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15 sequence of a single media type (frames of video, for example). Within each
track, each timed unit is called a media sample.
Streaming systems can be divided into two categories based on
server-side technology. These categories are herein referred to as normal
Streaming and progressive downloading. In normal streaming, servers employ
20 application-level means to control the bit-rate of the transmitted stream. The
target is to transmit the stream at a rate that is approximately equal to its play-
back rate. Some servers may adjust the contents of multimedia files on the fly
to meet the available network bandwidth and to avoid network congestion. Re-
liable or unreliable transport protocols and networks can be used. If unreliable
25 transport protocols are in use, normal streaming servers typically encapsulate
the information residing in multimedia files into network transport packets. This
can be done according to specific protocols and formats, typically using the
RTP/UDP (Real Time transport Protocol/lUser Datagram Protocol) protocols
and the RTP payload formats.
30 Progressive downloading, which can also be referred to as HTTP
(Hypertext Transfer Protocol) streaming, HTTP fast-start, or pseudo-streaming,
operates on top of a reliable transport protocol. Servers may not employ any
application-level means to control the bit-rate of the transmitted stream. In-
stead, the servers may rely on the flow control mechanisms provided by the
35 underlying reliable transport protocol. Reliable transport protocols are typically
connection-oriented. For example, TCP (Transport Control Protocol) is used to
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and the streaiiigie file, and media data appears in decoding or playback order. Stream-
20 ing formats must be used when the underlying network services do not provide
a separate transmission channel for each media type. Streamable file formats
contain information that the streaming server can easily utilize when streaming
data. For example, the format may enable storing of multiple versions of media
bit-streams targeted for different network bandwidths, and the streaming
25 server can decide which bit-rate to use according to the connection between
the client and the server. Streamable formats are seldom streamed as such,
and therefore they can either be interleaved or contain links to separate media
tracks.
MPEG (Moving Picture Experts Group) has developed MPEG-4
30 which is a multimedia compression standard for arranging multimedia presen-
tations containing moving image and voice. MPEG-4 specifications determine
a set of coding tools for audio-visual objects and syntactic description of coded
audio-visual objects. The file format specified for MPEG-4, called MP4, is illus-
trated in Figure 1. MP4 is an object-oriented file format, where the data is en-
35 capsulated into structures called ‘atoms’. The MP4 format separates all the
presentation level information (called the meta-data) from actual multimedia
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wites the0 application crashes, runs out of disk, or some other incident happens, after it
has written a considerable amount of media to disk but before it writes the
movie atom, the recorded data is unusable.
A typical live progressive downloading system consists of a real-
time media encoder, a server, and a number of clients. The real-time media
25 encoder encodes media tracks and encapsulates them in a streaming file,
which is transmitted in real-time to the server. The server copies the file to
each client. Preferably, no modifications to the file are done in the server. MP4
file format does not suit well for progressive downloading systems, and not at
all for live progressive downloading systems referred to above. When an MP4
30 file is downloaded progressively, it is required that all meta-data precedes me-
dia-data. However, when encoding a live source, it is impossible to have meta-
data related to upcoming contents of the source encoded before capturing the
contents.
One approach to solve these problems is to have a 'sample’ level
35 interleaving of meta- and media-data, which may be referred to as sample-
oriented file structure. Microsoft™'s Advanced Systems Format (ASF) is an
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Another approach introduced by the MPEG Group for solving

these problems is called fragmented movie files. In this approach meta-data is

20 no longer restricted to stay inside one atom, but spread into the whole file in a
somewhat interleaved manner. The basic meta-data of the file is still set in the
movie atom and it sets up the structure of the presentation. Besides movie
atoms and media-data atoms, movie fragments are added to the file. Movie
fragments extend the movie in time. They provide some of the information that

25 has conventionally been in movie atom. The actual media samples are still
stored in media data atoms.

The fragmentation of the MP4 file does not bring full independ-
ency between the fragments. Each fragment of meta-data is valid for the
whole MP4 file that comes after it. Hence, the MP4 player has to store all the

30 meta-data portions coming in fragments, even after that portion of the meta-
data is used (play-and-discard approach is not possible, i.e. the fragment has
to be preserved after playing it). Also, the fragments do not solve the problem
related to the live streaming approach described above. This is due to the fact
that the fragments are not independent of each other.
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20 ment does not have to contain all media types present in the file for the par-
ticular time-period corresponding to the segment. Media samples of a certain
media type within a segment should form an integral block in time. The com-
ponents of the multimedia data present at a segment need not have the same
durations or byte lengths.

25 The aspects of the invention provide advantages especially for mul-
timedia content streaming. Less temporary storage space is required than in
conventional streaming of track-oriented streaming files as there is no need to
maintain already used media segments. This applies both to apparatuses
composing multimedia files and to apparatuses parsing the received multime-

30 dia files. There is no need to have a meta- and media-data interleaving for
each sample. The invention also provides flexibility in means of editing and
retrieving information from the file. The media segments may be played inde-
pendently of others, as soon as the file-level meta-data and the segment's
meta-data are received, thus enabling the playback to start faster than in con-

35 ventional MP4 streaming. Even one further advantage of the invention is that
playback may also start from any received media segment if the file-level
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20 Brief description of the drawings

In the following, the invention will be described in further detail by
means of preferred embodiments and with reference to the accompanying
drawings, in which

Figure 1 illustrates conventional MP4 file format;

25 Figure 2 is a block diagram illustrating a transmission system for
multimedia content streaming;

Figure 3 illustrates the functions of an encoder:
Figure 4 illustrates the functions of a multimedia retrieval client:
Figure 5a and 5b illustrate file formats according to preferred em-
30 bodiments of the invention; and
Figure 6 is a signalling diagram illustrating progressive download-
ing.
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or multicast paths. The network NW may be e.g. a mobile communications
network, a local area network, a broadcasting network or multiple different net-
works separated by gateways.
20 Figure 3 illustrates in more detail the functions during the content
creation phase in the encoder unit ENC. Raw media data are captured from
one or more media sources. The output of the capturing phase is usually ei-
ther compressed data or slightly compressed data. For example, the output of
a video grabber card could be in an uncompressed YUV 4:2:0 format or in a
25 motion-JPEG format. Media streams are edited to produce one or more un-
compressed media tracks. It is possible to edit the media tracks in various
ways, for example to reduce the video frame rate. Media tracks can then be
compressed. The compressed media tracks can then be multiplexed to form a
single bit stream. During this phase media-data and meta-data are arranged to
30 the selected file format. After the file is composed, it can be sent to the
streaming server SS. It should be noted that multiplexing is typically essential
-in progressive downloading systems, but it may not be essential in normal
streaming systems, as media tracks may be transported as separate streams..
It should be noted that although in Figures 2 and 3 the content crea-
35 tion functions (by ENC) and the streaming functions (by SS) are separated,
they may be done by the same device, or be carried out by more than two de-
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20 Typically the scope of a portion of meta-data is the entire file. Such meta-data
may include an identification of media codecs in use or an indication of a cor-
rect display rectangle size. This kind of meta-data may be referred to as file-
level meta-data (or presentation-level meta-data). Another portion of meta-
data relates to specific media samples. Such meta-data may include an indica-

25 tion of sample type and size in bytes. Such meta-data may be referred to as
sample-specific meta-data. :

As media decoding and playback are typically not possible without
file-level meta-data, such meta-data typically appears at the beginning of
streaming files as a file header section. Sample-specific meta-data is conven-

30 tionally either interleaved with media-data or it can appear as an integral sec-
tion at the beginning of a file immediately after or interleaved with file-level
meta-data. This causes the problems for progressive downloading or, in some
file formats, progressive downloading is not possible at all.

A modified file format according to a preferred embodiment of the

35 invention is presented in Figure 5a. The idea is to create ‘meta-data’ - ‘media-
data’ pairs, which can be interpreted and played back independently of the



decoded, an unconpressed picture is retrieved. On the contrary, a com
pressed video slice is not a nedia sanple, as decoding a slice results in a
15 spati al ortlon of an unconpressed sanple (picture). Media sanples of a
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typically con5|d- ered to conprise all nedia-data and neta-data related to
a streaned presen- tation, e.g. a novie. ta-data carried in a nultinedia
file can be classified as follows. 20 Typically the scope of a portion of
neta-data is the entire file. Such neta-data nmay include an identification
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receiv 20 data. After this, media tracks are separated from the data in segments one
segment at a time.
Figure 5b illustrates a modified MP4 file format according to the
segmented file format principle illustrated in Figure 5a, referred to as Progres-
sive MP4 file. Two new atom types are defined for MP4: The MP4 description
25 atom mp4d holds the necessary information related to the MP4 file as a whole.
It should be noted that the term ‘box’ used in some MPEG-4 specifications
may be used instead of atom. If any necessary information is not present in
the ‘MP4 segment atom’ smp4, that information should be present in the MP4
description atom mp4d. Thus all the information inside the MP4 description
30 atom mpd4d is global, in the sense that it is valid for all the MP4 segment atoms
smp4. If an atom is present in both the MP4 description atom and the movie
atom moov of the MP4 segment atom smp4, then the information in the movie
atom moov is taken as reference, hence overriding the MP4 description atom
mp4d. The description atom mp4d may comprise any information of a conven-
35 tional ‘moov’ atom of an MP4 file. This includes information e.g. on the number
of media tracks and used codecs.



10 ing device (TE) to start playback as soon as it receives the file-|evel
neta-data description part and a segnent's neta-data and a portion of its
nmedi a-data. According to a preferred enbodi nent of the invention, a
segnent canWVO3@a8293 et ed (renoved from tenporary menory) aPCEFIRI00K2S been
parsed in the receiv- ing device C. Less tenporary storage space is thus
required as only file level 15 neta-data,peeds to be maintained until the
| ast segnment of the file is parsed. If #8e devi ce parsing the file al so
plays the multinmedia file, a segnment may be deleted permanently after
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20 back of parts of the presentation (segments), the parts being independent of
preceding and forthcoming segments.
Progressive downloading example is illustrated in Figure 6. A
WWW page contains a link to a presentation description file. The file may con-
tain descriptions of multiple versions of the same content, each of which is
25 targeted e.g. for different bit-rates. The user of client device C selects the link
and a request is delivered 61 to the server SS. If HTTP is used, ordinary GET
command including the URI (Uniform Resource Identifier) of the file may be
used. The file is downloaded 62, and the client C is invoked to process the
received presentation description file. The most suitable presentation can be
30 chosen. The client C requests 63 file corresponding to the chosen presenta-
tion from the web server. As a response to the request 63, the server SS starts
to transfer 64 the file according to the transport protocol used.
When starting to receive a progressive MP4 file (from a streaming
server SS or from local data storage medium), the client C stores the MP4 de-
35 scription atom mp4d. it is recommended that at least two MP4 segment atoms
be read before starting playback, and during playback, a third is buffered. This




data and nedi a-data of one or nore nedia types. This enables preservation
of track-oriented principle and easy separation of media tracks. There is
no man- datory order of the segnments and the file-level nmeta-data in a
file. For pMRYYE810 purposes, it is advantageous to put PoTEFIGzdens7l evel
nmet a-data (np4d) at the be- ginning of the file, and the segment atons snp4
I n the playback order. For live stream 2'e fast forward or backward
operations, random access, or any other ‘purposes, the file level-level

net a-data (np4d) can be repeated within a file. Annex | gives a nore
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20 it according to the new transport protocol. For instance, such parsing is
needed when changing from TCP’s payload to UDP's payload. A file conver-
sion may take place be from a conventional track- or sample-oriented format.
to the format illustrated above with reference to Figure 5a. For example, con-
ventional MP4 files can be converted to segmented MP4 files illustrated in
25 Figure 5b. Such conversion may be needed in a Multimedia Messaging Ser-
vice (MMS) modified to support progressive downloading. It is likely that some
MMS-capable terminals produce files according to conventional MP4 version 1
llustrated in Figure 1, as this format is chosen in 3GPP MMS specifications.
These files can be converted to segmented MP4 files in order to allow pro-
30 gressive downloading.
The segmented file format provides advantages also when multi-
media content is created. As already described, segments are independent of
each other, hence they can be created and stored immediately after the nec-
essary media data is captured and encoded. If the device runs out of memory,
35 it is possible to use already stored segments instead of loosing already cre-
ated media samples. The segments can still be played back, unlike in the con-




faster. The need for nenory in clients Cis further reduced as there is no
need to nmaintain already played segnents, only the file-level neta-data
part (nmp4d) 5 needs to be preserved until the last segment has been played.
Pl ayback ma}/0 @0389%tart from any received segnent if the PCimubesmy

nmet a-data has been al- ready received and only part of the file (certain
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in the Multimedia Messaging Service. If at least a part of a multimedia mes-

sage is composed according to the invention, it can be either downloaded

conventionally or progressively downloaded from an appropriate element in

the MMS system. As the technique modifies only the way multimedia message

files are composed, no modifications to the elements in the MMS system are
25 necessary.

The segmented file format may also simplify video editing opera-
tions. Segments may represent a logical unit in a multimedia presentation.
Such a logical unit may be a news flash from a single event, for instance. If a
segment is inserted to or deleted from a presentation, only a few parameter

30 values in the file-level meta-data have to be changed, as all segment-level
meta-data is relative to the segment in which they reside. In conventional
track-oriented file formats, insertion or deletion of data may cause recalcula-
tion of a large number of parameter values especially if media-data is ar-
ranged in playback or decoding order.

35 The present invention can be implemented to the existing telecom-
munications devices. They all have processors and memory with which the



12 ventional MP4 creation. In live recording a segnent can be upl oaded
imedi - ately after the necessary nedia data is captured and encoded. After
the en- coder ENC has conposed a segnent and sent it to the server SS or
stored it WO a storage nedium such as a menory car PCIFIGRETHK, it
can delete it 5 fromthe nenory, thus reducing the required menory
resources. During the file conposing ity4s only necessary to preserve the
file-level nmeta-data part. -The upl oadi ngd process can happen in real-tineg,
i.e., the bit-rate of the trans- mtted file can be adjusted according to
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formats, insertion or deletion of data nmay cause recalcula- tion of a |arge
nunber of paranmeter values especially if nedia-data is ar- ranged in

pl ayback or decodi ng order.



35 The present invention can be inplenented to the existing tel ecom

muni cati ons devi ces. They all have processors and nenory with which the WO
03/ 028293 PCT/ FI 02/ 00747 13 inventive functionality descri bed above may be
i mpl enent eVO W/IBWJr am code provides the inventive funct iRETHINAP74Fhen
executed in a processor and may be enbedded in or |oaded to the device
froman external storage device. D'fferq t hardware inplenentations are

al so possible, such as a circuit nmade of sepa | rate |ogic conponents or
one or nore application-specific integrated circuits (ASIC). A conbination
of these techniques is also possible. It is obvious to those skilled in the
art that as technol ogy gnces, the inventive concept can be inpl emented
in many different ways. The inven- tionis not limted to the systemin
Figure 2 and may be used also in non 10 stream ng applications. Therefore

t he i nventi oNMaxiejAtam (meeydi nents are not linited to the above exanpl es

031 028593 PT! i 021 00 SN e Xechy o m@is el A RS54 SaBindfy pichy
exact|y one novie at ofSMpd'dawhichpuill enpapaulate slinthe 'reetpdata relatedh taithe

encapsul atse al | the nipjeaiaidita inbates nicdia B8ta 5‘°‘W§bﬁ'ﬁﬁz‘5§&f’%@§;f‘ﬁfi gﬁdi a

data atom (' ndat') of the sa 4 se atom  F

Atom novie atom wstse%?l@taﬁr{ﬁ"ﬂﬂ:é’ri%‘grm RessURtian, AtamR: BOVIEROPt MU whol e
presenta- tion of thecqntaigrthe commaorpetaidata, Which edversheeivholel reegntan neans
of not sending the S%g.‘l?, ' | [ hm4, ; vie
Header Atom (' mvhd') v?gmkj:g@esglpg_nrﬁ P ‘ﬁgﬁdgﬂt&h%ﬁﬁ%%'ggﬁfﬁ ’lnéﬁﬂi?{gm
contains in- formati oMPtaendingdbe seme infasmatien in eachepdacoment atoms i el d
syntaxes for this atomare the sane. Each np4 segnent atom nust have a

novi e header atom which contains information related to that 15 segnent
only. Al |10f i MotieshieaderaAtonr gmvhdiy rel ati ve to the np4 seg- nent atomonly

(e.g. the duration Onll/l%v@' r\\/eea%etr ré‘t:"or(rjtI %sé} é(t)l'?e R/IPZE B%scrtlmi%ns,&l%%e%nt%%n% in-
formation which governs the whole presentation. All field syntaxes
for this atom are the same. Each mp4 segment atom must have a
movie header atom, which contains information related to that
15 segment only. All field syntaxes are thus relative to the mp4 seg-
ment atom only (e.g. the duration only gives the duration of the
mp4 segment atom).

Object Descriptor Atom (‘iods’)
The Object Descriptor Atom must be present in the MP4 descrip-
20 tion atom, and it may be present in the mp4 segment atoms. If it is
only present in the mp4 description atom, then the information
covers all the mp4 segment atoms too. If any mp4 segment atom
has an object descriptor atom, then that atom overrides the one in
the mp4 description atom. All field syniaxes of this atom will be the
25 same as a normal mp4 file's object descriptor atom.

Track Atom (‘trak’)

There can be one or more track atoms inside the movie atom of

an mp4 segment atom, containing the track information of the cur-

rent segment atom. Presentation level track information must also
30 be present in the mp4 description atom.



bj ect Descriptor Atom ('iods') The Object Descriptor Atom nmust be present
in the MP4 descrip- 20 tion atom and it may be present in the np4 segnent
atons. If it is only present in the np4 description atom then the
informati oWO@28398 all| the np4 segnent atons too. |f any PEFFIRAYMENt at om
has an object descriptor atom then that atomoverrides the one in the np4
description atom All field syntaxes of t§1is atomwi Il be the 25 sane as a
normal np4 file's object descriptor ator’ﬂn Track Atom ('trak') There can be
one or nore track atonms inside the novie atomof an np4 segnent atom

containing t | ' of the cur- rent segnent atom
adfedIe B b

Presentation ormation nust also 30 be present in the np4
description atom WO BaéckagRPsedghantratody 80d Mmp4ldedoriptibn Heomanugdt aveg(at khd' )

rom For the same. & SaCnERTer SO FB} KB uhe Wtk ind B4k Tos uaE be 1RECE
segnent atom and t he $§medesyenpmpdsegment atorr@ndithe mpd deegriptioptatem. at om

track heager at om hol ggr tHef ﬁffavdeéchptbmamﬁ,nira& hBadehalofn RoRIBSRToRa0N-
Track header atom of nent .atom h ti,on ive to

he . Se | ds ipfo el a
Che current seq- ment 1Ol GAYERING Herapolp afteaetatitn. Trabk Mpadr aleim &f 18
ref erence at om provi dmp4asegnientaatom holdsninformation eelativegto ther eamentsegrot her
streamin the presentﬁ.ltehpﬁ,orﬂt is not a nandatory atom If the track
reference is valid through the whole presenta- tion, it is advantageous to
put this atomin the np4 description atomto avoid repetition of the sane

w1 be the SR EERRe AR ORI P70 ( Tack referonce atom Edit Atom
{5 TRt S TSR Mtk r0ces Stplrood ot o g
datory atom  Note tneseaE YeanpiEf sfiban s fae Bissenlathf; i opta filbaBioy
atom. If the track reference is valid through the whole presenta-
tion, it is advantageous to put this atom in the mp4 description
atom to avoid repetition of the same information in every mp4
15 segment atom. All field syntaxes of this atom will be the same as a
normal mp4 file's track reference atom.

Edit Atom (‘edts’)

An edit atom maps the presentation time-line to the media time-

line. The edit atom is a container for the edit lists. It is not a man-
20 datory atom. Note that the Edit atom is optional. In the absence of

this atom, there is an implicit one-to-one mapping of these time-

lines. In the absence of an edit list, the presentation of a track

starts immediately. An empty edit is used to offset the start time of

a track. There can be exactly one edit atom for the whole track
25 and it must be present in the mp4 description atom.

Edit List Atom (‘elst’)

The edit list atom contains an explicit timeline map. It is possible
to represent ‘empty’ parts if the timeline, where no media is pre-
sented; a ‘dwell’, where a single time-point in the media is held for
30 a period; and a normal mapping. Edit lists provide a mapping from
the relative time (the deltas in the sample table) into absolute time
(the time line of the presentation), possibly introducing ‘silent’ in-



this atom there is an inplicit one-to-one mapping of these tinme- lines. In
the absence of an edit list, the presentation of a track starts

i mMedi ately. An enpty edit is used to offset the start tine of a track.
There can MO @38y one edit atomfor the whole track 2PCARIONAO74Tust be
present in the np4 description atom Edit List Atom ('elst') The edit |ist
atom contains an explicit tinmeline map. &% IS possible to represent

"enpty' parts if the tinmeline, where no dia is pre- sented; a '"dwell"',
where a single tine-point in the nedia is held for 30 a period; and a

| [ Edi t : ' th
Gl 135 In Phe sanpl & [ORAS0T RO BB LN theldl? Bait (15} Aot s 61 5 i ' "
presentation), possi bﬂ?tqletaFQmukfl'tr!g prasend fer a ftiacip3hess onst be exattiypoe/ 00747
16 5 10 tervals or T epantisnatom Somained B terEaEditom.instieANBThpS degirigt T

datory atom It is.pre e, nust xact one edit
list atom cont al ned btg? ﬁZ°’EdﬁI'?rR{£ﬁ¥ﬂtﬂ§?5d8}ﬁPe “@bEErtﬁf) sam%ﬂséﬂ 8m Al
field syntlaxes of thi sd&llstmtmm ¢f&bGDnVIeetlemhMla4sflm a edit list atomof a
conventional MP4 file. Media Atom (' ndia') The nmedi a at om cont ai ner
contains all the objects that declare in- formation about the nedia data
W thin a strdtadia Ator(hdifY pre- sent in the rrp4 description atom and al so

in each np4 segment atom Media Header Atom (' ndhd') The nmedi a header
decl ares the overal | Wﬁﬁl'ﬁe‘ﬂ'ﬁ@é?mrﬁ?@m'"?frﬁ%\tamﬁéﬂ tl’ythbLﬂC&/H\ﬁt deslafen in-

cr:]ha(r]I act e; i stics of OIt hforfiiatiba abbu@tlﬁé m't{iah da@“gftglrf@%ttre:éﬁl elmtﬁ.idtmé)gm-rfed' ah
eader atom per nedia ck in S l on atgm and i.n eac
4 segment atom A pemt B8 RT Béstrbion a8 atd AsosR dib MpF SebBisntor fon
atomwi | [1be the sarretcxm in a media header atom of a conventional MP4
file. For the np4 segnent atom the duration field contains segnent |evel

duration i nfornation.
Media Header Atom (‘mdhd’)

The media header declares the overall media-independent infor-
mation relevant to the characteristics of the media in a stream.
There must be exactly one media header atom per media in a

15 track in the mp4 description atom and in each mp4 segment atom.
All field syntaxes of this atom for the mp4 description atom will be
the same as in a media header atom of a conventional MP4 file. For
the mp4 segment atom, the duration field contains segment level
duration information.

20 Handler Reference Atom (‘hdir)

The handler atom within a Media Atom declares the process by
which the media-data in the stream may be presented, and thus,
the nature of the media in a stream. For example, a video handler
would handle a video track. Since this atom covers information
25 concerning the whole parts of the same track media partitioned
into different m4 segment atoms, it must be present only in the
mp4 description atoms’ media atom and assumed valid for the
same track in the other mp4 segment atoms. All field syntaxes of
this atom will be the same as in handler reference atom of a con-
30 ventional MP4 file.



20 Handl er Reference Atom (' hdir') The handler atomw thin a Media Atom
decl ares the process by which the nedia-data in the stream may be
presented, and thus, the nature of the nedia in a stream For exanple, a
vi deo handMQ 03/38i8d handl e a video track. Since this atorRCIRIEW747

I nformati on 25 concerning the whole parts of the-sane track nedia
partitioned into different nd segnent nms, it nmust be present only in
the np4 description atons' nedia atom and assunmed valid for the sane
track in the other np4 segnent atons. Al field syntaxes of this atomwl|
be the sane ki R atom of a con- 30 ventional MP4 file.
WO 03/ 028293%&?@%@%@4%6{@(Wa Information Atom (' mi nf) The nedia

i nf ormati on at om cont Ihesmetlia informatipr atemtdontaine all the objduis thatedectdrec

i nformati on of the nedia.l ; t: I di a
informati on atomin eggﬁraﬁééitgﬂg 'rﬁﬁgﬁ%@é‘l %—'h@.éienr?gy)r r#gttﬁgn&%%gfi;hegé]g“n@wst
be present only in t hBeRxactyongdnediaiiniermation atom de eapb fragknt be imedia

_rre]cjl a- wnt ses gl ?bal (I gf mfmtiatgm_ ?emragamtst ﬁﬁsv\bel;ﬁe]gm 6mly6nttﬁatmp¢é def-) t
I nformation atom (' di | . nal o referenc (o} e nmus
be present only in thgég'ﬁ%ﬁ ﬁtggirsf"ﬁjq Hﬁ%%ﬂ?‘“?i“ﬁ@@“ﬁ’ﬁ&y&e@ t!"T"&"}?&a'i‘a-w se
gl obal in- 10 formati eevermgetherwhale mpthfilee Data infermation atom ('ding) awhitsl e
Tabl e Atom (" stbl") Sggtatont dfehs rétbRiNcBURSmMNRIrEl PHASE bé Préseit bnym'tﬁe

information atomof a track |n each np4 segnent’ atom o e .
description atom ThE'W, ?@W'QBI@O%rﬁ%ﬂeng‘eé(l ?oﬁﬂ'é meﬂi@-ww&"&apa' Mdexi ng
of 15 thetgredi a sanpl fmatioa coverirg theswivge pragréssNempadile, it is possible

to locate sanples in tine, determne their type (e.g. I-frane or not), and
det erm ne t hgjgmasibd Rion?8@py and offset into that con- tainer. Decoding
Time To Sanpl emgoma?'egtts' 5&%) This atom contains a conpact version of a
tabl e that allows indgx-_in om decodi tine o sanple nunber. |t is a
nmandat ory atom for egéﬂ‘pﬁ g@;[eo qm@%%se'a%ﬂ{ 'na?\ﬁéw "Fﬁ&'af'f‘&r@éhg? this
atom atom of a track in each mp4 segment atom or the mp4 description
atom. The sample table contains all the time and data indexing of
15 the media samples in a track. Using the tables here, it is possible

to locate samples in time, determine their type (e.g. I-frame or
not), and determine their size, container, and offset into that con-
tainer.

Decoding Time To Sample Atom ('stts’)

20 This atom contains a compact version of a table that allows index-
ing from decoding time to sample number. It is a mandatory atom
for each track of the mp4 segment atom. The fields of this atom
must represent the media samples in the current mp4 segment
atom. Therefore, each track of the mp4 segment atom must have

25 a decoding time to sample atom to give the sample-time informa-
tion of the media samples present in that mp4 segment atom.
Note that the first sample referenced by the current 'stts’ atom is
the first sample in the current mp4 segment atom. All field syn-
taxes of this atom will be the same as in a decoding time to sam-

30 ple atom of a conventional MP4 file.

Composition Time To Sample Atom (‘ctts’)

This atom provides the offset between decoding time and compo-
sition time. It is not a mandatory atom. If it is present in the track



must represent the nmedia sanples in the current np4 segnent atom
Therefore, each track of the np4 segnent atom nust have 25 a decoding tine
to sanple atomto give the sanple-tine informa- tion of the nmedia sanples
present i nWOBY028E segnent atom Note that the first saf§iT&FWA0&47enced by
the current 'stts' atomis the first sanple in the current np4 segnent
atom All field syn- taxes of this atomy,l|l be the sanme as in a decoding
time to sam 30 ple atomof a conventional MP4 file. Conposition Tinme To
Sanmple Atom ('ctts') This atom provides the of fset between decoding tine

and conpo- sition ti r in the
T ack Wb 037 028903 PRI e B ripd SeiAe A tof, HRn #m détyesprgggﬁtﬁﬂzﬁ"

then it nust be preseifte othesitracks withdthpesame fark-I&in ntheremaéﬁﬁgmea&atﬂ D in
ot her np4 segnent at - opie: ThEelds of this afon h1u%t aéprérsém&he W@%ﬁﬁrpréshﬁ medi a

sanples in the curre nt ato nt ax atom
W lrr}) 5 be the sane asnlfie.'nﬁrreritr@ggﬁepme WT%I bﬁh}:ﬁy aoﬁeérﬁefzwsaﬁte%w'"
ventional %P4 file. SpecthBasgme astiora compesitipn Time to/samplenptom af ancgn-ovi des
a conpact marking of ccess points within the stream It is not
a mandat ory atom },t:aﬁtllésﬁlgmarg%ent in the track atomof the first np4
segnent atom | s? resent in all the other tracks with the
sanme track- Il§y"ﬁ 8rﬁu ( %%J nt atons. The fields of this atom nust
represent the madl a sarrpl es in the current np4 segnent atom Therefore

each sync sanpl e defi 188 SyypcsAnpiealon prayidesa pempaetmarkingef the raedomdexed

ref e(rj enflh ng the first agasey ﬁorﬁt&' wikhif 38 5PedrH R & n6t é}nadefatér%tdsmdlfat n@lat a
I NS1 de
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an np4 segment atom st tteherese;th alhthe ether dracké V\utlhethn'psamegmh{mahom
Sorm) Bocbaer e on u SO SBUGRIE M plnd g HEPGHT e et
i nformati on about thethe media samples in the current mp4 segment atom. Therefore
each sync sample defined by the sample-number parameter must
15 be indexed referencing the first sample (with sample-number = 1)
of the media data inside the current mp4 segment atom. As an
example, if a sync sample is the 25™ sample from the beginning of
the mp4 file, but the 4" sample of an mp4 segment atom, then the
sync sample atom of the mp4 segment atom holding this sample

20 must have an index of 4 to represent this sample.
Sample Description Atoms

The sample description atoms give detailed information about the
coding type used, and any initialization information needed for that
coding. There must be exactly one sample description atom in the

25 track atom of the mp4 description atom, which will provide infor-
mation covering the tracks with the same track-ID in the following
mp4 segment atoms. All field syntaxes of this atom will be the
same as in media header atom of a conventional MP4 file.

Sample Size Atom ('stsz’)

30 The sample size atom contains the sample count and a table giv-
ing the size of each sample in the media data of the current mp4
segment atom referenced by the current track. it is a mandatory
atom to be present in each mp4 segment atom for the same track



codi ng type used, and any initialization information needed for that

codi ng. There nust be exactly one sanple description atomin the 25 track
atom of the np4 description atom which will provide infor- nation covering
the tracks W@ 03028298 sane track-1D in the following np4 segra/mions. All
field syntaxes of this atomw || be the sane as in nedia header atomof a
conventional MP4 file. Sanple Size Atom ., stsz') 30 The sanple size atom
contains the sanple count and a table giV= ing the size of each sanple in
the nedia data of the current np4 segnent atomreferenced by the current

e sane track v 0a) BIEseRbAEy e A5r 6300, ThenRfimERin 15 His At '
track-1D. The i nfor mamushonlysepresent theanedia samplesopriegentdpthe cutrentropdedi a
sanpl es present in thgegHbhEMom EL, tﬁssﬁfaran@tiﬁﬁhis%mlt#@r%édngé tHebiz¥ i n

this atomrepresents t Si of, the first media sanple’'in t current 4
segnent' s megi a 5 dat Qpﬁﬁ Ifﬁgt'ﬁ‘gp'af F%rlnﬂles%f%(%"ﬁf't %45589’899% IMeqia th(rarp
sane as irb sanpl e si dataatAdinother fieldosyntanesoofathish&tdbn miile be Shesaenel as Ghunk

Atom ('stsc') Sanpl esg¥inbid dzd %ﬂ%ﬂé%ﬂ@é ioRaEMPUGHped i nto chunks. Chunks

10 may be of different sizes, and the sanples wthin a chunk may have
different sizes. By using this atom the chunk that contains a sanple, its

posi tion, an$anfsle ToCiourik AWnséswL'y description can be found. It is a

mandatory atomto be gresent i ch 4 ment atom for, the ne,track
referenced by the sarrga@i%ﬁ(w't@nﬁﬁé"gﬁaf%?ggf?‘rﬁfc?"lﬂ? i 8@“’91% ?‘é’f‘&% nust
only reprtsent the netiay beuofldifferenhdizesuand the samples withinea chunkmayp4

segnent atom So, the | - ak f kel d: ' 1), pect
to the first chunk (W?%a?fﬁﬁéﬂ%ﬁ B?rﬁ’@e%??ﬂﬁ?“%ﬂ%@*@é%“@%ﬁ All
other field syntaxesS¥nPienits pasiian.and thecasspeiataschsamplejdesseptianecansbe hunk

aL omk 2?f of a cglrlventfdmlnal Ith$4 rhahdatoatom tof ies presbhbim dacH MmP4)sedftent
chunk:of <6t 120 o1 iy gL Pl MiFAF by i il T
15 formation inside this atom must only represent the media samples
and chunks present in the current mp4 segment atom. So, the
first-chunk field always has an index with respect to the first chunk
(with index = 1) in the current mp4 segment atom. All other field
syntaxes of this atom will be the same as in sample to chunk atom
20 of a conventional MP4 file.

Chunk Offset Atom (‘stco’)

The chunk-offset table gives the index of each chunk into the con-
taining progressive mp4 file. All the index values are relative ad-
dresses starting from the beginning of the mp4 segment atom

25 (mp4 segment atom base address taken as 0). It is a mandatory
atom to be present in each mp4 segment atom for the same track
referenced by the same track-ID. The information inside this atom
must only represent the media samples and chunks present in the
current mp4 segment atom. All field syntaxes of this atom will be

30 the same as a normal mp4 file’s chunk offset atom except the
chunk offset now takes the beginning of the mp4 segment atom
as the base offset.

Shadow Sync Sample Atom (‘stsh’)

The shadow sync table provides an optional set of sync samples



dresses starting fromthe begi nning of the np4 segnent atom 25 (np4 segnent
at om base address taken as 0). It is a mandatory atomto be present in
each np4 segnent atomfor the sane track referenced by the same track-1D.
The i nf or n¥Q e028293i de this atom nust only represent the PEFHEIR/OATP| es and
chunks present in the current np4 segnent atom All field syntaxes of this
atomwi ||l be 30 the sane as a normal np ile' s chunk of fset atom except
the chunk offset now takes the beginning of the np4 segnent atom as the
base offset. Shadow Sync Sanmpl e Atom (' stsh') The shadow sync table

provides an opti onal fig cgh e AFRH eaewg%wf&zgaaar BirHidRbO2 I 20

that can be used when_ se or siml
play they are ignored OTWﬁl'dsp'aV(shﬂ §"9H9f‘°r@é’ﬂa'ats(ﬁ‘9m st nQtapandaioryy 'ﬁﬁ%sent

in every np4 segment A$OBe presenthin em;alrﬁp4 ‘BegARKE Btdhe AiNthe! Sarhple! s
shadow sanpl e- nunber nd sync- sa. er_are ref enc dto the first
medi a sanpl e of the t é’ en nﬁite?‘?sns'iar@b“&ﬁﬁﬂ‘a ﬁ?)r §Y%§arapl9m Al
ot her fielsd synt axes nmhbehal:'e eeferencéd to the fist meaiee samplenobthedracknpreonal

npd file's shadow Syé‘&ntsiﬁffﬂé%oﬁ{a%r rﬁpf §R%ﬁ?a{ﬁrﬂ”hﬁ oftﬁ%enela’rsyﬁié&gs) 10

The contents of a free- space atom vant It
is not mandatory and ®fajhipeat 9%yéhbea¢ea$@mﬁ|%@.an Wﬁ!entlﬂr@b &S np4

file. AIl field syntammfsyﬁusawlemdmjl be the sane as in a
conventional np4 file's free space atom WO 03/028293 PCT/ FI 02/ 00747 21
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i ndependent segnent snaredpltiisinot meediatorgand roay beppresant atyamyf plaediin thanpl es
and nmeta-data of saig,RFMlReSAPR RS Al field syntaxes of this atom will be the same

as in a conventional mp4 file's free space atom.



2. A method for parsing a multinmedia file, characterized in that 10 the
multimedia file conprises at | east one part for file-level nmeta data common
to all media sanples of the file and i ndependent segnents conprising

medi a- dat aWw 03028398r al ity of nedi a sanpl es and net a- dat a ®CTEFM20074Tedi a
sanpl es, and wherein each independent segnent is parsed one by one
utilizing said file- 15 |l evel neta-data., 3. A nethod according to any one
of the preceding clains, ¢ h ar - acterdlzed in that the nultimedia file is
downl oaded progressively froma streamng server to a streamng client
utilizing a reliable %@ﬁgsport protocol such as TCP 20 (Transport Control
Prot ocol), and the c? deconpresses the tracks after parsing and

denul tipl exi ng and bl Aymethed fofccompasinga multiredia file, Atheumuitiraedia file

il i red a § o B ing TRteIa afd meddddfy, e PR i 28 BTHYO COTPOS

Tecel v stream ng {19auposia0 He MliRedE e, sufly thatiing Hie cmeides et foast |

t Eat . It he 5f i oné paetvioc dile-level metardata mmmp_deeallanediat samples dfithe fiteiand t hat .
the file co £iles - - to a
me- dia sanp%s?igﬁd%eéﬁéeptg%@ﬁg@geﬂ%%%fdagaegﬁéi%@%ﬂ%@ﬁ%?& dat a
of a 30 pl uladimstawiataphisaid edia 5amples. net a- data of sai d nedia sanpl es,

the systemis arrangzdatmethodfof parsing arfURinEeil filel id ifat b d Piez é dr i
device to th econd device, and the second device is arranged to parse

each i ndepen t segnment one by one utilizing said file-level neta-data.
35 5. Asystoenaccor di rtheanuHimetiiz ke aomprisasdt least lone, patDf@r3file2ea Ineta-

PCT/ FI 02/ 0074412 eoflifor] ¥ S dﬁlt%ﬁieacg?@ge}ﬁr éﬁﬂgég‘ﬁlet %nﬁeiﬂdepé'r‘?déﬁgléf gﬁi‘éﬂng I ih'ee
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to a stream Ing server, an , rver 1's aryange ? 2
mul ti medi a f FP@PFgINgHaedigdatn @f gepiveality of dedia samples andeieladatapisaid us,
char act eri zethedlia safiplessand wherein

each independent segment is parsed one by one utilizing said file-
15 level meta-data.
3. A method according to any one of the preceding claims, char-
acterized inthat
the multimedia file is downloaded progressively from a streaming
server to a streaming client utilizing a reliable trarisport protocol such as TCP
20 (Transport Control Protocol), and
the client decompresses the tracks after parsing and demuitiplexing
and plays the uncompressed tracks.
4. A multimedia streaming system, comprising a first device config-
ured to compose multimedia files for streaming and a second device config-
25 ured to receive streaming files and use said streaming files, character-
ized inthat,
the first device is arranged to compose a multimedia file such that
the file comprises at least one part for file-level meta-data common to all me-
dia samples of the file and independent segments comprising media-data of a
30 plurality of media samples and meta-data of said media samples,
the system is arranged to transfer the multimedia file from the first
device to the second device, and
the second device is arranged to parse each independent segment
one by one utilizing said file-level meta-data.
35 5. A system accordingto claim4,characterized inthat,
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of a plurality of nedia sanples and neta- data of said nedia sanples, and
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file-1evel meta-data. g apparatus o
characteri zethd 9e7ver. 8Rdt sai d apparatus is a client for a server providing

progressive down- | ogdi diebdMhing s@nidiié iaf@fbad ftd lsehd he @ RERVAIBRBARAL US.
9. A corrputer?gc;ﬂcggﬁr’%\anﬂgroduct stored in a conputer readable ne- dium said

conmput er prod t conprising conputer readable code 25 causing a
conput er tso perform6.hA datagrocessing apparatus;icsh ar A oreni ze dc by eddmpris-sai d
conputer. 10j,4/A conputer program product stored in a conputer readable

medi um sai d ¢onputer program product conprising conputer readabl e code
causing a conputer t®Hepes e ¢arnpesing agaultimediaflesuch thatihe file grmprises - 30

fornmed i n sabtllezetmHéart for file-level meta-data common to all media samples of the
file and independent segments comprising media-data of a plurality of media
10 samples and meta-data of said media samples.

7. A data processing apparatus, characterized by compris-
ing:

means for receiving multimedia files comprising at least one part for
file-level meta-data common to all media samples of the file and independent

15 segments comprising media-data of a plurality of media samples and meta-
data of said media samples, and

means for parsing each independent segment one by one utilizing
said file-level meta-data.

8. A data processing apparatus of claim 7, characterized in

20 that

said apparatus is a client for a server providing progressive down-
loading of the multimedia files or a gateway apparatus.

9. A computer program product stored in a computer readable me-
dium, said computer program product comprising computer readable code

25 causing a computer to perform the steps mentioned in claim 1 when executed
in said computer.

10. A computer program product stored in a computer readable
medium, said computer program product comprising computer readable code
causing a computer to perform the steps mentioned in claim 2 when per-

30 formed in said computer.



