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MANIFEST FILE UPDATES FOR NETWORK
STREAMING OF CODED MULTIMEDILA
DATA

‘This application claims the benefit of U.S. Provisional
Application Ne. 61/372,309, filed Aug. 10, 2010, which is
hereby incorporated by reference in its entirety.

CROSS-REFERENCE TO RELATED
APPLICATIONS

‘The present application for patent is related to the tollow-
ing co-pending U.S. patent applications:
“MANIFEST FILE UPDATES FOR NETWORK STREAM-
ING OF CODED VIDEQ DATA™ by Stockhanumer et al.,
having Ser. No. 13/205,559, filed concurrently herewith,
assigned to the assignee hereof, and expressly incorporated
by relerence herein; and
“TRICK MODES FOR NETWORK STREAMING OF
CODED VIDEQ DATA™ by Stockhammer et al., having Ser.
No. 13/205,565, [iled concurrently herewith, assigned 1o the
assignee hereof, and expressly incorporated by reference
herein.

TECHNICAT. FIELD>

This disclosure relates to storage and transport of encoded
multimedia data.

BACKGROUND

Digilal video capabililies cun be incorporated mio a wide
range ol devices, including digitul televisions, digital direet
broadcast systems, wireless broadcast systems, personal digi-
lal assistants (PDAg), laplop or desklop computers, digital
cumeras, digital recording devices, digital media players,
video gaming devices, viden game consoles, cellnlar or sat-
¢llite rudio wlephones, video leleconlerencing devices, and
the Kke. 1 ygital video devices implement video compression
techniques, such as those described in the standards defined
by MPIG-2, MPLG-4, TTU-T 1263 or [TU-T 11.264/
MPIi(3-4, Part 10, Advanced Video Coding (AV(), and exten-
sions of such standards, to transmit and receive digital video
informaticn more etficiently.

Video compression techniques perform spatial prediction
and/or temporal prediction to reduce or remove redundancy
inherent in video sequences. l'or block-based video coding, a
video frame or slice mav be partitioned into macroblocks.
Each macroblock can be further partitioned. Macroblocks in
an intra-coded (I) frame or slice are encoded using spatial

prediction with respect to neighboring macroblocks. Macrob- 5

locks inan inter-coded (P or B) frame or slice may use spatial
prediction with respect to neighboring macroblocks in the
same frame or slice or temporal prediction with respect to
other relerence [rames.

Alier video data has been encoded, the video data may be 3

packetized for transmission or storage. The video data may be
assembled mto a video [ile conforming (o any ol a vanety ol
standards, such us the Internationsl Organization [or Stun-
dardization (IS0) base media [ile [ormat and extensions
thereol, such as ITU-T H.264/AVC. Such packelized video
data may be transported in a variety of ways, such as teans-
mission over a compuler network using nelwork streaming

SUMMARY

In general, this disclosure describes techniques for improv-
ing streaming ofmedia data over a network. These techniques
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include support tor trick mades. such as fast forward, rewind.
and seeking within media content streamed over a network.
These techniques also include support for representation
groups, such as signaling commen characteristics for a group
of representations, as well as individual characteristics of the
representations. Moreover, the techniques include providing,
information for updating manifest files for streamed media
content. The techniques also include providing media data for
targeted advertisements as external periods for media con-
tent. These techniques further include providing and inter-
preting quality of experience reports from a client device to a
service provider, Furthennore, these techniques melude sig-
naling of profile data to which a manifest file of media content
conlorms,

In one example, 1 method of retrieving video data includes
analyzing al least @ portion ol g mamlest (ile Tor multimedia
content, wherein the portion ol the manilest [ile includes
nlormation indieative ol sels ol representations ol the mul-
limedia content and inlormation indicative ol commoen char-
actleristics [or cach ol the sets ol representations, selecling
one of the sets of representations based on the common char-
actenstics lor the ome of the sets ol representalions, selecting
one of the representations of the selected one of the sets of
representations based on one or more coding characteristics
ol the one ol the representations ol the one of the sets, and
generating a request for data ot the ene of the representations
hased on the selection.

[n ancother example, a device for receiving information for
video data inclades one or more processors confignred to
analyze at least a portion of a manifest file for multimedia
content, wherein the portion of the manifest file includes
intformation indicative of sets of representations of the mul-
timedia content and information indicative of common chat-
acteristics tor each of the sets of representations, select one of
the sets of representations based on the conunon characteris-
tics for the one of the sets of representations, select one of the
representations ot the selected one of the sets of representa-
tions based on one or more coding characteristics ofthe one of
the representations of the one of the sets, and generate a
request for data of the one of the representations based on the
selection,

In another example, a device [or reeeiving inlormation [or
video data includes means for analyzing at least a portion of
amanifest file for multimedia content, wherein the portion of
the manilest [ile meludes inlormation indicative ol sets of
representations of the multimedia content and information
indicalive ol conunen characienistics lor cach ol the sets ol
representations, means lor selecting one ol the sets of repre-
sentations based on the common characteristics lor the one off
the sets ol representalions, meuns [or selecting one ol the
representations of the selected one of the sels of representa-
tions based on one or more coding characteristics of the one of
the representations ol the one of the sets, and means [or
generating a request for data ot the one of the representations
bascd en the sclection,

[n another example, a computer program prodact includes
a compuater-readable storage medium comprises instructions
that, when executed, cause a processor of a device for retriev-
ing video data to analyze at leasta portion of a manifest file for
mnltimedia content. wherein the pertion of the manifest file
includes information indicative of sets of representations of
the multimedia content and information indicative ot com-
mon characteristics for each of the sets of representations,
select one ofthe sets of representations hased on the common
characteristics for the one ofthe sets of representations, select
one of the representations of the selected one of the sets of
representations based on one or more coding characteristics
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ot the one of the representations ot the one ot the sets. and
generate a request for data of the one of the representations
based on the selection.

In another example, a method of sending information for
video data includes obtaining a set of representations of mul-
timedia content having one or more common characteristics,
wherein each of the representations in the set have one or
more individual coding characteristics separate from the
comunon characteristics, obtaining a manifest file for the mul-
timedia content, wherein the manifest file includes informa-
tion indicative of the representations in the set, information
ndicative ol the common characteristics lor the set ol repre-
sentations, and information indicative of the coding charac-
leristics lor cach ol the representalions in the sel, and sending
al least a portion of the manilest file (o a client device.

In unother example, a device lor sending inlormation [or
video daty, the device comprising one oI IMOKe processors
conligured o oblain a sel ol representations of mullimedia
conlent having one or more common characleristics, wherein
cach of the representations in the sel have one or more indi-
vidual coding characteristics separate from the common char-
aclenslics, oblaining a manilest file lor the multimedia con-
tent, wherein the manitest file includes intormation indicative
of the representations in the set, information indicative of the
commeoen characieristics lor the set ol representations, and
informatien indicative of the coding characteristics for each
of the representations in the set, and send at least a portion of
the manifest file to a client device.

In another example, a device for sending information for
video data includes means for obtaming a set of representa-
tions of multimedia content having one or more common
characteristics, wherein each of the representations in the set
have one or more individual coding characteristics separate
from the common characteristics, means for obtaining a
manifest file for the multimedia content, wherein the manifest
file includes information indicative of the representations in
the set, information indicative of the common characteristics
for the set of representations, and information mdicative of
the coding characteristics for each of the representations in
the set, and means for sending at least a portion of the mani-
fest file to a client device.

In another example, a computer program product includes
a computer-readable storage medium comprises instructions
that cause a processor of a device for providing video data to
oblain a scl ol representations ol multimedia content having
one or more conunon characteristics, wherein each of the
representations in the set have one or more individual coding
characlensiics separale [tom the common characlenstics,
oblain a manilest lile for the multimedia content, wherein the
mamnilest file includes inlomation indicative of the represen-
latioms in the sel, information mdicative ol the commen char-
acteristics for the set of representations, and information
indicative ol the coding characleristics [or cach ol the repre-
sentations in the set, and send at least a portion of the manitfest
file to a client device.,

In another example, a method of retrieving video data
includes analyzing intormation of a manifest file for multi-
media content, wherein the information of the manifest file
indicates that at least one representation of the maltimedia
content includes a temporal sub-sequence, determining one
or more locations of data for the temporal sub-sequence, and
submitting one or more requests for the data for the temporal
sub-sequence.

Tn another example. a device for retrieving video data
includes one or more processors configured to analyze infor-
mation of a manifest file for multimedia content, wherein the
information of the manifest file indicates that at least one
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representation of the multimedia content includes a temporal
sub-sequence, determine one or more locations of data for the
temporal sub-sequence, and submit one or more requests for
the data for the temporal sub-sequence.

In another example, a device for retrieving video data
includes means for analyzing information of a manifest file
for multimedia content, wherein the information of the mani-
fest file indicates that at least one representation of the mul-
timedia content includes a temporal sub-sequence, means for
determining one or more locations of data for the temporal
sub-sequence, and means for submitting one or more requests
lor the data lor the temporal sub-sequence.

In another example, a computer program product includes
a computer-readable medivm having stored thereon instruc-
tions that, when execuled, cuuse a processor ol a device lor
relreving video data lo analyze inlormation o' manilest (ile
lor mullimedia conlent, wherein the inlormation ol the mani-
lest (ile indicales that al least one representalion ol the mul-
timedia conlent includes a temporal sub-sequence, determine
one or more locations ol data lor the (emporal sub-scquence,
and submit one or more requests for the data for the temporal
sub-sequence.

[n another example, a method of sending information for
video data includes obtaining data for at least one represen-
ttion of muliimedia content that includes a tlemporal sub-
sequence, obtaining data for a manifest file for the multimedia
cantent, wherein information of the manifest file indicates
that the at least one representation of the multimedia content
includes the temporal sub-sequence, and sending at least a
portion of the manifest file to a client device,

In another example, a device for sending information for
video data inclndes one or more processors configured to
obtain data for at least one representation of multimedia con-
tent that includes a temporal sub-sequence, obtain data for a
manifest file for the multimedia content, wherein information
of the manifest file indicates that the at least one representa-
tion of the moltimedia content includes the temporal sub-
sequence, and send at least a portion of the manifest file to a
client device.

In another exaniple, a device for sending information for
video data includes means for obtaining data for at least one
representation ol multimedia content that includes o lemporal
sub-sequence, means for obtaining data for a manifest file for
the multimedia content, wherein information of the manifest
[ile indicates that the at least one representation of the mulii-
media content includes the temporal sub-sequence, and
means [or sending at least a portion of the manilest [ile wa
client device.

In another example, a computer program product includes
a computer-readable medivm having stored thereon instruc-
Lions thal, when exceuled, cause a processor ol a device Lot
sending information for video data to obtain data for at least
one representation ol multimedia content that includes a lem-
poral snb-sequence. obtain data for a manifest file for the
multimedia content, whercin information of the manifest file
indicates that the at least one representation of the multimedia
content includes the temporal sub-sequence, and send at least
a portion of the manifest file to a client device.

[n another example, a method of retrieving video data
includes retrieving data of a first sepment of a representation
of multimedia content in accordance with data of a copy of a
manitest file stored by a client device, retrieving a portion of
a second sepment ofthe representation in accordance with the
manifest file, wherein the second segment occurs after the
first sepment in the representation, and wherein the portion of
the second segment indicates that the manifest file is to be
updated, updating the copy of the manifest file stored by the
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client device based on the indication that the manifest file is to
be updated, and retrieving media data of the second segment
in accordance with the updated manifest file.

In ancther example, a device for retrieving video data
includes one or more processors configured to retrieve dataof
a first segment of a representation of multimedia content in
accordance with data of a copy of a manifest file stored by the
device, retrieve a portion of a second segment of the repre-
sentation in accordance with the manifest file, wheren the
second segment occurs after the first segment i the represen-
tation, and wherein the portion of the second segment indi-
cules that the manilest [ile s 1o be updated, update the copy ol
the manifest file stored by the device based on the indication
that the munifest [ile is 10 be updated, and retrieve media data
ol the second segment in sccordance with the updaled mani-
[est [ile.

In another example, a device lor retdeving video data
includes meuns [or retrieving daty of o [lirsl segment ol a
representation ol multimedia content in accordance with data

ol a copy ol a manilest [ile stored hy the device, meuns lor 2

retrieving a portion of a second seginent of the representation
in accordance with (he manilest [le, wherein the second
segment occurs after the first segment in the representation,
and wherein the portion of the second segment indicates that
the manilest file is w be updated, means [or updating the copy
ot the manifest file stored by the device based on the indica-
tion that the manifest file is to be updated, and means tor
retrieving media data of the second sepment in accordance
with the updated manifest file.

In another example, a computer program product includes
a computer-readable medium having stored thereon instruc-
tions that, when executed, cause a processor ot a device tor
retrieving video data to retrieve data of a first segment of a
representation of multimedia content in accordance with data
of a copy of a manifest file stored by the device, retrieve a
portion of a second segment of the representation in accor-
dance with the manitest file, wherein the second segment
occurs after the first segment in the representation, and
wherein the portion of the second segment indicates that the
manifest file is to be updated, update the copy of the manifest
file stored by the device based on the indication that the
manilest [de 1s 1o be updated, and retrieve media data ol the
second segment in accordance with the updated manifest file.

In ancther examiple, a method of sending information for
video data includes sending data of a manilest [ile ol mulii-
media content to a client device, wherein the manifest file
inclodes inlormation indicative ol a lirst segment ol @ repre-
sentation o the multimedia condent, sending ut leasta portion
olthe first segment ol the representation to he client device in

response 10 8 request [rom the client device, wherein the 3

portion ol the lirst segment indicates that the manilest [ileis o
be updated, wherein an updated version of the manitest file
inclodes inlormation indicative of @ second, dillerent seg-
ment of the representation, and sending, in response to a

request received from the client deviee and formed according, 5

to the updated manitest file, data of the second segment to the
client device.

In another example, a device for sending information tor
video data includes one or more processors configured to
send data of a manifest file of multimedia content to a client
device, wherein the manifest file includes information indica-
tive of a first segment of a representation of the multimedia
content, send at least a portion of the first segment of the
representation to the client device in response to a request
from theclient device, wherein the portion of the first segment
indicates that the manifest file is to be updated, wherein an
updated version of the manifest file includes information
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indicative ot a second, different segment of the representa-
tion, and send, o response o a request received [rom the
client device and [ormed according 1o the updated manilest
file, data of the second sepment to the client device.

In another example, @ device lor sending inlormation [or
video data includes means [or sending data ol & manilest (ile
ot multimedia content to a client device, wherein the manifest
{ile includes inlormation indicative ol a lirst segment of 4
representation ol the multimedia content, means lor sending
at least a portion of the first segment of the representation to
the client device in response W a request [rom the clien
device, wherein the portion of the [irst segment indicates that
the manifest file is to be updated. wherein an updated version
ol the manilest [ile includes inlormation indicative ol a sce-
ond, dillerent segment ol the representation, and means [or
sending, in response to a request received from the client
device and lormed according 1o the vpdated manilest [ile,
data of the second segment 1w the client device.

[n another example, a computer program product includes
a computer-readable medium having stored thereon instruc-
tions that, when exceuled, cause a processor ol a device lor
sending infermation for video data to send data ot a manifest
{il¢ of multimedia content t¢ a clienl device, wherein the
manifest file includes information indicative of a first seg-
menl of 4 representation of (he multimedia conlent, send at
least a portion of the [irst segment of the representation o the
client device in response 1o @ request [rom the client device,
wherein the portion ol the lirst segment indicates that the
mamnifest [ile 1s 1o be updaied, wherein an updated version of
the manilest lile includes inlomation indicative ol'y seeond,
dillerent segment of the representation, and send, in responsce
to a request received from the client device and tormed
according 1o the vpdated manilest file, data ol the second
segment (o the client device.

The details of one or more examples are set forth in the
accompunying drawings and the desenption below, Other
features, objects. and advantages will be apparent from the
description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating an example system
that implements techniques for streaming media data over a
network.

FIG. 2 is a conceptual diagram illustrating elements of an
example multimedia content.

FIG. 3 is a hlock disgrmm illusimling clements ol an
example video [ile, which may correspond (o 4 scgment ol 4
representation of mullimedia conlent.

FIG. 4 is 4 conceplual divgram illusiraling an example
multimedia content including a media presentation descrip-
tion (MPD) and various representalion groups.

I'IG3. 5is aconceptual diagram illnstrating another example
multimedia content, in which MPL data is scparated into
varions portions for various representation groups.

I'I(3. 6isaconceptual diagram illnstrating another example
multimedia content that may be used to support trick modes.

I'IG3. 7 is aconceptual diagram illnstrating another example
multimedia content in which segments may include MPI1}
update boxes to indicate that an MPD of the multimedia
content is to be npdated.

FIG. 8 is a flowchart illustrating an example method for
providing indications of representation groups by a server
device, and for selecting representation groups by a client
device as well as an individual representation within the
selected representation group.
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I'l(3. 9 is a tlowchart illustrating an example method tor
providing duty representative ol a ek mode by a server
device, and [or vsing the data by a client device w retreve and
play trick mede data of multimedia content.

FIG. 1015 a lewchart llustruting an example method [or
providing, by a server device, indications that a manilesi [ile,
such as an MP1}, is to be updated. and for updating an MPI1}
by a client device,

FIG. 11 1is a lewchart illustruting an example method [or
constructing and using data of a quality of experience ((Jol?)
report document.

DETAILED DESCRIPTION

In general, this disclosure desceribes lechmigues Lor siream-
ing multimedia data, such as audio and video data, over a
network. The technigques of this disclosure may be vsed in
conjunclion with dynamic adaplive streaming over HTTP

(DASH). This disclosure describes varicus techniques that ,

may be perfommed in conjunction with nelwork slreaming,
any or all ol which may be implemented alone or in any
combination. As described in greater detail below, various
devices performing network streaming may be conligured wo
implement the fechniques ol this disclosure,

In accordance with 13ASI] and similar techniques tor
streaming data over a network, multimedia content (such as a
movie or other audiofvideo content, which may also include
text overlays or other data) may be encoded in a variety of
wayvs and with a variety of characteristics. A content prepa-
ration device may form multiple representations of the same
multimedia content. Ilach representation may correspond to a
particular set of characteristics, such as coding and rendering
characteristics, to provide data usable by a variety of different
client devices with various coding and rendering capabilities.
Moreover, representations having various bitrates may allow
for bandwidth adaptation. "That is, a chent device may deter-
niine an amount of bandwidth that is currently available and
select a representation based on the amount of available band-
width, along with coding and rendering capabilities of the
client device.

i some examples, @ conlent preparation device may indi-
cate that a set of representations has a set of common char-
acteristics. The content preparation device may then indicate
that the representations in the set lorm a representation group,
in that representations in the set can be used for bandwidth
adaptlation. That is, representations in the set may diller in
hitrate, but otherwise share substantially the same characier-
istics. [n this manner, a client device may determinge various

sels ol common characleristics [or represenlation groups ol 5

multimedia content, and scleet ¥ representation group based
on coding and rendering capabilitics of the client device.
Then, the client device muy adaplively switch between rep-
resentations in the selected representation group based on
bandwidth availability.

‘The content preparation device may also provide separate
network locations tor different portions ot a manifest file,
such as a media presentation description (MPD) file in a
format prescribed by 3GPP (Third (eneration Partnership
Project). That is, different portions of the manitest file may be
independently addressable by, e.g., various uniform resource
identifiers (Ul21g). such as uniform resonrce locators (U121.s).
An initial portion of the manifest file may include a URI,
TIRT., or ather location identifier of another portion of the
manitest file. l'or example, a first portion of the manifest file
may include descriptions of connnon characteristics of rep-
resentation groups, as discussed above.
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Jach ofthe representation groups may be associated with a
respective different portion of the manifest file, which may
include data indicative of locations of media data of repre-
sefitations in the respective representation group. In this man-
ner, a client device may receive the first portion of the mani-
fest file. select an appropriate representation group, retrieve
another portion of the manifest file for the selected represen-
tation group, select a representation ofthe selected proup, and
use the other portion of the manitest file to retrieve data of the
selected representation. Moreover, the client device may
adapt to changing network bandwidth using the other portion
ol the manilest (ite, thal is, (he portion specilic to the selected
representation group.

Additionally or allernatively, a porion ol a manilest [(ile
may reler o another porfion ol the manilest {ile or other
purposcs. That is, a portion of the manilest (ile may direct a
client device 1o another portion ol the manilest (ile (or insert-
ing media data ol 4 remole period mto a movie during play-
back. The remote period may correspond (o anadvertisement,
i some examples, These lechnigues may be used lor targeled
advertising, in somne examples. A client device may provide
user inlenmation, such as uscer identilier, user prelerences [or
advertisements, and/or user demographic information, to a
server device, which may select a portion of the manifest file
based on the user information. Thus, when derelerenced, an
external portion of the manifest tile may be incorporated into
the original manifest file, e.g., by the client device. 'The server
device may provide a location of the portion of the manifest
file associated with targeted advertisement media content to
the client device. The client device may then retrieve and
present data of the targeted advertisement media content
before retrieving data of a particular representation of a
period of requested multimedia content. In this manner, a first
portion of a manifest file for multimedia content may refer to
a second portion of the manifest file.

In some instances, a user mayv wish to play video data im a
manner ather than from start to finish. l'or example, a user
mayv wish to play video data in fast forward or rewind modes,
or starting from a particular playback point. Such modes of
video plavback, which are modes other than playing from
start to finish, mav be referred to as “trick modes.” In trick
modes, becavse nol all video data will ultimately be plaved,
all of the video data need not be retrieved. This disclosure
provides techniques for supporting trick modes as well. For
example, a conlent preparation device may provide indica-
tions of bvte range locations of frames in video data used for
rick modes, such as instantancous decoder refresh (IDR)
pictures. In general, IDR pictures can be decoded without
relerence 1o data of oy frames extemal (o the DR piclures
themselyves, Frames or slices ol IDR piclures are generally
coded in an mtra-prediction mode, (o avoid dependencies on
other frames or slices. In this manncr, the client device can
relreve inlormation indicative ol Tocations o TDR pictures wo
download only data for the 1112 pictores for use in displaying,
video data in a trick mode, such as fast forward. Other data
may be included in the temporal sub-sequence as well. Jata
may be arranged in coding order, such that data used for
reference occurs earlier than (and in continvous byte
sequence with) referencing data. 'or example, an I-trame
may precede a P frame, which may proceed one or more
B-frames, any or all of which may precede other B-frames
that may refer to the earlier I3-frame in a hierarchical fashion.

In some examples, a manifest file, such as an MPD, may
require accasional updates. This disclosure also provides
techniques for signaling and receiving indications that an
MPD requires an update. In particular, a content preparation
device may include data i segments of representations indi-
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cating that a corresponding MP1} requires an update. "L'his
data may correspond W an initial element ol segmenl, which
may indicaie the updates W apply o the MPD and/orlocations
from which a client device can retrieve updates to the MPI).
The vpdates may comprise an entirely new MPD or incre-
mental updates relative 1o d previous MPD [or the multimedia
content.

This disclosure lurther includes technigues [or providing
[eedback [rom client devices w a server device and/or content
prepacation device. The feedback may correspond to, for
example, inlormation indicative ol'data thal was retneved lor
multimedia conlent. An adminisirator or other user ol the
content preparation device and/or server may use such infor-
malion in y variely ol ways, For example, the user may con-
ligure & content delivery network (CDN) 1o cache data of
more frequently accessed representations in proxy devices of
the CDN, such as roulers or other devices, As another
example, the user mav delermine represenilations that are

accessed more frequently to determine whether certain rep- »

resentations should be added or removed o or [rom (he cur-
rent multimedia content, and/or how o encade representa-
tions of future multimedia content.

Video files, such as sepments of representations of media
conlent, may conlorm W video dala cncapsulated according
to any of 150 base media file tormat, Scalable Video Coding,
(8V() file format. Advanced Video Coding (AVC) file for-
mat, Third (Generation Partnership Project (3(GPP) file for-
mat, and/or Maltiview Video Coding (MVC) file format, or
other similar video file formats.

The [0 3ase Media l'ile lormat is designed to contain
timed media information for a presentation in a flexible,
extensible format that facilitates interchange, management,
editing, and presentation of the media. [SO Base Media l'ile
format (ISOAEC 14496-12:2004) is specified m MPEG-4
Part-12, which defines a general structure for time-based
media files. 'The 180 Base Media lile tormat is nsed as the
basis for other file formats in the family such as AVC file
format (ISO/TEC 14495-15) defined support for H.264/
MPEG-4 AVC video compression, 3GPD file format, SVC
file format, and MV C file format, 3GPP file format and MVC
[ile lormat are exlensions of the AVC lile lormat. ISO base
media file format contains lhe timing, structure, and media
information for timed sequences of media data, such as audio-
visual presentations, The [ile structure may be object-ori-
ented. A file can be decoinposed into basic objects very sim-
ply and the structure ol the abjects is implied [rom their type.

Files conlorming (o the ISO base media lile lormat (and
extensions thercol) may be formed as g series ol objocts,

called “boxes.” Dt 1o the ISO base moedia [ile [ormal may be 5

contained in boxes, such that no other data needs W he con-
tained within the file and there need not be data outside of
boxes within the [ile. This includes any initial signature
required by the specific file format. A “box™ may be an object-

oricuted building block defined by a unique type identificr s

and length. lypically, a presentation is contained in one file,
and the media presentation is self-contained. I he movie con-
tainer (movie box) may contain the inetadata of the media and
the video and audio frames may be contained in the media
data container and could be in other files.

A representation (motion sequence) may be contained in
several tiles, sometimes referred to as segments. 'I'iming and
framing (position and size) infonnation is generatly in the
150 base media file and the ancillary files may essentially use
any format. 'This presentation may be ‘local’ to the system
containing the presentation, or may be provided via a network
or other stream delivery mechanism.
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An optional metadata track can be used to tag each track
with the “interesting characteristic™ that it has, for which its
value may differ from other members ofthe group (e.g., its bit
rate, screen size, or language). Some samples within a track
may have special characteristics or may be individually iden-
tified. (ne example of the characteristic is the synchroniza-
tion point (often a video I-frame). These points may be iden-
tified by a special table in each track. More penerally, the
nature of dependencies between track samples can also be
documented vsing metadata. The metadata can be structured
as a sequence of file format samples, just like a video track.
Such a track may be relerred o as a metadata track. Each
metadata sample may be structured as a metadata statement.
There are various kinds ol statements, corresponding 1o the
varlous questions lhat night be asked aboul the correspond-
ing lile-lonmat sample or its constituent samples.

When medis 1s delivered over a sireaming protocol, the
media may need to be trunslormed [rom the way il is repre-
sented in the [ile. One example ol (his is when media is
ransmiitied over the Real-lime Transport Protocol (RTP). In
the file, for example, each frame of video is stored contigu-
ously as a [ile-formai sample. In RTP, packetizution rules
specific to the codec used must be obeved to place these
frames in IWI'P packets. A streaming server mayv be configured
Lo caleulate such pucketization at run-lime. However, there 1s
support for the assistance of the streaming servers.

The techniques of this disclosure may be applicable to
network streaming protocols, such as [TTUP streaming, e.g..
in accordance with dynamic adaptive streaming over [TT'TP
(DASH). In HTTD streaming, frequently used operations
include (5141 and partial (711 "The (5171 operation retrieves a
whole file associated a given unitorm resource locator (U1R1.)
or other identifier, e.g., URL The partial GET operation
receives a byte range as an input parameter and retrieves a
continuous nmumber of bytes of a file corresponding to the
received bvte range. Thus, movie fragments may be provided
forII'T"['P streaming, becanse a partial (;1V']' operation can get
one or more individual movie fragments. Note that, inamovie
fragment, there can be several track fragments of different
tracks. In HTTD streaming, a media representation may be a
structured collection of data that is accessible to the client.
The client may request and download media data mlormation
to present a streaming service to a user.

In the example of streaming 3GPP data using HTTP
streaming, there may be moltiple representations lor video
and/or audic data of multiinedia content. The manifest of
such representations may be deflined in g Media Presentation
Description {(MPD) data structure. A media representation
may correspond 1o 4 structured collection of data that is
aceessible 1w an HTTP suesming client device, The HTTP
streaming client device may request and download media
data information to present a streaming, service to a user of the
client device. A media representation may be deseribed in the
MPD) data structure, which may include updates of the MP1D.

Multimedia content may contain a scquence of onc or more
periads. Periods may be defined by a Period element in the
MPI). liach period may have an attribute start in the MP1}.
The MPD may include a start attribute and an availableStart-
Time attribute for each period. lor live services, the sum of
the start attribute of the period and the MPIJ attribute avail-
ableStartTime may specify the availability time of the period
in UT'C tformat, in particular the first Media Segment of each
representation in the corresponding period. For on-demand
services, the start attribute of the first period may be 0. For any
other period, the start atteibnte may specify a time offset
between the start time of the corresponding Period relative to
the start time of the first Period. Each period may extend until
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the start of the next Period, or until the end of the media
presentation in the case of the last period. Period start times
may be precise. They may reflect the actual timing resulting
from playing the media of all prior periods.

Each period may contain one or more representations for
the same media content. A representation may be one of a
number of alternative encoded versions of audio or video
data. The representations may differ by various characteris-
tics, such as encoding tvpes, e.g., by bitrate, resolution, and/or
codec for video data and bitrate, language, and/or codec for
audio data. The term representation may be used toreferto a
seclion ol encoded audio or video data corresponding o a
particular period of the multimedia content and encoded in a
parlicular way.

Representations ol particulur period may be assigned o a
group, which may be indicated by @ group alldbute in the
MPD. Representalions in the same group are generally con-
sidered allernatives Lo cach other, For example, cach repre-
sentation ol video data Lor a particular period may be assigned
o the same group, such that sny ol the representalions may be
selected for decoding to display video data ef the multimedia
conlent lor the corresponding period. The media content
within one period may be represented by either one represen-
tation from group 0, if present, or the combination of at most
one representation [rom each non-zere group, in somc
examples. I'iming data for each representation ot a period
may bhe expressed relative to the start time of the period.

A representation may include one or more segments. 1lach
representation may include an initialization segment, or each
segment of a representation may be self-initializing. When
present, the initialization segment may contain initialization
informatien for accessing the representation. [n general, the
initialization sepment does not contam media data. A segment
may beuniquely referenced by an identifier, snch as a nniform
resource locator (URL). The MPD may provide the identifiers
for each segment. In some examples, the MPPD may also
provide byte ranges in the form of a range attribnte, which
may correspond to the data for a segnient within a file acces-
sible by the URL or URI.

Each representation may also include one or more media
components, where each media component may correspond
1o an encoded version o one individual media type, such as
audio, video, and/or timed text (e.g., for closed captioning).
Media components may be time-contimuous across bound-
aries ol comsceulive mediy segments within one representa-
fion.

FIG. 11s ablock diagram illusiraling an example sysiem 10
that implements techmques [or streaming media data over a
newtwork. In this example, system 10 includes contenl prepa-
ration device 20, server device 60, and client device 40, Client
deviee 40 and server device 60 are commumicatively coupled
by netwark 74, which may comprise the Infemet. In some
examples, conlenl preparation device 20 and server device 60
may alse be coupled by network 74 or another network, or
may bhe dircctly communicatively coupled. In some
examples. content preparation device 20 and server device 60
may comprise the same device.

Content preparation device 20, in the example of I'IG. 1,
comprises audio sonrce 22 and video sonrce 24. Andio source
22 may comprise, tor example, a microphone that prodnces
electrical signals representative of captured audio data to be
encaded by audio encoder 26. Alternatively, audio source 22
nmay comprise a storage medium storing previously recorded
audio data, an audio data generator such as a computerized
synthesizer, or any other source of audio data. Video source
24 may comprise a video camera that produces video data to
be encoded by video encoder 28, a storage mediwn encoded
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with previously recorded video data, a video data generation
unit such as a computer graphics source, or any other source
of video data. Content preparation device 20 is not necessar-
ily communicatively coupled to server device 60 in all
examples, but may store multimedia content to a separate
medium that is read by server device ).

Raw audio and video data may comprise analog or digital
data. Analog data may be digitized before being encoded by
audio encoder 26 and/or video encoder 28. Audio source 22
may obtain audio data from a speaking participant while the
speaking participant is speaking, and video source 24 may
simultaneously oblam video data ol the speaking participaunt.
In other examples, audio source 22 may comprise a computer-
readable storage medivm comprising stored audio dala, and
video source 24 may comprse a compuler-readable slorage
medivm comprising stored video data. In this manner, the
lechnigues deseribed in this disclosure may be applicd (o live,
streaming, real-time sudio und video duly or W archived,
pre-recorded wudio and video data,

Audio [rames that correspond o video [rames are gener-
ally audio trames containing audio data that was captured by
audia source 22 contemporancously with video data caplured
by video source 24 that is contained within the video trames.
L'or example, while a spealing participaut generally produces
audio dala by speaking, audio source 22 caplures the audio
data, and video sonrce 24 captures video data of the speaking,
participant at the same time, that is, while andie source 22 is
capturing the audic data. 1lence, an andic frame may tempo-
rally correspond to one or more particular video frames.
Accordingly, an audio frame corresponding to a video frame
generally corresponds to a situation in which audio data and
video data were captured at the same time and for which an
audio frame and a video frame comprise, respectively, the
andic data and the video data that was captured at the same
time.

In some examples, audio encoder 26 may encode a times-
tamp in each encoded andie frame that represents a time at
which the audio data for the encoded audio frame was
recorded, and similarly, video encoder 28 may encode a
timestamp in each encoded video frame that represents a time
at which the video data for encoded video frame was
recorded. In such examples, s sudio rame cormesponding Lo
a video frame may comprise an audio frame comprising a
timestamp and a video frame con prising the same timestanip.
Contend preparation device 20 may include an internal clock
from which audio encoder 26 and/or video encoder 28 may
generaie the imestumps, or thatl audio source 22 and video
source 24 may use Lo gssociate audio and video data, respec-
tively, with o mestamp.

In some cxamples, audio source 22 may send data 1o audio
encoder 26 cormesponding (0 a lime al which audio data was
recorded, and video source 24 may send data to video encoder
28 corresponding 1o a time at which video data was recorded.
In some examples. andio encoder 26 may encode a sequence
identificr in cncoded avdio data to indicate a relative temporal
ordering of encoded andio data but without necessarily indi-
cating an absolute time at which the audio data was recorded.
and similarly, video encoder 28 may also use sequence iden-
tifiers to indicate a relative temporal ordering of encoded
video data. Similarly, in some examples, a sequence identifier
may be mapped or otherwise correlated with a timestamp.

Andio encoder 26 generally produces a stream of encoded
audio data, while video encoder 28 produces a stream of
encoded video data. Fach individnal stream of data (whether
andic or video) may be referred to as an elementary stream.
An elementary stream is a single, digitally coded (possibly
compressed) component of a representation. For example, the



US 8,806,050 B2

13

coded video or audio part of the representation can be an
elementary stream. An elementary streaun may be converted
into a packetized elementary stream (PTIS) before being
encapsulated within a video file. Within the same representa-
tion, a stream 1D may be used to distinguish the PES-packets
belonging to one elementary stream from the other. The basic
unit of data of an elementary stream is a packetized elemen-
tary stream (PES) packet. Thus, coded video data generally
corresponds to elementary video streams. Similarlv, audio
data corresponds to one or more respective elementary
streams.

As withmany video coding standurds, H264/AVC delines
the syntax, semantics, and decoding process for error-free
bitstreams, any o which conlomm (o a cenlain prolile or level,
H.264/AVC does not specily the encoder, but the encoder is
lasked with guaranteeing that the generated bilstreams arc
standard-compliant lor 4 decoder. In the contlext of video
coding stundard, a “prolile” corresponds Lo o subsel ol ulgo-
rithms, leatures, or lools and constraints that apply (o them.

As defined by the H.264 standard, lor example, a “prolile™ is 2

a subset of the entire bitstream syntax that is specified hy the
H.264 standard. A “level” corresponds io the limilations ol
the decoder resource consumption, such as. for example,
decoder memory and computation, which are related to the
resolution ol the pictures, bit rate, and macroblock (MB)
processing rate. A profile may be signaled with a profile_ide
{profile indicator) value, while a level may be signaled with a
level_idc (level indicator) value.

‘The [1.264 standard, for example, recognizes that, within
the bounds imposed by the syntax of a given profile, it is still
passible to require a large variation in the performance of
encaders and decoders depending upon the values taken by
syntax elements in the bitstream such as the specified size of
the decoded pictures. The [1.264 standard further recognizes
that, in many applications, it is neither practical nor economi-
cal to implement a decoder capable of dealing with all hypo-
thetical uses of the syntax within a particular profile. Accord-
ingly, the H.264 standard defines a “level” as a specified set of
constraints imposed on values of the svntax elements in the
bitstream. These constraints may be simple limits on values.
Altematively, these constraints may take the form of con-
straints on anthmetic combinations ol values (¢.g.. piclure
width multiplied by picture height multiplied by number of
pictures decoded per second). The H.264 standard further
provides that individoal implementations may support a dil-
ferent level for each supported profile.

A decoder conlorming to w prolile ordinanly supports all
the leatures delined in the prolile. For example, as a coding
[eature, B-picture coding is nol supporled in the bascline

prolile of H.264/AVC but is supported in other proliles ol 3

H264/AVC, A decoder conlorming 1o 4 level should be
capable of decoding any bitstrecam that docs not require
resources heyond the limitations delined in the level. Delini-
tions of profiles and levels may be helpful for interpretability.

Lor example, during video transmission, a pair of profile and s

level definitions may be negotiated and agreed for a whole
transmission session. More specifically, in 10L.264/AV(, a
level may define, for example, limitations an the number of
macroblocks that need to be processed, decoded picture
butter (1DP13) size, coded picture buffer (CP13) size, vertical
motion vector range, maximum number of motion vectors per
two consecutive MI3s, and whether a 13-block can have sub-
macroblock partitions less than 8x8 pixels. In this manner, a
decoder may determine whether the decoder is capable of
properly decoding the bitstream.

Video compression standards such as ITU-T H.2601, H.262,
H.263, MPEG-1, MPEG-2, H.264/MPEG-4 part 10, and the
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upcoming [ligh Iifficiency Video Ceding (111:¥ () standard,
make use ol molion compensaled lemporal prediction w
reduce lemporal redundancy. The encoder, such as video
encoder 28, may use a motion compensated prediction from
some previously encoded pictures (alse relerred w herein as
[rumes) 1o predict the current coded pictures accorling Lo
motion vectors. There are three major picture types in typical
video coding. They are Intra coded piclure (“I-pictures™ or
“I-lrames™), Predicled pictures (“P-pictures™ or “P-lrames™)
and Di-directional predicted pictures (“B-pictures™ or
“B-lrames™). P-pictures may use the relerence picture belore
the current picture in (emporul order. In a B-picture, cach
block of the 13-picture may be predicted trom one or two
relerence pictures. These relerence pictures could be located
belore or alier the current piciure in temporal order.

Parameter sets penerally contain sequence-layer header
nlormation in sequence parameler sets (SPS) and the infre-
quently changing picture-layer header inlormation in picture
parameter sets (PPS). With parameter sets, this infrequently
changing inlormation need not be repeated [or each sequence
or picture; hence, coding elliciency may be improved. Fur-
thermore, the use of parameter sets may enable out-of-band
transinission of header information, avoiding the need for
redundant transmissions o achieve error resilience. In out-
ot-band transmission, parameter set NAI units are transmit-
ted on a different channel than the other NAL. units.

[n the example of I'l(3. 1, encapsulation unit 30 of content
preparation device 20 receives elementary streams compris-
ing coded video data from video encoder 28 and elementary
streams comprising coded audio data from audie encoder 26.
In some examples, video encoder 28 and audio encoder 26
may each include packetizers for forming PES packets from
encoded data. 1n other examples, video encoder 28 and andio
encoder 26 may each mterface with respective packetizers for
forming PES packets from encoded data, In still other
examples, encapsulation unit 30 may inclnde packetizers tor
forming PES packets from encoded andio and video data.

Video encoder 28 may encode video data of multimedia
content in a variety of ways, to produce different representa-
tions of the multimedia content at various bitrates and with
various characleristics, such us pixel resolutions, [rame rales,
conformance to various coding standards, conformance to
various profiles and/or levels of profiles for various coding
stundards, representations having one or multiple views (c.g.,
for two-dimensional or three-dimensional playback), or other
such characleristics. A representation, as used in this disclo-
sure, may comprise a combinalion of audio dala and video
duta, e.g., one or more audio clementary stream and one or
more video clementary streams. Each PES packel may
nclode a streamid that identifics the clementlary siream (o
which the PES packet belongs. BEocapsulation unit 30 is
responsible [or wssembling clementary streams inlo video
files of various representations.

Lincapsulation unit 30 reccives PLS packets for clementary
streams ot a representation from andio encoder 26 and video
encader 28 and forms corresponding network abstraction
laver (NAL) units from the PLIS packets. In the example of
[1.264/AVC (Advanced Videe Coding), coded video seg-
ments are organized into NAI, units, which provide a “net-
work-friendly™ video representation addressing applications
such as video telephony, storage, broadcast, or streaming,
NAL units can be categorized to Video Coding Layer (VCL)
NATL units and non-¥CI. NAT. units. VT, units may contain
the core compression engine and may include block, macrob-
lock, and/or slice level data. Other NAL units may be non-
VCL NAL units. In some examples, a coded picture in one
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time instance, normally presented as a primary coded picture,
may be contained in an dceess unil, which may include one or
more NAL units.

Non-VCIL. NAIL units may include parameter set NAIL units
and SEI NAL units, among others. Parameter sets may con-
tain sequence-level header intformation (in sequence param-
eter sets (SPS)) and the infrequently changing picture-level
header information (in picture parameter sets (PPS)). With
parameter sets (e, PPS und SPS), inlrequenty changing
information need not to be repeated for each sequence or
picture, hence coding efficiency may be improved. Further-
more, the use of parameter sets may cuable out-of-band traus-
mission ol the imporant header inlormation, avoiding the
need for redundant transmissions for error resilience. In out-
of-band transmission examples, paranieter set NAT. units
may be transmitled on a diflerent channel than other NATL
units, such us SEI NAL ynits,

Supplemental Enhancement Information (SEI) may con-
tain information that is not necessary for decoding the coded
piclures samples [rom VCL NAL vnits, bul may assist in
processes related o decoding, display, error resilience, and
other purposes. ST messages may be contained in non-VCT.
NAL units. SIiI messages are the normative part of some
standand specilications, and thus are nol always mandaiory
[or standurd compliant decoder implementation. SEI mes-
sages may be sequence level 51i1 messages or picture level
SIil messages. Some sequence level information may be con-
tained in SEI messages, such as scalability inlormation SEI
messages in the example of SVC and view scalability mnfor-
mation Sl messages in MV, These example S1I1 messages
may convey information on, e.g.. extraction of operation
points and characteristics of the operation points. In addition,
encapsulation unit 30 may form a manifest file, such as a
media presentation descriptor (MP1}) that describes charac-
leristics ol the representations. Encapsulation unit 30 may
format the MPD according to extensible markup langvage
(XML).

Encapsulation vnit 30 may provide data for ouc or morc
representations of multimedia content, along with the mani-
fest file (e.g., the MPPD) to output interface 32. Output inter-
face 32 may comprise a network interface or an interface for
wriling 10 4 slomge medium, such as a umversal serial bus
(USB) nterlace. a CD or DVD wriler or burner, an inlerlace
to magnetic or flash storage media, or other interfaces for
storing ortransmitting media data. lincapsulation unit 30 may
provide dala ol cach of the representations ol multimedia
conlent 1o output interlace 32, which may send the daw w
server device 60 via network transmission or storage media.
[n the example of I'1(3. 1, server device 61 includes storage
medium 62 that stores various mullimedia contents 64, cach
meluding a respectlive manilest lile 66 and one or more rep-

resentations 68A-68N (representations 68). In accordance 3

with the techniques of this disclosure, portions of manitest
[ile 66 muy be stored in separale locations, ¢.g., locations ol
storage medium 62 or another storage medium, potentially of
another device of network 74 such as a proxy device.

In some examples, representations 68 may be separated
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into representation groups. That is, various subsets of repre-

sentations 68 may include respective common sets of char-
acteristics, such as codec. profile and level, resclution, num-
ber el views, [ile [ormal lor scgments, (ext lype inlommation
that may identify a language or other characteristics of textto
be displaved with the representation and/or audio data to be
decoded and presented, e.g., by speakers, camera angle inlor-
malion thal may describe a camera angle or real-world cam-
era perspective of a scene for representations in the represen-
tation group, rating information that describes content
suilability [or particular audiences, or the like.

Manilest lile 66 may include data indicative ol the subsets
of representations 68 corresponding to particular representa-
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tion groups, as well as common characteristics for the repre-
sentation groups. Manifest file 66 may also include data rep-
resentative of individual characteristics, such as bitrates, for
individual representations of representation groups. [n this
manner, a representation group may provide for simplified
network bandwidth adaptation. Representations in a repre-
sentation group may be indicated using child elements ot'a
representation group clement ol manilest [ile 66.

Munilest [ile 66 may also (that is, additionully or allerna-
tively) signal trick mode information for one or more of
representations 68. 1n some examples, one or more of repre-
sentations 68 may include a respective lempordl sub-se-
quence for trick mode support. A trick mode generally corre-
sponds to a playback maode for a representation in which data
ot the representation is not played from start to finish, but
instead, may begin at a specified temporal location (e.g., 1o
allow for seeking to a particular temporal location), or skip
one or more trames in either the forward or reverse temporal
direction (e.g., last forward or rewind).

To provide for trick modes, multimedia content 64 may
include information representative of locations of data for
temporal sub-sequences of carresponding representations 68,
In some examples, manilest [ile 66 may include information
representative of locations of data for the temporal sub-se-
quences. In other examples, representations 68 themselves
may include the information representative ol locations ol
data lor the temporal sub-sequences. In still other examples,
both representations 68 and manifest file 66 may mclude
information representative of locations ot data for the tempo-
ral sub-sequences.

In some examples, content preparalion device 20 may pre-
pare media content as the media content is being recorded.
e.g., for live services. lincapsulation unit 30 may in some
cases need Lo pertodically update a manilest [ile [or the media
conlent. Encapsulation unit 30 may even update the manilest
file within a particular period of the media content. [n accor-
dance with the techniques of this disclosure, encapsulation
unit 30 may lorm segments ol a representation that include
data indicating that the manifest file is to be updated. Encap-
sulation unit 30 may provide the updates in the segments
themselves ar in a separate location from which client
devices, such as client device 40 may retrieve the updates to
the manifest file. In this manner, when manifest file 66 needs
to be updated within a particular period of multimedia content
64, cocapsulation unit 30 may [onn a segmenlt ol one or more
of representations 68 indicating that manifest file 66 is to be
updated.

In some examples, manifest file 66 may include data [or
inserting data ol a remaote period inw multimedia conlent 64
during playback. For example, rather than encoding adver-
tisements within multimedia content 64, content preparation
device 20 may prepare one or more separale advertisement
media conlents o be incorporated into multimediy conlent 64
during playvback. Clienl device 40 may in some cxamples
provide user specific intormation such that advertisements
can be targeted to a user of client device 40, such that a user of
client device 40 receives advertisements that are most prel-
erable and informative to the user. In response to a set of user
information, server device 60 may provide a targeted adver-
tisement portion of the manitest file to client device 40, which
may cause client device 40 to retrieve data of targeted adver-
tisement multimedia content, In this manner, two or more
viewers of the same multimedia content 64 may receive dif-
ferent tarpeted advertisements, such that the advertisements
are most relevant and useful for the users.

Server device 60 includes request processing unit 70 and
network interface 72. Tn some examples, server device 60
may include a plurality of network intertaces. l'urthermeore,
any or all of the features of server device 60 may be imple-
mented on other devices of a content delivery network, such
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as routers, bridges, proxy devices, switches, or other devices.
In some exanples, intermediate devices of a content delivery
network may cache data of multimedia content 64, and
include components that conferm substantially to those of
server device 00. In general, network interface 72 is config-
ured to send and receive data via network 74.

Request processing unit 70 is configured to receive net-
work requests from client devices, such as client device 40,
for data of storage medium 72. For example, request process-
ing vnit 70 mav implement hypertext transfer protocol
(HTTD) version 1.1, as described in RFC 2616, “Hypertext
Transler Proweol  HTTE/1.1.” by R. Fielding et al, Network
Working Group, IETF, June 1999. That is, request processing
unil 70 may be conligured o reecive HTTP GET or partial
GET requests and provide data ol multimedia content 64 in
responsc 1o the requests. The requests may specily o segment
olone olrepresenlalions 68, ¢.g., using a UURL ol the segment.
In some examples, the requests may also specily one or more
byle ranges ol the segmenl, thus comprising parlisl GET

requests. Request processing unil 70 may [urther be conlig- 2

ured to service LIT TP 111LALY requests to provide header data
ol'a segment of one ol representations 68. Inany case, request
processing unit 70 may be configured to process the requests
to provide requested data to a requesting device, such as client
device 40,

As illustrated in the example of I'I{3. 1, multimedia content
64 includes manitest file 66, which may correspond to a
media presentation description (MPI)). Manifest file 66 may
contain descriptions of difterent alternative representations
68 (e.z. video services with different qualities) and the
description may include, e.g., codec intormation, a profile
value, a level value, a bitrate, and other descriptive character-
istics of representations 68. Client device 40 may retrieve the
MPD of a media presentation to determine how to access
sepments of representations 68.

In particular, web application 52 may retrieve configura-
tion data (nat shown) of client device 4 to deterniine decod-
ing capabilities of video decoder 48 and rendering capabili-
ties of video output 44. The configuration data may also
include any or all of a language preference selected by a user
of client device 40, one or more camera perspectives corre-
sponding lo depth prelerences sel by the user of client device
40, and/or a rating preference selected by the user of client
device 40. Web application 52 may comprise, for exaniple, a
web browser or @ media client conligured o submit HTTP
GET and partial GET requests. Web application 52 may cor-
respond o soliware instructions executed by one or mere
processors or processing unils (mot shown) ol client device
40. In some cxamples, all or portions of the functionalicy

deseribed with respect to web application $2 may be imple- 5

mented in hardware, or a combination of hardware, soliware,
and/or firmware, where requisite hardware may bhe provided
1o execule instructions lor sollware or [immware.

Web application 52 may compare the decoding and ren-

dering capabilitics of client device 40 to characteristics of -

representations 68 indicated by information of manitest file
66. Web application 52 may initially retrieve at least a portion
of manitest file 66 to determine characteristics ot representa-
tions 68. l'or example, web application 52 may request a
portion of manifest tile 66 that describes characteristics of
one or more representation groups. in accordance with the
techniques ot this disclosure. Web application 52 may select
a subset of representations 68 (e.g., a representation group)
having characteristics that can be satisfied by the coding and
rendering capabilities of client device 40. Web application 52
may then determine bitrates for representations in the repre-
sentation group, determine a currently available amount of
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43

=

18

network bandwidth. and retrieve segments from one of the
representations having a bitrate that can be satisfied by the
network bandwidth.

[n general, higher bitrate representations may yield higher
quality video plavback, while lower bitrate representations
may provide sufficient quality video playback when available
network bandwidth decreases. Accordingly, when available
network bandwidth is relatively high, web application 52 may
refrieve data from relatively high bitrate representations,
whereas when available network bandwidth is low, web
application 52 may retrieve data from relatively low bitrate
representations. [n this manner, client device 40 may streain
multimedia data over network 74 while also adapting to
changing network bandwidih availubility ol network 74.

As noled above, In some examples, client device 40 may
provide user imlormation Lo, e.g., server device 60 or other
deviees ola content delivery network, Web application 52, lor
example, may collect a user dentifier, user identilier, user
prelerences, and/or user demographic mlormation, snd pro-
vide such vser inlormation to server device 60. Web applica-
tion 52 may then receive a manifest file associated with tar-
geled adverlisement media content, e use 1o inserl dala [tom
the targeted advertisement media content into media data of
requested media content during playbacl.

Al times, a vser ol client device 40 may imleract with web
browser 52 using user intertaces of client device 400, such as a
keyboard, mouse. stylus. touchscreen interface. buttons, or
other interfaces. to request that a selected one of representa-
tions 68 be played in a trick mode. l'or example. the user may
select a particular temporal location from which to begin
playbacl, or to skip or seek to a particular temperal location.
As another example, the user may elect to fast forward or
rewind the representation.

[n response to such requests from a user, web application
52 may determine whether one of representations 68 includes
a temporal sub-sequence, to perform the requested trick
mode. As an example, auser may elect to play videc data ina
fast forward mode. Rather than retrieving all data of segiments
of a representation, web application 52 may determine loca-
tions of data of the representation corresponding to a tempo-
ral sub-sequence of the representation. The data of the tem-
poral sub-sequence may correspond, lor example, (o a set ol
instantaneous decoder refresh (IDR) pictures of the represen-
tation.

There muy be sn approximale tempora] duration belween
IDR pictures of a representation, e.g., 2 seconds, 10 seconds,
orother approximale tempora] durations. Moreover, [DR pic-
wres may be encoded in an infra-prediction mode, and thus,
wb application 52 need not retrieve data other than (he IDR
pictures, Web upplication 52 may cause the IDR pictures o be
displayed al the same [rame rate al which video data ol the
representation would otherwise be displayed. However,
because many [fames ol data between IDR piclures may be
skipped, the resulting video data may be played back at an
increased frame rate, thus achicving the desired trick mode.

Web application 32 may determine locations ot the data tor
the temporal sub-sequence using varicus techniques. [nsome
examples, weh application 52 may analyze data of manifest
file 66 to determine locations of the [DR pictures. The loca-
tiens of the 1DR pictures may be indicated using byte ranges
within segments of a particular representation. In other
examples, a particular box of segments of representations.
such as a sub-frapment index box (also referred to as a sub-
segment index box), may provide indications of the locations
of the data for the temporal sub-sequence. I'or example, the
sub-fragment index box may include data representative of
byteranges for IDR pictures within a corresponding sepment.
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[n still other examples, both manifest file 66 and representa-
tions 68 may include information used by web application 52
to retrieve data for a temporal sub-sequence. Tn any case, web
application 52 may determine the byte ranges of the [DR
pictures in the segments to construct partial GET requests for
the DR pictures, to avoid retrieving data that would not be
used for decoding or display.

In some examples, encapsulation unit 30 may form seg-
ments such that IDR pictures are contiguous within the seg-
ments. That is, encapsulation unit 30 may ensure that bytes of
sepments corresponding to IDR pictures are contiguous,
without intervening byles lor other types ol pictures. In this
manner, web application 52 need only specifv a single bvte
range ol segments ol ¥ representation lo relrieve data lor a
temporal sub-sequence of the representution. In some
examples, open decader relresh (ODR) piclures may also be
used lor perlorming rick modes.

In some examples, web applicalion 52 may determine thal
d portion ol a received segment mdicates that s mandlest [ileis

1o be updated. Web application 52 may be conligured w2

analyze a particular portion af each segment, such as a header
portion or other initial portion ol the segment, o delermine
whether the segment indicates that the manifest file is to be
updated. When a segment indicates that the manifest file is to
be updated, web application 52 may update 4 locally stored
copy of the manifest file, either using data of the segment or
by retrieving data to update the manifest file from a remote
location, e.g., from server 60. Atterupdating the manifestfile,
web application 52 may submit future requests for data of
representations 68 based on data of the updated manifest file.

As an example, content preparation device 200 may encode
hive media data, such as a live sporting event, political event,
or other newsworthy event that is typically broadcast live or
nearly live, rather than pre-recorded. [n such cases, segments
corresponding to media data up to a particular time may be
assigned identifiers, such as TJRLs, included in an initial
manitest file. [lowever, atter a period of time has elapsed,
sepments following the particular time may be encoded and
assigned identifiers such as URLs. Encapsulation unit 30 of
content preparation device 20 may provide the URLs for the
sepments following the particular time to an updated manifest
lile. Accordingly, (o determine how 1o retrieve (he segments
following the particular time, client device 40 may receive
information indicative of the updated manifest file, in orderto
consiruct requests (o retreve the segments [ollowing the par-
ticular time.

In some examples, a segment may indicate whether it is the
last segment ol g representation. When a segment is the last
segment of 4 representation, a new manilest [ile may need
be refrieved W delermine representations ol g subsequent
period ol corresponding mullimedia conlent. Accordingly,
when weh application 52 determines that a segment is the last
segment ol a representation in 4 perdod ol the multimedia
content, web application 52 may retrieve an npdated manitfest

file for the multimedia content, ¢.g., an updated version of s

manitest file 66 of mutimedia content 64.

In some examples, client device 4) may maintain a data
structure indicative of particular representations 68 from
which client device 40 requested data for multimedia content
64. Client device 40 may alse maintain indications of exactly
what was played out, and at what time. That is, the data
structure may provide information representative of start and
end times in both real (or “wall clock™) time and presentation
time. The data structure may further provide information
representative of an initial startup time and the start of play-
back. After finishing playback of multimedia content 64,
client device 40 may send the data structure to server device
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60 and/or content preparation device 20. Server device 60
andfor content preparation device 20 may use information
received from client device 40 to determine more optimal
ways of improving quality of experience, such as to reduce
pauses in playback,

Networl interface 54 may receive and provide data of
segments of a selected representation to web application 52,
which may in turn provide the sepments to decapsulation unit
50. Decapsulation unit S0 mayv decapsulate elements of a
video file into constituent PES streams, depacketize the PES
streamns to retrieve encoded data, and send the encoded data to
either audio decoder 46 or video decader 48, depending on
whether the encoded data is part of an audio or video stream,
¢.g., a8 Indicated by PES packet headers ol the stream. Audio
decoder 46 decodes encoded audio dala snd sends the
deceded audio data w audio output 42, while video decader
48 decodes encoded video datd and sends the decoded video
dala, which may include g plurality ol views ol a streum, o
video outpul 44,

Video cencoder 28, video decoder 48, audio encoder 26,
audic decoder 46, encapsulation unit 30, web application 52,
and decapsulation unit 50 cach may he implemented as any ol
a variety of suitable processing circuitry, as applicable. such
as one or more microprocessors, digital signal processors
(DSPs), application specilic inlegrated circuils (ASICs), feld
programmable gate arrays (1'P(rAs), discrete logic circuitry,
software, hardware, firmware or any combinations thereof.
llach of video encoder 28 and video decoder 48 may be
included in one or more encoders or decoders, either of which
may be integrated as part of a combined video encoder/de-
cader (CODIC). [ikewise, each ot audio encoder 26 and
audic decoder 46 may be included in one or more encoders or
decoders, either of which may be inteprated as part of a
combined COIMIC. An apparatus including video encoder
28, video decoder 48, audio encoder audio encoder 26, audio
decoder 46, encapsulation unit 30, web application 52, and/or
decapsulation unit 50 may comprise an integrated circuit, a
microprocessor, and/or a wireless communication device,
such as a cellular telephone.

FIG. 2 is a conceptual diagram illustrating elements of an
example multimedia content 100. Multimedia content 100
may correspond (o multimedia conlent 64 (FIG. 1), or another
multimedia content stored in memory 62. In the example of
FIG. 2, multimedia content 100 includes media presentation
descerniption (MPD) 102 and a plurality ol representations
110-120. Representation 110 includes optional header data
112 and scgments 114 A-114N (segments 114), while repre-
sentation 120 includes oplional header data 122 and segments
124 A-124N (scgments 124). The letier N is used o designate
the last movie [ragment in cach of representations 110, 120 as
a maller ol convenience. In some cxamples, there may be
different numbers of movie fragments between representa-
lions 110, 120,

MPI} 102 may comprise a data structure separate from
representations 110-120. MPD 102 may corrcspond to mani-
fest file 66 of I'I(+. 1. [ .ikewise, representations 110-120 may
correspond to representations 68 of 1'1G5. 1. In general, MPI1}
102 may include data that generally describes characteristics
of representations 110-120, such as coding and rendering
characteristics, representation groups, a prefile to which
MPT) 102 corresponds, text type information, camera angle
intformation, rating information, trick moede information (e.g...
information indicative of representations that include tempo-
ral sub-sequences), and/or information for retrieving remote
periods (e.p., for targeted advertisement insertion into media
content during playback). Remote periods may also be
referred to as external periods. FIGS. 4-7, discussed in preater
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detail below, illustrate various examples of multimedia con-
tent with various elements included in either or both of an
MPD andfor representations (such as within segments of
representations or header data of representations). Any or all
of the MTDs of FIGS. 4-7 may correspond substantially to
MPD 102 of TIG. 2.

Header data 112, when present. may describe characteris-
tics of segments 114, e.g., temporal locations of random
access points, which of segments 114 includes random access
points, byte offsets to random access points within segments
114, uniform resource locators (URLs) of segments 114, or
olher aspecis ol segments 114. Header data 122, when
present, may describe similar characteristics for segments
124, Additionally orallematively, such characienistics may be
[ully included within MTPD 102,

Segments 114 include one or more coded video samples,
cach ol which may include lrames or slices ol video data.
Euch ol the coded video samples ol segments 114 may have
similar characlenistics, ¢.g., height, width, and handwidih

requirements. Such characlernistics may be described hy data 2

of MPL1Y102, though such data is notillustrated in the exainple
ol FIG. 2. MPD 102 may include characlenistics as descrihed
by the 3GGPP Specification, with the addition of any or all of
the signaled informatiou described in this disclosure.

Each ol segments 114, 124 may be associaled with a
unique uniform resource identifier (UKD, e.g.. a uniform
resource locator (U121.). Thus, each of segments 114, 124 may
be independently retrievable using a streaming network pro-
tocol, such as 1DASIL In this manner, a destination device,
such as client device 40, may use an HTTD (Get request to
retrieve segments 114 or 124. In some examples, client device
40 may use 1 ['1'I'P partial (et requests to retrieve specific byte
ranges of segments 114 or 124.

As noted above, MPD) 102 may conform to a particular
MDD profile. MPD 102 may include information indicative
of a Multipurpose Internet Mail Extension (MIME) tvpe for
MP1 102 and/or multimedia content 1M, MIMIi types gen-
erally do not indicate what codec is needed to present nwlti-
nmedia content, however. In general, it is assumed that if a
device can retrieve an MI'D for multimedia content, such as
MP'D 102, that the device can playback data of the multimedia
content corresponding Lo the MPD. However, (his assumplion
may not always be safe. Therefore, in some examples, MPD
102 may include information indicative of a profile to which
MPD 102 cortesponds.

There may be arelativelv small number of profiles to which
MPDs may correspond. Proliles may be supported by levels
1 address capabilitics, similar o the manner in which H. 264/
AVC includes profiles and levels lor video coding, MPLY

proliles may be onion-shelled, in that a higher prolile may 3

inclode all [eatures of all lower proliles. There may be a
registration process with a registration autharity to register
various proliles. In some examples, @ client device, such as
client device 40, may be configured to retrieve information

indicative of the profile for the MPLY, such as MPL 102,

before retrieving other data ot the MP12, such as characteris-
tics of representations 110-120 sighaled by MP1) 102. In this

10

30

35

40

A
(==}

22
manner, the profile for MPI) 102 may be signaled before
aceess (o0 MPD 102 is provided.

A prolile identilier may be provided in plain ext (e.g., s o
plain name), or a reversed domain name. Plain names may be
reserved by a registration authonty, such as 3GPP or another
registration authonty. A profile may be considered a claim
and a permission, in that the profile may claim that a corre-
sponding multimedia content conlorms (o the prolile and
gives permission Lo a reader (e.g., 4 client device) thal imple-
ments that profile to read the MPI), interpret what it recog-
nizes, and ignore materal that it does not understand.

Proliles may describe characteristics such as, lor example,
features ot MP1) 102, usage of the network, media format(s).
codee(s) used, prolection lormals, and/or quantilative mea-
sures such as bilrales, screen sizes, and the like. In this man-
ner, the profile of MP1) 102 may provide information indica-
tive ol whal codecs need 1o be supporiad in order W relrieve
duta o MPD 102 and/or muliimedia content 100, Profiles
may also be described as “conformance points.” Profiles with
which an MPD complics may be indicated in o “Proliles”
aitribute ol'the MPD. Thus, a client device may be conligured
to retrieve a portion of MP1) 102 including information relat-
g 1o the “Profiles™ atinbute belore retrieving additional data
ol MPD 102, Allernatively, proliles may be indicated as
parameter in the MIME type of the MPD. For example, pro-
files X, Y, und Z7° may be signaled in (he [ollowing [ashion:

video/vnd.mpeg mpd:proliles=X, Y, Z.”

In some examples, MIPD 102 mayv reter to data of external
periods (also relerred 0 as remole periods). A peniod gener-
ally corresponds W a particular lempora] seetion of multime-
dia content. Each period may include one or more represen-
lations, such as representations 110-120. An external period,
however, may be inserled within or between periods ol mul-
timedia content 100. The external period may include multi-
media data in addition to multimedia data of the multimedia
conient. For example, external periods may inclode advertise-
ment data.

Periods may be defined by their duration, that is, the start
time ol the Perdod may depend on the duration ol the previous
Period. A client device may map external periods to an MPDy
stmucture. For live services, concatenation of MPDs may be
achieved by a dynamic creation of the MPD on the server,
such as server device 60, with appropriate update procedures.
Other web technologies may also be used. URLs for exter-
nully deflined periods may be processed in real-lime Lo gen-
erale o new period conlaining advertisements largeted w g
user of clicnt device 40, Client device 40 may supply addi-
tional inlormation with the request that may be vsed [or
adverlisement targeling, lor exumple, @ vser identilicr, user
prefercuces, user demographic information, or other informa-
Lion.

Table 1 below illustrates an example set of information that
may be provided in MPLY 102 to describe one or more Periods
ot multimedia content, and to indicate the presence of exter-
nal periods:

TABLIL

MID Period Inlormation

Ireriod
PPeriod Al hules
periodDuration

ropresentationGroupListURI

E 1...N M Irovides the information ol a Period

Tisl M already existing period atlributes

A O Provides the period duration, may be used as
alternative to srart attribute of nexr Period.

A O URI thar points to & documaent that contams a list

of Representations.
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TABLE 1-continued

24

MP L Period Infommation

ReprosentarionGroups E a...N
Reproscenration Group
periodlListTTRT A

This ¢lement containg a deseription of &

M TIRT that paints 1o g document thal conlains ane
or geveral Period elements.

In this manner, the Period element of MI’D 102 may refer
to external (or remote) periods, ¢.g., using periodListURI. For
On-Demand content, mdications ol period durations may be
more useful for client devices, such as client device 40, than
slar limes 1o supporl exlemal periods. An MPD may include
d sequence of Periods, where Periods cun be inlernal or exler-
nal. Using such remote Perods, along with user-specilic
inlormation, may allow lor targeted user adverlising. Server
device 60 and/or conlent prepardlion device 20 may be con-
ligured 1o dynamically generale separate MPDs [or cach uscer,

or [or cach client device. Client device 40, or another device, 2

may concatenate the playout of a targeted advertisement and
d live service, e.g.. using the dynumically-created MPD.

In this manner, the techniques of this disclosure may sup-
port situations in which a service provider offers On-Demand
conlent through 3GPP AHS. The content muy include several
scenes, and hetween each scene, an advertisement may be
added. 'I'he advertisement may differ for each nser. "l'hat is,
targeted advertising may be added. [n addition, each adver-
tisement may be of a different duration. Likewise, a service
provider mayv offer a particular live service (e.z., a free ser-
vice). When accessing the live service, the service provider
may add an advertisement that may or may not be targeted to
auser. The duration of the advertisement may differ, depend-
ing on access time, the access location, the user, and the tike.
Server device 60 may be configured to only provide the URL
ofthe live service after the advertisement has been completed,
tor ensare that the advertisement is seen.

FIG. 3 is a block diagram illustrating elements of an
exaniple video file 150, which may correspond to a segment
of a representation, such as one of segments 114, 124 of FIG.
2. Each of segments 114, 124 may include data that conforms
subslanlially o the arrangement of data illustrated in the
example of FIG. 3. Similarly, segments of FIGS. 4-7 dis-
cussed below may also conform substantially to the structure
ol video [ile 150, As described above, video [iles in accor-
dance with the ISO base media file format and extensions
thercol store data in a series ol objects, relerred (o as “boxes.”
In the example el FIG. 3, video lile 150 inclwdes lile type
(FIYP) box 152, movie (MOOY) box 154, movie fragment

(MOOFE) boxes 162, and movie [ragment random access s

(MERA) box 164,

File type (F'1'YP)box 152 gencrally describes a file type for
video lile 150. File type box 152 may include data that iden-
tifles a specification that describes a best use for video file

150. lile type box 152 may be placed before MOOY box 154, s

movie fragment boxes 162, and MI'RA box 164.

In some examples, a segment, siuch as video file 150, may
include an MPD) update hox (not shown) hetare 1°IYP box
152. The MPI) npdate box may include information indicat-
ing that an MPD corresponding to a representation including
video file 150 is to be updated, along with information for
updating the MPID. l'or example, the MPD) npdate box may
provide a URI or URL for aresource to be used to update the
MPT. As another example, the MPT) update box may include
data tor updating the MP1Y. [n some examples, the MPI}
update box may immediately follow a segment type (STYT)
box (not shown) of video file 150, where the STYT box may
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define a segment tvpe for video file 150, FIG. 7, discussed in
greater detail below, provides additional information with
respect Lo the MPD update box.

MOOV box 154, in the example of FIG. 3, includes movie
header (MVHD) box 156, track (TRAK) box 158, and onc or
more movie extends (MYEX) boxes 160, In general, MVHD
box 156 may deserbe general churactenistcs ol video [ile
150. For cxample, MVHD box 156 may include data that
describes when video [ile 150 was originally crealed, when
video [ile 150 was last modilied, a timescale for video [ile
150, a duration ol playback lor video [ile 150, or other data
that generally describes video file 150.

TRAK box 158 may include data lor a track of video [ile
150. TRAK hox 158 may include a track header (1KI111) box
that describes characteristics of the track corresponding to
TRAK box 158. In some cxamples, TRAK box 158 may
include coded video pictures, while in other examples, the
caded video pictures of the track may be included in movie
frapments 162, which may be referenced by data of TRAK
bhox 158.

In some examples, video file 150 may include more than
one track. Accordingly, MOOV box 154 may include a nnm-
berot'I'RAK boxes equal to the number of tracks in video file
150. TRAK box 158 may describe characteristics of a corre-
sponding track of video file 1501 l'or example, TRAK box 158
may describe temporal and/or spatial information for the
corresponding track. A TRAK box similar to TRAK box 158
ot MOOV box 154 may describe characteristics of a param-
eter set track, when encapsulation unit 30 (FIG. 1) ncludes a
parameter set track in a video file, such as video file 150.
Encapsulation unit 30 may signal the presence of sequence
level SEI messages in the parameter set track within the
TRAK box describing the parameler sel track.

MVEX boxes 160 may describe characteristics of corre-
sponding movie fragments 162, e.g., to signal that video file
150 includes movic [tagments 162, in addition o video data
included within MOOY box 154, if any. In the context of
streaming video data, coded video pictures may be included
in movie lragments 162 rather thun in MOOV box 154,
Accordingly, all coded video samples may be included in
movic [Tagments 162, rather than in MOOY box 154,

MOOV box 154 may include a number of MVEX boxes
160 cqual to the number of mevie fragments 162 in video file
150. Each of MVEX boxes 160 may describe charucieristics
ofacorresponding one of movie fragments 162, l'or example,
cach MVLX box may include a wnovie extends header box
(MI41113) box that descrbes a temporal duration for the cor-
responding one of movie fragments 162.

As noted above, encapsulation unit 30 may store a
sequence data set in a video sample that does not inclnde
actual coded video data. A video sample may generally cor-
respond to an access unit, which is a representation of acoded
picture at a specific time instance. In the context ot AVC, the
coded picture include one or more VCL NAL units which
contains the information to construct all the pixels of the

s access unit and other associated non-VC1. NAI units, such as

SEI messages. Accordingly, encapsulation unit 30 may
include a sequence data set, which may include sequence
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level Slil messages, in one of movie tragments 162. lincap-
sulation unit 30 may lurher signal the presence ol v sequence
data sct andfor sequence level SEImessages as being present
in one of movie fragments 162 within the one of MVDX
baxes 160 corresponding o the one ol movie [ragments 162.

Movie Iragments 162 may include one or more coded
video pictures. [n some examples, movie fragments 162 may
inclode ome ormoere groups ol pictures (GOPs), cach ol which
may include g number el coded video piciures, ¢.g., [rames or
pictures. In addition, as described above, movie fragments
162 may include sequence dala sels in some examples. Each
ol movie [ragments 162 may include a movie [ragment
header box (MU'1[D), not shown in F1¢r. 3). The MUTI hox
may deseribe characlenistics ol the corresponding movie
[ragment, such as g sequence number for the movie [ragment.
Movie fragments 162 may be included in order of sequence
number in video lile 150,

MFR A box 164 may deseribe random aceess poinls within

movie fragments 162 ot video file 150. 'This may assist with »

perlorming trick modes, such as perlorming sceks o particu-
lar temporal locutions within video [ile 150. MERA hox 164
is generally optional and need not be included in video files,
i some examples. Likewise, a client device, such as client
deviee 40, does not necessarily need w relerence MFRA box
164 to correctly decode and display video data of video file
150, MI'RA bax 164 may include a number of track fragment
random access (TT'RA) boxes (not shown) equal to the num-
ber of tracks of video file 150, or in some examples, equal to
the nunber of media tracks (e.g.. non-hint tracks) of video file
150.

In some examples, movie fragments 162 may include one
or more IDR and/or ODR pictures. Likewise, MFR A box 164
may provide indications of locations within video file 150 of
the IDR and ODR pictures. Accordingly, a temporal sub-
sequence of video file 150 may be formed from IDR and ODR
pictures of video file 150. The temporal sub-sequence may
also include other pictures, such as P-frames and/or B-frames
that depend from IDR and/or ODR pictures. Frames and/or
slices of the temporal sub-sequence may be arranged within
the segments such that frames/slices of the temporal sub-
sequence that depend on other [fames/slices ol the sub-se-
quence can be properly decoded. For examiple, in the hierar-
chical arrangement of data, data used for prediction for other
dala may also be mcluded in the wmporal sub-sequence.
Moreover, the data may be arranged in a continuous sub-
sequence, such thal a single byle rmnge may be specilied in a
partial GET request lo retrieve all data of a particular segment
usied [or the temporal sub-sequence. A client device, such as

client device 40, may cxiract a wempordl sub-sequence ol 5

video lile 150 by delermining byle-runges ol movie Itag-
meuts 162 {or portions of movic fragments 162) correspond-
ing 1o IDR und/or ODR pictures. As discussed o greater
detail below, video files such as video file 150 may include a

sub-fragment index box and/or a sub-track fragment box, s

either or both of which may include data for extracting a
temporal sub-sequence ot video file 150.

I'lG5. 4 is a conceptual diagram illustrating an example
multimedia content 200 including MP1> 202 and representa-
tion groups 210-220. Multimedia content 200 may corre-
spond to multimedia content 64 (FIG. 1), or another multi-
media content stored in memory 62. In this example,
representations of multimedia content 200 are arranged by
representation group. That is, representations with a common
set of characteristics may be formed into a representation
group, which provides for simplified network bandwidth
adaptation.
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[n this example, MPI} 202 includes common representa-
tion characteristics 204A that includes information describ-
ing commeon characteristics of representation group 210 and
common representation characteristics 20413 describing
commion characteristics of representation group 220. The
common characteristics may inchide coding and/or rendering,
characteristics of the representations, such as a codec, profite
and level of the codec to which the representations in the
representation conform, pixel resolution, frame rate, or other
characteristics of representations.

In accordance with the techniques of this disclosure, the
charactleristics may clude a lext lype value, a camera angle
value, and/or a rating value in addition to the characteristics
discussed above, The text type value may deseribe characler-
istics ol texl W be displaved with the video dala (e, closed
captioming lext). The text lype value may desceribe, lor
example, o language ol the text, o location on (he screen at
which to display the text, [ont and/or size ol the lexl, or other
characleristics ol the text.

The camera angle value may describe o real-world hon-
zantal camera pasition for a camera used (either physically or
canceplually) lo generate coded video data of corresponding,
representations. Using the camera angles, a client device may
select data from two or more representations to be displaved
substantially simultancously, ¢.g., 0 produce a three-dimen-
sional video playhack effect. 'Ihe horizontal real-world cam-
era locations may enable the client device to select represen-
tations to increase or decrease the relative amount of depth in
the three-dimensional playback of the video data.

The rating may describe content suitability for particular
audiences. l'or example, in the United States, the Motion
Picture Association of America defines ratings including €5,
PG, PG-13, R, and NC-17. As another example, in the United
Kingdom, the British Board of I'ilm Classification defines
ratings inchuding U, PG, 12A, 12, 15, 18, and R18. As yet
another example, in the Republic of China (Taiwan), catego-
ries ot motion pictures include a general audiences category.
a protected category, a parental guidance category, and a
restricted category.

By providing common characteristics 204 of respective
representation groups, e.g., representation groups 210-2240, a
client device (e.g., client device 40) may sclect an approprigle
one of representation groups 210-220, based atleast in part on
the corresponding common representation characteristics
204. In the example of FIG, 4, MPD 202 also includes indi-
vidual representation characteristics 206A, 206B, 208A, and
2088, corresponding respectively o representations 2124,
2128, 2224 222B. Individual representation characlenstics
206A, 2068, 2084, and 2088 may include inlonmation rep-
resentative of characleristics ol representations 2124, 2128,
2224, 2228 nol indicaled by common representulion charae-
teristics 204. For example, individual representation charac-
leristics 2064, 2068, 2084, and 2088 may include inlorma-
tion representative of bitrates for respective ones of
reprosentations 2124, 21213, 222A, 22213,

Representations ot a representation group may be consid-
ered mutually exclusive, in that they may represent the same
cantent (same video, same language audio, etc.) with differ-
ent encoding or other parameters. MP1Y 202 may provide
information for selecting one of representation gronps 210-
220, e.g.. common representation characteristics 204. This
information may include information indicative of whether a
client can decode and render a piven representation. In this
manner, the client device may remove from consideration
representations that the client device is incapable of decoding,
and/or rendering. Accordingly, client device 40 may select a
suitable representation group that can be decoded and ren-
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dered, then select a representation trom the group based on,
e.z., network bandwidth availability.

Client device 40 may alse be configured with user prefer-
ences for, e.g., rating, language. and/or depth. Accordingly,
client device 40 may also select one or more representation
groups such that the selected groups conform to the user
preferences. Client device 40 may then select a subset of
available representation groups that can be plaved concur-
rently. When client device 40 is only capable of displaving

28

respective representation groups 270-28(0. as illustrated by
armows pointing [rom representation group data 254 (o respee-
live representation groups 270-280.

[n this example, representation group data 254A includes
represeniation group commen characienstics 2564 andloca-
tion o MPD portion [or the representation group 258A. That
18, location of MP1) portion forthe representation group 258 A
indicales the location of MPD portion lor represenlation
group 260A. Location ol MPD portion [or the representation

one view, client device 40 may elect to retrieve data only from 10 o -

. _ . . group 258A may correspond, for example, to a URI or URILL
one representation. On the other hand, when client device 40 [ MPD portion | sental 2604, Similarly
Is slereo view or mulliview capuble, clienl device 40 may v PUILIGR 0T TERIESCOIEMAN Broup < SImary.

- ) . representation group dala 254B includes represcntation
retrieve data from two or more representations. o ; .

Aller selecling one or more representation groups, cliend group comman characten_stws 25613 and lecation of _MPI)
device 40 may select representations [tom the representation 15 PYT tion 101_- lhc‘r T cscnlallol} group 238B, corresponding
groups bascd on, ¢.g., available nelwork bandwidih. As avail- MPD pertion lor representation group 2608,
able melwork bandwidth changes (c.g., incrcases or MPI} portion for representation group 260A includes
decreases), client device 40 may adjust selections ol repre- mlormaltion representative ol churacleristics ol specilic rep-
semlalions [rom the representation groups o adapl 1o the resentations 2724, 2728 (representations 272) ol represen-
changing nelwork bandwidth conditions. Of course, client 20 tation group 270. Similarly, MPI) portion for representation
device 40 may also change representation selections if user group 2608 includes inlormalion representative ol characler-
prelerences or device capabilities (e.g., decoding and render- istics ol'specilic representations 282.A, 2828 (representations
ing capabilities) change. 282) of representation group 280.

Common representation characteristics 204 may corre- In this manner, a client device, such as client device 440,
spond o RepresentationGroup XML clements ol MPD 202, 23 may delermine an appropridle representation group [rom
in some examples. [ndividual representation characteristics which to retrieve data. without receiving representation-spe-
may carrespond to snh-elements of correspanding Represen- cific signaling data for representations that client device 44
tation(ironp elements of MPI) 202, in some examples. would not retrieve, decode, and display. Accordingly, client

By groaping common characteristics of representations device 40 may avoid retrieving excess data that would other-
together, various optimizations may be achieved. For 30 wise just be discarded. In particular. afier selecting one or
example, many representations may have the same values tor more representation groups including representations that
varions parameters. Thus. individually signaling characteris- can be decoded and rendered by client device 40, client device
tics in the MDPD) may result in substantial duplication in the 40 may retrieve only the MP'D portions for the selected rep-
MPD to signal characteristics individually. Many client resentation gronps, withont retrieving MPIY portions for rep-
devices are configured to discard the vast majority of the 35 resentation groups that could not be properly decoded and/or
MDD that is received. There could therefore be optimization rendered by client device 40.
in the portion of the MPI) that the client device receives. 1Jata of maltimedia content 250 may generally correspond
Muoreover, if a Representation Group is discarded, the client substantially to respective elements of multimedia content
device may have no need to access information currently 200. However, multimedia content 250 may simplify hierar-
present in the MPD (URLs, etc.) for the discarded represen- 40 chical download of MI’D data for multimedia content 250 by
tation or representation group. The client device may also client devices. For example, rather than retrieving a full mani-
avold unnecessary updates o URLs, which tend (o be updated lest file, which may include signaling data lor all representa-
frequently during, e.g., real-time network streaming of video tions, a client device may simply determine one or more
data for live events. Even if redundancies in the MPD were representation groups, then retrieve the MID) portions corre-
clininated, client device 40 would still need w parse the [ull 45 sponding w those representation groups, withoul retrieving
MDD after receipt and reconstruction, which may waste a MI'D portions corresponding to other representation groups
signilicant amount ol compuling lme. that would not be retrieved by the client device (e.g., because

FIG. 515 a concepiual dingram illustrating another cxample the client device does nat support decoding and/or rendering
multimedia content 250, in which MPD data is separated into procedures o decode and display the representations). In this
various porions [or various representation groups. Mullime- 50 manner, the data of mulimedia content 250 may miligale
dia contend 250 may correspond W0 mullimedia content 64 melliciencies ol unnecessary downloading and parsing,
(FIG. 1), or another multimedia content stored in memory 62. Table 2 below provides an example element that can be
In particular, @ manilest lle [or multimedia content 250 added 1o an MPD, such as MPD 202 ol FIG. 4 and/er MPD
includes MPI} portion 252, which generally includes data portion 252 of I'1(5. 5, that describes characteristics of repre-
related to representation groups. In this example, MPD por- 55 sentation groups. Comumon representation characteristics 204
tion 252 includes representation group data 254A and 25413 (1'1G5. 4) and/or representation group common characteristics
(representation gronp data 254), which corresponds to 256 may be formatted according te the structure of 'lable 2.

TABLIL 2
RepresentationGroup L 1... N M Thiselement contains a description of a
Representation Group

RepresentationCroupAliri - Tist ol escribes the delaulls Tor this group.

Elemenis may include profile inlormation.

and

Atrributes
Reprosentation E 0...N O This cloment containg a deseriprion of a

Representation.
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TABLE 2-continued

RepresentationAtiribut List of .1 O Dwescribes the Representation altribules
Elements that arc spocific for this Ropresciration
and
Aftribures

represerlationT.ist TIRT A 0...N O TURTthal poinis 1o a docurnent. tha

contains a list of Representations.

=

The XML below provides examiples of Representation 10
Group elements of an MPD data structure:
<RepresentationGroup  annotulion="ex(”  annotation2=
“ex17>

=representationListURI="hlip://www.cxample.com/

representations L xml/> 15
</Representationroup:>
<RepresentationGroup annolalion="cx2"
annolalion2="¢x3">
=representationListURI="hlip://www.cxample.com/
representations2, xml/s 20
</1{epresentation(Group>

Table 3 below provides an example set of data thal may be
included for representations. This data may be provided tor
individual representations in some examples, while in other
examples, all or a portion of the data may be provided [or 23
representation groups. accerding 1. e.g., lTable 2 ahove.

TABLLE3

dia content 64 (FIG. 1), or another multimedia content stored
inmemaory 62, In this example, MPD 302 includes represen-
tation information 304, which may include temporal sub-
sequence information 306. Representation information 304
mclodes  churacleristics o representation 310, in (his
example. Representation 310 includes sepments 312A-3127)
(segments 312). In this example, each of segments 312
mclodes a respective sub-lragment index box 314 and ran-
dom access point (RAP) data 316. In other examples, some
segments may niclude no random access poits, while sone
segments myy melude molliple random aceess points, Ran-
dom access points may include DI or O13IR pictures.
Client device 40 mayv extract a temporal sub-sequence from
representation 310. For example, client device 40 may exiract
cach ol RAPs 316 1o [orm 4 temporal sub-sequence ol repre-
sentation 310. Alternatively. client device 40 may retrieve a

=5

Representation L 1...N M
a Representation.

bandwidth A M The rminimm bandwidih ol a
hypothetical constant bitrate channel
i bits por sccond (bps) over which
the represenration can be delivererd
sueh that a client, after buffering for

This element contains a description of

lexilype

(

=

exactly minBufferTime can be assured of

having enough data for continuous playout.

identifies the type ol the lexl. Options

are:

sub-titlc

cloged-captioning

<pther te be iderifed >
cameraangle A O provides the camera angle. Pue
annolation, ey, main, mid-leld,
players view
provides rating inlormalion
Schemeclnfonnarion  E 0.1 O This clement gives the information

T
z

Raling

aboul the used rating scheme. The
cloment can bi extended to provide
more scheme specific information.

schemeldLUri A O Provides an absolute URL to identity
the scheme. The definition of thig
elernenl 1s specilic 1o the scheme
emploved [brrating.

In some examples, data for representation groups and data
for individual representations within such groups may be
presented within an MPD, such as MPD 202, with a hicrar-
chical relationship. ''hat is, individual representations may be
signaled as child elements to a corresponding representation
group element ol e.g., MPIY202. Likewise, lor MPD portion
252 and MPI1Y portions for representation groups 260, indi-
vidual representation characteristics 262, 264 may corre-
spond 1o child ¢lements ol representalion group common
characteristics 256.

I'I(3. 6is aconceptual diagram illustrating another example a5
multimedia content 300 that may be used to support trick
modes. Multimedia content 300 may correspond to multime-

subset of RAPs 316, such as RAPs 3160 A and 316C, or 316 A
and 31612, By retrieving and playing back enly random
aceess poinls 316 (or subsets thercol), client device 40 may
play representation 310 in a trick mode, e.g., fast forward or
rewind. Similarly, client device 400 may skip or seek to a
purticular one ol random access points 316 1o begin playback
from a requested temporal position.

Muollimedia content may melude cither or both ol lermporal
sub-sequence inlormation 306 and/or SFIX boxes 314 w
indicate information for trick modes. Temporal sub-sequence
information 306 may mclude a “Trick Mode™ element of

MPD 302, such as that defined by Table 4 below:
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TABLE 4

IrickMoaode E i,1 O

alternarcPlayoutRare

~

lemporlSubSequence B 0. N (

-
=z
=

framcRatc

bandwidth

-

allernaiePlayoui Rale A <

I'rovides the information lor trick mode. It
algo indivatos that the Reprogentation may be
used a8 a wick mede Ropresentarion.

Specifics the maxinm playout rare ag a
multiple ol the regular playout rale, which this
Representation supports with the same
decoder profile and level requirements as the
normal playour rare.

Specilies that this Represenation comaing 2
temporl sub-sequence thal can be casily
accessed by byle ranges using Lhe information
ol the Sub-Fragmenl Tndex {“sfix} Box.
Specifics the frame rato of the temporal sub-
SCUCLCC.

Specifics the minimum bandwidth of a
Liypothetical constant bitrate channe! in bits
per second (hps) over which the temporal sub-
sequence can be delivered such that a client,
after butfering for exactly minBufterTime can
be assured of having enough data for
continuous playoul.

Specilies the maximum pliyoul rale as a
mulliple ol the regular playout rale, which this
lemporal sub-sequence supports with the sume
decoder profile and level wequirements as the

normal playour rarc.

In the example ot"[able 4, the 'Irick Mode element includes
a Temporal SubSequence element that specifies that a corre-
sponding representation confains @ lempordl sub-sequence
that can be accessed by byte ranges using information of
sub-fragment index boxes 314. RADPs 316 may correspond to
portions of movie fragments, such as movie fragments 162
illustrated in FIG. 3.

Sub-fragment index boxes 314 may generally describe
bvte range locations of random access points 316 of corre-
sponding segments 312, In general, sub-fragment index
hoxes 314 may appear alier g segment index (STDX) box (not
shown in FIG. 6) of segments 312 and provide movie frag-
ment prefix sizes [or movie [ragments relerenced in the
immediately preceding segment index box. Table 5 below
provides properties of an example SFIX box.

sub_fragment_count specifies the number of sub-frag-

prefix_size specifies the size of the prefix of tragment i

25
ments per fragment
occupied by sub-fragment j.
30

40

In addition, or in the alternative, a sub-track fragiment box
may be included in segments 312. Whereas the sub-tragment
index box may provide syntax information that can be
retrieved by client device 40 along with a segment index box
in advance of requesting media data, the sub-fragment index
box may provide information for client device 40 to construct
byterange requests which target subsets of fragment data, for
example, temporal sub-layers.

The Sub-Track Fragment box may specify a re-ordering of
the sample data ofthe track fragment, such that the samples of
each sub-track fragment precede all samples that appear only
in higher sub-track fragments. Samples of a sub-track frag-
menl that do not appear in any lower sub-track [ragment may

TABLE 5 ) o - -
be placed contiguously within the file (e.g., a corresponding
Sub-Fragment. Index Dox Properlies one of segments 312) in the same order as they appear in the
Box Tyoo SFIX 45 Track Run box. This may allow [or samples 1o be stored in
ot 3 . P - . -
Comminer None order of temporal scalability laver within the track fragment.
Mandatory No When this box 1s present there may be only one Track Run
Quantity (Ine per Segrmen! Index 13ox hox.
Table 6 describes propertics ol the sub-track fragment box:
‘The pseudacode below provides an example syntax for 50
Sub-lI'ragment [ndex 13oxes 314: TABLE 6
Sub-1rack Fragmenl Box Properlics
alipnedf®) clags SubTragmentIndexBox Box Type STRF
exrends FullBox(srrf”. 0, 0) | a5 Container Track fragment box (“TRAF™)
unsigned int(32) fragment  count; Mandalory NO
unsigned int(8) sub frapgment count; Quanlity Aur0 o ane
for( i=0; 1 < fragment__count; 1++ ) -
forf j=0; | = sub_fragment_connt=1; j++ )
) unsigued in(32) prelix_size; The pseudocode below illustrates an example syntax for
! a0 the sub-track fragment box:

‘The description helow provides an example set ot seman-
tics for the syntax described above:
fragment_count specifies the number of fragments for
which sub-fragment information is specified in this box.
This must be equal to the number of fragment references
in the immediately preceding Sepment Index Box.

alignedi8) class SubTrackFragBox

cxtends Full Boxd"str”, 0, 0) {
ungigned int(8) sub track count;
unsigned int(16) sample count[sub track count-1];
tor( i=0; i <sub track count; i++)
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-continued

for {j=0; j < sample count[i]; j++)
bit{l) cur_sub_ trak Hag;

N
r

reserved_ irailing_hils:

——

The description below provides example semantics for the
example syntax ol the sub-iruck fragment box descrihed
above:
sub_track_count indicates the number of sub-track frag-
ments; When this box is present, the sub_track_count
can be equal or larger than 2.

sample_count[i] indicates the number of samples in sub-
{rack lrugment with an index ol'1+1. Samples ol'a sub-
track fragment are considered to be members of all sub-
track fragments with smaller index values. The number

ot samples in sub-track fragment 0 is equivalent to the -

number of zeros of the first bitstring in the subsequent
loop. The number of samples in sub-track fragment with
an index of sub_track_count-1, which is sample_count
|sub_track_count-1], is equal to the number of samples
in the Track Fragment.

cur_sub_track_flag eqnal to 1 in the iteration i of the outer

Ioop indicates that a sample belongs to sub-track frag-
ment with an index ot i+1. This value equal to O in the
iteration of the outer loop indicates that a sample
belongs to a sub-track fragment with an index smaller
than i+1. Note: That is, the first iteration of the loop
contains sample_count|] flags indicating the positions
of the samples in sub-track-fragment 1 that are not also
in sub-track-fragment (). T'he second iteration of the loop
contains sample_count[1] flags indicating the positions
of the samples in sub-track-fragment 2 and not also in
sub-track-fragment 1 etc. sample_count|sub_track-
_count-1] is considered equal to the number of samples
in the Track Fragment.

Trick modes may be applied to a varietv of different sce-
narios. For example, trick modes may be used to pause a
service lemporarily, resume service aller d pause, rewind [or
a period of time, and/or fast forward to proceed to a desired
temporal position (e.g., after plavback gets interrupted or to
sock 1o a paricolar desired lemporal posilion).

Supporting trick modes using temporal subsequences may
provide s number ol advantlages. For example, wemporal sub-
sequences may supporl various [rame rales relatively casily.
Likewise, the represcntation including o lemporal subse-

quence may be used lor regular playout, as the representation s

is nol limited e the temporal subsequence. Furthenmore,
cncading with temporal subsequences may be highly cffi-
cient. Temporul subsequences also newd nol require any new
coding profiles or levels, can re-use the regular representa-
tious, avoid additional ¢lient complexity, cnable simple con-
tent provisiening, provide bandwidth, cache, and storage effi-
clency, provide flexibility to the client implementation to
optimize user experience, to be commaon among different
trick mode operations, and can be applicable to a broad spec-
trum of client implementations, and can provide relatively
good user experience in terms of start-up delay after seeking,
as well as good frame rates. reactiveness, and other such
metrics.

FI(i. 7is a conceptual diagram illustrating another example
multimedia content 350 in which segments 362A-3621) may
include MP'D) update boxes 364 to indicate that MPD 352 is to
be updated. Multimedia content 350 may correspond to nul-
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timedia content 64 (I'I¢5. 1), or another multimedia content
stored in memory 62, In general, MPD 352 includes repre-
sentation inlormation 354 [or representation 360, such as
characteristics of representation 360 and URIs or URLs of
segmenis 362 ol representation 360. In some cases, represen-
tation 360 may be fonned from live content, e.g., a sporting
event, and therefore, URIs of sepments 362 might not be
determined in advance. Therelore, as segmenls ol represen-
tation 360 are formed, one or more of the segments may
include MPD update boxes 1o indicate that MPD 352 15 1o be
updated.

For cxumple, in FIG. 7, segment 362A includes MPLY
updale box 364 and segment data 366.A., Scgment daly 366 A
may generally be [ormed according o video [ile 150 (FIG. 3).
However, segment 362A also includes MPD update box
364A. In this manncer, client device 40 may update MPD 352
hased on data of MPID) update box 364A. MPI) update hox
364.A may include updates to MPLY 352, ormay includea URI
or URI, of an update for MP13 352. [t should be understood
that data of MP1Dupdate boxes 364 is not necessarily included
in cxplicit boxes. For example, data that conforins substan-
tially to the data of MP13 update boxes 364 may be included
in other boxes of segments 362, or in a header portion of
segments 362. Tn this manner, a “portion” of segments 362
that includes MPI1} update information may correspond to a
header portion, an MPD update box similar to MPTY update
boxes 364, or data included in one or more other boxes of
segments 362,

In this manuner, afier retrieving data of sepment 362A,
client device 40 may analyze MPT) update hox 364A to
update MPD 352. Client device 40 may then use the updated
version of MPD 352 to retrieve segments 362B and 362C.
Segments 3628 and 362C include sepment data 3668, 366,
which again may be formatted according to video file 150 of
FIG. 3. Client device 40 may also retrieve data of segment
362D. In (his example, segment 362D includes MPD updale
box 3648, which client device 40 may use to perfonn another
update to MPD 352, in o munner that conlorms substantially
Lo the first update. Accordingly, (o recelve segmenls bevond
segment 362D of representation 360, client device 40 may use
the newly updated version ol MPD 352, based on updaics
perlormed with respect (o data of MPD update box 364B.

An MPD update box, such as MPD update boxes 364A,
364B, may include propertics according o Table 7 below:

TABLE 7

NI Updale Box Properics

Box Type MUPE
Containcr None
Mandalory Mo

Quantily Zero or One

The following syntax may be used to define an MPI}
update box. in some examples:

aligned(R) class MPDI pdatcBox
exlends FullDox“mupe’) |
unsigned 1nl{3) mpd__information_Nags:
unsigned inl{1) new  localion  Nag:
unsigned int(28) latest_mpd__updatc__time:
/¢ The following arc optional ficlds
string mpd__location

—

An exaniple set of semantics for the example MPD update
box syntax is provided below:
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mpd_information_flags contains the logical (3R of zero or
more of the following:
0x00 Media Presentation Description update now
0x01 Media Presentation escription update ahead
0x02 End-of-presentation
Ox03-0x07 reserved

new_location_flag if set to 1, then the new Media Presen-
tation Description is available at a new location specified
in mpd_location.

latest_mpd_update_time specifies the time in ms bv when
the MPD update is necessary relative to the MI’D issue
time ol the latest MPD. The client may choose 1o updatle
the MPD any time between now.

mpd_location is present il and only il the new_location-
_lagis set snd provides a Unilorm Resource Locator [or
the new Media Presentation Desceription.

In this manner, in-hand signaling at the segment level may

be used o indicale updales 1o MPD 302, Updales may be
provided al segment houndaries, in some examples. That is,

MPD updale boxes 364 muy occur only at the beginnings or 2

at the ends of respective segments, in various examples. [n
some examples, 1 bandwidth of MPD updates presents an
issue, server device 60 (I'I¢5. 1) may offer MPI)s for certain
device capabilities, such that only these parts are updated.
Morcover, an MPD clement ol MPD 302 may provide a
publishing time in wall-clock time of MPI1) 302. This may
provide a unique MPI) publish time, which may provide
unique identifier for the MP1 and when the MPD) was issued.
[t may also provide an anchor for the update procedures.
Furthermore, server device 60 and/or content preparation
device 20 may optimize MP1> updates using hierarchical
structures, e.g., o update only portions of MPI) 302 that
require updates, without changing other portions of MPD 302
that do not need updating.

Advertisement insertion, such as targeted advertisement
insertion, mayv also be performed using MPD update boxes
similarto those of I'I{3. 7. That is, an MPI) update box may be
provided to direct client device 40 to retrieve data from adver-
tisement multimedia content. This may occur during timeouts
or other actions in sporting events that delav play of the game,
and likewise, intimeouts or delavs of exciting action for video
playback. Because such events may happen somewhal tan-
doraly, times at which advertisements are to be inserted might
not be known a priori.

Updating ol MPD 302 may be [casible in an asynchronous
manner to the delivery of sepments. Server device 60 may
provide guarantees e client device 40 that an MPD will noi be
updaled [or a particular amount ol time. However, server
deviee 60 need not explicitly signal when the MPD is updated

belore o ninimum uvpdate period. Completely synchronous 3

playvoul may be hardly achicved, as client devices may oper-
ate on different MPD update iustances. Therefore, clients
may cxperience dili. Time-shili viewing may be provided [or
by server device 60 and/or content preparation device 20.

I'lG5. 8 is a flowchart illustrating au example method for s

providing indications of representation groups by a server
device, and tfor selecting representation groups by a client
device as well as an individual representation within the
selected representation group. Although the method of '1(G. 8
is described with respect to server device 6 and client device
40, it should be understood that other devices may implement
techniques similar to those ot the methed of I'IGG. 8. Lor
example, content preparation device 20, or one or nmiore net-
work devices of a content delivery network, may perform
some or all of the tunctions attributed to server device 60.
Server device 60 may initially obtain (e.g., create, or
receive from content preparation device 20) data for a set of
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representations of multimedia content, where the representa-
tions in the set have one or more comumon characteristics, as
well as a manifest file for the multimedia content. The set of
representations may correspond to a representation group.
Server device 00 may provide indications of representation
groups to client device 40 (400). For example, server device
60 may provide MPD 202 (FIG. 4) or MPD portion 252 (FIG.
5)to client device 40. Other example MPDs of FIGS. 2, 6, and
T may also include indications of representation groups, such
as representation group XML elements. In any case, client
device 40 may receive information describing representation
group characleristics (402), ¢.g., [tom the MPD [ile or portion
of the MPPD file received from server device 60.

Client deviee 40 may then analve the representalion group
characlenstics (o eliminale representation groups lhat ¢lient
device 40 cannot or would not elect 1o retreve, decede, or
render, For example, client deviee 40 may compare decoding
and rendering capabilities o characteristics ol the represen-
lion groups o delermine ingppropriale Teprescnlalion
groups. As another example, client device 40 may compare
user preferences for langnage, rating, aud amount of depth
(e.g., as provided hy two or more views having particular
camera angles), to eliminate undesirable representation
groups. Clieut device 40 may then select an appropriate rep-
resentation group based atl least in purl on the decoding and
rendering capabilities of client device 401 (404). Of course, it
should be understood that this selection may also (addition-
ally or alternatively) be made based on user preferences, as
discussed above. [n this manner, client device 40 may select a
set of representations based on common characteristics for
the set of representations.

After selecting a representation group, client device 44
may request data for an MPD portion that specifically
describes representations of the representation group. [n
response, server device 60 may provide indications of repre-
sentation bitrates, among other individual representation
characteristics, in the selected representation group to client
device 40 (406). For example, server device 60 may send data
for a specific one of MPD portions for representation groups
260 (FIG. 5) to client device 40. In other examples, client
device 40 may have already received a filll MPPD for the
multimedia conlent (¢.g., MPD 202 ol FIG. 4), but may pur-
ticularly analyze portions of the MPD corresponding specifi-
cally to the selected representation group. In this manner, in
some examples, slep 406 o[FIG. 8 may occur prior Lo slep 402
and/or step 404,

In any case, aller receiving characlenstics specilic o rep-
resentations ol the seleclad representation group including
bitrates [or the representations (408, client device 40 may
determine a currently available amount o[ metwork bandwidih
(410). Clicnt device 40 may then select a representation [Tom
the selected representation group (412), such that the selected
represeniation has g bitrate that can be accommodated by the
determined currently available amount of network band-
width. The biteates of the represcentations represent cxamples
ot coding characteristics of the individual representations in
the representation group. Client device 40 may then request
data of the selected representation (414). l'or example, client
device 40 may construct (e.z., generate and send) an [TTTP
Gl request to request a segment of the selected representa-
tion. Alternatively, client device 40 may construct an HTTDP
partial (7171 that specifies a byte range ot a segment of the
selected representation. In any case, client device 40 may
submit the request to server device 60.

Server device 60l may receive the request, and in response,
send the requested data to client device 40 (416). For
exaniple, request processing unit 70 may determine a network
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address of client device 40 trom data of the received request,
e.z., asource Internet protocol (IP) address and source port of
the received request. Request processing unit 70 may form
network packets including the requested data and send the
requested data to client device 40, e.g., destined for the deter-
mined TP address of client device 40.

After receiving the requested data, client device 40 may
begin decoding and displaying the received data (418). While
receiving requested data, client device 40 may continue ana-
Ivzing currently available network bandwidth and submitting
requests from representations having bitrates that can be
acconunodaled by the currently avallable amount ol network
bandwidth (410-414). If the amount of network bandwidth
changes, client device 40 may adaptively swilch wo a dillerent
representation in the selected representation group. For
example, client device 40 may determine o segmenl in a new
representalion corresponding 1o the temporal localion of the
last segmenlt requested lrom a previous representalion in the
representation group, then request the delermined segment
{or a porlion thereol) in the new representation.

In some examples, server device 60 may provide an MPL)
corresponding o largeted advertisement inserion o client
device 40 during the methoed of 'IGG. 8. The MPI) may cause
client device 40 to retrieve advertisement multimedia data
targeted (o a user ol client device 40. In some examples, cliont
device 40 may further provide nser information to server
device 60 to target the advertisement media data to the user of
client device 40. The user information may include user pref-
erences, user identifying information (such as auser [13), user
demographic information. or other such information. The
targeted add insertion may occur, for example, prior to step
400 of I'l{5. 8. or after step 418 and before selecting a subse-
quent representation, e.g., for a subsequent period of the
multimedia content.

In this manner, the method of FIG. 8 represents an example
of a method including analyzing at least a portion of a mani-
fest file for multimedia content, wherein the portion ot the
manifest file includes information indicative of sets of repre-
sentations of the multimedia content and information indica-
tive of common characteristics for each of the sets of repre-
sentations, selecting one of the sets of representations based
on the common characlenstics [or the one of the sets ol
representations, selecting one of the representations of the
selected one of the sets of representations based on one or
more coding characleristics of the one of the representations
of the one of the sets, and generating a request for data of the
one ol the representations bused on the selection.

Likewise, the method o FIG. 8 represents an example ol a
method including oblaining a sel of representations ol mulii-
media content having one or more common charuclenstics,
wherein cach ol the represeniations in the sel have individual
coding characterstics separate trom the common character-
istics, oblaining a manilest {ile ler the mulimedia content,
wherein the manifest file includes information indicative of

the representations in the sct, information indicative of the s

commean characteristics for the set of representations, and
informatien indicative of the coding characteristics for each
of'the representations in the set, and sending at least a portion
of the manitest file to a client device.

I'IGG. 9 is a flowchart illustrating an example method for
providing data representative of a trick mode by a server
device, and forusing the data by a client device to retrieve and
play trick mode data of multimedia content. Although the
method of FIG. 9 is described with respect to server device 60
and client device 4M), it should be understood that other
devices may implement techniques similar to those of the
nmethod of FIG. 9. For example, content preparation device
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20, or one or more network devices of a content delivery
network, may perform some or all of the functions attributed
to server device 6. Moreover, the selection of a trick mode
may be performed in conjunction with selection of a repre-
sentation group and a representation from the representation
group, as described with respect to T'1(5. 8 above.

Server device 60 may initially obtain (e.g., create, or
receive from content preparation device 20) data for one or
more representations of multimedia content, where at least
one of the representations includes a temiporal sub-sequence,
as well as a manifest file for the multimedia content. The
manifest [ile may indicate that the representation includes a
temporal sub-sequence. Server device 60 may provide indi-
cations ol representations of multimedia conlent, ¢.g., char-
actleristics ol the representations (430) w client device 40, In
addilion, server device 60 may provide indications ol Llempo-
ral sub-sequences ol one or more of the representations (432),
Thal is, server device 60 may provide information in an MPD
file [or the multimedia conlent indicating that temporal sub-
sequences are availuble for one ormore representations of the
multimedia content. l‘'or example, server device 60 may pro-
vide at least o portion @ an MPD including a tnck mode
element having a temporal sub-sequence sub-element to cli-
ent device 40, as described with respect to '1G. 6 above.

Client device 40 may scleel a represenlation based on
characteristics of the representations of the nultimedia con-
tent (434). Although client device 40 need not necessarily
select a representation with a temporal sub-sequence, for
purposes of discussion to illustrate these techniques, it is
assumed for purposes of example that client device 40 selects
a representation for which a temporal sub-sequence 1s avail-
able. Client device 40 may then receive a reqnest to use a trick
mode (436). For example, client device 40 may receive a
selection of a particular temporal location from which to
begin plavback, ¢.g., from a user of client device 40. Alterna-
tively, client device 40 may receive a request to fast forward or
rewind the video data.

In response to the request to use the trick mode, client
device 40 may determine whether a temporal sub-sequence
fortherepresentation is available, and if 50, to request data for
refrieving at least a portion of the temporal sub-sequence
(438). Server device 60 may respond 1o the request by pro-
viding indications of locations of data for the temporal sub-
sequence to client device 40 (440). In some examples, a
portion of the MPD [or the mullimedia conlent may indicate
locations of the data for the temporal sub-sequence. In other
examples, client device 40 may request sub-lragment index
boxes and/or sub-lrack [fagment hoxes [rom segments ol the
corresponding representalion.

In any case, clienl device 40 may vse the reecived data
ncloding inlormation indicative ol locations ol data lor the
temporal sub-sequence to request data of the temporal sub-
sequence [tom the specilied locations (442). For example,
client device 40 may determine locations (e.g., U] s of seg-
meuts and, possibly, byte ranges of the seginents) including
113K random access points and/or (MR random access points.
(lient device 400 may then construct [TUTP GIVT or partial
GL] requests tor data of the temporal sub-sequence, in order
to play video data according to the trick mode.

After receiving the [TU'I'P GIYT and/or partial (G171 requests
from client device 40, server device 60 may provide the
requested data to client device 40 (444). |'or example, server
device 60 may send segments in response to HTTP GET
requests or media fragments of segments (or portions of
media fragments) in response to [T1TP partial (G1VT requests.
After receiving the requested data, client device 40 may
decode and display the received data (446). Likewise, client
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device 40 may continue requesting data from the representa-
tion (or a different representation if the amonnt of available
network bandwidth changes).

In this manner, the methed of I'I(3. 9 represents an example
of a method including analyzing information of a manifest
file for multimedia content, wherein the information of the
manifest file indicates that at least one representation of the
nultimedia content includes a temporal sub-sequence, deter-
mining one or more locations of data for the temporal sub-
sequence, and submitting one or more requests for the data for
the temporal sub-sequence.

Likewise, the mehod ol FIG. 9 represents an example ol a
nmethod including obtaining data for at least one representa-
tion ol mulimedia content that includes a wemporal sub-
sexjuence, oblaining data for i mani lest [ile for the mullimedia
conlent, wherein infonmmation ol the manilest {ile indicates
that the ut least one representation ol the multimedia content
includes the lemporal sub-sequence, snd sending al least a
portion ol the manilest file oy client device,

FIG. 10 is g Howchart illustruling an example method [or
providing, by a server device, indications that a manifest file,
such as an MPI, is w0 be updated, and lor updating an MPD
by a client device. Although the method of V1. 10 is
described with respect to server device 60 and client device
40, it should be understood thal other deviees may implement
techniques similar to those of the method of I 10. Lor
example, cantent preparation device 20, or one or more net-
work devices of a content delivery network, may perform
some or all of the functions attributed to server device 6.

Moreover, updating of an MI’D may be performed in con- 3

junction with selection of a trick mode and/or selection of a
representation group and a representation from the represen-
tation group, as described with respect to FIGS. 8 and 9
above.

In some examples, content preparation device 20 may
encode and encapsulate encoded video data captured during a
live event, such as a sporting event. In this manner, client
device 40 may retrieve coded data of the event in nearly real
time as the event is occurring. Initially, server device 60 may
receive one or more representations of multimedia content
corresponding to the live event and provide mdications of
charactenistics [or representations of the multimedia content
in an MPT (460). The MI'D may only describe characteristics
and locations of segnents up to a particular temporal location
ol the mulimedia content, due 10 the multimedia content
being formed as the event is being filmed live.

Client device 40 may vse the inlormation of the MPD 1o
select a representation (462). Using the current MPD, client
device 40 may request segmenis ol the selected representa-

fiom, ¢.g., up o the wemporal location. In response, server s

deviee 60 muy send the requesied segments. However, in
addition, server device 60 may send a scgment including an
MPD update box or other information indicating that the
MPD is to be updated as of that sepment (466).

In response, client device 40 may decode and display data

ot one or more of the received segments (468). Client device
40 may alse receive the information indicating that the MP1}
is ta be updated (470). l'or example, chient device 40 may
receive the last segment before the temporal lecation at which
the MP12} no longer applies. Client device 40 may determine
that the last segment includes an MPT) update box, similarto
the MP1} update boxes described with respect to I'I(. 7.
Using the update box, client device 40 may request updates
to the MPT) (472). For example, client device 40 may deter-
mine a network location of updates for the MPI) and request
the updates from the determined location. Server device 60,
or another device storing updates to the MPD (e.g., content
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preparation device 20) may send information indicative ot the
updates to the MPD (474), which client device 40 may use to
update the MPT) (476). Alternatively, in some examples, the
MPD update box may include information indicative of the
MPD updates itself, in which case client device 40 may
update the MPI> using the information of the MPT» update
box. In any case, client device 40 may then request segments
following the temporal location at which the previous MPD
no longer applied. using the updated version of the MI’D
(478). Client device 40 and server device 60 may continue
performing similar steps witil client device 40 has finished
playback ol the multimedia content.

In some examples, teclmiques similar to the method of
FIG. 10 may be used (o perlorm targeled adverisement inser-
tion. For example, an updated MPD may include a portion
that corresponds e advertisement media content. Cliend
deviee 40 may be required Lo retrieve and play back data ol the
advertisement media content, based on the updated MPD, in
order 1o receive data ol one or more segments of the adver-
tisement media content, which may include another updated
MPD for retrieving subsequent media data of the desired
media conlent.

[n this manner, the method of I'IGG. 10 represents an
example of a method including retrieving data of a fiest seg-
menl ol d representation of mulumedia content in gecordance
with data of a copy of a manifest file stored by a clientdevice,
retrieving a portian of a second segment ot the representation
in accordance with the manifest file, wherein the second
segment occurs after the first segiment in the representation,
and wherein the portion of the second segment indicates that
the manifest file is to be updated, updating the copy of the
manitest file stored by the client device based on the indica-
tion that the manifest file is to be updated, and retrieving
media data of the second sepment in accordance with the
updated manifest file.

Likewise, the method of FIG. 10 represents an example of
a method including sending data of a manifest file of multi-
media content to a client device, wherein the manifest file
includes information indicative of a first segment of a repre-
sentation of the multimedia content, sending at least a portion
ofthe first segment of the representation to the client device in
response 1o g request [rom the client device, wherein the
portion of the first segment indicates that the manifest file isto
be updated. wherein an updated version of the manifest file
nclodes inlormation indicative ol a sccond, dillerent seg-
ment of the representation, and sending, in response to a
request received [rom the elient device and [onned according
Lo the vpdated manilest (ile, data of the second segment Lo the
client device,

FIG. 11 is a HNowchart illustrating an example method lor
constructing und vsing data ol a quality ol experience (QoE)
report document. Although the method of FIG. 11 is
desceribed with respect (o server device 60 and client device
44 it should be understood that other devices may implement
techniques similar to those of the method of IIG, 11, Lor
example, content preparation device 20, or one or more net-
work devices of a content delivery network, may perform
some or all of the functious attributed to server device 64).
Maoreover, providing a Qol! report to server device 60 and/or
content preparation device 20 may be performed in conjune-
tion with any or all of updating of an MPD, selection of a trick
mode, and/or selection ot a representation group and a rep-
resentation from the representation group, as described with
respect to FI(55. 8, 9, and 10 above.

Initially, server device 60 may provide indications ot char-
acteristics of representations of multimedia content in an
MPD to client device 40 (500). As discussed above, client
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device 401 may select a representation (502), e.z., based on
decoding and/or rendering capabilities of client device 40,
user preferences, available network bandwidth, and/or other
characteristics of representations of the multimedia content.
Client device 40 may then request one or more segments of
the selected representation (504).

Server device 60 may send the requested segments to client
device 40 (506). After receiving the requested segiments, cli-
ent device 40 may decode and display the received data (508).
Client device 40 may then determine whether all video data
has been received (510). If the last segment of the represen-
lation (or mullimedia content generally) has not been
received ("NO™ branch of 510), client device 40 may again
evaluate a currently available amount ol network bandwidih
and select o representation based on this analvsis (502) and
request segmenls of the representation (504).

In general, client device 40 may buller the duta and allempl
lo avoid buller over- und under-ilow by requesting datu ol the
multimedia content [rom a representation thal can be accom-
modated by currently availuble network bandwidih, AL times,
however, butfer overflow or underflow may occur, e.g., if
aclual coding characlenstics ol the moltimedia content. did
not match the signaled coding characteristics or if there was
insufficient data for client device 40 to make a proper selec-
tion. Other [aetors may also resull in reduced quality of expe-
rience for a nser ot client device 40. Therefore, after the last
segment af the representation {or multimedia content) has
been received and properly decoded (*Y1:8™ branch of 5140),
client device 40 may provide a quality of experience ((Qol?)
report to server device 60.

l'or example, client device 40 may construct the report to
include indications of selected segments and representations
(512). Client device 40 may also record occurrences of buffer
overflow/nnderflow, which may result in pauses in media
plavback. Client device 40 mav form a report including a
sequence of PeriodReport elements, representing the Periods
that were played out. A Period element may inclnde a
sequence of RepresentationReport elements, each represent-
ing a continuous playout of a portion of a Representation, and
providing the start and end tomes in both real time and pre-
sentation time. The report can also include the initial startup
{ime, this being the time lrom the user request [or viewing the
content and the start of playout. In this manmner, the report
document may comprise an extensible markup language
(XML) [ormatled clectronic document indicative ol repre-
sentations of the multimedia content from which the client
device reineved media data ol the muliimedia condent.

Client device 40 may provide the report Lo server device 60
or another device ol @ content delivery network, such as

conlent preparation device 20 or a dedicated report collection s

device, In this manner, server device 60 may receive the
indications of the segments and representations received by
client device 40 (514). Server device 60 may then provide the
indications to, e.g., content preparation device 240 or another

deviee associated with a service provider or inedia asscinbler s

to improve content preparation (516). I'rom the information
provided by client device 401, a service provider may deter-
mine exactly what was played out, when there were pauses in
playout, and when there were switches hetween representa-
tions. Alternatively or additionally, client device 400 may pro-
vide summary information in the form of the total playout
doration and number of distinct, continuous playont periods
for each representation, together with the number of pauses
and the mean and variance of the pause durations.

Using this data, the service provider may analyze quality of
experience information for a new piece of media content for
streaming using Adaptive HT TP Streaming. The service pro-
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vider may make a number of different representations at
diflerent bilrates available, and provide HTTP serving inlra-
structure W host the media [iles, then collect the [eadback o
determine quality of users” viewing experiences. The service
provider may use this data o improve qualily ol service lor
this or [ulure media content hosting. Quality of Experience
metrics may refer to actual viewing as experienced by a user
and may be independent ol client algorithims used lor sched-
uling ol HTTP requesis, representation selection decisions,
and the like. In this manner, the service provider may obtain
a relatively accurale portrayal ol the quality ol a user’s view-
ing experience [or g specilic viewing session.,

[n this manner, the methed of I'IGG. 11 represents an
example ol a method including construcling a document
incloding informatien indicative ol representations of mulii-
media content from which media data was retrieved, and
sending the constructed document o a server [rom which the
media data was relrieved. The method ol FIG. 11 also repre-
sents an example of'a method inclnding recetving information
ndicalive of data retdeved by a client device, comprising
receiving an exlensible markup language [onmaited elec-
tronic docnment incloding information indicative of repre-
seitations of the multimedia content froin which the client
device relreved media data ol the multimedia condent.

[n one or more examples, the finctions described may he
implemented in hardware, software, firmware. or any combi-
nation thereof. [fimplemented in software, the functions may
bestored on or transmitted over as one or more instructions or
code on a compuier-readable medium and executed by a
hardware-based processing anit. Computer-readable media
may include compuoter-readable storage media, which corre-
sponds to a tangible medium such as data storage media, or
communication media including any medium that facilitates
transfer of a computer program from one place to another,
e.g., according to a communication protocol. In tlis manner,
computer-readable media generally may correspond to (1)
tangible computer-readable storage media which is non-tran-
sitory or (2) a communication mediwm such as a signal or
carrier wave, Data storage media may be any available media
that can be accessed by one or more computers or one or more
processors o relrdeve instroclions, code and/or daty structures
for implementation of the techniques described in this disclo-
sure. A comiputer program product may include a computer-
readable medium,

By way of example, and not limitation, such computer-
readable  storuge media can comprise RAM, ROM,
EEPROM, CD-ROM or other oplical disk slorage, magnetic
disk storage, or other magnetic slorsge devices, [ush
memory, or any other medivm that can be vsed (o slore
desired program code in the lorm ol instructions or dala
structures and that can be accessed by a computer. Also, any
connection 1s properly termed s computer-readable medium.
l'or example, it instructions are transmitted from a website,
server, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, digital subscriber line (13513, or
wireless technologies such as infrared, radio, and microwave,
then the coaxial cable. fiber optic cable, twisted pair, DSL, or
wireless technologies such as intrared, radio, and microwave
are included in the definition of medium. [t should be under-
stood, however, that computer-readable storage media and
data storage media do notinclude connections, carrier waves,
signals, or other transitory media, but are nstead directed to
non-transitory, tangible storage media. Nisk and disc, as used
herein, includes compact disc ((C13), laser disc, optical disc,
digital versatile dise (DVD), floppy disk and blu-ray disc
where disks usually reproduce data magnetically, while discs



US 8,806,050 B2

43

reproduce data optically with lasers. Combinations ot the
above should also be included within the scope of computer-
readable media.

Instructions may be executed by one or more processors,
such as one or more digital signal processors (DSDPs), general
purpose microprocessors. application specific integrated cir-
cuits (ASICs), field programmable logic arrays (FPGAs), or
other equivalent integrated or discrete logic circuitry. Accord-
inglv, the term “processor,” as used herein may refer to any of
the foregoing structure or any other structure suitable for
implementation of the techniques described herein. In addi-
lion, in some aspects, the [unctionality described herein may
be provided within dedicated hardware and/or software nod-
ules conligured lor encoding and decoding, orincorporated in
d combined codec, Also, the lechniques could be [ully imple-
mented in one or more circuils or logic elements.

The techniques ol this disclosure may he implemented ina
wide variely ol devices or appuraluses, including a wireless
handset, an integrated circuit (IC) or a sel ol ICs (¢.g., a chip

sel). Various components, modules, or units are deseribed in 2

this disclosure to emphasize functional aspects of devices
conligured to perfonn the disclosed lechnigues, but do not
necessarily require realization by difterent hardware units.
Rather, as described above, various units may be combined in
d codec hardware unil or provided by 4 collection ol inlerop-
erative hardware nnits, including one or more processors as
described above, in conjunction with suitable software and/or
firmware.
Various examples have been described. These and other
examples are within the scope of the following claims.
What is claimed is:
1. A method of retrieving multimedia data, the method
comprising;
retrieving data of a first segment of a representation of
multimedia content in accordance with data of a copv of
amanifest file stored by aclient device, wherein the data
of the first segment corresponds to a period of the mul-
timedia content;
retrieving a portion of a second segment of the representa-
tion in accordance with the manifest file, wherein data of
the second segment corresponds to the period to which
the duty ol the [rst segment corresponds, wherein the
second segment occurs afier the first segment in the
representation, and wherein the portion of the second
segment mdicates that the manilest [ile is w be updated;

updating the copy of the manitest file stored by the client
device based on the indication that the manilest [ile is o
be updated; and

retrieving media data ol the second segment in dccorduance

wilh the vpdated mamilest [ile.

2. The method of claim 1, wherein updatling the manilest
file comprises updating the manifest file using data of the
portion ol the sccond segment.

3. The method of claim 1, wherein updating the manifest

file comprises retricving data to update the manitest file from s

a location indicated in the portion of the second segment.
4. 'I'he method ot claim 1. wherein updating the manitest
file comprises:
determining one or more elements of the manitest file that
are to be npdated; and
updating only the determined one or more elements of the
manitest file.
5. The method of claim 1, further comprising:
retrieving media data from a second, different representa-
tion of the multimedia content; and
sending information indicative of the data retrieved from
the first representation and the second representation.
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6. The method ot claim 5, further comprising:

constructing an extensible markup language formatted

electronic document including information indicative of
representations of the multimedia content, including the
first and second representations, from which media data
was retrieved,

wherein sending the information indicative of the data

retrieved comprises sending the constructed document
to a server from which the media data was retrieved.

7. A device for retrieving multimedia data, the device com-
prising one or more processors configured to retrieve data of
a lirst seginent ol a represemtation of multiinedia conlent in
accordance with data of a copy of a manifest file stored by the
device, wherein the data ol the [irst segmenlt correspond 1o a
period of the mulimedia conlent, Telreve a portion ol a
second segment ol the representation in accordance with the
manilest [ile, wherein data ol the sccond segment corre-
sponds Lo the period w which he data of the lirst segment
corresponds, wherein the sccond segment occurs aller the
[irst segment in the representation, and wherein the portion ol
the secand segment indicates that the manifest file is to be
updall, vpdate the copy ol the manifest [ile stored by the
device based on the indication that the manitest file is to be
updated, and retrieve media data of the second segment in
accordance with the vpdated manilest [ile.

8. 'I'he device of claim 7, wherein to update the manifest
file, the one or mare processors are configured to npdate the
manifest file nsing data of the portion of the second sepment.

9. T'he device of claim 7, wherein to update the manifest
file, the one or more processors are configured to retrieve data
to update the manitest file fram a location indicated in the
portion of the second segment.

10. The device of claim 7, wherein to update the manifest
file, the one or more processors are configured to determine
one or more elements of the manifest file that are to be
updated, and update only the determined one or more ele-
ments of the manifest file.

11. The device of claim 7, wherein the one or more pro-
cessors are further configured to retrieve niedia data from a
second, different representation of the multimedia content,
and send information indicative of the data retrieved from the
{irst representation and the second representation.,

12. The device of claim 11, wherein the one or more pro-
cessors are further configured to construct an extensible
markup language [ormatied clectronic document ineluding
information indicative of representations of the multimedia
conient, including the [irst and sccond representations, [tom
which media data was retdeved, and wherein Lo send the
information indicative ol the data retrieved, the one or more
processors are conligured 1o send the constructed document
Lo a server [fom which the media data was relfeved.

13. T'he device af claim 7, wherein the device camprises at
least one ol

an integrated circuit;

a microprocessor; and

a wireless communication device that includes the one or

MOre Pracessars.

14. A device for retreving multimedia data, the device
comprising:

means for retrieving data of a first segment of a represen-

tation of multimedia content in accordance with data of
acopy of a manifest file stored by the device, wherein the
data of the first segment correspond to a period of the
multimedia content;

means for retrieving a portion of a second sepment of the

representation in accordance with the manifest file,
wherein data of the second segiment corresponds to the
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peried to which the data of the first segment corre-
sponds, wherein the second segment occurs after the first
sepment in the representation, and wherein the portion
of the second segment indicates that the manifest file is
to be updated;

means for updating the copy of the manifest file stored by

the device based on the indication that the manifest file is
to be updated; and

means for retrieving media data of the second sepment in

accordance with the updated manitest file,

15. The device of claim 14, wherein updating the manifest
[ile comprises updating the manilest [ile using data ol he
portion of the second segment.

16. The device ol claim 14, wherein updating (he manilest
[ile compnses relrieving data w update the manilest [ile [rom
a location indicated in the portien ol the second segment.

17. The device ol ¢laim 14, wherein the means lorupdating
the manilest file comprises:

means lor determining one or more elements ol the mani-

[est [ile that are 1o be updated; and

meaus for updating enly the deterinined ane or mere ele-

ments of the manilest file.

18. The device of claim 14, further comprising:

means for retrieving media data from a second, different

representdtion ol the multimedia content; and

means for sending information indicative of the data

retrieved from the first representation and the second
representation.

19. The device of claim 18, further comprising:

means for constructing an extensible markup language

formatted electronic docnoment including information
indicative of representations ot the multimedia content,
including the first and second representations, from
which media data was retrieved,

wherein the means for sending the information indicative

of the data retrieved comprises means for sending the
constructed document to a server from which the media
data was retrieved.

20. A computer progranm product comprising a non-transi-
tory computer-readable medium having stored thercon
instructions that, when executed, cause a processor of a
deviee lor retdeving multimedia data w;

retrieve data of a first segment of a representation of mul-

timedia content in accordance with data of a copy of a
manifest [ile stored by the device, wherein the data of the
first segment correspond to a period of the nliimedia
conlenl;

relrieve a portion ol'a second segment ol the representation

in accordance with the manifest [ile, wherein data of the

secomd segment corresponds lo the period (o which the 5

data of the [irst segment corresponds, wherein the see-
oid segment occurs after the first segment in the repre-
senlation, and wherein the portion ol the second segment
indicates that the manifest file is to be updated;

update the copy of the manitest file stored by the device -

based on the indication that the manifest file is to be
updated; and

retrieve media data of the second seginent in accordance

with the updated manifest file.

21. The computer program produoct of claim 20, wherein
the instructions that cause the processor to update the mani-
fest file comprise instructions that cause the processor to
update the manifest file using data of the portion of the second
segmett.

22. 'The computer program produoct of claim 20, wherein
the instructions that cause the processor to update the mani-
fest file comprise instructions that cause the processor to

10

20

30

35

40

43

ai

46

retrieve data to update the manifest file trom a location indi-
cated in the portion of the second sepment.

23. The computer program product of claim 20, wherein
the instructions that cause the processor to update the mani-
fest file comprise instructions that cause the processor to;

determine one or more elements of the manifest file that are

to be updated; and

update only the determined one or more elements of the

manifest file.

24, The computer program product of claim 20, further
comprising instructions that cause the processor to:

retrieve media duta [rom a second, dillerent representation

of the multimedia content; and

send inlormation indicative ol the data retieved [fom the

[irst representation and the second representudion.
25. The computer program produoct of claim 24, [urther
comprising instructions thal cause (he processor Lo
comslruet an extensible markup language [onmatled clee-
ronic document meluding inlormation indicative ol
representations ol the mulumedia content, meluding the
first and second representations, from which mmedia data
was reirievaed,
wherein the instructions that cause the processor to send
the infermation indicative of the data retrieved comprise
imstructions that cause the processor lo send the con-
structed document to a server from which the media data
was retrieved.
26. A method of sending information for multimedia data,
the method comprising:
sending data of a manifest file of multimedia content to a
client device, wherein the manifest file includes infor-
mation indicative ot'a first segment ofa representation of
the multimediacontent, wherein data of the first segment
corresponds to a period of the multimedia content;

sending at least a portion of the first sepment of the repre-
sentation to the client device in response to a request
from the client device, wherein the portion of the first
segment indicates that the manifest file is to be updated,
wherein an updated version of the manifest file includes
information indicative of a second, ditferent segment of
the representation, wherein data of the second segment
corresponds 1o the period (o which the data of the [irst
segment corresponds; and

sending, in response to a request received from the client

device und lormed according lo the updated munilest
file, data of the second segment to the client device,

27. The method of claim 26, wherein the portion ol the [irst
segment includes inlormalion indicative ol updates 1o the
mamnilest lile.

28. The method ol ¢laim 26, wherein the pertion ol the [irst
segment includes information indicalive ol a location ol data
indicative ot updates to the manifest file.

29. The methed of ¢laim 26, [urther comprising receiving
information indicative of data of the multimedia content
retricved by the client device.

30. 'The method ot claim 29, wherein receiving the infor-
mation indicative of the data retrieved by the client device
comprises receiving an extensible markup language format-
ted electronic document including information indicative of
representations of the maltimedia content from which the
client device retrieved media data of the multimedia content.

31. A device for sending information for multimedia data,
the device comprising one or more processors configured to
send data of a manifest file of multimedia content to a client
device, wherein the manifest file includes information indica-
tive of a first segment of a representation of the multimedia
content, wherein the data of the first segment corresponds to
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a period of the multimedia content, send at least a portion of
the first segment of the representation to the client device in
response to a request from the client device, wherein the
portion ofthe first segment indicates that the manifest file is to
be updated, wherein an updated version of the manifest file
includes information indicative of a second. different seg-
nment of the representation, wherein the data of the second
sepment corresponds to the period to which the data of the
first segment corresponds, and send, in response to a request
received from the client device and formed according to the
updated manifest file, data of the second segment to the client
device,

32. The device of ¢laim 31, wherein the portion of the first
segment includes inlormation indicative ol updates 1o the
manilest (ile.

33. The device ol claim 31, wherein the portien of the [irst
segment includes information indicative ol'g location ol data
indicative ol updales (o the manilest [ile,

34, The device ol claim 31, wherein the one or more pro-

cessors ure conligured o receive information indicative ol 2

data of the multimedia conteut retrieved by the client device.
35. Thedevice ol ¢laim 34, wherein the inlormation indica-
tive of the data retrieved by the client device comprises
receiving an extensible markup language formatted elec-
{ronic document including inlormation indicalive ol repre-
sentations af the multimedia content from which the client
device retrieved media data of the multimedia content.
36. The device of claim 31, wherein the device comprises
at least one of:
an integrated circuit;
a microprocessor; and
a wireless communication device that includes the one or
nore processors.
37. A device for sending information for multimedia data,
the device comprising;
means for sending data of a manifest file of nmltimedia
content to a client device, wherein the manifest file
includes information indicative of a first segment of a
representation of the multimedia content, wherein the
data of the first segment corresponds to a period of the
multimedia content;
means lor sending dt least g portion ol the [irst segment of
the representation to the client device in response to a
request from the client device, wherein the portion of the
lirst segment indicates that the manilest lile 15w be
updated, wherein an updated version of the manifest file
includes information indicaive ol a second, dillerent
segment of the representation, wherein the data ol the
second segmenl corresponds 1o the period o which the
data of the [irst segment corresponds; and
means lor sending, in response Lo g request reccived [tom
the client device and formed according te the updated
manifest (ile, data ol the seeond. segment 1o the client
device.

38, The device of claiin 37, whercin the portion of the first

segment includes information indicative of updates to the
manifest file.
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39. 'The device otf'claim 37, wherein the portion of'the tirst
segment includes information indicalive ol a location ol data
indicalive ol vpdates (o the manilest [ile.
40. The device of claim 37, further comprising means for
receiving inlormation indicative ol data ol the multimedia
conlent retrieved by the clienl device,
41. The device of claim 40, wherein the means for receiv-
ing the information indicative ol the dala retrieved by the
client device comprses means lor receiving an exlensible
markup langnage formatted electrenic document including,
inlormation indicative ol representations ol the multimedia
content [rom which the client device retrieved media data of
the multimedia content.
42. A compuler program produc! comprising 4 non-ransi-
lory computer-readahle medivm  having  stored  thercon
instructions that, when executed, cause a processor of a
deviee lor sending inlormation lor mullimedia data 1o:
send daty ola mumnilest (e ol mulliimedia content (o g client
device, wherein the manifest file includes information
indicalive of a [irst segment of v representation of the
muliimedia conient, wherein the data ol the (irst segment
corresponds to a period of the multimedia content;

send at least a porion ol the lirst segment of the represen-
lation (o the client deviee in response W a request [rom
the client device, wherein the portion of the first segment
indicales (hut the manifest (ile 1s 1o be updated, wherein
an updated version ol the manilest [ile includes inlor-
mation indicative of a second, different segment of the
representation, wherein the duta ol the second segment
corresponds 1o the period (o which the data of the [irst
segment corresponds; and

send, In response (0 4 request received [fom the client

device und lormed according 1o the updated manilest
file, data of the second segment to the client device.

43. The computer program product of claim 42, wherein
the portion of the first segment includes inlormation indica-
tive of updates to the manifest file.

44, The computer program product of claim 42, wherein
the portion of the [first segment includes inlormation indica-
tive of a location of data indicative of updates to the manifest
file.

45, The computer program product of ¢laim 42, [urther
comprising instructions that cause the processor to receive
information indicative of data of the multimedia content
retrieved by the client device.

46, The computer program product of claim 45, wherein
the instructions that cause the processor to receive the infor-
malion indicative ol the daty retrieved by the clicnt device
comprises instructions that cause the processor to receive an
extensible markup language formatted electronic document
including, information indicative of representations of the
multimedia content from which the client device retrieved
media data of the multimedia content.





