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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/User 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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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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t he ser ger .appilicatien ceashesprwis outof disk, onsome 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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file. Mvi Cthese 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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pression method. A segment may contain one or more media types. A seg-

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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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
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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 mp4d 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.
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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 ldentifier) 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
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tracks/ M4 éﬁg%Wde%c%r%aysr@%@to%rsg‘?h@ ln?l?/lﬁ%’edia file in order to re-packetize
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
illustrated 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-
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Menory resoyiésed t&ﬁﬁ&ﬂt E)Bﬁ’t of these alternatives. Such a feature may be desirable
20 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



file conposing it is only necessary to preserve the file-level neta-data
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exanpl e. Progressive uploading is an alternative to be used in future
revisions of the ti.medi a Messagij Ser vi ce. Accordlng to an enbodi nent,

it is possiBVeNiv® aﬁe@'tW@?gﬂR‘Ed Bge\é%l”&ﬁi' ke imelemeniaf. ARIROHRICRES of
mul timedi a p rlo'vmsltneanmﬁivwacuowahqown@hlé@deeufé%nmeé prddbs@bhahd\lﬁzﬁyjﬁe i f

fil to b d t.ed di ti

erm nal's rNOEAREBILOnPaHpt g Die HEuSH SRR 8aedRimeathrins fF ot BRerant o

1; ir slt agdt dhaxylmﬁalre;nmpfe‘méntabond—lamamo padditde, sechmasa sircuibmadeocofr s=gsa-vel vy
ownl oa r\er r; e

support Dot RS o0 ciionelfls 3FIQEL o itte"BoHIcafiGh sBREE e HARs, | ,

the Multi rre(@SalCr)/béff@mbn@ethftb@se techmiquesdstalso p@$3lb|6f a mul ti medi a mes-

sage is conposed aqeqy ghvidus ‘t'b ¥H&e' ékfl%l?nt i'notﬂe art tr?a%résbl%cﬁhél'agy a@%ﬁéé@ded

conventi onal | y. Or progressi vel downl oaded. from an ropri e el ement in
&PQ

the MVB systhennvenfiveneonceph 'mﬂiﬁmew%m Waf‘bféi'fﬂwnhwewnﬁaﬁan\f?éksage
files are cmimfitsadt liRftediD fheCstt@msut Gngdn@ 28|aﬁaeﬂ1ta§' bhé uskd AR ifyRIrem are

25 nece The s Vld 0 ed|t|ng
oper o 10 orreaiReARaTRg s eetate Be) BYRREm And S smab TR P ot

present at i dimiteSt Ithaaboge ea(bmpms butbmalyevary méthin theasbofe andaspmtrtgfltbeevent :
for instanc ér{de% cI§ is inserted to or deleted froma presentation,
only a few pdaraneter alues inthe file-level neta-data have to be
changed, as all segnent-level neta-data is relative to the segnent in
which they reside. In conventional track-oriented file formats, insertion
or deletion of data may cause recal cula- tion of a |arge nunber of
paraneter val ues especially if nmedia-data is ar- ranged in playback or
decodi ng order. 35 The present invention can be inplenented to the existing
tel ecom nmunications devices. They all have processors and nenory with

whi ch the WD 03/028293 PCT/ FI 02/ 00747 13 inventive functionality described
above may be inplenmented. A program code provides the inventive
functionality when executed in a processor and nay be



enbedded in or |oaded to the device froman external storage device.
Different hardware inplenentations are also possible, such as a circuit
made of swpa3lo2s2ate | ogi ¢ conponents or one or nore appli eatrire/®peci fic
integrated circuits (ASIC). A conbination of these techniques is also
possible. It is obvious to those skilled in the art that as technol ogy
advances, the inventive concept can be 4rrp| enented in many different ways.
The inven- tionis not limted to the systemin Figure 2 and nay be used
also in non 10 stream' ng applications. Therefore the invention and its
enbodi nents are not ied to the above exanples but may vary within the
scope and spirit ofA'NHE ppended clai ms. WO 03/028293 PCT/ FI 02/ 00747 14
ANNEX 1. Movie Atom ('nmoov') There will be exactly one novie atomin each
np4 segnent which will encapsulate all the neta-data
related to I\tﬂﬁgi‘é%tofn géta inside the nmedia data atom ('ndat') of the
sane np4 segnent at oﬁheréowlllttmaemlymm:mqyié ator\im eachomp4 sagoentnatam

cont ain the commn TRl gola! Gnio e FEHRLTab ) IR BLERS oo 1GTna" e

progressive np4 fil 1'ency in means
sane infBrmation in Badia-dpla igsigethe medim dae alem emdatipief the same mpAd' )

Movi e header atomi "s‘t%d?'ﬁeﬁth&oma‘\:@eb‘ﬁ%rwlr’ﬁ i@nCRﬁJtrﬁ' Hr%vl@atd‘nﬁ”nﬁ'i?ét' on

whi ch governs the wh present at1on synt axes for this atomare
the sane. Each np4 seYyHeRtthgicOmmEatMe ta W hish @veEaihe QPW'%P@G

cont alh ns i n}‘ ormat i Ontldrﬁbﬁth%cbrbgréQWe &@4Sfﬁgmémts olvg. efﬂblﬁnf:jé & dwe%wetcﬁxles
are thus relative to_the e nent. at om on e tion ony
gi ves the duration of® tts‘r?e'nﬂ}gpti' 3@5%@0%{{' tr'ﬁn '"C%?‘%bm% L{@?

("iods') The nject Descriptor Atom nust be present in the I\/P4 descrl p- 20

tion atom and it nmay be present in the np4 segnent atons. If it is only
present 19n Mﬁéleriﬂﬂadﬂfs‘?stpﬂpfifwhdétom then the information covers all the

np4 segnent atons t W&Y'& rp%eg?ﬁgsi‘%@%ln{l?e%lw Dggénqu&nomo%%oﬂ?asf% Rt or

atom then that ato
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.



the np4 description atom Al field syntaxes of this atomw || be the 25
sane as a nornmal np4 file's object descriptor atom Track Atom ('trak')
Ther e canwibasepeddr nore track atons inside the novie atomcafFiozn74mpa
segnent atom containing the track information of the cur- rent segment
atom Presentation level track information nust also 30 be present in the
np4 description atom WD 03/028293 PCT/ #P02/ 00747 15 Track Header Atom
('tkhd') Each np4 segnent atom and np4 description atom nust have a track
header atom For the same tracks, the track-I1Ds nust be the sanme in every
np4 segnent 'é’ﬂcbrh'%ﬁﬂfrt @"’t’rﬁlﬁh@éscrl ption atom 5 For the rrp4 descri ption

atom track header ﬂ?eg}ﬂfeﬁf ?ﬁ)m tdnﬂnmgavc?ééyn% nglf}ﬁbgt have a

presentation. Track eader or mat i on

relative to the currisack begdematam. ftomhewmtra@fsﬁmﬁechﬂlamustrb@fthp 10
The track reference g4@ERTRER 4aség%§ﬁteél%ﬁn Eherfhé*?ﬁp&%%@ﬂﬁldhgatoﬁﬂeam

to anot her streamln the presentatjon. IS not a nmandat t he

track rePerence is VEPi tha A% ﬁsqrrpélowﬁipg\ ﬁF%fé‘eh?%\dert atom hp[ds, lgl?orma-
advant ageous to put fidn @oaémng thd hmore)ﬁréim@atidﬁ iTrack deadet et wfcthe

repetition of the sarremfor tion atom Al field
syntaxes of this at o’MP $§9rBEn ﬂ@"%h%’e ¥%mr$9Pnﬁ|§P}%Fq r\e c‘é"?'?ta%qg
reference atom Edi tmanbatogmhedts') An edit atom naps the presentation
time-line to the nedia time- line. The edit atomis a container for the

edit lists. It is not a man- 20 datory atom Note that the Edit atomis

optional . I-prarchq;(gfg,s@f&eA@in I4tbf) atom there is an inplicit one-to-one
mappi ng of these time- lines. In the absence of an edit list, the

present d0i on of a tr bk track sefesencenaidimapedvidesia refiepencesiidom the cogtaining
of fset the start ti ”&r%’ém té ahbﬂfégr -strEBH i ﬁ%’brgéﬁﬁﬁé%ﬁ %@H& §Pdénd%‘t&g‘ for

the whole track 25 present escription
Edit List Atom (' el sétom. 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-



The edit list atomcontains an explicit tineline map. It is possible to
represent “enpty' parts if the tineline, where no nedia is pre- sented; a
Tdwel I, wibeBe2e9si ngle time-point in the nmedia is held fe®cTa@zoperi od;
and a normal mapping. Edit lists provide a mapping from the relative tine
(the deltas in the sanple table) into ahsolute tine (the tine line of the
presentation), possibly introducing "sil'8nt' in WO 03/028293 PCT/ FI 02/ 00747
16 tervals or repeating pieces of nmedia. Edit List Atomis not a man-

datory atom If it is present for a track, there_nmust be exactly one edit
list atom contained lgvalgorEapeatihpiecrsicdanedia. Rl LagsAtonpis peba makm Al |

field syntaxes of thyatory @ [flit iBepreBentsM® fack,thére Mudtibe dattly @inem of a

ti | MP4 file,,. ia At . ngia' di t t .
cont ains al the obj 6t USC ar s8R i the St T T the P e G Rrar o
within a stream It tiorstatdra. pildield spntaxas tdfiehispatodewilr bpthesaaicoas ama al so
in each gp4 segnent e&ﬁ)(ljgtté’(g]n g#éjl:gn\;?rﬂgﬂ%l mrrm :mjhd') The nedi a header
ent |

decl ares”t he overal | “hedia-Tndepen nror- nmation relevant to the

characteristics of the media in a stream There nust be exactly one nedia
header atomper nedia in a 15 track in the np4 description atomand in each
nmp4 segrrentMéfjéﬁrf\tOfm(lmQ'?gl d syntaxes of this atomfor the np4 description

atomwi |1 be the safpe3g5e4ig éloﬂief‘c}]rﬂa#ﬁ%?€§ﬁta%§m|ﬁﬁ Bb%%&vﬁ%tt luReike P4
file. For the nmp4 segrren_? atom e durationire F cohta ne  Segrent 1 evel
duration i nformati onforp@tiparaiaut thefraediacdata: withip' a@tream. Thenutrke eFe-at om

within a Media Atom gestl igrge ﬁ1E¢ st%ﬁﬁﬁén B¥omV4HEL BIsbNA SBRH Fpdadeynéntt he
stream may be presented, and thus, the nature of the nedia in a’stream

For exarJrBI e, a vi deo@¥hdl er woul d handl e a video track. Since this atom
covers information 25 concerning the whole parts of the sane track nedia
partitioned into different nd segnent atonms, it nust be present only in
the np4 deBledippHeadenAtors'('mdidi’)a at om and assuned valid for the

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.



sanme track in the other np4 segnent atons. Al field syntaxes of this atom
wll be the sanme as in handler reference atomof a con- 30 ventional M4
file. WO W8/0BA3298 PCT/ FI 02/ 00747 17 Media Information ACemI/e747f) The
media information atomcontains all the objects that declare

characteristic information of the nedia,in the stream There nust be
exactly one nedia information atomin e&th track. The nedia 5 information
header atonms nust be present only in the np4 de- scription atom since they

contain rred \gff? g}obal I nf rmaftion covering the whole np4 file. Data
i i gion Ao {mint)

|nformat|on sub-atom data reference atom (' dref) nust

be present only in tyge rﬁ@dkaqﬁﬁﬁﬁfaﬁbhﬁgoﬁate&artgmrsg@g;ﬁvé;%e}@ rféﬂﬂéé%#éa Wi se

gl obal in- 10 forrratlon cover | '%
Tabl e Atom (' stbl') CRAfFErsHpI omammﬁéthq)mq%é@me ﬁﬁea%w\%dmast

ijnf or mat ion a: om ofT tﬁél exbahK | oht@ rAagia |ﬁ¥2{i’ﬁ%¢|@ﬁ&f”{lbn?trp€béﬁ trialR. Fgétmedlad
escription atom sanpl e e contains a a exi ng
of 15 th& nedia sarrp'ln 33%5 P‘?%‘E?( atggnshém{ ] Qﬁ?%eé‘t % in; g |b| e
to | ocate sanpl es i nsdriptien atehgrsince théeicontaypenddiagrisé glolaamanfmmamh) and

Time To Sample A om (OB 08 Y e3naiftipd s Datalbfetnafon it {ahErang 1857,
tabl e that allows ineldxatamglata sefecerasdatom (‘draf’) troustargp peesentoely. inithei s a

mandatory atom for th &4 &Jﬁoﬁfatbﬁ-? élﬁé"est Sy”%hta?ﬁorﬁbd}*\ﬁlséngbgél ff this

atom nmust represent es € current atom
Ther ef orlB, each tracﬁ@r'@ﬁt't)'h@oﬁ%ﬂngg@rr‘éh@|eétf©9ﬁ$§§’9 fﬁﬁ(}é"GZS a decoding time
to sanple atomto give the sanple-tine informa- tion of the nmedia sanples

present in Sbartplmvébleemarn(‘st@l’pm Note that the first sanple referenced by
the current 'stts' atomis the first sarrple in the current np4 segnent

atom Al field syn- S%ﬁ‘?r;?. fe 1abld m&"ﬁh Ongﬁz d'\ﬁ%ﬁ?ttﬁ v média iRfdtm3t6RY! NI

time to sam 30 ple ato a conve
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. |-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



Conposition Tine To Sanple Atom ('ctts') This atom provides the offset

bet ween decoding tine and conpo- sition tinme. It is not a nandatory atom
If it is woesmes293 n the track WO 03/028293 PCT/ FI 02/ 00747 pCIF1@om7of t he
first np4 segnment atom then it nust be present in all the other tracks
with the sane track-1D in other np4 segngnt at- onms. The fields of this
atom nust represent the nedia sanples i the current np4 segnent atom All
field syntaxes of this atomwill 5 be the same as in a conposition tinme to
sanpl e atom of a con-_ vention

| MP4 file. nc Sanpl.e Atom ('stss') The
sync sanpl e atom pro@’i%@féh%gfﬁﬁé%M ﬁﬁwr&ﬁg\émmﬁgﬁr'bmﬁmem% 'é(ﬂ"nts
within the stream |thd sthepttracksawithether yardkarackHD int other nif4 Begment at-n the
track atom of the first 34?14 ffsgzgﬁnegﬁat%% thsgn ii rmii be present,in all
the other tracks w tRMhe"§d PLERE AT NUBLRR esﬁﬂ he Sﬁ'?"@’ﬁ?.'"The
fields of this atom thescumenrmpdresegment ateni AllSwigisgstaxestdidhisatomnwillmp4

segrent gt om  Ther ef Boaneaffle S & ABRIcoSHREH fifE BYsdribic>2R) Br auedHer
paranmeter nust 15 be rndexed referencirng the first sanplre (W
sanpl e- number = 1) wentional MY fledat a i nside the current np4 segnent atom

As an exanple, if a sync sanple is the 25th sanple fromthe begi nning of

the np4 fil gynbSanigle Mom e®) e of an npd segnent atom then the sync
sanpl e atom of the np4 segnent atom holding this sanple 20 nust have an

index of 4 to repres ] I LDk i {0 |l e
description atons gi 3@%&52??2’?@%&0’?%@@% %ﬁéﬁéﬁé}gﬁﬂ ‘F@h?y}%’e‘é_‘ﬁggd,
and any initializati@aecessprintst withintbestreéanmuit ismat a m@gidatery Btemelfritist be
exactly gne sanple d 3] | : ;
descri pt1i@on at om whFc%ﬁrelvr\‘/ip}-"ll| %p]? g't\?l_eg]edt?rrﬁ gfth%?rgﬁsrt gﬁ%%&éﬁ% attﬁ@ ?F?én;c_lgs W th
the same track-1D i nMusé beopresgnhi alidhe oihgretiacks with the same diagkdPnipaxes

of this atomw || beotHee mﬁ@?,@?m‘éln't BtomRsli EhéRalderofahismatem mueprrBasémnal
L esaPl & S 2 hiilid sShfed infhel GirAt Rigd Sagrment Stors Therehre! ™
sanpl e count and a tﬁ’tﬂ 8‘9&) samp P4 seg
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



ing the size of each sanple in the nedia data of the current np4 segnent
atomreferenced by the current track. It is a nandatory atomto be present
in each npo segrent atom for the sane track WO 03/ 028293 PCT/H020@/40747 19
referenced by the sane track-1D. The information inside this atom nust
only represent the nedia sanples present in the current np4 segnment atom
So, the first entry in this atomrepreséﬂts the size of the first nedia
sanple in the current np4 segnent's nedia 5 data. Al other field syntaxes
of this atomw Il be the sane as in sanple_size atom of a conventional MP4
file. Sanple To Chuntefeiessed by:tbe sanm tigckdDwil baiinformation dnside this atera
grouped into chunks. my8tiBKE represERy tHemelidlsdrhples BreSéman thébdrre ampl es
within a chunk may have djfferent %ll zfes Bﬁusgﬁg@&hls atom tg$ chunk
that contains a santf¥Nentatogype, e firshantyd G regresants the size
descri ption ca][\ be hd)bthml.firétt medlian saEpl@tiortheatumerntomipd pegsent's imediach np4
segnent _atomfor t a . .z sar r - in 15
formatioR inside thi §at§t Zﬁrln %gf if|8[ﬂe§%t§g§§§£g|¥|st%§mn%? Qgstg%aéé)e ag;'iﬁ
chunks present in thearople sine atgm of agranventionahMBé file.he first-chunk field
al ways has an index with respect to the first chunk (wth index = 1) in

the current np4 segnent atom All other field syntaxes of this atomwl|
be the sameSample TedrRHNK Aot (sise)at om 20 of a conventional MP4 file.

Chunk Offset Atom (' Shfiplds WMitRirCtheniedid 8ata ArbyRUPeYSAtd BRunRd©hitkseach
chunk into the con- tainij n%ﬁp .ggre sl ve 4 {hlle. I ttl . index val ues are
rel ati vdOad- dressesMéYab¢i 9‘5' S tsl'\?t?sb%dn e P GSHW! ﬁﬂha Mayt om 25
(np4 segnent at om bakaveadiffeeeist sizdsByagsify thiktatom, therehgiak that coataims o be
present in each np4 n t for . C fer 3 e sane
track-1D. The infor rr%%'ﬁgﬁe ’}itﬁioggloph?g&Eﬁ%%g%é{e%o%@lgé%}sgﬂéﬁ& B%%B di a
sanpl es and chunks pfoasdnit is @ maadatony atomn tobé pregeehin eacinmpAl segnmentd
syntaxes of this ato | r Ao fiil @S 1k
of fset at om except tﬁﬂeOwll (lgirutﬁg %ﬁpé_gﬁ Cﬁg’g\/rétrgﬁk%é;a ?géﬁﬁéaﬁ%ﬂt{%&éﬂ g?' Pﬁ%wrrm
segnent 1&t om 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



as the base offset. Shadow Sync Sanple Atom ('stsh') The shadow sync table
provi des an optional set of sync sanples W 03/028293 PCT/ Fl 02/ 00747 20

t hat can we oasestowhen seeking or for simlar purposes. | nPpPearre/007470or war d
play they are ignored. This atomis not mandatory. It may not be present
in every np4 segnent atom All the sarrp#(ﬁ in- dexes present in fields
shadow sanpl e- nunber and sync-sanple 5 nber are referenced to the first
medi a sanple of the track pre- sent in the container np4 segnment atom All
other field syntaxes, of this atomw Il be the_sane _as in a conventi onal
mp4 file's shadow Ak canhg used whenmsesking,arfor sigilar purnasesoln el ) 10
The contents of a frfeewarbplayaheynase gynored! Bivieritomnig mAYnAsdatery. Momag. |t

is not mandatory and be sen e in the, pkogressjve np4
file. AT field syntddeke direse: SFbudty, AR Eedtfifnt Bt AYPHRIESRBle -
conventional np4 fildexes presesbinciields shad v sasifleseebd?Grid-spRi-sample- 21
Gaims 1, A method fgimBarBRS dirdhoBl b tREHrét e sdpiey ieFsicpld-| €
conprising neta-data and nedia-data, ¢ h ar a cC er 1 z e d Dby ctonposing
the nul tinedia file saHntthatcontaingi mp4cengmenteatom. Akather felésynisxes f or
file-level neta-dataHFUtokP wil 'be i 3afiMseh @f chRfertidn@l 34 file's
i ndependent segnents conmprising nedia-data of a plurality of nedia sanples
and neta-data of sai®h SYNGPRNRE atom. A et hod for parsing a nultinmedia
file, characterized in that 10 the nmultinedia file conprises at |east one
part for fifreelspace Atetraffréatar ‘skipyon to all nedia sanples of the file and
i ndependent segments conprising nedia-data of a plurality of nedia sanples
and netagdata of sajgh BRHAs TRPNBE.spRE DAY 8 ifaIelah dREGAER He REITEN
i s parsed one by one util1 zi n? said frle- 15 | evel neta-data. .

nored. It is not mandatory and may be present at any place in the

progressive mp4 file. All field syntaxes of this atom will be the same
as in a conventional mp4 file’s free space atom.



3. A nethod according to any one of the preceding clains, ¢ h ar -
acterized in that the multinedia file is downl oaded progressively froma
stream ngwossny®p3to a streamng client utilizing a reli alvica/rie2zs4or t
protocol such as TCP 20 (Transport Control Protocol), and the client
deconpresses the tracks after parsing and demultiplexing and plays the
unconpressed tracks. 4. A nmultinedia st2&am ng system conprising a first
device config- ured to conpose multinedia files for stream ng and a second
device config- 25 ured to receive streamng files and use said stream ng
files, character- iG@M$n that, the first device is arranged to conpose a

nmul timedia file such Ahg@ethddforf EdRPESIART & TRGItIA-edi£dRd, BiRemMirhediar file
- di es .of t file and

file-level neta-data co n to all,. sanpl h
| ndependent CUBRHRIAG SnGtBrstA @nAgRdia datagt B 478 Bt 30 28 dr BYi ty of media
sanpl ]?s anﬂ met Fm- plactompzf)sipgtitld? nml'timesitafwﬁle&ajcrt theat this tfikencomprisearay delagto
transter _t | a | I Ce,
and the gec@%@@hﬁ?ﬁ‘%’@'ﬁl &aeﬁé'g%\# ggg‘gﬂ.‘lé@%g@ﬁ“%‘ﬁge%aﬁﬂ@gﬁﬁgﬁgﬁﬂ%gmone by
one utili ziindepanderiti degnente icomprisinthmedisdgata ofra phurality efcmedidi samplescl ai m
4, charact eé'i‘&%té'g’d%%saim@&i/g% S_PCT/ FI1 02/ 00747 22 the first device
t he t1I nedl a |

Is arranged to sen nu ; e to a stream ing server, and the
streani ng server i 2-afhBaded 105 PAESIRT tahEuliimedigetilpa cth @ Eatct & hisz egledBnd
device. 5 6thgfA data processi ng apparatus, characterized by conpris- ing:

least o8 part for e BUIGRETE e £omRrBoe BASt 8181 Rhi HeBaYS) DSt ¢ he
file and i ndetpecstaniors égratintredia gamples ®fnthdi fledahad intlepemdentasedrients medi a
appar atus, CHaPHERETEUE-e 28,45 pIUEE] oF RYE Sarye AL AGREGSRER! Pida: o
files conprinedizgsamplesaand whereiart f or
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 transport protocol such as TCP
20 (Transport Control Protocol), and
the client decompresses the tracks after parsing and demultiplexing
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 in that,
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,



file-level neta-data common to all nedia sanples of the file and

I ndependent 15 segnments conprising nedia-data of a plurality of nedia
sanpl es awd wwee93 data of said nedia sanpl es, and neans f @CcTmesiong each

i ndependent segnent one by one utilizing said file-level-meta-data. 8. A
data processing apparatus of claim7, c aracterizedin 20 that
said apparatus is a client for a server %rOV|d|ng progressi ve down- | oadi ng
of the multinedia files or a gateway apparatus. 9. A conputer program
product stored in a computer readable ne- diu sai d conputer program
product conpri si ng erfist device dappeded de SeEQ%@d’QV'HQ"%"%@}?p@t%ﬁtrﬁé"berfor m
the steps Wﬁg@e@ﬂﬁdaha claim1 when executed in sald conputer 10.

comut 1 prOREN O Gt Sped L0 8 SompLrl, LEaditl o TR, el
conput er t osguemidodeni¢die steps mentioned in claim2 mhen per- 30 forned in
sai d corputer. 6. A data processing apparatus, characterized by compris-

ing:

means for composing a multimedia file such that the file comprises
at least one part 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.



