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MULTIMEDIA DISTRIBUTION SYSTEM single video track. The
development of the internet has prompted the
development of file formats for  multimedia
information to enable standardized generation,
distribution and display of the  files. Typically, a
single multimedia file includes a single video track
and a single audio  track. When multimedia is written
to a high volume and physically transportable medium
such as a Digital Video Disk (DVD) multiple files can
be used to provide a number of video  tracks, audio
tracks and subtitle tracks. Additional files can be
provided containing  information that can be used to
generate an interactive menu. SUMMARY OF THE INVENTION
Embodiments of the present invention include
multimedia files and systems for generating,
distributing and decoding multimedia files. In one
aspect of the invention, the  multimedia files include
a plurality of encoded video tracks. In another aspect
of the  invention, the multimedia files include a
plurality of encoded audio tracks. In another aspect
of the invention, the multimedia files include at
least one subtitle track. In another aspect of  the
invention, the multimedia files include encoded `meta
data'. In another aspect of the  invention, the
multimedia files include encoded menu information. A
multimedia file in accordance with an embodiment of
the invention includes a  plurality of encoded video
tracks. In further embodiments of the invention, the
multimedia  file comprises a plurality of concatenated
`RIFF' chunks and each encoded video track is
contained in a separate `RIFF' chunk. In addition, the
video is encoded using psychovisual  enhancements and
each video track has at least one audio track
associated with it. In another embodiment, each video
track is encoded as a series of `video' chunks  within
a 'RIFF' chunk and the audio track accompanying each
video track is encoded as a  series of `audio' chunks
interleaved within the `RIFF' chunk containing the
`video' chunks of  the associated video track.
Furthermore, each `video' chunk can contain
information that can  be used to generate a single
frame of video from a video track and each `audio'
chunk  contains audio information from the portion of
the audio track accompanying the frame  generated
using a `video' chunk. In addition, the `audio' chunk
can be interleaved prior to the  corresponding `video'
chunk within the `RIFF' chunk. A system for encoding
multimedia files in accordance with an embodiment of
the  present invention includes a processor configured
to encode a plurality of video tracks, BACKGROUND OF
THE INVENTION 



The present invention relates generally to encoding,
transmission and decoding of  multimedia files. More
specifically, the invention relates to the encoding,
transmission and  decoding of multimedia files that
can include tracks in addition to a single audio track
and a -1 WO 2005/057906 PCT/US2004/041667 1 5 10 15 20
25 30 35 concatenate the encoded video tracks and
write the concatenated encoded video tracks to a
single file. In another embodiment, the processor is
configured to encode the video tracks  such that each
video track is contained within a separate `RIFF'
chunk and the processor is  configured to encode the
video using psychovisual enhancements. In addition,
each video  track can have at least one audio track
associated with it. In another embodiment, the
processor is configured to encode each video track as
a  series of `video' chunks within a `RIFF' chunk and
encode the at least one audio track  accompanying each
video track as a series of `audio' chunks interleaved
within the `RIFF'  chunk containing the `video' chunks
of the associated video track. In another further
embodiment, the processor is configured to encode the
video tracks  such that each `video' chunk contains
information that can be used to generate a single
frame  of video from a video track and encode the
audio tracks associated with a video track such  that
each `audio' chunk contains audio information from the
portion of the audio track  accompanying the frame
generated using a `video' chunk generated from the
video track. In  addition, the processor can be
configured to interleave each `audio' chunk prior to
the  corresponding `video' chunk within the `RIFF'
chunk. A system for decoding a multimedia file
containing a plurality of encoded video  tracks in
accordance with an embodiment of the present invention
includes a processor  configured to extract
information from the multimedia file. The processor is
configured to  extract information concerning the
number of encoded video tracks contained within the
multimedia file. In a further embodiment, the
processor is configured to locate an encoded video
track  within a `RIFF' chunk. In addition, a first
encoded video track can be contained in a first
`RIFF' chunk having a standard 4cc code, a second
video track can be contained in a second  `RIFF' chunk
having a specialized 4cc code and the specialized 4cc
code can have as its last  two characters the first
two characters of a standard 4cc code. In an
additional embodiment, each encoded video track is
contained in a separate  `RIFF' chunk. In another
further embodiment, the decoded video track is similar
to the original video  



track that was encoded in the creation of the
multimedia file and at least some of the  differences
between the decoded video track and the original video
track are located in dark  portions of frames of the
video track. Furthermore, some of the differences
between the  decoded video track and the original
video track can be located in high motion scenes of
the  video track. In an additional embodiment again,
each video track has at least one audio track
associated with it. In a further additional
embodiment, the processor is configured to display
video from  a video track by decoding a series of
`video' chunks within a `RIFF' chunk and generate -2
WO 2005/057906 PCT/US2004/041667 I audio from an audio
track accompanying the video track by decoding a
series of `audio'  chunks interleaved within the
`RIFF' chunk containing the `video' chunks of the
associated  video track. In yet another further
embodiment, the processor is configured to use
information  5 extracted from each `video' chunk to
generate a single frame of the video track and use
information extracted from each `audio' chunk to
generate the portion of the audio track that
accompanies the frame generated using a `video' chunk.
In addition, the processor can be  configured to
locate the `audio' chunk prior to the `video' chunk
with which it is associated  in the `RIFF' chunk. 10 A
multimedia file in accordance with an embodiment of
the present invention  includes a series of encoded
video frames and encoded audio interleaved between the
encoded video frames. The encoded audio includes two
or more tracks of audio information. In a further
embodiment at least one of the tracks of audio
information includes a  plurality of audio channels.
15 Another embodiment further includes header
information identifying the number of  audio tracks
contained in the multimedia file and description
information about at least one of  the tracks of audio
information. In a further embodiment again, each
encoded video frame is preceded by encoded  audio
information and the encoded audio information
preceding the video frame includes the  20 audio
information for the portion of each audio track that
accompanies the encoded video  frame. In another
embodiment again, the video information is stored as
chunks within the  multimedia file. In addition, each
chunk of video information can include a single frame
of  video. Furthermore, the audio information can be
stored as chunks within the multimedia file 25 and
audio information from two separate audio tracks is
not contained within a single chunk  of audio
information. In a yet further embodiment, the 'video'
chunks are separated by at least one 'audio'  chunk
from each of the audio tracks and the 'audio' chunks
separating the 'video' chunks  contain audio
information for the portions of the audio tracks
accompanying the video  30 information contained
within the 'video' chunk following the 'audio' chunk.
A system for encoding multimedia files in accordance
with an embodiment of the  



invention includes a processor configured to encode a
video track, encode a plurality of audio  tracks,
interleave information from the video track with
information from the plurality of  audio tracks and
write the interleaved video and audio information to a
single file. 35 In a further embodiment, at least one
of the audio tracks includes a plurality of audio
channels. WO 2005/057906 PCT/US2004/041667 1 5 10 15
20 25 30 35 In another embodiment, the processor is
further configured to encode header  information
identifying the number of the encoded audio tracks and
to write the header  information to the single file.
In a further embodiment again, the processor is
further configured to encode header  information
identifying description information about at least one
of the encoded audio tracks  and to write the header
information to the single file. In another embodiment
again, the processor encodes the video track as chunks
of  video information. In addition, the processor can
encode each audio track as a series of  chunks of
audio information. Furthermore, each chunk of audio
information can contain  audio information from a
single audio track and the processor can be configured
to interleave  chunks of audio information between
chunks of video information. In a yet further
embodiment, the processor is configured to encode the
portion of each  audio track that accompanies the
video information in a 'video' chunk in an 'audio'
chunk and  the processor is configured to interleave
the 'video' chunks with the 'audio' chunks such that
each 'video' chunk is preceded by 'audio' chunks
containing the audio information from each  of the
audio tracks that accompanies the video information
contained in the 'video' chunk. In  addition, the
processor can be configured to encode the video track
such that a single frame  of video is contained within
each 'video' chunk. In yet another embodiment again,
the processor is a general purpose processor.  In an
additional further embodiment, the processor is a
dedicated circuit. A system for decoding a multimedia
file containing a plurality of audio tracks in
accordance with the present invention includes a
processor configured to extract information  from the
multimedia file. The processor is configured to
extract information concerning the  number of audio
tracks contained within the multimedia file. In a
further embodiment, the processor is configured to
select a single audio track  from the plurality of
audio tracks and the processor is configured to decode
the audio  information from the selected audio track.
In another embodiment, at least one of the audio
tracks includes a plurality of audio  



channels. In a still further embodiment, the processor
is configured to extract information from  a header in
the multimedia file including description information
about at least one of the  audio tracks. A system for
communicating multimedia information in accordance
with an  embodiment of the invention includes a
network, a storage device containing a multimedia
file and connected to the network via a server and a
client connected to the network. The  client can
request the transfer of the multimedia file from the
server and the multimedia file  includes at least one
video track and a plurality of audio tracks
accompanying the video track. WO 2005/057906
PCT/US200.1/041667 I A multimedia file in accordance
with the present invention includes a series of
encoded video frames and at least one encoded subtitle
track interleaved between the encoded  video frames.
In a further embodiment, the at least one encoded
subtitle track comprises a plurality  5 of encoded
subtitle tracks. Another embodiment further includes
header information identifying the number of  encoded
subtitle tracks contained in the multimedia file. A
still further embodiment also includes header
information including description  information about
at least one of the encoded subtitle tracks. 10 In
still another embodiment, each subtitle track includes
a series of bit maps and each  subtitle track can
include a series of compressed bit maps. In addition,
each bit map is  compressed using run length encoding.
In a yet further embodiment, the series of encoded
video frames are encoded as a  series of video chunks
and each encoded subtitle track is encoded as a series
of subtitle  15 chunks. Each subtitle chunk includes
information capable of being represented as text on a
display. In addition, each subtitle chunk can contain
information concerning a single subtitle.
Furthermore, each subtitle chunk can include
information concerning the portion of the video
sequence over which the subtitle should be
superimposed. In yet another embodiment, each subtitle
chunk includes information concerning the 20 portion
of a display in which the subtitle should be located.
In a further embodiment again, each subtitle chunk
includes information concerning  the color of the
subtitle and the information concerning the color can
include a color palate.  In addition, the subtitle
chunks can comprise a first subtitle chunk that
includes information  concerning a first color palate
and a second subtitle chunk that includes information
25 concerning a second color palate that supersedes
the information concerning the first color  palate. A
system for encoding multimedia files in accordance
with an embodiment of the  invention can include a
processor configured to encode a video track, encode
at least one  subtitle track, interleave information
from the video track with information from the at
least 30 one subtitle track and write the interleaved
video and subtitle information to a single file. In a
further embodiment, the at least one subtitle track
includes a plurality of subtitle  



tracks. In another embodiment, the processor is
further configured to encode and write to the  single
file, header information identifying the number of
subtitle tracks contained in the  35 multimedia file.
In a further embodiment again, the processor is
further configured to encode and write  to the single
file, description information about at least one of
the subtitle tracks. WO 2005/057906 PCT/US2004/041667
I 10 15 20 25 30 35 in another further embodiment, the
video track is encoded as video chunks and each  of
the at least one subtitle tracks is encoded as
subtitle chunks. In addition, each of the  subtitle
chunks can contain a single subtitle that accompanies
a portion of the video track and  the interleaver can
be configured to interleave each subtitle chunk prior
to the video chunks  containing the portion of the
video track that the subtitle within the subtitle
chunk  accompanies. hi a still further embodiment, the
processor is configured to generate a subtitle chunk
by encoding the subtitle as a bit map. In still
another embodiment, the subtitle is encoded as a
compressed bit map. In  addition, the bit map can be
compressed using run length encoding. Furthermore, the
processor can include in each subtitle chunk
information concerning the portion of the video
sequence over which the subtitle should be
superimposed. In a yet further embodiment, the
processor includes in each subtitle chunk information
concerning the portion of a display in which the
subtitle should be located. In yet another embodiment,
the processor includes in each subtitle chunk
information  concerning the color of the subtitle. In
a still further embodiment again, information
concerning the color includes a color  palate. In
addition, the subtitle chunks can include a first
subtitle chunk that includes  information concerning a
first color palate and a second subtitle chunk that
includes  information concerning a second color palate
that supersedes the information concerning the  first
color palate. A system for decoding multimedia files
in accordance with an embodiment of the  present
invention includes a processor configured to extract
information from the multimedia  file. The processor
is configured to inspect the multimedia file to
determine if there is at least  one subtitle track. In
addition, the at least one subtitle track can comprise
a plurality of  subtitle tracks and the processor can
be configured to determine the number of subtitle
tracks  in the multimedia file. In a further
embodiment, the processor is farther configured to
extract header  



information identifying the number of subtitle tracks
from the multimedia file. In another embodiment, the
processor is further configured to extract description
information about at least one of the subtitle tracks
from the multimedia file. In a further embodiment
again, the multimedia file includes at least one video
track  encoded as video chunks and the multimedia file
includes at least one subtitle track encoded  as
subtitle chunks. In another embodiment again, each
subtitle chunk includes information concerning a
single subtitle. In a still further embodiment, each
subtitle is encoded in the subtitle chunks as a bit
map, the processor is configured to decode the video
track and the processor is configured -6 WO
2005/057906 PCT/US2004/041667 I construct a frame of
video for display by superimposing the bit map over a
portion of the  video sequence. In addition, the
subtitle can be encoded as a compressed bit map and
the  processor can be configured to uncompress the bit
map. Furthermore, the processor can be  configured to
uncompress a run length encoded bit map. 5 In still
another embodiment, each subtitle chunk includes
information concerning the  portion of the video track
over which the subtitle should be superimposed and the
processor  is configured to generate a sequence of
video frames for display by superimposing the bit  map
of the subtitle over each video frame indicated by the
information in the subtitle chunk. In an additional
further embodiment, each subtitle chunk includes
information  10 concerning the position within a frame
in which the subtitle should be located and the
processor is configured to superimpose the subtitle in
the position within each video frame  indicated by the
information within the subtitle chunk. In another
additional embodiment, each subtitle chunk includes
information  concerning the color of the subtitle and
the processor is configured to superimpose the  15
subtitle in the color or colors indicated by the color
information within the subtitle chunk. In addition,
the color information within the subtitle chunk can
include a color palate and the  processor is
configured to superimpose the subtitle using the color
palate to obtain color  information used in the bit
map of the subtitle. Furthermore, the subtitle chunks
can comprise  a first subtitle chunk that includes
information concerning a first color palate and a
second 20 subtitle chunk that includes information
concerning a second color palate and the processor
can be configured to superimpose the subtitle using
the first color palate to obtain information
concerning the colors used in the bit map of the
subtitle after the first chunk is processed and  the
processor can be configured to superimpose the
subtitle using the second color palate to  obtain
information concerning the colors used in the bit map
of the subtitle after the second  25 chunk is
processed. A system for communicating multimedia
information in accordance with an  embodiment of the
invention includes a network, a storage device
containing a multimedia  file and connected to the
network via a server and a client connected to the
network. The  client requests the transfer of the
multimedia file from the server and the multimedia
file 30 includes at least one video track and at least
one subtitle track accompanying the video track.  



A multimedia file in accordance with an embodiment of
the invention including a  series of encoded video
frames and encoded menu information. In addition, the
encoded  menu information can be stored as a chunk. A
further embodiment also includes at least two separate
`menu' chunks of menu  35 information and at least two
separate `menu' chunks can be contained in at least
two separate  `RIFF' 'chunks. In another embodiment,
the first `RIFF' chunk containing a `menu' chunk
includes a  standard 4cc code and the second `RIFF'
chunk containing a `menu' chunk includes a -7 WO
2005/057906 PCTJUS2004/041667 1 5 10 15 20 25 30 35
specialized 4cc code where the first two characters of
a standard 4cc code appear as the last  two characters
of the specialized 4cc code. In a further embodiment
again, at least two separate `menu' chunks are
contained in a  single `RIFF' chunk. In another
embodiment again, the `menu' chunk includes chunks
describing a series  of menus and an `MRIF' chunk
containing media associated with the series of menus.
In  addition, the `MR1F' chunk can contain media
information including video tracks, audio  tracks and
overlay tracks. In a still further embodiment, the
chunks describing a series of menus can include a
chunk describing the overall menu system, at least one
chunk that groups menus by language,  at least one
chunk that describes an individual menu display and
accompanying background  audio, at least one chunk
that describes a button on a menu, at least one chunk
that describes  the location of the button on the
screen and at least one chunk that describes various
actions  associated with a button. Still another
embodiment also includes a link to a second file. The
encoded menu  information is contained within the
second file. A system for encoding multimedia files in
accordance with an embodiment of the  invention
includes a processor configured to encode menu
information. The processor is also  configured to
generate a multimedia file including an encoded video
track and the encoded  menu information. In addition,
the processor can be configured to generate an object
model  of the menus, convert the object model into an
configuration file, parse the configuration file  into
chunks, generate AVI files containing media
information, interleave the media in the  AVI files
into an `MRIF' chunk and concatenate the parsed chunks
with the `MRIF' chunk to  create a `menu' chunk.
Furthermore, the processor can be further configured
to use the object  



model to generate a second smaller `menu' chunk. In a
further embodiment, the processor is configured to
encode a second menu and the  processor can insert the
first encoded menu in a first `RIFF' chunk and insert
the second  encoded menu in a second `RIFF' chunk. In
another embodiment, the processor includes the first
and second encoded menus in  a single `RIFF' chunk. In
a further embodiment again, the processor is
configured to insert in to the  multimedia file a
reference to an encoded menu in a second file. A
system for decoding multimedia files in accordance
with the present invention  includes a processor
configured to extract information from the multimedia
file. The  processor is configured to inspect the
multimedia file to determine if it contains encoded
menu information. In addition, the processor can be
configured to extract menu information  from a `menu'
chunk within a `RIFF' chunk and the processor can be
configured to construct  menu displays using video
information stored in the `menu' chunk. 8 WO
2005/057906 PCT/US2004/041667 1 5 10 15 20 25 30 35 In
a further embodiment, the processor is configured to
generate background audio  accompanying a menu display
using audio information stored in the `menu' chunk. In
another embodiment, the processor is configured to
generate a menu display by  overlaying an overlay from
the `menu' chunk over video information from the
`menu' chunk.  A system for communicating multimedia
information in accordance with the present invention
includes a network, a storage device containing a
multimedia file and connected to  the network via a
server and a client connected to the network. The
client can request the  transfer of the multimedia
file from the server and the multimedia file includes
encoded menu  information. A multimedia file including
a series of encoded video frames and encoded meta data
about the multimedia file. The encoded meta data
includes at least one statement comprising  a subject,
a predicate, an object and an authority. In addition,
the subject can contain  information identifying a
file, item, person or organization that is described
by the meta data,  the predicate can contain
information indicative of a characteristic of the
subject, the object  can contain information
descriptive of the characteristic of the subject
identified by the  predicate and the authority can
contain information concerning the source of the
statement. In a further embodiment, the subject is a
chunk that includes a type and a value, where  the
value contains information and the type indicates
whether the chunk is a resource or an  



anonymous node. In another embodiment, the predicate
is a chunk that includes a type and a value,  where
the value contains information and the type indicates
whether the value information is  the a predicated URI
or an ordinal list entry. In a further embodiment
again, the object is a chunk that includes a type, a
language,  a data type and a value, where the value
contains information, the type indicates whether the
value information is a UTF-8 literal, a literal
integer or literal XML data, the data type  indicates
the type of the value information and the language
contains information identifying  a specific language.
In another embodiment again, the authority is a chunk
that includes a type and a  value, where the value
contains information and the type indicates that the
value information  is the authority of the statement.
In a yet further embodiment, at least a portion of the
encoded data is represented as  binary data. In yet
another embodiment, at least a portion of the encoded
data is represented as 64- bit ASCI data. In a still
further embodiment, at least a first portion of the
encoded data is represented  as binary data and at
least a second portion of the encoded data is
represented as additional  chunks that contain data
represented in a second format. In addition, the
additional chunks  can each contain a single piece of
metadata -9 WO 2005/057906 PCT/US2004/041667 I A
system for encoding multimedia files in accordance
with an embodiment of the  present invention includes
a processor configured to encode a video track. The
processor is  also configured to encode meta data
concerning the multimedia file and the encoded meta
data includes at least one statement comprising a
subject, a predicate, an object and an 5 authority. In
addition, the subject can contain information
identifying a file, item, person or  organization that
is described by the meta data, the predicate can
contain information  indicative of a characteristic of
the subject,. the object can contain information
descriptive of  the characteristic of the subject
identified by the predicate and the authority can
contain  information concerning the source of the
statement. 10 In a further embodiment, the processor
is configured to encode the subject as a chunk  that
includes a type and a value, where the value contains
information and the type indicates  whether the chunk
is a resource or an anonymous node. In another
embodiment, the processor is configured to encode the
predicate as a chunk  that includes a type and a
value, where the value contains information and the
type indicates  15 whether the value information is a
predicate URI or an ordinary list entry. In a further
embodiment again, the processor is configured to
encode the object as a  chunk that includes a type, a
language, a data type and a value, where the value
contains  information, the type indicates whether the
value information is a UTF-8 literal, a literal
integer or literal XML data, the data type indicates
the type of the value information and the  



20 language contains information identifying a
specific language. In a another embodiment again, the
processor is configured to encode the authority as  a
chunk that includes a type and a value, where the
value contains information and the type  indicates the
value information is the authority of the statement.
In a still further embodiment, the processor is
further configured to encode at least a  25 portion of
the meta data concerning the multimedia file as binary
data. In still another embodiment, the processor is
further configured to encode at least a  portion of
the meta data concerning the multimedia file as 64-bit
ASCI data. In an additional embodiment, the processor
is further configured to encode at least a  first
portion of the meta data concerning the multimedia
file as binary data and to encode at  30 least a
second portion of the meta data concerning the
multimedia file as additional chunks that contain data
represented in a second format. In addition, the
processor can be further  configured to encode the
additional chunks with a single piece of metadata. A
system for decoding multimedia files in accordance
with the invention includes a  processor configured to
extract information from the multimedia file. The
processor is  35 configured to extract meta data
information concerning the multimedia file and the
meta data information includes at least one statement
comprising a subject, a predicate, an object and an
authority. In addition, the processor can be
configured to extract, from the subject,  information
identifying a file, item, person or organization that
is described by the meta data. -10 WO 2005/057906
PCT/US2004/041667 I 5 10 15 20 25 Furthermore, the
processor can be configured to extract information
indicative of a  characteristic of the subject from
the predicate, the processor can be configured to
extract  information descriptive of the characteristic
of the subject identified by the predicate from the
object and the processor can be configured to extract
information concerning the source of  the statement
from the authority. In a further embodiment, the
subject is a chunk that includes a type and a value
and  the processor is configured to identify that the
chunk contains subject information by  inspecting the
type and the processor is configured to extract
information from the value. In another embodiment, the
predicate is a chunk that includes a type and a value
and  the processor is configured to identify that the
chunk contains predicate information by  inspecting
the type and the processor is configured to extract
information from the value. In a further embodiment
again, the object is a chunk that includes a type, a
language,  a data type and a value, the processor is
configured to identify that the chunk contains object
information by inspecting the type, the processor is
configured to inspect the data type to  determine the
data type of information contained in the value, the
processor is configured to  



extract information of a type indicated by the data
type from the value and the processor is  configured
to extract information identifying a specific language
from the language. In another embodiment again, the
authority is a chunk that includes a type and a value
and the processor is configured to identify that the
chunk contains authority information by  inspecting
the type and the processor is configured to extract
information from the value. In a still further
embodiment, the processor is configured to extract
information from  the meta data statement and display
at least a portion of the information. In still
another embodiment, the processor is configured to
construct data structures  indicative of a
directed-labeled graph in memory using the meta data.
In a yet further embodiment, the processor is
configured to search through the meta  data for
information by inspecting at least one of the subject,
predicate, object and authority  for a plurality of
statements. In yet another embodiment, the processor
is configured to display the results of the  search as
part of a graphical user interface. In addition, the
processor can be configured to  perform a search in
response to a request from an external device. In an
additional further embodiment, at least a portion of
the meta data information  concerning the multimedia
file is represented as binary data. In another
additional embodiment, at least a portion of the meta
data information 30 35 concerning the multimedia file
is represented as 64-bit ASCI data. In another further
embodiment, at least a first portion of the meta data
information  concerning the multimedia file is
represented as binary data and at least a second
portion of  the meta data information concerning the
multimedia file is represented as additional chunks WO
2005/057906 PCT/US2004/041667 1 5 10 15 20 25 that
contain data represented in a second format. In
addition, the additional chunks can  contain a single
piece ofinetadata. A system for communicating
multimedia information in accordance with the present
invention including a network, a storage device
containing a multimedia file and that is  connected to
the network via a server and a client connected to the
network. The client can  request the transfer of the
multimedia file from the server and the multimedia
file includes  meta data concerning the multimedia
file and the meta data includes at least one statement
comprising a subject, a predicate, an object and an
authority. A multimedia file in accordance with the
present invention including at least one  encoded
video track, at least one encoded audio track and a
plurality of encoded text strings.  The encoded text
strings describe characteristics of the at least one
video track and at least  



one audio track. In a further embodiment, a plurality
of the text strings describe the same characteristic
of a video track or audio track using different
languages. Another embodiment also includes at least
one encoded subtitle track. The plurality of  encoded
text strings include strings describing
characteristics of the subtitle track. A system for
creating a multimedia file in accordance with the
present invention  including a processor configured to
encode at least one video track, encode at least one
audio  track, interleave at least one of the encoded
audio tracks with a video track and insert text
strings describing each of a number of characteristics
of the at least one video track and the at  least one
audio track in a plurality of languages. A system for
displaying a multimedia file including encoded audio,
video and text  strings in accordance with the present
invention including a processor configured to extract
the encoded text strings from the file and generate a
pull down menu display using the text  strings. BRIEF
DESCRIPTION OF THE DRAWINGS FIG. 1. is a diagram of a
system in accordance with an embodiment of the present
invention for encoding, distributing and decoding
files. FIG. 2.0. is a diagram of the structure of a
multimedia file in accordance with an  embodiment of
the present invention. FIG. 2.0.1. is a diagram of the
structure of a multimedia file in accordance with
another embodiment of the present invention. FIG 2.1.
is a conceptual diagram of a `hdrl' list chunk in
accordance with one 30 35 embodiment of the invention.
FIG. 2.2. is a conceptual diagram of a `strl' chunk in
accordance with an embodiment  of the invention. WO
2005/057906 PCT/US2004/041667 5 10 15 20 25 30 35 FIG.
2.3. is a conceptual diagram of the memory allocated
to store a `DXDT' chunk  of a multimedia file in
accordance with an embodiment of the invention. FIG.
2.3.1. is a conceptual diagram of `meta data' chunks
that can be included in a  `DXDT' chunk of a
multimedia file in accordance with an embodiment of
the invention. FIG. 2.4. is a conceptual diagram of
the `DMNU' chunk in accordance with an  embodiment of
the invention. FIG. 2.5. is a conceptual diagram of
menu chunks contained in a  



`WowMenuManager' chunk in accordance with an
embodiment of the invention. FIG. 2.6. is a conceptual
diagram of menu chunks contained within a
`WowMenuManager' chunk in accordance with another
embodiment of the invention. FIG. 2.6.1. is a
conceptual diagram illustrating the relationships
between the various  chunks contained within a `DMNU'
chunk. FIG. 2.7. is a conceptual diagram of the `movi'
list chunk of a multimedia file in  accordance with an
embodiment of the invention. FIG. 2.8. is a conceptual
diagram of the `movi' list chunk of a multimedia file
in  accordance with an embodiment of the invention
that includes DRM. FIG. 2.9. is a conceptual diagram
of the `DRM' chunk in accordance with an  embodiment
of the invention. FIG. 3.0. is a block diagram of a
system for generating a multimedia file in  accordance
with an embodiment of the invention. FIG. 3.1. is a
block diagram of a system to generate a `DXDT' chunk
in accordance  with an embodiment of the invention.
FIG. 3.2. is a block diagram of a system to generate a
`DMNU' chunk in accordance  with an embodiment of the
invention. FIG. 3.3. is a conceptual diagram of a
media model in accordance with an  embodiment of the
invention. FIG. 3.3.1. is a conceptual diagram of
objects from a media model that can be used to
automatically generate a small menu in accordance with
an embodiment of the invention.  FIG. 3.4. is a
flowchart of a process that can be used to re-chunk
audio in accordance  with an embodiment of the
invention. FIG. 3.5. is a block diagram of a video
encoder in accordance with an embodiment of  the
present. FIG. 3.6. is a flowchart of a method of
performing smoothness psychovisual  enhancement on an
I frame in accordance with embodiments of the
invention. FIG. 3.7. is a flowchart of a process for
performing a macroblock SAD psychovisual  enhancement
in accordance with an embodiment of the invention.
FIG. 3.8. is a flowchart of a process for one pass
rate control in accordance with an embodiment of the
invention. -13 WO 2005/057906 PCT/US2004/041667 1 5 10
15 25 30 35 FIG. 3.9. is a flowchart of a process for
performing Nth pass VBV rate control in  accordance
with an embodiment of the invention. 



FIG. 4.0. is a flowchart for a process for locating
the required multimedia information  from a multimedia
file and displaying the multimedia information in
accordance with an  embodiment of the invention. FIG.
4.1. is a block diagram of a decoder in accordance
with an embodiment of the  invention. FIG. 4.2. is an
example of a menu displayed in accordance with an
embodiment of the  invention. FIG 4.3. is a conceptual
diagram showing the sources of information used to
generate  the display shown in FIG. 4.2 in accordance
with an embodiment of the invention. DETAILED
DESCRIPTION OF THE INVENTION Referring to the
drawings, embodiments of the present invention are
capable of  encoding, transmitting and decoding
multimedia files. Multimedia files in accordance with
embodiments of the present invention can contain
multiple video tracks, multiple audio  tracks,
multiple subtitle tracks, data that can be used to
generate a menu interface to access  the contents of
the file and `meta data' concerning the contents of
the file. Multimedia files in  accordance with several
embodiments of the present invention also include
references to  video tracks, audio tracks, subtitle
tracks and `meta data' external to the file. 1.
DESCRIPTION OF SYSTEM Turning now to FIG. 1, a system
in accordance with an embodiment of the present
invention for encoding, distributing and decoding
files is shown. The system 10 includes a  computer 12,
which is connected to a variety of other computing
devices via a network 14.  Devices that can be
connected to the network include a server 16, a
lap-top computer 18 and  a personal digital assistant
(PDA) 20. In various embodiments, the connections
between the  devices and the network can be either
wired or wireless and implemented using any of a
variety of networking protocols. In operation, the
computer 12 can be used to encode multimedia files in
accordance  with an embodiment of the present
invention. The computer 12 can also be used to decode
multimedia files in accordance with embodiments of the
present invention and distribute  multimedia files in
accordance with embodiments of the present invention.
The computer can  distribute files using any of a
variety of file transfer protocols including via a
peer-to-peer  network. In addition, the computer 12
can transfer multimedia files in accordance with
embodiments of the present invention to a server 18,
where the files can be accessed by other  devices. The
other devices can include any variety of computing
device or even a dedicated  decoder device. In the
illustrated embodiment, a lap-top computer and a PDA
are shown. In -14 WO 2005/057906 PCT/US2004/041667 1 5
10 15 20 25 



30 35 other embodiments, digital set-top boxes,
desk-top computers, game machines, consumer
electronics devices and other devices can be connected
to the network, download the  multimedia files and
decode them. In one embodiment, the devices access the
multimedia files from the server via the  network. In
other embodiments, the devices access the multimedia
files from a number of  computers via a peer-to-peer
network. In several embodiments, multimedia files can
be  written to a portable storage device such as a
disk drive, CD-ROM or DVD. In many  embodiments,
electronic devices can access multimedia files written
to portable storage  devices. 2. DESCRIPTION OF FILE
STRUCTURE Multimedia files in accordance with
embodiments of the present invention can be
structured to be compliant with the Resource
Interchange File Format (`RIFF file format'),  defined
by Microsoft Corporation of Redmond, WA and
International Business Machines  Corporation of
Armonk, NY. RIFF is a file format for storing
multimedia data and associated  information. A RIFF
file typically has an 8-byte RIFF header, which
identifies the file and  provides the residual length
of the file after the header (i.e. file_length - 8).
The entire  remainder of the RIFF file comprises
"chunks" and "lists." Each chunk has an 8-byte chunk
header identifying the type of chunk, and giving the
length in bytes of the data following the  chunk
header. Each list has an 8-byte list header
identifying the type of list and giving the  length in
bytes of the data following the list header. The data
in a list comprises chunks  and/or other lists (which
in turn may comprise chunks and/or other lists). RIFF
lists are also  sometimes referred to as "list
chunks." An AVI file is a special form of RIFF file
that follow the format of a RIFF file, but include
various chunks and lists with defined identifiers that
contain multimedia data in  particular formats. The
AVI format was developed and defined by Microsoft
Corporation.  AVI files are typically created using a
encoder that can output multimedia data in the AVI
format. AVI files are typically decoded by any of a
group of software collectively known as  AVI decoders.
The RIFF and AVI formats are flexible in that they
only define chunks and lists that  are part of the
defined file format, but allow files to also include
lists and/or chunks that are  outside the RIFF and/or
AVI file format definitions without rendering the file
unreadable by a  RIFF and/or AVI decoder. In practice,
AVI (and similarly RIFF) decoders are implemented  so
that they simply ignore lists and chunks that contain
header information not found in the  AVI file format
definition. The AVI decoder must still read through
these non-AVI chunks  and lists and so the operation
of the AVI decoder may be slowed, but otherwise, they
generally have no effect on and are ignored by an AVI
decoder. WO 2005/057906 PCT/US2004/0 t 1667 5 10 15 



20 25 30 35 A multimedia file in accordance with an
embodiment of the present invention is  illustrated in
FIG. 2.0. The illustrated multimedia file 30 includes
a character set chunk  ('CSET' chunk) 32, an
information list chunk ('INFO' list chunk) 34, a file
header chunk  (`hdrl' list chunk) 36, a meta data
chunk ('DXDT' chunk) 38, a menu chunk (`DMNU  chunk)
40, a junk chunk (`junk' chunk) 41, the movie list
chunk ('movi' list chunk) 42, an  optional index chunk
(`idxl' chunk) 44 and a second menu chunk (`DMNU'
chunk) 46.  Some of these chunks and portions of
others are defined in the AVI file format while others
are not contained in the AVI file format. In many, but
not all, cases, the discussion below  identifies
chunks or portions of chunks that are defined as part
of the AVI file format. Another multimedia file in
accordance with an embodiment of the present invention
is  shown in FIG. 2.0.1. The multimedia file 30' is
similar to that shown in FIG. 2.0. except that  the
file includes multiple concatenated `RIFF' chunks. The
`RIFF' chunks can contain a  `RIFF' chunk similar to
that shown in FIG. 2.0. that can exclude the second
`DMNU' chunk  46 or can contain menu information in
the form of a `DMNU' chunk 46'. In the illustrated
embodiment, the multimedia includes multiple
concatenated `RIFF'  chunks, where the first `RIFF'
chunk 50 includes a character set chunk ('CSET' chunk)
32',  an information list chunk ('INFO' list chunk)
34', a file header chunk ('hdrl' list chunk) 36',  a
meta data chunk (`DX)T' chunk) 38', a menu chunk
('DMNU' chunk) 40', a junk chunk  (`junk' chunk) 41',
the movie list chunk ('movi' list chunk) 42' and an
optional index chunk  ('idxl' chunk) 44'. The second
`RIFF' chunk 52 contains a second menu chunk ('DMNU'
chunk) 46'. Additional `RIFF' chunks 54 containing
additional titles can be included after the  `RIFF'
menu chunk 52. The additional `RIFF' chunks can
contain independent media in  compliant AVI file
format. In one embodiment, the second menu chunk 46'
and the  additional `RIFF' chunks have specialized 4
character codes (defined in the AVI format and
discussed below) such that the first two characters of
the 4 character codes appear as the  second two
characters and the second two characters of the 4
character codes appear as the  first two characters.
2.1. The `CSET' chunk The `CSET' chunk 32 is a chunk
defined in the Audio Video Interleave file format
(AVI file format), created by Microsoft Corporation.
The `CSET' chunk defines the character  set and
language information of the multimedia file. Inclusion
of a `CSET' chunk in  accordance with embodiments of
the present invention is optional. A multimedia file
in accordance with one embodiment of the present
invention does  not use the `CSET' chunk and uses
UTF-8, which is defined by the Unicode Consortium, for
the character set by default combined with RFC 3066
Language Specification, which is  defined by Internet
Engineering Task Force for the language information.
WO 2005/057906 PCT/US2004/041667 5 



10 15 2.2. The `INFO' list chunk The 'INFO' list chunk
34 can store information that helps identify the
contents of the  multimedia file. The 'INFO' list is
defined in the AVI file format and its inclusion in a
multimedia file in accordance with embodiments of the
present invention is optional. Many  embodiments that
include a `DXDT' chunk do not include an 'INFO' list
chunk. the invention that includes a single video
track 62, two audio tracks 64, an external audio 2.3.
The `hdrl' list chunk The `hdrl' list chunk 38 is
defined in the AVI file format and provides
information  concerning the format of the data in the
multimedia file. Inclusion of a `hdrl' list chunk or a
chunk containing similar description information is
generally required. The `hdrl' list chunk  includes a
chunk for each video track, each audio track and each
subtitle track. A conceptual diagram of a `hdrl' list
chunk 38 in accordance with one embodiment of track
66, two subtitle tracks 68 and an external subtitle
track 70 is illustrated in FIG 2.1. The  `hdrl' list
60 includes an `avih' chunk. The `avih' chunk 60
contains global information for  the entire file, such
as the number of streams within the file and the width
and height of the  video contained in the multimedia
file. The `avih' chunk can be implemented in
accordance  with the AVI file format. In addition to
the `avih' chunk, the `hdrl' list includes a stream
descriptor list for each 20 audio, video and subtitle
track. In one embodiment, the stream descriptor list
is implemented 25 30 35 file format. Of particular
interest is the `strh' chunk 92, which specifies the
type of media using `strl' chunks. A `strl' chunk in
accordance with an embodiment of the present invention
is illustrated in FIG. 2.2. Each `strl' chunk serves
to describe each track in the multimedia  file. The
`strl' chunks for the audio, video and subtitle tracks
within the multimedia file  include a `strl' chunk
that references a `strh' chunk 92, a `strf chunk 94, a
`strd' chunk 96  and a `strh' chunk 98. All of these
chunks can be implemented in accordance with the AVI
track, and the `strd' chunk 96, which can be modified
to indicate whether the video is  protected by digital
rights management. A discussion of various
implementations of digital  rights management in
accordance with embodiments of the present invention
is provided.  below. Multimedia files in accordance
with embodiments of the present invention can  contain
references to external files holding multimedia
information such as an additional  audio track or an
additional subtitle track. The references to these
tracks can either be contained in the `hdrl' chunk or
in the `junk' chunk 41. In either case, the reference
can be  contained in the `strh' chunk 92 of a `strl'
chunk 90, which references either a local file or a
file stored remotely. The referenced file can be a
standard AVI file or a multimedia file in  accordance
with an embodiment of the present invention containing
the additional track. WO 2005/057906 PCT/US2004/041667



1 5 35 In additional embodiments, the referenced file
can contain any of the chunks that can  be present in
the referencing file including `DMNU' chunks, `DXDT'
chunks and chunks  associated with audio, video and/or
subtitle tracks for a multimedia presentation. For
example, a first multimedia file could include a
`DMNU' chunk (discussed in more detail  below) that
references a first multimedia presentation located
within the `movi' list chunk of  the first multimedia
file and a second multimedia presentation within the
'niovi' list chunk of  a second multimedia file.
Alternatively, both `movi' list chunks can be included
in the same  multimedia file, which need not be the
same file as the file in which the `DMNU' chunk is
located. 2.4. The `DXDT' chunk The `DXDT' chunk 38
contains so called `meta data'. `Meta data' is a term
used to  describe data that provides information about
the contents of a file, document or broadcast.  The
`meta data' stored within the `DXDT' chunk of
multimedia files in accordance with  embodiments of
the present invention can be used to store such
content specific information  as title, author,
copyright holder and cast. In addition, technical
details about the codec used  to encode the multimedia
file can be provided such as the CLI options used and
the quantizer  distribution after each pass. In one
embodiment, the meta data is represented within the
`DXDT' chunk as a series  of statements, where each
statement includes a subject, a predicate, an object
and an  authority. The subject is a reference to what
is being described. The subject can reference a  file,
item, person or organization. The subject can
reference anything having characteristics  capable of
description. The predicate identifies a characteristic
of the subject that is being  described. The object is
a description of the identified characteristic of the
subject and the  authority identifies the source of
the information. The following is a table showing an
example of how various pieces of `meta data',  can be
represented as an object, a predicate, a subject and
an authority: SubjectPredicateObjectAuthority
_:file281http://purl.ore/ The Matrix_:auth42
do/elements/1. 1/title :file281http://xmins.di
:cast871_:auth42 vxnetworks.co m/2004/1 1/cas t#Person
:fi1e281http://xmins.di:cast872:auth42 1 5 



10 15 20 25 30 35 WO 2005/057906 PCT/US2004/041667
vxnetworks.co m/2004/11/cas t#Person
:file281httn://xmins.di _:cast873-:auth42
vxnetworks.co m/2004/11/cas t#Person
:cast871http://xmins.diKeanu Reeves-:auth42
vxnetworks.co m/2004/11/cas t#name
:cast871http://xmins.diActor:auth42 vxnetworks.co
m/2004/11/cas t#role :cast871http://xmlns.diNeo:auth42
vxnetworks.co m/2004/11/cas t#character
:cast282http://xmins.diAndy Wachowski:auth42
vxnetworks.co_ m/2004/11/cas t#name
_:cast282httu://xmins.di Director-:auth42
vxnetworks.co m/2004/11/cas t#role
_:cast283http://xmins.diLarry Wachowski:auth42
vxnetworls.co m/2004/11/cas t#name
:cast283http://xmins.diDirector:auth42 



vxnetworks.co- m12004/11/cas t#role
:fi1e281http://purl.org/ Copyright 1998 Warner
Brothers. _ auth42 do/elements/l.All Rights Reserved.
5 10 15 20 25 30 35 WO 2005/057906 PCT/US2004/041667
1/rights :file281Series:fi1e321:auth42
:file321Episode2:auth42 :fi1e321httn://uurl.org/ The
Matrix Reloaded_auth42 do/elements/1. 1/title
:file321Series:filel22:auth42 :file122Episode3:auth42
httn://xmins.co  _:auth42m/foaf/0.1/Org
:foaf92_:auth42 anization :foaf92http//xmins.co Warner
Brothers_:auth42 m/foaf/0.1/na me
:file281http://xmllns.d :track#dc00_:auth42
ivxnetworks.c om/2004/11/tr ack#traclc
:track#dcOOhttp//xmins.di 1024x768auth42 vxnetworks.co



m/2004/11/ha clc#resolution _:file281http://xmins.di
HT:auth42 vxnetworks.co m/2004/11/con tent#certificati
onLevel _:track#dc00http://xmins.di 32,1,3,5_:auth42
vxnetworks.co m/2004/11/tra ck#frameTvpe  Dist
:tracld#dcOOhttp://xmins.dibvl 276 -psy 0 -key 300 -b
1 -sc_:auth42 vxnetworks.co50 -pq 5 -vbv
m/2004/11/tra6951200,3145728,2359296 -
ck#codecSettiprofile 3 -nf n s 1 5 10 15 20 25 30 35
WO 2005/057906 Table 1 - Conceptual representation of
`meta data' PCT/US2004/041667 In one embodiment, the
expression of the subject, predicate, object and
authority is  implemented using binary representations
of the data, which can be considered to form
Directed-Labeled Graphs (DLGs). A DLG consists of
nodes that are either resources or  literals.
Resources are identifiers, which can either be
conformant to a naming convention  such as a Universal
Resource Identifier ("URI") as defined in RFC 2396 by
the Internet  Engineering Taskforce
(http://www.ietf.org/rfc/rfc2396.txt) or refer to data
specific to the  system itself. Literals are
representations of an actual value, rather than a
reference. An advantage of DLGs is that they allow the
inclusion of a flexible number of items  of data that
are of the same type, such as cast members of a movie.
In the example shown in  Table 1, three cast members
are included. However, any number of cast members can
be  included. DLGs also allow relational connections
to other data types. In Table 1, there is a  



`meta data' item that has a subject "_:file281," a
predicate "Series," and an object  "_:fi1e321." The
subject "_:file281" indicates that the `meta data'
refers to the content of the  file referenced as
"_:file321" (in this case, the movie "The Matrix").
The predicate is  "Series," indicating that the object
will have information about another movie in the
series to  which "The Matrix" belongs. However,
"_:file321" is not the title or any other specific
information about the series that includes "The
Matrix," but rather a reference to another  entry that
provides more information about :file321". The next
`meta data' entry, with the  subject "_:fi1e321",
however, includes data about "_:fi1e321," namely that
the Title as  specified by the Dublin Core Vocabulary
as indicated by
"http://purl.org/dc/elements/l.1/title" of this sequel
is "The Matrix Reloaded." Additional `meta data'
statements in Table 1 specify that Keanu Reeves was a
member of the cast playing the role of Neo and that
both Larry and Andy Wachowski were  directors.
Technical information is also expressed in the `meta
data.' The `meta data'  statements identify that
"_:file281" includes track " :track#dc00." The `meta
data' provides  information including the resolution
of the video track, the certification level of the
video  track and the codec settings. Although not
shown in Table 1, the `meta data' can also include  a
unique identifier assigned to a track at the time of
encoding. When unique identifiers are  used, encoding
the same content multiple times will result in a
different identifier for each  encoded version of the
content. However, a copy of the encoded video track
would retain the  identifier of the track from which
it was copied. The entries shown in Table I can be
substituted with other vocabularies such as the  UPnP
vocabulary, which is defined by the UPnP forum (see
http://www.upnpfonun.org).  Another alternative would
be the Digital Item Declaration Language (DIDL) or
DIDL-Lite  vocabularies developed by the International
Standards Organization as part of work towards 1 I  I
i WO 2005/057906 PCTIUS2004/041667 1the MPEG-21
standard. The following are examples of predicates
within the UPnP vocabulary:
um:schemas-upnp-org:metadata-1-0/upnp/artist
um:schemas-upnp-org:metadata-1-0/upnp/actor
um:schemas-upnp-org:metadata-1-0/upnp/author
5um:schemas-upnp-org:metadata-1-0/upnp/producer
um:schemas-upnp-org:metadata-l-0/upnp/director
um:schemas-upnp-org:metadata-l-0/upnp/genre
um:schemas-upnp-org:metadata-1-0/upnp/album 



10urn: schemas-upnp-org:metadata-l-0/upnp/playlist
urn:
schemas-upnp-org:metadata-l-0/upnp/originalTrackNumber
um:schemas-upnp-org:metadata-l-0/upnp/userAnnotation
The authority for all of the `meta data' is
`_:auth42.' `Meta data' statements show that _:auth42'
is `Warner Brothers.' The authority enables the
evaluation of both the quality of 15the file and the
`meta data' statements associated with the file. Nodes
into a graph are connected via named resource nodes. A
statement of `meta data' consist of a subject node, a
predicate node and an object node. Optionally, an
authority 20node can be connected to the DLG as part
of the `meta data' statement. For each node, there are
certain characteristics that help further explain the
functionality of the node. The possible types can be
represented as follows using the ANSI C programming
language: 25/** Invalid Type */ #define RDF
IDENTIFIER_TYPE UNKNOWN Ox00 /** Resource URI
rdf:about */ #define RDF_IDENTIFIER_TYPE_RESOURCE0x01
30:file or generated N-Triples */  /** rdf:Nodeld, _
#define RDF_IDENTIFIER_TYPE_ANONYMOUS 0x02 /**
Predicate URI */ #defime RDF IDENTIFIER TYPE
PREDICATE0x03 <n> */  35rdf:  /** rdf li _  , .0x04
#define RDF IDENTIFIER_TYPE_ORDINAL  /** Authority URI
*/ WO 2005/057906 PCT/US2004/041667 



1 #define RDF IDENTIFIER_TYPE_AUTHORITY 0x05 /** UTF-8
formatted literal *f #defme
RDF_IDENTIFIER_TYPE_LITERAL 0x06 5 /** Literal Integer
*/ #define RDF_IDENTIFIER TYPE_TNT 0x07 /** Literal
XML data */ #define RDF_IDENTIFIER_TYPE_XML LITERAL
0x08 10 An example of a data structure (represented in
the ANSI C programming language)  that represents the
`meta data' chunks contained within the `DXDT' chunk
is as follows: typedef struct RDFDataStruct 15 20 25
RDFHeader Header;  uint32_t numOfStatements;
RDFStatement statements[RDF_MAX_STATEMENTS];  }
RDFData The 'RDFData' chunk includes a chunk referred
to as an `RDFHeader' chunk, a value  `numOfStatements'
and a list of `RDFStatement' chunks. The `RDFHeader'
chunk contains information about the manner in which
the `meta  data' is formatted in the chunk. In one
embodiment, the data in the `RDFHeader' chunk can  be
represented as follows (represented in ANSI C):
typedef struct RDFHeaderStruct  { 30 35 uint 16_t
versionMajor;  uintl6_t versionMinor;  uintl6_t
versionFix;  uint 16_t numOfSchemas; RDFSchema
schemas[RDF MAX_SCHEMAS];  } RDFHeader; The
`RDFHeader' chunk includes a number `version' that
indicates the version of the  resource description
format to enable forward compatibility. The header
includes a second  number `numOfSchemas' that
represents the number of `RDFSchema' chunks in the
list 1 5 WO 2005/057906 PCT/US2004/041667 



`schemas', which also forms part of the `RDFHeader'
chunk. In several embodiments, the  `RDFSchema' chunks
are used to enable complex resources to be represented
more  efficiently. In one embodiment, the data
contained in a `RDFSchema' chunk can be  represented
as follows (represented in ANSI C): typedef struct
RDFSchemaStruct  { 10 15 20 25 30 35 wchar t* prefix;
wchar t* uri; } RDFSchema; The `RDFSchema' chunk
includes a first string of text such as `dc'
identified as  `prefix' and a second string of text
such as 'http://purl.orgldc/elements/1.1/' identified
as  `uri'. The `prefix' defines a term that can be
used in the `meta data' in place of the `uri'. The
`uri' is a Universal Resource Identifier, which can
conform to a specified standardized  vocabulary or be
a specific vocabulary to a particular system.
Returning to the discussion of the 'RDFData' chunk. In
addition to a `RDFHeader'  chunk, the 'RDFData' chunk
also includes a value `numOfStatements' and a list
`statement'  of `RDFStatement' chunks. The value
`numOfStatements' indicates the actual number of
`RDFStatement' chunks in the list `statements' that
contain information. In one embodiment,  the data
contained in the `RDFStatement' chunk can be
represented as follows (represented in  ANSI C):
typedef struct RDFStatementStruct  { RDFSubject
subject;  RDFPredicate predicate;  RDFObject object;
RDFAuthority authority;  } RDFStatement; Each
`RDFStatement' chunk contains a piece of `meta data'
concerning the  multimedia file. The chunks `subject',
`predicate', `object' and `authority' are used to
contain  the various components of the `meta data'
described above. The `subject' is a `RDFSubject'
chunk, which represents the subject portion of the
`meta data' described above. In one embodiment the
data contained within the `RDFSubject'  chunk can be
represented as follows (represented in ANSI C): I 5 WO
2005/057906 



typedef struct RDFSubjectStruct  { uintl6_t type;
wchar t* value; PCT/US2004/041667 } RDFSubject; 10 15
The `RDFSubject' chunk shown above includes a value
`type' that indicates that the  data is either a
Resource or an anonymous node of a piece of `meta
data' and a unicode text  string `value', which
contains data representing the subject of the piece of
`meta data'. In  embodiments where an `RDFSchema'
chunk has been defined the value can be a defined
term instead of a direct reference to a resource. The
`predicate' in a `RDFStatement' chunk is a
`RDFPredicate' chunk, which  represents the predicate
portion of a piece of `meta data'. In one embodiment
the data  contained within a `RDFPredicate' chunk can
be represented as follows (represented in ANSI  C):
typedef struct RDFPredicateStruct  { 20 uintI6_t type;
wchar t* value; } RDFPredicate; 25 30 35 The
`RDFPredicate' chunk shown above includes a value
`type' that indicates that the  data is the predicate
URI or an ordinal list entry of a piece of `meta data'
and a text string  `value,' which contains data
representing the predicate of a piece of `meta data.'
In  embodiments where an `RDFSchema' chunk has been
defined the value can be a defined  term instead of a
direct reference to a resource. The `object' in a
`RDFStatement' chunk is a `RDFObject' chunk, which
represents  the object portion of a piece of `meta
data.' In one embodiment, the data contained in the
`RDFObject' chunk can be represented as follows
(represented in ANSI C): typedef struct
RDFObjectStruct  { uint16_t type;  wchar_t* language;
wchar t* dataTypeURI; -25 WO 2005/057906
PCT/US2004/041667 



wchar_t* value; } RDFObject; 5 10 15 20 25 The
`RDFObject' chunk shown above includes a value `type'
that indicates that the  piece of data is a UTF-8
literal string, a literal integer or literal XML data
of a piece of `meta  data.' The chunk also includes
three values. The first value `language' is used to
represent the  language in which the piece of `meta
data' is expressed (e.g. a film's title may vary in
different languages). In several embodiments, a
standard representation can be used to  identify the
language (such as RFC 3066 - Tags for the
Identification of Languages specified  by the Internet
Engineering Task Force, see
http://www.ietf.orglrfc/rfc3066.txt). The second
value `dataTypeURI' is used to indicate the type of
data that is contained within the `value'  field if it
can not be explicitly indicated by the `type' field.
The URI specified by the  dataTypeURl points to
general RDF URI Vocabulary used to describe the
particular type of  the Data is used. Different
formats in which the URI can be expressed are
described at
http://www.w3.org/TR/rdf-concepts/#section-Datatypes.
In one embodiment, the `value' is a  `wide character.'
In other embodiments, the `value' can be any of a
variety of types of data  from a single bit, to an
image or a video sequence. The `value' contains the
object piece of  the `meta data.' The `authority' in a
`RDFStatement' chunk is a `RDFAuthority' chunk, which
represents the authority portion of a piece of `meta
data.' In one embodiment the data  contained within
the `RDFAuthority' chunk can be represented as follows
(represented in  ANSI C): typedef struct
RDFAuthorityStruct uintl6_t type;  wchar t* value; 30
35 } RDFAuthority; The `RDFAuthority' data structure
shown above includes a value `type' that indicates
the data is a Resource or an anonymous node of a piece
of `meta data.' The `value' contains  the data
representing the authority for the `meta data.' In
embodiments where an  `RDFSchema' chunk has been
defined the value can be a defined term instead of a
direct  reference to a resource. A conceptual
representation of the storage of a `DXDT' chunk of a
multimedia file in  accordance with an embodiment of
the present invention is shown in FIG. 2.3. The `DXDT'
-26 WO 2005/057906 PCT/US2004/041667 1 chunk 38
includes an `RDFHeader' chunk 110, a `numOfStatements'
value 112 and a list of  



RDFStatement chunks 114. The RDFHeader chunk 110
includes a `version' value 116, a  `numOfSchemas'
value 118 and a list of `Schema' chunks 120. Each
`RDFStatement' chunk  114 includes a `RDFSubject'
chunk 122, a `RDFPredicate' chunk 124, a `RDFObject'
chunk 5 126 and a `RDFAuthority' chunk 128. The
`RDFSubject' chunk includes a `type' value 130  and a
`value' value 132. The `RDFPredicate' chunk 124 also
includes a `type' value 134 and  a `value' value 136.
The `RDFObject' chunk 126 includes a `type' value 138,
a `language'  value 140 (shown in the figure as
`lang'), a `dataTypeURI' value 142 (shown in the
figure as  `dataT') and a `value' value 144. The
`RDFAuthority' chunk 128 includes a `type' value 146
10 and a `value' value 148. Although the illustrated
`DXDT' chunk is shown as including a  single `Schema'
chunk and a single `RDFStatement' chunk, one of
ordinary skill in the art  will readily appreciate
that different numbers of `Schema' chunks and
`RDFStatement'  chunks can be used in a chunk that
describes `meta data.' As is discussed below,
multimedia files in accordance with embodiments of the
15 present invention can be continuously modified and
updated. Determining in advance the  `meta data' to
associate with the file itself and the `meta data' to
access remotely (e.g. via the  internet) can be
difficult. Typically, sufficient `meta data' is
contained within a multimedia  file in accordance with
an embodiment of the present invention in order to
describe the  contents of the file. Additional
information can be obtained if the device reviewing
the file is 20 capable of accessing via a network
other devices containing `meta data' referenced from
within the file. The methods of representing `meta
data' described above can be extendable and can
provide the ability to add and remove different `meta
data' fields stored within the file as the  need for
it changes over time. In addition, the representation
of `meta data' can be forward  25 compatible between
revisions. The structured manner in which `meta data'
is represented in accordance with  embodiments of the
present invention enables devices to query the
multimedia file to better  determine its contents. The
query could then be used to update the contents of the
multimedia  file, to obtain additional `meta data'
concerning the multimedia file, generate a menu
relating 30 to the contents of the file or perform any
other function involving the automatic processing of
data represented in a standard format. In addition,
defining the length of each parseable  element of the
`meta data' can increase the ease with which devices
with limited amounts of  memory, such as consumer
electronics devices, can access the `meta data'. In
other embodiments, the `meta data' is represented
using individual chunks for each  35 piece of `meta
data.' Several `DXDT' chunks in accordance with the
present invention  include a binary chunk containing
`meta data' encoded as described above and additional
chunks containing individual pieces of `meta data'
formatted either as described above or in  another
format. In embodiments where binary `meta data' is
included in the `DXDT' chunk, -27 WO 2005/157906
PCT/US2004/041667 1 5 10 



15 20 25 30 35 the binary `meta data' can be
represented using 64-bit encoded ASCII. In other
embodiments,  other binary representations can be
used. Examples of individual chunks that can be
included in the `DXDT' chunk in  accordance with the
present invention are illustrated in FIG. 2.3.1. The
`meta data' includes a  `MetaData' chunk 150 that can
contain a `PixelAspectRatioMetaData' chunk 152a, an
`EncoderURtMetaData' chunk 152b, a
`CodecSettingsMetaData' chunk 152c, a
`FrameTypeMetaData' chunk 152d, a
`VideoResolutionMetaData' chunk 152e, a
`PublisherMetaData' chunk 152f, a `CreatorMetaData'
chunk 152g, a `GenreMetaData'  chunk 152h, a
`CreatorToolMetaData' chunk 152i, a `RightsMetaData'
chunk 152j, a
`RunTimeMetaData'chunk152k,a`QuantizerMetaData'chunk15
21, a
`CodechifoMetaData'chunk152m,a`EncoderNameMetaData'chu
nk152n, a
FrameRateMetaData'chunk152o,a`InputSourceMetaData'chun
k152p, a `FileIDMetaData' chunk 152q, a `TypeMetaData'
chunk 152r, a `TitleMetaData' chunk 152s  and/or a
`CertLevelMetaData' chunk 152t. The
`PixelAspectRatioMetaData' chunk 152a includes
information concerning the  pixel aspect ratio of the
encoded video. The `EncodeIURIMetaData' chunk 152b
includes  information concerning the encoder. The
`CodecSettingsMetaData' chunk 152c includes
information concerning the settings of the codec used
to encode the video. The  `FrameTypeMetaData' chunk
152d includes information concerning the video frames.
The  `VideoResolutionMetaData' chunk 152e includes
information concerning the video  resolution of the
encoded video. The `PublisherMetaData' chunk 152f
includes information  concerning the person or
organization that published the media. The
`CreatorMetaData'  chunk 152g includes information
concerning the creator of the content. The
`GenreMetaData'  chunk 152h includes information
concerning the genre of the media. The
`CreatorToolMetaData' chunk 152i includes information
concerning the tool used to create  the file. The
`RightsMetaData' chunk 152j includes information
concerning DRM. The  `RunTimeMetaData' chunk 152k
includes information concerning the run time of the
media.  The `QuantizerMetaData' chunk 1521 includes
information concerning the quantizer used to  encode
the video. The `CodecinfoMetaData' chunk 152m includes
information concerning  the codec. The
`EncoderNameMetaData' chunk 152n includes information
concerning the  name of the encoder. The
FrameRateMetaData' chunk 152o includes information
concerning  the frame rate of the media. The
`InputSourceMetaData' chunk 152p includes information
concerning the input source. The `FileIDMetaData'
chunk 152q includes a unique identifier  for the file.
The `TypeMetaData' chunk 152r includes information
concerning the type of the  multimedia file. The
`TitleMetaData' chunk 152s includes the title of the
media and the  `CertLevelMetaData' chunk 152t includes
information concerning the certification level of  the
media. In other embodiments, additional chunks can be
included that contain additional  



`meta data.' In several embodiments, a chunk
containing `meta data' in a binary format as -28 1 5
10 15 20 25 30 35 WO 2005/057906 PCT/US2004/041667
described above can be included within the `MetaData'
chunk. In one embodiment, the chunk  of binary `meta
data' is encoded as 64-bit ASCII. 2.5. The `DMNU'
chunks Referring to FIGS. 2.0. and 2.0.1., a first
`DMNU' chunk 40 (40') and a second  `DMNU' chunk 46
(46') are shown. In FIG. 2.0. the second `DMNU' chunk
46 forms part of  the multimedia file 30. In the
embodiment illustrated in FIG. 2.0.1., the `DMNU'
chunk 46'  is contained within a separate RIFF chunk.
In both instances, the first and second `DMNU'  chunks
contain data that can be used to display navigable
menus. In one embodiment, the  first `DMNU' chunk 40
(40') contains data that can be used to create a
simple menu that does  not include advanced features
such as extended background animations. In addition,
the  second `DMNU' chunk 46 (46') includes data that
can be used to create a more complex  menu including
such advanced features as an extended animated
background. In several embodiments, providing a simple
and a complex menu can enable a device  to chose the
menu that it wishes to display. Placing the smaller of
the two menus before the  `movi' list chunk 42 enables
devices in accordance with embodiments of the present
invention that cannot display menus to rapidly skip
over information that cannot be  displayed. In other
embodiments, the data required to create a single menu
is split between the  first and second `DMNU' chunks.
Alternatively, the `DMNU' chunk can be a single chunk
before the `movi' chunk containing data for a single
set of menus or multiple sets of menus.  In other
embodiments, the `DMNU' chunk can be a single or
multiple chunks located in other  locations throughout
the multimedia file. In several multimedia files in
accordance with the present invention, the first
`DMNU' chunk 40 (40') can be automatically generated
based on a `richer' menu in the  second `DMNU' chunk
46 (46'). The automatic generation of menus is
discussed in greater  detail below. The structure of a
`DMNU' chunk in accordance with an embodiment of the
present  invention is shown in FIG. 2.4. The `DMNU'
chunk 158 is a list chunk that contains a menu  chunk
160 and an `MRIF' chunk 162. The menu chunk contains
the information necessary to  construct and navigate
through the menus. The `MRIF' chunk contains media
information  



that can be used to provide subtitles, background
video and background audio to the menus.  In several
embodiments, the `DMNU' chunk contains menu
information enabling the display  of menus in several
different languages. In one embodiment, the `WowMenu'
chunk 160 contains the hierarchy of menu  chunk
objects that are conceptually illustrated in FIG. 2.5.
At the top of the hierarchy is the  `WowMenuManager'
chunk 170. The `WowMenuManager' chunk can contain one
or more  `LanguageMenus' chunks 172 and one `Media'
chunk 174. -29 5 10 15 20 25 30 35 WO 2005/057906
PCT/US2004/041667 Use of `LanguageMenus' chunks 172
enables the `DMNU' chunk 158 to contain  menu
information in different languages. Each
`LanguageMenus' chunk 172 contains the  information
used to generate a complete set of menus in a
specified language. Therefore, the  `LanguageMenus'
chunk includes an identifier that identifies the
language of the information  associated with the
`LanguageMenus' chunk. The `LanguageMenus' chunk also
includes a  list of `WowMenu' chunks 175. Each
`WowMenu' chunk 175 contains all of the information to
be displayed on the  screen for a particular menu.
This information can include background video and
audio. The  information can also include data
concerning button actions that can be used to access
other  menus or to exit the menu and commence
displaying a portion of the multimedia file. In one
embodiment, the `WowMenu' chunk 175 includes a list of
references to media. These  references refer to
information contained in the `Media' chunk 174, which
will be discussed  further below. The references to
media can define the background video and background
audio for a menu. The `WowMenu' chunk 175 also defines
an overlay that can be used to  highlight a specific
button, when a menu is first accessed. In addition,
each `WowMenu' chunk 175 includes a number of
`ButtonMenu' chunks  176. Each `ButtonMenu' chunk
defines the properties of an onscreen button. The
`ButtonMenu' chunk can describe such things as the
overlay to use when the button is  highlighted by the
user, the name of the button and what to do in
response to various actions  performed by a user
navigating through the menu. The responses to actions
are defined by  referencing an `Action' chunk 178. A
single action, e.g. selecting a button, can result in
several `Action' chunks being accessed. In embodiments
where the user is capable of  interacting with the
menu using a device such as a mouse that enables an
on-screen pointer to  move around the display in an
unconstrained manner, the on-screen location of the
buttons  can be defined using a `MenuRectangle' chunk
180. Knowledge of the on-screen location of  



the button enables a system to detennine whether a
user is selecting a button, when using a  free ranging
input device. Each `Action' chunk identifies one or
more of a number of different varieties of  action
related chunks, which can include a `PlayAction' chunk
182, a  `MenuTransitionAction' chunk 184, a
`ReturnToPlayAction' chunk 186, an
`AudioselectAction' chunk 188, a
`SubtitileSelectAction' chunk 190 and a
`ButtonTransitionAction' chunk 191. A `PlayAction'
chunk 182 identifies a portion of each  of the video,
audio and subtitle tracks within a multimedia file.
The `PlayAction' chunk  references a portion of the
video track using a reference to a `MediaTrack' chunk
(see  discussion below). The `PlayAction' chunk
identifies audio and subtitle tracks using
`SubtitleTrack' 192 and `AudioTrack' 194 chunks. The
'SubtitleTrack' and `AudioTrack'  chunks both contain
references to a `MediaTrack' chunk 198. When a
`PlayAction' chunk  forms the basis of an action in
accordance with embodiments of the present invention,
the -30 WO 2 0 0 5/05 7 906 PCT/US2004/041667 audio
and subtitle tracks that are selected are determined
by the values of variables set  initially as defaults
and then potentially modified by a user's interactions
with the menu. Each `MenuTransitionAction' chunk 184
contains a reference to a `WowMenu' chunk  175. This
reference can be used to obtain information to
transistion to and display another  5 menu. Each
`RetumToPlayAction' chunk 186 contains information
enabling a player to  return to a portion of the
multimedia file that was being accessed prior to the
user bringing up  a menu. Each `AudioSelectAction'
chunk 188 contains information that can be used to
select a  10 particular audio track. In one
embodiment, the audio track is selected from audio
tracks  contained within a multimedia file in
accordance with an embodiment of the present
invention. In other embodiments, the audio track can
be located in an externally referenced  file. 15 Each
`SubtitleSelectAction' chunk 190 contains information
that can be used to select  a particular subtitle
track. In one embodiment, the subtitle track is
selected from a subtitle  contained within a
multimedia file in accordance with an embodiment of
the present  invention. In other embodiments, the
subtitle track can be located in an externally
referenced  file. Each `ButtonTransitionAction' chunk
191 contains information that can be used to 20
transition to another button in the same menu. This is
performed after other actions associated  with a
button have been performed. The `Media' chunk 174
includes a number of `MediaSource' chunks 166 and
`MediaTrack' chunks 198. The `Media' chunk defines all
of the multimedia tracks (e.g.,  audio, video,
subtitle) used by the feature and the menu system.
Each `MediaSource' chunk 25 196 identifies a RIFF
chunk within the multimedia file in accordance with an
embodiment of  



the present invention, which, in turn, can include
multiple RIFF chunks. Each `MediaTrack'  chunk 198
identifies a portion of a multimedia track within a
RIFF chunk specified by a  `MediaSource' chunk. The
'MRIF chunk 162 is, essentially, its own small
multimedia file that complies  30 with the RIFF
format. The `MRIF chunk contains audio, video and
subtitle tracks that can be  used to provide
background audio and video and overlays for menus. The
`MRIF' chunk can  also contain video to be used as
overlays to indicate highlighted menu buttons. In
embodiments where less menu data is required, the
background video can be a still frame (a  variation of
the AVI format) or a small sequence of identical
frames. In other embodiments,  35 more elaborate
sequences of video can be used to provide the
background video. As discussed above, the various
chunks that form part of a `WowMenu' chunk 175  and
the `WowMenu' chunk itself contain references to
actual media tracks. Each of these  references is
typically to a media track defined in the `hdrl' LIST
chunk of a RIFF chunk. -31 1 5 10 25 30 35 WO
2005/057906 PCT/US2004/041667 Other chunks that can be
used to create a 'DMNU' chunk in accordance with the
present invention are shown in FIG. 2.6. The 'DMNU'
chunk includes a  'WowMenuManager' chunk 170'.
The'WowMenuManager' chunk 170' can contain at least
one 'LanguageMenus' chunk 172', at least one `Media'
chunk 174' and at least one  'TranslationTable' chunk
200. The contents of the 'LangaageMenus' chunk 172' is
largely similar to that of the  'LanguageMenus' chunk
172 illustrated in FIG. 2.5. The main difference is
that the  'PlayAction' chunk 182' does not contain
'SubtitleTrack' chunks 192 and 'AudioTrack'  chunks
194. The `Media' chunk 174' is significantly different
from the `Media' chunk 174 shown  in FIG. 2.5. The
`Media' chunk 174' contains at least one `Title' chunk
202 and at least one  'MenuTracks' chunk 204. The
`Title' chunk refers to a title within the multimedia
file. As  discussed above, multimedia files in
accordance with embodiments of the present invention
can include more than one title (e.g. multiple
episodes in a television series, an related series  of
full length features or simply a selection of
different features). The `MenuTracks' chunk  204
contains information concerning media information that
is used to create a menu display  and the audio
soundtrack and subtitles accompanying the display. The
`Title' chunk can contain at least one `Chapter' chunk
206. The `Chapter' chunk  206 references a scene
within a particular title. The `Chapter' chunk 206
contains references  to the portions of the video
track, each audio track and each subtitle track that
correspond to  



the scene indicated by the `Chapter' chunk. In one
embodiment, the references are  implemented using
'MediaSource' chunks 196' and 'MediaTrack' chunks 198'
similar to  those described above in relation to FIG.
2.5. In several embodiments, a `MediaTrack' chunk
references the appropriate portion of the video track
and a number of additional  `MediaTrack' chunks each
reference one of the audio tracks or subtitle tracks.
In one  embodiment, all of the audio tracks and
subtitle tracks corresponding to a particular video
track are referenced using separate `MediaTrack'
chunks. As described above, the `MenuTracks' chunks
204 contain references to the media  that are used to
generate the audio, video and overlay media of the
menus. In one  embodiment, the references to the media
information are made using 'MediaSource' chunks  196'
and `MediaTrack' chunks 198' contained within the
`MenuTracks' chunk. In one  embodiment, the
'MediaSource' chunks 196' and 'MediaTrack' chunks 198'
are  implemented in the manner described above in
relation to FIG. 2.5. The `TranslationTable' chunk 200
can be used to contain text strings describing each
title and chapter in a variety of languages. In one
embodiment, the 'TranslationTable' chunk  200 includes
at least one 'TranslationLookup' chunk 208. Each
'TranslationLookup' chunk  208 is associated with a
'Title' chunk 202, a 'Chapter' chunk 206 or a
'MediaTrack' chunk  196' and contains a number of
'Translation' chunks 210. Each of the 'Translation'
chunks in -32 1 5 10 15 25 30 35 WO 2005/057906
PCT/US2004/041667 a `TranslationLookup' chunk contains
a text string that describes the chunk associated with
the `TranslationLookup' chunk in a language indicated
by the `Translation' chunk. A diagram conceptually
illustrating the relationships between the various
chunks  contained within a `DMNU' chunk is illustrated
in FIG. 2.6.1. The figure shows the  containment of
one chunk by another chunk using a solid arrow. The
direction in which the  arrow points indicates the
chunk contained by the chunk from which the arrow
originates.  References by one chunk to another chunk
are indicated by a dashed line, where the  referenced
chunk is indicated by the dashed arrow. 2.6. The
`junk' chunk The `junk' chunk 41 is an optional chunk
that can be included in multimedia files in
accordance with embodiments of the present invention.
The nature of the `junk' chunk is  specified in the
AVI file format. 2.7. The `movi' list chunk The `movi'
list chunk 42 contains a number of `data' chunks.
Examples of  



information that `data' chunks can contain are audio,
video or subtitle data. In one  embodiment, the `movi'
list chunk includes data for at least one video track,
multiple audio  tracks and multiple subtitle tracks.
The interleaving of `data' chunks in the `movi' list
chunk 42 of a multimedia file  containing a video
track, three audio tracks and three subtitle tracks is
illustrated in FIG. 2.7.  For convenience sake, a
`data' chunk containing video will be described as a
`video' chunk, a  `data' chunk containing audio will
be referred to as an `audio' chunk and a `data' chunk
containing subtitles will be referenced as a
`subtitle' chunk. In the illustrated `movi' list
chunk 42, each `video' chunk 262 is separated from the
next `video' chunk by `audio' chunks  264 from each of
the audio tracks. In several embodiments, the `audio'
chunks contain the  portion of the audio track
corresponding to the portion of video contained in the
`video'  chunk following the `audio' chunk. Adjacent
`video' chunks may also be separated by one or more
`subtitle' chunks 266  from one of the subtitle
tracks. In one embodiment, the `subtitle' chunk 266
includes a  subtitle and a start time and a stop time.
In several embodiments, the `subtitle' chunk is
interleaved in the `movi' list chunk such that the
`video' chunk following the `subtitle' chunk  includes
the portion of video that occurs at the start time of
the subtitle. In other  embodiments, the start time of
all `subtitle' and `audio' chunks is ahead of the
equivalent  start time of the video. In one
embodiment, the `audio' and `subtitle' chunks can be
placed  within 5 seconds of the corresponding `video'
chunk and in other embodiments the `audio'  and
`subtitle' chunks can be placed within a time related
to the amount of video capable of  being buffered by a
device capable of displaying the audio and video
within the file. -33 WO 2005/057906 1 5 10 15 20 25 30
PCT/US2004/041667 In one embodiment, the `data' chunks
include a `FOURCC' code to identify the  stream to
which the `data' chunk belongs. The `FOURCC' code
consists of a two-digit  stream number followed by a
two-character code that defines the type of
information in the  chunk. (Raider) An alternate
`FOURCC' code consists of a two-character code that
defines  the type of information in the chunk followed
by the two-digit stream number. Examples of  the
two-character code are shown in the following table:
35 Two-character codeDescription dbUncompressed video
frame dcCompressed video frame 



ddDRM key info for the video frame cPalette change
wbAudio data stSubtitle (text mode) sbSubtitle (bitmap
mode) chChapter Table 2 - Selected two-character codes
used in FOURCC codes hi one embodiment, the structure
of the `video' chunks 262 and `audio' chunks 264
complies with the AVI file format. In other
embodiments, other formats for the chunks can be  used
that specify the nature of the media and contain the
encoded media. In several embodiments, the data
contained within a `subtitle' chunk 266 can be
represented as follows: typedef struct _subtitlechunk
{  FOURCC fcc;  DWORD cb; STR duration;  STR subtitle;
} SUBTITLECHUNK; The value `fcc' is the FOURCC code
that indicates the subtitle track and nature of the
subtitle track (text or bitmap mode). The value 'cb'
specifies the size of the structure. The  value
`duration' specifies the time at the starting and
ending point of the subtitle. In one  embodiment, it
can be in the form hh:mm:ss.xxx-hh:mm:ss.xxx. The hh
represent the hours,  mm the minutes, ss the seconds
and xxx the milliseconds. The value `subtitle'
contains either  the Unicode text of the subtitle in
text mode or a bitmap image of the subtitle in the
bitmap WO 2005/057906 PCT/US2004/041667 I mode.
Several embodiments of the present invention use
compressed bitmap images to  represent the subtitle
information. In one embodiment, the `subtitle' field
contains  information concerning the width, height and
onscreen position of the subtitle. In addition,  the
`subtitle' field can also contain color information
and the actual pixels of the bit map. In 5 several
embodiments, run length coding is used to reduce the
amount of pixel information  required to represent the
bitmap. Multimedia files in accordance with
embodiments of the present invention can  include
digital rights management. This information can be
used in video on demand  applications. Multimedia
files that are protected by digital rights management
can only be 10 played back correctly on a player that
has been granted the specific right of playback. In
one  embodiment, the fact that a track is protected by
digital rights management can be indicated  in the
information about the track in the `hdrl' list chunk
(see description above). A  multimedia file in
accordance with an embodiment of the present invention
that includes a  track protected by digital rights
management can also contain information about the
digital  15 rights management in the `movi' list
chunk. A `movi' list chunk of a multimedia file in
accordance with an embodiment of the  



present invention that includes a video track,
multiple audio tracks, at least one subtitle track
and information enabling digital rights management is
illustrated in FIG. 2.8. The `movi' list  chunk 42' is
similar to the `movi' list chunk shown in FIG. 2.7.
with the addition of a `DRM' 20 chunk 270 prior to
each video chunk 262'. The `DRM' chunks 270 are `data'
chunks that  contain digital rights management
information, which can be identified by a FOURCC code
`nndd'. The first two characters `nn' refer to the
track number and the second two characters  are `dd'
to signify that the chunk contains digital rights
management information. In one  embodiment, the `DRM'
chunk 270 provides the digital rights management
information for 25 the `video' chunk 262' following
the `DRM' chunk. A device attempting to play the
digital  rights management protected video track uses
the information in the `DRM' chunk to decode  the
video information in the `video' chunk. Typically, the
absence of a `DRM' chunk before  a `video' chunk is
interpreted as meaning that the `video' chunk is
unprotected. In an encryption system in accordance
with an embodiment of the present invention,  30 the
video chunks are only partially encrypted. Where
partial encryption is used, the `DRM'  chunks contain
a reference to the portion of a `video' chunk that is
encrypted and a reference  to the key that can be used
to decrypt the encrypted portion. The decryption keys
can be  located in a `DRM' header, which is part of
the `strd' chunk (see description above). The
decryption keys are scrambled and encrypted with a
master key. The `DRM' header also  35 contains
information identifying the master key. A conceptual
representation of the information in a `DRM' chunk is
shown in FIG.  2.9. The 'DRM' chunk 270 can include a
`frame' value 280, a `status' value 282, an `offset'
value 284, a `number' value 286 and a `key' value 288.
The `frame' value can be used to -35 I 5 10 15 20 25
30 35 WO 2005/057906 PCT/US200-t/0-41667 reference the
encrypted frame of video. The `status' value can be
used to indicate whether the  frame is encrypted, the
`offset' value 284 points to the start of the
encrypted block within the  frame and the `number'
value 286 indicates the number of encrypted bytes in
the block. The  `key' value 288 references the
decryption key that can be used to decrypt the block.
2.8. The `idxl' chunk The `idxl' chunk 44 is an
optional chunk that can be used to index the `data'
chunks  in the `movi' list chunk 42. In one
embodiment, the `idxl' chunk can be implemented as
specified in the AVI format. In other embodiments, the
`idxl' chunk can be implemented  using data structures
that reference the location within the file of each of
the `data' chunks in  



the `movi' list chunk. In several embodiments, the
`idxl' chunk identifies each `data' chunk  by the
track number of the data and the type of the data. The
FOURCC codes referred to  above can be used for this
purpose. 3. ENCODING A MULTIMEDIA FILE Embodiments of
the present invention can be used to generate
multimedia files in a  number of ways. In one
instance, systems in accordance with embodiments of
the present  invention can generate multimedia files
from files containing separate video tracks, audio
tracks and subtitle tracks. In such instances, other
information such as menu information and  `meta data'
can be authored and inserted into the file. Other
systems in accordance with embodiments of the present
invention can be used  to extract information from the
various files on a Digital Video Disk ("DVD") and
author a  single multimedia file in accordance with an
embodiment of the present invention. Where a  DVD is
the initial source of the information, systems in
accordance with embodiments of the  present invention
can use a codec to obtain greater compression and can
re-chunk the audio  so that the audio chunks
correspond to the video chunks in the newly created
multimedia file.  In addition, the menu information in
the DVD menu system can be parsed and used to
generate menu information included in the multimedia
file. Other embodiments can generate a new multimedia
file by adding additional content  to an existing
multimedia file in accordance with an embodiment of
the present invention. An  example of adding
additional content would be to add an additional audio
track to the file  such as an audio track containing
commentary (e.g. director's comments, after-created
narrative of a vacation video). The additional audio
track information interleaved into the  multimedia
file could also be accompanied by a modification of
the menu information in the  multimedia file to enable
the playing of the new audio track. 3.1. Generation
using stored data tracks WO 2005/057906
PCT/US2004/041667 1 A system in accordance with an
embodiment of the present invention for generating a
multimedia file is illustrated in FIG. 3.0. The main
component of the system 350 is the  interleaver 352.
The interleaver receives chunks of information and
interleaves them to create  a multimedia file in
accordance with an embodiment of the present invention
in the format 5 described above. The interleaver also
receives information concerning `meta data' from a
meta data manager 354. The interleaver outputs a
multimedia file in accordance with  embodiments of the
present invention to a storage device 356. Typically
the chunks provided to the interleaver are stored on a
storage device. In  several embodiments, all of the
chunks are stored on the same storage device. In other
10 embodiments, the chunks may be provided to the
interleaves from a variety of storage devices  or
generated and provided to the interleaver in real
time. In the embodiment illustrated in FIG. 3.0., the
`DMNU' chunk 358 and the `DXDT'  chunk 360 have
already been generated and are stored on storage
devices. The video source  362 is stored on a storage
device and is decoded using a video decoder 364 and
then encoded 15 using a video encoder 366 to generate
a `video' chunk. The audio sources 368 are also stored



on storage devices. Audio chunks are generated by
decoding the audio source using an audio  decoder 370
and then encoding the decoded audio using an audio
encoder 372. `Subtitle'  chunks are generated from
text subtitles 374 stored on a storage device. The
subtitles are  provided to a first transcoder 376,
which converts any of a number of subtitle formats
into a 20 raw bitmap format. In one embodiment, the
stored subtitle format can be a format such as  SRT,
SUB or SSA. In addition, the bitmap format can be that
of a four bit bitmap including a  color palate look-up
table. The color palate look-up table includes a 24
bit color depth  identification for each of the
sixteen possible four bit color codes. A single
multimedia file  can include more than one color
palate look-up table (see "pc" palate FOURCC code in
Table 25 2 above). The four bit bitmap thus allows
each menu to have 16 different simultaneous  colors
taken from a palate of 16 million colors. In
alternative embodiments different  numbers of bit per
pixel and different color depths are used. The output
of the first  transcoder 376 is provided to a second
transcoder 378, which compresses the bitmap. In one
embodiment run length coding is used to compress the
bitmap. In other embodiments, other  30 suitable
compression formats are used. In one embodiment, the
interfaces between the various encoders, decoder and
transcoders conform with Direct Show standards
specified by Microsoft Corporation. In other
embodiments, the software used to perform the
encoding, decoding and transcoding need not  comply
with such standards. 35 In the illustrated embodiment,
separate processing components are shown for each
media source. In other embodiments resources can be
shared. For example, a single audio  decoder and audio
encoder could be used to generate audio chunks from
all of the sources. 1 10 15 20 25 30 35 WO 2005/057906
PCT/US2004/041667 Typically, the entire system can be
implemented on a computer using software and connected
to a storage device such as a hard disk drive. In
order to utilize the interleaver in the manner
described above, the `DMNU' chunk,  the `DXDT' chunk,
the `video' chunks, the `audio' chunks and the
`subtitle' chunks in  accordance with embodiments of
the present invention must be generated and provided
to the  interleaver. The process of generating each of
the various chunks in a multimedia file in  accordance
with an embodiment of the present invention is
discussed in greater detail below. 3.2. Generating a
`DXDT' chunk The `DXDT' chunk can be generated in any
of a number of ways. In one  embodiment, `meta data'
is entered into data structures via a graphical user
interface and then  parsed into a `DXDT' chunk. In one
embodiment, the `meta data' is expressed as series of



subject, predicate, object and authority statements.
In another embodiment, the `meta data'  statements are
expressed in any of a variety of formats. In several
embodiments, each `meta  data' statement is parsed
into a separate chunk. In other embodiments, several
`meta data'  statements in a first format (such as
subject, predicate, object, authority expressions) are
parsed into a first chunk and other `meta data'
statements in other formats are parsed into  separate
chunks. In one embodiment, the `meta data' statements
are written into an XML  configuration file and the
XML configuration file is parsed to create the chunks
within a  `DXDT' chunk. An embodiment of a system for
generating a `DXDT' chunk from a series of `meta
data' statements contained within an XML configuration
file is shown in FIG. 3.1. The  system 380 includes an
XML configuration file 382, which can be provided to a
parser 384.  The XML configuration file includes the
`meta data' encoded as XML. The parser parses the  XML
and generates a `DXDT' chunk 386 by converting the
`meta data' statement into  chunks that are written to
the `DXDT' chunk in accordance with any of the `meta
data' chunk  formats described above. 3.3. Generating
a `DMNU' chunk A system that can be used to generate a
`DMNU' chunk in accordance with an  embodiment of the
present invention is illustrated in FIG. 3.2. The menu
chunk generating  system 420 requires as input a media
model 422 and media information. The media
information can take the form of a video source 424,
an audio source 426 and an overlay  source 428. The
generation of a `DMNU' chunk using the inputs to the
menu chunk generating  system involves the creation of
a number of intermediate files. The media model 422 is
used  to create an XML configuration file 430 and the
media information is used to create a number  of AVI
files 432. The XML configuration file is created by a
model transcoder 434. The AVI -38 WO 2005/057906
PCT/US2004/041667 1 5 10 15 20 25 30 35 files 432 are
created by interleaving the video, audio and overlay
information using an  interleaver 436. The video
information is obtained by using a video decoder 438
and a video  encoder 440 to decode the video source
424 and recode it in the manner discussed below. The
audio information is obtained by using an audio
decoder 442 and an audio encoder 444 to  decode the
audio and encode it in the manner described below. The
overlay information is  generated using a first
transcoder 446 and a second transcoder 448. The first
transcoder 446  converts the overlay into a graphical
representation such as a standard bitmap and the
second  



transcoder takes the graphical information and formats
it as is required for inclusion in the  multimedia
file. Once the XML file and the AVI files containing
the information required to  build the menus have been
generated, the menu generator 450 can use the
information to  generate a `DMNU' chunk 358'. 3.3.1.
The menu model In one embodiment, the media model is
an object-oriented model representing all of  the
menus and their subcomponents. The media model
organizes the menus into a  hierarchical structure,
which allows the menus to be organized by language
selection. A  media model in accordance with an
embodiment of the present invention is illustrated in
FIG.  3.3. The media model 460 includes a top-level
`MediaManager' object 462, which is  associated with a
number of `LanguageMenus' objects 463, a `Media'
object 464 and a  `TranslationTable' object 465. The
`Menu Manager' also contains the default menu
language.  In one embodiment, the default language can
be indicated by ISO 639 two-letter language  code. The
`LanguageMenus' objects organize information for
various menus by language  selection. All of the
`Menu' objects 466 for a given language are associated
with the  `LanguageMenus' object 463 for that
language. Each `Menu' object is associated with a
number of `Button' objects 468 and references a number
of `MediaTrack' objects 488. The  referenced
`MediaTrack' objects 488 indicated the background
video and background audio  for the `Menu' object 466.
Each `Button' object 468 is associated with an
`Action' object 470 and a `Rectangle'  object 484. The
`Button' object 468 also contains a reference to a
`MediaTrack' object 488  that indicates the overlay to
be used when the button is highlighted on a display.
Each  `Action' object 470 is associated with a number
of objects that can include a  `MenuTransition' object
472, a `ButtonTransition' object 474, a `ReturnToPlay'
object 476, a  `Subtitle Selection' object 478, an
`AudioSelection' object 480 and a `PlayAction' object
482. Each of these objects define the response of the
menu system to various inputs from a  user. The
`MenuTransition' object contains a reference to a
`Menu' object that indicates a  menu that should be
transitioned to in response to an action. The
`ButtonTransition' object  indicates a button that
should be highlighted in response to an action. The
`ReturnToPlay' -39 WO 2005/057906 PCT/US2004/041667 1
object can cause a player to resume playing a feature.
The `SubtitleSelection' and  `AudioSelection' objects
contain references to `Title' objects 487 (discussed
below). The  `PlayAction' object contains a reference
to a `Chapter' object 492 (discussed below). The
`Rectangle' object 484 indicates the portion of the
screen occupied by the button. 5 The `Media' object
464 indicates the media information referenced in the
menu  system. The `Media' object has a `MenuTracks'
object 486 and a number of `Title' objects  487
associated with it. The `MenuTracks' object 486
references `MediaTrack' objects 488  that are
indicative of the media used to construct the menus
(i.e. background audio,  background video and
overlays). 



10 The `Title' objects 487 are indicative of a
multimedia presentation and have a number  of
`Chapter' objects 492 and `MediaSource' objects 490
associated with them. The `Title'  objects also
contain a reference to a `TranslationLookup' object
494. The `Chapter' objects  are indicative of a
certain point in a multimedia presentation and have a
number of  `MediaTrack' objects 488 associated with
them. The `Chapter' objects also contain a 15
reference a `TranslationLookup' object 494. Each
`MediaTrack' object associated with a  `Chapter'
object is indicative of a point in either an audio,
video or subtitle track of the  multimedia
presentation and references a `MediaSource' object 490
and a  `TransalationLookup' object 494 (discussed
below). The `TranslationTable' object 465 groups a
number of text strings that describe the  20 various
parts of multimedia presentations indicated by the
`Title' objects, the `Chapter'  objects and the
`MediaTrack' objects. The `TranslationTable' object
465 has a number of  `TranslationLookup' objects 494
associated with it. Each `TranslationLookup' object is
indicative of a particular object and has a number of
`Translation' objects 496 associated with  it. The
`Translation' objects are each indicative of a text
string that describes the object  25 indicated by the
`TranslationLookup' object in a particular language. A
media object model can be constructed using software
configured to generate the  various objects described
above and to establish the required associations and
references  between the objects. 30 35 3.3.2.
Generating an "L file An XML configuration file is
generated from the menu model, which represents all of
the menus and their sub-components. The XML
configuration file also identifies all the  media
files used by the menus. The XML can be generated by
implementing an appropriate  parser application that
parses the object model into XML code. In other
embodiments, a video editing application can provide a
user with a user  interface enabling the direct
generation of an XML configuration file without
creating a menu  model. 5 10 15 20 25 30 35 WO
2005/057906 PCT/US2004/041667 In embodiments where
another menu system is the basis of the menu model,
such as a  DVD menu, the menus can be pruned by the
user to eliminate menu options relating to  content
not included in the multimedia file generated in
accordance with the practice of the  present
invention. In one embodiment, this can be done by
providing a graphical user  



interface enabling the elimination of objects from the
menu model. In another embodiment,  the pruning of
menus can be achieved by providing a graphical user
interface or a text  interface that can edit the XML
configuration file. 3.3.3. The media information When
the `DMNU' chunk is generated, the media information
provided to the menu  generator 450 includes the data
required to provide the background video, background
audio  and foreground overlays for the buttons
specified in the menu model (see description above).
In one embodiment, a video editing application such as
VideoWave distributed by Roxio, Inc.  of Santa Clara,
CA is used to provide the source media tracks that
represent the video, audio  and button selection
overlays for each individual menu. 3.3.4. Generating
intermediate A VIfiles As discussed above, the media
tracks that are used as the background video,
background audio and foreground button overlays are
stored in a single AVI file for one or  more menus.
The chunks that contain the media tracks in a menu AVI
file can be created by  using software designed to
interleave video, audio and button overlay tracks. The
`audio',  `video' and `overlay' chunks (i.e.
`subtitle' chunks containing overlay information) are
interleaved into an AVI format compliant file using an
interleaver. As mentioned above, a separate AVI file
can be created for each menu. In other  embodiments,
other file formats or a single file could be used to
contain the media  information used to provide the
background audio, background video and foreground
overlay  information. 3.3.5. Combining the XML
configuration file and the A VIfiles In one
embodiment, a computer is configured to parse
information from the XML  configuration file to create
a `WowMenu' chunk (described above). In addition, the
computer  can create the `MRIF chunk (described above)
using the AVI files that contain the media for  each
menu. The computer can then complete the generation of
the `DMNU' chunk by  creating the necessary references
between the `WowMenu' chunk and the media chunks in
the `MRIF' chunk. In several embodiments, the menu
information can be encrypted.  Encryption can be
achieved by encrypting the media information contained
in the `MRIF  chunk in a similar manner to that
described below in relation to `video' chunks. In
other  embodiments, various alternative encryption
techniques are used. -41 WO 2005/057906 1 5 10 15 20
PCT/US2004/041667 3.3.6. Automatic generation of menus
from the object model Referring back to FIG. 3.3., a
menu that contains less content than the full menu can
be automatically generated from the menu model by
simply examining the `Title' objects 487  



associated with the `Media object 464. The objects
used to automatically generate a menu in  accordance
with an embodiment of the invention are shown in FIG.
3.3.1. Software can  generate an XML configuration
file for a simple menu that simply enables selection
of a  particular section of a multimedia presentation
and selection of the audio and subtitle tracks  to
use. 3.3.7. Generating DXDT' and DMNU' chunks using a
single configuration file  Systems in accordance with
several embodiments of the present invention are
capable of generating a single XML configuration file
containing both `meta data' and menu  information and
using the XML file to generate the `DXDT' and `DMNU'
chunks. These  systems derive the XML configuration
file using the `meta data' information and the menu
object model. In other embodiments, the configuration
file need not be in XML. 3.4. Generating `audio'
chunks The `audio' chunks in the `movi' list chunk of
multimedia files in accordance with  embodiments of
the present invention can be generated by decoding an
audio source and then  encoding the source into
`audio' chunks in accordance with the practice of the
present  invention. In one embodiment, the `audio'
chunks can be encoded using an mp3 codec. 3.4.1.
Re-chunking audio 25 Where the audio source is
provided in chunks that don't contain audio
information  corresponding to the contents of a
corresponding `video' chunk, then embodiments of the
present invention can re-chunk the audio. A process
that can be used to re-chunk audio is  illustrated in
FIG. 3.4. The process 480 involves identifying (482) a
`video' chunk,  identifying (484) the audio
information that accompanies the `video' chunk and
extracting 30 (486) the audio information from the
existing audio chunks to create (488) a new `audio'
chunk. The process is repeated until the decision
(490) is made that the entire audio source  has been
re-chunked. At which point, the rechunking of the
audio is complete (492). 35 3.5. Generating `video'
chunks As described above the process of creating
video chunks can involve decoding the  video source
and encoding the decoded video into `video' chunks. In
one embodiment, each  `video' chunk contains
information for a single frame of video. The decoding
process simply  involves taking video in a particular
format and decoding the video from that format into a
-42 WO 2005/057906 PCT/US2004/041667 1 5 10 15 20 25
30 ` 35 standard video format, which may be
uncompressed. The encoding process involves taking  



the standard video, encoding the video and generating
`video' chunks using the encoded  video. A video
encoder in accordance with an embodiment of the
present invention is  conceptually illustrated in FIG.
3.5. The video encoder 500 preprocesses 502 the
standard  video information 504. Motion estimation 506
is then performed on the preprocessed video to
provide motion compensation 508 to the preprocessed
video. A discrete cosine transform  (DCT
transformation) 510 is performed on the motion
compensated video. Following the  DCT transformation,
the video is quantized 512 and prediction 514 is
performed. A  compressed bitstream 516 is then
generated by combining a texture coded 518 version of
the  video with motion coding 520 generated using the
results of the motion estimation. The  compressed
bitstream is then used to generate the `video' chunks.
In order to perform motion estimation 506, the system
must have knowledge of how  the previously processed
frame of video will be decoded by a decoding device
(e.g. when the  compressed video is uncompressed for
viewing by a player). This information can be
obtained by inverse quantizing 522 the output of the
quantizer 512. An inverse DCT 524 can  then be
performed on the output of the inverse quantizer and
the result placed in a frame store  526 for access
during the motion estimation process. Multimedia files
in accordance with embodiments of the present
invention can also  include a number of psychovisual
enhancements 528. The psychovisual enhancements can be
methods of compressing video based upon human
perceptions of vision. These techniques are  discussed
further below and generally involve modifying the
number of bits used by the  quantizer to represent
various aspects of video. Other aspects of the
encoding process can  also include psychovisual
enhancements. In one embodiment, the entire encoding
system. 500 can be implemented using a  computer
configured to perform the various functions described
above. Examples of detailed  implementations of these
functions are provided below. 3.5.1. Preprocessing The
preprocessing operations 502 that are optionally
performed by an encoder 500 in  accordance with an
embodiment of the present invention can use a number
of signal  processing techniques to improve the
quality of the encoded video. In one embodiment, the
preprocessing 502 can involve one or all of
deinterlacing, temporal/spatial noise reduction  and
resizing. In embodiments where all three of these
preprocessing techniques are used, the  deinterlacing
is typically performed first followed by the
temporal/spatial noise reduction and  the resizing.
3.5.2. Motion estimation and compensation -43 WO
2005/057906 PCT/US2004/041667 1 A video encoder in
accordance with an embodiment of the present invention
can  reduce the number of pixels required to represent
a video track by searching for pixels that  are
repeated in multiple frames. Essentially, each frame
in a video typically contains many of  the same pixels
as the one before it. The encoder can conduct several
types of searches for 



5 matches in pixels between each frame (as
macroblocks, pixels, half-pixels and quarter-pixels)
and eliminates these redundancies whenever possible
without reducing image quality. Using  motion
estimation, the encoder can represent most of the
picture simply by recording the  changes that have
occurred since the last frame instead of storing the
entire picture for every  frame. During motion
estimation, the encoder divides the frame it is
analyzing into an even 10 grid of blocks, often
referred to as `macroblocks'. For each `macroblock' in
the frame, the  encoder can try to find a matching
block in the previous frame. The process of trying to
find  matching blocks is called a `motion search'. The
motion of the `macroblock' can be  represented as a
two dimensional vector, i.e. an (x,y) representation.
The motion search  algorithm can be performed with
various degrees of accuracy. A whole-pel search is one
15 where the encoder will try to locate matching
blocks by stepping through the reference frame  in
either dimension one pixel at a time. Ina half-pixel
search, the encoder searches for a  matching block by
stepping through the reference frame in either
dimension by half of a pixel  at a time. The encoder
can use quarter-pixels, other pixel fractions or
searches involving a  granularity of greater than a
pixel. 20 The encoder embodiment illustrated in FIG.
3.5. performs motion estimation in  accordance with an
embodiment of the present invention. During motion
estimation the  encoder has access to the preprocessed
video 502 and the previous frame, which is stored in a
frame store 526. The previous frame is generated by
taking the output of the quantizer,  performing an
inverse quantization 522 and an inverse DCT
transformation 524. The reason 25 for performing the
inverse functions is so that the frame in the frame
store is as it will appear  when decoded by a player
in accordance with an embodiment of the present
invention.  Motion compensation is performed by taking
the blocks and vectors generated as a result of motion
estimation. The result is an approximation of the
encoded image that can be  matched to the actual image
by providing additional texture information. 30 3.5.3.
Discrete cosine transform The DCT and inverse DCT
performed by the encoder illustrated in FIG. 3.5. are
in  accordance with the standard specified in ISO/IEC
14496-2:2001(E), Annex A.1 (coding  transforms). 35
3.5.3.1. Description of transform 1 5 10 15 20 25 30
35 WO 2005/057906 PCT/US2004/041667 



The DCT is a method of transforming a set of
spatial-domain data points to a  frequency domain
representation. In the case of video compression, a
2-dimensional DCT  converts image blocks into a form
where redundancies are more readily exploitable. A
frequency domain block can be a sparse matrix that is
easily compressed by entropy coding. 3.5.3.2.
Psychovisual enhancements to transform The DCT
coefficients can be modified to improve the quality of
the quantized image  by reducing quantization noise in
areas where it is readily apparent to a human viewer.
In  addition, file size can be reduced by increasing
quantization noise in portions of the image  where it
is not readily discernable by a human viewer. Encoders
in accordance with an embodiment of the present
invention can perform  what is referred to as a `slow'
psychovisual enhancement. The `slow' psychovisual
enhancement analyzes blocks of the video image and
decides whether allowing some noise  there can save
some bits without degrading the video's appearance.
The process uses one  metric per block. The process is
referred to as a `slow' process, because it performs a
considerable amount of computation to avoid blocking
or ringing artifacts. Other embodiments of encoders in
accordance with embodiments of the present  invention
implement a `fast' psychovisual enhancement. The
`fast' psychovisual  enhancement is capable of
controlling where noise appears within a block and can
shape  quantization noise. Both the 'slow' and `fast'
psychovisual enhancements are discussed in greater
detail  below. Other psychovisual enhancements can be
performed in accordance with embodiments  of the
present invention including enhancements that control
noise at image edges and that  seek to concentrate
higher levels of quantization noise in areas of the
image where it is not  readily apparent to human
vision. 3.5.3.3. 'Slow' psychovisual enhancement The
'slow' psychovisual enhancement analyzes blocks of the
video image and  determines whether allowing some
noise can save bits without degrading the video's
appearance. In one embodiment, the algorithm includes
two stages. The first involves  generation of a
differentiated image for the input luminance pixels.
The differentiated image  is generated in the manner
described below. The second stage involves modifying
the DCT  coefficients prior to quantization.
3.5.3.3.1. Generation of differentiated image Each
pixel p',,, of the differentiated image is computed
from the uncompressed  source pixels, pxy, according
to the following: 1 5 10 15 20 25 30 35 



WO 2005/057906 p'X=ma x+jY -Pyl'IPx-ly -Pxyl'IPxr+i
-PxyI'1 xx-i -pxyll  where p'X, will be in the range 0
to 255 (assuming 8 bit video). PCT/US2004/041667
3.5.3.3.2. Modification ofDCTcoefficients The
modification of the DCT coefficients can involve
computation of a block ringing  factor, computation of
block energy and the actual modification of the
coefficient values. 3.5.3.3.3. Computation of block
ringing factor For each block of the image, a "ringing
factor" is calculated based on the local region  of
the differentiated image. In embodiments where the
block is defined as an 8 x 8 block, the  ringing
factor can be determined using the following method.
Initially, a threshold is determined based on the
maximum and minimum luminance  pixels values within
the 8 x 8 block: thresholdblock = floor((max
block-minb/ock/18)+2 The differentiated image and the
threshold are used to generate a map of the "flat"
pixels in the block's neighborhood. The potential for
each block to have a different threshold  prevents the
creation of a map of flat pixels for the entire frame.
The map is generated as  follows: flat,, =1 when p',
<thresholdbl,,k  flat, = 0 otherwise The map of flat
pixels is filtered according to a simple logical
operation:  flat's,,=1 when flat, =1 and flatx_,y = 1
and flat, =1 and flatx_,y-, =1  flat's,, otherwise The
flat pixels in the filtered map are then counted over
the 9x9 region that covers the  8x8 block. f
IQtcountb/ock - f'at's,, for 0 = x = 8 and 0 = y = 8
-46 1 5 WO 2005/057906 PCT/US2004/041667 The risk of
visible ringing artifacts /c/ {an d be evaluated using
the following expression:  ringingbriskbtock =
((flatconntbioak -10)x256+20) 40 The 8x8 block's
ringing factor can then be derived using the following
expression: Ringingfactor = 0 when ringingrisk > 255
= 255 when ringingrisk < 0  =255-ringingrisk otherwise
10 15 20 25 



3.5.3.3.4. Computation of block energy The energy for
blocks of the image can be calculated using the
following procedure.  In several embodiments, 8 x 8
blocks of the image are used. A forward DCT is
performed on the source image:  T=JDCT(S)  where S is
the 64 source-image luminance values of the 8x8 block
in question and T is the transformed version of the
same portion of the source image. The energy at a
particular coefficient position is defined as the
square of that  coefficient's value: ek =tk' for
0=k=63 where tk is the kth coefficient of transformed
block T. 30 35 3.5.3.3.5. Coefficient modification The
modification of the DCT coefficients can be performed
in accordance with the  following process. In several
embodiments, the process is performed for every
non-zero AC  DCT coefficient before quantization. The
magnitude of each coefficient is changed by a small
delta, the value of the delta being determined
according to psychovisual techniques. The DCT
coefficient modification of each non-zero AC
coefficient ck is performed by  calculating an energy
based on local and block energies using the following
formula: energyk = max(ak x ek,0.12 x totalenergy) 1 5
10 15 WO 2005/057906 Table 3 - Coefficient table where
ak is a constant whose value depends on the
coefficient position as described in  the following
table: 0.01.01.52.02.02.02.02.0
1.01.52.02.02.02.02.02.0 1.52.02.02.02.02.02.02.0
2.02.02.02.02.02.02.02.0 2.02.02.02.02.02.02.02.0
2.02.02.02.02.02.02.02.0 2.02.02.02.02.02.02.02.0
2.02.02.02.02.02.02.02.0 The energy can be modified
according to the block's ringing factor using the
following relationship: energy', = ringingfactor x
energy, 20 The resulting value is shifted and clipped
before being used as an input to a look-up  



table (LUT). ek = min(1023,4 x energy', )  dk =LUT.
where i=ek 25 30 35 The look-up table is computed as
follows: LUT =min o se  ue offset, ,of set The va
1-0.5168.5 21.5177.5 31.0189.5 42.5198.5 51.52010.5
63.5219.5 72.52211.5 PCT/US2004/041667 ie x ((i +
0.5)/ 4) + kna, x offset)2 x Qv ) t' e ends on
uantizer as described in the following table:  d l `
-48 1 5 10 WO 2005/057906 PCT/US2004/041667 84.52310.5
93.52412.5 105.52511.5 114.52613.5 126.52712.5
135.52814.5 147.52913.5 156.53015.5 3114.5 Table 4 -
offset as a function of Qp values 15 



The variable kex,,,,e and kgat control the strength of
the of the psychovisual effect in flat  and textured
regions respectively. In one embodiment, they take
values in the range 0 to 1,  with 0 signifying no
effect and 1 meaning full effect. In one embodiment,
the values for  kl,,,,re and kn,,, are established as
follows: Luminance: 20 k,e,,Ye =1.0  kpa,=1.0
Chrominance: krumre = 1.0  kna, = 0.0 25 The output
from the look-up table (dk) is used to modify the
magnitude of the DCT  coefficient by an additive
process: C'k = ck - min(dk, Ick I)x sgn(ck ) 30 35
Finally, the DCT coefficient ck is substituted by the
modified coefficient c 'k and  passed onwards for
quantization. 3.5.3.4. 'Fast' psychovisual enhancement
A `fast' psychovisual enhancement can be performed on
the DCT coefficients by  computing an `importance' map
for the input luminance pixels and then modifying the
DCT  coefficients. 1 5 10 WO 2005/057906
PCT/US2004/041667 3.5.3.4.1. Computing an `importance'
nap An `importance' map can be generated by
calculating an `importance' value for each  pixel in
the luminance place of the input video frame. In
several embodiments, the  'importance' value
approximates the sensitivity of the human eye to any
distortion located at  that particular pixel. The
'importance' map is an array of pixel 'importance'
values. The 'importance' of a pixel can be determined
by first calculating the dynamic range  of a block of
pixels surrounding the pixel (dam). In several
embodiments the dynamic range of  a 3 x 3 block of
pixels centered on the pixel location (x, y) is
computed by subtracting the  value of the darkest
pixel in the area from the value of the lightest pixel
in the area. The 'importance' of a pixel (mom,) can be
derived from the pixel's dynamic range as  follows:
m,, = 0.08/max(dxy,3)+ 0.001 15 20 



25 3.5.3.4.2. Modifying DCT coefficients In one
embodiment, the modification of the DCT coefficients
involves the generation  of basis-function energy
matrices and delta look up tables. 3.5.3.4.3.
Generation of basis function energy matrices A set of
basis-function energy matrices can be used in
modifying the DCT  coefficients. These matrices
contain constant values that may be computed prior to
encoding.  An 8 x 8 matrix is used for each of the 64
DCT basis functions. Each matrix describes how  every
pixel in an 8 x 8 block will be impacted by
modification of its corresponding  coefficient. The
kth basis-function energy matrix is derived by taking
an 8 x 8 matrix Ak with  the corresponding coefficient
set to 100 and the other coefficients set to 0. ak,
=100 if n = k  = 0 otherwise 30 35 where  n represents
the coefficient position within the 8 x 8 matrix; 0 =
is = 63 An inverse DCT is performed on the matrix to
yield a further 8 x 8 matrix A'k. The  elements of the
matrix (a'k") represent the kth DCT basis function.
A'k = iDCT(Ak Each value in the transformed matrix is
then squared: -50 WO 2005/057906 PCT/US2004/041667 I 5
10 15 bF" = a's, 2 for O=n=63 The process is carried
out 64 times to produce the basis function energy
matrices Bk, 0  = k = 63, each comprising 64 natural
values. Each matrix value is a measure of how much a
pixel at the nth position in the 8 x 8 block will be
impacted by any error or modification of  the
coefficient k. 3.5.3.4.4. Generation of delta look-up
table A look-up table (L U7) can be used to expedite
the computation of the coefficient  modification
delta. The contents of the table can be generated in a
manner that is dependent  upon the desired strength of
the `fast' psychovisual enhancement and the quantizer
parameter  (Q). The values of the look-up table can be
generated according to the following  relationship:
LUT. =min(floor(128xkr n,re xstrengthi(i+0.5)+kna,
xoffset+0.512xQp 20 25 



30 35 where  i is the position within the table, 0 = i
= 1023. strength and offset depend on the quantizer,
Q,, as described in the following table:
strengthoffsetsiren thoffset 10.2-0.5162.08.5
20.61.5172.07.5 31.01.0182.09.5 41.22.5192.08.5
51.31.5202.010.5 61.43.5212.09.5 71.62.5222.011.5
81.84.5232.010.5 92.03.5242.012.5 102.05.5252.011.5
112.04.5262.013.5 122.06.5272.012.5 132.05.5282.014.5
142.07.5292.013.5 152.06.5302.015.5 -51 WO 2005/057906
1 31 2.0 PCT/US2004/041667 14.5 Table 5 - Relationship
between values of strength and offset and the value of
Qp 5 The variable kt&,,,,e and kfat control the
strength of the of the psychovisual effect in flat
and textured regions respectively. In one embodiment,
they take values in the range 0 to 1,  with 0
signifying no effect and 1 meaning full effect. In one
embodiment, the values for  ktextu,e and kpat are
established as follows: Luminance:  10 k,~,u,e =1.0
knot =1.0 15 20 25 Chrominance: ktezu,.e =1.0  



kflet = 0.0 3.5.3.4.5. Modification ofDCT coefficients
The DCT coefficients can be modified using the values
calculated above. In one  embodiment, each non-zero AC
DCT coefficient is modified in accordance with the
following procedure prior to quantization. Initially,
an `energy' value (ek) is computed by taking the dot
product of the  corresponding basis function energy
matrix and the appropriate 8 x 8 block from the
importance map. This `energy' is a measure of how
quantization errors at the particular  coefficient
would be perceived by a human viewer. It is the sum of
the product of pixel  importance and pixel
basis-function energy: =M-Bk 30 35 where  M contains
the 8 x 8 block's importance map values; and  Bk is
the kth basis function energy matrix. The resulting
`energy' value is shifted and clipped before being
used as an index  (dk)into the delta look-up table.
ell. = min[1023, floor(ek /32768)]  dk =LUT WO
2005/057906 PCT/US2004/041667 1 5 where  i=ek The
output of the delta look-up table is used to modify
the magnitude of the DCT  coefficient by an additive
process: CI k = Ck - mm(dk , ICk i)X Sign(Ck 10 15 20
25 30 35 The DCT coefficient ck is substituted with
the modified c 'k and passed onwards for
quantization. 3.5.4. Quantization Encoders in
accordance with embodiments of the present invention
can use a standard  quantizer such as a the quantizer
defined by the International Telecommunication Union
as  Video Coding for Low Bitrate Communication, ITU-T
Recommendation H.263, 1996. 3.5.4.1. Psychovisual
enhancements to quantization Some encoders in
accordance with embodiments of the present invention,
use a  



psychovisual enhancement that exploits the
psychological effects of human vision to achieve  more
efficient compression. The psychovisual effect can be
applied at a frame level and a  macroblock level.
3.5.4.2. Frame level psychovisual enhancements When
applied at a frame level, the enhancement is part of
the rate control algorithm  and its goal is to adjust
the encoding so that a given amount of bit rate is
best used to ensure  the maximum visual quality as
perceived by human eyes. The frame rate psychovisual
enhancement is motivated by the theory that human
vision tends to ignore the details when  the action is
high and that human vision tends to notice detail when
an image is static. In one  embodiment, the amount of
motion is determined by looking at the sum of absolute
difference (SAD) for a frame. In one embodiment, the
SAD value is determined by summing  the absolute
differences of collocated luminance pixels of two
blocks. In several  embodiments, the absolute
differences of 16 x 16 pixel blocks is used. In
embodiments that  deal with fractional pixel offsets,
interpolation is performed as specified in the MPEG-4
standard (an ISO/IEC standard developed by the Moving
Picture Experts Group of the  ISO/IEC), before the sum
of absolute differences is calculated. The frame-level
psychovisual enhancement applies only to the P frames
of the video  track and is based on SAD value of the
frame. During the encoding, the psychovisual module
keeps a record of the average SAD (i.e. SAD )of all of
the P frames of the video track and the -53 WO
2005/057906 PCT/US2004/041667 1 5 average distance of
the SAD of each frame from its overall SAD (i.e.
DSAD). The averaging  can be done using an exponential
moving average algorithm. In one embodiment, the one-
pass rate control algorithm described above can be
used as the averaging period here (see  description
above). For each P frame of the video track encoded,
the frame quantizer Q (obtained from  the rate control
module) will have a psychovisual correction applied to
it. In one embodiment,  the process involves
calculating a ratio R using the following formula: R_
SAD-SAD_1 10 DSAD where  I is a constant and is
currently set to 0.5. The R is clipped to within the
bound of [-1, 15 1]. The quantizer is then adjusted
according to the ration R, via the calculation shown
below: Qadi = QLQ.(1 + R .S frame /.1 20 25 



30 35 where  Sf.a,,,e is a strength constant for the
frame level psychovisual enhancements. The Sfra,,,e
constant determines how strong an adjustment can be
for the frame level  psychovisual. In one embodiment
of the codec, the option of setting Sfaae to 0.2, 0.3
or 0.4 is  available. 3.5.4.3. Macroblock level
psychovisual enhancements Encoders in accordance with
embodiments of the present invention that utilize a
psychovisual enhancement at the macroblock level
attempt to identify the macroblocks that  are
prominent to the visual quality of the video for a
human viewer and attempt to code those  macroblocks
with higher quality. The effect of the macroblock
level psychovisual  enhancements it to take bits away
from the less important parts of a frame and apply
them to  more important parts of the frame. In several
embodiments, enhancements are achieved using  three
technologies, which are based on smoothness,
brightness and the macroblock SAD. In  other
embodiments any of the techniques alone or in
combination with another of the  techniques or another
technique entirely can be used. In one embodiment, all
three of the macroblock level psychovisual
enhancements  described above share a common
parameter, SMe, which controls the strength of the -54
WO 2005/057906 PCT/US2004/041667 I 5 10 15 20 25 30 35
macroblock level psychovisual enhancement. The maximum
and minimum quantizer for the  macroblocks are then
derived from the strength parameter and the frame
quantizer Qfra,,,e via  the calculations shown below:
_ Qframe  QMBMat (1- S, ), and  QMBMin = Q frame'(1 -
SMB ) where  QMBMax is the maximum quantizer  QMBMax
is the minimum quantizer The values QAfBMax and QMBMax
define the upper and lower bounds to the macroblock
quantizers for the entire frame. In one embodiment,
the option of setting the value SMB to any  of the
values 0.2, 0.3 and 0.4 is provided. In other
embodiments, other values for SMB can be  utilized. 



3.5.4.3.1. Brightness enhancement In embodiments where
psychovisual enhancement is performed based on the
brightness of the macroblocks, the encoder attempts to
encode brighter macroblocks with  greater quality. The
theoretical basis of this enhancement is that
relatively dark parts of the  frame are more or less
ignored by human viewers. This macroblock psychovisual
enhancement is applied to I frames and P frames of the
video track. For each frame, the  encoder looks
through the whole frame first. The average brightness
(BR) is calculated and  the average difference of
brightness from the average (DBR) is also calculated.
These values  are then used to develop two thresholds
(TBRCawer, TBRUpper), which can be used as indicators
for whether the psychovisual enhancement should be
applied: TBRtawer = BR - DBR TBRUpper = BR +rBR
-TBRCawer The brightness enhancement is then applied
based on the two thresholds using the  conditions
stated below to generate an intended quantizer
(QMB)for the macroblock: QMB = QMBMin when BR >
TBRUpper QMB= Qframe when TBRLalver ~ BR :5 TBRUpper,
and  QMB = QMBM. when BR <TBRL0,ver WO 2005/057906
PCT/US2004/041667 1 5 10 15 20 25 30 35 where  BR is
the brightness value for that particular macroblock In
embodiments where the encoder is compliant with the
MPEG-4 standard, the  macroblock level psychovisual
brightness enhancement technique cannot change the
quantizer by more than 2 from one macroblock to the
next one. Therefore, the calculated  QHfs may require
modification based upon the quantizer used in the
previous macroblock. 3.5.4.3.2. Smoothness enhancement
Encoders in accordance with embodiments of the present
invention that include a  smoothness psychovisual
enhancement, modify the quantizer based on the spatial
variation of  the image being encoded. Use of a
smoothness psychovisual enhancement can be motivated
by the theory that human vision has an increased
sensitivity to quantization artifacts in  smooth parts
of an image. Smoothness psychovisual enhancement can,
therefore, involve  increasing the number of bits to
represent smoother portions of the image and
decreasing the  number of bits where there is a high
degree of spatial variation in the image. In one
embodiment, the smoothness of a portion of an image is
measured as the  average difference in the luminance
of pixels in a macroblock to the brightness of the  



macroblock (DR). A method of performing smoothness
psychovisual enhancement on an I  frame in accordance
with embodiments of the present invention is shown in
FIG. 3.6. The  process 540, involves examining the
entire frame to calculate (542) DR. The threshold for
applying the smoothness enhancement, TDR, can then be
derived (544) using the following  calculation: _ DR
TDB 2 The following smoothness enhancement is
performed (546) based on the threshold.  QMB = Qfrome
when DR >_ TDR, and QMB = QMBMi"when DR < TDR where
QMB is the intended quantizer for the macroblock DR is
the deviation value for the macroblock(i.e. mean
luminance - mean brightness) 1 5 10 15 20 25 30 35 WO
2005/057906 PCT/US2004/041667 Embodiments that encode
files in accordance with the MPEG-4 standard are
limited  as described above in that the macroblock
level quantizer change can be at most 2 from one
macroblock to the next. 3.5.4.3.3. Macroblock SAD
enhancement Encoders in accordance with embodiments of
the present invention can utilize a  macroblock SAD
psychovisual enhancement. A macroblock SAD
psychovisual enhancement  can be used to increase the
detail for static macroblocks and allow decreased
detail in  portions of a frame that are used in a high
action scene. A process for performing a macroblock
SAD psychovisual enhancement in  accordance with an
embodiment of the present invention is illustrated in
FIG. 3.7. The  process 570 includes inspecting (572)
an entire I frame to determine the average SAD (i.e.
MBSAD) for all of the macroblocks in the entire frame
and the average difference of a  macroblock's SAD from
the average (i.e. DMBSAD) is also obtained. In one
embodiment,  both of these macroblocks are averaged
over the inter-frame coded macroblocks (i.e. the
macroblocks encoded using motion compensation or other
dependencies on previous encoded  video frames). Two
thresholds for applying the macroblock SAD enhancement
are then  derived (574)from these averages using the
following formulae: TMBBADLmver = MBSAD - DMBSAD, and
TMBSADUpper = MBSAD + DMBSAD 



where  TMBSADLower is the lower threshold TMBSADUppe,
is the upper threshold, which may be bounded by 1024
if necessary The macroblock SAD enhancement is then
applied (576) based on these two  thresholds according
to the following conditions: QMB = QMBMaz when MB SAD
> TMBSADUpper' QMB = Qframe when TMADLO,Ve. <_ MBSAD s
TMBSADUpper  QMB = QMBM(n when MBSAD <TMBSADLo,,wr
where  QMB is the intended quantizer for the
macroblock  MBSAD is the SAD value for that particular
macroblock WO 2005/057906 PCT/US2004/041667 1 5 10 15
20 25 30 35 Embodiments that encode files in
accordance with the MPEG-4 specification are  limited
as described above in that the macroblock level
quantizer change can be at most 12  from one
macroblock to the next. 3.5.5. Rate control The rate
control technique used by an encoder in accordance
with an embodiment of  the present invention can
determine how the encoder uses the allocated bit rate
to encode a  video sequence. An encoder will typically
seek to encode to a predetermined bit rate and the
rate control technique is responsible for matching the
bit rate generated by the encoder as  closely as
possible to the predetermined bit rate. The rate
control technique can also seek to  allocate the bit
rate in a manner that will ensure the highest visual
quality of the video  sequence when it is decoded.
Much of rate control is performed by adjusting the
quantizer.  The quantizer determines how finely the
encoder codes the video sequence. A smaller  quantizer
will result in higher quality and higher bit
consumption. Therefore, the rate control  algorithm
seeks to modify the quantizer in a manner that
balances the competing interests of  video quality and
bit consumption. Encoders in accordance with
embodiments of the present invention can utilize any
of  a variety of different rate control techniques. In
one embodiment, a single pass rate control  technique
is used. In other embodiments a dual (or multiple)
pass rate control technique is  used. In addition, a
`video buffer verified' rate control can be performed
as required. Specific  examples of these techniques
are discussed below. However, any rate control
technique can  be used in an encoder in accordance
with the practice of the present inventions. 3.5.5.1.
One pass rate control 



An embodiment of a one pass rate control technique in
accordance with an  embodiment of the present
invention seeks to allow high bit rate peaks for high
motion  scenes. In several embodiments, the one pass
rate control technique seeks to increase the bit  rate
slowly in response to an increase in the amount of
motion in a scene and to rapidly  decrease the bit
rate in response to a reduction in the motion in a
scene. In one embodiment, the one pass rate control
algorithm uses two averaging periods to  track the bit
rate. A long-term average to ensure overall bit rate
convergence and a short-term  average to enable
response to variations in the amount of action in a
scene. A one pass rate control technique in accordance
with an embodiment of the present  invention is
illustrated in FIG. 3.8. The one pass rate control
technique 580 commences (582)  by initializing (584)
the encoder with a desired bit rate, the video frame
rate and a variety of  other parameters (discussed
further below). A floating point variable is stored,
which is  indicative of the quantizer. If a frame
requires quantization (586), then the floating point
variable is retrieved (588) and the quantizer obtained
by rounding the floating point variable -58 WO
2005/057906 PCT/US2004/041667 1 5 10 to the nearest
integer. The frame is then encoded (590). Observations
are made during the  encoding of the frame that enable
the determination (592) of a new quantizer value. The
process decides (594) to repeat unless there are no
more frames. At which point, the encoding  in complete
(596). As discussed above, the encoder is initialized
(584) with a variety of parameters.  These parameters
are the 'bit rate', the 'frame rate', the 'Max Key
Frame Interval', the  'Maximum Quantizer', the
`Minimum Quantizer', the 'averaging period', the
'reaction  period' and the 'down/up ratio'. The
following is a discussion of each of these parameters.
3.5.5.1.1. the 'bit rate' The 'bit rate' parameter
sets the target bit rate of the encoding. 3.5.5.1.2.
The frame rate' The 'frame rate' defines the period
between frames of video, 15 20 25 30 35 3.5.5.1.3. The
Max Key Frame Interval' The 'Max Key Frame Interval'
specifies the maximum interval between the key
frames. The key frames are normally automatically
inserted in the encoded video when the  codec detects
a scene change. In circumstances where a scene
continues for a long interval  without a single cut,
key frames can be inserted in insure that the interval
between key frames  is always less or equal to the
'Max Key Frame Interval'. In one embodiment, the 'Max
Key  



Frame Interval' parameter can be set to a value of 300
frames. In other embodiments, other  values can be
used. 3.5.5.1.4. The Maximum Quantizer' and the
Minimum Quantizer' The 'Maximum Quantizer' and the
'Minimum Quantizer' parameters set the upper  and
lower bound of the quantizer used in the encoding. In
one embodiment, the quantizer  bounds are set at
values between 1 and 31. 3.5.5.1.5. The 'averaging
period' The 'averaging period' parameter controls the
amount of video that is considered  when modifying the
quantizer. A longer averaging period will typically
result in the encoded  video having a more accurate
overall rate. In one embodiment, an 'averaging period'
of 2000  is used. Although in other embodiments other
values can be used. 3.5.5.1.6. The 'reaction period'
The 'reaction period' parameter determines how fast
the encoder adapts to changes in  the motion in recent
scenes. A longer 'reaction period' value can result in
better quality high -59 WO 2005/057906 1 5 10 15 20
P-T +B T  P P where  At is the average at instance t;
At_1 is the average at instance t-T (usually the
average in the previous frame);  25 T represents the
interval period (usually the frame time); and P is the
average period, which can be either Paverage and or
Preaction The above calculated moving average is then
adjusted into bit rate by dividing by the  time
interval between the current instance and the last
instance in the video, using the  30 following
calculation: Rt=A 1  A$ 35 where  R, is the bitrate;
At is either of the moving averages; and
PCT/US2004/041667 motion scenes and worse quality low
motion scenes. In one embodiment, a `reaction period'
of 10 is used. Although in other embodiments other
values can be used. 3.5.5.1.7. The `down/up ratio' The
'down/up ratio' parameter controls the relative
sensitivity for the quantizer  adjustment in reaction
to the high or low motion scenes. A larger value
typically results in  



higher quality high motion scenes and increased bit
consumption. In one embodiment, a  'down/up ratio' of
20 is used. Although in other embodiments, other
values can be used. 3.5.5.1.8. Calculating the
quantizer value As discussed above, the one pass rate
control technique involves the calculation of a
quantizer value after the encoding of each frame. The
following is a description of a  technique in
accordance with an embodiment of the present invention
that can be used to  update the quantizer value. The
encoder maintains two exponential moving averages
having periods equal to the  `averaging period'
(Pa"erage) and the `reaction period' (Preactton) a
moving average of the bit  rate. The two exponential
moving averages can be calculated according to the
relationship: WO 2005/057906 PCT/US2004/041667 I 5 T
is the time interval between the current instance and
last instance (it is usually the  inverse of the frame
rate). The encoder can calculate the target bit rate
(Rtarget) of the next frame as follows: Rtarget =
Rovera!( + (Rovera(! - Raverage ) 10 15 20 25 30 35
where  Ro"era(! is the overall bit rate set for the
whole video; and Rave,age is the average bit rate
using the long averaging period. In several
embodiments, the target bit rate is lower bounded by
75% of the overall bit  rate. If the target bit rate
drops below that bound, then it will be forced up to
the bound to  ensure the quality of the video. The
encoder then updates the internal quantizer based on
the difference between Rtarget  and Rreaetia,,. If
Rreaa:,o" is less than Rtarget, then there is a
likelihood that the previous frame was  of relatively
low complexity. Therefore, the quantizer can be
decreased by performing the  following calculation: Q
io[enta(- Qinterna(' 1 1  Peacdo, J When Rreac;o" is
greater than Rtargeet, there is a significant
likelihood that previous  frame possessed a relatively
high level of complexity. Therefore, the quantizer can
be  increased by performing the following calculation:
~ Q int errtaf - Qinterna! 1+ 



where  S is the `up/down ratio'. 1 SPreactioa
3.5.5.1.9. B-VOP encoding The algorithm described
above can also be applied to B-VOP encoding. When B-
VOP is enabled in the encoding, the quantizer for the
B-VOP (QB) is chosen based on the  quantizer of the
P-VOP (Qp) following the B-VOP. The value can be
obtained in accordance  with the following
relationships: WO 2005/057906 PCT/US2004/041667 1 QB =
2.Qp for Qp <_ 4  QB=5+4.Qp for 4<Qp520  QB=QP for
Qp?20 5 3.5.5.2. Two pass rate control Encoders in
accordance with an embodiment of the present invention
that use a two  (or multiple) pass rate control
technique can determine the properties of a video
sequence in a  first pass and then encode the video
sequence with knowledge of the properties of the
entire 10 sequence. Therefore, the encoder can adjust
the quantization level for each frame based upon  its
relative complexity compared to other frames in the
video sequence. A two pass rate control technique in
accordance with an embodiment of the present
invention, the encoder performs a first pass in which
the video is encoded in accordance with  the one pass
rate control technique described above and the
complexity of each frame is 15 recorded (any of a
variety of different metrics for measuring complexity
can be used). The  average complexity and, therefore,
the average quantizer (Qref) can be determined based
on  the first. In the second pass, the bit stream is
encoded with quantizers determined based on  the
complexity values calculated during the first pass. 20
3.5.5.2.1. Quantizers for I-VOPs The quantizer Q for
I-VOPs is set to 0.75 x Q,ef, provided the next frame
is not an I- VOP. If the next frame is also an I-VOP,
the Q(for the current frame) is set to 1.25 x Qre.
3.5.5.2.2. Quantizers for P-VOPs 25 The quantizer for
the P-VOPs can be determined using the following
expression. IF(Qr~f Q -F-i Ccornp(eeity ' `\
CcomPlexiry k I 30 where  CeO^rPi-iry is the
complexity of the frame; Ccamplesity is the average
complexity of the video sequence; F(x) is a function
that provides the number which the complexity of the
frame must be  35 multiplied to give the number of
bits required to encode the frame using a quantizer
with a quantization value x; F'(x) is the inverse
function of F(x); and  



k is the strength parameter. -62 WO 2005/057906
PCT/US2004/041667 5 10 15 The following table defines
an embodiment of a function F(Q) that can be used to
generator the factor that the complexity of a frame
must be multiplied by in order to  determine the
number of bits required to encode the frame using an
encoder with a quantizer  Q. FF(Q) 1190.013 20.4100.01
30.15110.008 40.08120.0065 50.05130.005 60.032140.0038
70.022150.0028 80.01716 10.002 Table 6 - Values of
F(Q) with respect to Q. 20 25 30 35 If the strength
parameter k is chosen to be 0, then the result is a
constant quantizer.  When the strength parameter is
chosen to be 1, the quantizer is proportional to
C."r.y- Several encoders in accordance with
embodiments of the present invention have a strength
parameter k equal to 0.5. 3.5.5.2.3. Quantizers for
B-VOPs The quantizer Q for the B-VOPs can be chosen
using the same technique for choosing  the quantizer
for B-VOPs in the one pass technique described above.
3.5.5.3. Video buffer verified rate control The number
of bits required to represent a frame can vary
depending on the  characteristics of the video
sequence. Most communication systems operate at a
constant bit  rate. A problem that can be encountered
with variable bit rate communications is allocating
sufficient resources to handle peaks in resource
usage. Several encoders in accordance with
embodiments of the present invention encode video with
a view to preventing overflow of a  decoder video
buffer, when the bit rate of the variable bit rate
communication spikes. The objectives of video buffer
verifier (VBV) rate control can include generating
video that will not exceed a decoder's buffer when
transmitted. In addition, it can be  desirable that
the encoded video match a target bit rate and that the
rate control produces high  quality video. 



1 5 10 WO 2005/057906 PCT/US2004/041667 Encoders in
accordance with several embodiments of the present
invention provide a  choice of at least two VBV rate
control techniques. One of the VBV rate control
techniques is  referred to as causal rate control and
the other technique is referred to as Nth pass rate
control. 3.5.5.3.1. Causal rate control Causal VBV
rate control can be used in conjunction with a one
pass rate control  technique and generates outputs
simply based on the current and previous quantizer
values.  An encoder in accordance with an embodiment
of the present invention includes causal rate control
involving setting the quantizer for frame n (i.e. Q")
according to the  following relationship. + Xbih te +
X velaciry + X site n  O Q n n-I 15 20 25 30 35 0 -
Q,n +Xdro  n where  Q'" is the quantizer estimated by
the single pass rate control; Xb;t~ce is calculated by
determining a target bit rate based on the drift from
the desired  bit rate; Xvei00ity is calculated based
on the estimated time until the VBV buffer over- or
under flows; XSiw is applied on the result of P-VOPs
only and is calculated based on the rate at  which the
size of compressed P-VOPs is changing over time; XdHtt
is the drift from the desired bit rate. In several
embodiments, the causal VBV rate control may be forced
to drop frames  and insert stuffing to respect the VBV
model. If a compressed frame unexpectedly contains
too many or two few bits, then it can be dropped or
stuffed. 3.5.5.3.2. Nth pass VBV rate control Nth pass
VBV rate control can be used in conjunction with a
multiple pass rate  control technique and it uses
information garnered during previous analysis of the
video  



sequence. Encoders in accordance with several
embodiments of the present invention perform  Nth pass
VBV rate control according to the process illustrated
in FIG. 3.9. The process 600  commences with the first
pass, during which analysis (602) is performed. Map
generation is WO 2005/057906 PCT/US2004/041667 5 10 15
performed (604) and a strategy is generated (606). The
nth pass Rate Control is then  performed (608).
3.5.5.3.3. Analysis In one embodiment, the first pass
uses some form of causal rate control and data is
recorded for each frame concerning such things as the
duration of the frame, the coding type  of the frame,
the quantizer used, the motion bits produced and the
texture bits produced. In  addition, global
information such as the timescale, resolution and
codes settings can also be  recorded. 3.5.5.3.4. Map
generation Information from the analysis is used to
generate a map of the video sequence. The  map can
specify the coding type used for each frame (IB/P) and
can include data for each  frame concerning the
duration of the frame, the motion complexity and the
texture  complexity. In. other embodiments, the map
may also contain information enabling better
prediction of the influence of quantizer and other
parameters on compressed frame size and  perceptual
distortion. In several embodiments, map generation is
performed after the N-lth  pass is completed. 20
3.5.5.3.5. Strategy generation The map can be used to
plan a strategy as to how the Nth pass rate control
will  operate. The ideal level of the VBV buffer after
every frame is encoded can be planned. In  one
embodiment, the strategy generation results in
information for each frame including the  desired
compressed frame size, an estimated frame quantizer.
In several embodiments,  25 strategy generation is
performed after map generation and prior to the Nth
pass. In one embodiment, the strategy generation
process involves use of an iterative  process to
simulate the encoder and determine desired quantizer
values for each frame by  trying to keep the quantizer
as close as possible to the median quantizer value. A
binary  search can be used to generate a base
quantizer for the whole video sequence. The base 30
quantizer is the constant value that causes the
simulator to achieve the desired target bit rate.
Once the base quantizer is found, the strategy
generation process involves consideration of  the VBV
constrains. In one embodiment, a constant quantizer is
used if this will not modify  the VBV constrains. In
other embodiments, the quantizer is modulated based on
the  complexity of motion in the video frames. This
can be further extended to incorporate  35 masking
from scene changes and other temporal effects.
3.5.5.3.6. In-loop Nth pass rate control 1 5 
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one embodiment, the in-loop Nth pass rate control uses
the strategy and uses the  map to make the best
possible prediction of the influence of quantizer and
other parameters  on compressed frame size and
perceptual distortion. There can be a limited
discretion to  deviate from the strategy to take
short-term corrective strategy. Typically, following
the  strategy will prevent violation of the VBV model.
In one embodiment, the in-loop Nth pass  rate control
uses a PID control loop. The feedback in the control
loop is the accumulated drift  from the ideal bitrate.
Although the strategy generation does not involve
dropping frames, the in-loop Nth  rate control may
drop frames if the VBV buffer would otherwise
underflow. Likewise, the in- loop Nth pass rate
control can request video stuffing to be inserted to
prevent VBV overflow. 3.5.6. Predictions In one
embodiment, AD/DC prediction is performed in a manner
that is compliant  with the standard referred to as
ISO/IEC 14496-2:2001(E), section 7.4.3. (DC and AC
prediction) and 7.7.1. (field DC and AC prediction).
3.5.7. Texture coding An encoder in accordance with an
embodiment of the present invention can perform
texture coding in a manner that is compliant with the
standard referred to as ISO/IEC 14496- 2:2001(E),
annex B (variable length codes) and 7.4.1. (variable
length decoding). 3.5.8. Motion coding An encoder in
accordance with an embodiment of the present invention
can perform  motion coding in a manner that is
compliant with the standard referred to as ISO/IEC
14496- 2:2001(E), annex B (variable length codes) and
7.6.3. (motion vector decoding). 3.5.9. Generating
'video' chunks The video track can be considered a
sequence of frames 1 to N. Systems in  accordance with
embodiments of the present invention are capable of
encoding the sequence  to generate a compressed
bitstream. The bitstream is formatted by segmenting it
into chunks  1 to N. Each video frame n has a
corresponding chunk n. The chunks are generated by
appending bits from the bitstream to chunk n until it,
together with the chunks I through n-I contain
sufficient information for a decoder in  accordance
with an embodiment of the present invention to decode
the video frame n. In  instances where sufficient
information is contained in chunks 1 through n-1 to
generate video  frame n, an encoder in accordance with
embodiments of the present invention can include a
marker chunk. In one embodiment, the marker chunk is a
not-coded P-frame with identical  timing information
as the previous frame. 
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30 35 3.6. Generating `subtitle' chunks An encoder in
accordance with an embodiment of the present invention
can take  subtitles in one of a series of standard
formats and then converts the subtitles to bit maps.
The  information in the bit maps is then compressed
using run length encoding. The run length  encoded bit
maps are the formatted into a chunk, which also
includes information concerning  the start time and
the stop time for the particular subtitle contained
within the chunk. In  several embodiments, information
concerning the color, size and position of the
subtitle on  the screen can also be included in the
chunk. Chunks can be included into the subtitle track
that set the palette for the subtitles and that
indicate that the palette has changed. Any
application capable of generating a subtitle in a
standard subtitle format can be used to  generate the
text of the subtitles. Alternatively, software can be
used to convert text entered  by a user directly into
subtitle information. 3.7. Interleaving Once the
interleaver has received all of the chunks described
above, the interleaver  builds a multimedia file.
Building the multimedia file can involve creating a
`CSET' chunk,  an 'INFO' list chunk, a `hdrl' chunk, a
`movi' list chunk and an idxl chunk. Methods in
accordance with embodiments of the present invention
for creating these chunks and for  generating
multimedia files are described below. 3.7.1.
Generating a `CSET' chunk As described above, the
`CSET' chunk is optional and can generated by the
interleaver in accordance with the AVI Container
Format Specification. 3.7.2. Generating a 'INFO' list
chunk As described above, the 'INFO' list chunk is
optional and can be generated by the  interleaver in
accordance with the AVI Container Format
Specification. 3.7.3. Generating the 'hdrl' list chunk
The `hdrl' list chunk is generated by the interleaver
based on the information in the  various chunks
provided to the interleaver. The `hdrl' list chunk
references the location  within the file of the
referenced chunks. In one embodiment, the `hdrl' list
chunk uses file  offsets in order to establish
references. 3.7.4. Generating the 5novi' list chunk As
described above, `movi' list chunk is created by
encoding audio, video and subtitle  tracks to create
`audio', `video' and `subtitle chunks and then
interleaving these chunks. In 
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embodiments, the `movi' list chunk can also include
digital rights management  information. 3.7.4.1.
Interleaving the video/audio/subtitles A variety of
rules can be used to interleave the audio, video and
subtitle chunks.  Typically, the interleaver
establishes a number of queues for each of the video
and audio  tracks. The interleaver determines which
queue should be written to the output file. The  queue
selection can be based on the interleave period by
writing from the queue that has the  lowest number of
interleave periods written. The interleaver may have
to wait for an entire  interleave period to be present
in the queue before the chunk can be written to the
file. In one embodiment, the generated `audio,'
`video' and `subtitle' chunks are  interleaved so that
the `audio' and `subtitle' chunks are located within
the file prior to the  `video' chunks containing
information concerning the video frames to which they
correspond. In other embodiments, the `audio' and
`subtitle' chunks can be located after the  `video'
chunks to which they correspond. The time differences
between the location of the  `audio,' `video' and
`subtitle' chunks is largely dependent upon the
buffering capabilities of  players that are used to
play the devices. In embodiments where buffering is
limited or  unknown, the interleaver interleaves the
`audio,' `video' and `subtitle' chunks such that the
`audio' and `subtitle' chunks are located between
`video' chunks, where the `video' chunk  immediately
following the `audio' and `subtitle' chunk contains
the first video frame  corresponding to the audio or
subtitle. 3.7.4.2. Generating DRM information in
embodiments where DRM is used to protect the video
content of a multimedia file,  25 the DRM information
can be generated concurrently with the encoding of the
video chunks.  As each chunk is generated, the chunk
can be encrypted and a DRM chunk generated  containing
information concerning the encryption of the video
chunk. 30 35 3.7.4.3. Interleaving the DRM information
An interleaver in accordance with an embodiment of the
present invention interleaves  a DRM chunk containing
information concerning the encryption of a video chunk
prior to the  video chunk. In one embodiment, the DRM
chunk for video chunk n is located between video
chunk n-1 and video chunk it. In other embodiments,
the spacing of the DRM before and after  the video
chunk n is dependent upon the amount of buffering
provided within device  decoding the multimedia file.
3.7.5. Generating the `idxl ' chunk WO 2005/057906
PCT/US2004/041667 



1 5 10 15 20 25 30 35 Once the `movi' list chunk has
been generated, the generation of the `idx 1' chunk is
a  simple process. The `idxl' chunk is created by
reading the location within the `movi' list  chunk of
each `data' chunk. This information is combined with
information read from the  `data' chunk concerning the
track to which the `data' chunk belongs and the
content of the  `data' chunk. All of this information
is then inserted into the `idxl' chunk in a manner
appropriate to whichever of the formats described
above is being used to represent the  information. 4.
TRANSMISSION AND DISTRIBUTION OF MULTIMEDIA FILE Once
a multimedia file is generated, the file can be
distributed over any of a variety of  networks. The
fact that in many embodiments the elements required to
generate a multimedia  presentation and menus, amongst
other things, are contained within a single file
simplifies  transfer of the information. In several
embodiments, the multimedia file can be distributed
separately from the information required to decrypt
the contents of the multimedia file. In one
embodiment, multimedia content is provided to a first
server and encoded to  create a multimedia file in
accordance with the present invention. The multimedia
file can  then be located either at the first server
or at a second server. In other embodiments, DRM
information can be located at the first server, the
second server or a third server. In one  embodiment,
the first server can be queried to ascertain the
location of the encoded  multimedia file and/or to
ascertain the location of the DRM information. 5.
DECODING MULTIMEDIA FILE Information from a multimedia
file in accordance with an embodiment of the present
invention can be accessed by a computer configured
using appropriate software, a dedicated  player that
is hardwired to access information from the multimedia
file or any other device  capable of parsing an AVI
file. In several embodiments, devices can access all
of the  information in the multimedia file. In other
embodiments, a device may be incapable of  accessing
all of the information in a multimedia file in
accordance with an embodiment of the  present
invention. In a particular embodiment, a device is not
capable of accessing any of the  information described
above that is stored in chunks that are not specified
in the AVI file  format. In embodiments where not all
of the information can be accessed, the device will
typically discard those chunks that are not recognized
by the device. Typically, a device that is capable of
accessing the information contained in a  multimedia
file in accordance with an embodiment of the present
invention is capable of  performing a number of
functions. The device can display a multimedia
presentation  involving display of video on a visual
display, generate audio from one of potentially a  



number of audio tracks on an audio system and display
subtitles from potentially one of a  number of
subtitle tracks. Several embodiments can also display
menus on a visual display -69 1 5 10 15 20 25 30 35 WO
2005/057906 PCTUUS2004/041667 while playing
accompanying audio and/or video. These display menus
are interactive, with  features such as selectable
buttons, pull down menus and sub-menus. In some
embodiments,  menu items can point to audio/video
content outside the multimedia file presently being
accessed. The outside content may be either located
local to the device accessing the  multimedia file or
it may be located remotely, such as over a local area,
wide are or public  network. Many embodiments can also
search one or more multimedia files according to
`meta data' included within the multimedia file(s) or
`meta data' referenced by one or more  of the
multimedia files. 5.1. Display of multimedia
presentation Given the ability of multimedia files in
accordance with embodiments of the present  invention
to support multiple audio tracks, multiple video
tracks and multiple subtitle tracks,  the display of a
multimedia presentation using such a multimedia file
that combines video,  audio and/or subtitles can
require selection of a particular audio track, video
track and/or  subtitle track either through a visual
menu system or a pull down menu system (the operation
of which are discussed below) or via the default
settings of the device used to generate the
multimedia presentation. Once an audio track, video
track and potentially a subtitle track are  selected,
the display of the multimedia presentation can
proceed. A process for locating the required
multimedia information from a multimedia file
including DRM and displaying the multimedia
information in accordance with an  embodiment of the
present invention is illustrated in FIG. 4.0. The
process 620 includes  obtaining the encryption key
required to decrypt the DRM header (622). The
encryption key  is then used to decrypt (624) the DRM
header and the first DRM chunk is located (626)
within the `movi' list chunk of the multimedia file.
The encryption key required to decrypt  the `DRM'
chunk is obtained (628) from the table in the `DRM'
header and the encryption  key is used to decrypt an
encrypted video chunk. The required audio chunk and
any required  subtitle chunk accompany the video chunk
are then decoded (630) and the audio, video and  any
subtitle information are presented (632) via the
display and the sound system. In several embodiments
the chosen audio track can include multiple channels
to  provide stereo or surround sound audio. When a
subtitle track is chosen to be displayed, a  



determination can be made as to whether the previous
video frame included a subtitle (this  determination
may be made in any of a variety of ways that achieves
the outcome of  identifying a previous `subtitle'
chunk that contained subtitle information that should
be  displayed over the currently decoded video frame).
If the previous subtitle included a subtitle  and the
timing information for the subtitle indicates that the
subtitle should be displayed with  the current frame,
then the subtitle is superimposed on the decoded video
frame. If the  previous frame did not include a
subtitle or the timing information for the subtitle on
the  previous frame indicates that the subtitle should
not be displayed in conjunction with the -70 WO
2005/057906 PCT/US2004/041667 I 5 10 15 20 25 30 35
currently decoded frame, then a `subtitle' chunk for
the selected subtitle track is sought. If a
`subtitle' chunk is located, then the subtitle is
superimposed on the decoded video. The video
(including any superimposed subtitles) is then
displayed with the accompanying audio. Returning to
the discussion of FIG. 4.0., the process determines
(634) whether there  are any additional DRM chunks. If
there are, then the next DRM chunk is located (626)
and  the process continues until no additional DRM
chunks remain. At which point, the  presentation of
the audio, video and/or subtitle tracks is complete
(636). In several embodiments, a device can seek to a
particular portion of the multimedia  information
(e.g. a particular scene of a movie with a particular
accompanying audio track  and optionally a particular
accompanying subtitle track) using information
contained within  the `hdrl' chunk of a multimedia
file in accordance with the present invention. In many
embodiments, the decoding of the `video' chunk,
`audio' chunk and/or `subtitle' chunk can  be
performed in parallel with other tasks. An example of
a device capable of accessing information from the
multimedia file  and displaying video in conjunction
with a particular audio track and/or a particular
subtitle  track is a computer configured in the manner
described above using software. Another  example is a
DVD player equipped with a codes that includes these
capabilities. In other  embodiments, any device
configured to locate or select (whether intentionally
or arbitrarily)  `data' chunks corresponding to
particular media tracks and decode those tracks for
presentation is capable of generating a multimedia
presentation using a multimedia file in  accordance
with the practice of the present invention. In several
embodiments, a device can play multimedia information
from a multimedia  file in combination with multimedia
information from an external file. Typically, such a
device would do so by sourcing an audio track or
subtitle track from a local file referenced in  



a multimedia file of the type described above. If the
referenced file is not stored locally and  the device
is networked to the location where the device is
stored, then the device can obtain  a local copy of
the file. The device would then access both files,
establishing a video, an  audio and a subtitle (if
required) pipeline into which the various tracks of
multimedia are fed  from the different file sources.
5.2. Generation of menus A decoder in accordance with
an embodiment of the present invention is illustrated
in  FIG. 4.1. The decoder 650 processes a multimedia
file 652 in accordance with an  embodiment of the
present invention by providing the file to a
demultiplexer 654. The  demultiplexer extracts the
`DMNU' chunk from the multimedia file and extracts all
of the  `LanguageMenus' chunks from the `DMNU' chunk
and provides them to a menu parser 656.  The
demultiplexer also extracts all of the `Media' chunks
from the `DMNU' chunk and  provides them to a media
renderer 658. The menu parser 656 parses information
from the -71 WO 2005/057906 PCT/US2004/041667 I
`LanguageMenu' chunks to build a state machine
representing the menu structure defined in  the
`LanguageMenu' chunk. The state machine representing
the menu structure can be used  to provide displays to
the user and to respond to user commands. The state
machine is  provided to a menu state controller 660.
The menu state controller keeps track of the current 5
state of the menu state machine and receives commands
from the user. The commands from  the user can cause a
state transition. The initial display provided to a
user and any updates to  the display accompanying a
menu state transition can be controlled using a menu
player  interface 662. The menu player interface 662
can be connected to the menu state controller  and the
media render. The menu player interface instructs the
media renderer which media 10 should be extracted from
the media chunks and provided to the user via the
player 664  connected to the media renderer. The user
can provide the player with instructions using an
input device such as a keyboard, mouse or remote
control. Generally the multimedia file  dictates the
menu initially displayed to the user and the user's
instructions dictate the audio  and video displayed
following the generation of the initial menu. The
system illustrated in 15 FIG. 4.1. can be implemented
using a computer and software. In other embodiments,
the  system can be implemented using function specific
integrated circuits or a combination of  software and
firmware. An example of a menu in accordance with an
embodiment of the present invention is  illustrated in
FIG. 4.2. The menu display 670 includes four button
areas 672, background  20 video 674, including a title
676, and a pointer 678. The menu also includes
background audio (not shown). The visual effect
created by the display can be deceptive. The visual
appearance  of the buttons is typically part of the
background video and the buttons themselves are simply
defined regions of the background video that have
particular actions associated with them,  when the
region is activated by the pointer. The pointer is
typically an overlay. 25 FIG 4.3. conceptually
illustrates the source of all of the information in
the display  shown in FIG. 4.2. The background video
674 can include a menu title, the visual appearance
of the buttons and the background of the display. All
of these elements and additional  



elements can appear static or animated. The background
video is extracted by using  information contained in
a `MediaTrack' chunk 700 that indicates the location
of background 30 video within a video track 702. The
background audio 706 that can accompany the menu can
be located using a `MediaTrack' chunk 708 that
indicates the location of the background  audio within
an audio track 710. As described above, the pointer
678 is part of an overlay  713. The overlay 713 can
also include graphics that appear to highlight the
portion of the  background video that appears as a
button. In one embodiment, the overlay 713 is obtained
35 using a `MediaTrack' chunk 712 that indicates the
location of the overlay within a overlay  track 714.
The manner in which the menu interacts with a user is
defined by the `Action'  chunks (not shown) associated
with each of the buttons. In the illustrated
embodiment, a  `PlayAction' chunk 716 is illustrated.
The `PlayAction' chunk indirectly references (the
other -72 1 5 10 15 20 25 30 35 WO 2005/057906
PCT/US2004/041667 chunks referenced by the
`PlayAction' chunk are not shown) a scene within a
multimedia  presentation contained within the
multimedia file (i.e. an audio, video and possibly a
subtitle  track). The `PlayAction' chunk 716
ultimately references the scene using a `MediaTrack'
chunk 718, which indicates the scene within the
feature track. A point in a selected or default  audio
track and potentially a subtitle track are also
referenced. As the user enters commands using the
input device, the display may be updated not  only in
response to the selection of button areas but also
simply due to the pointer being  located within a
button area. As discussed above, typically all of the
media information used  to generate the menus is
located within the multimedia file and more
specifically within a  `DMNU' chunk. Although in other
embodiments, the information can be located elsewhere
within the file and/or in other files. 5.3. Access the
Meta Data `Meta data' is a standardized method of
representing information. The standardized  nature of
`Meta data' enables the data to be accessed and
understood by automatic processes.  In one embodiment,
the `meta data' is extracted and provided to a user
for viewing. Several  embodiments enable multimedia
files on a server to be inspected to provide
information  concerning a users viewing habits and
viewing preferences. Such information could be used
by software applications to recommend other multimedia
files that a user may enjoy viewing.  In one
embodiment, the recommendations can be based on the
multimedia files contained on  servers of other users.
In other embodiments, a user can request a multimedia
file and the file  



can be located by a search engine and/or intelligent
agents that inspect the `meta data' of  multimedia
files in a variety of locations. In addition, the user
can chose between various  multimedia files containing
a particular multimedia presentation based on `meta
data'  concerning the manner in which each of the
different versions of the presentation were  encoded.
In several embodiments, the `meta data' of multimedia
files in accordance with  embodiments of the present
invention can be accessed for purposes of cataloging
or for  creating a simple menu to access the content
of the file. 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 as an  example of one embodiment
thereof. For example, a multimedia file in accordance
with an  embodiment of the present invention can
include a single multimedia presentation or multiple
multimedia presentations. In addition, such a file can
include one or more menus and any  variety of
different types of `meta data'. Accordingly, the scope
of the invention should be  determined not by the
embodiments illustrated, but by the appended claims
and their  equivalents. WO 2005/057906
PCT/US2004/041667 1 5 10 15 20 25 30 35 WHAT IS
CLAIMED IS: 1. A multimedia file in accordance with
the present invention, comprising a  plurality of
encoded video tracks. 2. The multimedia file of claim
2, wherein the multimedia file comprises a  plurality
of concatenated `RIFF chunks. 3. The multimedia file
of claim 2, wherein each encoded video track is
contained  in a separate `RIFF' chunk. 4. The
multimedia file of claim 1, wherein the video is
encoded using  psychovisual enhancements. 5. The
multimedia file of claim 1, wherein each video track
has at least one audio  track associated with it. 6.
The multimedia file of claim 5, wherein: each video
track is encoded as a series of `video' chunks within
a `RIFF' chunk; and  the audio track accompanying each
video track is encoded as a series of `audio'  chunks
interleaved within the `RIFF chunk containing the
`video' chunks of the associated  video track. 7. The
multimedia file of claim 6, wherein: 



each `video' chunk contains information that can be
used to generate a single frame of  video from a video
track; and each `audio' chunk contains audio
information from the portion of the audio track
accompanying the frame generated using a `video'
chunk. 8. The multimedia file of claim 7, wherein the
`audio' chunk is interleaved prior  to the
corresponding `video' chunk within the `RIFF chunk. 9.
A system for encoding multimedia files, comprising:  a
processor configured to: encode a plurality of video
tracks;  concatenate the encoded video tracks; and
write the concatenated encoded video tracks to a
single file. WO 2 0 0 5/05 7906 PCT/US2004/041667 1 5
10 15 20 25 10. The system of claim 9 wherein the
processor is configured to encode the video  tracks
such that each video track is contained within a
separate 'RIFF chunk. 11. The system of claim 9,
wherein the processor is configured to encode the
video using psychovisual enhancements. 12. The system
of claim 9, wherein each video track has at least one
audio track  associated with it. and 13. The
multimedia file of claim 12, wherein:  the processor
is configured to: encode each video track as a series
of `video' chunks within a `RIFF chunk; encode the at
least one audio track accompanying each video track as
a series  of `audio' chunks interleaved within the
`RIFF chunk containing the `video' chunks of the
associated video track. 14. The multimedia file of
claim 13, wherein:  the processor is configured to:
encode the video tracks such that each `video' chunk
contains information that  can be used to generate a
single frame of video from a video track; and encode
the audio tracks associated with a video track such
that each `audio'  chunk contains audio information
from the portion of the audio track accompanying the
frame generated using a `video' chunk generated from
the video track. 15. The multimedia file of claim 14,
wherein the processor is configured to  interleave
each `audio' chunk prior to the corresponding `video'
chunk within the `RIFF  chunk. 30 



35 16. A system for decoding a multimedia file
containing a plurality of encoded  video tracks,
comprising: a processor configured to extract
information from the multimedia file; wherein the
processor is configured to extract information
concerning the number of  encoded video tracks
contained within the multimedia file. 17. The system
of claim 16 wherein the processor is configured to
locate an  encoded video track within a `RIFF chunk.
WO 2005/057906 PCT/US2004/041667 18. The system of
claim 17, wherein: a first encoded video track is
contained in a first `RIFF chunk having a standard 4cc
5 10 15 20 25 30 35 code; a second video track is
contained in a second `RIFF chunk having a specialized
4cc  code; and the specialized 4cc code has as its
last two characters the first two characters of a
standard 4cc code. 19. The system of claim 17, wherein
each encoded video track is contained in a  separate
`RIFF chunk. 20. The system of claim 16, wherein the
decoded video track is similar to the  original video
track that was encoded in the creation of the
multimedia file. 21. The system of claim 20, wherein
at least some of the differences between the  decoded
video track and the original video track are located
in dark portions of frames of the  video track. 22.
The system of claim 20, wherein at least some of the
differences between the  decoded video track and the
original video track are located in high motion scenes
of the  video track. 23. The system of claim 16,
wherein each video track has at least one audio track
associated with it. 24. The system of claim 23,
wherein:  the processor is configured to: display
video from a video track by decoding a series of
`video' chunks within  a `RIFF chunk; and generate
audio from an audio track accompanying the video track
by decoding  a series of `audio' chunks interleaved
within the `RIFF chunk containing the `video' chunks
of the associated video track. 



25. The multimedia file of claim 24, wherein:  the
processor is configured to: use information extracted
from each `video' chunk to generate a single frame  of
the video track; and WO 2005/057906 PCT/US2004/041667
1 5 10 25 30 35 use information extracted from each
`audio' chunk to generate the portion of  the audio
track that accompanies the frame generated using a
`video' chunk. 26. The multimedia file of claim 25,
wherein the processor is configured to locate  the
`audio' chunk prior to the `video' chunk with which it
is associated in the `RIFF' chunk. 27. A multimedia
file in accordance with the present invention,
comprising:  a series of encoded video frames; encoded
audio interleaved between the encoded video frames;
wherein the encoded audio includes two or more tracks
of audio information. 28. The multimedia file of claim
27, wherein at least one of the tracks of audio
information includes a plurality of audio channels.
29. The multimedia file of claim 27 further comprising
header information  identifying the number of audio
tracks contained in the multimedia file. 30. The
.multimedia file of claim 27 further comprising header
information  including description information about
at least one of the tracks of audio information. 31.
The multimedia file of claim 27, wherein: each encoded
video frame is preceded by encoded audio information;
and the encoded audio information preceding the video
frame includes the audio  information for the portion
of each audio track that accompanies the encoded video
frame. 32. The multimedia file of claim 27, wherein
the video information is stored as  chunks within the
multimedia file. 33. The multimedia file of claim 32,
wherein each chunk of video information  includes a
single frame of video. 34. The multimedia file of
claim 33, wherein: the audio information is stored as
chunks within the multimedia file; audio information
from two separate audio tracks is not contained within
a single  chunk of audio information. 35. The
multimedia file of claim 34, wherein the video chunks
are separated by at  least one audio chunk from each
of the audio tracks. -77 WO 2005/057906 1 



5 10 15 20 25 30 PCT/US2004/041667 36. The multimedia
file of claim 35, wherein the audio chunks separating
the  video chunks contain audio information for the
portions of the audio tracks accompanying the  video
information contained within the video chunk following
the audio chunk. 37. A system for encoding multimedia
files, comprising:  a processor configured to: encode
a video track; encode a plurality of audio tracks;
interleave information from the video track with
information from the plurality  of audio tracks; and
write the interleaved video and audio information to a
single file. 38. The system of claim 37, wherein at
least one of the audio tracks includes a  plurality of
audio channels. 39. The system of claim 37 wherein the
processor is further configured to encode  header
information identifying the number of the encoded
audio tracks and to write the  header information to
the single file. 40. The system of claim 37 wherein
the processor is further configured to encode  header
information identifying description information about
at least one of the encoded  audio tracks and to write
the header information to the single file. 41. The
system of claim 37, wherein the processor encodes, the
video track as  chunks of video information. 42. The
system of claim 41, wherein the processor encodes each
audio track as a  series of chunks of audio
information. 43. The system of claim 42, wherein each
chunk of audio information contains  audio information
from a single audio track. 44. The system of claim 43,
wherein the processor is configured to interleave  35
chunks of audio information between chunks of video
information. 45. The system of claim 44, wherein: WO
2005/057906 PCT/US2004/041667 1 5 10 15 20 25 30 



35 the processor is configured to encode the portion
of each audio track that accompanies  the video
information in a `video' chunk in an `audio' chunk;
and the processor is configured to interleave the
`video' chunks with the `audio' chunks  such that each
`video' chunk is preceded by `audio' chunks containing
the audio information  from each of the audio tracks
that accompanies the video information contained in
the `video'  chunk. 46. The system of claim 45,
wherein the processor is configured to encode the
video track such that a single frame of video is
contained within each video chunk. 47. The system of
claim 45, wherein the processor is a general purpose
processor. 48. The system of claim 45, wherein the
processor is a dedicated circuit. 49. A system for
decoding a multimedia file containing a plurality of
audio tracks,  comprising: a processor configured to
extract information from the multimedia file; wherein
the processor is configured to extract information
concerning the number of  audio tracks contained
within the multimedia file. 50. The system of claim
49, wherein: the processor is configured to select a
single audio track from the plurality of audio tracks;
track. the processor is configured to decode the audio
information from the selected audio 51. The system of
claim 49, wherein at least one of the audio tracks
includes a  plurality of audio channels. 52. The
system of claim 49 wherein the processor is configured
to extract  information from a header in the
multimedia file including description information
about at  least one of the audio tracks. 53. A system
for communicating multimedia information, comprising:
a network; a storage device containing a multimedia
file and connected to the network via a server; a
client connected to the network; -79 WO 2005/057906
PCT/US2004/041667 1 5 wherein the client can request
the transfer of the multimedia file from the server;
and  wherein the multimedia file includes at least one
video track and a plurality of audio  tracks
accompanying the video track. 54. A multimedia file in
accordance with the present invention, comprising: a
series of encoded video frames; and at least one
encoded subtitle track interleaved between the encoded
video frames. 10 



15 20 55. The multimedia file of claim 54, wherein the
at least one encoded subtitle  track comprises a
plurality of encoded subtitle tracks. 56. The
multimedia file of claim 54 further comprising header
information  identifying the number of encoded
subtitle tracks contained in the multimedia file. 57.
The multimedia file of claim 54 further comprising
header information  including description information
about at least one of the encoded subtitle tracks. 58.
The multimedia file of claim 54, wherein each subtitle
track includes a series  of bit maps. 59. The
multimedia file of claim 58, wherein each subtitle
track includes a series  of compressed bit maps. 25 30
35 60. The multimedia file of claim 59, wherein each
bit map is compressed using  run length encoding. 61.
The multimedia file of claim 54, wherein: the series
of encoded video frames are encoded as a series of
video chunks;  each encoded subtitle track is encoded
as a series of subtitle chunks; wherein each subtitle
chunk includes information capable of being
represented as text  on a display. 62. The multimedia
file of claim 61, wherein each subtitle chunk contains
information concerning a single subtitle. 63. The
multimedia file of claim 62, wherein each subtitle
chunk includes  information concerning the portion of
the video sequence over which the subtitle should be
superimposed. -80 WO 2005/057906 PCTIUS2004/041667 1 5
10 15 20 25 64. The multimedia file of claim 62,
wherein each subtitle chunk includes  information
concerning the portion of a display in which the
subtitle should be located. 65. The multimedia file of
claim 62, wherein each subtitle chunk includes
information concerning the color of the subtitle. 66.
The multimedia file of claim 65, wherein the
information concerning the color  includes a color
palate. 67. The multimedia file of claim 66, wherein
the subtitle chunks comprise a first  



subtitle chunk that includes information concerning a
first color palate and a second subtitle  chunk that
includes information concerning a second color palate
that supersedes the  information concerning the first
color palate. 68. A system for encoding multimedia
files, comprising:  a processor configured to : encode
a video track; encode at least one subtitle track;
interleave information from the video track with
information from the at least  one subtitle track; and
write the interleaved video and subtitle information
to a single file. 69. The system of claim 68, wherein
the at least one subtitle track comprises a plurality
of subtitle tracks. 30 35 70. The system of claim 68,
wherein the processor is further configured to encode
and write to the single file, header information
identifying the number of subtitle tracks  contained
in the multimedia file. 71. The system of claim 68,
wherein the processor is further configured to encode
and write to the single file, description information
about at least one of the subtitle tracks. 72. The
system of claim 68, wherein: the video track is
encoded as video chunks; and each of the at least one
subtitle tracks is encoded as subtitle chunks. 73. The
system of claim 72, wherein: -81 WO 2005/057906
PCT/US2004/041667 1 5 10 15 20 25 each of the subtitle
chunks contains a single subtitle that accompanies a
portion of the  video track; the interleaver is
configured to interleave each subtitle chunk prior to
the video  chunks containing the portion of the video
track that the subtitle within the subtitle chunk
accompanies. 74. The system of claim 72, wherein the
processor is configured to generate a  subtitle chunk
by encoding the subtitle as a bit map. 75. The system
of claim 72, wherein the subtitle is encoded as a
compressed bit map. 76. The system of claim 75,
wherein the bit map is compressed using run length
encoding. 



77. The system of claim 76, wherein the processor
includes in each subtitle chunk  information
concerning the portion of the video sequence over
which the subtitle should be  superimposed. 78. The
system of claim 73, wherein the processor includes in
each subtitle chunk  information concerning the
portion of a display in which the subtitle should be
located. 79. The system of claim 73, wherein the
processor includes in each subtitle chunk  information
concerning the color of the subtitle. 80. The system
of claim 73, wherein information concerning the color
includes a  color palate. 30 35 81. The system of
claim 80, wherein the subtitle chunks comprise a first
subtitle  chunk that includes information concerning a
first color palate and a second subtitle chunk  that
includes information concerning a second color palate
that supersedes the information  concerning the first
color palate. 82. A system for decoding multimedia
files, comprising: a processor configured to extract
information from the multimedia file; wherein the
processor is configured to inspect the multimedia file
to determine if  there is at least one subtitle track.
WO 2005/057906 PCT/US2004/0-41667 1 5 10 83. The
system of claim 82, wherein the at least one subtitle
track comprises a  plurality of subtitle tracks and
the processor is configured to determine the number of
subtitle  tracks in the multimedia file. 84. The
system of claim 82, wherein the processor is further
configured to extract  header information identifying
the number of subtitle tracks from the multimedia
file. 85. The system of claim 82, wherein the
processor is further configured to extract
description information about at least one of the
subtitle tracks from the multimedia file. 86. The
system for decoding multimedia files of claim 82,
wherein: the multimedia file includes at least one
video track encoded as video chunks; and  the
multimedia file includes at least one subtitle track
encoded as subtitle chunks. 15 20 25 30 35 87. The
system for decoding multimedia files of claim 86,
wherein each subtitle  chunk includes information
concerning a single subtitle. 88. The system for
decoding multimedia files of claim 87, wherein:  each
subtitle is encoded in the subtitle chunks as a bit
map; 



the processor is configured to decode the video track;
and the processor is configured construct a frame of
video for display by superimposing  the bit map over a
portion of the video sequence. 89. The system for
decoding multimedia files of claim 88, wherein:  the
subtitle is encoded as a compressed bit map; and the
processor is configured to uncompress the bit map. 90.
The system for decoding multimedia files of claim 89,
wherein the processor  is configured to uncompress a
run length encoded bit map. 91. The system for
decoding multimedia files of claim 88, wherein: each
subtitle chunk includes information concerning the
portion of the video track  over which the subtitle
should be superimposed; and the processor is
configured to generate a sequence of video frames for
display by  superimposing the bit map of the subtitle
over each video frame indicated by the information  in
the subtitle chunk. WO 2005/057906 PCT/US2004/041667 5
10 15 20 25 30 35 92. The system for decoding
multimedia files of claim 88, wherein: each subtitle
chunk includes information concerning the position
within a frame in  which the subtitle should be
located; and the processor is configured to
superimpose the subtitle in the position within each
video frame indicated by the information within the
subtitle chunk. 93. The system for decoding multimedia
files of claim 88, wherein: each subtitle chunk
includes information concerning the color of the
subtitle; and the processor is configured to
superimpose the subtitle in the color or colors
indicated  by the color information within the
subtitle chunk. 94. The system for decoding multimedia
files of claim 93, wherein: the color information
within the subtitle chunk includes a color palate; and
the processor is configured to superimpose the
subtitle using the color palate to obtain  color
information used in the bit map of the subtitle. 95.
The system of claim 94, wherein the subtitle chunks
comprise a first subtitle  chunk that includes
information concerning a first color palate and a
second subtitle chunk  that includes information
concerning a second color palate; and wherein the
processor is: configured to superimpose the subtitle
using the first color palate to obtain  information
concerning the colors used in the bit map of the
subtitle after the first chunk is  processed; and 



configured to superimpose the subtitle using the
second color palate to obtain  information concerning
the colors used in the bit map of the subtitle after
the second chunk is  processed. server; 96. A system
for communicating multimedia information, comprising:
a network; a storage device containing a multimedia
file and connected to the network via a a client
connected to the network; wherein the client can
request the transfer of the multimedia file from the
server; and  wherein the multimedia file includes at
least one video track and at least one subtitle  track
accompanying the video track. WO 2005/057906
PCT/US2004/041667 I 5 10 15 97. A multimedia file in
accordance with the present invention, comprising:  a
series of encoded video frames; and encoded menu
information. 98. The multimedia file of claim 97,
wherein the encoded menu information is  stored as a
chunk. 99. The multimedia file of claim 98, further
comprising at least two separate  menu' chunks of menu
information. 100. The multimedia file of claim 99,
wherein the at least two separate `menu'  chunks are
contained in at least two separate `RIFF chunks. 101.
The multimedia file of claim 100, wherein a first
`RUFF chunk containing a  `menu' chunk includes a
standard 4cc code and the second `RIFF' chunk
containing a `menu'  chunk includes a specialized 4cc
code where the first two characters of a standard 4cc
code  appear as the last two characters of the
specialized 4cc code. 102. The multimedia file of
claim 99 wherein at least two separate `menu' chunks
20 are contained in a single `RIFF chunk. 25 30 35
103. The multimedia file of claim 99, wherein the
`menu' chunk includes chunks  describing a series of
menus and an `MRIF chunk containing media associated
with the  series of menus. 104. The multimedia file of
claim 103, wherein the `MRIF chunk contains media
information including video tracks, audio tracks and
overlay tracks. 105. The multimedia file of claim 103,
wherein:  the chunks describing a series of menus
include: a chunk describing the overall menu system; 



at least one chunk that groups menus by language; at
least one chunk that describes an individual menu
display and  accompanying background audio; at least
one chunk that describes a button on a menu; at least
one chunk that describes the location of the button on
the screen; and  at least one chunk that describes
various actions associated with a button. WO
2005/057906 PCT/US2004/041667 1 5 10 15 20 25 30 106.
The multimedia file of claim 97, further comprising:
a link to a second file; wherein encoded menu
information is contained within the second file. 107.
A system for encoding multimedia files, comprising:  a
processor configured to encode menu information;
wherein the processor is also configured to generate a
multimedia file including an  encoded video track and
the encoded menu information. 108. The system of claim
107, wherein:  the processor is configured to:
generate an object model of the menus; convert the
object model into an configuration file;  parse the
configuration file into chunks; generate AVI files
containing media information; interleave the media in
the AVI files into an `MRIF chunk; and concatenate the
parsed chunks with the `MRIF chunk to create a `menu'
chunk. 109. The system of claim 108, wherein the
processor is further configured to use  the object
model to generate a second smaller `menu' chunk. 110.
The system of claim 107, wherein the processor is
configured to encode a  second menu. 111. The system
of claim 110, wherein the processor inserts the first
encoded menu  in a first `RIFF chunk and insert the
second encoded menu in a second `RIFF chunk. 112. The
system of claim 110, wherein the processor includes
the first and second  encoded menus in a single `RIFF
chunk. 113. The system of claim 107, wherein the
processor is configured to insert in to  the
multimedia file a reference to an encoded menu in a
second file. 35 114. A system for decoding multimedia
files, comprising: 



a processor configured to extract information from the
multimedia file; wherein the processor is configured
to inspect the multimedia file to determine if it
contains encoded menu information. -86 WO 2005/057906
PCT/US2004/041667 1 5 10 15 20 115. The system of
claim 114, wherein the processor is configured to
extract menu  information from a `menu' chunk within a
`RIFF chunk. 116. The system of claim 115, wherein the
processor is configured to construct  menu displays
using video information stored in the `menu' chunk.
117. The system of claim 115, wherein the processor is
configured to generate  background audio accompanying
a menu display using audio information stored in the
`menu' chunk. 118. The system of claim 115, wherein
the processor is configured to generate a  menu
display by overlaying an overlay from the `menu' chunk
over video information from  the `menu' chunk. 119. A
system for communicating multimedia information,
comprising:  a network; a storage device containing a
multimedia file and connected to the network via a
server; a client connected to the network; wherein the
client can request the transfer of the multimedia file
from the server; and  wherein the multimedia file
includes encoded menu information. 120. A multimedia
file, comprising:  a series of encoded video frames;
25 encoded meta data about the multimedia file;
wherein the encoded meta data includes at least one
statement comprising a subject, a  predicate, an
object and an authority. 121. The multimedia file of
claim 120, wherein the subject contains information
30 identifying a file, item, person or organization
that is described by the meta data. 122. The
multimedia file of claim 121, wherein the predicate
contains information  indicative of a characteristic
of the subject. 35 123. The multimedia file of claim
122, wherein the object contains infonnation
descriptive of the characteristic of the subject
identified by the predicate. WO 2005/057906
PCT/US2004/041667 1 5 10 



15 20 25 30 124. The multimedia file of claim 123,
wherein the authority contains information  concerning
the source of the statement. 125. The multimedia file
of claim 120, wherein: the subject is a chunk that
includes a type and a value;  the value contains
information; and the type indicates whether the chunk
is a resource or an anonymous node. 126. The
multimedia file of claim 120, wherein: the predicate
is a chunk that includes a type and a value;  the
value contains information; and the type indicates
whether the value information is the a predicated URI
or an ordinal  list entry. 127. The multimedia file of
claim 120, wherein: the object is a chunk that
includes a type, a language, a data type and a value;
the value contains information; the type indicates
whether the value information is a UTF-8 literal, a
literal integer or  literal XML data; the data type
indicates the type of the value information; and the
language contains information identifying a specific
language. 128. The multimedia file of claim 127,
wherein: the authority is a chunk that includes a type
and a value;  the value contains information; and the
type indicates the value information is the authority
of the statement. 129. The multimedia file of claim
120, wherein at least a portion of the encoded  data
is represented as binary data. 130. The multimedia
file of claim 120, wherein at least a portion of the
encoded  data is represented as 64-bit ASCI data. 131.
The multimedia file of claim 120, wherein at least a
first portion of the  35 encoded data is represented
as binary data and at least a second portion of the
encoded data is  represented as additional chunks that
contain data represented in a second format. WO
2005/057906 PCTIUS2004/041667 132. The multimedia file
of claim 131, wherein the additional chunks each
contain  a single piece ofinetadata. 5 10 15 20 25 30 



35 133. A system for encoding multimedia files,
comprising:  a processor configured to encode a video
track; wherein the processor is also configured to
encode meta data concerning the  multimedia file; and
wherein the encoded meta data includes at least one
statement comprising a subject, a  predicate, an
object and an authority. 134. The system of claim 133,
wherein the subject contains information identifying
a file, item, person or organization that is described
by the meta data. 135. The system of claim 134,
wherein the predicate contains information  indicative
of a characteristic of the subject. 136. The system of
claim 135, wherein the object contains information
descriptive  of the characteristic of the subject
identified by the predicate. 137. The system of claim
136, wherein the authority contains information
concerning the source of the statement. 138. The
system of claim 133, wherein: the processor is
configured to encode the subject as a chunk that
includes a type and a  value; the value contains
information; and the type indicates whether the chunk
is a resource or an anonymous node. 139. The system of
claim 133, wherein: the processor is configured to
encode the predicate as a chunk that includes a type
and  a value; the value contains information; and the
type indicates whether the value information is a
predicate URI or an ordinary list entry. 140. The
system of claim 133, wherein: the processor is
configured to encode the object as a chunk that
includes a type, a  language, a data type and a value;
-89 WO 2005/057906 PCT/US2004/041667 1 5 10 15 20 25
30 35 the value contains information; the type
indicates whether the value information is a UTF-8
literal, a literal integer or  literal XML data; 



the data type indicates the type of the value
information; and the language contains information
identifying a specific language. 141. The system of
claim 133, wherein: the processor is configured to
encode the authority as a chunk that includes a type
and  a value; the value contains information; and the
type indicates the value information is the authority
of the statement. 142. The system of claim 133,
wherein the processor is further configured to  encode
at least a portion of the meta data concerning the
multimedia file as binary data. 143. The system of
claim 133, wherein the processor is further configured
to  encode at least a portion of the meta data
concerning the multimedia file as 64-bit ASCI data.
144. The system of claim 133, wherein the processor is
further configured to:  encode at least a first
portion of the meta data concerning the multimedia
file  as binary data and to encode at least a second
portion of the meta data concerning the multimedia
file as  additional chunks that contain data
represented in a second format. 145. The system of
claim 144, the processor is further configured to
encode the  additional chunks with a single piece of
metadata. 146. A system for decoding multimedia files,
comprising: a processor configured to extract
information from the multimedia file; wherein the
processor is configured to extract meta data
information concerning the  multimedia file; and
wherein the meta data information includes at least
one statement comprising a  subject, a predicate, an
object and an authority. 147. The system of claim 146,
wherein the processor is configured to extract, from
the subject, information identifying a file, item,
person or organization that is described by  the meta
data. WO 2005/057906 PCT/US2004/041667 1 5 10 15 20 25
30 35 148. The system of claim 147, wherein the
processor is configured to extract  information
indicative of a characteristic of the subject from the
predicate. 149. The system of claim 148, wherein the
processor is configured to extract  information
descriptive of the characteristic of the subject
identified by the predicate from the  object. 150. The
system of claim 149, wherein the processor is
configured to extract  



information concerning the source of the statement
from the authority. 151. The system of claim 146,
wherein: the subject is a chunk that includes a type
and a value; and the processor is configured to
identify that the chunk contains subject information
by  inspecting the type; and the processor is
configured to extract information from the value. 152.
The system of claim 146, wherein: the predicate is a
chunk that includes a type and a value; and the
processor is configured to identify that the chunk
contains predicate information  by inspecting the
type; and the processor is configured to extract
information from the value. 153. The system of claim
146, wherein: the object is a chunk that includes a
type, a language, a data type and a value; the
processor is configured to identify that the chunk
contains object information by  inspecting the type;
the processor is configured to inspect the data type
to determine the data type of  information contained
in the value; the processor is configured to extract
information of a type indicated by the data type  from
the value; and the processor is configured to extract
information identifying a specific language from  the
language. 154. The system of claim 146, wherein: the
authority is a chunk that includes a type and a value;
and the processor is configured to identify that the
chunk contains authority information  by inspecting
the type; and the processor is configured to extract
information from the value. -91 WO 2005/057906
PCT/US2004/041667 5 10 15 20 25 30 155. The system of
claim 146, wherein the processor is configured to
extract  information from the meta data statement and
display at least a portion of the information. 156.
The system of claim 146, wherein the processor is
configured to construct data  structures indicative of
a directed-labeled graph in memory using the meta
data. 157. The system of claim 146, wherein the
processor is configured to search  through the meta
data for information by inspecting at least one of the
subject, predicate,  object and authority for a
plurality of statements. 158. The system of claim 157,
wherein the processor is configured to display the  



results of the search as part of a graphical user
interface. 159. The system of claim 157, wherein the
processor is configured to perform a  search in
response to a request from an external device. 160.
The system of claim 146, wherein at least a portion of
the meta data  information concerning the multimedia
file is represented as binary data. 161. The system of
claim 146, wherein at least a portion of the meta data
information concerning the multimedia file is
represented as 64-bit ASCI data. 162. The system of
claim 146, wherein at least a first portion of the
meta data  information concerning the multimedia file
is represented as binary data; and wherein at least  a
second portion of the meta data information concerning
the multimedia file is represented  as additional
chunks that contain data represented in a second
format. 163. The system of claim 162, wherein the
additional chunks contain a single piece  of metadata.
164. A system for communicating multimedia
information, comprising:  a network; a storage device
containing a multimedia file and connected to the
network via a 35 server; a client connected to the
network; wherein the client can request the transfer
of the multimedia file from the server; and  wherein
the multimedia file includes meta data concerning the
multimedia file; and -92 WO 2005/057906 PCT/US20 04/0
4 1 6 6 7 1 5 10 15 20 25 30 wherein the meta data
includes at least one statement comprising a subject,
a  predicate, an object and an authority. 165. A
multimedia file comprising:  at least one encoded
video track; at least one encoded audio track;  a
plurality of encoded text strings; wherein the encoded
text strings describe characteristics of the at least
one video track  and at least one audio track. 166.
The multimedia file of claim 165, wherein a plurality
of the text strings  describe the same characteristic
of a video track or audio track using different
languages. 167. The multimedia file of claim 166,
further comprising:  at least one encoded subtitle
track; 



wherein the plurality of encoded text strings include
strings describing characteristics  of the subtitle
track. 168. A system for creating a multimedia file,
comprising:  a processor configured to: encode at
least one video track;  encode at least one audio
track; interleave at least one of the encoded audio
tracks with a video track; insert text strings
describing each of a number of characteristics of the
at least  one video track and the at least one audio
track in a plurality of languages. 167. A system for
displaying a multimedia file including encoded audio,
video and  text strings, comprising: a processor
configured to: extract the encoded text strings from
the file; and  generate a pull down menu display using
the text strings. 35 




