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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field of information
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of the joint technical committee is to prepare International Standards. Draft International
Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication as
an International Standard requires approval by at least 75 % of the national bodies casting a vote.

ISO/IEC 14496-1 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technology,
Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

This fourth edition cancels and replaces the third edition (ISO/IEC 14496-1:2004), which has been technically
revised. It also incorporates the Amendments ISO/IEC 14496-1:2004/Amd.1:2005,
ISO/IEC 14496-1:2004/Amd.2:2007, ISO/IEC 14496-1:2004/Amd.3:2007 and Technical Corrigenda
ISO/IEC 14496-1:2004/Cor.1:2006 and ISO/IEC 14496-1:2004/Cor.2:2007.

ISO/IEC 14496 consists of the following parts, under the general title Information technology — Coding of
audio-visual objects:

— Part 1: Systems

— Part 2: Visual

— Part 3: Audio

— Part 4: Conformance testing

— Part 5: Reference software

— Part 6: Delivery Multimedia Integration Framework (DMIF)
— Part 7: Optimized reference software for coding of audio-visual objects
— Part 8: Carriage of ISO/IEC 14496 contents over IP networks
— Part 9: Reference hardware description

— Part 10: Advanced Video Coding

— Part 11: Scene description and application engine

— Part 12: ISO base media file format

— Part 13: Intellectual Property Management and Protection (IPMP) extensions
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— Part 14: MP4 file format

— Part 15: Advanced Video Coding (AVC) file format

— Part 16: Animation Framework eXtension (AFX)

— Part 17: Streaming text format

— Part 18: Font compression and streaming

— Part 19: Synthesized texture stream

— Part 20: Lightweight Application Scene Representation (LASeR) and Simple Aggregation Format (SAF)
— Part 21: MPEG-J Graphics Framework eXtensions (GFX)
— Part 22: Open Font Format

— Part 23: Symbolic Music Representation

— Part 24: Audio and systems interaction

— Part 25: 3D Graphics Compression Model

— Part 26: Audio conformance

— Part 27: 3D Graphics conformance
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0 Introduction

0.1 Overview

ISO/IEC 14496 specifies a system for the communication of interactive audio-visual scenes. This specification
includes the following elements.

a) The coded representation of natural or synthetic, two-dimensional (2D) or three-dimensional (3D) objects
that can be manifested audibly and/or visually (audio-visual objects) (specified in Parts 2, 3, 10, 11, 16,
19, 20, 23 and 25 of ISO/IEC 14496).

b) The coded representation of the spatio-temporal positioning of audio-visual objects as well as their
behavior in response to interaction (scene description, specified in Parts 11 and 20 of ISO/IEC 14496).

c) The coded representation of information related to the management of data streams (synchronization,
identification, description and association of stream content, specified in this Part and in Part 24 of
ISO/IEC 14496).

d) A generic interface to the data stream delivery layer functionality (specified in Part 6 of ISO/IEC 14496).

e) An application engine for programmatic control of the player: format, delivery of downloadable Java byte
code as well as its execution lifecycle and behavior through APIs (specified in Parts 11 and 21 of
ISO/IEC 14496).

f) A file format to contain the media information of an ISO/IEC 14496 presentation in a flexible, extensible
format to facilitate interchange, management, editing, and presentation of the media specified in Part 12
(ISO File Format), Part 14 (MP4 File Format) and Part 15 (AVC File Format) of ISO/IEC 14496.

g) The coded representation of font data and of information related to the management of text streams and
font data streams (specified in Parts 17, 18 and 22 of ISO/IEC 14496).

The overall operation of a system communicating audio-visual scenes can be paraphrased as follows:

At the sending terminal, the audio-visual scene information is compressed, supplemented with
synchronization information and passed to a delivery layer that multiplexes it into one or more coded binary
streams that are transmitted or stored. At the receiving terminal, these streams are demultiplexed and
decompressed. The audio-visual objects are composed according to the scene description and
synchronization information and presented to the end user. The end user may have the option to interact with
this presentation. Interaction information can be processed locally or transmitted back to the sending terminal.
ISO/IEC 14496 defines the syntax and semantics of the bitstreams that convey such scene information, as
well as the details of their decoding processes.

This part of ISO/IEC 14496 specifies the following tools.

— A terminal model for time and buffer management.

— A coded representation of metadata for the identification, description and logical dependencies of the
elementary streams (object descriptors and other descriptors).

— A coded representation of descriptive audio-visual content information [object content information (OCI)].
— Aninterface to intellectual property management and protection (IPMP) systems.
— A coded representation of synchronization information (sync layer — SL).

— A multiplexed representation of individual elementary streams in a single stream (M4Mux).
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These various elements are described functionally in this clause and specified in the normative clauses that

follow.

0.2 Architecture

The information representation specified in ISO/IEC 14496 describes the means to create an interactive
audio-visual scene in terms of coded audio-visual information and associated scene description information.
The entity that composes and sends, or receives and presents such a coded representation of an interactive
audio-visual scene is generically referred to as an “audio-visual terminal” or just “terminal”. This terminal may
correspond to a stand-alone application or be part of an application system.
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The basic operations performed by such a receiver terminal are as follows. Information that allows access to
content complying with ISO/IEC 14496 is provided as initial session set up information to the terminal. Part 6
of ISO/IEC 14496 defines the procedures for establishing such session contexts as well as the interface to the
delivery layer that generically abstracts the storage or transport medium. The initial set up information allows,
in a recursive manner, to locate one or more elementary streams that are part of the coded content
representation. Some of these elementary streams may be grouped together using the multiplexing tool
described in ISO/IEC 14496-1.

Elementary streams contain the coded representation of either audio or visual data or scene description
information or user interaction data or text or font data. Elementary streams may as well themselves convey
information to identify streams, to describe logical dependencies between streams, or to describe information
related to the content of the streams. Each elementary stream contains only one type of data.

Elementary streams are decoded using their respective stream-specific decoders. The audio-visual objects
are composed according to the scene description information and presented by the terminal's presentation
device(s). All these processes are synchronized according to the systems decoder model (SDM) using the
synchronization information provided at the synchronization layer.

These basic operations are depicted in Figure 1, and are described in more detail below.

0.3 Terminal Model: Systems Decoder Model

The systems decoder model provides an abstract view of the behavior of a terminal complying with
ISO/IEC 14496-1. Its purpose is to enable a sending terminal to predict how the receiving terminal will behave
in terms of buffer management and synchronization when reconstructing the audio-visual information that
comprises the presentation. The systems decoder model includes a systems timing model and a systems
buffer model which are described briefly in the following Subclauses.

0.3.1 Timing Model

The timing model defines the mechanisms through which a receiving terminal establishes a notion of time that
enables it to process time-dependent events. This model also allows the receiving terminal to establish
mechanisms to maintain synchronization both across and within particular audio-visual objects as well as with
user interaction events. In order to facilitate these functions at the receiving terminal, the timing model
requires that the transmitted data streams contain implicit or explicit timing information. Two sets of timing
information are defined in ISO/IEC 14496-1: clock references and time stamps. The former convey the
sending terminal's time base to the receiving terminal, while the latter convey a notion of relative time for
specific events such as the desired decoding or composition time for portions of the encoded audio-visual
information.

0.3.2 Buffer Model

The buffer model enables the sending terminal to monitor and control the buffer resources that are needed to
decode each elementary stream in a presentation. The required buffer resources are conveyed to the
receiving terminal by means of descriptors at the beginning of the presentation. The terminal can then decide
whether or not it is capable of handling this particular presentation. The buffer model allows the sending
terminal to specify when information may be removed from these buffers and enables it to schedule data
transmission so that the appropriate buffers at the receiving terminal do not overflow or underflow.

0.4 Multiplexing of Streams: The Delivery Layer

The term delivery layer is used as a generic abstraction of any existing transport protocol stack that may be
used to transmit and/or store content complying with ISO/IEC 14496. The functionality of this layer is not
within the scope of ISO/IEC 14496-1, and only the interface to this layer is considered. This interface is the
DMIF Application Interface (DAI) specified in ISO/IEC 14496-6. The DAI defines not only an interface for the
delivery of streaming data, but also for signaling information required for session and channel set up as well
as tear down. A wide variety of delivery mechanisms exist below this interface, with some of them indicated in
Figure 1. These mechanisms serve for transmission as well as storage of streaming data, i.e., a file is
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considered to be a particular instance of a delivery layer. For applications where the desired transport facility
does not fully address the needs of a service according to the specifications in ISO/IEC 14496, a simple
multiplexing tool (M4Mux) with low delay and low overhead is defined in ISO/IEC 14496-1.

0.5 Synchronization of Streams: The Sync Layer

Elementary streams are the basic abstraction for any streaming data source. Elementary streams are
conveyed as sync layer-packetized (SL-packetized) streams at the DMIF Application Interface. This
packetized representation additionally provides timing and synchronization information, as well as
fragmentation and random access information. The sync layer (SL) extracts this timing information to enable
synchronized decoding and, subsequently, composition of the elementary stream data.

0.6 The Compression Layer

The compression layer receives data in its encoded format and performs the necessary operations to decode
this data. The decoded information is then used by the terminal's composition, rendering and presentation
subsystems.

0.6.1 Object Description Framework

The purpose of the object description framework is to identify and describe elementary streams and to
associate them appropriately to an audio-visual scene description. Object descriptors serve to gain access to
ISO/IEC 14496 content. Object content information and the interface to intellectual property management and
protection systems are also part of this framework.

An object descriptor is a collection of one or more elementary stream descriptors that provide the
configuration and other information for the streams that relate to either an audio-visual object, or text or font
data, or a scene description. Object descriptors are themselves conveyed in elementary streams. Each object
descriptor is assigned an identifier (object descriptor ID), which is unique within a defined name scope. This
identifier is used to associate audio-visual objects in the scene description with a particular object descriptor,
and thus the elementary streams related to that particular object.

Elementary stream descriptors include information about the source of the stream data, in form of a unique
numeric identifier (the elementary stream ID) or a URL pointing to a remote source for the stream. Elementary
stream descriptors also include information about the encoding format, configuration information for the
decoding process and the sync layer packetization, as well as quality of service requirements for the
transmission of the stream and intellectual property identification. Dependencies between streams can also be
signaled within the elementary stream descriptors. This functionality may be used, for example, in scalable
audio or visual object representations to indicate the logical dependency of a stream containing enhancement
information, to a stream containing the base information. It can also be used to describe alternative
representations for the same content (e.g. the same speech content in various languages).

0.6.1.1 Intellectual Property Management and Protection

The intellectual property management and protection (IPMP) framework for ISO/IEC 14496 content consists of
a normative interface that permits an ISO/IEC 14496 terminal to host one or more IPMP Systems in the form
of monolithic IPMP Systems or modular IPMP Tools. The IPMP interface consists of IPMP elementary
streams and IPMP descriptors. IPMP descriptors are carried as part of an object descriptor stream. IPMP
elementary streams carry time variant IPMP information that can be associated to multiple object descriptors.

The IPMP System, or IPMP Tools themselves are non-normative components that provides intellectual
property management and protection functions for the terminal. The IPMP Systems or Tools uses the
information carried by the IPMP elementary streams and descriptors to make protected ISO/IEC 14496
content available to the terminal.

The intellectual property management and protection (IPMP) framework for ISO/IEC 14496 content consists of
a set of tools that permits an ISO/IEC 14496 terminal to support IPMP functionality. This functionality is
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provided by the following two different complementary technologies, supporting different levels of
interoperability.

a) The IPMP framework as defined in 7.2.3, consists of a normative interface that permits an ISO/IEC 14496
terminal to host one or more IPMP Systems. The IPMP interface consists of IPMP elementary streams
and IPMP descriptors. IPMP descriptors are carried as part of an object descriptor stream. IPMP
elementary streams carry time variant IPMP information that can be associated to multiple object
descriptors. The IPMP System itself is a non-normative component that provides intellectual property
management and protection functions for the terminal. The IPMP System uses the information carried by
the IPMP elementary streams and descriptors to make protected ISO/IEC 14496 content available to the
terminal.

b) The IPMP framework extension, as specified in ISO/IEC 14496-13 allows, in addition to the functionality
specified in ISO/IEC 14496-1, a finer granularity of governance. ISO/IEC 14496-13 provides normative
support for individual IPMP components, referred to as IPMP Tools, to be normatively placed at identified
points of control within the terminal systems model. Additionally ISO/IEC 14496-13 provides normative
support for secure communications to be performed between IPMP Tools. ISO/IEC 14496-1 also
specifies specific normative extensions at the Systems level to support the IPMP functionality described
in ISO/IEC 14496-13.

An application may choose not to use an IPMP System, thereby offering no management and protection
features.

0.6.1.2 Object Content Information

Object content information (OCI) descriptors convey descriptive information about audio-visual objects. The
main content descriptors are: content classification descriptors, keyword descriptors, rating descriptors,
language descriptors, textual descriptors, and descriptors about the creation of the content. OCI descriptors
can be included directly in the related object descriptor or elementary stream descriptor or, if it is time variant,
it may be carried in an elementary stream by itself. An OCI| stream is organized in a sequence of small,
synchronized entities called events that contain a set of OCI descriptors. OCI streams can be associated to
multiple object descriptors.

0.6.2 Scene Description Streams

Scene description addresses the organization of audio-visual objects in a scene, in terms of both spatial and
temporal attributes. This information allows the composition and rendering of individual audio-visual objects
after the respective decoders have reconstructed the streaming data for them. For visual data,
ISO/IEC 14496-11 does not mandate particular composition algorithms. Hence, visual composition is
implementation dependent. For audio data, the composition process is defined in a normative manner in
ISO/IEC 14496-11 and ISO/IEC 14496-3.

The scene description is represented using a parametric approach (BIFS - Binary Format for Scenes). The
description consists of an encoded hierarchy (tree) of nodes with attributes and other information (including
event sources and targets). Leaf nodes in this tree correspond to elementary audio-visual data, whereas
intermediate nodes group this material to form audio-visual objects, and perform grouping, transformation, and
other such operations on audio-visual objects (scene description nodes). The scene description can evolve
over time by using scene description updates.

In order to facilitate active user involvement with the presented audio-visual information, ISO/IEC 14496-11
provides support for user and object interactions. Interactivity mechanisms are integrated with the scene
description information, in the form of linked event sources and targets (routes) as well as sensors (special
nodes that can trigger events based on specific conditions). These event sources and targets are part of
scene description nodes, and thus allow close coupling of dynamic and interactive behavior with the specific
scene at hand. ISO/IEC 14496-11, however, does not specify a particular user interface or a mechanism that
maps user actions (e.g., keyboard key presses or mouse movements) to such events.
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Such an interactive environment may not need an upstream channel, but ISO/IEC 14496 also provides means
for client-server interactive sessions with the ability to set up upstream elementary streams and associate
them to specific downstream elementary streams.

0.6.3 Audio-visual Streams

The coded representation of audio and visual information are described in ISO/IEC 14496-3 (Audio) and
ISO/IEC 14496-2 (Visual) and ISO/IEC 14496-10 (Advanced Video Coding) respectively. The reconstructed
audio-visual data are made available to the composition process for potential use during the scene rendering.

0.6.4 Upchannel Streams

Downchannel elementary streams may require upchannel information to be transmitted from the receiving
terminal to the sending terminal (e.g., to allow for client-server interactivity). Figure 1 indicates the flowpath for
an elementary stream from the receiving terminal to the sending terminal. The content of upchannel streams
is specified in the same part of the specification that defines the content of the downstream data. For example,
upchannel control streams for video downchannel elementary streams are defined in ISO/IEC 14496-2.

0.6.5 Interaction Streams

The coded representation of user interaction information is not in the scope of ISO/IEC 14496. But this
information shall be translated into scene modification and the modifications made available to the
composition process for potential use during the scene rendering.

0.6.6 Text and Font data Streams

Scene description often contains information presented in textual format. The audio-visual data encoded in the
scene may also be accompanied by supplemental text information such as subtitles. In order to enable time-
based updates of text data and to insure the text appearance and layout, both elementary streams carrying
timed text information and font data are used. The coded representation of the timed text stream is described
in ISO/IEC 14496-17. The font data format and encoded representation of font data stream are described in
ISO/IEC 14496-18 (font data stream) and ISO/IEC 14496-22 (font data format).

0.7 Application Engine

The MPEG-J is a programmatic system (as opposed to a conventional parametric system) which specifies
API(s) for interoperation of MPEG-4 media players with Java code. By combining MPEG-4 media and safe
executable code, content creators may embed complex control and data processing mechanisms with their
media data to intelligently manage the operation of the audio-visual session. The parametric MPEG-4 System
forms the Presentation Engine while the MPEG-J subsystem controlling the Presentation Engine forms the
Application Engine.

The Java application is delivered as a separate elementary stream to the MPEG-4 terminal. There it will be
directed to the MPEG-J run time environment, from where the MPEG-J program will have access to the
various components and required data of the MPEG-4 player to control it.

In addition to the basic packages of the language (java.lang, java.io, java.util) a few categories of APIs have
been defined for different scopes. For the Scene graph API the objective is to provide access to the scene
graph specified in ISO/IEC 14496-11: to inspect the graph, to alter nodes and their fields, and to add and
remove nodes within the graph. The Resource API is used for regulation of performance: it provides a
centralized facility for managing resources. This is used when the program execution is contingent upon the
terminal configuration and its capabilities, both static (that do not change during execution) and dynamic.
Decoder API allows the control of the decoders that are present in the terminal. The Net API provides a way to
interact with the network, being compliant to the MPEG-4 DMIF Application Interface. Complex applications
and enhanced interactivity are possible with these basic packages. The architecture of MPEG-J is presented
in more detail in ISO/IEC 14496-11.
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0.8 Extensible MPEG-4 Textual Format (XMT)

The Extensible MPEG-4 Textual (XMT) format is a textual representation of the multimedia content described
in ISO/IEC 14496 using the Extensible Markup Language (XML). XMT is designed to facilitate the creation
and maintenance of MPEG-4 multimedia content, whether by human authors or by automated machine
programs. XMT is specified in ISO/IEC 14496-11.

The textual representation of MPEG-4 content has high-level abstractions, XMT-O, that allow authors to
exchange their content easily with other authors or authoring tools, while at the same time preserving
semantic intent. XMT also has low-level textual representations, XMT-A, covering the full scope and function
of MPEG-4. The high-level XMT-O is designed to facilitate interoperability with the Synchronized Multimedia
Integration Language (SMIL) 2.0, a recommendation from the W3C consortium, and also with Extensible 3D
specification, X3D, developed by the Web3D consortium as the next generation of Virtual Reality Modeling
Language (VRML).

The XMT language has grammars that are specified using the W3C XML Schema language. The grammars
contain rules for element placement and attribute values, etc. These rules for XMT, defined using the Schema
language, follow the binary coding rules defined in ISO/IEC 14496-11 and help ensure that the textual
representation can be coded into correct binary according to ISO/IEC 14496-11 coding rules.

All constructs in the ISO/IEC 14496 specification have their parallel in the XMT textual format. For the Visual
and Audio parts, XMT provides a means to reference external media streams of either pre-encoded or raw
audiovisual binary content. While XMT does not contain a textual format for audiovisual media, it does contain
hints in a textual format that allow an XMT tool to encode and embed the audiovisual media into a complete
MPEG-4 presentation.

0.9 Patent Rights

The International Organization for Standardization (ISO) and International Electrotechnical Commission (IEC)
draw attention to the fact that it is claimed that compliance with this document may involve the use of a patent.

The ISO and IEC take no position concerning the evidence, validity and scope of this patent right.

The holder of this patent right has assured the ISO and IEC that he is willing to negotiate licences under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this respect,
the statement of the holder of this patent right is registered with the ISO and IEC. Information may be obtained
from the companies listed in Annex J.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights other than those identified in Annex J. ISO and IEC shall not be held responsible for identifying any or
all such patent rights.
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Information technology — Coding of audio-visual objects —

Part 1:
Systems

1 Scope

This part of ISO/IEC 14496 specifies system level functionalities for the communication of interactive audio-
visual scenes, i.e. the coded representation of information related to the management of data streams
(synchronization, identification, description and association of stream content).

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 639-2:1998, Codes for the representation of names of languages — Part 2: Alpha-3 code

ISO/IEC 10646-1:2000, Information technology — Universal Multiple-Octet Coded Character Set (UCS) —
Part 1: Architecture and Basic Multilingual Plane

ISO/IEC 11172-2:1993, Information technology — Coding of moving pictures and associated audio for digital
storage media at up to about 1,5 Mbit/s — Part 2: Video

ISO/IEC 11172-3:1993, Information technology — Coding of moving pictures and associated audio for digital
storage media at up to about 1,5 Mbit/s — Part 3: Audio

ISO/IEC 13818-3:1998, Information technology — Generic coding of moving pictures and associated audio
information — Part 3: Audio

ISO/IEC 13818-7:2006, Information technology — Generic coding of moving pictures and associated audio
information — Part 7: Advanced Audio Coding (AAC)

ISO/IEC 14496-2:2004, Information technology — Coding of audio-visual objects — Part 2: Visual

ISO/IEC 14496-10:2009, Information technology — Coding of audio-visual objects — Part 10: Advanced
Video Coding

ISO/IEC 14496-15:2004, Information technology — Coding of audio-visual objects — Part 15: Advanced
Video Coding (AVC) file format

ISO/IEC 14496-16:2006, Information technology — Coding of audio-visual objects — Part 16: Animation
Framework eXtension (AFX)

ISO/IEC 14496-18:2004, Information technology — Coding of audio-visual objects — Part 18: Font
compression and streaming
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ISO/IEC 13818-2:2000, Information technology — Generic coding of moving pictures and associated audio
information — Part 2: Video

ISO/IEC 10918-1:1994, Information technology — Digital compression and coding of continuous-tone still
images — Part 1: Requirements and guidelines

ANSI/SMPTE 291M:1996, Television — Ancillary Data Packet and Space Formatting
SMPTE 315M:1999, Television — Camera Positioning Information Conveyed by Ancillary Data Packets

W3C Recommendation: 28 October 2004 — XML Schema, http://www.w3.org/TR/xmlschema-0/

3 Additional references

For additional references see the Bibliography.

4 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

4.1

access unit

AU

smallest individually accessible portion of data within an elementary stream to which unique timing
information can be attributed

4.2
alpha map
representation of the transparency parameters associated with a texture map

4.3
audio-visual object
representation of a natural or synthetic object that has an audio and/or visual manifestation

NOTE The representation corresponds to a node or a group of nodes in the BIFS scene description. Each audio-
visual object is associated with zero or more elementary streams using one or more object descriptors.

4.4

audio-visual scene

AV scene

set of audio-visual objects together with scene description information that defines their spatial and temporal
attributes including behaviors resulting from object and user interactions

4.5
AVC parameter set
sequence parameter set or a picture parameter set

4.6

AVC access unit

access unit made up of NAL Units as defined in ISO/IEC 14496-10 with the structure defined in
ISO/IEC 14496-15:2004, 5.2.3

4.7

AVC parameter set access unit

access unit made up only of sequence parameter set NAL units or picture parameter set NAL units having
same timestamps to be applied
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4.8
AVC parameter set elementary stream
elementary stream containing made up only of AVC parameter set access units

4.9
AVC video elementary stream
elementary stream containing access units made up of NAL units for coded picture data

4.10

binary format for scene

BIFS

coded representation of a parametric scene description format as specified in ISO/IEC 14496-11

4.1

buffer model

model that defines how a terminal complying with ISO/IEC 14496 manages the buffer resources that are
needed to decode a presentation

4.12
byte aligned
position in a coded bit stream with a distance of a multiple of 8-bits from the first bit in the stream

413
clock reference
special time stamp that conveys a reading of a time base

414

composition

process of applying scene description information in order to identify the spatio-temporal attributes and
hierarchies of audio-visual objects

415

composition memory

CM

random access memory that contains composition units

416

composition time stamp

CTS

indication of the nominal composition time of a composition unit

417

composition unit

Ccu

individually accessible portion of the output that a decoder produces from access units

418

compression layer

layer of a system according to the specifications in ISO/IEC 14496 that translates between the coded
representation of an elementary stream and its decoded representation. It incorporates the decoders

419
control point
point on a given elementary stream in a terminal where IPMP Processing on stream data is carried out

4.20

decoder

entity that translates between the coded representation of an elementary stream and its decoded
representation
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4.21

decoding buffer

DB

buffer at the input of a decoder that contains access units

4.22

decoder configuration

configuration of a decoder for processing its elementary stream data by using information contained in its
elementary stream descriptor

4.23

decoding time stamp

DTS

indication of the nominal decoding time of an access unit

4.24

delivery layer

generic abstraction for delivery mechanisms (computer networks, etc.) able to store or transmit a number of
multiplexed elementary streams or M4Mux streams

4.25

descriptor

data structure that is used to describe particular aspects of an elementary stream or a coded audio-visual
object

4.26

DMIF application interface

DAI

interface specified in ISO/IEC 14496-6 used to model the exchange of SL-packetized stream data and
associated control information between the sync layer and the delivery layer

4.27

elementary stream

ES

consecutive flow of mono-media data from a single source entity to a single destination entity on the
compression layer

4.28

elementary stream descriptor

structure contained in object descriptors that describes the encoding format, initialization information, sync
layer configuration, and other descriptive information about the content carried in an elementary stream

4.29

elementary stream interface

ESI

conceptual interface modeling the exchange of elementary stream data and associated control information
between the compression layer and the sync layer

4.30

M4Mux channel

FMC

label to differentiate between data belonging to different constituent streams within one M4Mux stream

NOTE A sequence of data in one M4Mux channel within a M4Mux stream corresponds to one single SL-packetized
stream.

4.31
M4Mux packet
smallest data entity managed by the M4Mux tool consisting of a header and a payload
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4.32

M4Mux stream

sequence of M4AMux Packets with data from one or more SL-packetized streams that are each identified by
their own M4Mux channel

4.33
M4Mux tool
tool that allows the interleaving of data from multiple data streams

4.34

graphics profile

profile that specifies the permissible set of graphical elements of the BIFS tool that may be used in a scene
description stream

NOTE BIFS comprises both graphical and scene description elements.

4.35
inter
mode for coding parameters that uses previously coded parameters to construct a prediction

4.36
interaction stream
elementary stream that conveys user interaction information

4.37

intra

mode for coding parameters that does not make reference to previously coded parameters to perform the
encoding

4.38

initial object descriptor

special object descriptor that allows the receiving terminal to gain initial access to portions of content encoded
according to ISO/IEC 14496 and that conveys profile and level information to describe the complexity of the
content

4.39

intellectual property identification

IPI

unique identification of one or more elementary streams corresponding to parts of one or more audio-visual
objects

4.40

intellectual property management and protection system

IPMP system

generic term for mechanisms and tools to manage and protect intellectual property

NOTE This part of ISO/IEC 14496 defines the interface to such systems as well as the following.

— The provision for the identification of IPMP tools either through the use of a registration authority or through the use
of a functional description of the IPMP tools' capabilities in a parametric fashion.

— Controlling the time of instantiation of IPMP tools either by the inclusion of references to the required IPMP tools or at
the request of already instantiated IPMP tools.

— Providing secure messaging between IPMP tools and the terminal and between IPMP tools and the user.
— Notification of the instantiation of IPMP tools to IPMP tools requesting such notification.
— Interaction between IPMP tools, and/or the terminal and the user.

— The carriage of IPMP tools within the bitstream.
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4.41
IPMP information
Information directed to a given IPMP Tool to enable, assist or facilitate its operation

4.42

IPMP system

monolithic IPMP protection scheme which requires implementation dependant access to protected streams at
required Control Points and must provide any intra-communication within an IPMP System on an
implementation basis

NOTE In this standard the use of the term “IPMP System” is used in some cases to indicate either an actual IPMP
System or a combination of IPMP Tools whose combination provides the functionality of an IPMP System. In cases where
the distinction is important the proper respective terms are used.

4.43
IPMP tool
module that performs (one or more) IPMP functions such as authentication, decryption, watermarking

NOTE Conceptually the use of one or more IPMP tools is combined to perform the functionality of an IPMP system.
IPMP tools, as opposed to IPMP systems, are normatively identified as to which control points they function at as well as
are provided normative methods for secure communications both within as well as outside of a given IPMP tools
comprised functional “IPMP system”. An additional difference between IPMP tools and IPMP systems is that IPMP tools,
or a combination thereof, may be used for the protection of object streams.

4.44
IPMP tool identifier
unambiguous identifier for IPMP tools at the presentation level or at a universal level

NOTE Two different identifiers are provided to support the differentiation between the use of IPMP systems and
IPMP tools.

4.45

IPMP tool list

list of selectable IPMP tools required to process the content

4.46

media node

time dependent BIFS node that refers to a media stream through a URL field in
— AnimationStream,

— AudioBuffer,

— AudioClip,

— AudioSource,

— Inline, and

— MovieTexture

4.47

media stream

one or more elementary streams whose ES descriptors are aggregated in one object descriptor and that are
jointly decoded to form a representation of an AV object

4.48
media time line
time line expressing normal play back time of a media stream
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4.49
MP4 file
name of the file format described in ISO/IEC 14496-14

4.50

object clock reference

OCR

clock reference that is used by a decoder to recover the time base of the encoder of an elementary stream

4.51

object content information

OocCl

additional information about content conveyed through one or more elementary streams; either aggregated to
individual elementary stream descriptors or is itself conveyed as an elementary stream.

4.52

object descriptor

oD

descriptor that aggregates one or more elementary streams by means of their elementary stream descriptors
and defines their logical dependencies

4.53

object descriptor command

command that identifies the action to be taken on a list of object descriptors or object descriptor IDs, e.g.,
update or remove

4.54
object descriptor profile
profile that specifies the configurations of the object descriptor tool and the sync layer tool that are allowed

4.55
object descriptor stream
elementary stream that conveys object descriptors encapsulated in object descriptor commands

4.56

object time base

oTB

time base valid for a given elementary stream, and hence for its decoder; conveyed to the decoder via object
clock references and which is used by all time stamps relating to this object's decoding process

4.57

parametric audio decoder

set of tools for representing and decoding speech signals coded at bit rates between 6 Kbps and 16 Kbps,
according to the specifications in ISO/IEC 14496-3

4.58

parametric description

SDL declaration that describes the parametric configuration and other interface message(s) that drive the tool
and the behaviour defined for fulfilment of such a description

4.59

quality of service

QoS

performance that an elementary stream requests from the delivery channel through which it is transported.
QoS is characterized by a set of parameters (bit rate, delay jitter, bit error rate, etc.)
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4.60

random access

process of beginning to read and decode a coded representation at an arbitrary point within the elementary
stream

4.61
reference point
location in the data or control flow of a system that has some defined characteristics

4.62

rendering

action of transforming a scene description and its constituent audio-visual objects from a common
representation space to a specific presentation device (i.e. speakers and a viewing window)

4.63

rendering area

portion of the display device's screen into which the scene description and its constituent audio-visual objects
are to be rendered

4.64

scene description

information that describes the spatio-temporal positioning of audio-visual objects as well as their behavior
resulting from object and user interactions and which makes reference to elementary streams with
audio-visual data by means of pointers to object descriptors

4.65
scene description stream
elementary stream that conveys scene description information

4.66

scene graph elements

elements of the BIFS language that relate only to the structure of the audio-visual scene (spatio-temporal
positioning of audio-visual objects as well as their behavior resulting from object and user interactions)
excluding the audio, visual and graphics nodes as specified in ISO/IEC 14496-11

4.67

scene graph profile

profile that defines the permissible set of scene graph elements of the BIFS tool that may be used in a scene
description stream

NOTE BIFS comprises both graphical and scene description elements.

4.68
seekable
property of a media stream for which the play back is possible from any position

4.69

SL-packetized stream

SPS

sequence of sync layer packets that encapsulate one elementary stream

4.70

stream object

media stream or a segment thereof, referenced through a URL field in the scene in the form “OD:n” or
“OD:n#<segmentName>"

4.71
structured audio
method of describing synthetic sound effects and music as defined by ISO/IEC 14496-3
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4.72

sync layer

SL

layer to adapt elementary stream data for communication across the DMIF Application Interface, providing
timing and synchronization information, as well as fragmentation and random access information

NOTE The sync layer syntax is configurable and can be configured to be empty.

4.73

sync layer configuration

configuration of the sync layer syntax for a particular elementary stream using information contained in its
elementary stream descriptor

4.74

sync layer packet

SL-packet

smallest data entity managed by the sync layer consisting of a configurable header and a payload which may
consist of one complete access unit or a partial access unit

4.75
syntactic description language SDL
language defined in ISO/IEC 14496-1:2010, Clause 8 that allows the description of a bitstream's syntax

4.76

systems decoder model

SDM

model that provides an abstract view of the behavior of a terminal compliant to ISO/IEC 14496 which consists
of the buffer model and the timing model

4.77

system time base

STB

time base of the terminal whose resolution is implementation-dependent and according to which all operations
in the terminal are performed

4.78

terminal

system that sends, or receives and presents the coded representation of an interactive audio-visual scene as
defined by ISO/IEC 14496-11 which can be a standalone system, or part of an application system complying
with ISO/IEC 14496

4.79
time base
clock, equivalent to a counter that is periodically incremented

4.80

timing model

model that specifies the semantic meaning of timing information, how it is incorporated (explicitly or implicitly)
in the coded representation of information, and how it can be recovered at the receiving terminal

4.81
time stamp
indication of a particular time instant relative to a time base

4.82
track
collection of related samples in an MP4 file
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5 Abbreviated terms

AU
AV
AVC
BIFS
CM
CTS
CuU
DAI
DB
DTS
ES
ESI
ESID
FMC

IPI
IPMP
NAL
OCl
OCR
oD
ODID
oTB
PLL
QOS
SDL
SDM
SEI
SL
SL-packet
SPS
STB
URL
VOP

10

access unit

audio-visual

advanced video coding (see ISO/IEC 14496-10)
binary format for scene

composition memory

composition time stamp

composition unit

DMIF application interface (see ISO/IEC 14496-6)
decoding buffer

decoding time stamp

elementary stream

elementary stream interface

elementary stream identifier

M4Mux channel

intellectual property

intellectual property identification
intellectual property management and protection
network abstraction layer

object content information

object clock reference

object descriptor

object descriptor identifier

object time base

phase locked loop

quality of service

syntactic description language

systems decoder model

supplementary enhancement information
synchronization layer

synchronization layer packet
SL-packetized stream

system time base

universal resource locator

video object plane

Full document details: ISO IEC 14496-1-2010
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6 Conventions
For the purpose of unambiguously defining the syntax of the various bitstream components defined by the
normative parts of ISO/IEC 14496 a syntactic description language is used. This language allows the

specification of the mapping of the various parameters in a binary format as well as how they are placed in a
serialized bitstream. The definition of the language is provided in Clause 8 of this specification.

7 Streaming Framework
7.1 Systems Decoder Model

7.1.1 Introduction

The purpose of the systems decoder model (SDM) is to provide an abstract view of the behavior of a terminal
complying with ISO/IEC 14496. It may be used by the sender to predict how the receiving terminal will behave
in terms of buffer management and synchronization when decoding data received in the form of elementary
streams. The systems decoder model includes a timing model and a buffer model.

The systems decoder model specifies:

1. the interface for accessing demultiplexed data streams (DMIF Application Interface),

2. decoding buffers for coded data for each elementary stream,

3. the behavior of elementary stream decoders,

4. composition memory for decoded data from each decoder, and

5. the output behavior of composition memory towards the compositor.

These elements are depicted in Figure 2. Each elementary stream is attached to one single decoding buffer.

More than one elementary stream may be connected to a single decoder (e.g., in a decoder of a scalable
audio-visual object).

. Buffer DB Memory |
cation Interface !

DMIF Appli- / Decoding [ |, Decoderl |, |Composition

/ Decoding | |, |, |Composition

RN L7 | Buffer DB Memory

_')f,./ = Decoder , 2 \ .

— g | Decoding [ [, Compositor
v "| Buffer DB,

\ Decoding | |, || Composition
Buffer DB, Decodern Memory

(encapsulates
Demultiplexer)

|Elementary Stream Interface |

Figure 2 — Systems Decoder Model

7.1.2 Concepts of the systems decoder model

This Subclause defines the concepts necessary for the specification of the timing and buffering model. The
sequence of definitions corresponds to a walk from the left to the right side of the SDM illustration in Figure 2.
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7.1.21  DMIF Application Interface (DAI)

For the purposes of the systems decoder model, the DMIF Application Interface encapsulates the
demultiplexer and provides access to streaming data that is consumed by the decoding buffers. The
streaming data received through the DAI consists of SL-packetized streams. The required properties of the
DAl are described in 7.3.3. The DAI semantics are fully specified in ISO/IEC 14496-6.

71.2.2 SL-Packetized Stream (SPS)

An SL-packetized stream consists of a sequence of packets, according to the syntax and semantics specified
in 7.3.2, that encapsulate a single elementary stream. The packets contain elementary stream data partitioned
in access units as well as side information, e.g., for timing and access unit labeling. SPS data payload enters
the decoding buffers, i.e., the side information is removed at the input to the decoding buffers.

7.1.2.3 Access Units (AU)

Elementary stream data is partitioned into access units. The delineation of an access unit is completely
determined by the entity that generates the elementary stream (e.g., the compression layer). An access unit is
the smallest data entity to which timing information can be attributed. Two access units from the same
elementary stream shall never refer to the same decoding or composition time. Any further partitioning of the
data in an elementary stream is not visible for the purposes of the systems decoder model. Access units are
conveyed by SlL-packetized streams and are received by the decoding buffers. The decoders consume
access units with the necessary side information (e.g., time stamps) from the decoding buffers.

NOTE — An ISO/IEC 14496-1 compliant terminal implementation is not required to process each incoming access unit as
a whole. It is furthermore possible to split an access unit into several fragments for transmission as specified in 7.3. This
allows the sending terminal to dispatch partial AUs immediately as they are generated during the encoding process. Such
partial AUs may have significance for improved error resilience.

7.1.2.4 Decoding Buffer (DB)

The decoding buffer is a buffer at the input of an elementary stream decoder in the receiving terminal that
receives and stores access units. The systems buffer model enables the sending terminal to monitor the
decoding buffer resources that are used during a presentation.

7.1.2.5 Elementary Streams (ES)

Streaming data received at the output of a decoding buffer, independent of its content, is considered as an
elementary stream for the purpose of ISO/IEC 14496. The elementary streams are produced and consumed
by the compression layer entities (encoders and decoders, respectively). ISO/IEC 14496 assumes that the
integrity of an elementary stream is preserved from end to end.

71.2.6 Elementary Stream Interface (ESI)

The elementary stream interface is a concept that models the exchange of elementary stream data and
associated control information between the compression layer and the sync layer. It is explained further in 7.3.

71.2.7 Decoder

For the purposes of this model, the decoder extracts access units from the decoding buffer at precisely
defined points in time and places composition units, the results of the decoding processes, in the composition
memory. A decoder may be attached to several decoding buffers.

7.1.2.8 Composition Units (CU)

Decoders consume access units and produce composition units. An access unit corresponds to an integer
number of composition units. In case of multiple elementary streams attached to a single decoder (scalable
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coding), each composition unit is derived from access units from one or more of these streams. Composition
units reside in composition memory.

7.1.2.9 Composition Memory (CM)

The composition memory is a random access memory that contains composition units. The size of this
memory is not normatively specified.

7.1.2.10 Compositor

The compositor takes composition units out of the composition memory and either consumes them (e.g.
composes and presents them, in the case of audio-visual data) or skips them. The compositor is not specified
in ISO/IEC 14496-1, as the details of this operation are not relevant within the context of the systems decoder
model. 7.1.3.5 defines which composition units are available to the compositor at any instant of time.

7.1.3 Timing Model Specification

The timing model relies on clock references and time stamps to synchronize audio-visual data conveyed by
one or more elementary streams. The concept of a clock with its associated clock references is used to
convey the notion of time to a receiving terminal. Time stamps are used to indicate the precise time instants at
which the receiving terminal consumes the access units in the decoding buffers or may access the
composition units resident in the composition memory. The time stamps are therefore associated with access
units and composition units. The semantics of the timing model are defined in the subsequent clauses. The
syntax for conveying timing information is specified in 7.3.2.

NOTE — This timing model is designed for rate-controlled (“push”) applications.

71.3.1  System Time Base (STB)

The system time base (STB) defines the terminal’s notion of time. The resolution of the STB is implementation
dependent. All actions of the terminal are scheduled according to this time base for the purpose of this timing
model.

NOTE — This does not imply that all terminals compliant with ISO/IEC 14496 operate on one single STB.

71.3.2 Object Time Base (OTB)

The object time base (OTB) defines the notion of time for a given data stream. The resolution of this OTB can
be selected as required by the application or as defined by a profile. All time stamps that the sending terminal
inserts in a coded data stream refer to this time base. The OTB of a data stream is known at the receiving
terminal either by means of object clock reference information inserted in the stream or by an indication that
its time base is slaved to a time base conveyed with another stream, as specified in 7.3.2.3.

NOTE 1 — Elementary streams may be created for the sole purpose of conveying time base information.

NOTE 2 — The receiving terminal’s system time base need not be locked to any of the available object time bases.

7.1.3.3 Object Clock Reference (OCR)

A special kind of time stamps, object clock references (OCR), are used to convey the OTB to the elementary
stream decoder. The value of the OCR corresponds to the value of the OTB at the time the sending terminal
generates the object clock reference time stamp. OCR time stamps are placed in the SL packet header as
described in 7.3.2.4. The receiving terminal shall evaluate the OCR when its last bit is extracted at the input of
the decoding buffer.
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7.1.3.4 Decoding Time Stamp (DTS)

Each access unit has an associated nominal decoding time, the time at which it must be available in the
decoding buffer for decoding. The AU is not guaranteed to be available in the decoding buffer either before or
after this time. Decoding is assumed to occur instantaneously when the instant of time indicated by the DTS is
reached.

This point in time can be implicitly specified if the (constant) temporal distance between successive access
units is indicated in the setup of the elementary stream (see 7.3.2.3). Otherwise a decoding time stamp (DTS)
whose syntax is defined in 7.3.2.4 conveys this point in time.

A decoding time stamp shall only be conveyed for an access unit that carries a composition time stamp as
well, and only if the DTS and CTS values are different. Presence of both time stamps in an AU may indicate a
reversal between coding order and composition order.

7.1.3.5 Composition Time Stamp (CTS)

Each composition unit has an associated nominal composition time, the time at which it must be available in
the composition memory for composition. The CU is not guaranteed to be available in the composition
memory for composition before this time. Since the SDM assumes an instantaneous decoding process, the
CU is available to the decoder, at that instant in time corresponding to the DTS of the corresponding AU, for
further use (e.g. in prediction processes).

This instant in time is implicitly known, if the (constant) temporal distance between successive composition
units is indicated in the setup of the elementary stream. Otherwise a composition time stamp (CTS) whose
syntax is defined in 7.3.2.4 conveys this instant in time.

The current CU is instantaneously accessible by the compositor anytime between its composition time and the
composition time of the subsequent CU. If a subsequent CU does not exist, the current CU becomes
unavailable at the end of the lifetime of its elementary stream (i.e., when its elementary stream descriptor is
removed).

In case of audio decoders, the following additionally applies to the audio samples within a composition unit:
the composition time applies to the n-th audio sample within the composition unit. The value of n is 1 unless
explicitly specified in ISO/IEC 14496-3, 1.6.6 Interface between Audio and Systems.

7.1.3.6 Occurrence and Precision of Timing Information in Elementary Streams

The frequency at which DTS, CTS and OCR values are to be inserted in the bitstream as well as the precision,
jitter and drift are application and profile dependent. Some usage considerations can be found in 7.3.2.7.

7.1.3.7 Time Stamps for Dependent Elementary Streams

An audio-visual object may refer to multiple elementary streams that constitute a scalable content
representation (see 7.2.7.1.5). Such a set of elementary streams shall adhere to a single object time base.
Temporally co-located access units for such elementary streams are then identified by identical DTS or CTS
values.

EXAMPLE

The example in Figure 3 illustrates the arrival of two access units at the Systems Decoder. Due to the constant delay
assumption of the model (see 7.1.4.2 below), the arrival times correspond to the instants in time when the sending
terminal has sent the respective AUs. The sending terminal must select this instant in time so that the Decoding Buffer at
the receiving terminal never overflows or underflows. At the receiving terminal, an AU is instantaneously decoded, at that
instant in time corresponding to its DTS, and the resulting CU(s) are placed in the composition memory and remain there
until the subsequent CU(s) arrive or the associated object descriptor is removed.
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Arrival(AUl)
Arrival(AUy)) DTS (AUy)
DTS (AU))
. AU,
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Buffer AU,
. CU,
Composition va ) 0000000000000000000
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= available for
CTS (CU)) CTS (CU)y) composition

Figure 3 — Composition unit availability
7.1.4 Buffer Model Specification

71.41 Elementary Decoder Model

Figure 4 indicates one branch of the systems decoder model (Figure 2). This simplified model is used to
specify the buffer model. It treats each elementary stream separately and therefore, associates a composition
memory with only one decoder. The legend following Figure 4 elaborates on the symbols used in this figure.

Decoding AU CU Composition Compositor
Buffer DB [P Decoder —P Memory CM P P

Legend:

DB Decoding buffer for the elementary stream.

CM Composition memory for the elementary stream.

AU The current access unit input to the decoder.

CuU The current composition unit input to the composition memory. CU results from decoding AU. There may be

several composition units resulting from decoding one access unit.

Figure 4 — Flow diagram for the systems decoder model
71.4.2 Assumptions

71.4.21 Constant end-to-end delay

Data transmitted in real time have a timing model in which the end-to-end delay from the encoder input at the
sending terminal, to the decoder output at the receiving terminal, is constant. This delay is equal to the sum of
the delay due to the encoding process, subsequent buffering, multiplexing at the sending terminal, the delay
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due to the delivery layers and the delay due to the demultiplexing, decoder buffering and decoding processes
at the receiving terminal.

Note that the receiving terminal is free to add a temporal offset (delay) to the absolute values of all time
stamps if it can cope with the additional buffering needed. However, the temporal difference between two time
stamps (that determines the temporal distance between the associated AUs or CUs) has to be preserved for
real-time performance.

NOTE — Two elementary streams that adhere to different time bases may be synchronized tightly in case of constant
end-to-end delay as assumed by this model. If an application cannot implement this model assumption, such tight

synchronization may not be achievable. Tolerances for the constant end-to-end delay assumption need to be defined
through the profile and level mechanism.

71.4.2.2 Demultiplexer

The end-to-end delay between multiplexer output, at the sending terminal, and demultiplexer input, at the
receiving terminal, is constant.

7.1.4.2.3 Decoding Buffer

The needed decoding buffer size is known by the sending terminal and conveyed to the receiving terminal as
specified in 7.2.6.6.

The size of the decoding buffer is measured in bytes.
The decoding buffer is filled at the rate given by the maximum bit rate for this elementary stream while data is
available and with a zero rate otherwise. The maximum bit rate is conveyed by the sending terminal as a part

of the decoder configuration information during the set up phase for each elementary stream (see 7.2.6.6).

Information is received from the DAI in the form of SL packets. The SL packet headers are removed at the
input to the decoding buffers.

7.1.4.24 Decoder

The decoding processes are assumed to be instantaneous for the purposes of the systems decoder model.

71.4.2.5 Composition Memory

The mapping of an AU to one or more CUs (by the decoder) is known implicitly at both the sending and the
receiving terminals.

71.4.2.6 Compositor

The composition processes are assumed to be instantaneous for the purposes of the systems decoder model.

7.1.4.3 Managing Buffers: A Walkthrough

In this example, we assume that the model is used in a “push” scenario. In applications where non-real time
content is to be delivered, flow control by suitable signaling may be established to request access units at the
time they are needed at the receiving terminal. The mechanisms for doing so are application-dependent, and
are not specified in ISO/IEC 14496.

The behaviors of the various elements in the SDM are modeled as follows:

e The sending terminal signals the required decoding buffer resources to the receiving terminal before
starting the delivery. This is done as specified in 7.2.6.6 either explicitly, by requesting the decoding buffer
sizes for individual elementary streams, or implicitly, by indicating a profile (see Clause 9). The decoding
buffer size is measured in bytes.
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e The sending terminal models the behavior of the decoding buffers by making the following assumptions :

e Each decoding buffer is filled at the maximum bitrate specified for its associated elementary stream as
long as data is available.

e At the instant of time corresponding to its DTS, an AU is instantaneously decoded and removed from the
decoding buffer.

e At the instant of time corresponding to its DTS, a known amount of CUs corresponding to the just
decoded AU are put in the composition memory.

The current CU is available to the compositor between instants of time corresponding to the CTS of the
current CU and the CTS of the subsequent CU. If a subsequent CU does not exist, the current CU becomes
unavailable at the end of lifetime of its data stream.

Using these assumptions on the buffer model, the sending terminal may freely use the space in the decoding
buffers. For example, it may deliver data for several AUs of a stream, for non real time usage, to the receiving
terminal, and pre-store them in the DB long before they have to be decoded (assuming sufficient space is
available). Subsequently, the full delivery bandwidth may be used to transfer data of a real time stream just in
time. The composition memory may be used, for example, as a reordering buffer. In the case of visual
decoding, it may contain the decoded P-frames needed by a video decoder for the decoding of intermediate
B-frames, before the arrival of the CTS of the latest P-frame.

7.2 Object Description Framework

7.2.1 Introduction

The scene description (specified in ISO/IEC 14496-11) and the elementary streams that convey streaming
data are the basic building blocks of the architecture of ISO/IEC 14496-1. Elementary streams carry data for
audio or visual objects as well as for the scene description itself. The object description framework provides
the link between elementary streams and the scene description. The scene description declares the
spatio-temporal relationship of audio-visual objects, while the object description framework specifies the
elementary stream resources that provide the time-varying data for the scene. This indirection facilitates
independent changes to the scene structure, the properties of the elementary streams (e.g. its encoding) and
their delivery.

The object description framework consists of a set of descriptors that allows to identify, describe and properly
associate elementary streams to each other and to audio-visual objects used in the scene description.
Numeric identifiers, called ObjectDescriptorIDs, associate object descriptors to appropriate nodes in the scene
description. Object descriptors are themselves conveyed in elementary streams to allow time stamped
changes to the available set of object descriptors to be made.

Each object descriptor is itself a collection of descriptors that describe one or more elementary streams that
are associated to a single node and that usually relate to a single audio or visual object. This allows to indicate
a scalable content representation as well as multiple alternative streams that convey the same content, e.g., in
multiple qualities or different languages.

An elementary stream descriptor within an object descriptor identifies a single elementary stream with a
numeric identifier, called ES_ID. Each elementary stream descriptor contains the information necessary to
initiate and configure the decoding process for the elementary stream, as well as intellectual property
identification. Optionally, additional information may be associated to a single elementary stream, most
notably quality of service requirements for its transmission or a language indication. Both, object descriptors
and elementary stream descriptors may use URLs to point to remote object descriptors or a remote
elementary stream source, respectively.

The object description framework provides the hooks to implement intellectual property management and
protection (IPMP) systems. IPMP information is conveyed both through IPMP descriptors as part of the object
descriptor stream and through IPMP streams that carry time variant IPMP information. The structure of IPMP
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descriptors and IPMP streams is specified in this Clause while their internal syntax and semantics and, hence,

the operation of the IPMP system is outside the scope of ISO/IEC 14496.

Object content information allows the association of metadata with a whole presentation or with individual
object descriptors or with elementary stream descriptors. A set of OCI descriptors is defined that either form
an integral part of an object descriptor or elementary stream descriptor or are conveyed by means of a proper

OCI stream that allows the conveyance of time variant object content information.

Access to ISO/IEC 14496 content is gained through an initial object descriptor that needs to be made
available through means not defined in ISO/IEC 14496. The initial object descriptor in the simplest case points
to the scene description stream and the corresponding object descriptor stream. The access scenario is

outlined in 7.2.7.3.

initial
ObjectDescriptor

ES_Descriptor

ES_Descriptor

Scene Description Strea

ObjectDescriptor]D

ObjectDescriptorUpdate
; ObjectDescriptor

,,,,,,,, ( object Object

Object Descriptor Stream Descriptor Descriptor ES_Descriptor

HLESD ES_D :
ES_Descriptor
ES_ID

Figure 5 — Object descriptors linking scene description to elementary streams

The remainder of this Clause is structured in the following way:

e 7.2.2 specifies the data structures on which the object descriptor framework is based.
e 7.2.3 specifies the concepts of the IPMP elements in the object description framework.

e 7.2.4 specifies the object content information elements in the object description framework.

e 7.2.5 specifies the object descriptor stream and the syntax and semantics of the command set that allows

the update or removal of object descriptor components.

e 7.2.6 specifies the syntax and semantics of the object descriptor and its component descriptors.

e 7.2.7 specifies rules for object descriptor usage as well as the procedure to access content through object

descriptors.

e 7.2.8 specifies the usage of the IPMP system interface.
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7.2.2 Common data structures

7.2.21 Overview

The commands and descriptors defined in this Subclause constitute self-describing classes, identified by
unique class tags. Each class encodes explicitly its size in bytes. This facilitates future compatible extensions
of the commands and descriptors. A class may be expanded with additional syntax elements that are ignored
by an OD decoder that expects an earlier revision of a class. In addition, anywhere in a syntax where a set of
tagged classes is expected it is permissible to intersperse expandable classes with unknown class tag values.
These classes shall be skipped, using the encoded size information.

The remainder of this Clause defines the syntax and semantics of the command and descriptor classes. Some

commands and descriptors contain themselves a set of component descriptors. They are said to aggregate a
set of component descriptors.

Table 1 — List of Class Tags for Descriptors

Tag value Tag name

0x00 Forbidden

0x01 ObjectDescrTag

0x02 InitialObjectDescrTag

0x03 ES_DescrTag

0x04 DecoderConfigDescrTag

0x05 DecSpecificinfoTag

0x06 SLConfigDescrTag

0x07 ContentldentDescrTag

0x08 SupplContentldentDescrTag
0x09 IP1_DescrPointerTag

O0x0A IPMP_DescrPointerTag

0x0B IPMP_DescrTag

0x0C QoS_DescrTag

0x0D RegistrationDescrTag

Ox0E ES_ID_IncTag

OxOF ES_ID_RefTag

0x10 MP4_IOD_Tag

0x11 MP4_OD_Tag

0x12 IPL_DescrPointerRefTag

0x13 ExtensionProfileLevelDescrTag
0x14 profileLevellndicationIndexDescrTag
0x15-0x3F Reserved for ISO use

0x40 ContentClassificationDescrTag
0x41 KeyWordDescrTag

0x42 RatingDescrTag

0x43 LanguageDescrTag

0x44 ShortTextualDescrTag

0x45 ExpandedTextualDescrTag
0x46 ContentCreatorNameDescrTag
0x47 ContentCreationDateDescrTag
0x48 OCICreatorNameDescrTag
0x49 OClICreationDateDescrTag
Ox4A SmpteCameraPositionDescrTag
0x4B SegmentDescrTag
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Tag value Tag name
0x4C MediaTimeDescrTag
0x4D-0x5F Reserved for ISO use (OCI extensions)
0x60 IPMP_ToolsListDescrTag
0x61 IPMP_ToolTag
0x62 M4MuxTimingDescrTag
0x63 M4MuxCodeTableDescrTag
0x64 ExtSLConfigDescrTag
0x65 M4MuxBufferSizeDescrTag
0x66 M4MuxldentDescrTag
0x67 DependencyPointerTag
0x68 DependencyMarkerTag
0x69 M4MuxChannelDescrTag
0x6A-0xBF Reserved for ISO use
0xCO0-0xFE User private
OxFF Forbidden

7.2.2.2 BaseDescriptor

7.2.2.21 Syntax

abstract aligned(8) expandable(22®-1) class BaseDescriptor
// empty. To be filled by classes extending this class.

}

7.2.2.2.2 Semantics

bit(8) tag=0 {

This class is an abstract base class that is extended by the descriptor classes specified in 7.2.6. Each
descriptor constitutes a self-describing class, identified by a unique class tag. This abstract base class
establishes a common name space for the class tags of these descriptors. The values of the class tags are
defined in Table 1. As an expandable class the size of each class instance in bytes is encoded and accessible
through the instance variable sizeOflnstance (see 8.3.3).

A class that allows the aggregation of classes of type BaseDescriptor may actually aggregate any of the

classes that extend BaseDescriptor.

NOTE — User private descriptors may have an internal structure, for example to identify the country or manufacturer that
uses a specific descriptor. The tags and semantics for such user private descriptors may be managed by a registration

authority if required.

The following additional symbolic names are introduced:

ExtDescrTagStartRange = 0x6A
ExtDescrTagEndRange = OXFE

OClIDescrTagStartRange = 0x40
OClIDescrTageEndRange = Ox5F
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7.2.2.3 BaseCommand

7.2.2.31 Syntax

abstract aligned(8) expandable (22®-1) class BaseCommand : bit(8) tag=0 {
// empty. To be filled by classes extending this class.
}

7.2.2.3.2 Semantics

This class is an abstract base class that is extended by the command classes specified in 7.2.5.5. Each
command constitutes a self-describing class, identified by a unique class tag. This abstract base class
establishes a common name space for the class tags of these commands. The values of the class tags are
defined in Table 2. As an expandable class the size of each class instance in bytes is encoded and accessible
through the instance variable sizeOflnstance (see 8.3.3).

Table 2 — List of Class Tags for Commands

Tag value Tag name

0x00 forbidden

0x01 ObjectDescrUpdateTag
0x02 ObjectDescrRemoveTag
0x03 ES_DescrUpdateTag
0x04 ES_DescrRemoveTag
0x05 IPMP_DescrUpdateTag
0x06 IPMP_DescrRemoveTag
0x07 ES_DescrRemoveRefTag
0x08 ObjectDescrExecuteTag
0x09-0xBF Reserved for ISO (command tags)
0xCO0-OxFE User private

OxFF forbidden

A class that allows the aggregation of classes of type BaseCommand may actually aggregate any of the
classes that extend BaseCommand.

NOTE — User private commands may have an internal structure, for example to identify the country or manufacturer that
uses a specific command. The tags and semantics for such user private command may be managed by a registration
authority if required.

7.2.3 Intellectual Property Management and Protection Framework (IPMP)

7.2.3.1 Overview

The intellectual property management and protection (IPMP) framework for ISO/IEC 14496 content consists of
a normative interface that permits an ISO/IEC 14496 terminal to host one or more IPMP Systems or IPMP
Tools. Additionally, the framework contains a secure messaging system usable between IPMP Tools as well
as IPMP Tools and the Terminal and IPMP Tools and the User which is specified in ISO/IEC 14496-13.

An IPMP System or IPMP Tools are non-normative components that provide intellectual property
management and protection functions for the terminal.

The IPMP interface consists of IPMP elementary streams and IPMP descriptors. The normative structure of
IPMP elementary streams is specified in this Subclause. IPMP descriptors are carried as part of an object
descriptor stream and are specified in 7.2.6.14. The IPMP interface allows applications (or derivative
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application standards) to build specialized IPMP Systems or IPMP Tools. Alternatively, an application may
choose not to use an IPMP System or IPMP Tools, thereby offering no management and protection features.
The IPMP System and IPMP Tools use the information carried by the IPMP elementary streams and
descriptors to make protected ISO/IEC 14496 content available to the terminal. The detailed semantics and
decoding process of the IPMP System or IPMP Tools are not in the scope of ISO/IEC 14496. The usage of
the IPMP System/Tools Interface, however, is explained in 7.2.8 with the usage of the IPMP framework being
explained.

7.2.3.2 IPMP Streams

7.2.3.2.1  Structure of the IPMP Stream

The IPMP stream is an elementary stream that passes time-varying information to one or more IPMP Systems
or Tools. This is accomplished by periodically sending a sequence of IPMP messages along with the content
at a period determined by the IPMP System(s) or Tool(s).

7.2.3.2.2 Access Unit Definition

An IPMP access unit consists of one or more IPMP messages, as defined in 7.2.3.2.5. All IPMP messages
that are to be processed at the same instant in time shall constitute a single access unit. Access units in IPMP
streams shall be labeled and time-stamped by suitable means. This shall be done via the related flags and the
composition time stamps, respectively, in the SL packet header (see 7.3.2.4). The composition time indicates
the point in time at which an IPMP access unit becomes valid, i.e., when the embedded IPMP messages shall
be evaluated. Decoding and composition time for an IPMP access unit shall always have the same value.

An access unit does not necessarily convey or update the complete set of IPMP messages that are currently
required. In that case it just modifies the persistent state of the IPMP system. However, if an access unit
conveys the complete set of IPMP messages required at a given point in time it shall set the
randomAccessPointFlag in the SL packet header to ‘1’ for this access unit. Otherwise, the
randomAccessPointFlag shall be set to ‘0.

NOTE — An SL packet with randomAccessPointFlag=1 but with no IPMP messages in it indicates that at the current
time instant no IPMP messages are required for operation.

7.2.3.2.3 Time Base for IPMP Streams

The time base associated to an IPMP stream shall be indicated by suitable means. This shall be done by
means of object clock reference time stamps in the SL packet headers (see 7.3.2.4) for this stream or by
indicating the elementary stream from which this IPMP stream inherits the time base (see 7.3.2.3). All time
stamps in the SL-packetized IPMP stream refer to this time base.

An IPMP stream shall adhere to the same time base as the one or more content elementary streams to which
it is associated (see 7.2.8). Consequently, an IPMP stream may not be associated to multiple content
elementary streams that themselves adhere to different time bases.

7.2.3.2.4 IPMP Decoder Configuration

7.2.3.241 Syntax

class IPMPDecoderConfiguration extends DecoderSpecificInfo : bit(8)
tag=DecSpecificInfoTag {
// IPMP system specific configuration information

}
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7.2.3.2.4.2 Semantics

An IPMP system may require information to initialize its operation. This information shall be conveyed by
extending the decoderSpecificInfo class as specified in 7.2.6.7. If utilized,
IPMPDecoderConfiguration shall be conveyed in the ES_Descriptor declaring the IPMP stream.

7.2.3.2.5 IPMP message syntax and semantics

7.2.3.2.5.1 Syntax

aligned(8) expandable(2?®-1) class IPMP_Message
{
bit (16) IPMPS_Type;
if (IPMPS_Type == 0)
(
bit (8) URLString[sizeOfInstance-2];
)
else (if (IPMPS_Type == O0xFFFF)
(
bit(16) IPMP_DescriptorIDEX;
IPMP_Data_BaseClass IPMP_ExtendedDatal]
} else {
bit (8) IPMP_datal[sizeOfInstance-2];
}

7.2.3.2.5.2 Semantics

The IPMP_Message conveys time-varying IPMP information for associated IPMP System or IPMP Tool
instances.

IPMPS_Type — The type of the IPMP System, in “Hooks” compliant Terminals as specified in
ISO/IEC 14496-1. The values “0x0002” to “0x2000” are reserved for future ISO use. A Registration Authority,
as designated by ISO/IEC JTC 1, shall assign a unique valid value for this field for a specific IPMP System
Type. If the IPMP_DescriptorID is “0”, another URL is referenced. This process continues until an
IPMP_Message With a non-zero IPMP_DescriptorID is accessed.

URLString[] - contains a UTF-8 [6] encoded URL that shall point to the location of a remote
IPMP_Message

IPMP_DescriptorID — this is one of the IPMP_DescriptorIDs in the scope of service of this IPMP
Stream and identifies the recipient(s) of the IPMP_Message.

IPMP_ExtendedData - The IPMP data that is extended from IPMP_Data_BaseClass to be delivered to
the IPMP tool.

IPMP_data - opaque data to be delivered to the IPMP Tool.

The IPMP_Message is backward compatible with the IPMP_Message of ISO/IEC 14496-1:2001. However, in
order to unambiguously identify the version of the IPMP stream, the ObjectTypeIndication shall be set to
“0x02” for streams complying with this part of the specification. IPMP Streams complying with
ISO/IEC 14496-1 shall use an ObjectTypeIndication of “OxFF” as specified for in 7.2.6.6.2.
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7.2.3.2.6 Extension tags for the IPMP_Data_BaseClass

7.2.3.2.6.1 IPMP_Data_BaseClass

The IPMP_Data_BaseClass is intended to be extended to provide the carriage of ISO defined as well as
user defined IPMP related data.

7.2.3.2.6.2 Syntax

abstract aligned(8) expandable(2728-1) class IPMP_Data_BaseClass:
bit(8) tag=0..255
{
bit (8) Version;
bit(32)datalD;
// Fields and data extending this message.

7.2.3.2.6.3 Semantics
Version - indicates the version of syntax used in the IPMP Data and shall be set to “0x01”.

dataID - used for the purpose of identifying the message. Tools replying directly to a message shall include
the same dataID in any response.

tag indicates the tag for the extended IPMP data. The exact values for the extension tags are defined in
ISO/IEC 14496-13.

IPMP data extending from IPMP_Data_BaseClass can be carried in the following three places:

e TIPMP_Descriptor
e IPMP_Message defined in ISO/IEC 14496-13 which is subsequently carried in IPMP Stream.

o Messages defined in ISO/IEC 14496-13 specified to carry messages between IPMP tools.
7.2.4 Object Content Information (OCI)

7.24.1 Overview

Audio-visual objects that are associated with elementary stream data through an object descriptor may have
additional object content information attached to them. For this purpose, a set of OCI descriptors is defined in
7.2.6.18. OCI descriptors may directly be included as part of an object descriptor or ES_Descriptor as
defined in 7.2.6.

In order to accommodate time variant OCI that is separable from the object descriptor stream, OCI descriptors
may as well be conveyed in an OCI stream. An OCI stream is referred to through an ES_Descriptor, with the
streamType field set to OCI_Stream. How OCI streams may be aggregated to object descriptors is defined
in 7.2.7.1.3. The structure of the OCI stream is defined in this Subclause.

7.24.2 OCI Streams

7.2.4.21 Structure of the OCI Stream

The OCI stream is an elementary stream that conveys time-varying object content information, termed OCI
events. Each OCI event consists of a number of OCI descriptors.
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7.2.4.2.2 Access Unit Definition

An OCI access unit consists of one or more OCI_Events, as described in 7.2.4.2.5. Access units in OCI
elementary streams shall be labelled and time stamped by suitable means. This shall be done by means of
the related flags and the composition time stamp, respectively, in the SL packet header (see 7.3.2.4). The
composition time indicates the point in time when an OCI access unit becomes valid, i.e., when the embedded
OCI events shall be added to the list of events. Decoding and composition time for an OCI access unit shall
always have the same value.

An access unit may or may not convey or update the complete set of OCI events that are currently valid. In
the latter case, it just modifies the persistent state of the OCI decoder. However, if an access unit conveys the
complete set of OCI events valid at a given point in time it shall set the randomAccessPointFlag inthe SL
packet header to ‘1’ for this access unit. Otherwise, the randomAccessPointFlag shall be setto ‘0.

NOTE — An SL packet with randomAccessPointFlag=1 but with no OCI events in it indicates that at the current time
instant no valid OCI events exist.

7.24.2.3 Time Base for OCI| Streams

The time base associated with an OCI stream shall be indicated by suitable means. This shall be done by the
use of object clock reference time stamps in the SL packet headers (see 7.3.2.4) for this stream or by
indicating the elementary stream from which this OCI stream inherits the time base (see 7.3.2.3). All time
stamps in the SL-packetized OCI stream refer to this time base.

7.24.24 OCI Decoder Configuration

7.2.4.2.41 Syntax

class OCIDecoderConfiguration extends DecoderSpecificInfo : bit(8)
tag=DecSpecificInfoTag {
const bit(8) wversionLabel = 0x01;

}

7.24.24.2 Semantics

This information is needed to initialize operation of the OCI decoder. It shall be conveyed by extending the
decoderSpecificInfo class as specified in 7.2.6.7. 0OCIDecoderConfiguration shall be conveyed in
the ES_Descriptor declaring the OCI stream.

versionLabel - indicates the version of OCI specification used on the corresponding OCI data stream.
Only the value 0x01 is allowed; all the other values are reserved.

7.2.4.2.5 OCI_Events syntax and semantics

7.24.251 Syntax

aligned(8) expandable(22®-1) class OCI_Event {
bit(15) eventID;

bit (1) absoluteTimeFlag;

bit(32) startingTime;

bit(32) duration;

OCI_Descriptor OCI_Descr[l .. 2551;
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7.2.4.2.5.2 Semantics

eventID — contains the identification number of the described event that is unique within the scope of this
OCI stream.

absoluteTimeFlag - indicates the time base for startingTime as described below.

startingTime - indicates the starting time of the event in hours, minutes, seconds and hundredth of
seconds. The format is 8 digits, the first 6 digits expressing hours, minutes and seconds with 4 bits each in
binary coded decimal and the last two expressing hundredth of seconds in hexadecimal using 8 bits.

EXAMPLE — 02:36:45:89 is coded as “0x023645” concatenated with “Ob0101.1001” (89 in binary), resulting to
“0x02364559”.

If absoluteTimeFlag is set to zero, startingTime is relative to the object time base of the
corresponding object. In that case it is the responsibility of the application to ensure that this object time base
is conveyed such that startingTime can be identified unambiguously (see 7.3.2.7). If
absoluteTimeFlag is settoone, startingTime is expressed as an absolute value, refering to wall clock
time.

duration - contains the duration of the corresponding object in hours, minutes, seconds and hundredth of
seconds. The format is 8 digits, the first 6 digits expressing hours, minutes and seconds with 4 bits each in
binary coded decimal and the last two expressing hundredth of seconds in hexadecimal using 8 bits.

OCI_Descr[] —an array of one up to 255 OCI_Descriptor classes as specified in 7.2.6.18.2.
7.2.5 Object Descriptor Stream

7.2.5.1  Structure of the Object Descriptor Stream

Similar to the scene description, object descriptors are transported in a dedicated elementary stream, termed
object descriptor stream. Within such a stream, it is possible to dynamically convey, update and remove
complete object descriptors, or their component descriptors, the ES_Descriptors, and IPMP descriptors. The
update mechanism allows, for example, to advertise new elementary streams for an audio-visual object as
they become available, or to remove references to streams that are no longer available. Updates are time
stamped to indicate the instant in time they take effect.

This Subclause specifies the structure of the object descriptor elementary stream including the syntax and
semantics of its constituent elements, the object descriptor commands (OD commands).

7.25.2 Access Unit Definition

An OD access unit consists of one or more OD commands, as described in 7.2.5.5. Al OD commands that
are to be processed at the same instant in time shall constitute a single access unit. Access units in object
descriptor elementary streams shall be labelled and time stamped by suitable means. This shall be done by
means of the related flags and the composition time stamp, respectively, in the SL packet header (see 7.3.2.4).
The composition time indicates the point in time when an OD access unit becomes valid, i.e., when the
embedded OD commands shall be executed. Decoding and composition time for an OD access unit shall
always have the same value.

An access unit may not convey or update the complete set of object descriptors that are currently required. In
that case it just modifies the persistent state of the object descriptor decoder. However, if an access unit
conveys the complete set of object descriptors required at a given point in time it shall set the
randomAccessPointFlag in the SL packet header to ‘1’ for this access unit. Otherwise, the
randomAccessPointFlag shall be setto ‘0.

NOTE — An SL packet with randomAccessPointFlag=1 but with no OD commands in it indicates that at the current
time instant no valid object descriptors exist.
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7.2.5.3 Time Base for Object Descriptor Streams

The time base associated to an object descriptor stream shall be indicated by suitable means. This shall be
done by means of object clock reference time stamps in the SL packet headers (see 7.3.2.4) for this stream or
by indicating the elementary stream from which this object descriptor stream inherits the time base (see
7.3.2.3). All time stamps in the SL-packetized object descriptor stream refer to this time base.

7.2.5.4 OD Decoder Configuration

The object descriptor decoder does not require additional configuration information.
7.2.5.5 OD Command Syntax and Semantics

7.2.5.51 Overview

Object descriptors and their components as defined in 7.2.6 shall always be conveyed as part of one of the
OD commands specified in this Subclause. The commands describe the action to be taken on the
components conveyed with the command, specifically ‘update’ or ‘remove’. Each command affects one or
more object descriptors, ES_Descriptors or IPMP descriptors.

7.2.5.5.2 ObjectDescriptorUpdate

7.2.5.5.21 Syntax

class ObjectDescriptorUpdate extends BaseCommand : bit(8)
tag=0ObjectDescrUpdateTag {

ObjectDescriptorBase OD[0 .. 255];
}

7.2.5.5.2.2 Semantics

The ObjectDescriptorUpdate class conveys a list of new or updated object descriptors. If an object
descriptor is updated, the streams refered to by the old object descriptor shall be closed and the streams
refered to by the new object descriptor may be accessed by the content access procedure (see 7.2.7.3.6.2).

NOTE - The ES_DescriptorUpdate or ES_DescriptorRemove commands may be used to add or remove individual
ES_Descriptors of an existing object descriptor.

OD[] — an array of object descriptors as defined in 7.2.6.3 and 7.2.6.4. The array shall have any number of
one up to 255 elements.

7.2.5.5.3 ObjectDescriptorRemove

7.2.5.5.3.1 Syntax

class ObjectDescriptorRemove extends BaseCommand : bit(8)
tag=0ObjectDescrRemoveTag {

bit (10) objectDescriptorId[ (sizeOfInstance*8)/10];
}

7.2.5.5.3.2 Semantics

The ObjectDescriptorRemove class renders unavailable a set of object descriptors. The BIFS nodes
associated to these object descriptors shall have no reference any more to the elementary streams that have
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been listed in the removed object descriptors. An objectDescriptorID that does not refer to a valid object
descriptor is ignored.

NOTE — It is possible that a scene description node references an OD_ID which does not currently have an associated
OD.

ObjectDescriptorId[] — an array of ObjectDescriptorIDs that indicates the object descriptors that
are removed.

7.2.5.5.4 ES_DescriptorUpdate

7.2.5.5.41 Syntax

class ES_DescriptorUpdate extends BaseCommand : bit(8) tag=ES_DescrUpdateTag {
bit (10) objectDescriptorId;
ES_Descriptor esDescr[l .. 255];

7.2.5.5.4.2 Semantics

The ES_DescriptorUpdate class conveys a list of new ES Descriptors for the object descriptor labeled
objectDescriptorID. ES Descriptors with ES IDs that have already been received within the same name
scope shall be ignored.

To update the characterstics of an elementary stream, it is required that its original ES_Descriptor be removed
and the changed ES_Descriptor be conveyed.

When an IPMP stream is added, the affected elementary streams, as defined in 7.2.8.2, shall be processed
under the new IPMP conditions starting at the point in time that this ES_DescriptorUpdate command becomes
valid (see 7.2.5.2).

ES_DescriptorUpdate shall not be applied on object descriptors that have set URL_Flag to "1’
(see 7.2.6.3).

An elementary stream identified with a given ES_ID may be attached to more than one object descriptor. All
corresponding ES_Descriptors refering to this ES_ID that are conveyed through either
ES_DescriptorUpdate or ObjectDescriptorUpdate commands shall have identical content.

objectDescriptorID - identifies the object descriptor for which ES_Descriptors are updated. If the
objectDescriptorID does not refer to any valid object descriptor, then this command is ignored.

esDescr[] —an array of ES_Descriptors as defined in 7.2.6.5. The array shall have any number of one
up to 255 elements.

7.2.5.5.5 ES_DescriptorRemove

7.2.5.5.51 Syntax

class ES_DescriptorRemove extends BaseCommand : bit(8) tag=ES_DescrRemoveTag {
bit (10) objectDescriptorId;
aligned (8) bit(16) ES_ID[1..255];
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7.2.5.5.5.2 Semantics

The ES_DescriptorRemove class removes the reference to an elementary stream from an object
descriptor and renders this stream unavailable for nodes referencing this object descriptor.

When an IPMP stream is removed, the affected elementary streams, as defined in 7.2.8.2, shall be processed
under the new IPMP conditions starting at the point in time that this ES_DescriptorRemove command
becomes valid (see 7.2.5.2).

ES_DescriptorRemove shall not be applied on object descriptors that have set URL_Flag to '1'
(see 7.2.6.3).

objectDescriptorID - identifies the object descriptor from which ES_Descriptors are removed. If the
objectDescriptorID does not refer to a valid object descriptor in the same scope, then this command is ignored.

ES_ID[] - an array of ES_IDs that labels the ES_Descriptors to be removed from
objectDescriptorID. If any of the ES_IDs do not refer to an ES_Descriptor currently referenced by the
OD, then those ES_IDs are ignored. The array shall have any number of one up to 255 elements.

7.25.5.6 IPMP_DescriptorUpdate

7.2.5.5.6.1 Syntax

class IPMP_DescriptorUpdate extends BaseCommand : bit(8) tag=IPMP_DescrUpdateTag

{
IPMP_Descriptor ipmpDescr[l..255];

}

7.2.5.5.6.2 Semantics

The IPMP_DescriptorUpdate class conveys a list of new or updated IPMP_Descriptors. An
IPMP_Descriptor identified by an IPMP_DescriptorID that has already been received within the same
name scope shall be replaced by the new descriptor.

Updates to an IPMP_Descriptor shall be propagated at the time this IPMP_DescriptorUpdate becomes
valid (see7.2.5.2) to all IPMP Systems that refer to this IPMP_Descriptor through an
IPMP_DescriptorPointer (see 7.2.6.13). The handling of the descriptors by the IPMP systems is not
normative.

IPMP_Descriptors remain valid until they are replaced by another IPMP_DescriptorUpdate command
or removed.

ipmpDescr[] —an array of IPMP_Descriptor as specified in 7.2.6.14.
7.25.5.7 IPMP_DescriptorRemove

7.2.5.5.71 Syntax

class IPMP_DescriptorRemove extends BaseCommand : bit(8) tag=IPMP_DescrRemoveTag

{
bit (8) IPMP_DescriptorID[1l..255];

}
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7.2.5.5.7.2 Semantics

The IPMP_DescriptorRemove class conveys a list of IPMP_DescriptorsIDs that identify the
IPMP_Descriptors that shall be removed.

The removal of IPMP_Descriptors shall be notified to all IPMP systems at the time this
IPMP_DescriptorRemove becomes valid (see 7.2.5.2). The handling of the descriptors by the IPMP systems
is not normative.

IPMP_DescriptorID[] - is a list of IPMP_DescriptorIDs.
7.2.5.5.8 ObjectDescriptorExecute

7.2.5.5.8.1 Syntax

class ObjectDescriptorExecute extends BaseCommand : bit(8) tag=
ObjectDescriptorExecuteTag {

bit (10) objectDescriptorId| (sizeOfInstance*8)/10];
}

7.2.5.5.8.2 Semantics
The ObjectDescriptorExecute class instructs the terminal that Elementary streams contained therein

shall be opened as the server will transmit data on one or more of the streams. Failure by the terminal to
comply may result in data loss and/or other undefined behavior.

7.2.6 Object Descriptor Components

7.2.6.1 Overview

Object descriptors contain various additional descriptors as their components, in order to describe individual
elementary streams and their properties. They shall always be conveyed as part of one of the OD commands
specified in the previous Subclause. This Subclause defines the syntax and semantics of object descriptors
and their component descriptors.

7.2.6.2 ObjectDescriptorBase

7.2.6.21 Syntax

abstract class ObjectDescriptorBase extends BaseDescriptor : bit(8)
tag=[ObjectDescrTag. .InitialObjectDescrTag] {

// empty. To be filled by classes extending this class.

}

7.2.6.2.2 Semantics

This is an abstract base class for the different types of object descriptor classes defined subsequently. The
term “object descriptor” is used to generically refer to any such derived object descriptor class or instance

thereof.
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7.2.6.3 ObjectDescriptor

7.2.6.3.1 Syntax

class ObjectDescriptor extends ObjectDescriptorBase : bit(8) tag=ObjectDescrTag {
bit (10) ObjectDescriptorID;
bit (1) URL_Flag;
const bit(5) reserved=0bl111.1;
if (URL_Flag) {
bit (8) URLlength;
bit (8) URLstring[URLlengthl];

} else {
ES_Descriptor esDescr[l .. 255];
OCI_Descriptor ociDescr[0 .. 255];
IPMP_DescriptorPointer ipmpDescrPtr[0 .. 255];
IPMP_Descriptor ipmpDescr [0 .. 255];

}

ExtensionDescriptor extDescr[0 .. 255];

When an ObjectDescriptor is used in the OD track of an MP4 file, the ObjectDescrTag is replaced by
MP4_OD_Tag.

7.2.6.3.2 Semantics
The ObjectDescriptor consists of three different parts.

The first part uniquely labels the object descriptor within its name scope (see 7.2.7.2.4) by means of an
objectDescriptorId. Nodes in the scene description use objectDescriptorID to refer to the related
object descriptor. An optional URLstring indicates that the actual object descriptor resides at a remote
location.

The second part consists of a list of ES_Descriptors, each providing parameters for a single elementary as
well as an optional set of object content information descriptors and pointers to IPMP descriptors for the
contents for elementary stream content described in this object descriptor.

The third part is a set of optional descriptors that support the inclusion of future extensions as well as the
transport of private data in a backward compatible way.

objectDescriptorId — This syntax element uniquely identifies the ObjectDescriptor within its name
scope. The value 0 is forbidden and the value 1023 is reserved.

URL_Flag - aflag that indicates the presence of a URLstring.
URLlength — the length of the subsequent URLstring in bytes.

URLstring[] — A string with a UTF-8 (ISO/IEC 10646-1) encoded URL that shall point to another
ObjectDescriptor. Only the content of this object descriptor shall be returned by the delivery entity upon
access to this URL. Within the current name scope, the new object descriptor shall be referenced by the
objectDescriptorId of the object descriptor carrying the URLstring. On name scopes see 7.2.7.2.4.
Permissible URLs may be constrained by profile and levels as well as by specific delivery layers.

esDescr[] —an array of ES_Descriptors as defined in 7.2.6.5. The array shall have any number of one
up to 255 elements.

ociDescr[] — an array of OCI_Descriptors, as defined in 7.2.6.18.2, that relates to the audio-visual
object(s) described by this object descriptor. The array shall have any number of zero up to 255 elements.
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ipmpDescrPtr[] — an array of IPMP_DescriptorPointer, as defined in 7.2.6.13, that points to the

IPMP_Descriptors related to the elementary stream(s) described by this object descriptor. The array shall
have any number of zero up to 255 elements.

ipmpDescr[] — a list of IPMP_Descriptors that may be referenced by streams declared in esbescr. The
array shall have any number of zero up to 255 elements. The following scope and usage rules apply:

i. Entries in the ipmpDescr table define IPMP System/Tools that can be referenced by
IPMP_DescriptorPointers located in the OD itself or ESDs declared in this OD.

ii. OD contained TPMP_Descriptors have scope within the given OD only and shall not
be referenced by subsequently declared 10Ds, ODs, streams nor available for updating
via IPMP_DescriptorUpdates.

iii. The OD contained IPMP_Descriptors shall not be referenced by |IODs, ODs or
streams declared in OD declared OD or Scene streams.

extDescr[] — an array of ExtensionDescriptors as defined in 7.2.6.16. The array shall have any
number of zero up to 255 elements.

7.2.6.4 InitialObjectDescriptor

7.2.6.41 Syntax

class InitialObjectDescriptor extends ObjectDescriptorBase : bit(8)
tag=InitialObjectDescrTag {

bit (10) ObjectDescriptorID;

bit (1) URL_Flag;

bit (1) includeInlineProfilelLevelFlag;

const bit(4) reserved=0bl1l11l;

if (URL_Flag) {

bit(8) URLlength;

URLstring [URLlength];

sceneProfileLevelIndication;
audioProfilelLevelIndication;
visualProfileLevelIndication;

bit(8) graphicsProfilelLevelIndication;
ES_Descriptor esDescr[l .. 255];
OCI_Descriptor ociDescr[0 .. 255];
IPMP_DescriptorPointer ipmpDescrPtr[0 .. 255];
IPMP_Descriptor ipmpDescr [0 .. 255];
IPMP_ToolListDescriptor toolListDescr[0 .. 1];

)
)
{
) ODProfileLevelIndication;
)
)
)

3

ExtensionDescriptor extDescr[0 .. 255];

When an InitialObjectDescriptor is used in the OD track in an MP4 file, the InitialObjectDescrTag is replaced
by MP4_10D_Tag.

7.2.6.4.2 Semantics

The InitialObjectDescriptor is a variation of the ObjectDescriptor specified in the previous
Subclause that allows to signal profile and level information for the content refered by it. It shall be used to
gain initial access to ISO/IEC 14496 content (see 7.2.7.3).
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Profile and level information indicated in the InitialObjectDescriptor indicates the profile and level
supported by at least the first base layer stream (i.e. an elementary stream with a streamDependenceFlag
set to 0) in each object descriptor depending on this initial object descriptor.

objectDescriptorId — This syntax element uniquely identifies the TnitialObjectDescriptor within
its name scope (see 7.2.7.2.4). The value 0 is forbidden and the value 1023 is reserved.

URL_Flag - aflag that indicates the presence of a URLstring.

includeInlineProfileLevelFlag — a flag that, if set to one, indicates that the subsequent profile
indications take into account the resources needed to process any content that might be inlined.

URLlength — the length of the subsequent URLstring in bytes.

URLstring[] — A string with a UTF-8 (ISO/IEC 10646-1) encoded URL that shall point to another
InitialObjectDescriptor. Only the content of this object descriptor shall be returned by the delivery
entity upon access to this URL. Within the current name scope, the new object descriptor shall be referenced
by the objectDescriptorId of the object descriptor carrying the URLstring. On name scopes see 7.2.7.2.4.
Permissible URLs may be constrained by profile and levels as well as by specific delivery layers.

ODProfileLevelIndication — an indication as defined in Table 3 of the object descriptor profile and level
required to process the content associated with this ITnitialObjectDescriptor.

Table 3 — ODProfileLevellndication Values

Value Profile Level

0x00 Forbidden -

0x01 Reserved for ISO use (no SL extension) -

0x02-0x7F Reserved for ISO use (SL extension) -

0x03-0x7F Reserved for ISO use

0x80-0xFD user private -

OxFE No OD profile specified -

OxFF No OD capability required -

NOTE — Usage of the value OxFE indicates that the content described by this InitialObjectDescriptor does not comply
to any OD profile specified in ISO/IEC 14496-1. Usage of the value OxFF indicates that none of the OD profile
capabilities are required for this content. Usage of the value 0x01 also indicates that the SL extension mechanism is
not present .

sceneProfileLevelIndication — an indication as defined in ISO/IEC 14496-11 of the scene graph
profile and level required to process the content associated with this InitialObjectDescriptor.

audioProfileLevelIndication - an indication as defined in ISO/IEC 14496-3 of the audio profile and
level required to process the content associated with this InitialObjectDescriptor.

visualProfileLevelIndication — an indication as defined in ISO/IEC 14496-2 and in Table 4 of the
visual profile and level required to process the content associated with this InitialObjectDescriptor.
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Table 4 — visualProfileLevellndication Values

Value Profile Level
0x00-0x7E defined in ISO/IEC 14496-2 Annex G -
Ox7F ISO/IEC 14496-10 Advanced Video Coding -
0x80-0xFD defined in ISO/IEC 14496-2 Annex G -
OxFE no visual profile specified -
OxFF no visual capability required

NOTE 1 Usage of the value 0x7F indicates the use of any profile and level of ISO/IEC 14496-10 AVC. For the real
profile and level numbers for ISO/IEC 14496-10 refer to the DecoderSpecificInfo.

NOTE 2 Usage of the value OxFE indicates that the content described by this InitialObjectDescriptor does
not comply to any visual profile specified in ISO/IEC 14496-2 or -10. Usage of the value OxFF indicates that none of
the visual profile capabilities are required for this content.

graphicsProfileLevelIndication — an indication as defined in ISO/IEC 14496-11 of the graphics
profile and level required to process the content associated with this InitialObjectDescriptor.

esDescr[] —an array of ES_Descriptors as defined in 7.2.6.5. The array shall have any number of one
up to 255 elements.

ociDescr[] — an array of OCI_Descriptors as defined in 7.2.6.18 that relates to the set of audio-visual
objects that are described by this initial object descriptor. The array shall have any number of zero up to
255 elements.

ipmpDescrPtr[] — an array of IPMP_DescriptorPointer, as defined in 7.2.6.13, that points to the
IPMP_Descriptors related to the elementary stream(s) described by this object descriptor. The array shall
have any number of zero up to 255 elements.

ipmpDescr [] — a list of IPMP_Descriptors that may be referenced by streams declared in esDescr. The
array shall have any number of zero up to 255 elements. The following scope and usage rules apply:

i. Entries in the ipmpDescr table define IPMP System/Tools that can be referenced by
IPMP_DescriptorPointers located in the IOD itself or ESDs declared in this 10D.

ii. 10D contained T1PMP_Descriptors have scope within the given IOD only and shall not be
referenced by subsequently declared 10Ds, ODs, streams nor available for updating via
IPMP_DescriptorUpdates.

iii. The IOD contained 1PMP_Descriptors shall not be referenced by I0Ds, ODs, streams
declared in IOD declared OD or Scene streams.

toolListDescr — a list of all IPMP tools required for the processing of the content. The array shall have zero or
1 element.

extDescr[] — an array of ExtensionDescriptors as defined in 7.2.6.16. The array shall have any
number of zero up to 255 elements.
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7.2.6.5 ES_Descriptor

7.2.6.5.1 Syntax

class ES_Descriptor extends BaseDescriptor : bit(8) tag=ES_DescrTag {

bit(16) ES_ID;

bit (1) streamDependenceFlag;
bit (1) URL_Flag;

bit (1) OCRstreamFlag;

bit(5) streamPriority;

if (streamDependenceFlag)
bit(16) dependsOn_ES_ID;
if (URL_Flag) {
bit (8) URLlength;
bit (8) URLstring[URLlengthl];
}
if (OCRstreamFlag)
bit(16) OCR_ES_Id;
DecoderConfigDescriptor decConfigDescr;
if (ODProfileLevelIndication==0x01) //no SL extension.
{
SLConfigDescriptor slConfigDescr;
}
else // SL extension is possible.
{
SLConfigDescriptor slConfigDescr;

}

IPI_DescrPointer ipiPtr[0 .. 11];
IP_TIdentificationDataSet ipIDS[0 .. 25517;
IPMP_DescriptorPointer ipmpDescrPtr[0 .. 2551];
LanguageDescriptor langDescr[0 .. 255];
QoS_Descriptor gosDescr([0 .. 1];
RegistrationDescriptor regDescr[0 .. 1];
ExtensionDescriptor extDescr[0 .. 255];

7.2.6.5.2 Semantics

The ES_Descriptor conveys all information related to a particular elementary stream and has three major
parts.

The first part consists of the ES_ID which is a unique reference to the elementary stream within its name
scope (see 7.2.7.2.4), a mechanism to describe dependencies of elementary streams within the scope of the
parent object descriptor and an optional URL string. Dependencies and usage of URLs are specified in 7.2.7.

The second part consists of the component descriptors which convey the parameters and requirements of the
elementary stream.

The third part is a set of optional extension descriptors that support the inclusion of future extensions as well
as the transport of private data in a backward compatible way.

ES_ID - This syntax element provides a unique label for each elementary stream within its name scope. The
values 0 and OxFFFF are reserved.

streamDependenceFlag - If set to one indicates that a dependson_ES_ID will follow.
URL_Flag —if setto 1 indicates that a URLstring will follow.

OCRstreamFlag — indicates that an OCR_ES_ID syntax element will follow.
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streamPriority - indicates a relative measure for the priority of this elementary stream. An elementary stream with a
higher streamPriority is more important than one with a lower streamPriority. The absolute values of
streamPriority are not normatively defined.

dependsOn_ES_ID —is the ES_ID of another elementary stream on which this elementary stream depends.
The stream with dependsOn_ES_1ID shall also be associated to the same object descriptor as the current
ES_Descriptor.

URLlength — the length of the subsequent URLstring in bytes.

URLstring[] — contains a UTF-8 (ISO/IEC 10646-1) encoded URL that shall point to the location of an SL-
packetized stream by name. The parameters of the SL-packetized stream that is retrieved from the URL are
fully specified in this ES_Descriptor. See also 7.2.7.3.3. Permissible URLs may be constrained by profile
and levels as well as by specific delivery layers.

OCR_ES_ID - indicates the ES ID of the elementary stream within the name scope (see 7.2.7.2.4) from
which the time base for this elementary stream is derived. Circular references between elementary streams
are not permitted.

decConfigDescr —is a DecoderConfigDescriptor as specified in 7.2.6.6.

slConfigDescr —is an SLConfigDescriptor as specifiedin 7.2.6.8. If 0ODProfilelLevelIndication
is different from 0x01, it may be an extension of SLConfigDescriptor (i.e. and extended class) as defined
in7.2.6.8.

ipiPtr[] —an array of zero or one IPI_DescrPointer as specifiedin 7.2.6.12.
ipIDS[] — an array of zero or more IP_IdentificationDataSet as specifiedin 7.2.6.9.

Each ES_Descriptor  shall have either one IPI_DescrPointer or zero up to
255 1P_TIdentificationDataSet elements. This allows to unambiguously associate an IP Identification to
each elementary stream.

ipmpDescrPtr[] — an array of IPMP_DescriptorPointer, as defined in 7.2.6.13, that points to the
IPMP_Descriptors related to the elementary stream described by this ES_Descriptor. The array shall have
any number of zero up to 255 elements.

langDescr[] — an array of zero or one LanguageDescriptor structures as specified in 7.2.6.18.6. It
indicates the language attributed to this elementary stream.

NOTE — Multichannel audio streams may be treated as one elementary stream with one ES_Descriptor by
ISO/IEC 14496. In that case different languages present in different channels of the multichannel stream are not
identifyable with a LanguageDescriptor.

gosDescr[] —an array of zero or one QoS_Descriptor as specified in 7.2.6.15.

extDescr [] — an array of ExtensionDescriptor structures as specified in 7.2.6.16.
7.2.6.6 DecoderConfigDescriptor

7.2.6.6.1 Syntax

class DecoderConfigDescriptor extends BaseDescriptor : bit(8)
tag=DecoderConfigDescrTag {

bit (8) objectTypeIndication;

bit(6) streamType;

bit (1) upStream;

const bit(l) reserved=1l;
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