HIERARCHICAL AND REDUCED INDEX STRUCTURES FOR MULTIMEDIA FILES BACKGROUND
(00011The present invention relates generally to multimedia files and more specifically to the indexing
of information within a multimedia file. (00021In recent years, the playback of multimedia files has
become an integrated part of the average consumer's daily life. Cellular telephones, ND players,
personal computers, and portable media players are all examples of devices that are capable of
playing a variety of multimedia files. While each device may be tailored to a particular multimedia
format, the extegivigopidiferation of these devices encourages a certagadr)el@bdsigroperability
amongst the different device classes and categories. Likewise, there are certain features such
aslast-forward, reverse, start, stop, play, and pause which are expected to behave similarly across all
device categories, despite their performance capabilities and use-case application. (00031 One of the
most common features of media playback devices is the support for random access, fast-forward and
reverse playback of a multimedia file, which is sometimes referred to as -trick play'. Performing trick
play functionality generally requiresdisplaying the video presentation at a higher speed in forward and
reverse direction, and resuming the overall presentation from a position close to where the viewer
terminated the video trick play activity. The audio, subtitle, and other elements of the presentation are
typically-not used during trick play operations, even though that can be subject to a device's operating
preference. In accommodating trick play functionality, multimedia files typically contain an index
section used to determine the location of alt frames, and specifically the video frames which can be
Independently decoded aHr’]%‘%?Fé"scéhfga T e’ \WEW&R‘WHE’% SR MaEX R hiation is stored in a single
location within a file andstirgamyreferences the multimedia information within the file, a player must
seek to a specific indexeefiry iR Qrder indheabigtoplavadigumEexamplend.player that is Instructed
to play a multimedia pregseniation.abihg hatf-way Aeint-efthepresentation typically processes the first
half of the index data bgjesie heing.ghis, 1R detsivingdhasal.aldata.pointsLseguired to commence
playing. [0004]The indgx-sperlia-RasmaAny aibet PelestialApRlicatipnsaswelt: it may be a

computers, and portable media players are all examples of devices that are capable of

playing a variety of multimedia files. While each device may be tailored to a particular

multimedia format, the extensive prdliferation of these devices encourages a certain

level of interoperability amongst the different device classes and categories. Likewise,

there are certain features such as fast-forward, reverse, start, stop, play, and pause

which are expected to behave similarly across all device categories, despite their

performance capabilities and use-case application.

[0003]  One of the most common features of media playback devices is the support

for random access, fast-forward and reverse playback of a multimedia file, which is

sometimes referred to as “trick play”. Performing trick play functionaiity generally

requires -displaying the video presentation at a higher speed in forward and reverse

direction, and resuming the overall presentation frem a position close to where the

viewer terminated ’the video trick play activity. The audio, subtitle, and other elements

of the presentation are typically.not used during trick play operations, even though that

can be subject to a device's operating preference. In accommodating trick play

functionality, multimedia files typically contain an index section used to determine the

tocation of all frames, and specifically the video frames which can be independently

decoded and presented to the viewer. When all index information is stored in a single

location within a file and linearly references the multimedia information within the file,
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'‘necessary element in basic playback of multimedia files that exhibit poor multiplexing characteristics;
the Index section may also be used to skip over non-essential information in the file; also, an index is
often required for the resumption of playback after the termination of trick play functions. SUMMARY
100051Embodiments of the invention utilize-indexes that can increase the efficiency with which a
player can perform a variety of functions including trick play functions. In several embodiments, the
Index is a hierarchical index. In many embodiments, the index is a reduced index and, in a number of
embodiments, thg indssis:expressed using bit field flags and associatgd data figlds, 100061In one
embodiment, a method of playing back content by a playback-device stored in a media file is provided.
The method comprises providing a media file to a playback device, the media file having content data,
cue data and a hierarchical index, the content data having a plurality of media frames, the cue data
being associated with each frame of the plurality of frames and the hierarchical index being associated
with a subset of the cue data; decoding the content data by a playback device; displaying content on a
display screen from the decoded content data; receiving a user request; locating the index based on
the user request; and decoding one or more media frames from the subset of the cue data based on
the Located index. 100071In another embodiment, a method of encoding a media file for playing back
by a playback device comprises incorporating seek locations with content data, the content data
having audio, video and subtitle tracks, the seek locations identifying particular timeStamps for
particular frames within, fig.amdiGeVidgQ Rl SRl Acks, INGOIROLALIRG AR index referencing the
incorporated seek locatignss, ahglctealing.a-media, filshavinghg.content.dalg. the incorporated seek
locations, and the incowgr@&%Qr‘i% typically processes the first half of the index data before being

able to determine the set of data points required to commence playing.

[0004]  The index section has many other potential applications as well: it may be a
necessary element in basic playback of multimedia files that exhibit poor multiplexing
characteristics; the index section may also be-used to skip over non-essential
information in the file; also, an index is often required for the resumption of playback

after the termination of trick play functions.

SUMMARY

[QUOS) Embodirnents of the invention utilize-indexes that can increase the efficiency
with which. a player can perform a variety of functions including trick play functions. In
several embodiments, the index is a hierarchical index. In many embodiments, the
index is a reduced index and, in a number of embodiments, the index is expressed using
bit ﬁgld flags and associated data fields.

[0008]  In one embodiment, a method of playing back content by a playback device
stored in a media file is provided. The method comprises providing a media file to a
pléyback device, the media file having content data, cue data and a hierarchical index,
the content data having a plurality of media frames, the cue data being associated with
each frame of the plurality of frames and the hierarchical index being associated with a
subset of the cue data; decoding the content data by a playback device; displaying
content on a display screen from the decoded content data; receiving a user request;
tocating the index based on the user reguest; and decoding one or more media frames
from the subset of the cue data based on the located index.

[0007]  Inanother embodiment, a method of encoding a media file for playing back by

a playback device comprises incorporating seek locations with content data, the content
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*1000E11In yet another embodiment, a system for playback of a media file comprises a media server
configured to transmit a media file having at least one index having pointers that reference at least one
frame of media content within the media file. A client processor in network communication with the
media server and configured to send requests for the media file to the media server is also provided.
The media server is configured to transmit the-media file requested and the client processor comprises
a playback engine that is configured to locate a pointer from the at least one index to Locate and
decode the-portipnsafdagmedia file based on the located pointer to campprisodiidger playback
instructions. f00091 - in one.embodiment, a method of decoding a multimedia file having an index
included with the multimedia file is provided. The method comprises locating an index within a
muttimedia file, the index having a plurality of index data-points and the multimedia file having a
plurality of frames and a plurality of cue data-points having a time stamp and a location of a specific
frame of the plurality of frames; loading the located index into storage; locating an index data-point
from the plurality of index data-points based an a timestamp; and locating a cue data-point from the
plurality of cue-data points based on the located index data-point. 100101 The above-mentioned and
other features of this invention and the manner of obtaining and using them wilt become more
apparent, and will be best understood, by reference to the following description, taken in conjunction
with the accompanying drawings. The drawings depict only typical embodiments of the invention and
do not therefore limit its:&60peauBR itk HESERIRTE OGN Qbbb [RAMY INES109111FIG. 1is a
graphical representatiomaéan indexsitiCiares Within w rawliimediar subtite tracks;

incorporating an index referencing the incorporated seek locations; and creating &
media file having the content data, the incorporated seek locations, and the
incorporated index. ’

[ooosl In yefanother embadiment, a system for playback of a media file comprises a
media server configured to transmit a media file having at least one index having
pointers that reference at least one frame of media content within the media file. A
client processor in network communication with the media server and configured to
send requests for the media file to the media server is also provided. The media server
is configured to transmit the-media file requested and the client processor comprises a
playback engine that is configured to locate a pointer from the at least one index to
locate and decode the-portions of the media file based on the located pointer to comply
with user playback instructions.

[0009} - in one embodiment, a method of decoding a multimedia file having an index
included with the multimedia file is provided. The method comprises locating an index
within a multimedia file,. the index having a plurality of index data-points and the
multimedia file- having a plurality of frames and a plurality of cue data-points having a
time stamp and a location of a specific frame of the plurslity of frames; loading the
located index into storage; locating an index dats-point from the plurality of index data-
points based on a timestamp; and locating a cue data-point from the plurality of cue-
data points based on the located index data-point.

[0010]  The above-mentioned and other features of this invention and the manner of
obtaining and using them will become more apparent, and will be best understood, by

reference to the following description, taken in conjunction with the accompanying



“file in accordance with an embodiment of the invention. 100121FIG. 2A is a graphical representation of
an index structure following the audio/video data of a multimedia file in accordance with an
embodiment of the invention. 100131FIG. 28 is a graphical representation of an index structure
interleaved within the audio/video data of a multimedia file in accordance with another embodiment of
the invention. 100141FIG. 2C is a detailed graphical representation of an index structure relative to
other portions of a multimedia file in accordance with an embodiment of the invention. 100151 FIG. 20
is a graphical repgesgniaion of an index structure relative to cue data sdaggivisimeadia file in
accordance with an embodiment of the invention. WOWFIG. 3 is a graphical. representation of index
structure detailing bit flags end associated data filed within a multimedia file in accordance with an
embodiment of the invention. 100171FIG. 4 is a graphical representation of index.structure providing

time codes

drawings. The drawings depict only typical embodiments of the invention ard do not

therefore limit its scope.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]  FIG. 1 is a graphical representation of an index structure within 2 multimedia
file in accardance with an embodiment of the invention.

[0012] FIB. 2A is a graphical representation of an index structure following the
audio/video data of a multimedia file in accordance with an embaodiment of the
invention,

[0013]  FIG. 2B is a graphical representation of an index structure interleaved within
the audio/video data of a multimedia file in accardance with another embediment of the
invention, ‘

[oD14]  FIG. 2C is a detailed graphical representation of an index structure relative to
other portions of a multimedia file in accordance with an embodiment of the invention.
[0015]  FIB. 2D is a graphical representation of an index structure relative to cue data
of a multimedia file in accordance with an embodiment of the invention.

[0016]  FIG. 3 is a graphical representation of index structure detailing bit flags and
associated data filed within a multimedia file in accordance with an embodiment of the
invention.

[0017] FIG. 4isa graphical representation of index.structure praviding time codes
and offset data fields within @ multimedia file in accordance with an embodiment of the
invention.

[0018]  FIG. § is a graphical representation .of index structure with time codes and
multiple offset data fields relative to a size data field within 2 multimedia file in

accordance with an embodiment of the invention,



-and offset data fields within a multimedia fife in accordance with an embodiment of the invention.
100161FIG. 5 is a graphical representation of index structure with time codes and multiple offset data
fields relative to a size data field within a multimedia Re in accordance with an embodiment of the
Invention. WO 2009/065137PCT/US2008/083816 100191FIG. 6 is a graphical representation of index
structure with time codes and primary offset data fields within a multimedia file in accordance with an
embodiment of the invention. 100201FIG. 7 is a semi-schematic network diagram of playback system

for streaming angJixgslpagdia file playback in accordance with an embgdimentafihe invention.
10021/FIG. 8 is a flowchart of a process utilizing index structure within a multimedia

[0019]  FIG. é is a graphical representation of index structure with time codes and
primary ofiset data fields within a multimedis fite in accordance with an embodiment of
the invention.

[0020]1 FIG. 7 is a semi-schematic network diagram df playback system for
streaming and fixed media file playback in accordance with an embodiment of the
invention.

[0021]  FIG. 8is a flowchart of a process utilizing index structure within a multimedia
file in accordance with an embodiment of the invention.

[0022]  FIB. 9-11 are graphical representations with increasing detail of an index
structure within a multimedia fite in accordance with-one embodiment of the invention

and to further illustrate the process of FiG. 8.

DETAILED DESCRIPTION

[0023] Turning now to the drawings, multimedis fites including indexes in
accordance with embodiments of the invention are described. In a number of
embodiments, the index is a hierarchical index. A hierarchical index is a representation
of index information in a form that provides a coarse index to a few predetermined
locations within the multimedia file followed by a further refined representation of the
portions of the multimedia file. In many embodiments, the lowest lavel of the index is
sufficiently granular as to identify every frame in the multimedia file. When a
hierarchical index is used, a player need only reguest 3 small amount of retevant index
information in order to commence playing @ multimedia file. As such, the hierarchical
index lowers the memory footprint needed by playback devices to effectively seek and
perform trick-play operations on a multimedia file. Additionally, file load times for
playback are reduced and trick-track load performance enhanced. In one embodiment,
the hierarchical index has index information that inciudes offsets into cue points within

a multimedia file with timestamps allows lookups to be fast and efficient.
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file inraccordance with an embodiment of the invention. 100221FIG. 9-11 are graphical representations
with increasing detail of an index structure within a multimedia file in accordance with one embodiment
of the invention and to further illustrate the process of FIG. 8. DETAILED DESCRIPTION
030231Turning now to the drawings, multimedia files including indexes in accordance with
embodiments of the invention are described. In a number of embodiments, the index is a hierarchical
index. A hierarchical index is a representation of index information in a form that provides a coarse
index to a few pigglai@rpined Locations within the multimedia file followeghRYoasfigsbaer refined
representation of the portions of the multimedia file. In many embodiments, the lowest level of the
index is sufficiently granular as to identify every frame in the multimedia file. When a hierarchical index
is used, a player need only request a small amount of relevant index information in order to commence
playing a multimedia file. As such, the hierarchical index lowers the memory footprint needed by
playback devices to effectively seek and perform trick-play operations on a multimedia file.
Additionally, file Load times for playback are reduced and trick-track load performance enhanced. In
one embodiment, the hierarchical index has index information that includes offsets into cue points
within a multimedia file with timestamps allows lookups to be fast and efficient. WO
2609/065137PCT/US2008/083816 100241In several embodiments, the multimedia file includes a
reduced index, Players in accordance with embodiments of the invention can utilize a reduced index to
rapidly move between &enessesserkeyriiaames:whanipesfoemingdickeplay fuactions. The reduced
index can be in conjuneti@n withea:hicrarehicalHdex. Howevariirdugediindexes can be included In
multimedia files that do«pat ineluee.a hietaschicat-iraexeAosetuesdnaexnky. provides the Location of
the accesses or key-franaesuwitlhsa:aasmtl i prgdia-Ada, aleaghwithia thhe-slagipdvalue to indicate their
corresponding time withiadhamultinaacdi aressnkatian. b aawahesalambodiments, bit field flags and
associated data fields aseceisedxtonkepsesent index infarmation «Such-aEepresentation can be used in
accordance with embodlimesatsief ik iventieada expressindexdafaumalignyma hierarchical index
and/or a reduced indeXithin the multimedia presentation. In a number of embodiments, bit field flags and

associated data fields are used to represent index information. Such a representation

can be used in accordance with embodiments of the invention to express index

information, a hierarchical index and/or a reduced index.

HIERARCHICAL JNDEXES

10025] A multimedia fite containing a hierarchical index in accordance with an
embodiment of the invention is shown in FIG. 1, The multimedia file 10 includes header
information 12, index information 14 interteaved émongst audio/video data 16 and a
three layer hierarchical index. The coarsest layer 18 of the hierarchical index includes
a small number of references to pieces of index information. The middle layer 20 .and
the finest layer 22 each include successively larger numbers of references to index
information.

[0026] In many embodiments, the index information 14 interleaved amongst the
audio/video data 16 lists the location of encapsulated audio, video, subtitle, and/or other
similar data.  Typically, each block of interleaved index information lists the
encapsutated media immediately following the block of interleaved index information.
In several embodiments, the index information 14 contains information that describes
the absolute or relative location of the start of each piece of encapsulated media. ina

number of embodiments, the interleaved index information 14 includes the size of each
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"HIERARCHICAL INDIXES 0:10251A multimedia file containing a hierarchical index in accordance with
an embodiment of the invention is shown in FIG. 1. The multimedia file 10 includes header information
12, index information 14 interleaved amongst audio/video data 16 and a three layer hierarchical index.
The coarsest layer 18 of the hierarchical index includes a smali number of references to pieces of
index information. The middle Layer 20 and the finest Layer 22 each include successively larger
numbers of references to index information. 100261In many embodiments, the index information 14
interleaved amoggshihigsasdio/video data 16 lists the location of encagsylatashaddsia, video, subtitle,
and/or other similar data, Typically, each block of interleaved index information Lists the encapsulated
media immediately following the block of interleaved index information. In several embodiments, the
index information 14 contains information that describes the absolute or relative location of the start of
each piece of encapsulated media. In a number of embodiments, the interleaved index information 14
includes the size of each indexed piece of encapsulated media, in addition to information indicating
whether the indexed piece of encapsulated media can be used as an access or key-frame, its
presentation time value, and other information, which may be helpful to a decoding device. [0027]Each
layer in the hierarchical index includes references to the interleaved index information 14 within the
multimedia file 10.The implementation of the hierarchy structure can be inclusive or exclusive,
meaning that the data in each layer can be repeated in the other layers or each layer may contain
unigue position informaties: diecadlditipnithenaumberiafelemenisateachdayes of a.hierarchy and the
total number of layers can-beidserdetprminesislimaiasd hased-onpierdeiesmined values, or unbounded.

presentation time value, and other information, which may be helpful to a decoding
device, ]
[0027]  Each layer in the hierarchical index includes references to the interleaved
index information 14 within the multimedia file 10.  The implementation of the
hierarchy structure can be inclusive ar exclusive, meaning that the data in each layer
can be repeated in the other layers or each layer may contain unigue position
information. In addition, the number of elements at each layer of a hierarchy and the
total number of layers can he pre-determined, limited based on pre-determined values,
or unbounded.

[0028]  Although a specific implementation of a hierarchical index is shown in FIG. 1,
hierarchical indexes can be implemented in many different ways. For example, the
index values can be stored in a single pért of the file, or distributed in ¢lusters in the
file. Multimedia files containing different distributions of index information in.
accordance with embodiments of the invention are shown in FiGs. 2A-B. For example,
the index information could be appended or pre-pended to the audio/video data portion
16 of the multimedia file 10 as an entire unit 21. Index clusters 22 shown in FIG. 2B can
also be woven into the audio/video data portion. in addition to distributing index
information in different ways, the hierarchy itself can be implemented as a structure
that peints to the actual frames in a file {as opposed to blocks of index information],
which may or may not start with access or key-frame positions. '
[0829]  FIG. 2C turther details the hierarchical index 21 within a larger hypothetical
fite structure MKV file 200. This file structure is made of two primary sections, the
EBML 24 and the Segment 26. In this file structure, the Segment may host the Seek
Head 201, Segment info 202, Tracks 203, Chapters 204, Cluster 205, Cues 29, and a



*100281Although a specific implementation of a hierarchical index is shown in FIG. 1, hierarchical
indexes can be implemented in many different ways. For example, the index values can be stored in a
single part of the file, or distributed in clusters in the file. Multimedia files containing different
distributions of index information in accordance with embodiments of the invention are shown in FIGs.
2A-8. For example, the index Information could be appended or pre-pended to the audio/video data
portion 16 of the multimedia file 10 as an entire unit 21. Index clusters 22 shown in FIG. 26 can also be
woven into the udigiigase,data portion. In addition to distributing indepcipfQsspasiagdn different ways,
the hierarchy itself can be implemented as a structure that points to the actual frames In a file (as
opposed to blocks of index information], which may or may not start with access or key-frame
positions. 100241FIG. 2C further details the hierarchical index 21 within a larger hypothetical file
structure MKYV file 200. This file structure Is made of two primary sections, the EBML 24 and the
Segment 26. In this file structure, the Segment may host the Seek Head 201, Segment Info 202,
Tracks 203, Chapters 204, Cluster 205, Cues 29, and a Hierarchical Index 21. As shown, a plurality of
hierarchical indexes 21 could be included with the multimedia file. Additionally, each hierarchical index
can include multiple hierarchical index points 23, These index points in various embodiments have a
timestamp 25 and a track position 27, specifying a specific media track 71a and a position or offset
27b from the timestemp 25. Cues 29 are also shown and as will be explained in more detail below are
utilized by the index poists23itadACieasaRGCaShinspatficpainswithing nultimedia file. This
dynamic structure for exagelanisshowidna dikindig ecimidltiphr:hiatatshicaldndex points 23 reference
or point to multiple cuenpaiRis28+in MariRke 2MmhedHinentss theheramhisalhwdex contains references
to a fraction, e.g., one ienth.Af SURRGINRISRIAY e JethetalnHmbes.oieur points in a media file. One
would appreciate that thaisefesances-candnpiaassdodrRereasada.gf aulasity. of pointers or references
to the cue points. 1003Q4LA-Play6E AtiemMing.tederadma mudtimediasfledhat includes a hierarchical
index in accordance withuan&obedimentaf the dnvgntiendipicallkiises the.hierarchical index as
necessitated by the fupglignstheRlayerdsieouesiad e Rederm Mhendickplay functions are
requested, the player ¢an. lacateandRdesdo.heigranehy corrssnonding.ta.a specific speed and
decode each of the frames indigated oy the dpdexwEhesnaanghin whichirsspecific frame is Located
using the index depengs Lipendhe.natue.ohibe: \ndex-.embodiments.where each index in the
hierarchy points directly, to.videg frames.thenthe.pagess is simple. In embodiments where the index
points to additional indgxgnfarmatianwithin e nHllimediafile. theadditional index information is
accessed and used toirl%?%@c@rﬁﬁ:§umrf£ﬁ%ent of the invention typically uses the hierarchical

index as necessitated by the functions the player is requested to perform. When trick
play functions are requested, the player can locate an index in the hierarchy
corresponding to a specific speed and decode each of the frames indicated by the index,
The manner in which a specific frame is located using the index depends upon the
nature of the index. In embodiments where each index in the hierarchy points directly
to video frames, then the process is simple. In er;nbndiments where the index points to
additional index information within the multimedia file, the additional index information

is accessed and used to locate a desired frame.

REDUCED INDEXES
[0031]  Many multimedia files in accordance with embodiments of the invention use
reduced index information. Reduced indexes can be used in conjunction with a

hierarchical index or in multimedia files that do not include a hierarchical index. A
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'REDUCED INDIVFc (0031]Many multimedia files in accordance with embodiments of the invention
use reduced index information, Reduced indexes can be used in conjunction with a hierarchical index
or in multimedia files that do not include a hierarchical index. A reduced index does not include
information concerning every piece of multimedia information within a multimedia file, A reduced index
typically is restricted to information concerning the location of access or key-frames and the time
stamp of the access or key-frames. Access frames are generally video frames that can be
independently oded. although the reduced index can be used to pqint to any ather type of
key-frame for ot érzg({grggsér}ﬁ‘?stored in the multimedia file. The reducedﬁ%%&zgé’%sgﬁ%ble a player to
rapidly skip between key frames when performing trick play functions. 100321In a number of
embodiments, a reduced index is only provided for a single or primary data type and offsets are
provided for each of the other streams of data contained within the file which may be related to the
primary data type. The offsets can be used oy a player to facilitate synchronized playback of different
media. In several embodiments, each piece of index information also includes the size of the access or
key-frame and he data-type of the access or key-frame. A player decoding a multimedia file that
contains a reduced index in accordance with an embodiment of the invention can use the reduced
index to perform trick play functions in a similar fashion to the way in which a player uses a
hierarchical index. The player can sequence through the reduced index inspecting the Timestamps of
access or key frames 1 ageerainwhieh frames (o render in order to achieve.a desired speed.
EXPRESSING INDEX INFQRMATION USING BIT FIELDE 10833 Mulimedia files in accordance with

b f bodi on within @ mullimedia
a number or embo Im(?ni;]otr:rsnaq)iontce%cerning the location of access or key-frames and the time stamp of the

access or key-frames. Access frames are generally video frames that can be
independently decoded, although the reduced index can be used to point to any other
type of key-frame for other streams stored in the multimedia file. The reduced index
can enable a player to rapidly skip between key frames when performing trick play
functions.

[00321  In a number of embodiments, a reduced index is only provided for a singlé or
primary data type and offsets are provided for each of the other streams of data
contained. within the file which may be related to the primary data type. The offsets can
be used by a player to facilitate synchronized playback of different media. In several
embodiments, each piece of index infermation aiso includes the size of the access or
key-frame and the data-type of the access or key-frame. A player decoding a
multimedia file that contains a reduced index in accordance with an embodiment of the
invention can use the reduced index to perform trick play functions in a similar fashion
to the way in which a player uses a hierarchical index. The player can sequence through
the reduced index inspecting the Timestamps of access or key frames to ascertain

which frames to render in order to achieve a desired speed.

EXPRESSING INDEX INFORMATION USING BIT FiELDS

[0033]1  Multimedia files in accordance with a number of embodiments of the
invention utilize bit field flags and associated data fields t'o express index information,
in many embodiments, the bit field flags are used to signal the presence of a set of
corresponding variable {ength data fields that contain index information. Bit field flags
31and data fields 32 that can be used to express index information concerning a piece

of multimedia information in accordance with an embodiment of the invention are
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‘invention utilize bit field flags and associated data fields to express index information. In many
embodiments, the bit field flags are used to signal the presence of a set of corresponding variable
length data fields that contain index information. Bit field flags 31 and data fields 12 that can be used
to express index information concerning a piece of multimedia information in accordance with an
embodiment of the invention are shown In FIG. 3. In the illustrated embodiment, a set of bit-field flags
signals the presence of additional data following the flags. The bit-field flags are specified as 8-hits in
their entirety, bulvihadodméaeiynecessarily a requirement for other implergepigdienmsskie first bit of the
flag may indicate an Absolute / Fixed Size field 31e, Which determines whether the size of the frame is
read from a pre-determined set of sizes stored in a separate section of the file, or whether they are
available as a series of bytes following the flags field. Two additional bits, Fixed Size Index / Byte
Numbers field 3th, are used to determine the index-position of the size value or the total number of
bytes used to represent the value, depending on the setting of the Absolute / Fixed Size bit or field
31a. The next bit, a Primary Offset field 31c, determines the size of the offset value, vhich may be the
location of the frame. This bit is selected amongst two predetermined byte numbers, for example either
a 4-byte value or 8-byte value, Likewise, a flag may indicate the presence of another predetermined
offset, e.g., a Secondary Offset 33, which can be 4 bytes' and represents a relative offset from the
Primary Offset value. A bit 31e indicating the presence of a timecode byte sequence may also be
present, along with ancther ibig ey Framerddagnbitiakbil » which.can e teed de determine the presence
of access or key framesreiaaaneaay canbadinmeniss ik Metdiflags.and datadiebds similar to those shown in
HO. 3 are used to index the hoeatiomofsalk fkasnesy in-aumpitimedia filg. kRG34 The number of flags that
can he represented viarthessifuciule shoaaRnkighius: ISHaftaitely exieasible-klsing a "Flags Extension”
bit 31g which signals theepsesense: of afallowsomfag:-Heseinane bitiddlhomiaybe referred to as
‘Associated Offsets”, Assogiated:offsets mayihes, sighakibes piasenerofaJayte value, which is used to
determine the number af sireamsshichLowespand iQihaourertitamea-<lbese relative offsets may
use the same flag and subseguentdadaxdnioraatiandorther frRmes,a the stream, to be used for
synchronization purposesssshhe fsamnes-idervified.iy, the.rekative mifsalss:: shen played back correctly,
may provide a synchronizesl presentation efaudion vidensuhtitles.«@naother related data. The stream
number value 32 oftenveairespendsdethe: actuahstream: numbers.sipreddn.the file. 100351Index
information representeg@wisingshe e slativeoiiaet vallesdlahdsshowadn FIG. 4. In many
embodiments, the data tgpe-ioiseach. fiame.is indicalesdonan.epiitg. gradh:ef frames, or alternatively is
indicated on a frame-byxframn@ibasis. i hiehsas8:a rddalandypa: ield.3mis.added to the
index-structure. The pragence: 6f.addngaRARNRALL St dndicaladhesxagt dime of a frame in an
overall presentation May:he AananiaeR- sekgkRre-dearmmingd.shecificalions.For example, the
Timecode value could Qs.sacuired.{os-all MAeo Aceessfiamesyaliamatively. the presence of a
Timecode could be maggatory Qb REHOHI% DAL AIRSAMRIE S« AL i3 Qnly important to note that
the Timecode value is QriiRpally present and is indicated by a corresponding bit-flag. 100361 Through

a set of pre-determineggade s, SEHEIUIRSMUALLR HQSE: ASSCHPEL: chown in Fis. 3

is infinitely extensible using a "Flags Extension” bit 31g which signals the presence of a
follow-on flag. Here, one bit 31h may. be referred to as "Associated Offsets”. Associated
offsets may then signal the presence of a byte value, which is used to determine the
number of streams which correspond to the current frame. These relative offsets may
use the same flag and subsequent index information for other frames in the stream, to

be used for synchronization purpeses, The frames identified ‘by' the relative offsets,



-above can be applied for the representation of hierarchical indexing in accordance with embodiments
of the invention. For example, the "Primary Offset" value 50 can point to a specific index position,
along with the Timecode value 52 indicating the exact time-stamp of the index. An additional bit-field
39. the "Subindex”, can point to a relative offset from the position indicated by the "Primary. Offset".~
This "Subindex" position 54 is a refinement from the beginning of a larger index cluster. Use of various
values to construct a hierarchical index in accordance with an embodiment of the invention is shown in
FIG. 5. 100371%@&&9/&9&; and associated data fields,can also be use((::IT}gsggngs%gt a reduced index
structure pointing to a series of access or key frames for a particular SHeER N A Tie: A reduced index
in accordance with an embodiment of the invention is shown in FIG. 6. In the illustrated embodiment,
the "flags...field 602 is followed by a corresponding set of size bytes 604, a "Primary Offset" value 606,
and a Timecode 608. The access frames may typically be related to video frames in a file though
again this field could be defined for all stream types in a file. The structure 600 shown in FIG. 6 stores
the location of all access or key-frames, and can contain the location of all related offsets for the
encapsulated tracks in the file, [00381It is important to note that the use of flexible bit field flags
enables the implementation of multiple data structures which may appear in the hierarchical, reduced,
and conventional indexing schemes. The use of bit fields as flags indicating variable length data can
help optimize the size of an overall index because not ail members are In general required by all

frames. 100391Referripa /(0. \Grudy SRIRAIESSIVERIAYBACK SYSIPU N, ggcordance with an
embodiment of the invepiin 15 SHOWD...08 RIAYRARK S¥Siem,190 ncludes a media server 102

connected to a network 194, Media files are stored on the media server 194 and can be accessed by
devices configured wits£lishL ARRRGANOL: 10 LhSy Bgicd ampedinen, davices that access media

fles on the media servgl jncluyde 4 Qaen;%,9m.'mgm@sggnwle%@r@aachcf%'nn%gﬁd%%gg gctronics device such as a

0 .
set top. box 18 Connecetr%ge 5%;90?’% ekz)s.,at)(;léltgr%\{_i!/gl?iss‘lyd(l:cgt%§ng'fterrlg- I§!"(a)n0e asig’in%ﬂic a portable device such
{1

as a personal digital asgistant 202 or,a mabile phone handset, The delices and the media server 192

can communicate over a nefwark, 194 that gs,ofcqnnecte&cto the Miernet ot ﬁcﬁ% a gateway 206. In other

rame in an overall presentation may

embodiments, the media server 192 63|nci e devices communicate over the Mternet. [0040]The
a 5ef o e & ications I

pre-defermined spec or example, the Timecode value could be

. ) . ! ple, t
devices are configured with et ARplicatons fha caFeqlesf bartors

sence of a Timecode could be
mandatory on a periodic basis for audio samples. it is only important to note that the
Timecode value is optionally present and is indicated by a corresponding bit-flag.
[0838]  Through a set of pre-determined rules, structures similar to those described
above can be applied for the representation of hierarchical indexing in accordance with
embodiments of the invention. For example, the "Primary Offset” vatue 50 can point to
a specific index position; along with the Timecode value 52 indicating the éxact time~
stamp of the index. An additional bit-field 39, the "Subindex”, can paint to a relative

- offset from the position indicated by the "Primary Offset”. This "Subindex” position 54 is
a refinement from the beginning of a larger index cluster. Use of various values to
construct a hierarchical index in accordance with an embodiment of the invention is
shown in FIG. 5.
00371 Bit field flags and associated dats fields can also be used to represent a
reduced index structure pointing to a series of access or key frames for & particular
stréar}\ in a file. A reduced index in accordance with an embodiment of the invention is
shown in FIB. 6. In the illustrated embodiment, the “flags” field 602 is followed by a
corresponding set of size bytes 804, 8 “Primary Offset” value'606, and a Timecode 608.

wife



-of media files from the media server 192 for playing. The client application can be implemented in
software, in firmware, in hardware or in a combination of the above. In many embodiments,, the device
plays media from downloaded media files. In several embodiments, the device provides one or more
outputs that enable another device to play the media. When the media file includes an index, a device
configured with a client -12- application in accordance with an embodiment of the invention can use
the Index to determine the location of various portions of the media. Therefore, the index can be used
to provide a usewavtiwiteols7playfunctions. When a user provides a *trickcpleggodn@izsietion, the device
uses the index to determine the portion or portions of the media file that are required in order to
execute the 'trick play* function and requests those portions from the server. In a number of
embodiments, the client application requests portions of the media file using a transport protocol that
allows for downloading of specific.byte ranges within the media file, One such protocol is the HTTP 1.1
protocol published by The Internet Society or eitTorrent available from www.bittorrent.org. In other
embodiments, other protocols and/or mechanisms can be used to obtain specific portions of the media
file from the media server. (00411Referring to FIGs. 8-11, one embodiment of a process of utilizing the
index structure is shown, A media file, e.g., MFile 120, is received from, for example, a media server
based on a media file request from a playback device or in particular a playback engine of the
playback device (111). Upon locating the requested Media file, the media server transmits all or some
portions at a time of thémeeidrirestortteiplairreack devietaThe playbaskdeviee in one embodiment
decodes the transmittedi4retise 4ot ecatenthveehitertirchicatundesydd@)in Fe.one such embodiment
referring to FIG,?, the plespbizchedevice! raversas-ormparge sstherfie wsiadding from EBML (Extensible
Binary Meta Language¥}iateientd @8:ntheuBegmented@ment 129 and then the contents of the Seek
Head 121 to locate thdtPigratchival-tmdexd2iat As sechidhe Segment tiiosmation 122, Tracks 123,
Chapters 124, Clustersriigteamioh Guesid? Gr-adthoughwoouidyberedse parseehiean be bypassed to quickly
locate the Hierarchicalrdthdexand revdoeated:kndexeis:{enueaded-mnies memadsingl 13). Loading the Index
into memory facilitate y@iegessstodkecater a dasite thpaeletonirameto-kesdiaplayed or accessed by the
playback device. -12- W/p-266@9/R651 3¢ RLHA)E08/083816 [00421The Hierarchical Index is small
enough for many low maemoryemslaylb@ok Fic. 7, a progressive playback system in accordance with an

embodiment of the invention is shown. The playback system 190 includes a media
server 192 connected to a network 194, Media files are stored on the media server 194
and can be accessed by devices configured with a client application. In the illustrated
embodiment, devices that access media files on the media server include a personal
computer 196, a consumer electronics device such as a set top box 18 connected to a
playback device such as a television 200, and a portable device such as a personal
digitat assistant 202 or a mobile phone handset. The devices and the media server 192
* can communicate over a network 194 that is connected to the internet 204 via a gateway
206. in other embodiments, the media server 192 and the devices communicate over
the internet.
[0D40]  The devices are configured with client applications that can request portions
of media files from‘ the media server 192 for playing, The client application can be
implemented in software, in firmware, in hardware or in a combination of the above. In
many embodiments,:the device plays media from downloaded media files. in several
embodiments, the device provides one or more outputs that enable ancther device to

play the media. When the media file includes an index, a device configured with a client
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‘devices, e.g., low Level consumer electronic devices, to hold the entire Index in memory and thus
avoiding a complex caching scheme, In cases, where the Index is too large to store in memory or
generally more feasible, no loss in seek accuracy occurs. With the Index being a Lookup table or
mechanism into the cues or defined seek points for each of the tracks and not the actual seek points,
the dropping of portions of the Index can cause a few additional reads when searching the cues for a
desired seek point. The playback device accesses the bit stream packets or frames of the transmitted
media file to playdhg,asdiey video, and/or subtitles of the media file 11144 [0Q#434dR0N a user request,
e.g., a trick-play request, the playback device searches the loaded or cached Hierarchical Index to find
an entry or hierarchical point equal to or nearest and preceding to the desired time or seek point Ufa In
one embodiment, the particular hierarchical point is located based on the presentation time or
timestamp of the content being played and the user request, e.g., the speed and/or direction of
trick-play function. In the illustrated case, FIGS. 10-11, the desired timestamp is 610 seconds within
the bit stream. [00441FIG. 10 demonstrates a total of 6 hierarchical access points 130, starting from
Index Time zero [Hierarchical Index Time 1311 to index Time 600 (Hierarchical Index Time 1321,
where five of the Hierarchical Points on this diagram have not been shown. After locating the closest
hierarchical point to the desired seek time fin this case Index Time snot, an Index Position or offset
134 is retrieved from Track Position 133 to locate a portion of cues that contains the desired seek point
(1161. The playback dgyicssacksiatbetosaiad:pertinns Alalesdll §: aad the cues are read through
until an entry equal to, trReatRItant PrecRAING e thedasineddianohagek point is located (1181.
[00451Utilizing the locaad cHasthaplayhack gdeviestewieves anplifset-malug-to seek and find the
desired cluster 11191 A Maekiuihe dasited.clistenitat has s Idone e spRNding timestamp as the
desired timestamp, e.gie 82Q-id0catesans.decoded(l29) fatdisRlayby. the. playback device, The
process continues unt.aidsed- eguast siops.RlAyhack-afdhe Mmediafilfm requests

portions of the media file using a transport protocol that allows for downloading of
specific.byte ranges within the media fite. One such protocol is the HTTP 1.1 protocol
published by The Internet Society or BitTorrent available from www.bittorrent.org. In
other embodiments, other pratocols and/or mechanisms.can be used to obtain specific
portions of the media file from the media server.

[0041]  Referring to FiGs. 8-11, one embodiment of a process of utilizing the index
structure is shown. A media file, e.g., MFile 120, is received from, for example, a media
server based on a media file request from a playback device or in particular a playback
engine of the playback device (111). Upon locating the requested media file, the media
server transmits all or some portions at a time of the media file to the playback device.
The playback device in one emboediment decodes the transmitted media file to locate
the hierarchical index [112). In one such embodiment, referring to FIG. 9, the playback
device traverses or parses the file starting from EBML (Extensible Binary Meta
Language] element 128, the Segment etement 129 and then the contents of the Seek
Head 121 to locate the Hierarchical index 127. As such, the Segment information 122,
Tracks 123, Chapters 124, Clusters 125 and Cues 126, although could be also parsed,
can be bypassed to quickly locate the Hierarchical Index. The located Index is then
loaded into memory {113]. Loading the Index into memory facilitates access to locate a

desired packet or frame to be displayed or accessed by the playback device.



'100461This concept is further clarified in FIG. 11. The Hierarchical Index time of 600 is identified from
the Hierarchical Index structure 127 as previously described in reference to FIG. 10. In this particular
example, the Index position within the Cues structure 151 is used to access the particular Cue Point
152 which corresponds to time 610 (Cue Time 153). The Cue Point 152. throughdata in Track Position
154 and Cluster Position 155 generally points to the Cluster structure 160 which may host several
seconds worth of multimedia data. 100473The multimedia data within a Cluster 160 may be stored as
a Block Group 1®3..wéhesgndividual Blocks of data corresponding to gR& gEJneks:sagcess units of the
elementary audio, video, subtitle, or other multimedia information exist. As such, Clusters contain
block groups but can also contain only simple blocks. In the absence of a Block Group, it may be
possible that a Cluster can host individual Blocks or a Simple Block. The corresponding Cluster
Position 155 from the Cue Point 152 is used to locate the Cluster 160 and the desired Block 161 can
be identified based on its time stamp (Block Time 162]. In case where an exact time stamp is not
matched, the Block with the closest time stamp can be identified. 100481 The procedure for locating a
Block according to a particular time may be repeated for multiple tracks oi multimedia data such that
all of the data in the corresponding Blocks are presented in a synchronized manner. 100491While the
above description contains many specific embodiments of the invention, these should not be
construed as limitations on the scope of the invention, but rather as an example of one embodiment
thereof. Accordingly, th@mopﬁa Ofethi@ied Bndex is smatl enough for many low memory playback
devices, e.g., low level consumer electronic devices, to hold the entire {ndex in memory
and thus avoiding a complex caching scheme, in cases, where the index is too large to
store in memory or generally more feasible, no loss in seek accuracy occurs. With the
Index being a lookup table or mechanism into the cues or defined seek points for each
of the tracks and not the actual seek points, the dropping of portions of the index can
cause a few additional reads when searching the cues for a desired seek point. The
playback device accesses the bit stream packets or frames of the transmitted media file
to play the audio, video, and/or subtitles of the media fite (114].
[0043]  Upona user request, e.g., a irick-play request, the playback device searches
the loaded or cached Hierarchicel Index to find an entry or hierarchical point equal to or
nearest and preceding to the desired time or seek point [115). In one embodiment, the
particular hierarchical point is located based on the presentation time or timestamp of
the content being played and the user request, e.g., the speed andfor direction of trick-
play function. In the illustrated case, FIGS. 10-11, the desired timestamp is 610 seconds
within the bit stream.
[0044]  FIG. 10 demonstrates a total of § hierarchical access points 130, starting from
Index Time zero [Hierarchical Index Time 131} to Index Time 600 [Hierarchical Index
Time 132], where five of the Hierarchical Points on this diagram have not been shown.
After locating the closest hierarchical point to the desired seek time {in this case Index
Time 600}, an Index Position or offset 134 is retrieved from Track Position 133 to locate
a portion of cues that contains the desired seek point (114}, The playback device seeks'
to the located portions of cues [117) and the cues are read through until an entry equal
to, or nearest and preceding to the desired time or seek point is located {118},
[0048]  Utilizing the located cue, the playback device retrieves an offset vatue to seek

and find the desired cluster (119). A block in the desired cluster that has a
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-invention should be determined not by the embodiments illustrated, but by the appended claims and
their equivalents. 16- NICSLLP WHAT IS CLAIMED IS: 1.A method of playing back content by a
playback device stored in a media tile, the method comprising: 5providing a media file to a playback
device, the media file having content data, cue data and a hierarchical index, wherein the content data
comprises a plurality of encapsulated video frames, the cue data comprises index information that
references the location of individual frames of encapsulated video within the media file and the
hierarchical indgyCRREises references to index information within a igisebakiiskcue

corresponding timestamp as the desired timestamp, e.3., 610, is located and decoded
{120] for display by the playback device. The process continues until a user request
stops playback of the media file.

[0046]  This concept is further clarified in FIG. 11. The Hierarchical Index time of 600
is identified from the Hierarchical Index structure 127 as previously described in
reterence to FIG. 10. in this particular example, the Index position within the Cues
structure 151 is used to access the particular Cue Point 152 which corresponds to time
610 (Cue Time 153). The Cue Point 152 through data in Track Position 154 and Cluster
Pasition 155 generally points to the Cluster structure 160 which may host several
seconds” warth of muttimedia data.

[0D47]  The multimedia data within a Cluster 160 may be stored as a Block Group
163, where individual Biocks of data corresponding to one or more access units of the
elementary audio, video, subtitle, or other multimedia information exist. As such,
Clusters conteain block groups but can also contain only simpte blocks. In the absence
of a Block Group, it may be possible that a Cluster can host individual Blocks or-a
Simple Block. The corresponding Cluster Position 155 from the Cue Point 152 is used
to locate the Cluster 160 and the desired Block 141 can be identified based on its time
stamp {Block Time 162]. In-case where an exact time stamp is not martched. the Block
with the closest time stamp can be identified.

[0048] The procedure for lecating a Block according to a particutar time may be
repeated for multiple tracks of multimedia data such that all of the data in the
corresponding Blocks are presented in a synchronized manner.

[0049]  While the above description contains many specific embodiments of the
invention, these should not be construed as limitations on the scope of the invention,

but rather ds an example of one embodiment thereof. Accordingly, the scope of the



~ |0data; decoding the content data by a playback device; displaying content on a display screen from
the decoded content data; receiving a user request; identifying a portion of the hierarchical index
based on the user request; 15identifying index information within a subset of the cue data based upon
the identified portion of the hierarchical index; and decoding one or more video frames referenced
by the identified index information within the subset of the cue data. 902.The method of claim 1
wherein the hierarchical index has reference values that point directly to particular video frames of the

plurality of encapstidiagivideo frames. PCT/US2008/083816

invention should be determined not by the embodiments illustrated, but by the

appended claims and their equivalents.
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3.Th_e method of claim | wherein the hierarchical index includes pointers 25to the cue data within the
media file and further comprising accessing the cue data through the pointers to locate a video frame
to be decoded. MCS LLP 4. The method of claim I wherein the hierarchigakindex is associated
with a subset of the plurality of encapsulated video frames through a second hierarchical index and
furth_er comprising locating a subset of the second hierarchical index based on 5the hierarchical index
relative to the user request. 5. The method of claim 4 wherein decoding one or more video frames

from the subset of the plurality of encapsulated video frames is based on the located
: . subset of the
second hieraltHéd iﬁap%;(A %}[E%? . The method of claim 1 wherein the media file has an upper

hierarchic_al index associated with the hierarchical index and the hierarchical index associated with one
or more video fram_es from the subset of the plurality of encapsulated video -frames and wherein the
upper hierarchical index has agtestef playibebetlassusiatione phitibealk device stored in a media

file, the method comprising:

5 providing a media file to a playback device, the media file having content data,
cue data and a hierarchical index, wherein the content data comprises a plurality of
encapsulated video frames, the cue data comprises index information that references the
location of individual frames of encapsulated video within the media file and the

hierarchical index comprises references to index information within a subset of the cue

10 data;
decoding the content data by a playback device;
displaying content on a display screen from the decoded content data;
receiving a user request;
identifying a portion of the hierarchical index based on the user request;
15 identifying index information within a subset of the cue data based upon the

identified portion of the hierarchical index; and
decoding one or more video frames referenced by the identified index

information within the subset of the cue data.

20 2. The method of claim 1 wherein the hierarchical index has reference
values that point directly to particular video frames of the plurality of encapsulated

video frames.

3. The method of claim 1 wherein the hierarchical index includes pointers
75 {0 the cue data within the media file and further comprising accessing the cue data

through the pointers to locate a video frame to be decoded.
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150r more video frames than the hierarchical index.
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4. The method of claim 1 wherein the hierarchical index is associated with
a subset of the plurality of encapsulated video frames through a second hierarchical
index and further comprising locating a subset of the second hierarchical index based on

the hierarchical index relative to the user request.

5. The method of claim 4 wherein decoding one or more video frames from
the subset of the plurality of encapsulated video frames is based on the located subset of

the second hierarchical index.

6. The method of claim 1 wherein the media file has an upper hierarchical
index associated with the hierarchical index and the hierarchical index associated with
one or more video frames from the subset of the plurality of encapsulated video frames
and wherein the upper hierarchical index has a greater number of associations with one

or more video frames than the hierarchical index.
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