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(57) Abstract: A storage file format for replaying an adaptively streamed multimedia stream, a client apparatus using the storage
file format, and a method of storing a multimedia stream in the client apparatus are provided. According to the storage file format,

O meta-information for playing fragments and fragment access meta-information for replaying fragments are added to fragments.
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Description
Title of Invention: STORAGE FILE FORMAT FOR

MULTIMEDIA STREAMING FILE, AND STORAGE METHOD
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AND CLIENT APPARATUS USING THE SAME
Technical Field

Apparatuses and methods consistent with exemplary embodiments relate to a storage
file format on a client side for supporting storage and replay of an adaptive multimedia
stream provided from a server, a client apparatus using the storage file format, and a

method of storing a multimedia stream in the client apparatus.

Background Art

Recently, a streaming service of transmitting multimedia data via the Internet or a
mobile communication network has been widely used.

A streaming service is a multimedia service enabling the playing of multimedia data
without storing it in a terminal of a user. While streaming services which provide data
at a fixed bit rate have been used, an adaptive streaming service with a variable bit rate
depending on a network environment has been used recently. For adaptive streaming, a
server side prepares media streaming data of various bit rates in advance and transmits
data by changing a bit rate according to a network environment or a client s request.

The adaptive streaming service is performed by transmitting and receiving data in
units of fragments called chunks between a server and a client. That is, the server
divides the whole multimedia data into fragments, each in units of seconds, and
transmits the fragments, and the client receives and reproduces the multimedia data in

units of fragments.
Disclosure of Invention

Technical Problem

The adaptive streaming service premises that a client side reproduces multimedia
data provided from a service side in almost real-time excluding a time difference, such
as a latency according to data communication and a buffering time of the client side for
jitter compensation and multimedia data synchronization. Thus, it is difficult for the
client side to store and replay multimedia data in the adaptive streaming service.
Solution to Problem

Exemplary embodiments provide a storage file format for replaying an adaptive
multimedia stream, a client apparatus using the storage file format, and a method of
storing a multimedia stream in the client apparatus.

Exemplary embodiments may also provide a client apparatus capable of performing a
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high quality data reproduction when storing and replaying multimedia streaming data
and a method of storing a multimedia stream in the client apparatus.
Advantageous Effects of Invention

According to exemplary embodiments described herein, multimedia data provided in
an adaptive streaming service can be stored online and played offline.

In addition, according to exemplary embodiments, when stored multimedia
streaming data is played, higher quality of multimedia data than before can be played
Brief Description of Drawings

FIG. 1 is a reference diagram for describing an adaptive multimedia streaming
service according to an exemplary embodiment;

FIG. 2 is a structural diagram of a storage file format of multimedia streaming data
according to an exemplary embodiment;

FIG. 3 is a reference diagram for showing a detailed configuration of a movie
metadata (moov) box of FIG. 2, according to an exemplary embodiment;

FIG. 4 is a reference diagram for showing a detailed configuration of a fragment
header information (moof: movie fragment metadata) box for storing meta-information
of each fragment shown in FIG. 2, according to an exemplary embodiment;

FIG. 5 is a reference diagram for showing a detailed configuration of a movie
fragment random access (mfra) box, which is fragment access meta-information, of
FIG. 2, according to an exemplary embodiment;

FIG. 6 is a block diagram of a client apparatus according to an exemplary em-
bodiment;

FIG. 7 is a reference diagram for describing a client apparatus according to another
exemplary embodiment;

FIG. 8 is a flowchart of a method of storing a multimedia streaming file, according to
an exemplary embodiment; and

FIG. 9 is a flowchart of a method of storing a multimedia streaming file, according to

another exemplary embodiment.

Best Mode for Carrying out the Invention

According to an aspect of an exemplary embodiment, there is provided a method of
storing a multimedia streaming file, the method including: receiving and storing meta-
information for playing a multimedia streaming file from a server, the multimedia
streaming file comprising a plurality of levels of tracks, wherein, in each of the
plurality of levels of tracks, multimedia data is encoded at a different bit rate; receiving
and storing fragments comprising the multimedia streaming file; acquiring random
access information for randomly accessing the stored fragments; and generating and

storing fragment access meta-information for replaying the stored fragments based on
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the acquired random access information.
According to an aspect of another exemplary embodiment, there is provided a client

apparatus for receiving a multimedia streaming file, the client apparatus including: a
communication unit which transmits a request for a multimedia streaming file and
receives the multimedia streaming file from a server, wherein the multimedia
streaming file comprises a plurality of levels of tracks, wherein, in each of the plurality
of levels of tracks, multimedia data is encoded at a different bit rate; a storage unit
which stores fragments forming the multimedia streaming file received by the commu-
nication unit; a reproduction unit which plays the multimedia streaming file; a
fragment access database which stores random access information for randomly
accessing fragments stored in the storage unit; a fragment access management unit
which determines, based on the random access information stored in the fragment
access database whether the fragments forming the multimedia streaming file are
stored and controlling the communication unit to receive fragments that are not stored;
and a metadata input and output unit which generates meta-information for playing the
multimedia streaming file and fragment access meta-information for replaying the
stored fragments, stores the meta-information and the fragment access meta-in-
formation in the storage unit, and reads the meta-information and the fragment access
meta-information stored in the storage unit.

According to an aspect of another exemplary embodiment, there is provided a
storage file format for storing a multimedia streaming file, the storage file format
including: a file type (ftyp) box for storing a file type; a movie metadata (moov) box
for storing meta-information for playing the multimedia streaming file to be stored; a
fragment having a fragment header information (moof: movie fragment metadata) box
for storing meta-information of received fragments and a media data (mdat) box for
storing media data of the received fragments; and an movie fragment random access
(mfra) box, which is fragment access meta-information, for randomly accessing and

replaying the fragments.

Mode for the Invention

Exemplary embodiments will now be described more fully with reference to the ac-
companying drawings.

FIG. 1 is a reference diagram for describing an adaptive multimedia streaming
service according to an exemplary embodiment.

Referring to FIG. 1, in the adaptive multimedia streaming service, a server 110
prepares a multimedia streaming file 140 in a plurality of levels in advance by
encoding multimedia data at different bit rates and transmits, to a client 130, fragments

forming multimedia data in a level selected from among a plurality of levels of
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multimedia data 141, 142, and 143 forming the multimedia streaming file 140
according to an environment of a network 120 or a request of the client 130. Each of
the plurality of levels of the multimedia data 141, 142, and 143 forming the multimedia
streaming file 140 may be defined as a track identified by a track identifier Track ID.
The plurality of levels of the multimedia data 141, 142, and 143 forming the
multimedia streaming file 140 are encoded according to different methods to have
different bit rates. The plurality of levels of the multimedia data 141, 142, and 143 may
be identified by resolutions or codecs instead of bit rates.

Each of the plurality of levels of the multimedia data 141, 142, and 143 includes
fragments corresponding to multimedia data having a data amount corresponding to
seconds. Since fragments in different levels are obtained by encoding the same
multimedia data according to respectively different methods, the fragments in different
levels have different sizes. For example, fragments forming a first level of the
multimedia data 143 may have a bit rate of 1 Mbps, fragments forming a second level
of the multimedia data 142 may have a bit rate of 5 Mbps, and fragments forming a
third level of the multimedia data 141 may have a bit rate of 10 Mbps. As described
above, fragments forming multimedia data in a level selected from among the plurality
of levels of the multimedia data 141, 142, and 143 forming the multimedia streaming
file 140 are transmitted to the client 130 according to an environment of the network
120 or a request of the client 130. If a bandwidth of the network 120 or a data
bandwidth available to the client 130 varies, as referred to by reference numeral 150,
the server 110 transmits to the client 130 fragments forming a level of multimedia data
having the maximum bit rate suitable for the bandwidth variation from among the
plurality of available levels of the multimedia data 141, 142, and 143. That is,
fragments are adaptively transmitted according to bandwidths by streaming fragments
having the maximum bit rate available in the current bandwidth and streaming
fragments having a relatively less bit rate when a current bandwidth has deteriorated.
In other words, the level, and the bit rate, of which the fragments are transmitted may
change during transmission according to changes in available bandwidth.

In a related art adaptive multimedia streaming service, since the server 110 transmits
data in units of fragments according to a request of the client 130 and the client 130
receives and plays fragments corresponding to a portion of the entire multimedia
streaming file, it is difficult for the client 130 to replay multimedia data according to
the multimedia streaming service.

Thus, exemplary embodiments described herein include use of a storage file format
for storing multimedia streaming data by adding, to fragments of data, random access
information for replay and meta-information for play, a client apparatus using the

storage file format, and a method of storing a multimedia stream in the client
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apparatus.

FIG. 2 is a structural diagram of a storage file format of multimedia streaming data
according to an exemplary embodiment.

Referring to FIG. 2, the storage file format of multimedia streaming data includes a
file type (ftyp) box 210 for storing a file type, a movie metadata (moov) box 220 for
storing meta-information for playing a multimedia streaming file to be stored, a
plurality of fragments 230 and 240, and a movie fragment random access (mfra) box
250, which has fragment access meta-information, for randomly accessing and
replaying stored fragments. Each of the plurality of fragments 230 and 240 includes a
fragment header information (moof: movie fragment metadata) box 231 or 241 for
storing meta-information of a corresponding fragment and a media data (mdat) box
232 or 242. Although FIG. 2 shows a case where the moov box 220 is immediately
after the ftyp box 210, exemplary embodiments are not limited thereto, and the moov
box 220 may be between the last fragment and the mfra box 250. In this case, the
moov box 220 may further include information for describing a size thereof.

Although the storage file format is described for a case in which the storage file
format conforms to an MP4 file format standard, it will be understood by those of
ordinary skill in the art through this detailed description that the exemplary em-
bodiments are not limited to the MP4 file format standard and another transfer file
format standard may be applicable.

The ftyp box 210 is a box for storing a type of a multimedia streaming file to be
stored. As described above, the ftyp box 210 may have values m ,4 ,d , and s
according to the MP4 file format standard.

FIG. 3 is a reference diagram for showing a detailed configuration of the moov box
220 of FIG. 2, according to an exemplary embodiment. Referring to FIG. 3, a moov
box 300 includes track information 310 including track identifier (track_ID) in-
formation for identifying each track of a plurality of levels of multimedia data prepared
on a server side and codec information of each track and segment duration information
320 of fragments. By defining unique track IDs of the track information 310 to a
plurality of levels of multimedia data, it may be determined which level of multimedia
data the fragments to be stored belong to. To do this, as described below, a track_ID
may also be included in fragment header information of each fragment to identify a
level of multimedia data to which the fragment belongs. The segment duration in-
formation 320 of fragments is used to perform time synchronization in replay or play.

In addition, although not shown in FIG. 3, the moov box 300 may further include
segment index information indicating an order of a received fragment based on a
multimedia data file provided from the server side. The segment index information

may be used to search for a desired fragment.
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In the case of a Real Time Streaming Protocol (RTSP)-based adaptive streaming, the
meta-information may be delivered in a Session Description Protocol (SDP) format,
and in the case of HyperText Transfer Protocol (HTTP)-based adaptive streaming, the
meta-information may be delivered to a client in format of a separate metafile, such as
a manifest file.

FIG. 4 is a reference diagram for showing a detailed configuration of the moof box
231 or 241 for storing meta-information of each fragment shown in FIG. 2, according
to an exemplary embodiment.

Referring to FIG. 4, a moof box 400 includes a sequence number 410 allocated a
value increasing in an order of fragments to be received and a track_ID 420 used to
check a level of multimedia data to which a received fragment belongs. An identifier
of each available track may be identified by a server through the above-described
track ID of the track information 310 of FIG. 3, and each level of multimedia data
including a fragment may be checked through the track_ID 420 added to each received
fragment. The sequence number 410 is allocated to each fragment in a received order
and allows a desired fragment to be found among a random access stored fragments.
The sequence number 410 is distinct from a segment index indicating an order of a
current fragment among all fragments on a server side. Since a fragment transmitted
from a server is transmitted at an arbitrary time according to a request of a client, an
order received on a client side may be different from a configuration order of
multimedia streaming data actually prepared by the server side. For example, each of
the three levels of the encoded multimedia data 141, 142, and 143 shown in FIG. 1
includes a fragment having the same segment index. That is, Frag n (n is an integer
equal to or greater than 1) of each of the first, second, and third levels in FIG. 1
denotes an nth fragment among all the multimedia data, wherein Frag n of each of the
first, second, and third levels has the same segment index. Such segment indexes are
sequentially allocated to fragments obtained by dividing the whole multimedia
streaming data on the server side. However, in an actual streaming service, an arbitrary
fragment is requested and streamed instead of being streamed in a segment index
order. Thus, an order of fragments received by the client side may be different from an
order of segment indexes of the whole multimedia streaming data prepared by the
server side. Accordingly, the sequence number 410 is allocated as a received order to
identify an order of a fragment received by the client side, and for a random access to
each fragment, a desired fragment may be searched for from among stored fragments
by using a segment index and a sequence number thereof.

The moof box 400 is combined with actual mdat, and a fragment reconstructed
through this combination forms a single unit for storing a received fragment.

FIG. 5 is a reference diagram for showing a detailed configuration of the mfra box
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250, which is fragment access meta-information, of FIG. 2, according to an exemplary
embodiment.

Referring to FIG. 5, an mfra box 500 includes information 510 regarding the total
number of fragments, fragment file offset information 520, and time synchronization
information 530.

The fragment file offset information 520 indicates a storage location of each
fragment from the start of a storage file in a storage file format as shown in FIG. 2. A
location of the first fragment may be determined using the fragment file offset in-
formation 520. The time synchronization information 530 is used for synchronization
when mdat included in a fragment is played.

The mira box 500 may further include segment index information (not shown) to
identify a received fragment. As described above, the segment index information
indicates an order of each fragment of a multimedia streaming file, and a storage
location of a desired fragment may be determined using the segment index information
and the fragment file offset information 520. The segment index information may be
included in the moov box 220 of FIG. 2 instead of being included in the mfra box 500.

The mira box 500 may be implemented in the form of a track fragment random
access (tfra) box and a movie fragment random access offset (mfro) box for a random
access to an MP4 file format.

A client apparatus for storing a multimedia stream served by a server will now be
described using the storage file format described with reference to FIGS. 2 to 5.

FIG. 6 is a block diagram of a client apparatus 600 according to an exemplary em-
bodiment.

Referring to FIG. 6, the client apparatus 600 includes a reproduction unit 610, a
fragment access management unit 620, a communication unit 630, a fragment access
database 640, a metadata input and output unit 650, and a storage unit 660.

The reproduction unit 610 is a module for playing a multimedia streaming file and
requests the fragment access management unit 620 to provide a fragment forming data
of a predetermined frame when the data of a predetermined frame is requested through
a user interface (not shown). At this time, the reproduction unit 610 may also transmit
level information to the fragment access management unit 620, the level information
indicating which level of the multimedia streaming file is needed from among a
plurality of levels of tracks encoded at different bit rates included in the multimedia
streaming file.

The fragment access management unit 620 determines, through the fragment access
database 640, whether the fragment corresponding to the data of the frame requested
by the reproduction unit 610 is stored. If the requested fragment is not stored in the

storage unit 660, the fragment access management unit 620 controls the commu-
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nication unit 630 to receive the requested fragment from a server. Otherwise, if the
requested fragment is stored in the storage unit 660, the fragment access management
unit 620 reads the requested fragment from the storage unit 660. The fragment access
management unit 620 also functions as a parser.

The storage unit 660 stores a storage file in a form in which fragments received from
the server are combined with a moov box corresponding to meta-information and an
mfra box corresponding to fragment access meta-information, according to a storage
file format as shown in FIG. 2.

The fragment access database 640 stores information fragments received through the
communication unit 630 and stored in the storage unit 660. In detail, the fragment
access database 640 stores the meta-information included in the moov box and the
fragment access meta-information included in the mfra box as described in FIG. 2.
That is, the fragment access database 640 stores a track_ID, a segment index, a
sequence number, a start time, moof box offset information, information regarding the
total number of fragments, fragment offset information, and a media start point in a
fragment or information for calculating the media start point of each of the fragments
stored in the storage unit 660.

The communication unit 630 transmits a request to the server to transmit a fragment
according to a control of the fragment access management unit 620. In detail, the com-
munication unit 630 receives information regarding a requested segment index and a
desired level from the fragment access management unit 620 and requests a corre-
sponding fragment from the server. At this time, the communication unit 630 may
determine a level of the fragment suitable for reception by using information, such as a
network state, a residual buffer amount in the client apparatus 600, and an available
resource such as a memory, and may request the determined level of fragment from the
server. For example, if the fragment access management unit 620 requests a fragment
having a segment index of 3 from among a second level of multimedia streaming data
having a bit rate of 5 Mbps, the communication unit 630 requests the server to transmit
the fragment having the segment index value and the level value. If a network en-
vironment or a client residual buffer amount is too bad or too insufficient to receive
and process the fragment at the bit rate of 5 Mbps, the communication unit 630 may
request a fragment having a bit rate of 1 Mbps in a first level lower than the requested
level from the server.

The metadata input and output unit 650 generates a storage file according to a storage
file format, as shown in FIG. 2, by generating a moov box corresponding to meta-
information for playing a multimedia streaming file and an mfra box, which is
fragment access meta-information, for replaying stored fragments and combining

received fragments with the generated moov box and mfra box and stores the
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generated storage file in the storage unit 660. In addition, the metadata input and
output unit 650 extracts meta-information stored in the storage unit 660 and transmits
the extracted meta-information to the fragment access database 640 so as to update the
fragment access database 640 when a file stored in the storage unit 660 is loaded.

Hereinafter, an operation of the client apparatus 600 shown in FIG. 6 is described in
detail.

In an initial operation, the metadata input and output unit 650 initializes the fragment
access database 640 by loading a file stored in the storage unit 660. In detail, the
metadata input and output unit 650 loads a moov box and an mfra box of a storage file
stored in the storage unit 660 and transmits the moov box and the mfra box to the
fragment access database 640, and the fragment access database 640 acquires the total
number of fragments currently stored in the storage unit 660 by parsing the mfra box
and acquires information, such as a track_ID in each level and a codec required to play
a track in each level, by parsing the moov box. In addition, the fragment access
database 640 sets a sequence number at a present time by using information regarding
the number of fragments and a track _ID per level obtained from the moov box and the
mira box. For example, if a sequence number received up until the present is 10000,
sequence numbers at the present time are set so that sequence numbers from 10001 are
allocated to fragments received through the communication unit 630 thereafter. That is,
non-duplicated sequence numbers may be allocated to fragments received thereafter
through the sequence number initial setting.

When the reproduction unit 610 requests or searches for frame data, the fragment
access management unit 620 determines, through the fragment access database 640,
whether the requested fragment corresponding to the requested frame data is stored in
the storage unit 660.

If the requested fragment is not stored in the storage unit 660, the fragment access
management unit 620 transmits information regarding a segment index and a desired
level of the requested fragment to the communication unit 630. The communication
unit 630 transmits a request to the server to transmit a fragment in a suitable level
based on a network environment and a residual buffer amount and an available
resource of the client apparatus 600. The metadata input and output unit 650 re-
constructs a fragment completely received through the communication unit 630 by
adding a sequence number and a track_ID to the received fragment and stores the re-
constructed fragment in the storage unit 660. In addition, the metadata input and output
unit 650 updates information regarding the moov box and the mfra box stored in the
storage unit 660 based on information regarding the newly received fragment. If the
moov box is located immediately before the mfra box instead of being located im-

mediately after a ftyp box, as described with reference to FIG. 2, since the existing
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moov box is overwritten by the newly received fragment, the metadata input and
output unit 650 may generate a new moov box and store the generated moov box im-
mediately after the newly received fragment.

In addition, the metadata input and output unit 650 transmits information regarding
the newly received fragment to the fragment access database 640, and the fragment
access database 640 updates itself based on the transmitted information.

Otherwise, if the requested fragment is received through the communication unit
630, the fragment access management unit 620 transmits the received fragment to the
reproduction unit 610.

If the requested fragment is stored in the storage unit 660, the fragment access
management unit 620 reads the requested fragment from the storage unit 660 and
transmits the requested fragment to the reproduction unit 610.

As described above, the client apparatus 600 may replay a multimedia stream by
adding a moov box corresponding to meta-information and an mfra box for a random
access to the multimedia stream transmitted in units of fragments and by storing the
multimedia stream together with the moov box and the mfra box.

A client apparatus according to another exemplary embodiment will now be
described.

The client apparatus according to another exemplary embodiment has the same con-
figuration as the client apparatus 600 shown in FIG. 6 except for its operation.

FIG. 7 is a reference diagram for describing the client apparatus according to another
exemplary embodiment.

Referring to FIG. 7, the client apparatus may replay relatively-high-quality
multimedia data by storing fragments of higher quality than others through comparison
of a level of each fragment 710 stored in the storage unit 660 and a level of each of the
corresponding receivable fragments. In FIG. 7, a first level has a bit rate of 1 Mbps, a
second level has a bit rate of 5 Mbps, and a third level has a bit rate of 10 Mbps,
wherein a level value of the first level is 1, a level value of the second level is 2, and a
level value of the third level is 3. If the maximum available level value is 3, the client
apparatus stores each fragment as a fragment having a possibly greater level value.
That is, as shown in FIG. 7, for existing fragments Fragl 711, Frag2 712, and Frag3
713 in the first or second level, which are stored in the storage unit 660, fragments
Fragl 721, Frag2 722, and Frag3 723 in the third level, each having the highest quality
and the same segment index, are received again and stored.

In detail, when the reproduction unit 610 requests for frame data, the reproduction
unit 610 transmits a desired level value besides segment index information of a corre-
sponding fragment to the fragment access management unit 620.

The fragment access management unit 620 determines whether a fragment having the
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requested level value and the requested segment index is stored in the storage unit 660.
In detail, the fragment access management unit 620 acquires information regarding a
fragment in the highest level from among fragments having the requested segment
index, which are currently stored in the storage unit 660, and determines whether the
fragment in the highest level, which has the requested segment index and is currently
stored in the storage unit 660, satisfies quality according to the requested level value. If
the fragment in the highest level, which has the requested segment index and is
currently stored in the storage unit 660, is a fragment of the desired quality, the
fragment access management unit 620 reads the fragment in the highest level from the
storage unit 660 and transmits the read fragment to the reproduction unit 610.

If no fragment having the requested segment index is stored in the storage unit 660,
or if no fragments stored in the storage unit 660 satisfy the desired quality, the
fragment access management unit 620 transmits information regarding a segment
index and a desired level of a required fragment to the communication unit 630. The
fragment access management unit 620 may control the communication unit 630 to
request and receive a fragment in the currently available highest level based on a
network environment and a residual buffer amount and an available resource of the
client apparatus. In addition, if the fragment in the currently available highest level is
newly received, the fragment access management unit 620 may compare a level value
of the newly received fragment with levels of fragments stored in the storage unit 660
and transmit a fragment in a higher level, i.e., higher quality, than others to the re-
production unit 610. In addition, the fragment access management unit 620 may
compare a level of a fragment providable by the server with the currently available
highest level, and if the currently available highest level is lower than the level of the
fragment providable by the server due to the network environment or the lack of the
resource of the client apparatus, the fragment access management unit 620 may control
the communication unit 630 to receive the corresponding fragment when the network
environment or the lack of the resource of the client apparatus is resolved thereafter.

The metadata input and output unit 650 reconstructs a fragment completely received
through the communication unit 630 by adding a sequence number and a track_ID to
the received fragment and stores the reconstructed fragment in the storage unit 660. In
addition, the metadata input and output unit 650 updates information regarding the
moov box and the mfra box stored in the storage unit 660 based on information
regarding the newly received fragment.

In addition, the metadata input and output unit 650 transmits information regarding
the newly received fragment to the fragment access database 640, and the fragment
access database 640 updates itself based on the transmitted information.

If a fragment having the desired level value is received through the communication
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unit 630, the fragment access management unit 620 transmits the received fragment to
the reproduction unit 610.

This operation of receiving a high-quality fragment may be performed independently
through a background module. That is, the client apparatus 600 may further include a
separate background download module (not shown), wherein if a fragment having a
corresponding segment index from among fragments having segment indexes after a
segment index of a currently played fragment is not stored in the storage unit 660 or
does not have a desired quality even though it is stored in the storage unit 660, the
background download module receives the fragment having a corresponding segment
index from the server and stores the received fragment in the storage unit 660 through
a background operation.

FIG. 8 is a flowchart of a method of storing a multimedia streaming file, according to
an exemplary embodiment.

Referring to FIG. 8, in operation 810, meta-information for playing a multimedia
streaming file including a plurality of levels of tracks obtained by encoding multimedia
data at different bit rates is received from a server providing the multimedia streaming
file and is stored. As described above, the meta-information includes track information
for the tracks in the plurality of levels, codec information, and fragment length in-
formation.

In operation 820, fragments forming the multimedia streaming file are received and
stored. In detail, fragment header information including track information of the
received fragments and sequence numbers allocated in a received order of the
fragments is generated, and fragments reconstructed by combining a portion of
multimedia data included in the received fragments with the fragment header in-
formation are stored.

In operation 830, random access information for a random access to the received
fragments is acquired. The random access information may include segment index in-
formation for identifying the received fragments, information regarding the total
number of received fragments, and multimedia time synchronization information.

In operation 840, fragment access meta-information for replaying the stored
fragments by using the acquired random access information is generated and stored. As
described above, the fragment access meta-information may be stored using an mfra
box according to the MP4 file format.

FIG. 9 is a flowchart of a method of storing a multimedia streaming file, according to
another exemplary embodiment.

Referring to FIG. 9, in operation 910, it is requested to determine using a requested
segment index and a desired level value of a fragment required for a client apparatus

whether the fragment is stored.
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In operation 920, it is determined whether any fragment having the requested
segment index is stored, and if a determination result of operation 920 is that a
fragment having the requested segment index is stored, it is determined in operation
930 whether the stored fragment satisfies a desired quality. If the fragment having the
requested segment index satisfies the desired quality, the stored fragment is provided
in operation 935.

Otherwise, if any fragment having the requested segment index is not stored, or if the
stored fragment does not satisfy the desired quality, a fragment with the requested
segment index and the desired level value is requested from a server in operation 940.

In operation 950, the fragment with the requested segment index and the desired
level value is received, and in operation 960, fragment access meta-information and
meta-information for playing are updated using the newly received fragment. That is,
in operation 960, a moov box and an mfra box are updated using the newly received
fragment.

According to exemplary embodiments described herein, multimedia data provided in
an adaptive streaming service can be stored online and played offline.

In addition, according to exemplary embodiments, when stored multimedia
streaming data is played, higher quality of multimedia data than before can be played

Exemplary embodiments can also be embodied as computer-readable codes on a
computer-readable recording medium. The computer-readable recording medium is
any data storage device that can store data which can be thereafter read by a computer
system. Examples of the computer readable recording medium include read-only
memory (ROM), random-access memory (RAM), CD-ROMs, magnetic tapes, floppy
disks, optical data storage devices, and so forth. The computer-readable recording
medium can also be distributed over network coupled computer systems so that the
computer-readable code is stored and executed in a distributed fashion.

While exemplary embodiments have been particularly shown and described, it will
be understood by those skilled in the art that various changes in form and details may
be made therein without departing from the spirit and scope of the inventive concept as
defined by the appended claims. Therefore, the scope of the inventive concept is
defined not by the detailed description of the invention but by the appended claims,
and all differences within the scope will be construed as being included in the present

invention.
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Claims

A method of storing a multimedia streaming file, the method
comprising:

receiving and storing meta-information for playing a multimedia
streaming file, wherein the multimedia streaming file comprises a
plurality of levels of tracks, wherein, in each of the plurality of levels of
tracks, multimedia data is encoded at a different bit rate;

receiving and storing fragments comprising the multimedia streaming
file;

acquiring random access information for randomly accessing the stored
fragments; and

generating and storing fragment access meta-information for replaying
the stored fragments based on the acquired random access information.
The method of claim 1, wherein each of the fragments is a portion of
multimedia data of a track in a level, and further comprising selecting a
level of the track of at least one of the fragments, from among the
plurality of levels of tracks, according to a network environment or a
request of a client.

The method of claim 1, wherein the meta-information comprises track
information of each of the plurality of levels of tracks, codec in-
formation, and fragment length information.

The method of claim 1, wherein the receiving and storing the fragments
comprises:

generating fragment header information, comprising track information
of the received fragments and sequence numbers allocated in a received
order of the fragments; and

storing fragments reconstructed by combining a portion of multimedia
data included in the received fragments and the fragment header in-
formation.

The method of claim 1, wherein the acquiring the random access in-
formation comprises acquiring segment index information for
identifying each of the received fragments forming the multimedia
streaming file, information regarding the total number of received
fragments, and multimedia time synchronization information.

The method of claim 1, further comprising:

comparing a level of each of the stored fragments with a level of a

fragment available;
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if a fragment in a higher level than the level of each of the stored
fragments is available, transmitting a request for the fragment in a
higher level;

receiving and storing the fragment in the higher level; and

acquiring random access information of the fragment in the higher level
and updating the fragment access meta-information using the acquired
random access information of the fragment in the higher level.

The method of claim 1, further comprising:

determining whether a level of each of the stored fragments has a level
value equal to or greater than a predetermined bit rate;

if the level of each of the stored fragments does not have a level value
equal to or greater than the predetermined bit rate, transmitting a
request for a fragment having a level value equal to or greater than the
predetermined bit rate;

receiving and storing the fragment having the level value equal to or
greater than the predetermined bit rate; and

acquiring random access information of the fragment having the level
value equal to or greater than the predetermined bit rate and updating
the fragment access meta-information by using the acquired random
access information of the fragment having the level value equal to or
greater than the predetermined bit rate.

A client apparatus for receiving a multimedia streaming file, the client
apparatus comprising:

a communication unit which transmits a request for a multimedia
streaming file and receives the multimedia streaming file, wherein the
multimedia streaming file comprises a plurality of levels of tracks,
wherein, in each of the plurality of levels of tracks, multimedia data is
encoded at a different bit rate;

a storage unit which stores fragments forming the multimedia
streaming file received by the communication unit;

a reproduction unit which plays the multimedia streaming file;

a fragment access database which stores random access information for
randomly accessing fragments stored in the storage unit;

a fragment access management unit which determines, based on the
random access information stored in the fragment access database,
whether the fragments forming the multimedia streaming file are stored
and controls the communication unit to receive fragments that are not

be stored; and
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a metadata input and output unit which generates meta-information for
playing the multimedia streaming file and fragment access meta-
information for replaying the stored fragments, stores the meta-
information and the fragment access meta-information in the storage
unit, and reads the meta-information and the fragment access meta-
information stored in the storage unit.

The client apparatus of claim 8, wherein each of the fragments is a
portion of multimedia data of a track in a level selected, according to a
network environment or a request of a client, from among the plurality
of levels of tracks.

The client apparatus of claim 8, wherein the meta-information
comprises track information of each of the plurality of levels of tracks,
codec information, and fragment length information.

The client apparatus of claim 8, wherein the metadata input and output
unit generates fragment header information, comprising track in-
formation of the received fragments and sequence numbers allocated in
a received order of the fragments, and

the storage unit stores fragments reconstructed by combining a portion
of multimedia data included in the received fragments and the fragment
header information.

The client apparatus of claim 8, wherein the random access information
comprises segment index information for identifying each of the
received fragments forming the multimedia streaming file, information
regarding the total number of received fragments, and multimedia time
synchronization information.

The client apparatus of claim 8, wherein the fragment access
management unit compares a level of each of the stored fragments with
a level of a fragment available and, if a fragment in a higher level than
the level of each of the stored fragments is available, controls the com-
munication unit to transmit a request for the fragment in the higher
level.

The client apparatus of claim 13, wherein, if the fragment in the higher
level is received, the fragment access management unit updates the
fragment access meta-information by using random access information
of the fragment in the higher level.

The client apparatus of claim 8, wherein the fragment access
management unit determines whether a level of each of the stored

fragments has a level value equal to or greater than a predetermined bit
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rate, and if the level of each of the stored fragments does not have a
level value equal to or greater than the predetermined bit rate, controls
the communication unit to transmit a request for a fragment having a

level value equal to or greater than the predetermined bit rate.
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[Fig. 7]
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