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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 ISO 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.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent rights.
ISO and IEC shall not be held responsible for identifying any or all such patent rights.

ISO/IEC 14496-2 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technology,
Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

This third edition cancels and replaces the second edition (ISO/IEC 14496-2:2001), which has been technically
revised. It also incorporates the Amendments ISO/IEC 14496-2:2001/Amd. 1:2002,
ISO/IEC 14496-2:2001/Amd. 2:2002 and ISO/IEC 14496-2:2001/Amd. 3:2003.

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 content 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) extentions
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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
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Introduction

Purpose

This part of ISO/IEC 14496 was developed in response to the growing need for a coding method that can facilitate
access to visual objects in natural and synthetic moving pictures and associated natural or synthetic sound for
various applications such as digital storage media, internet, various forms of wired or wireless communication etc.
The use of ISO/IEC 14496 means that motion video can be manipulated as a form of computer data and can be
stored on various storage media, transmitted and received over existing and future networks and distributed on
existing and future broadcast channels.

Application
The applications of ISO/IEC 14496 cover, but are not limited to, such areas as listed below:
IMM  Internet Multimedia
IVG Interactive Video Games
IPC Interpersonal Communications (videoconferencing, videophone, etc.)
ISM Interactive Storage Media (optical disks, etc.)
MMM  Multimedia Mailing
NDB Networked Database Services (via ATM, etc.)
RES Remote Emergency Systems
RVS  Remote Video Surveillance
WMM  Wireless Multimedia
Multimedia
Profiles and levels

ISO/IEC 14496 is intended to be generic in the sense that it serves a wide range of applications, bitrates,
resolutions, qualities and services. Furthermore, it allows a number of modes of coding of both natural and
synthetic video in a manner facilitating access to individual objects in images or video, referred to as content based
access. Applications should cover, among other things, digital storage media, content based image and video
databases, internet video, interpersonal video communications, wireless video etc. In the course of creating
ISO/IEC 14496, various requirements from typical applications have been considered, necessary algorithmic
elements have been developed, and they have been integrated into a single syntax. Hence ISO/IEC 14496 will
facilitate the bitstream interchange among different applications.

This part of ISO/IEC 14496 includes one or more complete decoding algorithms as well as a set of decoding tools.
Moreover, the various tools of this part of ISO/IEC 14496 as well as that derived from ISO/IEC 13818-2:2000 can
be combined to form other decoding algorithms. Considering the practicality of implementing the full syntax of this
part of ISO/IEC 14496, however, a limited number of subsets of the syntax are also stipulated by means of “profile”
and “level”.

A “profile” is a defined subset of the entire bitstream syntax that is defined by this part of ISO/IEC 14496. Within the
bounds imposed by the syntax of a given profile it is still possible to require a very large variation in the
performance of encoders and decoders depending upon the values taken by parameters in the bitstream.

In order to deal with this problem “levels” are defined within each profile. A level is a defined set of constraints
imposed on parameters in the bitstream. These constraints may be simple limits on numbers. Alternatively they
may take the form of constraints on arithmetic combinations of the parameters.
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Object based coding syntax
Video object

A video object in a scene is an entity that a user is allowed to access (seek, browse) and manipulate (cut and
paste). The instances of video objects at a given time are called video object planes (VOPs). The encoding process
generates a coded representation of a VOP as well as composition information necessary for display. Further, at
the decoder, a user may interact with and modify the composition process as needed.

The full syntax allows coding of rectangular as well as arbitrarily shaped video objects in a scene. Furthermore, the
syntax supports both nonscalable coding and scalable coding. Thus it becomes possible to handle normal
scalabilities as well as object based scalabilities. The scalability syntax enables the reconstruction of useful video
from pieces of a total bitstream. This is achieved by structuring the total bitstream in two or more layers, starting
from a standalone base layer and adding a number of enhancement layers. The base layer can be coded using a
non-scalable syntax, or in the case of picture based coding, even using a syntax of a different video coding
standard.

To ensure the ability to access individual objects, it is necessary to achieve a coded representation of its shape. A
natural video object consists of a sequence of 2D representations (at different points in time) referred to here as
VOPs. For efficient coding of VOPs, both temporal redundancies as well as spatial redundancies are exploited.
Thus a coded representation of a VOP includes representation of its shape, its motion and its texture.

FBA object

The FBA object is a collection of nodes in a scene graph which are animated by the FBA (Face and Body
Animation) object bitstream. The FBA object is controlled by two separate bitstreams. The first bitstream, called
BIFS, contains instances of Body Definition Parameters (BDPs) in addition to Facial Definition Parameters (FDPs),
and the second bitstream, FBA bitstream, contains Body Animation Parameters (BAPs) together with Facial
Animation Parameters (FAPSs).

A 3D (or 2D) face object is a representation of the human face that is structured for portraying the visual
manifestations of speech and facial expressions adequate to achieve visual speech intelligibility and the recognition
of the mood of the speaker. A face object is animated by a stream of face animation parameters (FAP) encoded for
low-bandwidth transmission in broadcast (one-to-many) or dedicated interactive (point-to-point) communications.
The FAPs manipulate key feature control points in a mesh model of the face to produce animated visemes for the
mouth (lips, tongue, teeth), as well as animation of the head and facial features like the eyes. FAPs are quantised
with careful consideration for the limited movements of facial features, and then prediction errors are calculated and
coded arithmetically. The remote manipulation of a face model in a terminal with FAPs can accomplish lifelike
visual scenes of the speaker in real-time without sending pictorial or video details of face imagery every frame.

A simple streaming connection can be made to a decoding terminal that animates a default face model. A more
complex session can initialize a custom face in a more capable terminal by downloading face definition parameters
(FDP) from the encoder. Thus specific background images, facial textures, and head geometry can be portrayed.
The composition of specific backgrounds, face 2D/3D meshes, texture attribution of the mesh, etc. is described in
ISO/IEC 14496-1:2001. The FAP stream for a given user can be generated at the user’s terminal from video/audio,
or from text-to-speech. FAPs can be encoded at bitrates up to 2-3kbit/s at necessary speech rates. Optional
temporal DCT coding provides further compression efficiency in exchange for delay. Using the facilities of
ISO/IEC 14496-1:2001, a composition of the animated face model and synchronized, coded speech audio (low-
bitrate speech coder or text-to-speech) can provide an integrated low-bandwidth audio/visual speaker for broadcast
applications or interactive conversation.

Limited scalability is supported. Face animation achieves its efficiency by employing very concise motion animation
controls in the channel, while relying on a suitably equipped terminal for rendering of moving 2D/3D faces with non-
normative models held in local memory. Models stored and updated for rendering in the terminal can be simple or
complex. To support speech intelligibility, the normative specification of FAPs intends for their selective or complete
use as signaled by the encoder. A masking scheme provides for selective transmission of FAPs according to what
parts of the face are naturally active from moment to moment. A further control in the FAP stream allows face
animation to be suspended while leaving face features in the terminal in a defined quiescent state for higher overall
efficiency during multi-point connections.
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A body model is a representation of a virtual human or human-like character that allows portraying body
movements adequate to achieve nonverbal communication and general actions. A body model is animated by a
stream of body animation parameters (BAP) encoded for low-bitrate transmission in broadcast and dedicated
interactive communications. The BAPs manipulate independent degrees of freedom in the skeleton model of the
body to produce animation of the body parts. The BAPs are quantised considering the joint limitations, and
prediction errors are calculated and coded arithmetically. Similar to the face, the remote manipulation of a body
model in a terminal with BAPs can accomplish lifelike visual scenes of the body in real-time without sending
pictorial and video details of the body every frame.

The BAPs, if correctly interpreted, will produce reasonably similar high level results in terms of body posture and
animation on different body models, also without the need to initialize or calibrate the model. The BDP set defines
the set of parameters to transform the default body to a customized body optionally with its body surface, body
dimensions, and texture.

The body definition parameters (BDP) allow the encoder to replace the local model of a more capable terminal.
BDP parameters include body geometry, calibration of body parts, degrees of freedom, and optionally deformation
information.

The FBA Animation specification is defined in ISO/IEC 14496-1:2001 and this part of ISO/IEC 14496. This clause is
intended to facilitate finding various parts of specification. As a rule of thumb, FAP and BAP specification is found in
the part 2, and FDP and BDP specification in the part 1. However, this is not a strict rule. For an overview of
FAPs/BAPs and their interpretation, read subclauses “6.1.5.2 Facial animation parameter set”, “6.1.5.3 Facial
animation parameter units”, “6.1.5.4 Description of a neutral face” as well as the Table C.1. The viseme parameter
is documented in subclause “7.12.3 Decoding of the viseme parameter fap 1” and the Table C.5 in Annex C. The
expression parameter is documented in subclause “7.12.4 Decoding of the expression parameter fap 2" and the
Table C.3. FBA bitstream syntax is found in subclauses “6.2.10 FBA Object’, semantics in “6.3.10 FBA Object”,
and subclause “7.12 FBA object decoding” explains in more detail the FAP/BAP decoding process. FAP/BAP
masking and interpolation is explained in subclauses “6.3.11.1 FBA Object Plane”, “7.12.1.1 Decoding of FBA”,
“7.12.5 FBA masking” . The FIT interpolation scheme is documented in subclause “7.2.5.3.2.4 FIT” of
ISO/IEC 14496-1:2001. The FDPs and BDPs and their interpretation are documented in subclause “7.2.5.3.2.6
FDP” of ISO/IEC 14496-1:2001. In particular, the FDP feature points are documented in Figure C-1. Details on
body models are documented in Annex C.

Mesh object

A 2D mesh object is a representation of a 2D deformable geometric shape, with which synthetic video objects may
be created during a composition process at the decoder, by spatially piece-wise warping of existing video object
planes or still texture objects. The instances of mesh objects at a given time are called mesh object planes (mops).
The geometry of mesh object planes is coded losslessly. Temporally and spatially predictive techniques and
variable length coding are used to compress 2D mesh geometry. The coded representation of a 2D mesh object
includes representation of its geometry and motion.

3D Mesh Object

The 3D Mesh Object is a 3D polygonal model that can be represented as an IndexedFaceSet or Hierarchical 3D
Mesh node in BIFS. It is defined by the position of its vertices (geometry), by the association between each face
and its sustaining vertices (connectivity), and optionally by colours, normals, and texture coordinates (properties).
Properties do not affect the 3D geometry, but influence the way the model is shaded. 3D mesh coding (3DMC)
addresses the efficient coding of 3D mesh object. It comprises a basic method and several options. The basic
3DMC method operates on manifold model and features incremental representation of single resolution 3D model.
The model may be triangular or polygonal — the latter are triangulated for coding purposes and are fully recovered
in the decoder. Options include: (a) support for computational graceful degradation control; (b) support for non-
manifold model; (c) support for error resilience; and (d) quality scalability via hierarchical transmission of levels of
detail with implicit support for smooth transition between consecutive levels. The compression of application-
specific geometry streams (Face Animation Parameters) and generalized animation parameters (BIFS Anim) are
currently addressed elsewhere in this part of ISO/IEC 14496.

In 3DMC, the compression of the connectivity of the 3D mesh (e.g. how edges, faces, and vertices relate) is
lossless, whereas the compression of the other attributes (such as vertex coordinates, normals, colours, and
texture coordinates) may be lossy.
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Singlé Resolution Mode

The incremental representation of a single resolution 3D model is based on the Topological Surgery scheme. For
manifold triangular 3D meshes, the Topological Surgery representation decomposes the connectivity of each
connected component into a simple polygon and a vertex graph. All the triangular faces of the 3D mesh are
connected in the simple polygon forming a friangle free, which is a spanning tree in the dual graph of the 3D mesh.
Figure 0-1 shows an example of a triangular 3D mesh, its dual graph, and a triangle tree. The vertex graph
identifies which pairs of boundary edges of the simple polygon are associated with each other to reconstruct the
connectivity of the 3D mesh. The triangle tree does not fully describe the triangulation of the simple polygon. The
missing information is recorded as a marching edge.

Figure 0-1 — A triangular 3D mesh (A), its dual graph (B), and a triangle tree (C)

For manifold 3D meshes, the connectivity is represented in a similar fashion. The polygonal faces of the 3D mesh
are connected in a simple polygon forming a face tree. The faces are triangulated, and which edges of the resulting
triangular 3D mesh are edges of the original 3D mesh is recorded as a sequence of polygon_edge bits. The face
tree is also a spanning tree in the dual graph of the 3D mesh, and the vertex graph is always composed of edges of
the original 3D mesh.

The vertex coordinates and optional properties of the 3D mesh (normals, colours, and texture coordinates) are
quantised, predicted as a function of decoded ancestors with respect to the order of traversal, and the errors are
entropy encoded.

Incremental Representation

When a 3D mesh is downloaded over networks with limited bandwidth (e.g. PSTN), it may be desired to begin
decoding and rendering the 3D mesh before it has all been received. Moreover, content providers may wish to
control such incremental representation to present the most important data first. The basic 3DMC method supports
this by interleaving the data such that each triangle may be reconstructed as it is received. Incremental
representation is also facilitated by the options of hierarchical transmission for quality scalability and partitioning for
error resilience.

Hierarchical Mode

An example of a 3D mesh represented in hierarchical mode is illustrated in Figure 0-2. The hierarchical mode
allows the decoder to show progressively better approximations of the model as data are received. The hierarchical
3D mesh decomposition can also be organized in the decoder as layered detail, and view-dependent expansion of
this detail can be subsequently accomplished during a viewer's interaction with the 3D model. Downloadable
scalability of 3D model allows decoders with widely varied rendering performance to use the content, without
necessarily making repeated requests to the encoder for specific versions of the content and without the latencies
of updating view-dependent model from the encoder. This quality scalability of 3D meshes is complementary to
scaleable still texture and supports bitstream scalability and downloading of quality hierarchies of hybrid imagery to
the decoder.
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Figure 0-2 — A hierarchy of levels of detail

The hierarchical representation of a 3D model is based on the Progressive Forest Split scheme. In the Progressive
Forest Split representation, a manifold 3D mesh is represented as a base 3D mesh followed by a sequence of
forest split operations. The base 3D mesh is encoded as a single resolution 3D mesh using the Topological
Surgery scheme. Each forest split operation is composed of a forest in the graph of the current 3D mesh, and a
sequence of simple polygons. Figure 0-3 illustrates the method. To prevent visual artifacts which may occur while
switching from a level of detail to the next one, the data structure supports smooth transition between consecutive
levels of detail in the form of linear interpolation of vertex positions.

Figure 0-3 — The Forest Split operation. A 3D mesh with a forest of edges marked (A). The tree loops
resulting from cutting the 3D mesh through the forest edges (B). Each tree loop is filled by a simple
polygon composed of polygonal faces (C).

Error Resilience for 3D mesh object

If the 3D mesh is partitioned into independent parts, it may be possible to perform more efficient data transmission
in an error-prone environment, e.g., an IP network or datacasting service in a broadcast TV network. It must be
possible to resynchronize after a channel error, and continue data transmission and rendering from that point
instead of starting over from scratch. Even with the presence of channel errors, the decoder can start decoding and
rendering from the next partition that is received intact from the channel.

Flexible partitioning methods can be used to organize the data, such that it fits the underlying network packet
structure more closely, and overhead is reduced to the minimum. To allow flexible partitioning, several connected
components may be merged into one partition, where as a large connected component may be divided into several
independent partitions. Merging and dividing of connected components using different partition types can be done
at any point in the 3D mesh object.
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Stitching for Non-Manifold and Non-Orientable Meshes

The connectivity of a non-manifold and non-orientable 3D mesh is represented as a manifold 3D mesh and a
sequence of stitches. Each stitch describes how to identify one or more pairs of vertices along two linear paths of
edges, and each one of these paths is contained in one of the vertex graphs that span the connected components
of the manifold 3D mesh.

Encoder and Decoder Block Diagrams

High level block diagrams of a general 3D polygonal model encoder and decoder are shown in Figure 0-4. They
consist of a 3D mesh connectivity (de)coder, geometry (de)coder, property (de)coder, and entropy (de)coding
blocks. Connectivity, vertex position, and property information are extracted from 3D mesh model described in
VRML or MPEG-4 BIFS format. The connectivity (de)coder is used for an efficient representation of the association
between each face and its sustaining vertices. The geometry (de)coder is used for a lossy or lossless compression
of vertex coordinates. The property (de)coder is used for a lossy or lossless compression of colour, normal, and
texture coordinate data.

( 3D mesh model \
Geometry » Geometry coder >
Compressed
3D h
i mes" | MPEG | Bitstream
. Entropy model Syst
Connectivity ,|  Connectivity o] coding » System —
coder MUX
N Property N
Property | coder |

(a) 3D mesh encoder

{3D mesh model )

Geometry »
decoder »| Geometry
Bitstream | MPEG Entropy i Compsc:sition
System decoding g:é‘(;‘;:rt'v'ty p [ Connectivity Rendering
DEMUX l
Propert
dec%de)rl p| Property

(b) 3D mesh decoder

Figure 0-4 — General block diagram of the 3D mesh compres

Overview of the object based nonscalable syntax

The coded representation defined in the non-scalable syntax achieves a high compression ratio while preserving
good image quality. Further, when access to individual objects is desired, the shape of objects also needs to be
coded, and depending on the bandwidth available, the shape information can be coded in a lossy or lossless
fashion.

The compression algorithm employed for texture data is not lossless as the exact sample values are not preserved
during coding. Obtaining good image quality at the bitrates of interest demands very high compression, which is not
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achievable with intra coding alone. The need for random access, however, is best satisfied with pure intra coding.
The choice of the techniques is based on the need to balance a high image quality and compression ratio with the
requirement to make random access to the coded bitstream.

A number of techniques are used to achieve high compression. The algorithm first uses block-based motion
compensation to reduce the temporal redundancy. Motion compensation is used both for causal prediction of the
current VOP from a previous VOP, and for non-causal, interpolative prediction from past and future VOPs. Motion
vectors are defined for each 16-sample by 16-line region of a VOP or 8-sample by 8-line region of a VOP as
required. The prediction error, is further compressed using the discrete cosine transform (DCT) to remove spatial
correlation before it is quantised in an irreversible process that discards the less important information. Finally, the
shape information, motion vectors and the quantised DCT information, are encoded using variable length codes.

In order to preserve the lossless quality, or to restrict the maximum bit count of block data, the block based DPCM
coding can be used for Studio Profiles.

Temporal processing

Because of the conflicting requirements of random access to and highly efficient compression, three main VOP
types are defined. Intra coded VOPs (I-VOPs) are coded without reference to other pictures. They provide access
points to the coded sequence where decoding can begin, but are coded with only moderate compression.
Predictive coded VOPs (P-VOPs) are coded more efficiently using motion compensated prediction from a past intra
or predictive coded VOPs and are generally used as a reference for further prediction. Bidirectionally-predictive
coded VOPs (B-VOPs) provide the highest degree of compression but require both past and future reference VOPs
for motion compensation. Bidirectionally-predictive coded VOPs are never used as references for prediction
(except in the case that the resulting VOP is used as a reference for scalable enhancement layer). The
organisation of the three VOP types in a sequence is very flexible. The choice is left to the encoder and will depend
on the requirements of the application.

Coding of Shapes

In natural video scenes, VOPs are generated by segmentation of the scene according to some semantic meaning.
For such scenes, the shape information is thus binary (binary shape). Shape information is also referred to as
alpha plane. The binary alpha plane is coded on a macroblock basis by a coder which uses the context information,
motion compensation and arithmetic coding. For Studio Profiles particularly, HHC binary alpha block coding is
used.

For coding of shape of a VOP, a bounding rectangle is first created and is extended to multiples of 16x16 blocks
with extended alpha samples set to zero. Shape coding is then initiated on a 16x16 block basis; these blocks are
also referred to as binary alpha blocks.

Coding interlaced video

Each frame of interlaced video consists of two fields which are separated by one field-period. Studio Profiles allow
either the frame to be encoded as a VOP or the two fields to be encoded as two VOPs. Frame encoding or field
encoding can be adaptively selected on a frame-by-frame basis. Frame encoding is typically preferred when the
video scene contains significant detail with limited motion. Field encoding, in which the second field can be
predicted from the first, works better when there is fast movement.

Motion representation - macroblocks

The choice of 16x16 blocks (referred to as macroblocks) for the motion-compensation unit is a result of the trade-
off between the coding gain provided by using motion information and the overhead needed to represent it. Each
macroblock can further be subdivided to 8x8 blocks for motion estimation and compensation depending on the
overhead that can be afforded. In order to encode the highly active scene with higher VOP rate, a Reduced
Resolution VOP tool is provided. When this tool is used , the size of the macroblock used for motion compensation
decoding is 32x32 pixels and the size of block is 16x16 pixels.

For Studio Profiles particularly, in frame encoding, the prediction from the previous reference frame can itself be
either frame-based or field-based.
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Depending on the type of the macroblock, motion vector information and other side information is encoded with the
compressed prediction error in each macroblock. The motion vectors are differenced with respect to a prediction
value and coded using variable length codes. The maximum length of the motion vectors allowed is decided at the
encoder. It is the responsibility of the encoder to calculate appropriate motion vectors. The specification does not
specify how this should be done.

Spatial redundancy reduction

Both source VOPs and prediction errors VOPs have significant spatial redundancy. This part of ISO/IEC 14496
uses a block-based DCT method with optional visually weighted quantisation, and run-length coding. After motion
compensated prediction or interpolation, the resulting prediction error is split into 8x8 blocks. These are
transformed into the DCT domain where they can be weighted before being quantised. After quantisation many of
the DCT coefficients are zero in value and so two-dimensional run-length and variable length coding is used to
encode the remaining DCT coefficients efficiently.

Chrominance formats

This part of ISO/IEC 14496 currently supports the 4:2:0 chrominance format. Studio Profiles support the 4:2:2 and
4:4:4 chorominance formats in addition.

RGB color components

Studio Profiles support coding of RGB color components. The resolution of each component shall be identical when
input data is treated as RGB color components.

Pixel depth

This part of ISO/IEC 14496 supports pixel depths between 4 and 12 bits in luminance and chrominance planes.f
IStudio Profiles support 8, 10 and 12 bits in luminance and chrominance or RGB planes. :

Generalized scalability

The scalability tools in this part of ISO/IEC 14496 are designed to support applications beyond that supported by
single layer video. The major applications of scalability include internet video, wireless video, multi-quality video
services, video database browsing etc. In some of these applications, either normal scalabilities on picture basis
such as those in ISO/IEC 13818-2:2000 may be employed or object based scalabilities may be necessary; both
categories of scalability are enabled by this part of ISO/IEC 14496.

Although a simple solution to scalable video is the simulcast technique that is based on transmission/storage of
multiple independently coded reproductions of video, a more efficient alternative is scalable video coding, in which
the bandwidth allocated to a given reproduction of video can be partially re-utilised in coding of the next
reproduction of video. In scalable video coding, it is assumed that given a coded bitstream, decoders of various
complexities can decode and display appropriate reproductions of coded video. A scalable video encoder is likely
to have increased complexity when compared to a single layer encoder. However, this part of ISO/IEC 14496
provides several different forms of scalabilities that address non-overlapping applications with corresponding
complexities.

The basic scalability tools offered are temporal scalability and spatial scalability. Moreover, combinations of these
basic scalability tools are also supported and are referred to as hybrid scalability. In the case of basic scalability,
two layers of video referred to as the lower layer and the enhancement layer are allowed, whereas in hybrid
scalability up to four layers are supported.

Object based Temporal scalability

Temporal scalability is a tool intended for use in a range of diverse video applications from video databases,
internet video, wireless video and multiview/stereoscopic coding of video. Furthermore, it may also provide a
migration path from current lower temporal resolution video systems to higher temporal resolution systems of the
future.

Temporal scalability involves partitioning of VOPs into layers, where the lower layer is coded by itself to provide the
basic temporal rate and the enhancement layer is coded with temporal prediction with respect to the lower layer.
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These layers when decoded and temporally multiplexed vyield full temporal resolution. The lower temporal
resolution systems may only decode the lower layer to provide basic temporal resolution whereas enhanced
systems of the future may support both layers. Furthermore, temporal scalability has use in bandwidth constrained
networked applications where adaptation to frequent changes in allowed throughput are necessary. An additional
advantage of temporal scalability is its ability to provide resilience to transmission errors as the more important
data of the lower layer can be sent over a channel with better error performance, whereas the less critical
enhancement layer can be sent over a channel with poor error performance. Object based temporal scalability can
also be employed to allow graceful control of picture quality by controlling the temporal rate of each video object
under the constraint of a given bit-budget.

Object Spatial scalability

Spatial scalability is a tool intended for use in video applications involving multi quality video services, video
database browsing, internet video and wireless video, i.e., video systems with the primary common feature that a
minimum of two layers of spatial resolution are necessary. Spatial scalability involves generating two spatial
resolution video layers from a single video source such that the lower layer is coded by itself to provide the basic
spatial resolution and the enhancement layer employs the spatially interpolated lower layer and carries the full
spatial resolution of the input video source.

Object based spatial scalability is composed of texture spatial scalability and shape spatial scalability. They can be
used independently or together by its application. Binary shape spatial scalability is used for the applications that
have ‘binary shape only’ mode as well as the applications of general object based spatial scalability.

An additional advantage of spatial scalability is its ability to provide resilience to transmission errors as the more
important data of the lower layer can be sent over a channel with better error performance, whereas the less critical
enhancement layer data can be sent over a channel with poor error performance. Further, it can also allow
interoperability between various standards. 1

Hybrid scalability

There are a number of applications where neither the temporal scalability nor the spatial scalability may offer the
necessary flexibility and control. This may necessitate use of temporal and spatial scalability simultaneously and is
referred to as the hybrid scalability. Among the applications of hybrid scalability are wireless video, internet video,
multiviewpoint/stereoscopic coding etc.

Error Resilience

This part of ISO/IEC 14496 provides error robustness and resilience to allow accessing of image or video
information over a wide range of storage and transmission media. The error resilience tools developed for this part
of ISO/IEC 14496 can be divided into three major categories. These categories include synchronization, data
recovery, and error concealment. It should be noted that these categories are not unique to this part of
ISO/IEC 14496, and have been used elsewhere in general research in this area. It is, however, the tools contained
in these categories that are of interest, and where this part of ISO/IEC 14496 makes its contribution to the problem
of error resilience.

Fine Granularity Scalability

Two profiles are developed in response to the growing need for a video coding method for Streaming Video on
Internet applications. It provides the definition and description of Advanced Simple (AS) Profile and Fine Granularity
Scalable (FGS) Profile. AS Profile provides the capability to distribute single-layer frame based video at a wide
range of bit rates available for the distribution of video on Internet. FGS Profile uses AS Video Object in the base
layer and provides the description of two enhancement layer types - Fine Granularity Scalability (FGS) and FGS
Temporal Scalability (FGST). FGS Profile allows the coverage of a wide range of bit rates for the distribution of
video on Internet with the flexibility of using multiple layers, where there is a wide range of bandwidth variation.

Fine Granularity Scalability (FGS) provides quality scalability for each VOP. Figure 0-5 shows a basic FGS decoder
structure.
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FGS Enhancement Decoding
Enhancement
Bitstream Bit-plane Bit-plane T\ =——— [Enhancement Video
™ VLD ™ Shift » IDCT —kﬂj » Clipping }—4»
, - Q' » IDCT Clipping »
Base Layer VLD Base Layer Video

Bitstream (optional output)

Motion
Compensation
Y

Frame
Memory

Figure 0-5 — A Basic FGS Decoder Structure

To reconstruct the enhanced VOP, the enhancement bitstream is first decoded using bit-plane VLD. The decoded
block-bps are used to reconstruct the DCT coefficients in the DCT domain which are then right-shifted based on the
frequency weighting and selective enhancement shifting factors. The output of bit-plane shift is the DCT coefficients
of the image domain residues. After the IDCT, the image domain residues are reconstructed. They are added to the
reconstructed clipped base-layer pixels to reconstruct the enhanced VOP. The reconstructed enhanced VOP pixels
are limited into the value range between 0 and 255 by the clipping unit in the enhancement layer to generate the
final enhanced video. The reconstructed base layer video is available as an optional output since each base layer
reconstructed VOP needs to be stored in the frame buffer for motion compensation.

The basic FGS enhancement layer consists of FGS VOPs that enhance the quality of the base-layer VOPs as
shown in Figure 0-6.

FGS Layer

FGS FGS FGS FGS FGS FGS FGS
VOP VOP VOP VOP VOP VOP VOP

Base Base Base Base Base Base Base
VOP VOP VOP VOP VOP VOP VOP

Base Layer

Figure 0-6 — Basic FGS Enhancement Structure

When FGS temporal scalability (FGST) is used, there are two possible enhancement structures. One structure is to
have two separate enhancement layers for FGS and FGST as shown in Figure 0-7 and the other structure is to
have one combined enhancement layer for FGS and FGST as shown in Figure 0-8.

Documents

Document Sharing Hub
© ISO/IEC 2004 — All rights reserved

j2vH
Copyright International Organization for Standardization
Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: ISO IEC 14496-2-2004


http://www.avadocuments.com/doc/iso-iec-14496-2-2004
http://www.avadocuments.com/doc/iso-iec-14496-2-2004

ISO/IEC 14496-2:2004(E)

FGST FGST FGST FGST

Layer VOP VOP VOP

FGS FGS FGS FGS FGS
Layer | VOP VOP VOP VOP
Base | Base Base Base Base
Layer | VOP VOP VOP VOP

Figure 0-7 — Two Separate Enhancement Layers for FGS and FGST

FGS-FGST Layer

FGS FGST FGS FGST FGS FGST FGS
VOP VOP VOP VOP VOP VOP VOP

Base Base Base Base
VOP VOP VOP VOP

Base Layer

Figure 0-8 — One Combined Enhancement Layer for FGS and FGST

In either one of these two structures that include FGS temporal scalability, the prediction for the FGS temporal
scalable VOPs can only be from the base layer. Each FGS temporal scalable VOP has two separate parts. The first
part contains motion vector data and the second part contains the DCT texture data. The syntax for the first part is
similar to that in the temporal scalability described in subclause 6.2. The DCT texture data in the second part are
coded using bit-plane coding in the same way as that in FGS. To distinguish the temporal scalability in subclause
6.2 and FGS temporal scalability, the FGS temporal scalability layer in Figure 0-7 is called “FGST layer”. The
combined FGS and FGST layer in Figure 0-8 is called “FGS-FGST layer”. The “FGS VOP” shown in Figure 0-7 and
Figure 0-8 is an fgs vop with fgs_vop_coding_type being ‘I'. The “FGST VOP” shown in Figure 0-7 and Figure 0-8
is an fgs vop with fgs_vop_coding_type being ‘P’ or ‘B’.

The code value of profile_and_level_indication in VisualObjectSequence() has been extended to include the
profile and level indications for AS Profile and FGS Profile. The identifier for an enhancement layer is the syntax
video_object_type_indication in VideoObjectLayer(). A unique code is defined for FGS Object Type to indicate
that this VOL contains fgs vops. Another unique code is defined for AS Object Type to indicate that this VOL is the
base-layer. There is a syntax fgs_layer_type in VideoObjectLayer() to indicate whether this VOL is an FGS layer
as shown in Figure 0-6 and Figure 0-7, or an FGST layer as shown in Figure 0-7, or an FGS-FGST layer as shown
in Figure 0-8. Similar to the syntax structure in subclause 6.2, under each VOL for FGS, there is a hierarchy of fgs
vop, fgs macroblock, and fgs block. An fgs vop starts with a unique fgs_vop_start_code. Within each fgs vop,
there are multiple vop-bps. Each vop-bp in an fgs vop starts with an fgs_bp_start_code whose last 5 bits indicate
the ID of the vop-bp. In each fgs macroblock, there are 4 block-bps for the luminance component (Y), 2 block-bps
for the two chrominance components (U and V) for the 4:2:0 chrominance format. Each block-bp is coded by VLC.
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Information technology — Coding of audio-visual objects —

Part 2:
Visual

1 Scope

This part of ISO/IEC 14496 specifies the coded representation of picture information in the form of natural or

synthetic visual objects like video sequences of rectangular or arbitrarily shaped pictures, moving 2D meshes,

animated 3D face and body models and texture for synthetic objects. The coded representation allows for content

based access for digital storage media, digital video communication and other applications. ISO/IEC 14496

specifies also the decoding process of the aforementioned coded representation. The representation supports .
constant bitrate transmission, variable bitrate transmission, robust transmission, content based random access -
(including normal random access), object based scalable decoding (including normal scalable decoding), object -
based bitstream editing, as well as special functions such as fast forward playback, fast reverse playback, slow -
motion, pause and still pictures. Synthetic objects and coding of special 2D/3D meshes, texture, and animation -
parameters are provided for use with downloadable models to exploit mixed media and the bandwidth improvement

associated with remote manipulation of such models. ISO/IEC 14496 is intended to allow some level of

interoperability with ISO/IEC 11172-2:1993, ISO/IEC 13818-2:2000 and ITU-T Recommendation H.263.

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/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 13818-1:2000, Information technology — Generic coding of moving pictures and associated audio
information: Systems

ISO/IEC 13818-2:2000, Information technology — Generic coding of moving pictures and associated audio
information: Video

IEEE Standard Specifications for the Implementations of 8 by 8 Inverse Discrete Cosine Transform, IEEE Std
1180-1990, December 6, 1990

ITU-R Recommendation BT.601-5, Studio encoding parameters of digital television for studios
ITU-T Recommendation H.261(1993), Codec for audiovisual services at px64 kbit/s

ITU-T Recommendation H.263(2000), Video Coding for Low Bitrate Communication

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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31 3D mesh: A polygonal mesh. It is defined by the position of its vertices (geometry), by the association
between each face and its sustaining vertices (connectivity), and optionally by colors, normals, and
texture coordinates (properties). Properties do not affect the 3D geometry, but influence the way the
model is shaded.

3.2 3D mesh connectivity: The association between each face of a 3D mesh and its sustaining vertices.
3.3 3D mesh geometry: The three dimensional coordinates of the vertices of a 3D mesh.

34 3D mesh properties: The normals, colors, and texture coordinates of a 3D mesh.

3.5 AC coefficient: Any DCT coefficient for which the frequency in one or both dimensions is non-zero.
3.6 B-field VOP: A field structure B-VOP.

3.7 B-frame VOP: A frame structure B-VOP.

3.8 B-VOP; bidirectionally predictive-coded video object plane (VOP): A VOP that is coded using

motion compensated prediction from past and/or future reference VOPs.

3.9 backward motion vector: A motion vector that is used for motion compensation from a reference
VOP at a later time in display order.

3.10 backward prediction: Prediction from the future reference VOP.
3.1 base layer: An independently decodable layer of a scalable hierarchy.
3.12 binary alpha block: A block of size 16x16 pels, colocated with macroblock, representing shape

information of the binary alpha map; it is also referred to as a bab.

3.13 binary alpha map: A 2D binary mask used to represent the shape of a video object such that the
pixels that are opaque are considered as part of the object where as pixels that are transparent are not
considered to be part of the object.

3.14 bitstream; stream: An ordered series of bits that forms the coded representation of the data.

3.15 bitrate: The rate at which the coded bitstream is delivered from the storage medium or network to the
input of a decoder.

3.16 block: An 8-row by 8-column (or 16-row by 16-column in motion compensation decoding of Reduced
Resolution VOP) matrix of samples, or 64 DCT coefficients (source, quantised or inverse quantised).

3.17 block-bp: An array of 64 bits, one from each DCT coefficient at the same significant position of
accuracy in a zigzag scan order. When frequency weighting is used, block-bps are formed after the
weighting is applied to the DCT coefficients in an 8x8 block.

3.18 body animation parameters, BAP: Coded streaming animation parameters that manipulate the body
joints, and that govern deformations of the body surface with the use of BAT.

3.19 body definition parameters, BDP: Downloadable data to customize a baseline body model in the
decoder to a particular body, or to download a body model along with the information about how to
animate it. The BDPs are normally transmitted once per session, followed by a stream of compressed
BAPs. BDPs may include body geometry, body skeleton, and body deformation tables.

3.20 body deformation table, BodyDefTable: A downloadable function mapping from incoming BAPs to
body surface geometry that provides a combination of BAPs for controlling body surface geometry
deformation.
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3.20 bottom field: One of two fields that comprise a frame. Each line of a bottom field is spatially
located immediately below the corresponding line of the top field.

boundary (of a 3D mesh): The set of boundary edges of a 3D mesh.
boundary edge (of a 3D mesh): An edge of a 3D mesh which has exactly one incident face.
bounding loop: The boundary of a simple polygon.

bounding loop index: An index of the bounding loop table which contains the list of vertices lying on
the bounding loop

branching triangle (of a triangle tree): A triangle of a triangle tree with three incident triangle tree
edges.

branching vertex (of a vertex tree or of a vertex graph): A vertex of a vertex tree with three or more
incident vertex tree edges.

byte aligned: A bit in a coded bitstream is byte-aligned if its position is a multiple of 8-bits from the
first bit in the stream.

byte: Sequence of 8-bits.

context based arithmetic encoding: The method used for coding of binary shape; it is also referred
to as cae.

channel: A digital medium or a network that stores or transports a bitstream constructed according to
ISO/IEC 14496. :

chrominance format: Defines the number of chrominance blocks in a macroblock.

chrominance component: A matrix, block or single sample representing one of the two colour
difference signals related to the primary colours in the manner defined in the bitstream. The symbols
used for the chrominance signals are Cr and Cb.

coded B-frame: A B-frame VOP or a pair of B-field VOPs that is coded.

coded B-VOP: A B-VOP that is coded.

coded frame: A coded frame is a coded |-frame, a coded P-frame or a coded B-frame.

coded VOP: A coded VOP is a coded I-VOP, a coded P-VOP, a coded B-VOP, or a coded S(GMC)-
VOP.

coded I-frame: An I-frame VOP or a pair of field VOPs that is coded where the first field VOP is an I-
VOP and the second field VOP is an I-VOP or a P-VOP.

coded I-VOP: An I-VOP that is coded.

coded P-frame: A P-frame VOP or a pair of field VOPs that is coded.
coded P-VOP: A P-VOP that is coded.

coded S(GMC)-VOP: A S(GMC)-VOP that is coded.

coded order: The order in which the VOPs are transmitted and decoded. This order is not necessarily
the same as the display order.
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3.44 coded video bitstream: A coded representation of a series of one or more VOPs as defined in this
part of ISO/IEC 14496.

3.45 coded representation: A data element as represented in its encoded form.
3.46 coding parameters: The set of user-definable parameters that characterise a coded video bitstream.
Bitstreams are characterised by coding parameters. Decoders are characterised by the bitstreams that

they are capable of decoding.

3.47 component: A matrix, block or single sample from one of the three matrices (luminance and two
chrominance or green, blue and red color primaries) that make up a picture.

3.48 composition process: The (non-normative) process by which reconstructed VOPs are composed
into a scene and displayed.

3.49 compression: Reduction in the number of bits used to represent an item of data.
3.50 connected component (of a 3D mesh): A 3D mesh can be decomposed into one or more disjoint

sets called connected components. Every face of the 3D mesh is assigned to an unique connected
component, such that any pair of two faces that share an edge belongs to the same connected

component.

3.51 constant bitrate coded video: A coded video bitstream with a constant bitrate.

3.52 constant bitrate: Operation where the bitrate is constant from start to finish of the coded bitstream.

3.53 conversion ratio: The size conversion ratio for the purpose of rate control of shape.

3.54 corner (of a 3D mesh): A (face,vertex) pair, where the vertex is one of the sustaining vertices of the
face.

3.55 data element: An item of data as represented before encoding and after decoding.

3.56 DC coefficient: The DCT coefficient for which the frequency is zero in both dimensions.

3.57 DCT coefficient. The amplitude of a specific cosine basis function.

3.55 decoder input buffer: The first-in first-out (FIFO) buffer specified in the video buffering verifier.

3.59 decoder: An embodiment of a decoding process.

3.60 decoding order: The order in which the VOPs are transmitted and decoded. This order is not

necessarily the same as the display order.

3.61 decoding (process): The process defined in this part of ISO/IEC 14496 that reads an input coded
bitstream and produces decoded VOPs or audio samples, or 3D meshes.

3.62 digital storage media; DSM: A digital storage or transmission device or system.

3.63 discrete cosine transform; DCT: Either the forward discrete cosine transform or the inverse discrete

cosine transform. The DCT is an invertible, discrete orthogonal transformation. The inverse DCT is
defined in Annex A.

3.64 3.64 display aspect ratio: The ratio height/width (in spatial measurement units such as centimeters)
of the intended display.

3.65 display order: The order in which the decoded pictures are displayed. Normally this is the same order
in which they were presented at the input of the encoder.
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3.66 display process: The (non-normative) process by which reconstructed frames are displayed.

3.67 dual graph (of a 3D mesh): A graph composed of a set of dual graph nodes and a set of dual graph
edges. Each dual graph node corresponds to a face of the 3D mesh. Each dual graph edge
corresponds to an internal edge of the 3D mesh and links two dual graph nodes.

3.68 edge (of a 3D mesh): An unordered pair of vertex indices of a 3D mesh, consecutive in one or more
faces of the 3D mesh (modulo cyclical permutations of the sequences).

3.69 editing: The process by which one or more coded bitstreams are manipulated to produce a new
coded bitstream. Conforming edited bitstreams must meet the requirements defined in this part of
ISO/IEC 14496.

3.70 encoder: An embodiment of an encoding process.

3.7 encoding (process): A process, not specified in this part of ISO/IEC 14496, that reads a stream of
input pictures or audio samples and produces a valid coded bitstream as defined in this part of
ISO/IEC 14496.

3.72 end of plane; eop: A symbol to indicate whether a ‘1’ bit is the last 1’ bit of a block-bp.

3.73 enhancement layer: A relative reference to a layer (above the base layer) in a scalable hierarchy. For
all forms of scalability, its decoding process can be described by reference to the lower layer decoding
process and the appropriate additional decoding process for the enhancement layer itself.

3.74 face (of a 3D mesh): An alternating sequence of vertices and edges, such that each edge in the
sequence connects the vertices immediately preceding and following it in the sequence (with the
exception of the last edge that connects the vertex preceding it with the first vertex of the sequence).
No vertex may appear more than once in the sequence. In practice, a face is often represented by the
list of vertices in the sequence.

3.75 global motion compensation, GMC: The use of global spatial transformation to improve the
efficiency of the prediction of sample values. The prediction uses global spatial transformation to
provide offsets into the past reference VOPs containing previously decoded sample values that are
used to form the prediction error.

3.76 face animation parameter units, FAPU: Special normalized units (e.g. translational, angular, logical)
defined to allow interpretation of FAPs with any facial model in a consistent way to produce reasonable
results in expressions and speech pronunciation.

377 face animation parameters, FAP: Coded streaming animation parameters that manipulate the
displacements and angles of face features, and that govern the blending of visemes and face
expressions during speech.

3.78 face animation table, FAT: A downloadable function mapping from incoming FAPs to feature control
points in the face mesh that provides piecewise linear weightings of the FAPs for controlling face
movements.

3.79 face calibration mesh: Definition of a 3D mesh for calibration of the shape and structure of a baseline
face model.

3.80 face definition parameters, FDP: Downloadable data to customize a baseline face model in the

decoder to a particular face, or to download a face model along with the information about how to
animate it. The FDPs are normally transmitted once per session, followed by a stream of compressed
FAPs. FDPs may include feature points for calibrating a baseline face, face texture and coordinates to
map it onto the face, animation tables, etc.
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3.81 face feature control point: A normative vertex point in a set of such points that define the critical
locations within face features for control by FAPs and that allow for calibration of the shape of the
baseline face.

3.82 face forest (of a 3D mesh): The set of all the face trees corresponding to the connected components
of a 3D mesh.

3.83 face interpolation transform, FIT: A downloadable node type defined in ISO/IEC 14496-1:2001 for
optional mapping of incoming FAPs to FAPs before their application to feature points, through
weighted rational polynomial functions, for complex cross-coupling of standard FAPs to link their
effects into custom or proprietary face models.

3.84 face model mesh: A 2D or 3D contiguous geometric mesh defined by vertices and planar polygons
utilizing the vertex coordinates, suitable for rendering with photometric attributes (e.g. texture, color,
normals).

3.85 face tree (of a 3D mesh): A spanning tree constructed in the dual graph of a connected component.

3.86 fast forward playback: The process of displaying a sequence, or parts of a sequence, of VOPs in

display order, faster than real-time.

3.87 fast reverse playback: The process of displaying a sequence, or parts of a sequence, of VOPs in the
reverse of display order, faster than real-time.

3.88 feathering: A tool that tapers the values around edges of binary alpha mask for composition with the
background.
3.89 fgs block: An 8-row by 8-column matrix of bits, each from one DCT coefficient at the same significant

position of accuracy, or its coded representation. The usage is clear from the context.

3.90 fgs macroblock: The four block-bps of luminance component (Y) and the two (for 4:2:0 chrominance
format) corresponding block-bps of chrominance components (U and V) with the same accuracy
significance coming from the DCT coefficients of a macroblock. It may also be used to refer to the

coded representation of the six block-bps. The usage is clear from the context.

3.91 fgs macroblock number: A number for an fgs macroblock within a vop-bp. The fgs macroblock
number of the top-left fgs macroblock in each vop-bp shall be zero. The fgs macroblock number
increments from left to right and from top to bottom.

3.92 fgs run: The number of ‘0’ bits preceding a ‘1’ bit within a block-bp.

3.93 fgs temporal scalability; FGST: A type of scalability where an enhancement layer uses predictions
from sample data derived from the base layer using motion vectors. The VOP size in the enhancement
layer is the same as that in the base layer. FGST is a specific type of temporal scalability where all
DCT coefficients are coded using bit-plane coding as in FGS.

3.94 fgs vop: The pixel differences between the original VOP and the reconstructed VOP in the base layer.
It may be used to refer to the DCT coefficients of the pixel differences or the original VOP. It may also
be used to refer to the coded representation of the DCT coefficients. In the context of FGST, fgs vop
refers to the original temporal scalable VOP. The usage is clear from the context.

3.95 fine granularity scalability; FGS: A type of scalability where an enhancement layer uses prediction
from sample data of reconstructed VOP in the base layer. The encoded bitstream for each fgs vop can
be truncated into any number of bits. The truncated bitstream for each fgs vop can be decoded to
provide quality enhancement proportional to the amount of bits in the truncated bitstream of the fgs
vop. The fgs vop has the same size and VOP rate as those of the base layer.

3.96 field: For an interlaced video signal, a “field” is the assembly of alternate lines of a frame. Therefore
an interlaced frame is composed of two fields, a top field and a bottom field.
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3.97 field-based prediction: A prediction mode using only one field of the reference frame. The predicted
block size is 16x16 luminance samples. Field-based prediction is not used in progressive frames.

3.98 field period: The reciprocal of twice the frame rate.

3.99 field VOP; field structure VOP: A field structure VOP is a coded VOP with vop_structure is equal to
“Top field” or “Bottom field”.

3.100 flag: A one bit integer variable which may take one of only two values (zero and one).

3.101 forbidden: The term “forbidden” when used in the clauses defining the coded bitstream indicates that

the value shall never be used. This is usually to avoid emulation of start codes.

3.102 forced updating: The process by which macroblocks are intra-coded from time-to-time to ensure that
mismatch errors between the inverse DCT processes in encoders and decoders cannot build up
excessively.

3.103 forward compatibility: A newer coding standard is forward compatible with an older coding standard

if decoders designed to operate with the newer coding standard are able to decode bitstreams of the
older coding standard.

3.104 forward motion vector: A motion vector that is used for motion compensation from a reference frame
VOP at an earlier time in display order.

3.105 forward prediction: Prediction from the past reference VOP.

3.106 frame: A frame contains lines of spatial information of a video signal. For progressive video, these
lines contain samples starting from one time instant and continuing through successive lines to the
bottom of the frame. For interlaced video a frame consists of two fields, a top field and a bottom field.
One of these fields will commence one field period later than the other.

3.107 frame-based prediction: A prediction mode using both fields of the reference frame.

3.108 frame period: The reciprocal of the frame rate.

3.109 frame rate: The rate at which frames are be output from the composition process.

3.110 frame VOP; frame structure VOP: A frame structure VOP is a coded VOP with vop_structure is

equal to “Frame”.

3111 future reference frame (field): A future reference frame (field) is a reference frame (field) that occurs
at a later time than the current VOP in display order.

3.112 future reference VOP: A future reference VOP is a reference VOP that occurs at a later time than the
current VOP in display order.

3.113 hierarchical 3D mesh: A BIFS node representing a 3D mesh.

3.114 hierarchical representation (of a 3D mesh): A 3D mesh representation with two or more levels of
detail in increasing order of resolution, composed of a first coarse level of detail (base 3D mesh)
followed by one or more refinement operations. Each refinement operation determines how to
construct a new level of detail as a refinement of the current level of detail.

3.115 hybrid scalability: Hybrid scalability is the combination of two (or more) types of scalability.
3.116 I-field VOP: A field structure I-VOP.
3.117 I-frame VOP: A frame structure I-VOP.
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3.118 imaginary edge: Animaginary edge is inserted to triangulate a polygon.

3.119 incremental representation (of a 3D mesh): A representation that allows the terminal to start
rendering a subset of the 3D mesh before the whole bitstream has been completely received and/or
decoded.

3.120 IndexedFaceSet: A BIFS node representing a 3D mesh.

3121 interlace: The property of conventional television frames where alternating lines of the frame

represent different instances in time. In an interlaced frame, one of the field is meant to be displayed
first. This field is called the first field. The first field can be the top field or the bottom field of the frame.

3.122 internal edge (of a 3D mesh): An edge of a 3D mesh which has exactly two incident faces.

3.123 I-VOP; intra-coded VOP: A VOP coded using information only from itself.

3.124 intra coding: Coding of a macroblock or VOP that uses information only from that macroblock or
VOP.

3.125 intra shape coding: Shape coding that does not use any temporal prediction.

3.126 inter shape coding: Shape coding that uses temporal prediction.

3.127 inverse quantisation: The process of rescaling the quantised DCT coefficients after their

representation in the bitstream has been decoded and before they are presented to the inverse DCT.
3.128 jump edge (of a 3D mesh): An edge of the vertex graph which does not belong to any vertex tree.
3.129 level: A defined set of constraints on the values which may be taken by the parameters of this part of

ISO/IEC 14496 within a particular profile. A profile may contain one or more levels. In a different

context, level is the absolute value of a non-zero coefficient (see “run”).

3.130 layer: In a scalable hierarchy denotes one out of the ordered set of bitstreams and (the result of) its
associated decoding process.

3.131 layered bitstream: A single bitstream associated to a specific layer (always used in conjunction with
layer qualifiers, e. g. “enhancement layer bitstream”).

3.132 leaf triangle (of a 3D mesh): A triangle of a triangle tree with exactly one incident triangle tree edge.
3.133 leaf vertex (of a 3D mesh): A vertex of a vertex tree with exactly one incident vertex tree edge.
3.134 lower layer: A relative reference to the layer immediately below a given enhancement layer (implicitly

including decoding of all layers below this enhancement layer).

3.135 luminance component: A matrix, block or single sample representing a monochrome representation
of the signal and related to the primary colours in the manner defined in the bitstream. The symbol
used for luminance is Y.

3.136 Mbit: 1 000 000 bits.

3.137 macroblock: The four 8x8 (or 16x16 in motion compensation decoding of Reduced Resolution VOP)
blocks of luminance data and the two (for 4:2:0 chrominance format) or four (for 4:2:2 chrominance
format), eight (for 4:4:4 chrominance format) corresponding 8x8 (or 16x16 in motion compensation
decoding of Reduced Resolution VOP) blocks of chrominance data coming from a 16x16 (or 32x32 in
motion compensation decoding of Reduced Resolution VOP) section of the luminance component of
the picture. Macroblock is sometimes used to refer to the sample data and sometimes to the coded
representation of the sample values and other data elements defined in the macroblock header of the
syntax defined in this part of ISO/IEC 14496. The usage is clear from the context.
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3.138 manifold (3D mesh): A 3D mesh which has neither singular vertices nor singular edges.
3.139 marching edge (of a 3D mesh): An edge shared by two triangles along a triangle run.
3.140 mesh (2D): A 2D triangular mesh refers to a planar graph which tessellates a video object plane into

triangular patches. The vertices of the triangular mesh elements are referred to as node points. The
straight-line segments between node points are referred to as edges. Two triangles are adjacent if they
share a common edge.

3.141 mesh geometry: The spatial locations of the node points and the triangular structure of a mesh.

3.142 mesh motion: The temporal displacements of the node points of a mesh from one time instance to
the next.

3.143 mesh object plane, MOP: The instance of a mesh object at a given time.

3.144 motion compensation: The use of motion vectors to improve the efficiency of the prediction of

sample values. The prediction uses motion vectors to provide offsets into the past and/or future
reference VOPs containing previously decoded sample values that are used to form the prediction

error.
3.145 motion estimation: The process of estimating motion vectors during the encoding process.
3.146 motion vector: A two-dimensional vector used for motion compensation that provides an offset from

the coordinate position in the current picture or field to the coordinates in a reference VOP.

3.147 motion vector for shape: A motion vector used for motion compensation of shape.

3.148 multiple auxiliary components: Auxiliary components are defined for the VOP on a pixel-by-pixel
basis, and contain data related to the video object, such as disparity, depth, and additional texture. Up

to three auxiliary components (including the grayscale shape) are possible.

3.149 non-intra coding: Coding of a macroblock or a VOP that uses information both from itself and from
macroblocks and VOPs occurring at other times.

3.150 non-manifold (3D mesh): A 3D mesh that contains singular vertices or singular edges.

3.151 non-orientable (3D mesh): A manifold 3D mesh which is not orientable.

3.152 opaque macroblock: A macroblock with shape mask of all 255’s.

3.153 orientable (3D mesh): A manifold 3D mesh for which an orientation can be chosen for each of its

faces such that for each internal edge, the two faces incident to the edge induce opposite orientations
on the common edge. All non-manifold 3D meshes are non-orientable.

3.154 orientation (of a face of a 3D mesh): One of the two possible cyclical orderings of its sustaining
vertices.

3.155 orientation (of an edge of a 3D mesh): One of the two possible orderings of the two vertices of the
edge.

3.156 oriented (manifold 3D mesh): A manifold 3D mesh for which an orientation has been chosen for

each of its faces such that for each internal edge, the two faces incident to the edge induce opposite
orientations on the common edge. Note that a manifold 3D mesh may be orientable but not oriented.
Such a mesh can be oriented by choosing a consistent orientation for its faces (which may require
inverting the orientation of one or more faces).

3.157 P-VOP; predictive-coded VOP: A picture that is coded using motion compensated prediction from
the past VOP.

Documents
Document SharinggHub

A ICANEA ANAA A
Copyright International Organization for Slandardizationl‘ItS reserved

Reproduced by IHS under license with ISO

No reproduction or networking permitted without license from IHS Not for Resale

Full document details: ISO IEC 14496-2-2004


http://www.avadocuments.com/doc/iso-iec-14496-2-2004
http://www.avadocuments.com/doc/iso-iec-14496-2-2004

ISO/IEC 14496-2:2004(E)

3.158 parameter: A variable within the syntax of this part of ISO/IEC 14496 which may take one of a range
of values. A variable which can take one of only two values is called a flag.

3.159 partition: a bitstream segment of a 3D mesh that can be decoded independently.

3.160 past reference picture: A past reference VOP is a reference VOP that occurs at an earlier time than

the current VOP in display order.

3.161 P-field VOP: A field structure P-VOP.
3.162 P-frame VOP: A frame structure P-VOP.
3.163 picture: Source, coded or reconstructed image data. A source or reconstructed picture consists of

three rectangular matrices of 8-bit numbers representing the luminance and two chrominance signals
or rgb colour signals. A “coded VOP” was defined earlier. For progressive video, a picture is identical to
a frame, while for interlaced video, a picture can refer to a frame, or the top field or the bottom field of
the frame depending on the context.

3.164 prediction: The use of a predictor to provide an estimate of the sample value or data element
currently being decoded.

3.165 prediction error: The difference between the actual value of a sample or data element and its
predictor.

3.166 predictor: A linear combination of previously decoded sample values or data elements.

3.167 profile: A subset of the syntax of this part of ISO/IEC 14496, defined in terms of Visual Object Types.

3.168 progressive: The property of film frames where all the samples of the frame represent the same

instances in time.
3.169 quantisation matrix: A set of sixty-four 8-bit values used by the inverse quantisation process.

3.170 quantised DCT coefficients: DCT coefficients before inverse quantisation. A variable length coded
representation of quantised DCT coefficients is transmitted as part of the coded video bitstream.

3171 quantiser scale: A scale factor coded in the bitstream and used by the decoding process to scale the
inverse quantisation.

3.172 random access: The process of beginning to read and decode the coded bitstream at an arbitrary
point.
3.173 reconstructed VOP: A reconstructed VOP consists of three matrices of 8-bit numbers representing

the luminance and two chrominance signals. It is obtained by decoding a coded VOP.

3.174 reference layer: A layer to be referenced for prediction in a scalable hierarchy. The video_object_id of
the reference layer should be the same value as the video_object_id of the enhancement layer. The
ref layer_id of the enhancement layer is set to the same value as the video_object layer_id of the
reference layer.

3.175 reference VOP: A reference VOP is a reconstructed VOP that was coded in the form of a coded I-
VOP, a coded P-VOP, or a coded S(GMC)-VOP. Reference VOPs are used for forward and backward
prediction when P-VOPs, B-VOPs, and S(GMC)-VOPs are decoded.

3.176 regular triangle (of a triangle tree): A triangle of a triangle tree with exactly two incident triangle tree
edges.
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3177 regular vertex (of a 3D mesh): A vertex of a 3D mesh is regular if the set of incident edges and
incident faces can be ordered in an alternating sequence of edges and faces, such that each face in
the sequence is bounded by the edges immediately preceeding and following it in the sequence.

3.178 regular vertex (of a vertex tree): A vertex of a vertex tree with exactly two incident vertex tree edges.
3.179 reordering delay: A delay in the decoding process that is caused by VOP reordering.
3.180 reserved: The term “reserved” when used in the clauses defining the coded bitstream indicates that

the value may be used in the future for ISO/IEC defined extensions.

3.181 RGB component: A matrix, block or single sample representing one of the three primary colours. The
symbols used for the rgb signals are Green, Blue and Red.

3.182 sample aspect ratio: (abbreviated to SAR). This specifies the relative distance between samples. It is
defined (for the purposes of this specification) as the vertical displacement of the lines of luminance
samples in a frame divided by the horizontal displacement of the luminance samples. Thus its units are
(metres per line) + (metres per sample)

3.183 scalable hierarchy: coded video data consisting of an ordered set of more than one video bitstream.

3.184 scalability: Scalability is the ability of a decoder to decode an ordered set of bitstreams to produce a
reconstructed sequence. Moreover, useful video is output when subsets are decoded. The minimum
subset that can thus be decoded is the first bitstream in the set which is called the base layer. Each of
the other bitstreams in the set is called an enhancement layer. When addressing a specific
enhancement layer, “lower layer” refers to the bitstream that precedes the enhancement layer.

3.185 side information: Information in the bitstream necessary for controlling the decoder.
3.186 skipped macroblock: A macroblock for which no data is encoded.
3.187 run: The number of zero coefficients preceding a non-zero coefficient, in the scan order. The absolute

value of the non-zero coefficient is called “level”.

3.188 S-VOP: A picture that is coded using information obtained by warping whole or part of a static sprite.

3.189 S(GMC)-VOP: A picture that is coded using prediction based on global motion compensation from the
past VOP.

3.190 saturation: Limiting a value that exceeds a defined range by setting its value to the maximum or

minimum of the range as appropriate.

3.191 simple polygon (of a 3D mesh): A connected component of which the dual graph is a tree. A simple
polygon has exactly one boundary, and all its vertices lie on the boundary.

3.192 singular edge (of a 3D mesh): An edge of a 3D mesh which has three or more incident faces.

3.193 singular vertex (of a 3D mesh): A vertex of a 3D mesh which is not a regular vertex.

3.194 source; input: Term used to describe the video material or some of its attributes before encoding.
3.195 spanning forest (of a graph): A subgraph of a graph composed of one or more trees, each tree

spanning a connected component of the graph.

3.196 spatial prediction: prediction derived from a decoded frame of the reference layer decoder used in
spatial scalability.
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3.197 spatial scalability: A type of scalability where an enhancement layer also uses predictions from
sample data derived from a lower layer without using motion vectors. The layers can have different
VOP sizes or VOP rates.

3.198 static sprite: The luminance, chrominance and binary alpha plane for an object which does not vary
in time.
3.199 start codes: 32-bit codes embedded in that coded bitstream that are unique. They are used for

several purposes including identifying some of the structures in the coding syntax.

3.200 stuffing (bits); stuffing (bytes): Code-words that may be inserted into the coded bitstream that are
discarded in the decoding process. Their purpose is to increase the bitrate of the stream which would
otherwise be lower than the desired bitrate.

3.201 temporal prediction: prediction derived from reference VOPs other than those defined as spatial
prediction.
3.202 temporal scalability: A type of scalability where an enhancement layer also uses predictions from

sample data derived from a lower layer using motion vectors. The layers have identical frame size, and
but can have different VOP rates.

3.203 top field: One of two fields that comprise a frame. Each line of a top field is spatially located
immediately above the corresponding line of the bottom field.

3.204 top layer: the topmost layer (with the highest layer_id) of a scalable hierarchy.

3.205 transparent macroblock: A macroblock with shape mask of all zeros.

3.206 traversal order: The traversal order determines which branch to be traversed first at each branching
triangle.

3.207 tree loop (of a 3D mesh): An alternating sequence of vertices and edges bounding the hole created

by cutting a 3D mesh through a tree of edges within a forest split operation.

3.208 tree loop face: aface incident to a tree loop.
3.209 tree loop corner: a corner of a tree loop face incident to a tree loop edge.
3.210 triangle tree (of a 3D mesh): A spanning tree in the dual graph of a connected component of a

triangular 3D mesh.

3.211 triangle run: A path in a triangle tree connecting a first leaf or branching triangle to a last leaf or
branching triangle through zero or more intermediate triangles.

3.212 triangular 3D mesh: A 3D mesh with triangular faces. Also, a 3D mesh after all the polygonal faces
have been triangulated.

3.213 variable bitrate: Operation where the bitrate varies with time during the decoding of a coded
bitstream.
3.214 variable length coding; VLC: A reversible procedure for coding that assigns shorter code-words to

frequent events and longer code-words to less frequent events.

3.215 vertex graph (of a 3D mesh): The graph formed by the vertices and the edges of the 3D mesh which
do not correspond to dual graph edges included in the face forest.

3.216 vertex run: A path in a vertex tree connecting a first leaf or branching vertex to a last leaf or branching
vertex through zero or more intermediate regular vertices.
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3.217 vertex tree: A rooted tree spanning one connected component of the vertex graph.

3.218 video buffering verifier; VBV: Part of a hypothetical decoder that is conceptually connected to the
output of the encoder. Its purpose is to provide a constraint on the variability of the data rate that an
encoder or editing process may produce.

3.219 video complexity verifier; VCV: Part of a hypothetical decoder that is conceptually connected to the
output of the encoder. Its purpose is to provide a constraint on the maximum processing requirements
of the bitstream that an encoder or editing process may produce.

3.220 video memory verifier; VMV: Part of a hypothetical decoder that is conceptually connected to the
output of the encoder. Its purpose is to provide a constraint on the maximum reference memory
requirements of the bitstream that an encoder or editing process may produce.

3.221 video object plane, VOP: The instance of a video object at a given time.

3.222 video presentation verifier; VPV: Part of a hypothetical decoder that is conceptually connected to
the output of the encoder. Its purpose is to provide a constraint on the maximum presentation memory
requirements of the bitstream that an encoder or editing process may produce.

3.223 video session: The highest syntactic structure of coded video bitstreams. It contains a series of one
or more coded video objects.

3.224 viseme: the physical (visual) configuration of the mouth, tongue and jaw that is visually correlated with
the speech sound corresponding to a phoneme.

3.225 virtual triangle: A virtual triangle is a leaf triangle added, if necessary, at the end of a partition to
signal the end of the partition to the decoder.

3.226 vop-bp: An array of block-bps with the same accuracy significance in an fgs vop. There are three
color components (Y, U, and V) in a vop-bp. Each color component in a vop-bp consists of all the
block-bps of that color.

3.227 VOP reordering: The process of reordering the reconstructed VOPs when the decoding order is
different from the display (or composition) order. VOP reordering occurs when B-VOPs are present in a
bitstream. There is no VOP reordering when decoding low delay bitstreams.

3.228 warping: Processing applied to extract a sprite VOP from a static sprite or a reference VOP. It
consists of a global spatial transformation driven by a few motion parameters (0,2,4,6,8), to recover
luminance, chrominance and shape information.

3.229 Y-vertex: The vertex of a branching triangle opposite to the incident marching edge.

3.230 zigzag scanning order: A specific sequential ordering of the DCT coefficients from (approximately)
the lowest spatial frequency to the highest.

4 Abbreviations and symbols

The mathematical operators used to describe this part of ISO/IEC 14496 are similar to those used in the C
programming language. However, integer divisions with truncation and rounding are specifically defined.
Numbering and counting loops generally begin from zero.

4.1 Arithmetic operators
+ Addition.

- Subtraction (as a binary operator) or negation (as a unary operator).
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++ Increment. i.e. x++ is equivalent to x = x + 1

-- Decrement. i.e. x-- is equivalentto x = x - 1

X

*} Multiplication.

A Power.

/ Integer division with truncation of the result toward zero. For example, 7/4 and -7/-4 are truncated to 1

and -7/4 and 7/-4 are truncated to -1.

I Integer division with rounding to the nearest integer. Half-integer values are rounded away from zero
unless otherwise specified. For example 3//2 is rounded to 2, and -3//2 is rounded to -2.

i Integer division with sign dependent rounding to the nearest integer. Half-integer values when positive
are rounded away from zero, and when negative are rounded towards zero. For example 3///2 is
rounded to 2, and -3///2 is rounded to -1.

i Integer division with truncation towards the negative infinity.

+ Used to denote division in mathematical equations where no truncation or rounding is intended.

% Modulus operator. Defined only for positive numbers.
. . I x>=0
Sign( ) Sign(x) = 1 %<0
Ab Ab { X x>=0
s() S =1_x x<0
i<b
Z f(i) The summation of the f(i) with j taking integral values from a up to, but not including b.

4.2 Logical operators
Il Logical OR.
&& Logical AND.

! Logical NOT.

4.3 Relational operators

> Greater than.

>= Greater than or equal to.

> Greater than or equal to.

< Less than.

<= Less than or equal to.

< Less than or equal to.
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== Equal to.
1= Not equal to.
max [, ... ,] the maximum value in the argument list.

min [, ...,] the minimum value in the argument list.

4.4 Bitwise operators

& AND

| OR

>> Shift right with sign extension.
<< Shift left with zero fill.

4.5 Conditional operators

a if condition is true,

? (condition? a : b) = { b otherwi
otherwise.

46 Assignment

= Assignment operator.

4.7 Mnemonics
The following mnemonics are defined to describe the different data types used in the coded bitstream.

bslbf Bit string, left bit first, where “left” is the order in which bit strings are written in this part of
ISO/IEC 14496. Bit strings are written as a string of 1s and Os within single quote marks, e.g.
‘1000 0001’. Blanks within a bit string are for ease of reading and have no significance. For
convenience large strings are occasionally written in hexadecimal, in this case conversion to a binary in
the conventional manner will yield the value of the bit string. Thus the left most hexadecimal digit is first
and in each hexadecimal digit the most significant of the four bits is first.

uimsbf Unsigned integer, most significant bit first.
simsbf Signed integer, in twos complement format, most significant (sign) bit first.

viclbf Variable length code, left bit first, where “left” refers to the order in which the VLC codes are written.
The byte order of multibyte words is most significant byte first.

4.8 Constants
7 3,141 592 653 58...

e 2,718 281 828 45...

Documents
Document Sharin%—lub

A ICANEA AR A
Copyright International Organization for Slandardizationl‘|tS reserved

Reproduced by IHS under license with ISO

No reproduction or networking permitted without license from IHS Not for Resale

Full document details: ISO IEC 14496-2-2004


http://www.avadocuments.com/doc/iso-iec-14496-2-2004
http://www.avadocuments.com/doc/iso-iec-14496-2-2004

ISO/IEC 14496-2:2004(E)

5 Conventions

5.1 Method of describing bitstream syntax

The bitstream retrieved by the decoder is described in subclause 6.2. Each data item in the bitstream is in bold
type. It is described by its name, its length in bits, and a mnemonic for its type and order of transmission.

The action caused by a decoded data element in a bitstream depends on the value of that data element and on
data elements previously decoded. The decoding of the data elements and definition of the state variables used in
their decoding are described in subclause 6.3. The following constructs are used to express the conditions when
data elements are present, and are in normal type:

while ( condition ) {
data_element

}

If the condition is true, then the group of data elements
occurs next in the data stream. This repeats until the
condition is not true.

do {
data_element

} while ( condition )

The data element always occurs at least once.

The data element is repeated until the condition is not true.

do {
continue

} while ( condition )

Continues execution of the next repetition of the nearest
while-do loop.

if ( condition ) {
data_element

}else {
data_element

}

If the condition is true, then the first group of data
elements occurs next in the data stream.

If the condition is not true, then the second group of data
elements occurs next in the data stream.

for (i=m;i<n;i++) {
data_element

The group of data elements occurs (n-m) times. Conditional
constructs within the group of data elements may depend

on the value of the loop control variable i, which is set to

} m for the first occurrence, incremented by one for

the second occurrence, and so forth.

Explanatory comment that may be deleted entirely without
in any way altering the syntax.

/* comment...*

This syntax uses the ‘C-code’ convention that a variable or expression evaluating to a non-zero value is equivalent
to a condition that is true and a variable or expression evaluating to a zero value is equivalent to a condition that is
false. In many cases a literal string is used in a condition. For example;

if (video_object layer_shape == “rectangular” ). ..

In such cases the literal string is that used to describe the value of the bitstream element in subclause 6.3. In this
example, we see that “rectangular” is defined in a Table 6—16 to be represented by the two bit binary number ‘00’.

As noted, the group of data elements may contain nested conditional constructs. For compactness, the brackets { }
are omitted when only one data element follows.
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data_element [n] data_element [n] is the n+1th element of an array of data.

data;element [m][n] data_element [m][n] is the m+1, n+1th element of a two-dimensional array of data.
data;element [1I[m][n] data_element [I][m][n] is the 1+1, m+1, n+1th element of a three-dimensional array of data.
While the syntax is expressed in procedural terms, it should not be assumed that subclause 6.2 implements a
satisfactory decoding procedure. In particular, it defines a correct and error-free input bitstream. Actual decoders
must include means to look for start codes in order to begin decoding correctly, and to identify errors, erasures or

insertions while decoding. The methods to identify these situations, and the actions to be taken, are not
standardised.

5.2 Definition of functions

Several utility functions for picture coding algorithm are defined as follows:

5.2.1 Definition of next_bits() function

The function next_bits() permits comparison of a bit string with the next bits to be decoded in the bitstream.

5.2.2 Definition of bytealigned() function

The function bytealigned () returns 1 if the current position is on a byte boundary, that is the next bit in the bitstream
is the first bit in a byte. Otherwise it returns 0.

5.2.3 Definition of nextbits_bytealigned() function

The function nextbits_bytealigned() returns a bit string starting from the next byte aligned position. This permits
comparison of a bit string with the next byte aligned bits to be decoded in the bitstream. If the current location in the
bitstream is already byte aligned and the 8 bits following the current location are ‘01111111°, the bits subsequent to
these 8 bits are returned. The current location in the bitstream is not changed by this function.

5.2.4 Definition of next_start_code() function

The next_start_code() function removes any zero bit and a string of 0 to 7 ‘1’ bits used for stuffing and locates the
next start code.

next_start_code() { No. of bits | Mnemonic
zero_bit 1 ‘o
while ('bytealigned())
one_bit 1 1’
}

5.2.5 Definition of next_resync_marker() function

The next_resync_marker() function removes any zero bit and a string of 0 to 7 ‘1’ bits used for stuffing and locates
the next resync marker; it thus performs similar operation as next_start_code() but for resync_marker.

next_resync_marker() { No. of bits | Mnemonic
zero_bit 1 ‘o
while ('bytealigned())
one_bit 1 1’
}
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5.2.6 Definition of transparent_mb() function

The function transparent_mb() returns 1 if the current macroblock consists only of transparent pixels. Otherwise it
returns 0.

5.2.7 Definition of transparent_block() function

The function transparent_block(j) returns 1 if the 8x8 with index j consists only of transparent pixels. Otherwise it
returns 0. The index value for each block is defined in Figure 6-8.

5.2.8 Definition of byte_align_for_upstream() function

The function byte align_for_upstream() removes a string of ‘1’ used for stuffing from the upstream message. When
the message is already byte aligned before the byte align_for_upstream() function, additional byte stuffing is no
longer allowed.

byte align_for_upstream() { No. of bits | Mnemonic
while ('byte_aligned())
one_bit 1 1’
}

5.2.9 Definition of next_start_code_studio() function

The next_start_code_studio() function removes any zero bit and zero byte stuffing and locates the next start code.

next_start_code_studio() { No. of bits | Mnemonic

while ( 'bytealigned() )

zero_bit 1 ‘o
while ( nextbits() != ‘0000 0000 0000 0000 0000 0001 )
zero_byte 8 ‘0000 0000’

This function checks whether the current position is byte aligned. If it is not, zero stuffing bits are present. After that
any number of zero stuffing bytes may be present before the start code. Therefore start codes are always byte
aligned and may be preceded by any number of zero stuffing bits.

5.2.10 Definition of valid_stuffing_bits() function

If the current position in not on a byte boundary, the function valid_stuffing_bits() returns 1 if the remaining bits in
the current byte are valid stuffing bits. If the current position is on a byte boundary, valid_stuffing_bits() returns 1 if
the remaining bits in the next byte are valid stuffing bits. Otherwise, valid_stuffing_bits() returns O.

5.2.11 Definition of start_of_bit_plane() function

The function start_of bit_plane() returns 1 if the next bit in the bitstream is the first bit of the codes associated with
a vop-bp. Otherwise it returns 0.

5.3 Reserved, forbidden and marker_bit

The terms “reserved” and “forbidden” are used in the description of some values of several fields in the coded
bitstream.
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The term “reserved” indicates that the value may be used in the future for ISO/IEC defined extensions.
The term “forbidden” indicates a value that shall never be used (usually in order to avoid emulation of start codes).

The term “marker_bit” indicates a one bit integer in which the value zero is forbidden (and it therefore shall have the
value ‘1’). These marker bits are introduced at several points in the syntax to avoid start code emulation.

The term “zero_bit” indicates a one bit integer with the value zero.

5.4 Arithmetic precision

In order to reduce discrepancies between implementations of this part of ISO/IEC 14496, the following rules for
arithmetic operations are specified.

(a) Where arithmetic precision is not specified, such as in the calculation of the IDCT, the precision shall be
sufficient so that significant errors do not occur in the final integer values.

(b) Where ranges of values are given, the end points are included if a square bracket is present, and excluded
if a round bracket is used. For example, [a, b) means from a to b, including a but excluding b.

6 Visual bitstream syntax and semantics

6.1 Structure of coded visual data

Coded visual data can be of several different types, such as video data, still texture data, 2D mesh data or facial
animation parameter data.

Synthetic objects and their attribution are structured in a hierarchical manner to support both bitstream scalability
and object scalability. ISO/IEC 14496-1:2001 of the specification provides the approach to spatial-temporal scene
composition including normative 2D/3D scene graph nodes and their composition supported by Binary Interchange
Format Specification. At this level, synthetic and natural object composition relies on ISO/IEC 14496-1:2001 with
subsequent (non-normative) rendering performed by the application to generate specific pixel-oriented views of the
models.

Coded video data consists of an ordered set of video bitstreams, called layers. If there is only one layer, the coded
video data is called non-scalable video bitstream. If there are two layers or more, the coded video data is called a
scalable hierarchy. B

One of the layers is called base layer, and it can always be decoded independently. Other layers are called
enhancement layers, and can only be decoded together with the lower layers (previous layers in the ordered set),
starting with the base layer. The multiplexing of these layers is specified in ISO/IEC 14496-1:2001. The base layer
of a scalable set of streams can be coded by other standards. The Enhancement layers shall conform to this part of
ISO/IEC 14496. In general the visual bitstream can be thought of as a syntactic hierarchy in which syntactic
structures contain one or more subordinate structures. In a typical application of FGS, the bitstream at the input of
an FGS decoder is a truncated version of the bitstream at the output of an FGS encoder. It is likely that, at the end
of each fgs vop before the next fgs_vop_start_code, only partial bits of the fgs vop are at the input of the decoder
due to truncation of the fgs vop bitstream. Decoding of the truncated bitstream is not normative. An example of
dealing with the truncated bitstream is described in Annex S. The FGS syntax description in this clause is for a
complete bitstream without truncation.

Visual texture, referred to herein as still texture coding, is designed for maintaining high visual quality in the
transmission and rendering of texture under widely varied viewing conditions typical of interaction with 2D/3D
synthetic scenes. Still texture coding provides for a multi-layer representation of luminance, color and shape. This
supports progressive transmission of the texture for image build-up as it is received by a terminal. Also supported
is the downloading of the texture resolution hierarchy for construction of image pyramids used by 3D graphics APls.
Quality and SNR scalability are supported by the structure of still texture coding.
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Coded mesh data consists of a single non-scalable bitstream. This bitstream defines the structure and motion of a
2D mesh object. Texture that is to be mapped onto the mesh geometry is coded separately.

Coded FBA parameter data consists of one non-scaleable bitstream. It defines the animation of the face and body
model of the decoder. Face and body animation data is structured as standard formats for downloadable models
and their animation controls, and a single layer of compressed face and body animation parameters used for
remote manipulation of the face and body model. The face is a node in a scene graph that includes face geometry
ready for rendering. The body is also a node in a scene graph that includes body geometry ready for rendering.
The face node belongs to the scene graph that is defined by the body node.The shape, texture and expressions of
the face are controlled by the bitstream containing instances of Facial Definition Parameter (FDP) sets and/or
Facial Animation Parameter (FAP) sets. The body is also controlled by instances of Body Definition Parameter
(BDP) sets and/or Body Animation Parameter (BAP) sets.Upon initial or baseline construction, the FBA object
contains a generic face with a neutral expression and a generic body with default position. This object can receive
FAPs and BAPs from the bitstream and be subsequently rendered to produce animation of the face and the body.
If FDPs and BDPs are transmitted, the generic face and body are transformed into a particular face and body of
specific shape and appearance. A downloaded face model via FDPs is a scene graph for insertion in the face node,
and the downloaded body model via BDPs is a scene graph for insertion of the body node.

6.1.1 Visual object sequence
Visual object sequence is the highest syntactic structure of the coded visual bitstream.

A visual object sequence commences with a visual_object_sequence_start code which is followed by one or more
visual objects coded concurrently. The visual object sequence is terminated by a
visual_object_sequence_end_code.

At various points in the visual object sequence, a repeat visual_object _sequence_start_code can be inserted for
coded video data. In that case, the repeat visual_object_sequence_start_code shall follow a particular VOP. When
profile_and_level_indication indicates a Studio Profile, StudioVisualObject() shall follow it.

6.1.2 Visual object

A visual object commences with a visual_object_start_code, is followed by profile and level identification, and a
visual object id, and is followed by a video object, a still texture object, a mesh object, or an FBA object. For Studio
Profiles particularly, only video object type is supported.

6.1.3 Video object

A video object commences with a video_object_start_code, and is followed by one or more video object layers. For
Studio Profiles particularly, a video object layer commences with video_object layer start code which may
optionally be followed by Group_of StudioVideoObjectPlane() and then by one or more coded VOPs. The order of
the coded frames in the coded bitstream is the order in which the decoder processes them, which is not necessarily
the display order.

6.1.3.1 Progressive and interlaced sequences
This part of ISO/IEC 14496 deals with coding of both progressive and interlaced sequences.

The sequence, at the output of the decoding process, consists of a series of reconstructed VOPs separated in time
and are readied for display via the compositor.

For Studio Profiles particularly, the output of the decoding process for interlaced sequences consists of a series of
reconstructed fields that are separated in time by a field period. The two fields of a frame may be coded separately
(field-VOPs). Alternatively the two fields may be coded together as a frame (frame-VOPs). Both frame VOPs and
field VOPs may be used in a single video sequence.

In progressive sequences each VOP in the sequence shall be a frame VOP. The sequence, at the output of the
decoding process, consists of a series of reconstructed frames that are separated in time by a frame period.
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6.1.3.2 Frame

A frame consists of three rectangular matrices of integers; a luminance matrix (Y), and two chrominance matrices
(Cb and Cr).

The relationship between these Y, Cb and Cr components and the primary (analogue) Red, Green and Blue
Signals (E'g, E'g and E’g), the chromaticity of these primaries and the transfer characteristics of the source frame
may be specified in the bitstream (or specified by some other means). This information does not affect the
decoding process.

For Studio Profiles particularly, the three rectangular matrices can be the primary RGB colour matrices.

6.1.3.3 Field
A field consists of every other line of samples in the three rectangular matrices of integers representing a frame.

A frame is the union of a top field and a bottom field. The top field is the field that contains the top-most line of each
of the three matrices. The bottom field is the other one.

6.1.3.4 VOP

A reconstructed VOP is obtained by decoding a coded VOP. A coded VOP may have been derived from either a
progressive or interlaced frame.

For Studio Profiles particularly, coded VOP may have been derived from a progressive or interlaced frame or an
interlaced field. A reconstructed VOP is either a reconstructed frame (when decoding a frame VOP), or one field of
a reconstructed frame (when decoding a field VOP).

An I-frame VOP or a pair of field VOPs, where the first field VOP is an I-picture and the second field VOP is an I-
VOP or a P-VOP, is called a coded I-frame.

A P-frame VOP or a pair of P-field VOPs is called a coded P-frame.
A B-frame VOP or a pair of B-field VOPs is called a coded B-frame.

A coded |-frame, a coded P-frame or a coded B-frame is called a coded frame

6.1.3.4.1 Field VOPs

If field VOPs are used, then they shall occur in pairs (one top field followed by one bottom field, or one bottom field
followed by one top field) and together constitute a coded frame. The two field VOPs that comprise a coded frame
shall be encoded in the bitstream in the order in which they shall occur at the output of the decoding process.

When the first VOP of the coded frame is a P-field VOP, then the second VOP of the coded frame shall also be a
P-field VOP. Similarly when the first VOP of the coded frame is a B-field VOP the second VOP of the coded frame
shall also be a B-field VOP.

When the first VOP of the coded frame is a I-field VOP, then the second VOP of the frame shall be either an I-field
VOP or a P-field VOP. If the second VOP is a P-field VOP, then certain restrictions apply (see 7.16.7.4.5).

6.1.3.4.2 Frame VOPs

When coding interlaced sequences using frame VOPs, the two fields of the frame shall be interleaved with one
another and then the entire frame is coded as a single frame-VOP.
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6.1.3.5 VOP types
There are four types of VOPs that use different coding methods:
1. An Intra-coded (I) VOP is coded using information only from itself.

2. A Predictive-coded (P) VOP is a VOP which is coded using motion compensated prediction from a past
reference VOP.

3. A Bidirectionally predictive-coded (B) VOP is a VOP which is coded using motion compensated prediction from
a past and/or future reference VOP(s).

4. A sprite (S) VOP is a VOP for a sprite object or a VOP which is coded using prediction based on global motion
compensation from a past reference VOP.

6.1.3.6 I-VOPs and group of VOPs

I-VOPs are intended to assist random access into the sequence. Applications requiring random access, fast-
forward playback, or fast reverse playback may use I-VOPs relatively frequently.

I-VOPs may also be used at scene cuts or other cases where motion compensation is ineffective.

Group of VOP (GOV) header is an optional header that can be used immediately before a coded I-VOP to indicate
to the decoder:

1) the modulo part (i.e. the full second units) of the time base for the next VOP to be displayed after having
decoded a GOV header. For Studio Profiles particularly, SMPTE 12M time code information that is not
used by the decoding process.

2) if the first consecutive B-VOPs immediately following the coded I-VOP can be reconstructed properly in
the case of a random access.

In a non scalable bitstream or the base layer of a scalable bitstream, the first coded VOP following a GOV header
shall be a coded I-VOP.

6.1.3.7 Format

6.1.3.7.1 4:2:0 Format

In this format the Cb and Cr matrices shall be one half the size of the Y-matrix in both horizontal and vertical
dimensions. The Y-matrix shall have an even number of lines and samples.

If the matrices represent RGB colour primary matrices, this 4:2:0 format shall not be applied.
NOTE — When interlaced frames are coded as rectangular field VOPs, the VOP reconstructed from each of these
field VOPs shall have a Y-matrix with half the number of lines of the corresponding frame. Thus the total number of

lines in the Y-matrix of an entire frame shall be divisible by four.

The luminance and chrominance samples are positioned as shown in Figure 6-1.The two variations in the vertical
and temporal positioning of the samples for interlaced VOPs are shown in Figure 6-2 and Figure 6-3.

Figure 6-4 shows the vertical and temporal positioning of the samples in a progressive frame.
In each field of an interlaced frame, the chrominance samples do not lie (vertically) mid way between the luminance

samples of the field. This is so that the spatial location of the chrominance samples in the frame is the same
whether the frame is represented as a single frame-VOP or two field-VOPs.
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Figure 6-1 — The position of luminance and chrominance samples in 4:2:0 data
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Figure 6-2 — Vertical and temporal positions of samples in an interlaced frame with top_field_first=1
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Figure 6-3 — Vertical and temporal position of samples in an interlaced frame with top_field_first=0
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Figure 6-4 — Vertical and temporal positions of samples in a progressive frame
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The binary alpha plane for each VOP is represented by means of a bounding rectangle as described in Clause F.2,
and it has always the same number of lines and pixels per line as the luminance plane of the VOP bounding
rectangle. The positions between the luminance and chrominance pixels of the bounding rectangle are defined in
this clause according to the 4:2:0 format. For the progressive case, each 2x2 block of luminance pixels in the
bounding rectangle associates to one chrominance pixel. For the interlaced case, each 2x2 block of luminance
pixels of the same field in the bounding rectangle associates to one chrominance pixel of that field.

In order to perform the padding process on the two chrominance planes, it is necessary to generate a binary alpha
plane which has the same number of lines and pixels per line as the chrominance planes. Therefore, when non-
scalable shape coding is used, this binary alpha plane associated with the chrominance planes is created from the
binary alpha plane associated with the luminance plane by the subsampling process defined below:

For each 2x2 block of the binary alpha plane associated with the luminance plane of the bounding rectangle (of the
same frame for the progressive and of the same field for the interlaced case), the associated pixel value of the

binary alpha plane associated with the chrominance planes is set to 255 if any pixel of said 2x2 block of the binary
alpha plane associated with the luminance plane equals 255.

6.1.3.7.2 4:2:2 Format

In this format the Cb and Cr matrices shall be one half the size of the Y-matrix in the horizontal dimension and the
same size as the Y-matrix in the vertical dimension. The Y-matrix shall have an even number of samples.

If the matrices represent RGB colour primar matrices, this 4:2:2 format shall not be applied.

NOTE — When interlaced frames are coded as rectangular field VOPs, the VOP reconstructed from each of these field VOPs
shall have a Y-matrix with half the number of lines of the corresponding frame. Thus the total number of lines in the Y-matrix of
an entire frame shall be divisible by two.

The luminance and chrominance samples are positioned as shown in Figure 6-5.

In order to clarify the organisation, Figure 6-6 shows the (vertical) positioning of the samples when the frame is
separated into two fields.

& X : & X : & X : & X
& X : & X : & X : & X
& X : & X : & X : & X
B X 1 ®8 X 18 X1 ® X
--------
o3y} X1 & X1 & X1 & X
--------
o3y} X1 & X1 & X1 & X

X Represent luminance samples

O Represent chrominance samples

Figure 6-5 — The position of luminance and chrominance samples. 4:2:2 data.
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Figure 6-6 — Vertical positions of samples with 4:2:2 and 4:4:4 data

6.1.3.7.3 4:4:4 Format

In thié, format the Cb and Cr matrices shall be the same size as the Y-matrix in the horizontal and the vertical
dimensions.

If the matrices are treated as RGB colour primary matrices, the matrices shall follow this format.

NOTE — When interlaced frames are coded as field rectangular VOPs, the VOP reconstructed from each of these field VOPs
shall have a Y-matrix with half the number of lines of the corresponding frame. Thus the total number of lines in the Y-matrix of
an entire frame shall be divisible by two.

The luminance and chrominance samples are positioned as shown in Figure 6-6 and Figure 6-7.
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B X

X Represent luminance samples

O Represent chrominance samples

Figure 6-7 — The position of luminance and chrominance samples. 4:4:4 data.

6.1.3.8 VOP reordering

When a video object layer contains coded B-VOPs, the number of consecutive coded B-VOP is variable and
unbounded. The first coded VOP shall not be a B-VOP.

A video object layer may contain no coded P-VOPs or no coded S(GMC)-VOPs. A video object layer may also
contain no coded I-VOPs in which case some care is required at the start of the video object layer and within the
video object layer to effect both random access and error recovery.

The order of the coded VOPs in the bitstream, also called decoding order, is the order in which a decoder
reconstructs them. The order of the reconstructed VOPs at the output of the decoding process, also called the
display order, is not always the same as the decoding order and this subclause defines the rules of VOP reordering
that shall happen within the decoding process.

When the video object layer contains no coded B-VOPs, the decoding order is the same as the display order.
When B-VOPs are present in the video object layer re-ordering is performed according to the following rules:
If the current VOP in decoding order is a B-VOP the output VOP is the VOP reconstructed from that B-VOP.

If the current VOP in decoding order is a I-VOP, P-VOP, or S(GMC)-VOPs the output VOP is the VOP
reconstructed from the previous I-VOP or P-VOP, or S(GMC)-VOP if one exists. If none exists, at the start of the
video object layer, no VOP is output.

The following is an example of VOPs taken from the beginning of a video object layer. In this example there are two
coded B-VOPs between successive coded P-VOPs and also two coded B-VOPs between successive coded I- and
P-VOPs. VOP ‘11’ is used to form a prediction for VOP ‘4P’. VOPs ‘4P’ and ‘1’ are both used to form predictions for
VOPs 2B’ and ‘3B’. Therefore the order of coded VOPs in the coded sequence shall be “1I’, ‘4P’, ‘2B’, ‘3B’.
However, the decoder shall display them in the order “11’, ‘2B’, ‘3B’, ‘4P"’.
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At the encoder input,

1 2 3 45 6 7 8 9 10 11 12 13

I B B P B BPIBIBI B BP

At the encoder output, in the coded bitstream, and at the decoder input,

1 4 2 3 7 5 6 108 9 13 11 12

I P B B P BB Il B B P B B

At the decoder output,

1 2 3 45 6 7 8 9 10 11 12 13

I B B P B BPIBIBI B BP

In terms of VOP reordering, an S(GMC)-VOP can be regarded as a P-VOP.
6.1.3.9 Macroblock

A macroblock contains a section of the luminance component and the spatially corresponding chrominance
components. The term macroblock can either refer to source and decoded data or to the corresponding coded data
elements. A skipped macroblock is one for which no information is transmitted. There are three chrominance
formats for a macroblock, namely, 4:2:0, 4:2:2 and 4:4:4 formats. The order of blocks in a macroblock shall be
different for each different chrominance format and are illustrated below:

A 4:2:0 Macroblock consists of 6 blocks. This structure holds 4 Y, 1 Cb and 1 Cr Blocks and the block order is
depicted in Figure 6-8.

011
213
Y Cb Cr

4 5

Figure 6-8 — 4:2:0 Macroblock structure

A 4:2:2 Macroblock consists of 8 blocks. This structure holds 4 Y, 2 Cb and 2 Cr Blocks and the block order is
depicted in Figure 6-9.

011 4 5
213 6 7
Y Cb Cr

Figure 6-9 — 4:2:2 Macroblock structure

A 4:4:4 Macroblock consists of 12 blocks. This structure holds 4 Y, 4 Cb and 4 Cr (or 4 G, 4 B and 4 R) Blocks and
the block order is depicted in Figure 6-10.
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0] 1 418 519
213 6110 7111
Y/G Cb/B Cr/R

Figure 6-10 — 4:4:4 Macroblock structure

The organisation of VOPs into macroblocks is as follows.

For the case of a progressive VOP (when the interlaced flagin the VOL header is set to “0”), the organisation of
lines of luminance VOP into macroblocks is called frame organization and is illustrated in Figure 6-11. In this case,
frame DCT coding is employed.

For the case of interlaced VOP (when the interlaced flag is set to “1”), the organisation of lines of luminance VOP
into macroblocks can be either frame organization or field organization and thus both frame and field DCT coding
may be used in the VOP.

e In the case of frame DCT coding, each luminance block shall be composed of lines from two fields alternately.
This is illustrated in Figure 6-11.

e In the case of field DCT coding, each luminance block shall be composed of lines from only one of the two
fields. This is illustrated in Figure 6-12.

In the case of chrominance blocks the structure depends upon the chrominance format that is being used. In the
case of 4:2:2 and 4:4:4 formats (where there are two blocks in the vertical dimension of the macroblock) the
chrominance blocks are treated in exactly the same manner as the luminance blocks. However, in the 4:2:0 format
the chrominance blocks shall always be organised in frame structure for the purposes of DCT coding. It should
however be noted that field based predictions may be made for these blocks which will, in the general case, require
that predictions for 8x4 regions (after half-sample filtering) must be made.

In field pictures, each picture only contains lines from one of the fields. In this case each block consists of lines
taken from successive lines in the picture as illustrated by Figure 6-11.

==
==

Figure 6-11 — Luminance macroblock structure in frame DCT coding
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Figure 6-12 — Luminance macroblock structure in field DCT coding

6.1.3.10 Block

The term block can refer either to source and reconstructed data or to the DCT coefficients or to the corresponding
coded data elements. ;

When the block refers to source and reconstructed data it refers to an orthogonal section of a luminance orf

chrominance component with the same number of lines and samples. There are 8 lines and 8 samples/line in the
block. ‘

6.1.3.11 Field
A field consists of every other line of samples in the three rectangular matrices of integers representing a frame.

A frame is the union of a top field and a bottom field. The top field is the field that contains the top-most line of each
of the three matrices. The bottom field is the other one.

Only when profile_and_level_indication indicates the studio profile, a coded VOP may be a frame VOP or a field
VOP. A reconstructed VOP is either a reconstructed frame (when decoding a frame VOP), or one field of a
reconstructed frame (when decoding a field VOP).

6.1.3.11.1 Field VOPs

If field VOPs are used then they shall occur in pairs (one top field followed by one bottom field, or one bottom field
followed by one top field) and together constitute a coded frame. The two field VOPs that comprise a coded frame
shall be encoded in the bitstream in the order in which they shall occur at the output of the decoding process.

When the first VOP of the coded frame is a P-field VOP, then the second VOP of the coded frame shall also be a
P- field VOP. Similarly when the first VOP of the coded frame is a B-field VOP the second VOP of the coded frame
shall also be a B-field VOP.

When the first VOP of the coded frame is a I-field VOP, then the second VOP of the frame shall be either an I-field
VOP or a P-field VOP. If the second VOP is a P-field VOP then certain restrictions apply.

6.1.3.11.2 Frame VOPs

When coding interlaced sequences using frame VOPSs, the two fields of the frame shall be interleaved with one
another and then the entire frame is coded as a single frame-VOP.
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6.1.3.12 Slice

A slice is a series of an arbitrary number of consecutive macroblocks. The first and last macroblocks of a slice shall
not be skipped macroblocks. Every slice shall contain at least one macroblock. Slices shall not overlap. The
position of slices may change from picture to picture.

The first and last macroblock of a slice shall be in the same horizontal row of macroblocks.
Slices shall occur in the bitstream in the order in which they are encountered, starting at the upper-left of the picture

and proceeding by raster-scan order from left to right and top to bottom (illustrated in the Figures of this clause as
alphabetical order).

6.1.3.12.1 The general slice structure

In the most general case it is not necessary for the slices to cover the entire picture. Figure 6-13 shows this case.
Those areas that are not enclosed in a slice are not encoded and no information is encoded for such areas (in the
specific picture).

If the slices do not cover the entire picture then it is a requirement that if the picture is subsequently used to form
predictions then predictions shall only be made from those regions of the picture that were enclosed in slices. It is
the responsibility of the encoder to ensure this.

This specification does not define what action a decoder shall take in the regions between the slices.

C

H

\

Figure 6-13 — The most general slice structure

6.1.3.12.2 Restricted slice structure

In certain defined levels of defined profiles a restricted slice structure illustrated in Figure 6-14 shall be used. In this
case every macroblock in the picture shall be enclosed in a slice.

Documents
Document Sharin:?,lHub

A ICANEA AR A
Copyright International Organization for Slandardizationl.Its reserved

Reproduced by IHS under license with ISO

No reproduction or networking permitted without license from IHS Not for Resale

Full document details: ISO IEC 14496-2-2004


http://www.avadocuments.com/doc/iso-iec-14496-2-2004
http://www.avadocuments.com/doc/iso-iec-14496-2-2004

ISO/IEC 14496-2:2004(E)

i

Figure 6-14 — Restricted slice structure

Where a defined level of a defined profile requires that the slice structure obeys the restrictions detailed in this
clause, the term “restricted slice structure” may be used.

6.1.4 Mesh object

A 2D triangular mesh refers to a tessellation of a 2D visual object plane into triangular patches. The vertices of the
triangular patches are called node points. The straight-line segments between node points are called edges. Two
triangles are adjacent if they share a common edge.

A dynamic 2D mesh consists of a temporal sequence of 2D triangular meshes, where each mesh has the same
topology, but node point locations may differ from one mesh to the next. Thus, a dynamic 2D mesh can be
specified by the geometry of the initial 2D mesh and motion vectors at the node points for subsequent meshes,
where each motion vector points from a node point of the previous mesh in the sequence to the corresponding
node point of the current mesh. The dynamic 2D mesh can be used to create 2D animations by mapping texture
from e.g. a video object plane onto successive 2D meshes.

A 2D dynamic mesh with implicit structure refers to a 2D dynamic mesh of which the initial mesh has either uniform
or Delaunay topology. In both cases, the topology of the initial mesh does not have to be coded (since it is implicitly
defined), only the node point locations of the initial mesh have to be coded. Note that in both the uniform and
Delaunay case, the mesh is restricted to be simple, i.e. it consists of a single connected component without any
holes, topologically equivalent to a disk.

A mesh object represents the geometry and motion of a 2D triangular mesh. A mesh object consists of one or more
mesh object planes, each corresponding to a 2D triangular mesh at a certain time instance. An example of a mesh
object is shown in the Figure 6-15.

A sequence of mesh object planes represents the piece-wise deformations to be applied to a video object plane or
still texture object to create a synthetic animated video object. Triangular patches of a video object plane are to be
warped according to the motion of corresponding triangular mesh elements. The motion of mesh elements is
specified by the temporal displacements of the mesh node points.

The syntax and semantics of the mesh object pertains to the mesh geometry and mesh motion only; the video
object to be used in an animation is coded separately. The warping or texture mapping applied to render visual
object planes is handled in the context of scene composition. Furthermore, the syntax does not allow explicit
encoding of other mesh properties such as colors or texture coordinates.
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