. In other embodiments, the

source encoder can be any processing device including a processor and sufficient

resources to perform the transcoding of source media (including but not limited to video,

audio, and/or subtitles). As is discussed further below, the source encoding server 12

can generate a top level index to a plurality of container files containing the alternative

streams used during normal playback and a separate trick play stream. Alternative

streams are streams that encode the same media content in different ways and/or at

different bitrates to enable adaptive bitrate streaming by performing switches between

the streams during normal playback based upon the streaming conditions. The trick

play stream is used to perform smooth visual search of the encoded media in either the



forward or reverse direction at a rate that is typically faster than the normal playback

rate. In a number of embodiments, the streams can be encoded with different

resolutions and/or at different frame rates. In many embodiments, the trick play stream

encodes the source media in such a way that playback of the trick play stream appears

to the user to be the source media smoothly playing back at a higher speed. The

encoding of media for performing smooth visual searching is disclosed in U.S. Patent

Application Serial No. 12/260,404 entitled "Application Enhancement Tacks" to

Priyadarshi et al., filed October 29, 2008. The disclosure of U.S. Patent Application

Serial No. 12/260,404 is incorporated by reference herein in its entirety. In several

embodiments, the trick play stream is encoded at a lower frame rate and/or at a lower

resolution than the other streams.

[0048] The top level index file and the container files are uploaded to an HTTP

server 14. A variety of playback devices can then use HTTP or another appropriate

stateless protocol to request portions of the top level index file and the container files via

a network 16 such as the Internet. The playback device can select between the

alternative streams during normal playback based upon the streaming conditions and

can request frames from the trick play stream when the user desires to perform a

smooth visual search of the encoded media.

[0049] In many embodiments, the top level index file is a SMIL file and the media is

stored in Matroska container files. As is discussed further below, the alternative

streams are stored within the Matroska container file in a way that facilitates the

adaptive bitrate streaming of the media. In many embodiments, the Matroska container

files are specialized Matroska container files that include enhancements (i.e. elements

that do not form part of the Matroska file format specification) that facilitate the retrieval

of specific portions of media via HTTP during the adaptive bitrate streaming of the

media. In several embodiments, the Matroska container file containing the trick play

stream includes specific enhancements to facilitate fast visual search using the trick

play stream.

[0050] In the illustrated embodiment, playback devices include personal computers

18 and mobile phones 20. 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. Although a specific architecture

is shown in FIG. 1 any of a variety of architectures can be utilized that enable playback

devices to request portions of the top level index file and the container files in

accordance with embodiments of the invention.

FILE STRUCTURE

[0051] Files generated by a source encoder and/or stored on an HTTP server for

streaming to playback devices in accordance with embodiments of the invention are

illustrated in FIG. 2 . The files utilized in the adaptive bitrate streaming of the source

media include a top level index 30 and a plurality of container files 32 that each contain

at least one stream. The top level index file describes the content of each of the

container files. As is discussed further below, the top level index file can take a variety

of forms including a SMIL file and the container files can take a variety of forms

including a specialized Matroska container file.

[0052] In many embodiments, each Matroska container file contains a single stream.

For example, the stream could be one of a number of alternate video streams, an audio

stream, one of a number of alternate audio streams, a subtitle stream, one of a number

of alternate subtitle streams, a trick play stream, or one of a number of alternate trick

play streams. In several embodiments, the Matroska container file includes multiple

multiplexed streams. For example, the Matroska container could include a video

stream, and one or more audio streams, one or more subtitle streams, and/or one or

more trick play streams. As is discussed further below, in many embodiments the

Matroska container files are specialized files. The encoding of the media and the

manner in which the media is stored within Cluster elements within the Matroska

container file can be subject to constraints designed to enhance the performance of an

adaptive bitrate streaming system. In addition, the Matroska container file can include

index elements that facilitate the location and downloading of Cluster elements from the

various Matroska container files during the adaptive streaming of the media and the

downloading of individual BlockGroup or SimpleBlock elements from within a Cluster

element. Top level index files and Matroska container files that can be used in adaptive



bitrate streaming systems in accordance with embodiments of the invention are

discussed below.

TOP LEVEL INDEX FILES

[0053] Playback devices in accordance with many embodiments of the invention

utilize a top level index file to identify the container files that contain the streams

available to the playback device for use in adaptive bitrate streaming. In many

embodiments, the top level index files can include references to container files that each

include an alternative stream of encoded media or a trick play stream. The playback

device can utilize the information in the top level index file to retrieve encoded media

from each of the container files according to the streaming conditions experienced by

the playback device and/or instructions from the user related to performing visual

search of the encoded media.

[0054] In several embodiments, the top level index file provides information enabling

the playback device to retrieve information concerning the encoding of the media in

each of the container files and an index to encoded media within each of the container

files. In a number of embodiments, each container file includes information concerning

the encoded media contained within the container file and an index to the encoded

media within the container file and the top level index file indicates the portions of each

container file containing this information. Therefore, a playback device can retrieve the

top level index file and use the top level index file to request the portions of one or more

of the container files that include information concerning the encoded media contained

within the container file and an index to the encoded media within the container file. A

variety of top level index files that can be utilized in adaptive bitrate streaming systems

in accordance with embodiments of the invention are discussed further below.

TOP LEVEL INDEX SMIL FILES

[0055] In a number of embodiments, the top level index file utilized in the adaptive

bitrate streaming of media is a SMIL file, which is an XML file that includes a list of URIs

describing each of the streams and the container files that contain the streams. The

URI can include information such as the "system-bitrate" of the stream contained within



the stream and information concerning the location of specific pieces of data within the

container file.

[0056] The basic structure of a SMIL file involves providing an XML declaration and

a SMIL element. The SMIL element defines the streams available for use in adaptive

bitrate streaming and includes a HEAD element, which is typically left empty and a

BODY element that typically only contains a PAR (parallel) element. The PAR element

describes streams that can be played simultaneously (i.e. include media that can be

presented at the same time).

[0057] The SMIL specification defines a number of child elements to the PAR

element that can be utilized to specify the streams available for use in adaptive bitrate

streaming. The VIDEO, AUDIO and TEXTSTREAM elements can be utilized to define a

specific video, audio or subtitle stream. The VIDEO, AUDIO and TEXTSTREAM

elements can collectively be referred to as media objects. The basic attributes of a

media object are the SRC attribute, which specifies the full path or a URI to a container

file containing the relevant stream, and the XML:LANG attribute, which includes a 3

letter language code. Additional information concerning a media object can be specified

using the PARAM element. The PARAM element is a standard way within the SMIL

format for providing a general name value pair. In a number of embodiments of the

invention, specific PARAM elements are defined that are utilized during adaptive bitrate

streaming.

[0058] In many embodiments, a "header-request" PARAM element is defined that

specifies the size of the header section of the container file containing the stream. The

value of the "header-request" PARAM element typically specifies the number of bytes

between the start of the file and the start of the encoded media within the file. In many

embodiments, the header contains information concerning the manner in which the

media is encoded and a playback device retrieves the header prior to playback of the

encoded media in order to be able to configure the decoder for playback of the encoded

media. An example of a "header-request" PARAM element is follows:

<param

name="header-request"

vaiue="1 026"



vaiuetype- 'data" />

[0059] In a number of embodiments, a "mime" PARAM element is defined that

specifies the MIME type of the stream. A "mime" PARAM element that identifies the

stream as being an H.264 stream (i.e. a stream encoded in accordance with the MPEG-

4 Advanced Video Codec standard) is as follows:

<param

narne="mime"

va!ue="VJVIPEG4/ISO/AVC"

vaiuetype- 'data" />

[0060] The MIME type of the stream can be specified using a "mime" PARAM

element as appropriate to the encoding of a specific stream (e.g. AAC audio or UTF-8

text stream).

[0061] When the media object is a VIDEO element, additional attributes are defined

within the SMIL file format specification including the systemBitrate attribute, which

specifies the bitrate of the stream in the container file identified by the VIDEO element,

and width and height attributes, which specify the dimensions of the encoded video in

pixels. Additional attributes can also be defined using the PARAM element. In several

embodiments, a "vbv" PARAM element is defined that specified the VBV buffer size of

the video stream in bytes. The video buffering verifier (VBV) is a theoretical MPEG

video buffer model used to ensure that an encoded video stream can be correctly

buffered and played back at the decoder device. An example of a "vbv" PARAM

element that specifies a VBV size of 1000 bytes is as follows:

<param

name="vbv"

va!ue="1 000"

vaiuetype- 'data" />



[0062] An example of VIDEO element including the attributes discussed above is as

follows:

<video

src="http://cnd.com/video1_620kbps.mkv"

systemBitrate="620"

width= ,,480"

height="270" >

<param

name- 'vbv"

vaiue="1 000"

vaiuetype- 'data" />

</video>

[0063] Adaptive bitrate streaming systems in accordance with embodiments of the

invention can support trick play streams, which can be used to provide smooth visual

search through source content encoded for adaptive bitrate streaming. A trick play

stream can be encoded that appears to be an accelerated visual search through the

source media when played back, when in reality the trick play stream is simply a

separate track encoding the source media at a lower frame rate. In many embodiments

of the system a VIDEO element that references a trick play stream is indicated by the

systemProfile attribute of the VIDEO element. In other embodiments, any of a variety of

techniques can be utilized to signify within the top level index file that a specific stream

is a trick play stream. An example of a trick play stream VIDEO element in accordance

with an embodiment of the invention is as follows:

<video

src= "http://cnd.com/video__test2__600kbps.mkv"

systemProfiie="DivXPiusTrickTrack"

width="480"

height="240">

<param name="vbv" vaiue="1000" va!uetype="data" />

<param name- 'header-request" value- " vaiuetype- 'data" />

</vfdeo>



[0064] In a number of embodiments of the invention, a "reserved Bandwidth" PARAM

element can be defined for an AUDIO element. The "reserved Bandwidth" PARAM

element specifies the bitrate of the audio stream in Kbps. An example of an AUDIO

element specified in accordance with an embodiment of the invention is as follows:

<a di

src="http://cnd.com/audio_test1_277kbps.mkv"

xmi:!ang="gem"

<param

a e- 'reservedBandwidth"

vaiue="1 28"

valuetype="data" />

/>

[0065] In several embodiments, the "reserved Bandwidth" PARAM element is also

defined for a TEXTSTREAM element. An example of a TEXTSTREAM element

including a "reserved Bandwidth" PARAM element in accordance with an embodiment of

the invention is as follows:

<textstream

src="http://cnd.com/text_stream_ger.mkv"

xm!:!ang="gem"

<param

ame- 'reserved Bandwidth"

value="32"

vaiuetype="data" />

/>

[0066] In other embodiments, any of a variety of mechanisms can be utilized to

specify information concerning VIDEO, AUDIO, and SUBTITLE elements as appropriate

to specific applications.

[0067] A SWITCH element is a mechanism defined within the SMIL file format

specification that can be utilized to define adaptive or alternative streams. An example



of the manner in which a SWITCH element can be utilized to specify alternative video

streams at different bitrates is as follows:

<switch>

<video src="http://cnd.com/video_test1_300kbps.mkv"/>

<video src="http://cnd.com/video_test2_900kbps.mkv"/>

<video src="http://cnd. com/video
..

est3 200kbps.mkv"/>

</switch>

[0068] The SWTICH element specifies the URLs of three alternative video streams.

The file names indicate that the different bitrates of each of the streams. As is

discussed further below, the SMIL file format specification provides mechanisms that

can be utilized in accordance with embodiments of the invention to specify within the top

level index SMIL file additional information concerning a stream and the container file in

which it is contained.

[0069] In many embodiments of the invention, the EXCL (exclusive) element is used

to define alternative tracks that do not adapt during playback with streaming conditions.

For example, the EXCL element can be used to define alternative audio tracks or

alternative subtitle tracks. An example of the manner in which an EXCL element can be

utilized to specify alternative English and French audio streams is as follows:

<excl>

<audio

src="http://cnd.com/english-audio.mkv"

xm!:lang="eng7>

<audio

src="http://cnd.com/french-audio.mkv"

xmi:iang="fre"/>

</ex >



[0070] An example of a top level index SMIL file that defines the attributes and

parameters of two alternative video levels, an audio stream and a subtitle stream in

accordance with an embodiment of the invention is as follows:

<?xmi versi n 0" encoding="utf-8"?>

<smi! xmlns="http://www.w3.org/ns/SMlL" version="3.0" baseProflle="Language">

<nead>

</head>

<body>

<par>

<swi.ch>

<video

src="http://cnd.com/video_test1_300kbps.mkv"

systemBitrate="300"

vbv="600"

w h "320"

height="240" >

<param

name="vbv"

vaiue="600"

vaiuetype="data" />

<param

name="header-request"

va!ue="1000"

vaiuetype="data" />

</video>

<video

src="http://cnd.com/video_test2_600kbps mkv"

systemBiirate= ,,600"

vbv -"900"

wld ="640"

height="480">



<param

name="vbv"

va !ue="10O0"

vafuetype 'data" />

< a am

naroe 'header-request"

va !ue="10uO"

vaiuetype ="data" />

</video>

</switch>

<audio

src="http://cnd.com/audio.mkv"

xmi:iang="eng">

< aram

narn 'header-request"

vaiue="1000"

va ue ype="data" />

<param name - 'reservedBandwidth

</audio>

<textstream

src="http://cnd.com/subtitles.mkv"

xmi :lang="eng">

< aram

name=" header-request"

va !ue="1 0uO"

vaiuetype- 'data" />

<param narne="reservedBandwidth

</textsiream>

</par>

</body>

</smil>



[0071] The top level index SMIL file can be generated when the source media is

encoded for playback via adaptive bitrate streaming. Alternatively, the top level index

SMIL file can be generated when a playback device requests the commencement of

playback of the encoded media. When the playback device receives the top level index

SMIL file, the playback device can parse the SMIL file to identify the available streams.

The playback device can then select the streams to utilize to playback the content and

can use the SMIL file to identify the portions of the container file to download to obtain

information concerning the encoding of a specific stream and/or to obtain an index to

the encoded media within the container file.

[0072] Although top level index SMIL files are described above, any of a variety of

top level index file formats can be utilized to create top level index files as appropriate to

a specific application in accordance with an embodiment of the invention. The use of top

level index files to enable playback of encoded media using adaptive bitrate streaming

in accordance with embodiments of the invention is discussed further below.

STORING MEDIA IN MATROSKA FILES FOR STREAMING

[0073] A Matroska container file used to store encoded video in accordance with an

embodiment of the invention is illustrated in FIG. 3 . The container file 32 is an

Extensible Binary Markup Language (EBML) file that is an extension of the Matroska

container file format. The specialized Matroska container file 32 includes a standard

EBML element 34, and a standard Segment element 36 that includes a standard Seek

Head element 40, a standard Segment Information element 42, and a standard Tracks

element 44. These standard elements describe the media contained within the

Matroska container file. The Segment element 36 also includes a standard Clusters

element 46. As is described below, the manner in which encoded media is inserted

within individual Cluster elements 48 within the Clusters element 46 is constrained to

improve the playback of the media in an adaptive streaming system. In many

embodiments, the constraints imposed upon the encoded video are consistent with the

specification of the Matroska container file format and involve encoding the video so

that each Cluster includes at least one closed GOP commencing with an IDR frame.

When the stream is a trick play stream, each frame in the stream is an IDR frame. In



addition to the above standard elements, the Segment element 36 also includes a

modified version of the standard Cues element 52. As is discussed further below, the

Cues element includes specialized CuePoint elements (i.e. non-standard CuePoint

elements) that facilitate the retrieval of the media contained within specific Cluster

elements via HTTP and, in the case of the trick play stream, facilitate the retrieval of

specific frames of video from within specific Cluster elements via HTTP or a similar

stateless protocol.

[0074] The constraints imposed upon the encoding of media and the formatting of

the encoded media within the Clusters element of a Matroska container file for adaptive

bitrate streaming supporting visual search and the additional index information inserted

within the container file based upon whether the stream is one of the alternative streams

used during normal playback or a trick play stream in accordance with embodiments of

the invention is discussed further below.

ENCODING MEDIA FOR INSERTION IN CLUSTER ELEMENTS

[0075] An adaptive bitrate streaming system provides a playback device with the

option of selecting between different streams of encoded media during playback

according to the streaming conditions experienced by the playback device or in

response to a user instruction to perform a visual search using the trick play stream. In

many embodiments, switching between streams is facilitated by separately pre-

encoding discrete portions of the source media in accordance with the encoding

parameters of each stream and then including each separately encoded portion in its

own Cluster element within the stream's container file. Furthermore, the media

contained within each cluster is encoded so that the media is capable of playback

without reference to media contained in any other cluster within the stream. In this way,

each stream includes a Cluster element corresponding to the same discrete portion of

the source media and, at any time, the playback device can select the Cluster element

from the stream that is most appropriate to the streaming conditions experienced by the

playback device and can commence playback of the media contained within the Cluster

element. Accordingly, the playback device can select clusters from different streams as

the streaming conditions experienced by the playback device change over time. When

the user provides a trick play command, the playback device can select frames from an



appropriate Cluster element in the trick play stream based upon the direction of visual

search and the speed of the visual search. The frame rate of the trick play stream is

typically much lower than that of the other streams (e.g. 5 frames per second of the

source content as opposed to 30 frames per second of the source content for a stream

used during normal playback). In many embodiments, each frame of the trick play

stream is an IDR frame. By playing back the frames of the trick play stream at a higher

speed than the nominal frame rate of the trick play stream, a smooth visual search can

be provided without significantly increasing the processing burden on the decode device

beyond that typically experienced during normal playback. The specific constraints

applied to the media encoded within each Cluster element depending upon the type of

media (i.e. video, audio, or subtitles) are discussed below.

[0076] A Clusters element of a Matroska container file containing a video stream in

accordance with an embodiment of the invention is illustrated in FIG. 4a. The Clusters

element 46 includes a plurality of Cluster elements 48 that each contain a discrete

portion of encoded video. In the illustrated embodiment, each Cluster element 48

includes encoded video corresponding to a two second fragment of the source video. In

other embodiments, the Cluster elements include encoded video corresponding to a

portion of the source video having a greater or lesser duration than two seconds. The

smaller the Cluster elements (i.e. the smaller the duration of the encoded media within

each Cluster element), the higher the overhead associated with requesting each Cluster

element. Therefore, a tradeoff exists between the responsiveness of the playback

device to changes in streaming conditions and the effective data rate of the adaptive

streaming system for a given set of streaming conditions (i.e. the portion of the available

bandwidth actually utilized to transmit encoded media). In a number of embodiments,

the Cluster elements of the alternative video streams used during normal playback

contain portions of video having the same duration and the Cluster elements of the trick

play stream have a longer duration. In a number of embodiments, the Cluster elements

of the alternative video streams contain two second portions of video and the Cluster

elements containing the trick play stream contain 64 frames of video, which

corresponds to approximately 12.8 seconds of the source media (depending on the

frame rate of the trick play stream). In several embodiments, the encoded video



sequences in the Cluster elements for a stream have different durations. Each Cluster

element 48 includes a Timecode element 60 indicating the start time of the encoded

video within the Cluster element and a plurality of BlockGroup (or SimpleBlock)

elements. As noted above, the encoded video stored within the Cluster is constrained

so that the encoded video can be played back without reference to the encoded video

contained within any of the other Cluster elements in the container file. In many

embodiments, encoding the video contained within the Cluster element as a GOP in

which the first frame is an IDR frame enforces the constraint. In the illustrated

embodiment, the first BlockGroup (or SimpleBlock) element 62 contains an IDR frame

(i.e. an intra frame). Therefore, the first BlockGroup (or SimpleBlock) element 62 does

not include a ReferenceBlock element. The first BlockGroup (or SimpleBlock) element

62 includes a Block element 64, which specifies the Timecode attribute of the frame

encoded within the Block element 64 relative to the Timecode of the Cluster element 48.

Subsequent BlockGroup (or SimpleBlock) elements 66 are not restricted in the types of

frames that they can contain (other than that they cannot reference frames that are not

contained within the Cluster element). Therefore, subsequent BlockGroup (or

SimpleBlock) elements 66 can include ReferenceBlock elements 68 referencing other

BlockGroup element(s) utilized in the decoding of the frame contained within the

BlockGroup (or SimpleBlock) element or can contain IDR frames and are similar to the

first BlockGroup (or SimpleBlock) element 62. As noted above, the manner in which

encoded video is inserted within the Cluster elements of the Matroska file conforms with

the specification of the Matroska file format.

[0077] The insertion of encoded audio and subtitle information within a Clusters

element 46 of a Matroska container file in accordance with embodiments of the

invention is illustrated in FIGS. 4b and 4c. In the illustrated embodiments, the encoded

media is inserted within the Cluster elements 48 subject to the same constraints applied

to the encoded video discussed above with respect to FIG. 4a. In addition, the duration

of the encoded audio and subtitle information within each Cluster element corresponds

to the duration of the encoded video in the corresponding Cluster element of the

Matroska container file containing the encoded video. In other embodiments, the

Cluster elements within the container files containing the audio and/or subtitle streams



need not correspond with the start time and duration of the Cluster elements in the

container files containing the alternative video streams.

MULIPLEXING STREAMS IN A SINGLE MKV CONTAINER FILE

[0078] The Clusters elements shown in FIGS. 4a - 4c assume that a single stream is

contained within each Matroska container file. In several embodiments, media from

multiple streams is multiplexed within a single Matroska container file. In this way, a

single container file can contain a video stream multiplexed with one or more

corresponding audio streams, and/or one or more corresponding subtitle streams.

Storing the streams in this way can result in duplication of the audio and subtitle

streams across multiple alternative video streams. However, the seek time to retrieve

encoded media from a video stream and an associated audio, and/or subtitle stream

can be reduced due to the adjacent storage of the data on the server. The Clusters

element 46 of a Matroska container file containing multiplexed video, audio and subtitle

data in accordance with an embodiment of the invention is illustrated in FIG. 4d. In the

illustrated embodiment, each Cluster element 48 includes additional BlockGroup (or

SimpleBlock) elements for each of the multiplexed streams. The first Cluster element

includes a first BlockGroup (or SimpleBlock) element 62v for encoded video that

includes a Block element 64v containing an encoded video frame and indicating the

Timecode attribute of the frame relative to the start time of the Cluster element (i.e. the

Timecode attribute 60). A second BlockGroup (or SimpleBlock) element 62a includes a

Block element 64a including an encoded audio sequence and indicating the timecode of

the encoded audio relative to the start time of the Cluster element, and a third

BlockGroup (or SimpleBlock) element 62s including a Block element 64s containing an

encoded subtitle and indicating the timecode of the encoded subtitle relative to the start

time of the Cluster element. Although not shown in the illustrated embodiment, each

Cluster element 48 likely would include additional BlockGroup (or SimpleBlock)

elements containing additional encoded video, audio or subtitles. Despite the

multiplexing of the encoded video, audio, and/or subtitle streams, the same constraints

concerning the encoded media apply.



INCORPORATING TRICK PLAY STREAMS IN MKV CONTAINER FILES

[0079] As noted above, a separate trick play stream can be encoded that appears to

be a smooth visual search through the source media when played back, when in reality

the trick play stream is simply a separate stream encoding the source media at a lower

frame rate and played back at a higher rate. In several embodiments, the trick play

stream is created by generating a trick play stream in the manner outlined in U.S.

Patent Application No. 12/260,404 and inserting the trick play stream into a Matroska

container file subject to the constraints mentioned above with respect to insertion of a

video stream into a Matroksa container file. In many embodiments, the trick play stream

is also subject to the further constraint that every frame in each Cluster element in the

trick play stream is encoded as an IDR frame (i.e. an intra frame). Transitions to and

from a trick play stream can be treated in the same way as transitions between any of

the other encoded streams are treated within an adaptive bitrate streaming system in

accordance with embodiments of the invention. As noted above, however, the duration

of the Cluster elements of the trick play streams need not correspond to the duration of

the Cluster elements of the alternative video streams utilized during normal playback.

Playback of the frames contained within the trick play stream to achieve accelerated

visual search typically involves the playback device manipulating the timecodes

assigned to the frames of encoded video prior to providing the frames to the playback

device's decoder to achieve a desired increase in rate of accelerated search (e.g. x2,

x4, x6, etc.).

[0080] A Clusters element containing encoded media from a trick play stream is

shown in FIG. 4e. In the illustrated embodiment, the encoded trick play stream is

inserted within the Cluster elements 48 subject to the same constraints applied to the

encoded video discussed above with respect to FIG. 4a. However, each Block element

contains an IDR. Therefore, the BlockGroup (or SimpleBlock) elements do not include

a ReferenceBlock element. In other embodiments, the Cluster elements within the

container file containing the trick play stream need not correspond with the start time

and duration of the Cluster elements in the container files containing the alternative

video streams utilized during normal playback. Furthermore, the frames of the trick play

stream can be contained within a SimpleBlock element.



[0081] In many embodiments, source content can be encoded to provide a single

trick play stream or multiple trick play streams for use by the adaptive bit rate streaming

system. When a single trick play stream is provided, the trick play stream is typically

encoded at a low bitrate, low frame rate and low resolution. For example, a trick play

stream could be encoded at around 384 kbps with a frame rate of 5 fps. In a number of

instances, a trick play stream could also be encoded at a lower resolution. Even when

the trick play stream is encoded at a very low bitrate requesting all frames of the trick

play stream can require considerable bandwidth. For example, a trick play stream

encoded at 384 kbps and 5 fps played at 8x visual search speed utilizes at least 2,304

kbps, which is much higher than the lowest streaming levels that are used in many

adaptive bitrate streaming systems, and is played back at 40 fps, which is beyond the

capabilities of most devices (typically limited to 30 fps). Therefore, the visual search

could stall at high visual search speeds during network congestion or simply due to the

limitations of the playback device. In a number of embodiments of the invention, the

bandwidth utilized during visual search is reduced by only requesting the frames from

the trick play stream utilized at the visual search speed. In this way, the frame rate and

the bandwidth utilization can remain relatively constant irrespective of the speed of the

visual search. As is discussed further below, the ability to request individual frames

from within a Cluster element involves utilizing a modified Cues element to index the

content within a Matroska container file containing a trick play stream to index each

frame within the trick play stream.

[0082] When multiple alternative trick play streams are provided, a separate trick

play stream can be utilized for each visual search speed. Multiple alternative trick play

streams can also be provided that encode the trick play stream at different bitrates to

enable adaptive rate streaming with respect to the trick play stream.

INDEXING CLUSTERS WITHIN MKV CONTAINER FILES FOR NORMAL PLAYBACK

[0083] The specification for the Matroska container file format provides for an

optional Cues element that is used to index Block elements within the container file. A

modified Cues element 52 that can be incorporated into a Matroska container file in

accordance with an embodiment of the invention to facilitate the requesting of clusters

by a playback device using HTTP during normal playback is illustrated in FIG. 5 . The



modified Cues element 52 includes a plurality of CuePoint elements 70 that each

include a CueTime attribute 72. Each CuePoint element includes a CueTrackPositions

element 74 containing the CueTrack 76 and CueClusterPosition 78 attributes. In many

embodiments, the CuePoint element is mainly configured to identify a specific Cluster

element as opposed to a specific Block element within a Cluster element. Although, in

several applications the ability to seek to specific BlockGroup (or SimpleBlock) elements

within a Cluster element is required and additional index information is included in the

Cues element.

[0084] The use of a modified Cues element to index encoded media within a

Clusters element of a Matroska file in accordance with an embodiment of the invention

is illustrated in FIG. 6 . A CuePoint element is generated to correspond to each Cluster

element within the Matroska container file. The CueTime attribute 72 of the CuePoint

element 70 corresponds to the Timecode attribute 60 of the corresponding Cluster

element 48. In addition, the CuePoint element contains a CueTrackPositions element

74 having a CueClusterPosition attribute 78 that points to the start of the corresponding

Cluster element 48. The CueTrackPositions element 74 can also include a

CueBlockNumber attribute, which is typically used to indicate the Block element

containing the first IDR frame within the Cluster element 48.

[0085] As can readily be appreciated the modified Cues element 52 forms an index

to each of the Cluster elements 48 within the Matroska container file. Furthermore, the

CueTrackPosition elements provide information that can be used by a playback device

to request the byte range of a specific Cluster element 48 via HTTP or another suitable

protocol from a remote server. The Cues element of a conventional Matroska file does

not directly provide a playback device with information concerning the number of bytes

to request from the start of the Cluster element in order to obtain all of the encoded

video contained within the Cluster element. The size of a Cluster element can be

inferred in a modified Cuse element by using the CueClusterPosition attribute of the

CueTrackPositions element that indexes the first byte of the next Cluster element.

Alternatively, additional CueTrackPosition elements can be added to the modified Cues

elements in accordance with embodiments of the invention that index the last byte of

the Cluster element (in addition to the CueTrackPositions elements that index the first



byte of the Cluster element), and/or a non-standard CueClusterSize attribute that

specifies the size of the Cluster element pointed to by the CueClusterPosition attribute

is included in each CueTrackPosition element to assist with the retrieval of specific

Cluster elements within a Matroska container file via HTTP byte range requests or a

similar protocol.

[0086] The modification of the Cues element in the manner outlined above

significantly simplifies the retrieval of Cluster elements from a Matroska container file via

HTTP or a similar protocol during adaptive bitrate streaming. In addition, by only

indexing the first frame in each Cluster the size of the index is significantly reduced.

Given that the index is typically downloaded prior to playback, the reduced size of the

Cues element (i.e. index) means that playback can commence more rapidly. Using the

CueClusterPosition elements, a playback device can request a specific Cluster element

from the stream most suited to the streaming conditions experienced by the playback

device by simply referencing the index of the relevant Matroska container file using the

Timecode attribute for the desired Cluster element.

[0087] A number of the attributes within the Cues element are not utilized during

adaptive bitrate streaming. Therefore, the Cues element can be further modified by

removing the unutilized attributes to reduce the overall size of the index for each

Matroska container file. A modified Cues element that can be utilized in a Matroska

container file that includes a single encoded stream in accordance with an embodiment

of the invention is illustrated in FIG. 5a. The Cues element 52' shown in FIG. 5a is

similar to the Cues element 52 shown in FIG. 5 with the exception that the CuePoint

elements 70' do not include a CueTime attribute (see 72 in FIG. 5) and/or the

CueTrackPositions elements 74' do not include a CueTrack attribute (76 in FIG. 5).

When the portions of encoded media in each Cluster element in the Motroska container

file have the same duration, the CueTime attribute is not necessary. When the

Matroska contain file includes a single encoded stream, the CueTrack attribute is not

necessary. In other embodiments, the Cues element and/or other elements of the

Matroska container file can be modified to remove elements and/or attributes that are

not necessary for the adaptive bitrate streaming of the encoded stream contained within



the Matroska container file, given the manner in which the stream is encoded and

inserted in the Matroska container file.

[0088] Although various modifications to the Cues element to include information

concerning the size of each of the Cluster elements within a Matroska container file and

to eliminate unnecessary attributes are described above, many embodiments of the

invention utilize a conventional Matroska container. In several embodiments, the

playback device simply determines the size of Cluster elements on the fly using

information obtained from a conventional Cues element, and/or relies upon a separate

index file containing information concerning the size and/or location of the Cluster

elements within the MKV container file. In several embodiments, the additional index

information is stored in the top level index file. In a number of embodiments, the

additional index information is stored in separate files that are identified in the top level

index file. When index information utilized to retrieve Cluster elements from a Matroska

container file is stored separately from the container file, the Matroska container file is

still typically constrained to encode media for inclusion in the Cluster elements in the

manner outlined above. In addition, wherever the index information is located, the index

information will typically index each Cluster element and include (but not be limited to)

information concerning at least the starting location and, in many instances, the size of

each Cluster element.

INDEXING CLUSTERS WITHIN A MKV CONTAINER CONTAINING A TRICK PLAY

STREAM

[0089] The modified Cues element utilized in MKV container files containing streams

utilized during normal playback index each Cluster element within the MKV container

file. As noted above, not indexing every frame of the stream reduces the overall size of

the index and the time taken to download the index prior to the commencement of

playback. When performing higher rate visual searches, the ability to download only the

frames displayed during the visual search can significantly reduce the bandwidth

requirements for performing visual search and the processing load on the playback

device. Therefore, the index to a container file containing a trick play stream in

accordance with many embodiments of the invention indexes all of the frames in the

trick play stream.



[0090] A modified Cues element of a MKV container file containing a trick play

stream in accordance with an embodiment of the invention is illustrated in FIG. 5b. The

modified Cues element 52" includes a number of CuePoint elements 70" that each

include a CueTime attribute 72" and a CueTrackPositions element 74" that references a

Cluster element within the MKV container file (now shown). Each CueTrackPositions

element 74" includes a CueClusterPosition attribute 78" that indicates the location within

the MKV container file of the start of the Cluster element (now shown) referenced by the

CuePoint element 70". The CueTrackPositions element 74" also includes a

CueBlockPositions element 79", which is a non-standard element that includes

CueBlockPosition attributes 80" that reference the starting location of each of the

BlockGroup or SimpleBlock elements that contain frames in the Cluster element

referenced by the CuePoint element 70". The MKV container file format specification

does not provide for the indexing of the location of BlockGroups (or SimpleBlocks)

within the MKV container file. Therefore, the CueBlockPostion element 79" is a non

standard element specified for the purpose of supporting the selective downloading of

frames from trick play streams by playback devices.

[0091] The manner in which CueBlockPosition attributes of a modified Cues element

in an MKV container file containing a trick play stream reference the BlockGroup or

SimpleBlock elements in the Cluster elements of the MKV container file in accordance

with an embodiment of the invention is illustrated in FIG. 7 . The CueClusterPosition

attribute 78" in each CueTrackPositions element 74" points to the start of a Cluster

element 48 within the MKV container file. The CueBlockPosition attributes 80" within

the CueBlockPositions element 79" point to the start of each BlockGroup or

SimpleBlock element 62 within the Cluster element pointed to by the CueCluster

Position attribute 78". In many embodiments, the CueBlockPositions element 79" is

identified with the ID 0X78 and the CueBlockPosition attribute 80" is identified with the

ID 0X79. In this way, a playback device can use multiple byte range HTTP requests to

only request the portions of each Cluster (i.e. the BlockGroup or Simple Block elements)

containing the frames that will be utilized during visual search. When a playback device

selectively requests portions of the Cluster element to exclude specific BlockGroup or

SimpleBlock elements, the Cluster element that is received by the playback device is a



valid Cluster element with the exception that the size attribute of the Cluster element will

be incorrect. In a number of embodiments, the size of the Cluster element is modified

by the playback device as it is received and/or parsed so that it can be processed like

any other Cluster element. Playback of trick play streams in accordance with

embodiments of the invention is discussed further below.

ENCODING SOURCE MEDIA FOR ADAPTIVE BITRATE STREAMING

[0092] A process for encoding source media as a top level index file and a plurality

of Matroska container files for use in an adaptive bitrate streaming system in

accordance with an embodiment of the invention is illustrated in FIG. 8 . The encoding

process 100 commences by selecting ( 102) a first portion of the source media and

encoding ( 104) the source media using the encoding parameters for each stream.

When the portion of media is video, then the portion of source video is encoded as a

single GOP commencing with an IDR frame. In many embodiments, encoding

parameters used to create the alternative GOPs vary based upon bitrate, frame rate,

encoding parameters and resolution. In this way, the portion of media is encoded as a

set of interchangeable alternatives and a portion of a trick play stream. A playback

device can select the alternative most appropriate to the streaming conditions

experienced by the playback device and can utilize the trick play stream to perform

visual search of the encoded media. When different resolutions are supported, the

encoding of the streams is constrained so that each stream has the same display

aspect ratio. A constant display aspect ratio can be achieved across different resolution

streams by varying the sample aspect ratio with the resolution of the stream. In many

instances, reducing resolution can result in higher quality video compared with higher

resolution video encoded at the same bit rate. In many embodiments, the source media

is itself encoded and the encoding process (104) involves transcoding or transrating of

the encoded source media according to the encoding parameters of each of the

alternative streams supported by the adaptive bitrate streaming system.

[0093] Once the source media has been encoded as a set of alternative portions of

encoded media, each of the alternative portions of encoded media is inserted ( 106) into

a Cluster element within the Matroska container file corresponding to the stream to

which the portion of encoded media belongs. In many embodiments, the encoding



process also constructs indexes for each Matroska container file as media is inserted

into Cluster elements within the container. Therefore, the process 100 can also include

creating a CuePoint element that points to the Cluster element inserted within the

Matroska container file. When the CuePoint element points to the Cluster element of a

trick play stream, the CuePoint element also includes CueBlockPosition attributes that

point to the BlockGroup (or SimpleBlock) elements within the Cluster element. The

CuePoint element can be held in a buffer until the source media is completely encoded.

Although the above process describes encoding each of the alternative portions of

encoded media and the portion of media included in the trick play stream sequentially in

a single pass through the source media, many embodiments of the invention involve

performing a separate pass through the source media to encode each of the alternative

streams and/or the trick play stream.

[0094] Referring back to FIG. 8, the process continues to select (102) and encode

(104) portions of the source media and then insert ( 106) the encoded portions of media

into the Matroska container file corresponding to the appropriate stream until the entire

source media is encoded for adaptive bitrate streaming ( 108). At which point, the

process can insert an index ( 1 10) into the Matroska container for each stream and

create ( 1 12) a top level index file that indexes each of the encoded streams contained

within the Matroska container files. As noted above, the indexes can be created as

encoded media is inserted into the Matroska container files so that a CuePoint element

indexes each Cluster element within the Mastroska container file (and BlockGroup or

SimpleBlock elements when the Matroska container file contains a trick play stream).

Upon completion of the encoding each of the CuePoint elements can be included in a

Cues element and the Cues element inserted into the Matroska container file following

the Clusters element.

[0095] Following the encoding of the source media to create Matroska container files

containing each of the streams generated during the encoding process, which can

include the generation of trick play streams, and a top level index file that indexes each

of the streams within the Matroska container files, the top level index file and the

Matroska container files can be uploaded to an HTTP server for adaptive bitrate

streaming to playback devices. The adaptive bitrate streaming of media encoded in



accordance with embodiments of the invention using HTTP requests is discussed

further below.

ADAPTIVE BITRATE STREAMING FROM MKV CONTAINER FILES USING HTTP

[0096] When source media is encoded so that there are alternative streams

contained in separate Matroska container files for at least one of video, audio, and

subtitle content, adaptive streaming of the media contained within the Matroska

container files can be achieved using HTTP requests or a similar stateless data transfer

protocol. HTTP requests can also be used to transition from normal playback to visual

search using a separate trick play stream. In many embodiments, a playback device

requests the top level index file resident on the server and uses the index information to

identify the streams that are available to the playback device. The playback device can

then retrieve the indexes for one or more of the Matroska files and can use the indexes

to request media from one or more of the streams contained within the Matroska

container files using HTTP requests or using a similar stateless protocol. As noted

above, many embodiment of the invention implement the indexes for each of the

Matroska container files using a modified Cues element. In a number of embodiments,

however, the encoded media for each stream is contained within a standard Matroska

container file and separate index file(s) can also be provided for each of the container

files. Based upon the streaming conditions experienced by the playback device, the

playback device can select media from alternative streams encoded at different bitrates.

When the media from each of the streams is inserted into the Matroska container file in

the manner outlined above, transitions between streams can occur upon the completion

of playback of media within a Cluster element. This is true whether the transition is

between alternative streams during normal playback or a trick play stream utilized

during visual search. Therefore, the size of the Cluster elements (i.e the duration of the

encoded media within the Cluster elements) is typically chosen so that the playback

device is able to respond quickly enough to changing streaming conditions and to

instructions from the user that involve utilization of a trick play stream. The smaller the

Cluster elements (i.e. the smaller the duration of the encoded media within each Cluster

element) the higher the overhead associated with requesting each Cluster element.

Therefore, a tradeoff exists between the responsiveness of the playback device to



changes in streaming conditions and the effective data rate of the adaptive streaming

system for a given set of streaming conditions (i.e. the portion of the available

bandwidth actually utilized to transmit encoded media). In many embodiments, the size

of the Cluster elements is chosen so that each Cluster element contains two seconds of

encoded media. In other embodiments, the duration of the encoded media can be

greater or less than two seconds and/or the duration of the encoded media can vary

from Cluster element to Cluster element.

[0097] Communication between a playback device or client and an HTTP server

during the normal playback of media encoded in separate streams contained within

Matroska container files indexed by a top level index file in accordance with an

embodiment of the invention is illustrated in FIG. 9a. In the illustrated embodiment, the

playback device 200 commences playback by requesting the top level index file from

the server 202 using an HTTP request or a similar protocol for retrieving data. The

server 202 provides the bytes corresponding to the request. The playback device 200

then parses the top level index file to identify the URIs of each of the Matroska container

files containing the streams of encoded media derived from a specific piece of source

media. The playback device can then request the byte ranges corresponding to

headers of one or more of the Matroska container files via HTTP or a similar protocol,

where the byte ranges are determined using the information contained in the URI for the

relevant Matroska container files (see discussion above). The server returns the

following information in response to a request for the byte range containing the headers

of a Matroska container file:

ELEM("EBML")

ELEM("SEEKHEAD")

ELEM("SEGMENTINFO")

ELEM("TRACKS")

[0098] The EBML element is typically processed by the playback device to ensure

that the file version is supported. The SeekHead element is parsed to find the location

of the Matroska index elements and the Segmentlnfo element contains two key

elements utilized in playback: TimecodeScale and Duration. The TimecodeScale

specifies the timecode scale for all timecodes within the Segment of the Matroska



container file and the Duration specifies the duration of the Segment based upon the

TimecodeScale. The Tracks element contains the information used by the playback

device to decode the encoded media contained within the Clusters element of the

Matroska file. As noted above, adaptive bitrate streaming systems in accordance with

embodiments of the invention can support different streams encoded using different

encoding parameters including but not limited to frame rate, and resolution. Therefore,

the playback device can use the information contained within the Matroska container

file's headers to configure the decoder every time a transition is made between encoded

streams.

[0099] In many embodiments, the playback device does not retrieve the headers for

all of the Matroska container files indexed in the top level index file. Instead, the

playback device determines the stream(s) that will be utilized to initially commence

playback and requests the headers from the corresponding Matroska container files.

Depending upon the structure of the URIs contained within the top level index file, the

playback device can either use information from the URIs or information from the

headers of the Matroska container files to request byte ranges from the server that

contain at least a portion of the index from relevant Matroska container files. The byte

ranges can correspond to the entire index. The server provides the relevant byte

ranges containing the index information to the playback device, and the playback device

can use the index information to request the byte ranges of Cluster elements containing

encoded media using this information. When the Cluster elements are received, the

playback device can extract encoded media from the Block elements within the Cluster

element, and can decode and playback the media within the Block elements in

accordance with their associated Timecode attributes.

[00100] In the illustrated embodiment, the playback device 200 requests sufficient

index information from the HTTP server prior to the commencement of playback that the

playback device can stream the entirety of each of the selected streams using the index

information. In other embodiments, the playback device continuously retrieves index

information as media is played back. In several embodiments, all of the index

information for the lowest bitrate steam is requested prior to playback so that the index



information for the lowest bitrate stream is available to the playback device in the event

that streaming conditions deteriorate rapidly during playback.

SWITCHING BETWEEN STREAMS

[00101] The communications illustrated in FIG. 9a assume that the playback device

continues to request media from the same streams (i.e. Matroska container files)

throughout playback of the media. In reality, the streaming conditions experienced by

the playback device are likely to change during the playback of the streaming media

and the playback device can request media from alternative streams (i.e. different

Matroska container files) to provide the best picture quality for the streaming conditions

experienced by the playback device. In addition, the playback device may switch

streams in order to perform a visual search (i.e. fast forward, rewind) trick play function

that utilizes a trick play stream.

[00102] Communication between a playback device and a server when a playback

device switches to a new stream in accordance with embodiments of the invention are

illustrated in FIG. 9a. The communications illustrated in FIG. 9a assume that the index

information for the new stream has not been previously requested by the playback

device and that downloading of Cluster elements from the old stream proceeds while

information is obtained concerning the Matroska container file containing the new

stream. When the playback device 200 detects a change in streaming conditions,

determines that a higher bitrate stream can be utilized at the present streaming

conditions, or receives a trick play instruction from a user, the playback device can use

the top level index file to identify the URI for a more appropriate alternative stream to at

least one of the video, audio, or subtitle streams from which the playback device is

currently requesting encoded media. The playback device can save the information

concerning the current stream(s) and can request the byte ranges of the headers for the

Matroska container file(s) containing the new stream(s) using the parameters of the

corresponding URIs. Caching the information in this way can be beneficial when the

playback device attempts to adapt the bitrate of the stream downward or return to the

stream following the completion of a visual search by the user. When the playback

device experiences a reduction in available bandwidth or receives an instruction to

resume normal playback, the playback device ideally will quickly switch between



streams. Due to the reduced bandwidth experienced by the playback device, the

playback device is unlikely to have additional bandwidth to request header and index

information when there is congestion. Ideally, the playback device utilizes all available

bandwidth to download already requested higher rate Cluster elements and uses locally

cached index information to start requesting Cluster elements from Matroska container

file(s) containing lower bitrate stream(s).

[00103] Byte ranges for index information for the Matroska container file(s) containing

the new stream(s) can be requested from the HTTP server 202 in a manner similar to

that outlined above with respect to FIG. 9a. In the case of trick play streams, multiple

byte range HTTP requests can be used that request only the BlockGroup or Simple

Block elements from a Cluster element that will be utilized by the playback device

during the visual search of the encoded media. Typically, the number of BlockGroup or

SimpleBlock elements that are not requested depends upon the rate of the visual

search. As discussed above, the incorrect size attribute of the Cluster element

downloaded via HTTP in this way can be corrected based upon the size of the data

received by the playback device prior to passing the Cluster element to a decoder. The

time stamps on the buffered frames can also be manipulated prior to providing the

frames to the playback device's decoder to achieve accelerated playback of the

buffered frames.

[00104] Once the index of the new stream is downloaded, the playback device can

stop downloading of Cluster elements from the previous stream and can commence

requesting the byte ranges of the appropriate Cluster elements from the Matroska

container file(s) containing the new stream(s) from the HTTP server. As noted above,

the encoding of the alternative streams so that corresponding Cluster elements within

alternative streams and the trick play stream (i.e. Cluster elements containing the same

portion of the source media encoded in accordance with different encoding parameters)

start with the same Timecode element and an IDR frame facilitates the smooth

transition from one stream to another.

[00105] When the playback device caches the header and the entire index for each

stream that has been utilized in the playback of the media, the process of switching

back to a previously used stream can be simplified. The playback device already has



the header and index information for the Matroska file containing the previously utilized

stream and the playback device can simply use this information to start requesting

Cluster elements from the Matroska container file of the previously utilized stream via

HTTP. Communication between a playback device and an HTTP server when

switching back to a stream(s) for which the playback device has cached header and

index information in accordance with an embodiment of the invention is illustrated in

FIG. 9b. The process illustrated in FIG. 9b is ideally performed when adapting bitrate

downwards, because a reduction in available resources can be exacerbated by a need

to download index information in addition to media. The likelihood of interruption to

playback is reduced by increasing the speed with which the playback device can switch

between streams and reducing the amount of overhead data downloaded to achieve the

switch.

FAST VIDEO STARTUP OF A VIDEO PRESENTATION

[00106] Video startup occurs when the next frame to be played back is not already

stored within the buffer of the playback device and ready to be displayed. Thus, video

startup often involves retrieving an independently decodable frame (such as an intra or

IDR frame) and buffering sufficient video to reduce the likelihood of buffer underflow

during playback. Video startup can occur pursuant to various events such as when a

video is played back for the first time (e.g., receiving a "play" request from the user to

start a video from the beginning) or when a user causes a transition between frames

that is non-sequential (i.e., does not involve playing back the frames in accordance with

the time sequence of the frames), such as skipping to a specific time within the video or

skipping to a specific chapter within the video.

[00107] In some embodiments, seeks can be visually initiated by a user by clicking or

dragging on a scroll bar representing an overall timeline of a video presentation. Points

or sections of the scroll bar can correspond to times or timecodes within the content. A

visual interface that provides a scroll bar for visual indication of the current position in

the video presentation and the ability to visually seek in accordance with an

embodiment of the invention is illustrated in Fig. 10 . Scroll bar 122 situated at the

bottom edge of display area 120 visually represents the overall timeline of the video

content shown in the display area. Position marker 124 represents the current position



in the video. In several embodiments of the invention, position marker 124 can be

dragged to another part of scroll bar 122 to initiate a seek to the target position in the

video, or the user can simply click a part of scroll bar 122 to initiate a seek to that target

position. In other embodiments, seeks may occur through interaction with a remote

control device which can request the movie to be played at a faster speed in the forward

or backwards direction.

[00108] Depending on the bandwidth available for streaming the content to the device

and the size of the IDR frame, there may be noticeable lag time between the initiation of

startup (e.g., by a user instruction) and video from the selected scene or point in the

content is displayed. Typically, prior to an IDR frame being downloaded during video

startup, the device can only display a frame of content that it has already received,

which may not be representative of the scene or portion of the content that was

selected. In many embodiments of the invention, startup of video utilizes at least one

frame from the trick play stream to commence playback. An initial frame from the trick

play track is downloaded and displayed, while the playback device downloads and

buffers video content for playback from an appropriate stream. As discussed above, a

trick play stream can be encoded for a particular piece of video content that may be a

lower bitrate, frame rate and/or resolution than other streams encoded from the content.

Accordingly, the size of an IDR frame in the trick play stream (i.e. the number of bytes of

data used to encode the trick play streams) can be significantly smaller than the

corresponding IDRs in the higher bitrate streams utilized during normal playback.

Therefore, a smaller sized IDR from the trick play stream can be rapidly downloaded

and displayed while video is requested and buffered from the stream selected for

normal playback of the video. In addition, in some embodiments the video data may be

divided into chunks of data that are of a finite video duration and must be downloaded

completely before streaming can occur. When a sufficient amount of video is buffered,

the playback device can cease displaying the IDR frame from the trick play stream and

commence normal playback of the video. In many embodiments, the user interface of

the playback device displays the IDR frame from the trick play stream with an overlay

indicating that the video is buffering. By displaying the IDR frame from the trick play

stream, the user is able to preview the location within video stream from which playback



will commence. In several embodiments of the invention, startup of video utilizes

multiple frames from the trick play stream to commence playback with an initial frame

rapidly displayed.

[00109] As discussed further above, a trick play stream is similar in many ways to an

alternative video stream used for regular playback in an adaptive bitrate streaming

system. Video streams used for regular playback often contain intra or IDR frames at

regular intervals. In many embodiments of the invention, an intra or IDR frame from a

lower bitrate or lower resolution alternative video stream, instead of a trick play stream,

can be retrieved and displayed for fast video startup in a manner similar to that

described above with respect to a trick play stream. The use of a lower bitrate or lower

resolution alternative video stream can be desirable in adaptive bitrate streaming

systems that do not have a trick play stream, or when it is quicker or more responsive

than using a trick play stream. In some embodiments, the Cues element can be utilized

to locate the intra or IDR frame as well as its size in order to permit an efficient

download of the necessary frame. Yet in other embodiments, slightly more data than the

single intra or IDR frame may be downloaded; however, the decoder may be instructed

to only decode the first frame and discard any other data downloaded from the lower

bitrate or lower resolution alternative video stream.

[001 10] A flow chart illustrating a process 130 for fast video startup using a trick play

stream in accordance with an embodiment of the invention is shown in FIG. 11. Video

startup is initiated (140) and a stream or streams are selected (142) for streaming to the

device. An appropriate stream may be determined by the resolution of video requested

by the device/user, capabilities of the device, or other criteria selected by the user or

suitable for the device. Capabilities of the device may include, but are not limited to,

resources available for streaming, such as minimum and maximum network bandwidth

available to the device, maximum network interface speed, buffer size, memory

available for buffering, or memory available for storage. In many embodiments of the

invention, streaming conditions are detected and the device automatically selects an

appropriate stream that can deliver the best quality playback without interruption. In

several embodiments of the invention, at least one video stream and one audio stream

are selected. In other embodiments, a stream may include both video and audio data.



Typically, startup involves determining a starting location within the selected stream at

which to start playback (e.g., from the beginning, from the point at which playback was

previously stopped, the start of the chapter selected by the user, etc.).

[001 11] A frame of video from the trick play stream corresponding to the starting

location within the selected stream(s) is identified and downloaded (144). Because it is

desirable for the frame from the trick play stream to be representative of the content that

is about to be displayed, the frame should roughly correspond to the initial frame or

frames being retrieved from the selected stream (i.e., at the determined starting location

within the stream). The frame can be chosen by comparing its timecode or using

another identifier. In many embodiments of the invention, an index or indexes are used

to find a frame in the trick play stream that corresponds with the starting location in the

selected stream. Typically, the closest frame in time to the starting point in the selected

stream is chosen, but other proximate frames may be chosen as well. As discussed

above, many embodiments of the invention include a top level index to identify streams

and characteristics of each stream. A top level index can be used to select a trick play

stream. Also as discussed above, in many embodiments of the invention, index

information of frames within a stream can be included in Cues elements. A device can

use modified Cues elements to identify and request individual frames in a trick play

stream with a timecode or CueTime close to the starting location of the selected stream.

In various embodiments of the invention, index information to locate a frame may be

included in the top level index file or in a separate file that is referenced in the top level

index file.

[001 12] The device begins buffering (146) data from the selected stream or streams

of content. As data is being buffered, the identified frame from the trick play stream can

be decoded and displayed. Often, if the selected stream is the current stream that was

previously playing or one that was recently played, the header(s) and/or index(es) for

the stream may already be stored in memory. The device then just requests the content

starting from the new position in the stream. If the selected stream is not one that was

recently played, the device may request the header(s) and/or index(es) used to request

content from the stream and play back the content.



[001 13] The frame from the trick play stream is decoded (148). The decoder used to

process the frame should be appropriately configured based upon the encoding of the

frame. Parameters may include bitrate, resolution, and frame rate. The display buffer

of the device is flushed and the frame is displayed ( 150). Content from the selected

stream may be buffering while the frame from the trick play stream is displayed. In

many embodiments of the invention, the frame from the trick play stream is displayed

continuously until the selected stream can be displayed.

[001 14] Content from the selected stream is decoded and displayed ( 152) when

adequately buffered. The decoder should be appropriately configured based upon the

encoding of the selected stream prior to commencing playback of the buffered video.

Parameters may include bitrate, resolution, and framerate. Typically, the display buffer

of the device will be flushed before displaying the first frame of the selected stream.

Systems and methods for selecting a stream and commencing playback include those

disclosed in U.S. Patent Application Serial No. 13/251 ,061 entitled "Systems and

Methods for Determining Available Bandwidth and Performing Initial Stream Selection

When Commencing Streaming Using Hypertext Transfer Protocol" and U.S. Patent

Application Serial No. 13/339,992 entitled "Systems and Methods for Performing

Multiphase Adaptive Bitrate Streaming," the disclosures of which are hereby

incorporated by reference in their entirety.

[001 15] 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 various changes in the implementation

such as utilizing encoders and decoders that support features beyond those specified

within a particular standard with which they comply, without departing from the scope

and spirit of the present invention. Thus, embodiments of the present invention should

be considered in all respects as illustrative and not restrictive.



WHAT IS CLAIMED:

1. A method for fast startup of video playback of encoded media using at

least two video streams, where the media is encoded as at least a first video stream

and a second video stream, the method comprising:

identifying a location within the first video stream at which to commence

playback using a playback device;

identifying a frame of video in the second video stream that corresponds

with the identified location in the first video stream using the playback device;

requesting the identified frame of video in the second video stream using

the playback device;

requesting and buffering video from the first video stream starting at the

identified location using the playback device;

decoding the identified frame of video in the second video stream using

the playback device;

displaying the decoded frame of video in the second video stream while

buffering video from the first video stream;

decoding video from the first video stream using the playback device; and

displaying the decoded video from the first video stream when the first

video stream is sufficiently buffered for continuous playback.

2 . The method of claim 1, wherein the first video stream is encoded at a first

bitrate, the second video stream is encoded at a second bitrate, and the first bitrate is

greater than the second bitrate.

3 . The method of claim 2, wherein the second video stream is a trick

stream and each frame of the second video stream is encoded as an intra frame.

4 . The method of claim 1, wherein the first video stream is encoded at a first

resolution, the second video stream is encoded at a second resolution, and the first

resolution is higher than the second resolution.



5 . The method of claim 4, wherein the second video stream is a trick play

stream and each frame of the second video stream is encoded as an intra frame.

6 . The method of claim 1, wherein identifying a frame of video in the second

video stream that corresponds with the identified location in the first video stream

comprises requesting an index of the second video stream and using the index to

determine a frame of video in the second stream that corresponds to the identified

location within the first video stream at which to commence playback.

7 . The method of claim 1, wherein:

the first video stream and the second video stream are stored in separate

container files; and

requesting and buffering video from the first video stream starting at the

identified location using a playback device further comprises requesting portions of files

from at least one remote server via Hypertext Transfer Protocol (HTTP) byte range

requests using the playback device.

8 . The method of claim 1, wherein the first video stream and the second

video stream are stored in separate Extensible Binary Markup Language (EBML)

container files.

9 . The method of claim 1, further comprising retrieving a top level index file

using the playback device that identifies the first video stream and the second video

stream.

10 . The method of claim 1, wherein the first video stream is selected from a

plurality of alternative video streams.



11. The method of claim 1, further comprising configuring the playback device

to decode the identified frame of video in the second video stream based upon the

encoding of the identified frame of video in the second video stream.

12 . The method of claim 11, wherein configuring the playback device to

decode the identified frame of video in the second video stream based upon the

encoding of the identified frame of video in the second video stream comprises using a

top level index to locate encoding information for the second video stream and retrieving

the encoding information to determine the encoding of the second video stream.

13 . The method of claim 1, further comprising decoding the buffered video

from the first video stream and displaying the decoded video.

14. The method of claim 13, further comprising configuring the playback

device to decode content from the first video stream based upon the encoding of the

first video stream.

15 . The method of claim 14, wherein configuring the playback device to

decode content from the first video stream based upon the encoding of the first video

stream comprises using a top level index to locate encoding information for the first

video stream and retrieving the encoding information to determine the encoding of the

first video stream.

16 . The method of claim 1, wherein displaying the decoded frame of video in

the trick play stream while buffering portions of video from the video stream further

comprises displaying the same decoded frame of video continuously until the portions of

video from the video stream are adequately buffered for display.

17 . The method of claim 1, wherein the identified frame of video in the trick

play stream is downloaded together with at least part of at least one subsequent frame

in the stream.



18 . The method of claim 17, wherein displaying the decoded frame of video in

the trick play stream while buffering portions of video from the video stream further

comprises displaying the same decoded frame of video continuously until the portions of

video from the video stream are adequately buffered for display.

19 . A playback device for fast startup of video playback of encoded media

using at least two video streams, where the media is encoded as at least a first video

stream and a second video stream, comprising:

a network interface;

memory; and

a processor;

wherein the processor is configured by a playback application to:

identify a location within the first video stream at which to

commence playback;

identify a frame of video in the second video stream that

corresponds with the identified location in the first video stream;

request the identified frame of video in the second video stream;

request and buffer video from the first video stream starting at the

identified location;

decode the identified frame of video in the second video stream;

display the decoded frame of video in the second video stream

while buffering video from the first video stream;

decode video from the first video stream; and

display the decoded video from the first video stream when the first

video stream is sufficiently buffered for continuous playback.



20. A machine readable medium containing processor instructions, where

execution of the instructions by a processor causes the processor to perform a process

comprising:

identifying a location within the first video stream at which to commence

playback;

identifying a frame of video in the second video stream that corresponds

with the identified location in the first video stream;

requesting the identified frame of video in the second video stream device;

requesting and buffering video from the first video stream starting at the

identified location;

decoding the identified frame of video in the second video stream;

displaying the decoded frame of video in the second video stream while

buffering video from the first video stream;

decoding video from the first video stream using the playback device; and

displaying the decoded video from the first video stream when the first

video stream is sufficiently buffered for continuous playback.
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