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Description

BACKGROUND

[0001] The present invention relates generally to play-
ing multimedia files over a network and more specifically
to the progressive playback of multimedia files as they
are downloaded over a network.
[0002] Progressive playback is the idea of playing back
remote content as it is being downloaded. With this fea-
ture a user can select a remote movie and commence
watching it before it is fully downloaded. Even with a fast
Internet connection, waiting for a movie to fully download
can range from minutes to hours depending on the size
of the media file. With progressive playback a user only
has to wait a couple of seconds before playback can be-
gin.
[0003] Current implementations of receiver or player
driven progressive playback, while suitable for the short
video clips that are dominant in many current applica-
tions, are typically limited in the scope and flexibility of
the progressive playback they provide. Players typically
download files linearly from the beginning to the end.
Playback then begins when the player has buffered
enough data to provide a likelihood that the media will
play without interruption. The buffering requirement can
either be a fixed amount suitable for a large percentage
of content, or a dynamic amount, where the player infers
how much data is required to play the entire content with-
out suffering buffer under-run. Although suitable for play-
back of short video clips, these methods typically do not
support random seeking, trick-play and playback of re-
motely stored longer content such as feature length mov-
ies.
[0004] Some systems are implemented with a server
driven approach. Examples of server driven approaches
include the systems described in U.S. Patent Applica-
tions Serial Nos. 11/323,044, 11/323,062, 11/327,543,
and 11/322,604. In these systems, the server parses the
data file and determines which data to send. Network
efficiency and flexibility in playback becomes a much
easier task. Standard HTTP web servers however do not
typically provide this functionality, and custom web serv-
ers providing this functionality often scale poorly when
called upon to deliver content simultaneously to a large
number of players.
[0005] Browser based players often implement receiv-
er driven playback by parsing the video file as it is down-
loaded linearly. When a long clip is started, it is impossible
to seek or fast-forward to a point in the file that has not
already been downloaded. Samba (open source soft-
ware available at http://us2.samba.org/samba/) can be
used to give any application access to a remote file as if
it were a local file. It tries to minimize the access latency
by pre-caching data from the current file position, which
can be randomly set. This may be insufficient when trying
to perform "trick play" functions (e.g. performing functions
such as rewinding, fast forwarding and skipping between

scenes that require non-sequential access of media con-
tent). The video frames to be delivered to the player in
these scenarios can be spaced far apart or require more
complex ordering, greatly diminishing the utility of tradi-
tional pre-caching methods which are based on assump-
tions regarding the subsequent video frames to be
viewed.

SUMMARY OF THE INVENTION

[0006] The invention relates to a method according to
claim 1 and a media player according to claim 14. The
dependent claims describe optional features of the in-
vention. Systems and methods are described for per-
forming progressive playback and "trick play" functions
on partially downloaded media files. Also described is a
receiver or player driven system supporting features such
as the maintenance at all times of a full capacity download
stream of only certain required data, including data in
certain byte ranges, the discarding of previous requests,
and the issuing of new requests for data at the highest
priority. Additionally described are features such as ran-
dom file access at any point in a file, and asynchronous
requests, which provide users flexibility in the playback
of a file. The described systems and processes can sup-
port scalability for implementation on Internet servers that
store files that can contain multiple titles, titles that include
multiple audio tracks, and/or titles that include one or
more subtitle tracks.
[0007] The ability to provide full featured progressive
playback can be due in part to the tight coupling of the
playback engine for the media sequence (i.e., the system
that decodes and plays back the encoded media) with a
transport protocol that provides random access to the
remote file. Interfacing of the playback engine with the
transport protocol via a file parser can reduce latency
and enable the client and media server to operate in par-
allel improving download efficiency and interactivity. The
described system and processes can be configured for
use with files that are formatted to include an index to
the data within the file and a transport protocol that allows
for downloading specific byte ranges within a file.
[0008] The following examples are useful for under-
standing the invention.
[0009] In an example, the media file contains a plurality
of media sequences and menu information, and identi-
fying a starting location within the media sequence further
includes displaying menu information, receiving a user
instruction indicative of the selection of the media se-
quence, and receiving a user instruction indicative of a
starting location within the media sequence.
[0010] In a yet further example, the media sequence
includes a plurality of interchangeable audio tracks, iden-
tifying a starting location within the media sequence fur-
ther comprises selecting an audio track, and identifying
byte ranges of the media file corresponding to media re-
quired to play the media sequence from the starting lo-
cation further comprises selecting byte ranges that do
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not include the audio tracks that were not selected.
[0011] In yet another example, the media sequence
includes a plurality of interchangeable subtitle tracks,
identifying a starting location within the media sequence
further comprises selecting a subtitle track, and identify-
ing byte ranges of the media file corresponding to media
required to play the media sequence from the starting
location further includes selecting byte ranges that do
not include the subtitle tracks that were not selected.
[0012] In a further example, the sequence includes key
frames, and identifying byte ranges of the media file cor-
responding to media required to play the media in ac-
cordance with the user instruction further includes iden-
tifying a sequence of key frames in response to a prede-
termined user instruction, and identifying byte ranges of
the media file corresponding to the identified key frames.
[0013] One example includes a media server, a client,
and a network. In addition, the client and the media server
are configured to communicate via the network, the client
is configured to send requests for at least one portion of
the media file to the media server, the server is configured
to provide requested portions of the media file to the cli-
ent, and the client is configured to receive user instruc-
tions concerning the playback of the media file and to
request portions of the media file that have not been
downloaded and that are required to comply with the play-
back instructions from the media server.
[0014] In a further example, proximate portions of the
media file are grouped and the groups are requested on
an earliest deadline first basis.
[0015] In another example, the client is configured to
maintain a queue of requested portions of the media file.
[0016] In a still further example, the client and the serv-
er are configured to communicate via at least one con-
nection, and the client is configured to flush the queue
of requested portions of the media file and break at least
one of the connections in response to the receipt of a
predetermined user instruction.
[0017] In still another example, the client is configured
to store a file map and a data file, the file map contains
a mask indicating the portions of the media file that have
been downloaded, and the data file contains the down-
loaded portions of the media file.
[0018] In a yet further example, the data file is a sparse
file.
[0019] In yet another example, the media file includes
a media sequence and an index, and the client includes
a playback engine configured to obtain the index and
determine the portions of the media sequence required
to comply with user playback instructions, a file parser
configured to use the index to map the portions of the
media sequence to portions of the media file and a down-
load manager configured to communicate with the media
server to download portions of the media file.
[0020] A further example includes a user interface con-
figured to receive user instructions, a storage device con-
figured to store at least one media file, a network con-
nection, a download manager configured to asynchro-

nously request at least one byte range of a file from a
remotely stored media file via the network connection, a
playback engine configured to determine portions of a
remotely stored media file that must be downloaded in
response to user instructions received via the user inter-
face, and a file parser configured to translate requests
for portions of a remotely stored media file to byte ranges
and to provide the byte ranges to the download manager.
[0021] In another example, the download manager is
configured to create a status file containing a map of
blocks of a media file that have been downloaded, and
the download manager is configured to create a data file
in which to store blocks of a downloaded media file.
[0022] In a further example, the download manager is
configured to maintain a queue of requested byte ranges.
[0023] In another additional example, the download
manager is configured to flush the queue.
[0024] In a still yet further example, the playback en-
gine is configured to generate a menu using menu infor-
mation obtained from a remote media file.
[0025] In still yet another example, the playback engine
is configured to receive a selection of one of a plurality
of media sequences in a remote media file via the menu.
[0026] In a still further example, the playback engine
is configured to receive a selection of one of a plurality
of audio tracks for a media sequence in a remote media
file via the menu.
[0027] In still another example, the playback engine is
configured to receive a selection of a subtitle track for a
media sequence in a remote media file via the menu.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

FIG. 1 is a semi-schematic network diagram of pro-
gressive playback system in accordance with an em-
bodiment of the invention.
FIG. 2 is a flow chart showing a process for progres-
sively playing back a remotely stored media file in
accordance with an embodiment of the invention.
FIG. 3 is a conceptual illustration of a client applica-
tion configured to request byte ranges from a remote
server and to support "trick play" functions in accord-
ance with an embodiment of the invention.
FIG. 4 is a conceptual illustration of a download man-
ager in accordance with an embodiment of the in-
vention.
FIG. 5 is a flow chart showing a process for request-
ing byte ranges from a media server in accordance
with an embodiment of the invention.
FIG. 6 is a flow chart showing a process for flushing
a connection with a media server in accordance with
an embodiment of the invention.
FIG. 7 is a flow chart showing a process for building
a data file during the non-sequential downloading of
byte ranges of the data file in accordance with an
embodiment of the invention.
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FIG. 8 is a flow chart showing a process that can be
used by a file parser to identify menu information and
media sequences within a remote media file and to
extract information from the file in accordance with
an embodiment of the invention.
FIG. 9 is a flow chart showing a process used by a
playback engine to obtain data chunks from a remote
media file formatted using a container format that
utilizes chunks in accordance with an embodiment
of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0029] Turning now to the drawings, a system for pro-
gressively downloading and playing media is shown. In
many embodiments, the media is stored in a file on a
remote server and a device configured with a client ap-
plication retrieves portions of the media file and plays the
media. The client application typically does not possess
the entire media file when it commences playing and can
request non-sequential portions of the media file. In this
way, the client application can support "trick play" func-
tions. "Trick play" functions impact the playing of a media
file such as non-sequential functions including pausing,
rewinding, fast forwarding and skipping between scenes.
Instead of sequentially downloading a media file and
waiting until the required information has been download-
ed to perform a "trick play" function, client applications
in accordance with embodiments of the invention can
determine portions of a media file that are required to
support a specific "trick play" function and request those
portions of the file from the remote server. When a "trick
play" function involves skipping to portions of the media
that have not been downloaded, such as fast forwarding
and skipping between chapters, latency can be signifi-
cantly reduced compared to sequential download.
[0030] The configuration of a progressive playback
system in accordance with an embodiment of the inven-
tion can depend upon the container formats supported
by the progressive playback system. Examples of con-
tainer formats include the AVI 1.0 file format specified by
Microsoft Corporation of Redmond, Washington, the
OpenDML AVI or AVI 2.0 format, container formats sim-
ilar to the formats specified in U.S. Patent Applications
11/016,184 and 11/198,142, the disclosure of which is
incorporated herein by reference in its entirety, MPEG-
4 Part 15 (MP4) and the open source format known as
Matroska (see www.matroska.org). Depending upon the
container file format used, a media file can include mul-
tiple titles (i.e. media sequences) and each title can in-
clude multiple audio tracks and/or one or more subtitle
tracks. The container format of a media file influences
the manner in which media information within a media
file is located. Therefore, the configuration of a progres-
sive playback system is typically determined based upon
the container formats supported in a specific application.
Although numerous embodiments are discussed below,
other variations appropriate to different container formats

can be constructed in accordance with embodiments of
the invention.
[0031] A progressive playback system in accordance
with an embodiment of the invention is shown in FIG. 1.
The progressive playback system 10 includes a media
server 12 connected to a network 14. Media files are
stored on the media server 14 and can be accessed by
devices configured with a client application. In the illus-
trated embodiment, devices that access media files on
the media server include a personal computer 16, a con-
sumer electronics device such as a set top box 18 con-
nected to a playback device such as a television 20, and
a portable device such as a personal digital assistant 22
or a mobile phone handset. The devices and the media
server 12 can communicate over a network 14 that is
connected to the Internet 24 via a gateway 26. In other
embodiments, the media server 14 and the devices com-
municate over the Internet.
[0032] The devices are configured with client applica-
tions that can request portions of media files from the
media server 12 for playing. The client application can
be implemented in software, in firmware, in hardware or
in a combination of the above. In many embodiments,
the device plays media from downloaded media files. In
several embodiments, the device provides one or more
outputs that enable another device to play the media.
When the media file includes an index, a device config-
ured with a client application in accordance with an em-
bodiment of the invention can use the index to determine
the location of various portions of the media. Therefore,
the index can be used to provide a user with "trick play"
functions. When a user provides a "trick play" instruction,
the device uses the index to determine the portion or
portions of the media file that are required in order to
execute the "trick play" function and requests those por-
tions from the server. In a number of embodiments, the
client application requests portions of the media file using
a transport protocol that allows for downloading of spe-
cific byte ranges within the media file. One such protocol
is the HTTP 1.1 protocol published by The Internet So-
ciety or BitTorrent available from www.bittorrent.org. In
other embodiments, other protocols and/or mechanisms
can be used to obtain specific portions of the media file
from the media server.
[0033] A flow chart showing a process for requesting
media from a media server in accordance with an em-
bodiment of the invention is shown in FIG. 2. The process
40 includes obtaining (42) the index of the media file from
the media server. A location from which to start playing
the media file is then determined (44). In a number of
embodiments, all files commence playing at the start of
a media sequence. In several embodiments, the media
file can include one or more menus that enable a user to
select different locations from which to commence view-
ing one or more media sequences. Once a location has
been determined, the media information required to com-
mence playing the media from the determined location
is requested (46) and played back (48) upon receipt. The
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process involves listening (50) for user instructions. In
the event that a user does not provide an instruction, the
system continues playing the media in accordance with
previous instructions received from the user. When a us-
er provides an instruction, the process determines (52)
whether the instruction is to cease playing. Otherwise,
the process involves determining (54) the media required
to comply with the instruction and requesting (46) the
required media. The process continues until the user pro-
vides an instruction to stop playing the media or the end
of the media sequence is reached.
[0034] Media servers in accordance with embodiments
of the invention can support progressive playback and
trick play functions by simply storing media files and re-
ceiving requests for specific byte ranges within the media
file. The client application can determine the appropriate
byte ranges and the media server simply responds to the
byte range requests. A client application that is config-
ured to determine appropriate byte ranges in response
to user instructions can be implemented in a variety of
ways.
[0035] A client application implemented using three
abstraction layers in accordance with an embodiment of
the invention is illustrated in FIG. 3. The client application
60 includes a download manager 62 that is responsible
for coordinating the downloading of specific byte ranges
of a file from a remote server. The playback engine 64
is a high level process that coordinates the playback of
a media file in response to user interactions. When a
media file is being played, the playback engine uses an
index of the media file to determine the portions of the
media file required to continue playing the media and/or
to respond to user instructions. A file parser 66 interfaces
between the playback engine 64 and the download man-
ager 62. The file parser maps high level data requests
from the playback engine to specific byte ranges that can
then be requested using the download manager. The im-
plementation of download managers, file parsers and
playback engines in accordance with embodiments of
the invention is discussed below. In many embodiments,
client applications are configured using alternative archi-
tectures that are configured to use an index to a media
file to convert user instructions into byte requests that
are provided to a remote media server.
[0036] A download manager in accordance with an em-
bodiment of the invention is illustrated in FIG. 4. As dis-
cussed above, the download manager is responsible for
communicating with one or more media servers and ob-
taining specific byte ranges of media from media files
stored on the media servers. The download manager 70
shown in FIG. 4 is configured to instantiate a remote file
object 72 and a partial file object 74 to assist with the
downloading of media files. The remote file object 72
handles the communications associated with requesting
byte ranges of a file from a media server and maintains
a queue of the byte ranges that have been requested.
The partial file object 74 handles storage of the data
downloaded from the media server. The partial file object

74 establishes a temporary data path 75 for a file being
downloaded by the download manager.
[0037] The temporary data path 75 includes a data file
78 and a status file 76. The data file 76 contains data
received from the media server. The status file contains
a mask of the data file, where each bit within the mask
corresponds to a block of fixed size within the data file.
As blocks are downloaded, bits within the mask are set.
A status file can also include a region for external data,
which can include information, such as the last modified
server timestamp, that can be used by the download
manager to determine if any partially downloaded data
has expired. When the entire media file has been down-
loaded, the download manager creates an output file path
80 and fully downloaded version of the remote file 82 is
output to the download path. At which point, the client
application can use the local file to play the media and
support "trick play" functions in a conventional manner.
[0038] Depending upon the size of the file being down-
loaded, the data file can be several gigabytes in length.
A common file allocation approach is to allocate zeros
for every byte within the file, which can take several min-
utes to complete for large files. Latency during data file
allocation can be reduced by allocating the file as a
sparse file that only uses the number of bytes actually
written to the file. When a sparse file is used, the file
allocation process requires very little time. In other em-
bodiments, other file allocation approaches can be used
that weight latency against the needs of the download
manager.
[0039] The block size of the data file (as represented
in the status file) determines the granularity by which data
can be downloaded. A small block size is typically more
efficient in terms of downloading only needed bytes.
However small block sizes can lead to a large mask size.
In many embodiments, a block size of 128 is used to
compromise between efficiency and mask size. In other
embodiments, other block sizes determined based upon
the requirements of the application are utilized.
[0040] A process for requesting data using the down-
load manager in accordance with an embodiment of the
invention is shown in FIG. 5. The process 90 commences
when a request is received (91) to download a byte range
from a media file stored on a remote server. When a
download manager similar to the download manager
shown in FIG. 4 is used, the download manager instan-
tiates a remote file object and a partial file object and
creates the necessary supporting files. A connection is
established (92) with the remote server, the requested
byte range is placed (94) in a request queue and is then
requested (96). As more byte ranges are received, the
process determines whether any of the bytes within a
requested byte range have been previously downloaded
and only places portions of the byte range that have not
been previously downloaded in the request queue.
[0041] When a download manager similar to that
shown in FIG. 4 is used to implement the process 90 in
FIG. 5, the mask in the status file 76 is used to determine
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the requested bytes that have already been stored in the
data file 78 and the remaining bytes that should be re-
quested. Each byte range request has associated over-
head, therefore, a number of embodiments of the inven-
tion include multiple byte ranges in a byte range request
and/or search the request queue for byte ranges proxi-
mate the byte range at the front of the queue and request
a large byte range that encompasses all of the proximate
byte range. In several embodiments, the process opens
multiple connections to increase download data rate
and/or accommodate servers that limit the number of
byte requests that can be made via a connection. Again,
opening connections has associated overhead. There-
fore, the number of connections can be limited based
upon a limit appropriate to a particular application (e.g. 5).
[0042] When a determination (100) is made that there
are no more byte ranges in the request queue, the proc-
ess determines (102) whether the entire file has been
downloaded. In the event that the entire file has not been
downloaded, the process requests missing bytes from
the partially downloaded file object. Once the entire file
is downloaded, the downloaded file is exported to its out-
put directory and the connection with the remote server
is closed (104) and the process is complete. In many
embodiments, the data file is exported only after playback
is complete.
[0043] Although a specific process for downloading
byte ranges is shown in FIG. 5, variations on this process
and/or alternative processes that enable the download-
ing of specific byte ranges and assembly of a data file
can be used in accordance with embodiments of the in-
vention. In addition, processes can involve any of a va-
riety of optimizations to minimize the impact of commu-
nication overhead on media playback.
[0044] When a user provides a "trick play" instruction,
previously requested byte ranges may no longer be re-
quired in order to continue playing media in the manner
instructed by the user. Download managers in accord-
ance with a number of embodiments of the invention pos-
sess the ability to flush the queue of pending byte range
requests and establish a new queue of byte range re-
quests. An advantage of flushing a request queue is that
there is no latency associated with waiting until previously
requested byte ranges have been requested prior to
downloading the now higher priority byte ranges. In a
number of embodiments, closing the connection with the
remote server and opening a new connection further re-
duces latency. Closing the connection can remove laten-
cy associated with waiting for the media server to respond
to pending download requests prior to the media server
responding to new download requests.
[0045] A process for flushing a request queue in ac-
cordance with an embodiment of the invention is shown
in FIG. 6. The process 110 includes receiving (112) a
flush request, flushing (114) the request queue and clos-
ing (116) the connection with the media server. In many
embodiments, other processes can be used to reduce
latency when "trick play" requests are received that elim-

inate the immediate need for portions of a media file pre-
viously requested and create an immediate need for por-
tions of a remote media file that have not been previously
requested.
[0046] When data is received by the download man-
ager, the status file and the data file are both updated to
reflect the received bytes. A process for handling receiv-
ing bytes from a remote media server in accordance with
an embodiment of the invention is shown in FIG. 7. The
process 130 includes receiving (132) bytes, updating
(134) the mask in the status file and updating (136) the
data file. A determination (138) is then made as to wheth-
er the entire file has been downloaded. In the even that
the entire file has not been downloaded, the process
waits to receive additional bytes. When the entire file has
been downloaded, the downloaded media file is exported
(140) to its output directory. In other embodiments, other
processes are used to organize received byte ranges.
[0047] A file parser in accordance with embodiments
of the invention is used to convert high level requests
from a playback engine into byte range requests for the
download manager and to pass byte ranges downloaded
by the download manager to the playback engine. When
a device commences progressively playing a media file
stored on a remote media server, the file parser accesses
the file and downloads information concerning the con-
tent of the media file. Media files such as the media files
described in U.S. Patent Application Serial No.
11/016,184 and 11/198,142, incorporated by reference
above include menu information and/or information from
multiple media sequences (i.e. distinct media presenta-
tions). The file parser obtains menu information and in-
formation concerning the media sequences. When a me-
dia sequence is selected by the user, the file parser ob-
tains an index to the selected media sequence and the
index is used to identify the byte ranges within the remote
media file to request as the media sequence is played.
[0048] A process in accordance with an embodiment
of the invention for determining the media sequences
contained within a remote media file and extracting se-
lected media in accordance with an embodiment of the
invention is shown in FIG. 8. The process 150 includes
obtaining (152) any menu information contained within
the file and information concerning the number of distinct
media sequences within the media file. In embodiments
where a file parser is used in conjunction with a download
manager, the file parser uses knowledge concerning me-
dia formats to select bytes of information to request from
the media file using the download manager. The menu
information and/or the information concerning the
number of media sequences can be used to obtain (154)
information concerning each of the media sequences.
Information that can be useful includes information con-
cerning the title of the media sequence, the format of the
media sequence, the number of alternate audio tracks in
the media sequence, the presence of one or more subtitle
tracks in the media sequence and/or any additional in-
formation that could be useful to a user in the selection
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of a media sequence or to a decoder in the decoding of
the media sequence. When the media is formatted in an
AVI format or in a format similar to any of the file formats
described in U.S. Patent Applications Serial Nos.
11/016,184 and 11/198,142, information concerning
each of the media sequences can be downloaded by
downloading the RIFF header for each media sequence.
Once information concerning the media sequences has
been obtained, a selection (154) can be made concerning
the media sequence that is to be played. When the media
file contains a single media sequence, the decision can
be automatic. When the media file contains multiple se-
quences, the decision can be made based upon a user
instruction that is obtained via a menu interface gener-
ated using menu information obtained from the remote
media file by the file parser. The file parser uses the in-
formation obtained concerning the media sequence to
direct the download manager to download a byte range
corresponding to an index (156) for the media sequence.
The file parser can use the index to extract (158) data
from the remote file. The player engine determines the
data that is extracted by the file parser. The manner in
which the data is extracted depends upon the format of
the media file. When the media file is formatted in a media
format that utilizes chunks, the file parser uses the index
to convert a chunk reference into specific byte ranges
that can be retrieved using the download manager. When
other formats are used, the file parser uses byte map-
pings appropriate to the file descriptive information avail-
able to the file parser. In addition to requesting byte rang-
es, file parsers in accordance with embodiments of the
invention can communicate with a download manager to
check on the status of a particular request and can pro-
vide downloaded bytes to the playback engine.
[0049] The primary goal of the playback engine, when
progressively playing a remote file, is to always maintain
a queue of media information required to play the file in
the manner requested by the user. When a media file
includes an index, the playback engine can refer to the
index to determine the media information required to play
the media file in the manner requested by the user. A
process in accordance with an embodiment of the inven-
tion that is used to obtain media from a file that is format-
ted to represent the media as chunks of information is
shown in FIG. 9. The process 190 includes obtaining
(192) an index from the remote media file. In embodi-
ments where the playback engine requests information
via a file parser, the playback engine can provide an in-
struction to the file parser to obtain the index and the file
parser can extract the necessary information using the
download manager. The playback engine then selects
(194) chunks based upon instructions, including "trick
play" instructions, received from the user and provides
instructions to the file parser to download (196) the se-
lected chunks. In a number of embodiments, the play-
back engine selects chunks based upon an earliest dead-
line first selection strategy. Chunks from unused audio
tracks and unused subtitle tracks multiplexed within the

media sequence can be ignored. In many embodiments,
media chunks are requested prior to the downloading of
the entire index. Media is typically played form the start
of a media sequence, therefore, chunks from the start of
the media sequence can be downloaded as the index is
downloaded. When the playback engine receives the
chunks from the file parser, the chunks are queued and
provided to an appropriate decoder to enable the playing
(198) of the media. Playback of the movie can begin once
enough of the movie has been downloaded. The buffered
length can be determined by the length of the playback
list shared with the chunk download component.
[0050] The chunk selection process described above
with respect to FIG. 9 maintains a queue of requested
chunks. The queue can be maintained as a list of index
entries for the requested chunks. The chunk download
process polls the download status of the requested
chunks. Once downloaded, a chunk is removed from the
queue of requested chunks and the downloaded chunk
is delivered to the chunk playback process.
[0051] When a "trick play" instruction is received, the
playback engine selects media information appropriate
to the "trick play" instruction. For example, a playback
engine that receives a fast-forward or rewind instruction
can request only key frames (i.e. complete frames) that
are spaced throughout the media sequence at a timing
determined by the rate of the trick play function. In many
embodiments, the spacing in time is 0.1 x the trick frame
rate to provide a playback rate during trick play of 10 key
frames per second. In other embodiments, various other
algorithms are used to determine the media to request.
Once the chunks containing the key frames have been
identified, the playback engine requests the chunks using
the file parser and download manager.
[0052] While the above description contains many spe-
cific 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.
Much of the discussion provided above assumes a media
file having an index identifying the location of different
pieces of media information within the media file. In many
embodiments, hierarchical indexes and/or other index
formats are included in media files and the playback en-
gine and file parser are configured to accommodate the
particular index structure. In several embodiments, the
client application is configured to accommodate multiple
file formats including file formats that do not possess in-
dexes, but utilize other information to describe the con-
tent of the media file. Accordingly, the scope of the in-
vention should be determined not by the embodiments
illustrated, but by the appended claims.
[0053] The present application is a divisional applica-
tion based on an earlier European Application No
08705745.1, which was in turn derived from PCT Appli-
cation No PCT/US2008/050440.

11 12 



EP 3 467 666 B1

8

5

10

15

20

25

30

35

40

45

50

55

Claims

1. A method of progressively playing back, by a client,
a media sequence stored as a media file on a remote
server (12), the method comprising:

obtaining (42) information concerning the con-
tent of the media file from the remote server;
identifying (44), by the client, a starting location
within the media sequence;
identifying (46), by the client, byte ranges of the
media file corresponding to media required to
play the media sequence from the starting loca-
tion;
requesting (46), by the client from the remote
server (12), the byte ranges required to play the
media sequence from the starting location;
buffering (94) received bytes of information
pending commencement of playback;
playing back the buffered bytes of information;
receiving (50) a "trick play" user instruction;
identifying (54), by the client, byte ranges of the
media file corresponding to media required to
play the media sequence in accordance with the
"trick play" user instruction;
when previously requested byte ranges are no
longer required, flushing (114) the previous byte
range requests; and
requesting (46), by the client from the remote
server (12), the byte ranges required to play the
media in accordance with the "trick play" user
instruction,

wherein the method further comprises:

maintaining, by the client, a mask indicating the
portions of the media file that have been down-
loaded;
identifying, using the mask, whether at least a
portion of a byte range required to play the media
in accordance with the "trick play" user instruc-
tion has already been downloaded; and
requesting (46), by the client from the remote
server (12), only the portions of byte ranges that
have not already been downloaded from the re-
mote server to play the media in accordance with
the "trick play" user instruction.

2. The method of claim 1, wherein the client and the
remote server communicate via at least one network
connection and the method further comprises the
client flushing the queue of requested portions and
breaking at least one of the at least one network con-
nections to the remote server in response to the re-
ceipt of the "trick play" user instruction.

3. The method of claim 1, wherein the "trick play" user
instruction is an instruction for skipping between

scenes.

4. The method of claim 1, wherein the "trick play" user
instruction is one of a fast-forward or rewind instruc-
tion.

5. The method of claim 1, wherein the method compris-
es storing a file map containing the mask indicating
the portions of the media file that have been down-
loaded and a data file containing the downloaded
portions of the media file.

6. The method of claim 1, further comprising:

storing downloaded bytes in a data file; and
outputting the downloaded media file when all
bytes of the media file have been downloaded.

7. The method of claim 1, further comprising:
instantiating a remote file object (72) and a partial
file object (74), wherein:

the remote file object handles communications
associated with requesting byte ranges of the
media file from the remote server and maintains
a queue of requested byte ranges; and
the partial file object handles storage of the data
downloaded from the remote server and estab-
lishes a temporary data path for the media file
being downloaded.

8. The method of claim 1, wherein the media sequence
includes key frames; and
identifying byte ranges of the media file correspond-
ing to media required to play the media in accordance
with the "trick play" user instruction further compris-
es:

identifying a sequence of key frames in re-
sponse to the "trick play" user instruction; and
identifying byte ranges of the media file corre-
sponding to the identified key frames.

9. The method of claim 1, further comprising sending
requests for at least one portion of the media file to
the remote server.

10. The method of claim 1, wherein the client is config-
ured to maintain a queue of requested portions of
the media file.

11. The method of claim 1, wherein the remote server
is a standard HTTP server.

12. The method of claim 1, wherein the information con-
cerning the content of the media file comprises an
index.
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13. The method of claim 12, wherein the media file is
formatted using a container format that utilizes
chunks so that each of the identified byte ranges
corresponds to a chunk, wherein the step of request-
ing (46) the chunks required to play the media in
accordance with the "trick play" user instruction com-
prises maintaining a list of index entries for the re-
quested chunks.

14. A media player for progressive playback of a media
file, the media player configured to perform the meth-
od of any one of claims 1 to 13.

Patentansprüche

1. Verfahren zur progressiven Wiedergabe einer Me-
diensequenz, die als Mediendatei auf einem entfern-
ten Server (12) gespeichert ist, durch einen Client,
wobei das Verfahren umfasst:

Beschaffen (42) von Informationen über den In-
halt der Mediendatei vom entfernten Server;
Ermitteln (44), durch den Client, einer Startstelle
innerhalb der Mediensequenz;
Ermitteln (46), durch den Client, von Byte-Be-
reichen der Mediendatei, die den Medien ent-
sprechen, die zum Abspielen der Mediense-
quenz ab der Startstelle benötigt werden;
Anfragen (46), durch den Client vom entfernten
Server (12), jener Byte-Bereiche, die zum Ab-
spielen der Mediensequenz ab der Startstelle
benötigt werden;
Puffern (94) empfangener Bytes an Informatio-
nen bis zum Beginn der Wiedergabe;
Wiedergeben der gepufferten Bytes an Informa-
tionen;
Empfangen (50) einer "Trick play"-Benutzeran-
weisung;
Ermitteln (54), durch den Client, von Byte-Be-
reichen der Mediendatei, die den Medien ent-
sprechen, die zum Abspielen der Mediense-
quenz gemäß der "Trick play"-Benutzeranwei-
sung benötigt werden;
wenn früher angefragte Byte-Bereiche nicht
mehr benötigt werden, Leeren (114) der frühe-
ren Byte-Bereichsanfragen; und
Anfragen (46), durch den Client vom entfernten
Server (12), jener Byte-Bereiche, die zum Ab-
spielen der Medien gemäß der "Trick play"-Be-
nutzeranweisung benötigt werden,

wobei das Verfahren zudem umfasst:

Unterhalten, durch den Client, einer Maske, die
die Teile der Mediendatei angibt, die herunter-
geladen worden sind;
Ermitteln mithilfe der Maske, ob zumindest ein

Teil eines Byte-Bereichs, der zum Abspielen der
Medien gemäß der "Trick play"-Benutzeranwei-
sung benötigt wird, bereits heruntergeladen
worden ist; und
Anfragen (46), durch den Client vom entfernten
Server (12), nur jener Teile der Byte-Bereiche,
die nicht bereits vom entfernten Server herun-
tergeladen worden sind, um die Medien gemäß
der "Trick play"-Benutzeranweisung abzuspie-
len.

2. Verfahren nach Anspruch 1, wobei der Client und
der entfernte Server über zumindest eine Netzver-
bindung kommunizieren und das Verfahren zudem
umfasst, dass der Client die Warteschlange der an-
gefragten Teile leert und zumindest eine der zumin-
dest einen Netzverbindung zum entfernten Server
als Reaktion auf den Empfang der "Trick play"-Be-
nutzeranweisung abbricht.

3. Verfahren nach Anspruch 1, wobei die "Trick play"-
Benutzeranweisung eine Anweisung zum Springen
zwischen Szenen ist.

4. Verfahren nach Anspruch 1, wobei die "Trick play"-
Benutzeranweisung eine Vor- oder Zurückspul-An-
weisung ist.

5. Verfahren nach Anspruch 1, wobei das Verfahren
das Speichern einer File-Map umfasst, die die Mas-
ke, die die Teile der Mediendatei, die heruntergela-
den worden sind, angibt und eine die heruntergela-
denen Teile der Mediendatei enthaltende Datei ent-
hält.

6. Verfahren nach Anspruch 1, zudem umfassend:

Speichern heruntergeladener Bytes in einer Da-
tendatei; und
Ausgeben der heruntergeladenen Mediendatei,
wenn alle Bytes der Mediendatei heruntergela-
den worden sind.

7. Verfahren nach Anspruch 1, zudem umfassend:
Instanziieren eines entfernten Dateiobjekts (72) und
eines partiellen Dateiobjekts (74), wobei

das entfernte Dateiobjekt die Kommunikatio-
nen, die im Zusammenhang mit dem Anfragen
von Byte-Bereichen der Mediendatei vom ent-
fernten Server stehen, handhabt und eine War-
teschlange von angefragten Byte-Bereichen un-
terhält; und
das partielle Dateiobjekt das Speichern der vom
entfernten Server heruntergeladenen Daten
handhabt und einen temporären Datenpfad für
die Mediendatei, die heruntergeladen wird, fest-
legt.
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8. Verfahren nach Anspruch 1, wobei die Mediense-
quenz Key-Frames enthält; und
das Ermitteln von Byte-Bereichen der Mediendatei,
die den Medien entsprechen, die zum Abspielen der
Medien gemäß der "Trick play"-Benutzeranweisung
benötigt werden, zudem umfasst:

Ermitteln einer Sequenz von Key-Frames als
Reaktion auf die "Trick play"-Benutzer-anwei-
sung; und
Ermitteln von Byte-Bereichen der Mediendatei,
die den ermittelten Key-Frames entsprechen.

9. Verfahren nach Anspruch 1, zudem umfassend Sen-
den von Anfragen für zumindest einen Teil der Me-
diendatei an den entfernten Server.

10. Verfahren nach Anspruch 1, wobei der Client zum
Unterhalten einer Warteschlange von angefragten
Teilen der Mediendatei eingerichtet ist.

11. Verfahren nach Anspruch 1, wobei der entfernte Ser-
ver ein standardgemäßer HTTP-Server ist.

12. Verfahren nach Anspruch 1, wobei die Informationen
über den Inhalt der Mediendatei einen Index umfas-
sen.

13. Verfahren nach Anspruch 12, wobei die Mediendatei
mithilfe eines Blöcke nutzenden Container-Formats
formatiert ist, sodass jeder der ermittelten Byte-Be-
reiche einem Block entspricht, wobei der Schritt des
Anfragens (46) der Blöcke, die zum Abspielen der
Medien gemäß der "Trick play"-Benutzeranweisung
benötigt werden, das Unterhalten einer Liste von In-
dex-Einträgen für die angefragten Blöcke umfasst.

14. Medienwiedergabegerät für die progressive Wieder-
gabe einer Mediendatei, wobei das Medienwieder-
gabegerät zum Ausführen des Verfahrens nach ei-
nem der Ansprüche 1 bis 13 eingerichtet ist.

Revendications

1. Procédé de lecture progressive, par un client, d’une
séquence de médias stockée dans un serveur dis-
tant (12) sous forme de fichier média, le procédé
comportant :

obtenir (42) des informations concernant le con-
tenu du fichier média à partir du serveur distant ;
identifier (44), par le client, d’un point de départ
dans la séquence médiatique ;
identifier (46), par le client, des plages d’octets
du fichier média correspondant aux médias né-
cessaires pour lire la séquence de médias à par-
tir de l’emplacement de départ ;

demander (46), par le client à partir du serveur
distant (12), les plages d’octets nécessaires
pour lire la séquence de médias à partir de l’em-
placement de départ ;
mettre en mémoire tampon (94) des octets d’in-
formation reçus en attendant le début de la
lecture ;
lire les octets d’information mis en mémoire
tampon ;
recevoir (50) une instruction utilisateur « trick
play »;
identifier (54), par le client, des plages d’octets
du fichier média correspondant aux médias né-
cessaires à la lecture de la séquence de médias
conformément à l’instruction utilisateur « trick
play » ;
lorsque les plages d’octets précédemment de-
mandées ne sont plus nécessaires, vider (114)
les demandes de plages d’octets précédentes ;
demander (46), par le client à partir du serveur
distant (12), les plages d’octets nécessaires
pour lire le média conformément à l’instruction
utilisateur « trick play »;

le procédé comportant en outre :

maintenir, par le client, d’un masque indiquant
les parties du fichier média qui ont été
téléchargées ;
identifier, à l’aide du masque, si au moins une
partie de la plage d’octets nécessaire à la lecture
du média conformément à l’instruction utilisa-
teur « trick play » a déjà été téléchargée ;
demander (46), par le client à partir du serveur
distant (12), seulement les portions de plages
d’octets qui n’ont pas encore été téléchargées
à partir du serveur distant pour lire le média con-
formément à l’instruction utilisateur « trick
play ».

2. Procédé selon la revendication 1, dans lequel le
client et le serveur distant communiquent via au
moins une connexion réseau et le procédé com-
prend en outre que le client vide la file d’attente des
parties demandées et couper au moins une des au
moins une connexions réseau au serveur distant en
réponse à la réception de l’instruction utilisateur
« trick play ».

3. Procédé selon la revendication 1, dans lequel l’ins-
truction utilisateur « trick play » est une instruction
de passer d’une scène à l’autre.

4. Procédé selon la revendication 1, dans lequel l’ins-
truction utilisateur « trick play » est une instruction
d’avance rapide ou de retour.

5. Procédé selon la revendication 1, dans lequel le pro-

17 18 



EP 3 467 666 B1

11

5

10

15

20

25

30

35

40

45

50

55

cédé comprend mémoriser une carte de fichier con-
tenant le masque indiquant les parties du fichier mé-
dia qui ont été téléchargées et un fichier de données
contenant les parties téléchargées du fichier média.

6. Procédé selon la revendication 1, comprenant en
outre :

stocker des octets téléchargés dans un fichier
de données ; et
émettre le fichier média téléchargé lorsque tous
les octets du fichier média ont été téléchargés.

7. Procédé selon la revendication 1, comprenant en
outre :
instancier un objet fichier distant (72) et un objet fi-
chier partiel (74), à savoir que :

l’objet fichier distant gère les communications
associées à la demande de plages d’octets du
fichier média à partir du serveur distant et main-
tient une file d’attente des plages d’octets
demandées ; et
l’objet fichier partiel gère le stockage des don-
nées téléchargées à partir du serveur distant et
établit un chemin de données temporaire pour
le fichier média téléchargé.

8. Procédé selon la revendication 1, dans lequel la sé-
quence de médias comprend des images clés, et
identifier des plages d’octets du fichier média cor-
respondant aux médias nécessaires à la lecture des
médias conformément à l’instruction utilisateur
« trick play » comprend en outre :

identifier une séquence d’images clés en répon-
se à l’instruction de l’utilisateur « trick play »; et
identifier des plages d’octets du fichier média
correspondant aux images clés identifiées.

9. Procédé selon la revendication 1, comportant en
outre envoyer des demandes pour au moins une par-
tie du fichier média au serveur distant.

10. Procédé selon la revendication 1, dans lequel le
client est configuré pour maintenir une file d’attente
des parties demandées du fichier média.

11. Procédé selon la revendication 1, dans lequel le ser-
veur distant est un serveur HTTP standard.

12. Procédé selon la revendication 1, dans lequel les
informations concernant le contenu du fichier média
comprennent un index.

13. Procédé selon la revendication 12, dans lequel le
fichier média est formaté en utilisant un format de
conteneur qui utilise des morceaux de sorte que cha-

cune des plages d’octets identifiées correspond à
un morceau, dans lequel l’étape de demander (46)
des morceaux nécessaires pour lire le média con-
formément à l’instruction d’utilisateur « trick play »
comprend maintenir une liste d’entrées d’index pour
les morceaux demandés.

14. Lecteur média pour la lecture progressive d’un fichier
média, ledit lecteur média étant configuré pour exé-
cuter le procédé selon l’une quelconque des reven-
dications 1 à 13.
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