IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS FOR VIDEO TECHNOLOGY, VOL. 9, NO. 2, MARCH 1999 315

Elementary Stream Management in MPEG-4

Carsten Herpel

Abstract—The forthcoming MPEG-4 standard specifies in its procedures (part 4). The latter will be about one year delayed
systems part an audiovisual scene description and functionality from the other parts. Part 6 [6], the delivery multimedia
for the elementary stream management. The elementary stream- jnegration framework (DMIF), defines interfaces to arbitrary
management functionality is introduced here. It consists of a . : . )
media object description framework that describes the streaming transport networks; he_nce, it standardizes transport service
resources that form part of an MPEG-4 presentation and of a features that are available for MPEG-4 as well as other
synchronization syntax incorporated in a flexible sync layer with applications.
an underlying systems decoder model. The final section outlines  This paper surveys one of the major topics of MPEG-4
the transport and session setup for MPEG-4 presentations on Systems, the management of elementary streams. Section I
relevant transport media, namely, the Internet and in digital . ’ . .
broadcast scenarios. mtroducgs th_e concept and content of object descnptor_s that

serve to identify a related set of elementary streams. Section 1lI
describes how the synchronization of MPEG-4 data is taken
I. INTRODUCTION care of in the context of the system decoder model and the

SO/IEC JTC1 SC29 WG11, better known as MPEG (Moworresponding sync layer syntax. Sections IV and V describe
ing Pictures Experts Group), is currently in the process 8PW it is envisioned to transport MPEG-4 elementary streams
finalizing the next MPEG standard, called MPEG-4, which! some relevant transport layers and how to actually gain
will formally be labeled ISO/IEC IS 14496. The MPEG-4access to MPEG-4 content in a session setup process, respec-
standardization process reached final committee draft leveltively. Section VI contains some conclusions and description
May 1998. This is a major milestone and therefore a go&d future work.
opportunity to highlight some major elements and properties

of this forthcoming standard. II. MEDIA OBJECT DESCRIPTION FRAMEWORK

The major design goal of MPEG-4 is to define a framework An MPEG-4 scene consists of any number of visual and

for the joint description, compression, storage, and transmis- . . . )
; ; T o audible media objects. Some of them are of a static nature,
sion of natural and synthetic audiovisual data. Similar tlﬂ<e background images or audio clips (jingles), while others
previous MPEG standards, MPEG-4 defines improved corgv 9 9 P ges),

. ) . : ) ; —(video, audio) are time variant, requiring continuous streaming
pression algorithms for audio and video signals, includin

L : " ta to convey them unless the time variance is deduced
specialized tools, e.g., for speech coding. In addition, means_t0

efficiently describe synthetic audio and graphics exist. AgaiRrogrammancally. Data for each streaming media object are

- T . conveyed within one or more elementary streams. Static
specialized tools, e.g., for the animation of synthetic facelﬁ,]a es and finite audio clips are also conveyed in separate
are included. The data streams that correspond to such tins1 ag P y P

: . . [eams. This allows efficient interleaving of different streams
variant signals are transmitted or stored separately and are c?n'y transport, taking into account their real-time constraints

composed into an integrated audiovisual presentation at R% major t:clsk of the MPEG-4 Systems architecture is io
receiver. The format for t'he description Of how the md'V'quaéescribe the relations of the various audiovisual components
elements of a presentation are related in space and tlme0 $in MPEG-4 scene Fig. 1(a) shows an example scene. The
a|SO.defIn.§d by MPEG-4. .Th's descrlptlon IS Ok.”e(.:t orlente(éjescription is done at two levels. On a structural level, it must

and identifies each semantically meaningful audiovisual entlb% known how the content, the media objects, are arranged in

as a media object, space and time. This scene description is accomplished by the
The MPEG-4 standard comes in several parts. Compressb n ' P P y

: : ; . . : |8ary format for scene (BIFS), which is not further detailed in
techniques for visual and audible media objects are spemf«aIS aper. On a lower level. it is onlv of interest how the var-
in parts 2 [2] and 3 [3] of MPEG-4, respectively. Part Paper. ' y

[1] has itself two major topics: the definition of the binar lous streams that contain the compressed MPEG-4 data relate

V. . -
scene description, which has its roots in VRML97 [4], and tht<(a)he";lCh other, how they are con.f|'gured and .synchro.mzed, and
gre they are located. In addition, some information about

management of the elementary streams that convey the coge

representation of audiovisual data. Other parts of MPE € cqntent 'te"‘." including mtelkj:-ct.ual .property |qformat|on,
. is desirable. This resource description is accomplished by the
4 contain reference software (part 5) [5] and conformance . S
Mmedia object description framework.
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Fig. 1. (a) An example scene and (b) its symbolic representation as a scene tree (simplified) plus object descriptors.

scriptor ID’s [Fig. 1(b)]. Both descriptions are highly dynamic,

allowing time-stamped changes of object descriptors as well _ )

as of the scene description. ggjgztslzfi;ir;ftfﬂl)
The components of the object descriptor (OD) and their ES Descriptor 2

transport encapsulation are introduced below. The section is : :

concluded by a discussion of the usage of OD's.

Object Descriptor

ES Descriptor N

A. OD Components ES Descriptor i

An object descriptor groups all descriptive components that ES ID
relate to a single media object, e.g., a video object, an animated DecoderConfig Descriptor
face, or an audio object. It is labeled by an ObjectDescriptorlD. SLConfig Descriptor

IPI Descriptor

In particular, an OD contains a list of elementary stream QoS Descriptor

descriptors that point to one or more streams with data or side
information for this object (Fig. 2). Additional descriptors mayiig. 2. Essential parts of an object descriptor and its components.

carry additional information that refers to the whole object.

Some of the individual descriptors used in this context are

briefly described in the subsequent subsections. Instead o) Elementary Stream (ES) DescriptoEach ES descrip-
providing information about the media object in-place, th&®r refers to a single elementary stream and is identified by
object descriptor may only contain a URL that points t@ numeric ESD or, alternatively, by a URL. ESD’s allow
another object descriptor at a remote location. locating of this stream by number. This is only possible within
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a specific name scope. URL'’s are more flexible and allogf interest in an interactive application, where the receiving
referring to streams by a unique name. See Section II-D fearminal may select individual elementary streams based on

further usage details. their traffic (signaled in DecoderConfigDescriptor) and QoS
A number of subdescriptors that are introduced below arequirements and the associated communication cost. It is also
part of the elementary stream descriptor. of interest in heterogeneous networks, if a network bridge shall

2) DecoderConfig DescriptorThis descriptor contains all be made aware of the requirements of individual elementary
information that is needed to select and initialize a meds&reams.
decoder for this elementary stream. Since an elementary streari) Extension Descriptor:A generic extension mechanism
descriptor may also describe control streams with objedtas been defined for future use by ISO or specific applications.
related information flowing upstream, in fact, it might alsdt allows arbitrary descriptive information to be associated to
be the configuration of the associated control commend the media object.
coderthat is described here. Note, however, that back-channel
signaling issues are not yet finalized. - ) )

The descriptor includes an indication of a predefined profi Auxiliary Object Information
and level and a stream type, as well as information about basi®Apart from grouping media streams, an object descriptor
traffic parameters of this stream, like average and maximuwiiows one to point to auxiliary streams associated to this
bitrate. media object. For example, semantic information about the

MPEG-4 defines object profiles that relate to individuatontent of the media object is conveyed by means of an object
media objects, defining the permissible tools and parameteohtent information (OCI) elementary stream. An individual
of the compression scheme for this object. At this writingQCl stream may be associated to every media object, or it may
the details of the MPEG-4 profile architecture are still beinge shared by multiple objects. It carries keywords, a textual
discussed, especially whether an object profile is to be attaclisdcription, language, and content rating information as well as
to an individual stream rather than a media object. creation dates and names of the content and OCI authors. OCI

The stream type identifies just the most basic aspect adrried in a stream may be dynamically updated along with the
the stream, e.g., visual stream, audio stream, scene desagntent itself. Alternatively, single OCI descriptors embedded
tion stream, object descriptor stream, clock reference stream,an object descriptor or elementary stream descriptor can
or object content information stream. An important task dfe used to convey static information like the language of an
the DecoderConfig descriptor is to carry additional decodaudio object.
specific configuration information that is passed on to the It may be noted that OCl is a first step toward MPEG-7 that
media decoder selected by stream type and profile and leigefjoing to provide much more extensive semantic information
indication. about media content in a standardized format.

3) SLConfig Descriptor:Similar to the previous descriptor, Another example of very important auxiliary information is
the SLConfig descriptor carries configuration information, thitie optional clock reference stream that may be used to convey
time for the sync-layer (SL) parser for this elementary streaititme base information (see Section III).

The SL and the elements of the SLConfig descriptor will be
described in more detail in Section IV. . _ _

4) Intellectual Property Identification (IP1) DescriptorThe €. Transport Encapsulation of Object Descriptors
IPI descriptor is a vehicle to convey standardized identifiers The knowledge of the scene description and the associated
for content like international standard book number, internget of object descriptors is a prerequisite to access an MPEG-4
tional standard music number, or digital object identifier ifresentation. Care has been taken to ensure that object de-
so desired by the content author. If multiple media objectsriptors and scene description (BIFS) are easily identified
within one MPEG-4 session are identified by the same IBhd separated out of the complete MPEG-4 presentation.
information, the IPI descriptor may consist just of a pointdn particular, both are transported in individual elementary
to another elementary stream, using its IES that carries the streams. For increased flexibility, there may be more than one
IPI information. elementary stream dedicated to either OD or BIFS transport.

5) Quality of Service (QoS) DescriptoiThe QoS descrip- A lightweight protocol has been defined to encapsulate
tor aims to qualify the requirements that this elementary streashject descriptors in messages. They allow for update or
has on the QoS of the transport channel for this stream. Tienoval of a set of object descriptors or individual elementary
most obvious QoS parameter is the stream priority andstream descriptors at a specific point in time. The time stamp
possibility to signal predefined QoS scenarios, most notalify associated with such a message on the sync layer (see
“guaranteed” and “best effort” channels. Apart from thaSection IlI).
unfortunately, it remains difficult to agree on a universal set In unicast applications, it is recommended to use reliable
of QoS parameters that is valid for a variety of transpottansport channels for both OD’s and scene description. In
networks. Therefore, a generic set of QQ8alifiers has been multicast applications, these are the data that need to be peri-
adopted that needs to be defined in the scope of specditically repeated or conveyed out of band to enable random
applications. access to the multicast MPEG-4 session. In that respect, these

It should be noted in this context that a QoS descriptaiata are comparable to program-specific information (PSI) or
at the ES level rather than on the transport level is onBervice information (SI) in MPEG-2 applications.
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D. Usage of Object Descriptors . . L SR
S0 .

'

I ¢ ———
tauTavlavlauTauTaulavTlavTauTauTaul
i

1) Usage of Object Descriptor InformatiorA set of ob- >~ |
ject descriptors constitutes a description of the resourcés -+
needed to access and process the media objects that fofm-——-—--=----- Lavlagelav loav Lav lavlanl.
part of an MPEG-4 presentation. Access to an elementary
stream is gained through either H3 or a URL. Both are s3
symbolic names that need to be resolved to the actual transpert
channel that conveys the streaming data. The way this is doSQe..
is specific to the underlying transport layer. For an example, i
see Section V. Fig. 3. Grouping media objects by using multiple OD streams.

ES.ID’s are unique only within their scope, which is defined

by the set of object descriptor streams that are themsel

pointed to from a single object descriptor. Reference to @ different transport links using different quality of service.
stream outside this scope is only possible by using a URY! the example in Fig. 4, if it is assumed that streams SO, S3,
This allows for an integrated description of content thaﬁnd S5 carry the basic information of the presentation, they

originates from various locations but is intended for concurreWPVL\’/lg_lha\;]e t::ett_er IQOS th?” thefremammg streams. by th
presentation. | ile the logical groupings of streams are given by the

ist of ES.ID’s, which are referred to from a given object

Note that this descriptive framework deliberately ignore intor st this i t sufficient f tent i
guestions of how to treat delays induced by establishing acc $§°“p or stream, this 1S not suflicient Tor a content agnostic
Ivery layer to manipulate such stream groups. The grouping

to various potentially distributed resources. It is assumed trfat

with the evolution of the Internet and other suitable transporrrWSt. _be made visible, for example, by assigning d'ﬁefe”‘
networks this issue will be solved. priorities to different stream groups. Such priority information

. : . is already present in the ES descriptors and may be attached
As mentioned before, each object descriptor groups one_ or .
. ta the lower layer transport packets if the chosen transport
more elementary streams that are related to a single medi .
network supports this.

object. These streams can be alternative representations, .94 that case. it is feasible for an MPEG-4 agnostic gateway

at _d|fferent bitrates or r_eso!utlons, or they may have a h|er%r- identify more or less important stream groups and to discard
chl_cal dependency, _|nd|cat|ng a scalablle encoding of a me?@ er priority streams if necessary. Furthermore, if streams
Ob]ec?' The processing resources requweq for eac_h stream § their descriptive information are grouped according to the
described by t_he resp(_ectlve Decoderc_:onﬂg_ descriptors. __resolution or complexity of the encoded representation of the
The evaluation of this decoder configuration, stream priori-  4ia object, this may correspond to a grouping for specific
ties, bitrate requirements, and the dependencies signaled in,\ngG_4 terminal profiles. Therefore, a server can easily
ES descriptors allows the receiving terminal in an interactivg,,ose the right subset of streams for a given client terminal.
application to request the delivery of a meaningful subset 0f3) Multicast ConsiderationsThe above-mentioned group-
streams for each media object, so that the computational fi&;” o elementary streams is most relevant for multicast
sources of the terminal are not exceeded. Instead of eyaluargeﬂ)lications, since in point-to-point applications, it would also
individual entries of the object descriptors, the profile a possible to negotiate the desired subset of elementary
level information present in each ES descriptor may be usegheams between client and server.
Apart from these resource-driven considerations, of courseyn general, multicast, or broadcast, applications are charac-
the terminal needs to evaluate the scene description in orgigized by the fact that clients may randomly tune into a run-
to decide which subset of the media objects advertised in gig presentation. To accommodate this, usually all the crucial
object descriptor stream it needs to process. information for configuration of elementary stream decoders
2) Usage of Multiple Object Descriptor Streamén even s periodically repeated. Such a classical (e.g., MPEG-2-like)
more powerful grouping mechanism exists by distributingcenario is depicted in Fig. 5(a) and shows that each stream
object descriptors for different subsets of media objects withfg|lows its own schedule for inserting some configuration
a single presentation into separate elementary streams (Fig.j@brmation.
It is even possible to distribute the descriptive information for |n MPEG-4, the object descriptors convey the basic in-
a single media object. As an example, one OD stream mayfeémation that is required to gain access to and be able to
created that advertises ES descriptors with low-resolution vgfocess the media streams that form part of an MPEG-4
sions of each media object of a presentation while a second @Rsentation. The mentioned configuration information is part
stream conveys additional ES descriptors pointing to highef the DecoderConfig descriptor and therefore is automatically
resolution versions of the same set of media objects (Fig. 4ppeated if the OD’s themselves are repeated, which is, of
Note that the structural description of the content, the BIFSourse, necessary in a multicast application as shown in
also supports a distributed and scalable scene description deig: 5(b).
veyed in multiple streams, which is of course needed to exploitEven in a multicast scenario, it is recommended to convey
the flexibility offered by multiple object descriptor streams. the object descriptor on a rather reliable channel, which has
The grouping of descriptive (OD and BIFS) streams ahke side effect that crucial decoder configuration data might
well as associated data streams at the elementary stream leeeteceived more reliably than the media data.

/A\
[ Access Unit ] JAUJAUJAU]J AU TauJau]
;

lows, for example, for the transport of such stream groups
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Fig. 4. Alternative representations ED1, ED2, ED3 (e.g., bit rate) for (a) a set of media objects OD1, OD2 conveyed in streams S1-S5 and (b) their
grouping using multiple OD streams.

Media Elementary Streams

1 T cfs | AccessUnit |AUJAUJAUJ Cfg | AU TauTau]
$2 TCml AUT AU AU AU [Cfs] AU [ AU [AU [ "
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(@)
Cfgf Cfg Cf%_ Object Descriptor Stream
S0 [opi [ o2 | " "
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(b)

Fig. 5. Random access in (a) MPEG-2 using repetition within media streams and (b) MPEG-4 using repetition within OD stream.

[ll. SYNCHRONIZATION OF ELEMENTARY STREAMS streams through a stream multiplex interface (SMI). There

The synchronization of elementary streams is accomplishi§g"© mandatory single protocol stack below the SMI that
by the well-known concepts of time stamps and clock refe@_ccomphshes the multiplexed transport of elementary streams.

ences, as used, for example, in MPEG-2 systems [7]. Th EG-4 has requirements on the end-to-end delivery of data

concepts are summarized in Section IlI-A on the systeprvoutghtthe dsttream dmdul'?plexltlr!terface,_ dmos(;[ primlrile?tly,tr?
decoder model, which models buffer and timing behavior gpnstant end-to-end delay. 1l IS considered a task for the

an ideal MPEG-4 terminal. Subsequently, the syntax to conv ?nsspggll:y;regif\frvgge;w'\fI.;() r?(;a;aggeri tlr!tsecgnstlilgtt_gilay
timing information, the sync layer, is introduced. Ul : ' P ppiicat

programming interface (API) specification whose functionality
A. The System Decoder Model must be implemented in every MPEG-4 terminal for access to

. ) elementary streams. However, if it is exposed, such an inter-
A system decoder model (SDM) is used to specify the be- y P

havior of a receiving MPEG-4 term'n.al (F_'g' 6) Different from LIt has been acknowledged that this is not realistic for the Internet as is.
MPEG-1 or MPEG-2, the SDM receives individual elementaryherefore, a relaxation of this model is considered for such transport networks.
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] - S — 1 B. Transport of Timing Information—The Sync Layer
_,| Decoding | | Media Object | | Composition | ) ]
Buffer DB, Decoder ; Memory CM, A flexible syntax has been created that describes all relevant
8 properties of access units and allows one to map integer or
15“ — é)?godgg L partial access units into a lower layer protocol. This layer
= e Media Object |—»| 1\322&05183 > = is designed under the assumption that the lower layer is
2 Decoding Decoder , YA é responsible for framing the created data units, called SL
= | 7| Bufter DB, | ") £| packets.
= “ The flexibility of the syntax is achieved by means of the
§ SLConfig descriptor, a part of the ES descriptor that exists
@ for each elementary stream. This SLConfig descriptor allows
__,| Decoding | f Media Object | | Composition | one to select the length of many syntax fields according to
|| [ Buffer DB, Decoder,, Memory CM, | *| | the requirements of this individual stream. For example, a

very low-bitrate audio stream may require time stamps that
consume few bits or omit them altogether, while a higher
bitrate video stream needs very precise decoding time stamps.
This implies that an MPEG-4 media encoder is aware of the
face must be able to deliver packets of data plus an indicatiggbsequent SL encapsulation and in many implementations
of the packets’ length. Additionally, reliable flagging of erroryij| probably directly create SL-packetized media streams.
is expected. Each SL packet may contain a sequence number to discover
The delivery multimedia integration framework (DMIF),jost SL packets, a clock reference time stamp, and various
which is specified as part 6 of MPEG-4, proposes a specifiggs to indicate presence of padding, the boundaries of access
embodiment of such a stream multiplex interface, callgghits in the packet, and the possibility of random access. SL
DMIF application interface (DAI), that satisfies these minimghackets that contain the beginning of an access unit may have
requirements and incorporates additional control functionalitygditional information about this AU, namely, decoding and
The system decoder model consists of the stream mufsmposition time stamp as well as the length of the AU or the
plex interface, a number of decoding buffers, media objegistantaneous bitrate of this stream.
decoders, composition memories, and the compositor. Clock reference time stamps are special in that they con-
The syntax of the SL, described in Section III-B, allowgey the speed of an encoder’s clock. In many applications,
one to packetize elementary streams into access unitshgivever, multiple encoders will actually use the same clock.
parts thereof. Such SL-packetized elementary stream d#iferefore, referencing another ES that conveys the clock ref-
enter the decoding buffers through the SMI. Access unigsence for the current stream is possible. It is even possible to
(AU’s) are the smallest entities to which timing informatiorgreate an elementary stream for the sole purpose of conveying
can be associated, while the semantic meaning of accgfsck references and no further media payload in order to

units is opaque at this layer. separate the two functionalities completely.
The decoding buffer serves to store access units of elemen-

tary stream data until the decoding time. At that point in time,
the SDM assumes instantaneous decoding of the access unit,
removal of the access unit data from the decoding buffer,In general, MPEG decided not to venture too much into
and appearance of the decoded representation of the actlessdomain of multiplexing, since during the initial phase
unit in the associated composition memory. With this modet, became clear that an abundance of digital multiplexing
it is possible for the encoding terminal to know how mucinfrastructure is already available, most notably based on
decoding buffer resources are available for a specific streAWPEG-2 as well as the Internet protocols. Therefore, MPEG
at any point in time at the receiving terminal. proposes to specify the small adaptations necessary to de-
Media object decoders may be connected to multiple decduhe the encapsulation of MPEG-4 SL-packetized elementary
ing buffers in case of hierarchically encoded media objects, latteams in such protocols.
only to one composition memory for the decoded data. Theln some environments, the MPEG-defined FlexMux tool
decoded data are grouped into composition units. The relatidescribed subsequently may be of value to reduce multiplex
between access units and composition units need not be orerhead or delay. With the exception of FlexMux streams,
to one but is assumed to be known for each specific decodamne elementary stream is mapped to one transport channel.
Each composition unit of decoded data is available for comp®his section discusses approaches to the adaptation of MPEG-
sition starting at an indicated composition time, known eithdr streams to such transport channels on the example of the
implicitly or through an explicit composition time stamp, andnternet and MPEG-2 transport environments. The last exam-
ending at the composition time of the subsequent compositiple discusses storage formats that are seen as conceptually
unit. The amount of composition memory required for specifiery similar to transmission environments.
media objects is currently not modeled by the SDM. All such adaptations eventually require standardization
Only a minimum of assumptions is made on the compositavithin the community responsible for a transport network,
This includes that the compositor instantaneously samples thg., the IETF in the case of the Internet. In general, identifiers
content of each composition memory of the MPEG-4 termindbr MPEG-4 presentations as such are needed, but also,

Fig. 6. System decoder model.

IV. TRANSPORT OFELEMENTARY STREAMS
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Simple Mode
Index Length Payload
FlexMux packet header
MuxCode Mode
Index Length Version FMC a FMCb FMC ¢ FMC x

Fig. 7. Structure of a FlexMux packet.

specifically, a format for the mapping between_ESvalues 1) Single Stream EncapsulatiorBoth RTP and the
and the number of their transport channels is required in orddPEG-4 SL syntax serve the major purpose of labeling
to locate the streams. Payload format specifications are needegayload with a time stamp and enabling loss detection
to describe how SL packets would fit into the packets of titarough sequence numbers. While RTP has been designed for
transport network. computational efficiency by respecting byte, word, or even
32-bit boundaries for its syntax elements, the SL syntax is
focused on flexibility and coding efficiency. Both expect the
A. The FlexMux Tool payload to be a semantically meaningful application data unit
The FlexMux is a simple syntax created for low-bitrate, lowto facilitate stream-specific loss recovery according to the
delay streams, such as, for example, object descriptor, scapglication-level framing (ALF) principle [11]. Therefore,
description, animation, or speech streams. It is not regardedsserever possible, one elementary stream should be mapped
a true transport-level protocol but rather as a tool that shouitto one RTP stream. In this case, one SL packet will be
be used if the cost in terms of management load, overhegdnveyed per RTP packet. The redundancy between the RTP
or delay to set up transport channels for each individuime stamp and sequence number fields and the SL packet
elementary stream would be too high. This may be the casédader elements decodingTimeStamp and sequenceNumber
a presentation consists of dozens of objects. can be reduced by removing them from the SL packet header.
The two variations of FlexMux packet structure are depicterhis, however, requires processing of the SL packets during
in Fig. 7. In Simple Mode, the header consists of an Index thi@de RTP encapsulation process.
corresponds to the FlexMux channel, or stream number, an®) FlexMux Stream EncapsulatiorSince an MPEG-4 pre-
the packet length in bytes, both 8 bit, limiting the number afentation may well consist of dozens of media streams, an
streams and payload size to 256 each. The MuxCode megfiitional mapping of multiple elementary streams into one
is active for Index>240. It further reduces the overheadRTP stream is proposed, using FlexMux. Both the overhead
by conveyinga priori how the payload of a single FlexMuxfor individual RTP streams but even more the management
packet is shared among multiple streams. This mode comesoald induced by the parallel RTP control protocol streams and
the cost that each of the 16 possible templates, called MuxCagle the increased number of lower-level (Internet protocol)
table entries, needs to be conveyed before it can be used.pfétocol packets suggest that the ALF principle should op-
maintain correct state and to discover transmission errorstighally be ignored in this case by bundling multiple MPEG-4
version number is used that must match between the curre@mentary streams in one RTP session. This is achieved by
packet and the MuxCode table entry. mapping a complete FlexMux stream in one RTP session. The
The sequence of FlexMux packets that flows through or@capsulation process becomes simpler in this case, since only
transport channel is termed FlexMux stream. The protocol thag fixed FlexMux packet header needs to be parsed to ensure
sets up this transport channel must also provide a meansHat an integer number of FlexMux packets are put in each RTP
convey the MuxCode table entries. packet. This, of course, comes at the cost that time stamps and
sequence numbers can no longer be shared between SL and
RTP layers. Another disadvantage that needs to be considered

is that loss of one RTP packet might result in lost data from
The RTP [8] is evolving as one of the major protocols fopyltiple elementary streams.

transport of real-time data on the Internet. It does not address
issues of organizing real-time content into sessions or their
control. Such functionalities are addressed by accompanying _
protocols that are still works in progress [9], [10]. C. Transport in MPEG-2 Transport Streams

Note that transport of MPEG-4 data on hypertext transfer MPEG-2 transport streams (TS’s) provide the transport en-
protocol (HTTP) is not considered here, as HTTP is deemedpsulation for real-time digital broadcast data. The framework
to be a download protocol rather than a real-time transpamcludes as well all necessary descriptors (PSI) to identify the
protocol. Of course, however, a self-contained “MPEG-4 filegervices communicated within a transport stream. This section
as described in Section 1V-D, could be conveyed via HTTPfocuses on the several options to encapsulate MPEG-4 streams

B. Transport on Real-Time Transport Protocol (RTP)
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Audio = = to indicate the start of the first FlexMux packet within the
transport packet, if it is desired to have them unaligned to TS
packet boundaries.
3) Digital Storage Media—Command and Control

Speech .
pess (DSM-CC) Data Carousel Encapsulatiorthe DSM-CC data
Speechl carousel specification is intended for embedding download
Speech data into MPEG-2 broadcast applications. It supports the
peech3 i R L. .
multiplexing of several data entities, termed modules, in one
Trans- MPEG-2 TS PID. Originally, these modules were supposed
Spog‘t to be time invariant or slowly changing, as would be the case
e F s et for digital teletext, program guides, or download applications

in interactive TV services. The modules would be regularly
fepeated in order to allow random tune-in.

In the meantime, it has been proposed to extend this
specification to support the delivery of lower bitrate real-time
in an MPEG-2 transport stream, while the description of anghta. The advantage of this approach is that the multiplex of
access to MPEG-4-based services is addressed in Sections¥veral SL-packetized elementary streams into one PID would

1) Single Stream EncapsulatiorA single SL-packetized be feasible in this framework; however, it would be at the
stream may be mapped to a sequence of transport packgise that each SL packet to be encapsulated may be preceded
labeled by a specific packet identifier (PID). The TS packety a message header that has a length of 18 bytes.
have a fixed size. Since SL packets have variable size, som@ practical advantage of DSM-CC data carousel is that
means of adaptation is needed. The MPEG-2 packetizegkt-generation settop boxes will support it; however, the
elementary stream syntax could be used; however, it is riceptance of such an approach will surely depend on whether
very efficient, since each SL packet would have at leasttlis enormous bandwidth waste will be tolerated by service
6-byte overhead. Instead, each SL packet may be prefixedgrgviders.

a 1-byte length indication. A pointer mechanism may be used
to indicate the start of the first SL packet within a transpoR- Storage Format for MPEG-4 Presentations

packet, in the same way as is done for PSI sections. The storage of MPEG-4 presentations seems to be an issue

This method may be inefficient if an SL-packetized streafhat is not directly related to the previously described mappings
has a rather low bitrate. To minimize the transmission delay transport formats. Conceptually, however, it is not much
the sender may need to send SL packets before an amoungiferent. MPEG-4 presentations may consist of a large number
183 bytes has been collected, which is the payload length offelementary streams, and, similar to the above, it has to
transport packet minus 1 byte for the mentioned pointer. Thi® decided whether each of the streams is to be stored in
results in application of padding, i.e., bandwidth waste. Suehseparate file or whether streams share one file, potentially
a situation is illustrated in Fig. 8. through the use of FlexMux.

Fig. 8 shows a visualization of a number of audio and The issue of storage of MPEG-4 presentations has been
speech objects and how these objects produce SL packetgi@émed very important, so that a call for proposals has been
data over time. These SL packets are multiplexed in a sequepgied. A number of responses have been received after
of transport packets shown at the bottom. The data packetsii§ call that may be categorized into two vastly different
the single audio stream on top occur at regular intervals bafiproaches to the issue. The first approach proposes a simple
have much less than 183 bytes in length. To keep the dektgrage format that consists just of FlexMux streams, preceded
low, each audio SL packet is immediately put in a transpasy a map to associate the ES'’s of the elementary streams
packet with a given PID, and padding is applied. to the numbers of the FlexMux channels carrying them. At the

2) FlexMux Stream Encapsulationfo address the pre- beginning of the file, a single object descriptor either identifies
viously mentioned inadequacy, a FlexMux stream can liee object descriptor stream(s) and scene description stream(s)
mapped to a PID in a similar way. FlexMux is particularlywithin the file or, if only one elementary stream is stored in the
useful if the data production for the streams multiplexed infile, identifies this stream. This approach deliberately ignores
the FlexMux stream is well correlated in time, as indicateghe fact that such a storage format is not particularly optimized
for the three speech streams in the middle of Fig. 8. Tlier application in a media server or editing environment. Such
bandwidth waste can be reduced enormously using FlexMaxstorage format is rather thought of as a pure interchange
MuxCode mode. format that may be converted to more specialized storage

First, one SL packet of each stream is concatenated formats in specific applications.
one FlexMux packet, i.e., only one FlexMux packet header A second proposal attempts to cure this situation by adding
is needed for all three SL packets. Then each FlexMux packabre side information—for example, for indexing—to the file,
is put in one transport packet (with a different PID thaftrying to define a more versatile file format based on MPEG
the audio stream, of course), leading to much less paddimpls. In general, however, the second approach proposes to
compared to the transport packets of the single audio streaake a single, existing multimedia file format and adapt it to
Again, the pointer mechanism mentioned above could be ugbd needs of MPEG-4. In fact, this approach has been chosen,

Fig. 8. Multiplexing MPEG-4 elementary streams in an MPEG-2 TS usin
single stream or FlexMux stream mapping to a PID.
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so that by now an MPEG-4 intermedia format, as it is called, As can be seen, the MPEG-4 content acquisition may require

is being defined based on Apple’'s QuickTime architecture. multiple stages between client and server, which in practice
It is important to note that it is not intended to directlymay lead to the definition of “well-known” ESD’s, so that

use the file format for transmission of MPEG-4 streams. Tis®me streams can be acquired without having to go through the

formate should be translated to a transmission format thateistire procedure. In any case, the abstract procedure described

appropriate for the target transport network. The work on tlabove needs to be mapped into concrete application scenarios,

storage format is ongoing, however, and is to be included two of which are outlined below.

the second version of the MPEG-4 standard that is due at the

end of 1999, so that this can only represent the current statis.content Access in an Internet Scenario

As far as the author may foresee right now, given the fast
V. ACCESSINGMPEG-4 GONTENT evolution of the Internet protocols, the access to MPEG-4

The access to MPEG-4 content may occur in different waygontent in the Internet may be controlled via the session
depending on the application context. A part of this proce§gscription protocol (SDP) [10]. SDP, which is still at the
is standardized by MPEG in an abstract way. This abstractigi@tus of Internet draft, is itself comparable to some extent to
relies on the availability of an interface that can establishtBe object-descriptor framework of MPEG-4. Therefore, it is
session context and open and manage transport channels. (@ analyzing briefly whether SDP can take the role of the
an interface is embodied by the DMIF application interfacebject descriptors in an Internet scenario.
specified in [6]. SDP allows one to advertise media streams that belong

The assumption is that a DMIF implementation for inteto & multimedia session, including some level of descriptive
active applications will either translate the messages that #formation about the stream and an indication of through
needed in the setup process to native signaling of the respecti@ch transport channel (user datagram protocol port) this
transport layer or use its own default signaling. Of course, Redia stream is conveyed. However, there is no explicit
a scenario without back channel, no messages are generé\@(ﬁrtisement of hierarchical or alternative representations of
at all, and instead broadcast or locally available informatich single media object, and, of course, there is no predefined
is exploited. Still, the content-access process is describedWéy to associate specific streams to such media objects at
if it were a client-server process, with the aforementiongl. There is also no means to associate intellectual property
understanding. rights information or object content information to individual

It is assumed in this MPEG-4 content-access process tRagdia objects, nor can the number of streams in the session be
an initial communication path between client and server g@ynamically modified. Of course, it is conceivable to extend
available. This initial communication path may be identifie®DP in this direction but, assuming that the Internet will
in an Internet scenario by a URL that requests that HTTP B@t be the only medium on which MPEG-4 content will be
any other suitable Internet protocol be used. In a broadcseleased, it seems preferable to stick to the MPEG-defined
scenario, it could correspond to a special MPEG-4 descrip@ject descriptors to describe the elements of an MPEG-4
in an MPEG-2 program-specific information table that poing@ession and to use SDP at a higher level to simply point to

to the PID with further information. this session as a whole. _
From that point on, the following conceptual steps have to In any case, SDP can be used to convey the mapping from
take place. RTP sessions, identified by their synchronization source label

« The initial communication path allows access to a singl@ the ESID's of the elementary streams carried in them.
object descriptor, called initial OD. Using SDP as a descriptor for an MPEG-4 presentation

allows one to make use of other infrastructure that is cur-

* The ES descriptors in this initial OD identify the prlmaryrsently being defined for content access. Multimedia content

oD .stream(s) and scene description stream(s) for tr\‘/ﬁll be announced using real-time streaming protocol (RTSP)
serwcg. [9] with an “rtsp://” URL that establishes connection to a
* The client selects the EB's of those OD and scene session control unit that allows stream control (PLAY, PAUSE,

description streams that it requires. TEARDOWN, etc.). The applicability of the stream control for
« The client requests delivery of the streams with theddPEG-4 may depend on the concrete application. However,
ESID’s through the DAI. RTSP also has a DESCRIBE command that conveys an SDP
« Handles to the respective streams are returned. descriptor, which may in turn contain the necessary initial

bject descriptor to access the MPEG-4 content. Similarly,
ther draft protocols like session initiation protocol [12] and
session announcement protocol [13] may be used, since they
* Stream delivery starts. also use SDP descriptors to advertise a session’s content.
* The client parses arriving BIFS and OD data.

« The client selects E®D’s of those media streams that itB. Implementation in a Digital TV Broadcast Scenario

requires. An MPEG-4 application within a digital TV broadcast
« The clients requests delivery of the streams with theseenario will not use client—server interaction, as is suggested
ES.ID’s through the DAI (same as above). by the abstract content-access procedure above to gain access

¢ |ninteractive scenarios, the client confirms that it is rea
to receive data.
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easy to define it in a way that satisfies the needs of different

application domains simultaneously. Therefore, it can be ex-

pected that especially the MPEG-4 Systems specification will

receive more modifications to come closer to this ambitiot

goal before finally the international standard status is reach

which was scheduled for the end of 1998.

A second version of the standard is already anticipated 1
the end of 1999, featuring, among other things, the aforeme
tioned storage format, a framework for intellectual propert
management and protection, and a set of API's that will rend

the specification more flexible in a broader application conte:
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