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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commissjen
form the specialized system for worldwide standardization. National bodies that are members of I1ISO or 1E(
participate in the development of International Standards through technical committees established~by th
respective organization to deal with particular fields of technical activity. ISO and IEC technical cemmittee
collaborate in fields of mutual interest. Other international organizations, governmental and non-governmental, i
liaison with ISO and IEC, also take part in the work.
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International Standards are drafted in accordance with the rules given in the ISO/IEC Directives,Part 3.

In the field of information technology, ISO and IEC have established a joint technical eggmmittee, ISO/IEC JTC 1.
Draft International Standards adopted by the joint technical committee are circulatedto- mational 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 Amendment may be the subject of patent
rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

\1”2

Amendment 1 to International Standard ISO/IEC 14496-2:1999 was prepared by Joint Technical Committe
ISO/IEC JTC 1, Information technology, Subcommittee SC 29,'Coding of audio, picture, multimedia ang
hypermedia information.

Annexes A, B, C, D, G, J, Kand N form a normative part of this"Amendment. Annexes E, F, H, |, L, M and O are for
information only.
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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
qccess to visual objects in natural and synthetic moving pictures and associated natural or synthetic sound for
arious 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 dataiand 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 helow:

IMM  Internet Multimedia

VG Interactive Video Games

IPC Interpersonal Communications (videoconferencing, videgphone, 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

I[SO/IEC 14496 is intended to be generic in the sense that it serves a wide range of applications, bitrates,
flesolutions, 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

¢lements.have been developed, and they have been integrated into a single syntax. Hence ISO/IEC 14496 will
flacilitate'the bitstream interchange among different applications.

Moreover the various tools of thls part of ISO/IEC 14496 as WeII as that derlved from ISO/IEC 13818 21996 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.
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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.

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_an
paste). The instances of video objects at a given time are called video object planes (VOPs). The encoding/preces,
generates a coded representation of a VOP as well as composition information necessary for display. Further, g
the decoder, a user may interact with and modify the composition process as needed.

— UJ L

The full syntax allows coding of rectangular as well as arbitrarily shaped video objects in a scene) Furthermore, th
syntax supports both nonscalable coding and scalable coding. Thus it becomes possible ~to handle norma
scalabilities as well as object based scalabilities. The scalability syntax enables the reconstruction of useful vide
from pieces of a total bitstream. This is achieved by structuring the total bitstream in two0.0or more layers, startin
from a standalone base layer and adding a number of enhancement layers. The base.layer can be coded using

non-scalable syntax, or in the case of picture based coding, even using a syntax of a different video codin
standard.

T WO O —— (U

>

To ensure the ability to access individual objects, it is necessary to achieve, a.coded representation of its shape.
natural video object consists of a sequence of 2D representations (at different points in time) referred to here a
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, calle¢
BIFS, contains instances of Body Definition Parameters (BDPs) in addition to Facial Definition Parameters (FDPSs)
and the second bitstream, FBA bitstream, contains Body Animation Parameters (BAPs) together with Facig
Animation Parameters (FAPS).

A 3D (or 2D) face object is a representation of the human face that is structured for portraying the visug
manifestations of speech and facial expressions adequate to achieve visual speech intelligibility and the recognitio
of the mood of the speaker. A face\gbject is animated by a stream of face animation parameters (FAP) encode
for low-bandwidth transmissions-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 produc
animated visemes for the mouth (lips, tongue, teeth), as well as animation of the head and facial features like th
eyes. FAPs are quantized:with careful consideration for the limited movements of facial features, and the
prediction errors are calciitated and coded arithmetically. The remote manipulation of a face model in a terming
with FAPs can accomplish lifelike visual scenes of the speaker in real-time without sending pictorial or video detail
of face imagery every-frame.

| = g

—_— - (U U

)

A simple streaming connection can be made to a decoding terminal that animates a default face model. A morg
complex session can initialize a custom face in a more capable terminal by downloading face definition parameter
(FDP) frem the encoder. Thus specific background images, facial textures, and head geometry can be portrayed.
The eomposition of specific backgrounds, face 2D/3D meshes, texture attribution of the mesh, etc. is described in
ISONEC 14496-1:1999. The FAP stream for a given user can be generated at the user’s terminal from video/audiq,
or, from text-to-speech. FAPs can be encoded at bitrates up to 2-3kbit/s at necessary speech rates. Optiong

famneral-DeT cadina-nravidecfurdhaor caomnracaion-afficianey avehanao for dalav,  Lloina thi foanihitine Af IO /1M

192
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14496-1:1999, 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

Xi
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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.

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
ody to produce animation of the body parts. The BAPs are quantized considering the joint limitations, .and
rediction errors are calculated and coded arithmetically. Similar to the face, the remote manipulation of a bedy
odel in a terminal with BAPs can accomplish lifelike visual scenes of the body in real-time without 'sending
ictorial 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
nimation on different body models, also without the need to initialize or calibrate the model.The,BDP set defines

ihe set of parameters to transform the default body to a customized body optionally with its-body surface, body
imensions, and texture.

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

The FBA Animation specification is defined in ISO/IEC 14496-1:1999/Amd:1:2000 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
$pecification is found in the part 2, and FDP and BDP specification imthe 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”,
16.1.5.3 Facial animation parameter units”, “6.1.5.4 Description<of a neutral face” as well as the Table C-1. The
iseme parameter is documented in subclause “7.12.3 Decodifg)of the viseme parameter fap 1” and the Table C-5
in annex C. The expression parameter is documented in sub¢lause “7.12.4 Decoding of the expression parameter
ap 2" and the Table C-3. FBA bitstream syntax is found_ in-'subclauses “6.2.10 FBA Object”, semantics in “6.3.10

BA Object”, and subclause “7.12 FBA object decoding®* explains in more detail the FAP/BAP decoding process.
AP/BAP masking and interpolation is explained in subclauses “6.3.11.1 FBA Object Plane”, “7.12.1.1 Decoding of

BA”, “7.12.5 FBA masking” . The FIT interpolation scheme is documented in subclause “7.2.5.3.2.4 FIT" of
[SO/IEC 14496-1:1999. The FDPs and BDPs @nd their interpretation are documented in subclause “7.2.5.3.2.6
DP” of ISO/IEC 14496-1:1999. In particular) the FDP feature points are documented in Figure C-1. Details on
ody models are documented in Annex Cs

Mesh object

A 2D mesh object is a representation of a 2D deformable geometric shape, with which synthetic video objects may

e created during a composition process at the decoder, by spatially piece-wise warping of existing video object
Elanes 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
ariable 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 ‘nede in BIFS. It is defined by the position of its vertices (geometry), by the association between each face
and.its sustalnlng vertlces (connect|V|ty) and optlonally by colours normals, and texture coordlnates (propertles)

addresses the eff|C|ent codlng of 3D mesh object It comprlses a ba5|c method and several optlons The baS|c
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.

Xii
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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.

Single 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 triangle tree, which is a spanning tree in the dual graph of the 3D"'mesh.
Figure V2 - 1 shows an example of a triangular 3D mesh, its dual graph, and a triangle tree. The vertex grap
identifies which pairs of boundary edges of the simple polygon are associated with each other to recaenstruct th
connectivity of the 3D mesh. The triangle tree does not fully describe the triangulation of the simple\polygon. Th
missing information is recorded as a marching edge.

U (U J

Figure V2 - 1 -- A triangular 3Dgmesh (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 th
resulting triangular 3D mesh are edges of the original 3D mesh is recorded as a sequence of polygon_edge bitg
The face tree is also a spanning(tree in the dual graph of the 3D mesh, and the vertex graph is always composed d
edges of the original 3D mesh.

1%

—

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

w iU

Incremental Representation

When a3D mesh is downloaded over networks with limited bandwidth (e.g. PSTN), it may be desired to begi
decoding and rendering the 3D mesh before it has all been received. Moreover, content providers may wish t
control such incremental representation to present the most important data first. The basic 3DMC method support
this by mterleavmg the data such that each triangle may be reconstructed as it is received. Incrementg
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error resilience.

Hierarchical Mode

An example of a 3D mesh represented in hierarchical mode is illustrated in Figure V2 - 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.

xiii
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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.

Figure V2 - 2 -- A hierarchy of levels of detdll

The hierarchical representation of a 3D model is based on the Progressivie Forest Split scheme. In the Progressive
Forest Split representation, a manifold 3D mesh is represented as a hase 3D mesh followed by a sequence of
orest split operations. The base 3D mesh is encoded as a single resolution 3D mesh using the Topological
$Purgery scheme. Each forest split operation is composed of a forest in the graph of the current 3D mesh, and a
$equence of simple polygons. Figure V2 - 3 illustrates the method. To prevent visual artifacts which may occur
vhile switching from a level of detail to the next one, the{data structure supports smooth transition between
¢onsecutive levels of detail in the form of linear interpolation.of vertex positions.

Figure V2753 -- The Forest Split operation. A 3D mesh with a forest of edges marked (A). The tree loops
iesulting from cutting the 3D mesh through the forest edges (B). Each tree loop is filled by a simple

olygon composed of polygonal faces (C).
rfor 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

Xiv
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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.

Stitching for Non-Manifold and Non-Orientable Meshes

The r‘nnnnr‘fi\lihjl of a non-manifold_and non-orientable 3D mesh is rnprncnnfnrl as_a manifold 3D mesh and

sequence of stitches. Each stitch describes how to identify one or more pairs of vertices along two linear paths g
edges, and each one of these paths is contained in one of the vertex graphs that span the connected compenent
of the manifold 3D mesh.

U — M

Encoder and Decoder Block Diagrams

High level block diagrams of a general 3D polygonal model encoder and decoder are shown in(Bigure V2 - 4. The
consist of a 3D mesh connectivity (de)coder, geometry (de)coder, property (de)coder, and)entropy (de)codin
blocks. Connectivity, vertex position, and property information are extracted from 3D mesh model described i
VRML or MPEG-4 BIFS format. The connectivity (de)coder is used for an efficient repreSentation of the associatio
between each face and its sustaining vertices. The geometry (de)coder is used for a.lossy or lossless compressio
of vertex coordinates. The property (de)coder is used for a lossy or lossless compression of colour, normal, an
texture coordinate data.

| S Sp—n R—" RS R W

3D mesh model
Geometry Geometry coder
Campressed
3D mesh _
T mes MPEG Bitstream
.. Entropy model S

Connectivity Connectivity coding ystem —»

coder MUX

Property
Property coder

(&) 3D mesh encoder

3D mesh model )

N Geometry
decoder — | Geometry

Bitstreani{, MPEG Entropy i Composition
_’ 4 N &

; Connectivit i .
System decoding IN decoder Yy ——1p | Connectivity Rendering

DEMUX
!

Property

decoder _t Property

(b) 3D mesh decoder
Figure V2 - 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
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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
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
equirement to make random access to the coded bitstream.

A number of techniques are used to achieve high compression. The algorithm first uses block-based mption
¢ompensation to reduce the temporal redundancy. Motion compensation is used both for causal prediction, of the
¢urrent VOP from a previous VOP, and for non-causal, interpolative prediction from past and future VOPSs. Motion
ectors are defined for each 16-sample by 16-line region of a VOP or 8-sample by 8-line region_ef+a VOP as
flequired. The prediction error, is further compressed using the discrete cosine transform (DCT) to\remove spatial

¢orrelation before it is quantised in an irreversible process that discards the less important infortation. Finally, the
shape information, motion vectors and the quantised DCT information, are encoded using variahle length codes.

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
oints to the coded sequence where decoding can begin, but are coded\with only moderate compression.
redictive coded VOPs (P-VOPs) are coded more efficiently using motion compensated prediction from a past intra
r predictive coded VOPs and are generally used as a reference for fdrther prediction. Bidirectionally-predictive
oded VOPs (B-VOPSs) provide the highest degree of compression butsrequire both past and future reference VOPs
or 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
rganisation of the three VOP types in a sequence is very flexible.* The choice is left to the encoder and will depend
n the requirements of the application.

oding of Shapes

[In natural video scenes, VOPs are generated by segmentation of the scene according to some semantic meaning.
or such scenes, the shape information is thus-binary (binary shape). Shape information is also referred to as
Ipha plane. The binary alpha plane is coded.@n a macroblock basis by a coder which uses the context information,
otion compensation and arithmetic coding.

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

Motion representation - macreblocks

The choice of 16x167blocks (referred to as macroblocks) for the motion-compensation unit is a result of the trade-
off between the cading gain provided by using motion information and the overhead needed to represent it. Each

acroblock can further be subdivided to 8x8 blocks for motion estimation and compensation depending on the
pverhead that(Can be afforded. In order to encode the highly active scene with higher vop rate, a Reduced
ResolutionrVOP tool is provided. When this tool is used , the size of the macroblock used for motion compensation
decoding-is’32 x 32 pixels and the size of block is 16 x 16 pixels.

ependlng on the type of the macroblock motion vector mformatlon and other side mformatlon is encoded Wlth the

value and coded usmg varlable Iength codes The maximum Iength of the motlon 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

XVi
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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.

Pixel depth

This part of ISO/IEC 14496 supports pixel depths between 4 and 12 bits in luminance and chrominance planes.
Generalized scalability

The scalability tools in this part of ISO/IEC 14496 are designed to support applications beyeond that supported b
single layer video. The major applications of scalability include internet video, wireless,video, multi-quality vide
services, video database browsing etc. In some of these applications, either normal-sealabilities on picture basi

such as those in ISO/IEC 13818-2:1996 may be employed or object based scalabilities may be necessary; bot
categories of scalability are enabled by this part of ISO/IEC 14496.

- U) U

Although a simple solution to scalable video is the simulcast technique that is based on transmission/storage o
multiple independently coded reproductions of video, a more efficient altetnative is scalable video coding, in whic
the bandwidth allocated to a given reproduction of video can be(partially re-utilised in coding of the nex
reproduction of video. In scalable video coding, it is assumed that‘given a coded bitstream, decoders of variou
complexities can decode and display appropriate reproductions of‘coded video. A scalable video encoder is likel
to have increased complexity when compared to a single layer-encoder. However, this part of ISO/IEC 1449
provides several different forms of scalabilities that addréss non-overlapping applications with correspondin
complexities.

OO0 —~ =5 —+

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

A1%

> m—

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
migration path from current lower temporal resolution video systems to higher temporal resolution systems of th
future.

D=

Temporal scalability involves partitioning of VOPs into layers, where the lower layer is coded by itself to provide th
basic temporal rate-and the enhancement layer is coded with temporal prediction with respect to the lower layer.
These layers when decoded and temporally multiplexed vyield full temporal resolution. The lower tempora
resolution systems may only decode the lower layer to provide basic temporal resolution whereas enhance
systems ofthe future may support both layers. Furthermore, temporal scalability has use in bandwidth constraine
networked(applications where adaptation to frequent changes in allowed throughput are necessary. An additiong
advantage of temporal scalability is its ability to provide resilience to transmission errors as the more importan
data-of the lower layer can be sent over a channel with better error performance, whereas the less critica

enhancement layer can be sent over a channel with poor error performance. Object based temporal scalability cal
also he pmlnlnynrl to allow gmr‘pfl L_control of pir’rllrn nlllnli'ry hy Pnnfrnlling the h:\mlnnml rate of each video nhjpr

1%

D e o~ — o O

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

XVil
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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.

n 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

nhancement layer data can be sent over a channel with poor error performance. Further, it can alsoCallow
interoperability between various standards.

ybrid scalability

here are a number of applications where neither the temporal scalability nor the spatial scalability may offer the
ecessary flexibility and control. This may necessitate use of temporal and spatial scalability simultaneously and is

eferred to as the hybrid scalability. Among the applications of hybrid scalability are wireless.video, internet video,
ultiviewpoint/stereoscopic coding etc.

Error Resilience

This part of ISO/IEC 14496 provides error robustness and resilience to-sallew accessing of image or video
information over a wide range of storage and transmission media. The errortesilience tools developed for this part
Tf ISO/IEC 14496 can be divided into three major categories. These ‘categories include synchronization, data
ecovery, and error concealment. It should be noted that these categaries 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
¢ategories that are of interest, and where this part of ISO/IEC 14496 makes its contribution to the problem of error
flesilience.

xviii
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Info rmatio n techn ology — Codin g of audio-visu al objects —
Part 2: Visual

Amendment 1: Visual extensions

1 Scope

This part of ISO/IEC 14496 specifies the coded representation of picture information-in‘the form of natural o
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 conter]
based access for digital storage media, digital video communication and other applications. ISO/IEC 1449
specifies also the decoding process of the aforementioned coded representation. The representation support
constant bitrate transmission, variable bitrate transmission, robust transmission, content based random acces
(including normal random access), object based scalable decoding (including normal scalable decoding), objeg
based bitstream editing, as well as special functions such as fast forward playback, fast reverse playback, sloy
motion, pause and still pictures. Synthetic objects and coding of special 2D/3D meshes, texture, and animatio
parameters are provided for use with downloadable models to exploit'mixed media and the bandwidth improvemer
associated with remote manipulation of such models. ISO/IEC 14496 is intended to allow some level g
interoperability with ISO/IEC 11172-2:1993, ISO/IEC 13818-2:1996 and ITU-T Recommendation H.263.

=

— o~ D = o~ U U O~ ~

2 Normative refere nces

The following normative documents contain pravisions which, through reference in this text, constitute provisions g
this Amendment. For dated references, subsequent amendments to, or revisions of, any of these publications d
not apply. However, parties to agreements-based on this Amendment are encouraged to investigate the possibilit]
of applying the most recent editions of.the normative documents indicated below. For undated references, th
latest edition of the normative document referred to applies. Members of ISO and IEC maintain registers o
currently valid International Standards.

- W O —h

ITU-T Recommendation T.8%,(1992) | ISO/IEC 10918-1:1994, Information technology — Digital compression andl
coding of continuous-tone still images: Requirements and guidelines.

—

ISO/IEC 11172-1:1993; Information technology — Coding of moving pictures and associated audio for digitz
storage media at Gpyto about 1,5 Mbit/s — Part 1: Systems.

—

ISO/IEC 11142-2:1993, Information technology — Coding of moving pictures and associated audio for digite
storage media at up to about 1,5 Mbit/s — Part 2: Video.

—

ISO/NEEY11172-3:1993, Information technology — Coding of moving pictures and associated audio for digitz
storage media at up to about 1,5 Mbit/s — Part 3: Audio.

moving pictures and associated audio information: Systems.

ITU-T Recommendation H.262(1995) | ISO/IEC 13818-2:1996, Information technology — Generic coding of moving
pictures and associated audio information: Video.

ISO/IEC 13818-3:1998, Information technology — Generic coding of moving pictures and associated audio
information — Part 3: Audio.
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Recommendations and reports of the CCIR, 1990 XVIith Plenary Assembly, Dusseldorf, 1990 Volume Xl - Part 1
Broadcasting Service (Television) ITU-R Recommendation BT.601-3, Encoding parameters of digital television for
studios.

CCIR Volume X and Xl Part 3 ITU-R Recommendation BR.648, Recording of audio signals.

CCIR Volume X and XI Part 3 Report ITU-R 955-2, Satellite sound broadcasting to vehicular, portable and fixed

eceivers in the range 500 - 3000Mhz.

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

[EC 908:1987, CD Digital Audio System.
[EC 461:1986, Time and control code for video tape recorder.

[TU-T Recommendation H.261 (Formerly CCITT Recommendation H.261), Codec for audiqvisual services at px64
bit/s.

[TU-T Recommendation H.263, Video Coding for Low Bitrate Communication.

3 Terms and definitions
For the purposes of this International Standard, the following terms and definitions apply.

3.1 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 associationdetween 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.

3.4 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-VOP; bidirectignally predictive-coded video object plane (VOP) : A VOP that is coded using

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

3.7 backward (metion vector : A motion vector that is used for motion compensation from a reference
VOP at.&1ater time in display order.

3.8 backward prediction : Prediction from the future reference VOP.
3.9 base layer : An independently decodable layer of a scalable hierarchy.
3.10 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.

3.11 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.

3.12 bitstream; stream : An ordered series of bits that forms the coded representation of the data.
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3.13 bitrate : The rate at which the coded bitstream is delivered from the storage medium or network to the
input of a decoder.

3.14 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 dequantised).

3.15 body animation parameters. BAP:  Coded streaming animation parameters that manipulate the bod

joints, and that govern deformations of the body surface with the use of BAT.

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

O

A=

3.17 body deformation table, BodyDefTable: A downloadable function mapping fromincoming BAPs t
body surface geometry that provides a combination of BAPs for controllingrbody surface geometr
deformation.

~

3.18 boundary (of a 3D mesh): The set of boundary edges of a 3D mesh.

3.19 boundary edge (of a 3D mesh): An edge of a 3D mesh which has exactly one incident face.

3.20 bounding loop: The boundary of a simple polygon.

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

the bounding loop

3.22 branching triangle (of a triangle tree): A triangle of a triangle tree with three incident triangle tre¢
edges.
3.23 branching vertex (of a vertex tree or of ayyvertex graph): A vertex of a vertex tree with three or morg¢

incident vertex tree edges.

3.24 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.

3.25 byte: Sequence of 8-bits;

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

3.27 channel : A _digital medium or a network that stores or transports a bitstream constructed according tp

ISO/IEC, 14496.

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

=

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

)

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

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

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

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

3.35 coded video bitstream : A coded representation of a series of one or more VOPs as defined in this
part of ISO/IEC 14496.

3.36 coded representation : A data element as represented in its encoded form.

3.37 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.

3.38 component : A matrix, block or single sample from one of the three matrices (luminancéjand two
chrominance) that make up a picture.

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

3.40 compression : Reduction in the number of bits used to represent an item of(data.

3.41 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.

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

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

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

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

3.46 data element: An item of data asfepresented before encoding and after decoding.

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

3.48 DCT coefficient : The@amplitude of a specific cosine basis function.

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

3.50 decoder : An‘embodiment of a decoding process.

3.51 decoding-order : The order in which the VOPs are transmitted and decoded. This order is not
necessarily the same as the display order.

3.52 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.

3.53 dequantisation : 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.

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

3.55 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.
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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.

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.

3.58

3.59

3.60

3.61

3.62

3.63

3.64

3.65

3.66

3.67

3.68

3.69

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).

editing : The process by which one or more coded bitstreams are manipulated to prodiee a ney
coded bitstream. Conforming edited bitstreams must meet the requirements defined in_this part @
ISO/IEC 14496.

— =

encoder : An embodiment of an encoding process.

=

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

enhancement layer : A relative reference to a layer (above the base‘layer) in a scalable hierarchy. Fo
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.

=~

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

O

o

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

W o<

face animation parameter tnits, 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 reasonabl
results in expressions'and speech pronunciation.

1%

face animation_parameters, FAP : Coded streaming animation parameters that manipulate th
displacementshyand angles of face features, and that govern the blending of visemes and fac
expressions during speech.

oD

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

\1%

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

A1%

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

3.70

decoder 10 a parficular face, or to download a face model along with the informafion about how fo
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.

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

3.72 face interpolation transform, FIT : A downloadable node type defined in ISO/IEC 14496-1:1999 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.

3.73 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, (Galor,
normals).

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

3.75 feathering : A tool that tapers the values around edges of binary alpha mask for composition with the
background.

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

3.77 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.

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

3.79 forward compatibility : A newer coding standard is{forward compatible with an older coding standard
if decoders designed to operate with the newer edding standard are able to decode bitstreams of the
older coding standard.

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

3.81 forward prediction : Prediction fronythe past reference VOP.

3.82 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.

3.83 frame period : Theeciprocal of the frame rate.

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

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

3.86 hierarchical 3D mesh: a BIFS node representing a 3D mesh.

3.87 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.

3.88 hybrid scalability: ~ Hybrid scalability is the combination of two (or more) types of scalability.

3.89 imaginary edge: Animaginary edge is inserted to triangulate a polygon.
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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.

3.91 IndexedFaceSet : a BIFS node representing a 3D mesh.

3.92 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 displayeg
first. This field is called the first field. The first field can be the top field or the bottom field of the frame.

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

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

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

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

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

3.98 jump edge (of a 3D mesh): An edge of the vertex graph which ,dees not belong to any vertex tree.

3.99 level: A defined set of constraints on the values which may/be taken by the parameters of this part df
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”).

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

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

3.102 leaf triangle (of a 3D mesh): A.friangle of a triangle tree with exactly one incident triangle tree edge.

3.103 leaf vertex (of a 3D mesh): A vertex of a vertex tree with exactly one incident vertex tree edge.

3.104 lower layer : A relative'reference to the layer immediately below a given enhancement layer (implicitly
including decoding of all layers below this enhancement layer).

3.105 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 symbaql
used fofluminance is Y.

3.106 Mbit? 1 000 000 bits.

3.107 macr oblock : 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) 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.

3.108 manifold (3D mesh): A 3D mesh which has neither singular vertices nor singular edges.

3.109 marc hing edge (of a 3D mesh): An edge shared by two triangles along a triangle run.
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3.110

3.111

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.

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

3.112

$.113

3.114

3.115

3.116

3.117

$.118

$.119

$.120

3.121

3.122

$.123

3.124

3.125

3.126

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

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

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.

motion estimation : The process of estimating motion vectors during the encoding process.

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.

motion vector for shape : A motion vector used for motion compe&nsation of shape.
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.

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

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

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

opague macroblock : A macroblock with shape mask of all 255's.

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.

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

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

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

3.127

3.128

inverting the orientation of one or more faces).

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

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

3.130 past reference picture : A past reference VOP is a reference VOP that occurs at an earlier time than
the current VOP in composition order.

3.131 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.
A “coded VOP” was defined earlier. For progressive video, a picture is identical to a frame.

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

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

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

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

3.136 progressive : The property of film frames where all the samples 0Of the frame represent the sam
instances in time.

3.137 guantisation matrix : A set of sixty-four 8-bit values used by\the dequantiser.

3.138 quantised DCT coefficients : DCT coefficients before” dequantisation. A variable length code
representation of quantised DCT coefficients is transmitted as part of the coded video bitstream.

3.139 quantiser scale : A scale factor coded in the bhitstream and used by the decoding process to scale th
dequantisation.

3.140 random access: The process of beginning to read and decode the coded bitstream at an arbitrary
point.

3.141 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.

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

3.143 regular triangle)(of a triangle tree) : A triangle of a triangle tree with exactly two incident triangle tre
edges.

3.144 regulafvertex (of a 3D mesh): A vertex of a 3D mesh is regular if the set of incident edges an
ineident faces can be ordered in an alternating sequence of edges and faces, such that each face i
the’sequence is bounded by the edges immediately preceeding and following it in the sequence.

3.145 regular vertex (of a vertex tree) : A vertex of a vertex tree with exactly two incident vertex tree edges.

37146 reordering delay : A delay in the decoding process that is caused by VOP reordering.

3.147 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.

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

3.149 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
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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.

3.150 side information : Information in the bitstream necessary for controlling the decoder.

3.151 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”

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

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

3.154 saturation : Limiting a value that exceeds a defined range by setting its value to thel maximum or
minimum of the range as appropriate.

3.155 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.

3.156 singular edge (of a 3D mesh): An edge of a 3D mesh which has threg 'or more incident faces.

3.157 singular vertex (of a 3D mesh): A vertex of a 3D mesh which isqot‘a regular vertex.

3.158 source ; input : Term used to describe the video material op-seme of its attributes before encoding.

3.159 spanning forest (of a graph) : A subgraph of a graphy’composed of one or more trees, each tree
spanning a connected component of the graph.

3.160 spatial prediction : prediction derived from asdecoded frame of the reference layer decoder used in
spatial scalability.

3.161 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.

3.162 static sprite : The luminancej.chrominance and binary alpha plane for an object which does not vary
in time.

3.163 start codes : 32-bit-codes embedded in that coded bitstream that are unique. They are used for
several purposes-ncluding identifying some of the structures in the coding syntax.

3.164 stuffing (bits)\,/stuffing (bytes) : Code-words that may be inserted into the coded bitstream that are
discarded inthe decoding process. Their purpose is to increase the bitrate of the stream which would
otherwise_be lower than the desired bitrate.

3.165 temporal prediction : prediction derived from reference VOPs other than those defined as spatial
prediction.

3.166 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.

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

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

3.169 traversal order: The traversal order determines which branch to be traversed first at each branching

10

triangle.



https://standardsiso.com/api/?name=c00bf09a06e79a178aa2f53ee5076898

©ISO/IEC

ISO/IEC 14496-2:1999/Amd.1:2000(E)

U7

1=

117

=

U W

\1%

o

\1%

3.170 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.

3.171 tree loop face : aface incident to a tree loop.

3.172 tree loop corner : a corner of a tree loop face incident to a tree loop edge.

3.173 triangle tree (of a 3D mesh) : A spanning tree in the dual graph of a connected component of\a
triangular 3D mesh.

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

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

3.176 variable bitrate : Operation where the bitrate varies with time during ¢he decoding of a code
bitstream.

3.177 variable length coding ; VLC: A reversible procedure for coding,that assigns shorter code-words tp
frequent events and longer code-words to less frequent events.

3.178 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.

3.179 vertex run: A path in a vertex tree connecting a first feaf or branching vertex to a last leaf or branching
vertex through zero or more intermediate regular vertices.

3.180 vertex tree : A rooted tree spanning one connected component of the vertex graph.

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

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

3.183 video memory verifier ; VMV: Part of a hypothetical decoder that is conceptually connected to th
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.

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

3.185 vide0 presentation verifier ; VPV: Part of a hypothetical decoder that is conceptually connected t
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.

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

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

3.188 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.

11
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3.189 VOP reordering : The process of reordering the reconstructed VOPs when the decoding order is
different from the composition order for display. VOP reordering occurs when B-VOPs are present in a
bitstream. There is no VOP reordering when decoding low delay bitstreams.

3.190 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.

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

3.192 zigzag scanning order : A specific sequential ordering of the DCT coefficients from (approximately)

I

the lowest spatial frequency to the highest.

4 Abbreviat ions 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.
INumbering and counting loops generally begin from zero.

4.1 Arithmetic operators

Addition.
Subtraction (as a binary operator) or negation (as a unary.operator).
Increment. i.e. x++ is equivalentto x=x+ 1

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

Multiplication.

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 tfuricated to -1.

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.

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.

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 nnly far Inn:i'ri\/n numbers

Sign( )

Abs( )

12
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i<b
Z f(i) The summation of the f{i) with i taking integral values from a up to, but not including b.

4.2 Logical operators

[l 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.
== Equal to.

I= Not equal to.

max [, ... ,] the maximum value in the argument list;

min [, ...,] the minimum value in the argumentlist.

4.4 Bitwise operators

& AND

| OR

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

4.5 Conditional operators

a if conditionis true,

?: (condition? a . b) = ﬁb therwi
otherwise.

4.6 Assignment

= Assignment operator.

4.7 Mnemonics

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

13
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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 generally 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.

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

@ 2,718 281 828 45...

% Conventions

%.1 Method of describing bitstream syntax

The bitstream retrieved by the decoder is described in subclausé 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

ata elements previously decoded. The decoding of the, data elements and definition of the state variables used in
iheir decoding are described in subclause 6.3. Thefollowing constructs are used to express the conditions when
ata elements are present, and are in normal type:

while ( condition ) { If the condition is true, then the group of data elements
data_element occurs next in the data stream. This repeats until the
condition is not true.
}
do {
data_element The data element always occurs at least once.
} while (.condition ) The data element is repeated until the condition is not true.
do {
continue Continues execution of the next repetition of the nearest

while-do loop.

} while ( condition )

T ( condition ) { [T the condition Is true, then the 1Irst group of data
data_element elements occurs next in the data stream.

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

}

14


https://standardsiso.com/api/?name=c00bf09a06e79a178aa2f53ee5076898

©ISO/IEC ISO/IEC 14496-2:1999/Amd.1:2000(E)

for(i=m;i<n;i++) { The group of data elements occurs (n-m) times. Conditional
data_element 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.

[* comment */ Explanatory comment that may be deleted entirely without

in any way altering the syntax.

—

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

U7

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 thi
example, we see that “rectangular” is defined in a Table 6-14 to be represented by thetwo 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.

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 [l][m][n] data_element [I][m][n] is the I+1, m+4; h+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
satisfactory decoding procedure. In particular, it defineés a correct and error-free input bitstream. Actual decoder
must include means to look for start codes in orderto begin decoding correctly, and to identify errors, erasures o

insertions while decoding. The methods to identify these situations, and the actions to be taken, are ng
standardised.

—~ = UJ

5.2 Definition of functions
Several utility functions for picture’¢oding 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 efbytealigned() 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

Thc ful Ibt;Ul LIl ICI\thtO_btha:lUl ICd() ICtul no A blt Otl ;I IU Otal tll IU fl UITI thc I IC}\t by‘tc Cl:lul ICd IJUDItIUI 1. T:-IIO lJCI LIl Ilt
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.

15
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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 t A°2
while ('bytealigned())
one_bit 1 ‘1
}

%.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 {0
while ('bytealigned())
one_bit 1 ‘1
}

5.2.6 Definition of transp arent_mb() function

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

%.2.7 Definition of transp arent_block() function

The function transparent_block(j) returns Iif the 8x8 with index j consists only of transparent pixels. Otherwise it
fleturns 0. The index value for each bloek is“defined in Figure 6-5.

%.2.8 Definition of byt e_align_for—~upstream() function

The function byte align_for cupstream() removes a string of ‘1’ used for stuffing from the upstream message. When
the message is already hyte 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())
ohe_bit 1 ‘1
}

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.

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).

16
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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\fo
arithmetic operations are specified.

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

\1%

(b) Where ranges of values are given, the end points are included if a square bracket is présent, 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 facigl
animation parameter data.

Synthetic objects and their attribution are structured in a hierarchical manner to support both bitstream scalabilit]
and object scalability. 1SO/IEC 14496-1:1999 of the specification provides the approach to spatial-temporal scen
composition including normative 2D/3D scene graph nodes,and their composition supported by Binary Interchang
Format Specification. At this level, synthetic and natural object composition relies on ISO/IEC 14496-1:1999 wit
subsequent (non-normative) rendering performed by theyapplication to generate specific pixel-oriented views of th
models.

= <<

1=

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

}=74

1=

One of the layers is called base. layer, and it can always be decoded independently. Other layers are calle
enhancement layers, and can onty~be decoded together with the lower layers (previous layers in the ordered set
starting with the base layer. The multiplexing of these layers is discussed in ISO/IEC 14496-1:1999. The base laye
of a scalable set of streams.can be coded by other standards. The Enhancement layers shall conform to this part g
ISO/IEC 14496. In genera) ‘the visual bitstream can be thought of as a syntactic hierarchy in which syntacti
structures contain one ormore subordinate structures.

O = = =

Visual texture, reférred to herein as still texture coding, is designed for maintaining high visual quality in th
transmission and rendering of texture under widely varied viewing conditions typical of interaction with 2D/3l
synthetic scenes. Still texture coding provides for a multi-layer representation of luminance, color and shape. Thi
supports progressive transmission of the texture for image build-up as it is received by a terminal. Also supporte
is the downloading of the texture resolution hierarchy for construction of image pyramids used by 3D graphics API4.
Quality'and SNR scalability are supported by the structure of still texture coding.

oo (D

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 hode 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
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the face are generally 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

flace node, and the downloaded body model via BDPs is a scene graph for insertion of the body node.

$.1.1 Visual object sequence
isual 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 followedyby one or more

isual objects coded concurrently. The visual object sequence is terminated by a
isual_object_sequence_end_code.

$.1.2 Visual object

A visual object commences with a visual_object_start_code, is followed by profile“and level identification, and a
isual object id, and is followed by a video object, a still texture object, a mesh ¢bject, or an FBA object.

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.

$.1.3.1 Progressive and interlaced sequences
This part of ISO/IEC 14496 deals with coding of both pragressive 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.

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).

6.1.3.3 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.

$.1.3.4 VOP types
There arelfour types of VOPSs that use different coding methods:

Antintra-coded (I) VOP is coded using information only from itself.

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.
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6.1.3.5 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.

1%

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

1) the modulo part (i.e. the full second units) of the time base for the next VOP after the GOV header in
display order

2) if the first consecutive B-VOPs immediately following the coded I-VOP can be reconstructed properly i
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 heade
shall be a coded I-VOP.

=

6.1.3.6 Format

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

The luminance and chrominance samples are positioned as shown in Figure 6-1.The two variations in the verticgl
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.

X X1 XXX XX X

O QO | O O

X X X XX XX X
-------- e

X 5% 10 X X1 X XX X

e i O e . O

X X1 X X1 X XX X
-------- e

X X1 X X1 X XX X

o) i O e . O

X X1 X X1 X XX X

X Represent luminance samples

o
U Represernt cnrominarce samples

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 if.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

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 boundin
rectangle. The positions between the luminance and chrominance pixels of the bounding rectangle are defined i
this clause according to the 4:2:0 format..Ror*the progressive case, each 2x2 block of luminance pixels in th
bounding rectangle associates to one chrominance pixel. For the interlaced case, each 2x2 block of luminanc
pixels of the same field in the bounding.rectangle associates to one chrominance pixel of that field.

LY "2 "~ = S

In order to perform the padding process on the two chrominance planes, it is necessary to generate a binary alph
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 th
binary alpha plane associated with the luminance plane by the subsampling process defined below:

DT &

For each 2x2 block efthe binary alpha plane associated with the luminance plane of the bounding rectangle (of th
same frame for thesprogressive and of the same field for the interlaced case), the associated pixel value of th
binary alpha plane associated with the chrominance planes is set to 255 if any pixel of said 2x2 block of the binar
alpha plane associated with the luminance plane equals 255.

= (WU

6.1.3.7<VOP reordering

When a video object layer contains coded B-VOPs, the number of consecutive coded B-VOPs is variable angl
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
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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 thef\VOP
econstructed from the previous I-VOP or P-VOP, or S(GMC)-VOP if one exists. If none exists, at the start.of the
ideo 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
¢oded B-VOPs between successive coded P-VOPs and also two coded B-VOPs between successive coded |- and
P-VOPs. VOP ‘11’ is used to form a prediction for VOP ‘4P’. VOPs ‘4P’ and ‘11’ are both used toform predictions for
OPs ‘2B’ and ‘3B’. Therefore the order of coded VOPs in the coded sequence shallcbe ‘1I', ‘4P’, 2B’, ‘3B’.
However, the decoder shall display them in the order ‘11", '2B’, ‘3B’, ‘4P".
At the encoder input,

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

| B B P B BPBIB I B\BP
At the encoder output, in the coded bitstream, and at the decoderinput,

1 4 2 3 7 5 6 1088 9 13 11 12

| P B B P B BN B B P B B
At the decoder output,

1 2 3 4¢%6 7 8 9 10 11 12 13

I B BAP B B P B B Il B B P

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

6.1.3.8 Macroblock

A macroblock contaibs a section of the luminance component and the spatially corresponding chrominance
¢omponents. TheZferm macroblock can either refer to source and decoded data or to the corresponding coded
Eata elements:) A/skipped macroblock is one for which no information is transmitted. Presently there is only one

hrominance>format for a macroblock, namely, 4:2:0 format. The orders of blocks in a macroblock is illustrated
elow:

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
dlepicted in Figure 6-5.

o] 1
213
Y Cb Cr

4 5

Figure 6-5 -- 4:2:0 Macroblock structure

22


https://standardsiso.com/api/?name=c00bf09a06e79a178aa2f53ee5076898

©ISO/IEC ISO/IEC 14496-2:1999/Amd.1:2000(E)

The organisation of VOPs into macroblocks is as follows.

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

For the case of interlaced VOP, the interlaced flag is set to “1” and 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.

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

* In the case of field DCT coding, each luminance block shall be composed of lines from enly one of the twg
fields. This is illustrated in Figure 6-7.

Only frame DCT coding is applied to the chrominance blocks. It should be noted that field based predictions may
be applied for these chrominance blocks which will require predictions of 8x4 regions_(after half-sample filtering).

= ==

Figure 6-6 -- Luminance macroblock structure in frame DCT coding

Figure 6-7 -- Luminance macroblock structure in field DCT coding

6.1.3.9 Block

The term block can refer either to source and reconstructed data or to the DCT coefficients or to the corresponding
coded data elements.
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When the block refers to source and reconstructed data it refers to an orthogonal section of a luminance or
chrominance component with the same number of lines and samples. There are 8 lines and 8 samples/line in the
block.

6.1.4 Mesh object

riangles 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
s$pecified by the geometry of the initial 2D mesh and motion vectors at the node points for subseguent meshes,
vhere each motion vector points from a node point of the previous mesh in the sequence to the\corresponding
ode point of the current mesh. The dynamic 2D mesh can be used to create 2D animations-by)mapping texture
rom 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 initialmesh has either uniform
r Delaunay topology. In both cases, the topology of the initial mesh does not have tothe’coded (since it is implicitly
efined), only the node point locations of the initial mesh have to be coded. Nete*that in both the uniform and
elaunay case, the mesh is restricted to be simple, i.e. it consists of a single-connected component without any
oles, 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 below.

A sequence of mesh object planes represents the piece-wise~deformations to be applied to a video object plane or
$till texture object to create a synthetic animated video object: Triangular patches of a video object plane are to be
varped according to the motion of corresponding triangilar 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
bject to be used in an animation is coded separately. The warping or texture mapping applied to render visual
bject planes is handled in the context of scene composition. Furthermore, the syntax does not allow explicit
eéncoding of other mesh properties such as.colors or texture coordinates.

. ] .,

Figure 6-8 -- Mesh object with uniform triangular geometry

6141 Mesh nhjnrt plnnp

There are two types of mesh object planes that use different coding methods.

An intra-coded mesh object plane codes the geometry of a single 2D mesh. An intra-coded mesh is either of
uniform or Delaunay type. In the case of a mesh of uniform type, the mesh geometry is coded by a small set of
parameters. In the case of a mesh of Delaunay type, the mesh geometry is coded by the locations of the node
points and boundary edge segments. The triangular mesh structure is specified implicitly by the coded information.
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A predictive-coded mesh object plane codes a 2D mesh using temporal prediction from a past reference mesh
object plane. The triangular structure of a predictive-coded mesh is identical to the structure of the reference mesh
used for prediction; however, the locations of node points may change. The displacements of node points
represent the motion of the mesh and are coded by specifying the motion vectors of node points from the reference
mesh towards the predictive-coded mesh.

The locations of mesh node points correspond to locations in a video object or still texture object. Mesh node point

locations and motion vectors are represented and coded with half pixel accuracy.

6.1.5 FBA object

3>

Conceptually the FBA object consists of a collection of nodes in a scene graph which are animated-by the FBA
object bitstream. The shape, texture and expressions of the face are generally controlled by:the bitstream
containing instances of Facial Definition Parameter (FDP) sets and/or Facial Animation Parameter (FAP) setq.
Upon construction, the FBA object contains a generic face with a neutral expression. This-face can already b
rendered. It is also immediately capable of receiving the FAPs from the bitstream, which will-produce animation g
the face: expressions, speech etc. If FDPs are received, they are used to transform ,the generic face into
particular face determined by its shape and (optionally) texture. Optionally, a complete face model can b
downloaded via the FDP set as a scene graph for insertion in the face node.

DD = (D

The FDP and FAP sets are designed to allow the definition of a facial shape and texture, as well as animation df
faces reproducing expressions, emotions and speech pronunciation. The FAPs, if correctly interpreted, will produc
reasonably similar high level results in terms of expression and speech\pronunciation on different facial modeld
without the need to initialize or calibrate the model. The FDPs allow_the definition of a precise facial shape an
texture in the setup phase. If the FDPs are used in the setup phase,-it is also possible to produce more precisel
the movements of particular facial features. Using a phoneme/bookmark to FAP conversion it is possible to contrg
facial models accepting FAPs via TTS systems. The translatiah from phonemes to FAPs is not standardized. It i
assumed that every decoder has a default face model wijtthdefault parameters. Therefore, the setup stage is ng
necessary to create face animation. The setup stage is used to customize the face at the decoder.

—_—< - 117

- UJ

Upon construction, the Body model contains a generjc virtual human or human-like body with the default posturg.
This body can already be rendered. It is also immediately capable of receiving the BAPs from the bitstream, whic
will produce animation of the body. If BDPs are received, they are used to transform the decoder’s generic bod
into a particular body determined by the parameter contents. Any component can be null. A null component i
replaced by the corresponding default component when the body is rendered. Similar to the face, the BAPs can b
transmitted also without first downloading“BDPs, in which case the decoder animates its local model.

W U< -

No assumption is made and no limitation is imposed on the range of defined mobilities for humanoid animation. I
other words the human body model should be capable of supporting various applications, from realistic simulatio
of human motions to networkigames using simple human-like models.

=

6.1.5.1 Structure of the-face and body object bitstream

A face and body“object is formed by a temporal sequence of face and body object planes. This is depicted a
follows in Figure-6-9.

°4

FBA Object| FBA Object |oomooeeeo _FBA Object
Plane / Plane 2 Plane n

Figure 6-9 -- Structure of the FBA object bitstream

=444

AII I':BA UIleCbt ICPITOTI ItD A IIUUIC ill all iSGIIIEL/ J.’-f‘-l'gG SLCTIT UIC{}J:I. AII iSOIIiEC 14496 SLCTIT ;D UIIUIUI :tuuu‘ as
composition of Audio-Visual objects according to some spatial and temporal relationships. The scene graph is the
hierarchical representation of the ISO/IEC 14496 scene structure (see ISO/IEC 14496-1:1999).

Alternatively, an FBA object can be formed by a temporal sequence of FBA object plane groups (called segments

for simplicity), where each FBA object plane group itself is composed of a temporal sequence of 16 FBA object
planes, as depicted in the following:
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FBA object:
FBA Object | FBA Object |____ . _.FBA Object
Plane Group/ | Plane Group2 Plane Groupn
FEBA object plane group:
FBA Object | FBAObject |____ . _ FBA Object
Plane / Plane 2 Plane /6

(Vhen the alternative FBA object bitstream structure is employed, the bitstream is decoded by DCTrbased FBA
ibject decoding as described in subclause 7.12.2. Otherwise, the bitstream is decoded by the frame-based FBA

bject decoding. Refer to Table C-1 for a specification of default minimum and maximum values-opr each FAP and
BAP.

$.1.5.2 Facial animation parameter set
The FAPs are based on the study of minimal facial actions and are closely related to muscle actions. They
epresent a complete set of basic facial actions, and therefore allow the representation of most natural facial
1xpressions. Exaggerated values permit the definition of actions that are normally not possible for humans, but
¢ould be desirable for cartoon-like characters.
The FAP set contains two high level parameters visemes and expréssions. A viseme is a visual correlate to a
honeme. The viseme parameter allows viseme rendering (without having to express them in terms of other
iarameters) and enhances the result of other parameters, insuting the correct rendering of visemes. Only static
isemes which are clearly distinguished are included in the standard set. Additional visemes may be added in
uture extensions of the standard. Similarly, the expression parameter allows definition of high level facial
xpressions. The facial expression parameter values are defined by textual descriptions. To facilitate facial
nimation, FAPs that can be used together to represent*natural expression are grouped together in FAP groups,
nd can be indirectly addressed by using an expression parameter. The expression parameter allows for a very
fficient means of animating faces. In annex C, aJist of the FAPs is given, together with the FAP grouping, and the
efinitions of the facial expressions.

$.1.5.3 Facial animation parameter units

All the parameters involving translational movement are expressed in terms of the Facial Animation Parameter
Units (FAPU). These units are defined in order to allow interpretation of the FAPs on any facial model in a
gonsistent way, producing reasgnable results in terms of expression and speech pronunciation. They correspond to
ractions of distances between some key facial features and are defined in terms of distances between feature
oints. The fractional units_.ised are chosen to allow enough precision. annex C contains the list of the FAPs and
he list of the FDP feature points. For each FAP the list contains the name, a short description, definition of the
easurement unitsy ~Wwhether the parameter is unidirectional (can have only positive values) or bi-directional,
efinition of the~ditection of movement for positive values, group number (for coding of selected groups), FDP
subgroup nupiber (annex C) and quantisation step size. FAPs act on FDP feature points in the indicated
subgroups. The measurement units are shown in Table 6-1, where the notation 3.1.y represents the y coordinate of
the feature point 3.1; also refer to Figure 6-10.

Table 6-1 -- Facial Animation Parameter Units

Description FAPU Value

IRISDO=3.1y -3.3.y=3.2y-3.4y Iris diameter (by definition it is equal to | IRISD = IRISDO / 1024
the distance between upper ad lower
eyelid) in neutral face

ESO = 3.5.x— 3.6.x Eye separation ES =ESO0/ 1024
ENSO=3.5.,y - 9.15y Eye - nose separation ENS = ENSO0/ 1024
MNSO0 =9.15.y — 2.2.y Mouth - nose separation MNS = MNSO0/ 1024
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MWO = 8.3.x — 8.4.x Mouth width

MW = MWO / 1024

AU Angle Unit

10° rad

Figure 6-10 -- The Facial Animation Parameter Units

6.1.5.4 Description of a neutral face

At the beginning of a sequence, the face is supposed to be in a neutral position. Zero values of the FAP
correspond to a neutral face. All FARs are expressed as displacements from the positions defined in the neutrs

face. The neutral face is defined(as follows:

» the coordinate systenmis,right-handed; head axes are parallel to the world axes

* gaze isin directiopr’of Z axis

« all face muscles are relaxed

» eyelids are tangent to the iris

«’ the pupil is one third of IRISDO

U7

» lips are in contact; the line of the lips is horizontal and at the same height of lip corners

» the mouth is closed and the upper teeth touch the lower ones
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* the tongue is flat, horizontal with the tip of tongue touching the boundary between upper and lower teeth
(feature point 6.1 touching 9.11 in annex C)

6.1.5.5 Facial definition parameter set

annex C. The FDPs are normally transmitted once per session, followed by a stream of compressed FAPS.
owever, if the decoder does not receive the FDPs, the use of FAPUs ensures that it can still interpret the FAP
stream. This insures minimal operation in broadcast or teleconferencing applications. The FDP set is specified in
BIFS syntax (see ISO/IEC 14496-1:1999). The FDP node defines the face model to be used at the receiver. Two
dptions are supported:

4 calibration information is downloaded so that the proprietary face of the receiver can be configured using facial
feature points and optionally a 3D mesh or texture.

¢ a face model is downloaded with the animation definition of the Facial Animation Parameters. This face model
replace the proprietary face model in the receiver.

$.1.5.6 Body animation parameter set

BAP parameters comprise joint angles connecting different body parts. _These include: toe, ankle, knee, hip, spine
C1-C7, T1-T12, L1-L5), shoulder, clavicle, elbow, wrist, and the han@ fingers. The detailed joint list, with the
otation normals, are given in the following subclause. The rotation angles are assumed to be positive in the
ounterclockwise rotation direction with respect to the rotation normal. The rotation angles are defined as zero in
he default posture, as defined below.

INote that the normals of rotation move with the body, and-they are fixed with respect to the parent body part. That
is to say, the axes of rotation are not aligned with the_body or world coordinate system, but move with the body
parts.

The hands are capable of performing complicated motions and are included in the body hierarchy. There are
totally 29 degrees of freedom on each hand, assuming that the hand has a standard structure with five fingers.

The unit of rotations (BAPU) is defined as PI/10E-5 radians. The unit of translation BAPs (BAPs
HumanoidRoot_tr_vertical, HumanogidRoot_tr_lateral, HumanoidRoot_tr_frontal) is defined in millimeters.

$.1.5.7 Description of the default posture of the body

The default posture is defined by standing posture. This posture is defined as follows: the feet should point to the
front direction, the twa  arms should be placed on the side of the body with the palm of the hands facing inward.
This posture also implies that all BAPs have default values as 0.

Figure V2 -5
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6.1.5.8 Body Definition Parameter Set

The BDPs are used to customize the proprietary body model of the decoder to a particular body or to download a
body model along with the information about how to animate it. The definition and description of BDP fields is given
in annex C. The BDPs are normally transmitted once per session, followed by a stream of compressed BAPs.
However, if the decoder does not receive the BDPs, model-independence of BAPs ensures that it can still interpret
the BAP stream. This insures minimal operation in broadcast or teleconferencing applications. The BDP set i

specified in BIFS syntax (see ISO/IEC 14496-1:1999/Amd.1:2000). The BDP node defines the body model tob
used at the receiver.

1%

6.1.6 3D Mesh Object

The compressed bitstream for a 3D mesh is composed of a header data block with global information, followed by
a sequence of connected component data blocks, each one associated with one connected component of the 3l
mesh.

J

3D Mesh Header CC Data #1 CC Data#nCC

If a 3D mesh is coded in error resilience mode, connected component data,blocks are grouped or divided intp
partitions.

Partition #1 Partition #2 Partition #nPT

Additionally, if the 3D mesh is represented in hierarchical ‘'mode, the last connected component data block i
followed by one or more refinement step data blocks,~each one of them representing a Forest Split operation.
Forest split can be applied to all the components of a bitstream.

)

Forest Split #1 Forest Split #2 Forest Split #nFS

Each connected component data block is composed of three records, the Vertex Graph record, the Triangle Tre
record, and the Triangle Data record:

117

Vertex Graph Triangle Tree Triangle Data

The triangle tree ‘record contains the structure of a triangle spanning tree which links all the triangles of th
corresponding.connected component forming a simple polygon. The 3D mesh is represented in a triangulated forn
in the bitstream), which also contains the information necessary to reconstruct the original faces. The vertex grap
record contains the information necessary to stitch pairs of boundary edges of the simple polygon to reconstruct th
originak_connectivity, not only within the current connected component, but also to previously decoded connecte
components. The connectivity information is categorized as global information (per connected component) an
localinformation (per triangle). The global information is stored in the Vertex Graph and Triangle Tree records. Th
local information is stored in the Triangle Data record. The triangle data is arranged on a per triangle basis, wher

OO —="""=—"D

mne Oraering ortne triangles IS determined Dy the traversal Ol tne [riangle tree.

Data for triangle #1 Data for triangle #2 Data for triangle #nT

The data for a given triangle is organized as follows:
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marching edge | td_orientation | polygon_edge | coord normal color texCoord

The marching edge, td_orientation and polygon_edge constitute the per triangle connectivity information. The other

fields contain information to reconstruct the vertex coordinates (coord) and optionally, normal, color, and texture
coardinate (fpyf‘nnrrfl\ information

If the 3D mesh is encoded in hierarchical mode, each Forest Split data block is composed of an optional pre*
$moothing data block, an optional post-smoothing data block, a pre-update data block, an optional smoothing
¢onstraints data block, a post-update data block, and an optional other-update data block.

Pre-smoothing Post-smoothing | Pre-update | Constraints | Post-update | Other-update

The pre-smoothing data block contains the parameters used to apply a smoothing step as-a global predictor for
ertex coordinates. The post-smoothing data block contains the parameters used to apply a smoothing step to the
ertex coordinates to remove quantisation artifacts. The pre update data block contains’the information necessary

update the connectivity, and the property data updates for properties bound per-face and per-corner to the new
aces created by the connectivity update. The smoothing constraints data block contains information used to
erform the smoothing steps with sharp edge discontinuities and fixed vertices. After the connectivity update is
pplied, the pre-smoothing operation specified by the parameters stored jn.the pre-smoothing data block is applied
s a global predictor for the vertex coordinates. The post update data-bleck contains tree loop vertex coordinate
pdates, with respect to the vertex coordinates predicted by the pressmoothing step, if applied; normal, color, and
xture coordinate updates for properties bound per-vertex to tre€)loop vertices; normal, and color updates for
roperties bound per-face to tree loop faces; and normal, colof, and texture coordinate updates for properties
ound per-corner to tree loop corners. The other-update data block contains vertex coordinate updates and
roperty updates for all the vertices, faces, and corners notwupdated by data included in the post-update data block.

6.2 Visual bitstream syntax

$.2.1 Start codes
$tart codes are specific bit patterns that de‘not otherwise occur in the video stream.

Each start code consists of a start.code prefix followed by a start code value. The start code prefix is a string of
twenty three bits with the value zero-followed by a single bit with the value one. The start code prefix is thus the bit
string ‘0000 0000 0000 0000 000 0001'.

The start code value is af eight bit integer which identifies the type of start code. Many types of start code have
just one start code valtue. However video_object_start_code and video_object_layer start_code are represented
by many start code values.

All start codes-shall be byte aligned. This shall be achieved by first inserting a bit with the value zero and then, if

mecessary, inserting bits with the value one before the start code prefix such that the first bit of the start code prefix
is the first{(most significant) bit of a byte. For stuffing of 1 to 8 bits, the codewords are as follows in Table 6-2.

Table 6-2-- Stuffing codewords

Bits to be stuffed Stuffing Codeword
1 0
01
011
0111
01111
011111

OO~ JW([N
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7 0111111
8 01111111

Table 6-3 defines the start code values for all start codes used in the visual bitstream.

Table 6-3 — Start code values
name start code value
(hexadecimal)

video_object_start_code 00 through 1F
video_object_layer_start_code 20 through 2F
reserved 30 through AF
visual_object_sequence_start_code BO
visual_object_sequence_end_code B1
user_data_start_code B2
group_of vop_start_code B3
video_session_error_code B4
visual_object_start_code B5
vop_start_code B6
reserved B7-B9
fba_object_start_code BA
fba_object_plane_start_code BB
mesh_object_start_code BC
mesh_object_plane_start_code BD
still_texture_object_start_code BE
texture_spatial_layer_start~code BF
texture_snr_layer_start.\code Co
texture_tile_start_code C1
texture_shape_layer_start_code C2
reserved C3-C5
System start-codes (see note) C6 through FF
NOTE - System start codes are defined in ISO/IEC 14496-1:1999

The use of the start-codes is defined in the following syntax description with the exception of the

video_session_errer.code. The video_session_error_code has been allocated for use by a media interface tp

indicate where uneorrectable errors have been detected.

This syntaxfervisual bitstreams defines two types of information:

1. Configuration information

a.« Global configuration information, referring to the whole group of visual objects that will be simultaneously

decoded and composited by a decoder (VisualObjectSequence()).

. -Object configuration mformation, Tefermng 10 a smgie visuat object (VO). TS 1S associated wWith VisuaiObject()-

c. Object layer configuration information, referring to a single layer of a single visual object (VOL)
VisualObjectLayer()

2. Elementary stream data, containing the data for a single layer of a visual object.
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VO 1 Elementary Stream
VOL1 [—p Visual Object 1
VO 1 / Header Layer 1
Header
Visual Object / VO 1 Elementary Stream
— P> Sequence VOL2 (—Ppp Visual Object 1
Header Header Layer 2
VO2 VO2 Elementary Stream
Header —» VOL1 —Pp Visual Object 2
Header Layer 1
Figure 6-11 -- Example Visual Information — Logical Structure
Visual Object VO 1 VO 1 VO 1 VO 2 VO.2
Sequence Header VOL 1 VOL 2 Header VOor 1
Header Header Header Header

Configuration Information
in containers provided by
MPEG-4 Systems

Elementary Stream
Visual Object 1 Layer 1 » MPEG-4 Systems

Elementary Stream /
Visual Object 1 Layer 2

Elementary Stream
Visual Object 2 Layer 1

Figure 6-12 -- Example Visual\Bitstream — Separate Configuration Information / Elementary Stream

Vistal Object VO 1 VO 1 Elementary Stream
Sequence Header VOL 1 Visual Object 1 —p
Header Header Layer 1
Visual Object VO 1 VO 1 Elementary Stream
Sequence Header VOL 2 Visual Object 1 —p
Header Header Layer 2
Visual Object VO 2 VO 2 Elementary Stream
Sequence Header VOL 1 Visual Object 2 —>
Header Header Layer 1

Figure 6-13 -- Example Visual Bitstream — Combined Configuration Information / Elementary Stream

The following functions are entry points for elementary streams, and entry into these functions defines the
breakpoint between configuration information and elementary streams:
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Group_of_VideoObjectPlane(),
VideoObjectPlane(),
video_plane_with_short_header(),
MeshObject(),

5. fba_object().
For still texture objects, configuration information ends and elementary stream data begins in StilTextureObject()

PwbdhE

immediately before the first call to wavelet_dc_decode(), as indicated by the comment in subclause 6.2.8.
There is no overlap of syntax between configuration information and elementary streams.

The configuration information contains all data that is not part of an elementary stream, including that,defined by
VisualObjectSequence(), VisualObject() and VideoObjectLayer().

This part of ISO/IEC 14496 does not provide for the multiplexing of multiple elementary streams into a singl
bitstream. One visual bitstream contains exactly one elementary stream, which describes one layer of one visugl
object. A visual decoder must conceptually have a separate entry port for each layer of each object to be decoded

A1%

AY

Visual objects coded in accordance with this Part may be carried within a Systems bitstream as defined by ISO/IE(
14496-1:1999. The coded visual objects may also be free standing or carried ‘within other types of systemg.
Configuration information may be carried separately from or combined with elementary stream data:

1. Separate Configuration / Elementary Streams (e.g. Inside ISO/IEC 14496-1 Bitstreams)

When coded visual objects are carried within a Systems bitstream defined by ISO/IEC 14496-1:1999, configuratio
information and elementary stream data are always carried separately. Configuration information and elementar
streams follow the syntax below, subject to the break points“between them defined above. The System
specification ISO/IEC 14496-1:1999 defines containers that)yare used to carry Visual Object Sequence, Visus
Object and Video Object Layer configuration information, &or video objects one container is used for each layer fg
each object. This container carries a Visual Object Sequence header, a Visual Object header and a Video Objed
Layer header. For other types of visual objects, one container per visual object is used. This container carries
Visual Object Sequence header and a Visual Object header. The Visual Object Sequence Header must b
identical for all visual streams input simultaneously to a decoder. The Visual Object Headers for each layer of
multilayer object must be identical.

AT AT s — U I

2. Combined Configuration / Elementaty Streams

The elementary stream data associated with a single layer may be wrapped in configuration information defined i
accordance with the syntax below. A visual bitstream may contain at most one instance of each d
VisualObjectSequence(), VisualObject() and VideoObjectLayer(), with the exception of repetition of the Visus
Object Sequence Header;~the Visual Object Header and the Video Object Layer Header as described below. Th
Visual Object Sequence Header must be identical for all visual streams input simultaneously to a decoder. Th
Visual Object Headers, for each layer of a multilayer object must be identical.

o=

The Visual Object Sequence Header, the Visual Object Header and the Video Object Layer Header may b
repeated in_a single visual bitstream. Repeating these headers enables random access into the visual bitstrean
and recovery of these headers when the original headers are corrupted by errors. This header repetition is use
only when visual_object_type in the Visual Object Header indicates that visual object type is video. (i.§.
visual-object_type=="video ID") All of the data elements in the Visual Object Sequence Header, the Visual Objeq
Header and the Video Object Layer Header repeated in a visual bitstream shall have the same value as in th
original headers, except that first_half_vbv_occupancy and latter_half vbv_occupancy may be changed to specif

i-hn \ID\I aceklpanevw-idcet-hafaratha ramoval af tha fivct \/r\n folavwina-tharanaatad \doao-Ohicet L avar Llaaday

o=

U

DV OCCOPTC Yy O S T Ot TOTC T e OV TI Ot T ot vV O T oo T igthic T o PtotC O vV IO C O oojCc Tty T rcadcrs

6.2.2 Visual Object Sequence and Visual Object

VisualObjectSequence() { No. of bits Mnemonic
do {

visual_object_sequence_start_code 32 bslbf
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profile_and_level_indication

uimsbf

while ( next_bits()== user_data_start_code){

user_data()

}

VisualObject()

hite\ 1— v/ ada)

L oanbla (st H ical _ohicet caocaneca—and—e
VTG TTCAT_OTtS ()~ VISt OO CT_SCOOCTICC—CTTO—COUTUTY

visual_object_sequence_end_code

32

bslbf

VisualObject() {

No. of bits

Mmnemonic

visual_object_start_code

32

bslbf

is_visual_object_identifier

1

uimsbf

if (is_visual_object_identifier) {

visual_object_verid

uimsbf

visual_object_priority

uimsbf

}

visual_object_type

uimsbf

if (visual_object_type == *video ID” || visual_object_type == “still"texture

1D%) {

video_signal_type()

}

next_start_code()

while ( next_bits()== user_data_start_code){

user_data()

}

if (visual_object_type == “video ID") {

video_object_start_code

32

bslbf

VideoObjectLayer()

}

else if (visual_object_type == still texture ID”) {

StillTextureObject()

}

else if (visual_objeCt,type == “mesh ID”) {

MeshObject()

}

else if (visual_object_type == “FBA ID”) {

FBAODject()

}

else if (visual_object_type == “3D mesh ID") {

3D_Mesh_Object()

h

Jj

if (next_bits() = “0000 0000 0000 0000 0000 0001”)

next_start_code()
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video_signal_type() { No. of bits  [Mnemonic
video_signal_type 1 bslbf
if (video_signal_type) {
video_format 3 uimsbf
video_range 1 bslbf
colour_description 1 bslbf
if (colour_description) {
colour_primaries 8 uimsbf
transfer_characteristics 8 uimsbf
matrix_coefficients 8 timsbf
}
}
}
6.2.2.1 User data
user_data() { No. of bits  |Mnemonic
user_data_start_code 32 bslbf
while( next_bits() != ‘0000 0000 0000 0000 0000 0001” ) {
user_data 8 uimsbf
}
}
6.2.3 Video Object Layer
VideoObjectLayer() { No. of bits  [Mnemonic
if(next_bits() == video_object_layer start_code) {
short_video _header = Q
video_object_layer_start_code 32 bslbf
random_access .ihle ‘vol 1 bslbf
video_object_type_indication 8 uimsbf
is_object-ayer_identifier 1 uimsbf
if (is_ohject’ layer_identifier) {
video_object_layer_verid 4 uimsbf
video_object_layer_priority 3 uimsbf
}
aspect_ratio_info 4 uimsbf
if (aspect_ratio_info == “extended_PAR") {
par_width 8 uimsbf
par_height 8 uimsbf
}
vol_control_parameters 1 bslbf
if (vol_control_parameters) {
chroma_format 2 uimsbf
low_delay 1 uimsbf
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vbv_parameters 1 blsbf
if (vbv_parameters) {

first_half_bit_rate 15 uimsbf
marker_bit 1 bslbf
latter_half_bit_rate 15 uimsbf
rmrarker it T bstbf
first_half_vbv_buffer_size 15 uimsbf
marker_bit 1 bslbf
latter_half_vbv_buffer_size 3 uimsbf
first_half_vbv_occupancy 11 uimsbf
marker_bit 1 bisbf
latter_half_vbv_occupancy 15 uimsbf
marker_bit 1 blsbf
}
}
video_object_layer_shape 2 uimsbf
if (video_object_layer shape == "grayscale"
&& video_object_layer_verid !'=‘0001")
video_object_layer_shape_extension 4 uimsbf
marker_bit 1 bslbf
vop_time_increment_resolution 16 uimsbf
marker_bit 1 bslbf
fixed_vop_rate 1 bslbf
if (fixed_vop_rate)
fixed_vop_time_increment 1-16 uimsbf
if (video_object_layer shape != “binary only”) {
if (video_object_layer_shape == ffectangular”) {
marker_bit 1 bslbf
video_object_layer_ width 13 uimsbf
marker_bit 1 bslbf
video_object_layer height 13 uimsbf
marker_bit 1 bslbf
}
interlaced 1 bslbf
obmcddisable 1 bslbf
if (\ideo_object_layer_verid == ‘0001’)
sprite_enable 1 bslbf
else
sprite_enable 2 uimsbf
if (sprite_enable== “static” || sprite_enable == “GMC”") {
if (sprite_enable = “GMC") {
sprite_width 13 uimsbf
marker_bit 1 bslbf
sprite_height 13 uimsbf
marker_bit 1 bslbf
sprite_left_coordinate 13 simsbf
marker_bit 1 bslbf
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sprite_top_coordinate 13 simsbf
marker_bit 1 bslbf
}
no_of_sprite_warping_points 6 uimsbf
sprite_warping_accuracy 2 uimsbf
SMI it\:‘_IUI Igi Itl ICDD_\;; 1alfiyc 1 ba:bf
if (sprite_enable = “GMC")
low_latency_sprite_enable 1 bslbf
}
if (video_object_layer verid != ‘0001’ &&
video_object_layer_shape != "rectangular”)
sadct_disable 1 bslbf
not_8 bit 1 bslbf
if (not_8_ hit) {
guant_precision 4 uimsbf
bits_per_pixel 4 uimsbf
}
if (video_object_layer_shape=="grayscale”) {
no_gray_quant_update 1 bslbf
composition_method 1 bslbf
linear_composition 1 bslbf
}
quant_type 1 bslbf
if (quant_type) {
load_intra_quant_mat 1 bslbf
if (load_intra_quant_mat)
intra_quant_mat 8*[2-64] uimsbf
load_nonintra_quant_mat 1 bslbf
if (load_nonintra_quant’_mat)
nonintra_quant> mat 8*[2-64] uimsbf
if(video_object_jayer_shape=="grayscale”) {
for(i=0;.i<aux_comp_count; i++) {
load_intra_quant_mat_grayscale 1 bslbf
if(load_intra_quant_mat_grayscale)
intra_quant_mat_grayscale [i] 8*[2-64] uimsbf
load_nonintra_quant_mat_grayscale 1 bslbf
if(load_nonintra_quant_mat_grayscale)
nonintra_quant_mat_grayscale [i] 8*[2-64] uimsbf
}
}
}
if (video_object_layer_verid !='0001")
quarter_sample 1 bslbf
complexity_estimation_disable 1 bslbf
if (lcomplexity_estimation_disable)
define_vop_complexity_estimation_header()
resync_marker_disable 1 bslbf
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data_partitioned 1 bslbf
if(data_partitioned)
revers ible_vic 1 bslbf
if(video_object_layer verid !="0001") {
newpred_enable 1 bslbf
irewpret—enabte){
requested_upstream_message_type 2 uimsbf
newpred_segment_type 1 bslbf
}
reduced_resolution_vop_enable 1 bslbf
}
scalability 1 bslbf
if (scalability) {
hierarchy_type 1 bslbf
ref_layer_id 4 uimsbf
ref_layer_sam pling_direc 1 bslbf
hor_sampling_factor_n 5 uimsbf
hor_sampling_factor_m 5 uimsbf
vert_sam pling_factor_n 5 uimsbf
vert_sam pling_factor_m 5 uimsbf
enhancement_type 1 bslbf
if(video_object_layer == “binary” &&
hierarchy_type=="'0") {
use_ref _shape 1 bslbf
use_ref_texture 1 bslbf
shape_hor_sampling_factor *n 5 uimsbf
shape_hor_sampling_factor_ m 5 uimsbf
shape_vert_sam pling-factor_n 5 uimsbf
shape_vert_sam pling_factor_m 5 uimsbf
}
}
}
else {
if(video_object_layer verid '="0001") {
scalability 1 bslbf
if(scalability) {
shape_hor_sampling_factor_n 5 uimsbf
shape_hor_sampling_factor_m 5 uimsbf
shape_vert_sam pling_factor_n 5 uimsbf
shape_vert_sam pling_factor_m 5 uimsbf
}
}
resync_marker_disable 1 bslbf
}
next_start_code()
while ( next_bits()== user_data_start_code){
user_data()
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}

if (sprite_enable == “static” && !low_latency_sprite_enable)
VideoObjectPlane()

do {

if (next_bits() == group_of vop_start_code)

GCroun-of \idoaoOhicetRlana
Group—ei-ideoObjectPlaned
VideoObjectPlane()

} while ((next_bits() == group_of vop_start_code) ||
(next_bits() == vop_start_code))

} else {
short_video_header =1
do {
video_plane_with_short_header()
} while(next_bits() == short_video_start_marker)

}
}
define_vop_complexity_estimation_header() { No. of bits  [Mnemonic
estimation_method 2 uimsbf
if (estimation_method =='00’ || estimation_method == ‘0¥ {
shape_complexity_estimation_disable 1
if (Ishape_complexity_estimation_disable) { bslbf
opaque 1 bslbf
transparent 1 bslbf
intra_cae 1 bslbf
inter_cae 1 bslbf
no_update 1 bslbf
upsampling 1 bslbf
}
texture_complexity, estimation_set_1 disable 1 bslbf
if (Itexture_complexity _estimation_set 1 disable) {
intra_blocks 1 bslbf
inter_blocks 1 bslbf
interdv_blocks 1 bslbf
not_coded_blocks 1 bslbf
¥
marker_bit 1 bslbf
texture_complexity estimation_set_2_disable 1 bslbf
if (texture_complexity _ estimation_set 2_disable) {
dct_coefs 1 bslbf
dct_lines 1 bslbf
vic_sym bols 1 bslbf
vic_bits 1 bslbf
}
motion_compensation_complexity disable 1 bslbf
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If ('motion_compensation_complexity disable) {
apm 1 bslbf
npm 1 bslbf
interpolate_mc_q 1 bslbf
forw_back_mc_qg 1 bslbf
hratfpet2 t bstbf
halfpel4 1 bslbf
}
marker_bit 1 bslbf
if(estimation_method == ‘01’) {
version2_complexity_estimation_disable 1 bsibf
if ('version2_complexity estimation_disable) {
sadct 1 bslbf
quarterpel 1 bslbf
}
}
}
}
$.2.4 Group of Video Object Plane
Group_of_VideoObjectPlane() { No. of bits  [Mnemonic
group_of_vop_start_code 32 bslbf
time_code 18
closed_gov 1 bslbf
broken_link 1 bslbf
next_start_code()
while ( next_bits()== user_data_start-code){
user_data()
}
}
$.2.5 Video Object Plané and Video Plane with Short Header
VideoObjectRlane() { No. of bits  |Mnemonic
vop_start_code 32 bslbf
vop..coding_type 2 uimsbf
do{
modulo_time_base 1 bslbf
FTwhile (modulo_time_base = U)
marker_bit 1 bslbf
vop_time_increment 1-16 uimsbf
marker_bit 1 bslbf
vop_coded 1 bslbf

if (vop_coded =="0") {

next_start_code()
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return()

}
if (newpred_enable) {
vop_id 4-15 uimsbf
vop_id_for_prediction_indication 1 bslbf
f-rop—td—for—prediction—hdication)
vop_id_for_prediction 4-15 uimsbf
marker_bit 1 bslbf
}

if ((video_object_layer_shape != “binary only”) &&
(vop_coding_type =="P” ||
(vop_coding_type == *“S” && sprite_enable == “GMC")))
vop_rounding_type 1 bslbf

if ((reduced_resolution_vop_enable) &&
(video_object_layer_shape == “rectangular”) &&
((vop_coding_type == “P”) || (vop_coding_type == "“I")))
vop_reduced_resolution 1 bslbf

if (video_object_layer_shape != “rectangular”) {
if(!(sprite_enable == “static” && vop_coding_type == "1")) {

vop_width 13 uimsbf
marker_bit 1 bslbf
vop_height 13 uimsbf
marker_bit 1 bslbf
vop_horizontal_mc_spatial_ref 13 simsbf
marker_bit 1 bslbf
vop_vertical_mc_spatial_ref 13 simsbf
marker_bit 1 bslbf

}
if ((video_object_layer_shape (= “ binary only”) &&
scalability && enhancément_type)

background_composition 1 bslbf
change_conv_ratig _disable 1 bslbf
vop_constant_alpha 1 bslbf
if (vop_constant_alpha)

vop_.constant_alpha_value 8 bslbf

}
if (videQ Jobject_layer _shape != "binary only")
if(lcomplexity_estimation_disable)
read_vop_complexity estimation_header()
if (video_object_layer _shape != “binary only”) {

intra_dc_vlc_thr 3 uimsbf
if(mtertaced)
top_field_first 1 bslbf
alternate_vertical_scan_flag 1 bslbf
}

}
if ((sprite_enable =="static” || sprite_enable=="GMC") &&
vop_coding_type == “S") {
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if (no_of_sprite_warping_points > 0)

sprite_trajectory()

if (sprite_brightness_change)

brightness_change_factor()

if(sprite_enable == “static”) {

f lonrita trancmit maada |— Yoo
T {oprte—tratr ot oat— JtoP

&& Iow_latengy_sprite_enable) {

do {

sprite_transmit_mode

uimsbf

if ((sprite_transmit_mode == “piece”) ||
(sprite_transmit_mode == “update”))

decode_sprite_piece()

} while (sprite_transmit_mode != “stop” &&
sprite_transmit_mode != “pause”)

}

next_start_code()

return()

}

if (video_object_layer _shape != “binary only”) {

vop_quant

uimsbf

if(video_object_layer shape=="grayscale”)

for(i=0; i<aux_comp_count; i++)

vop_alpha_quant[i]

uimsbf

if (vop_coding_type !="“1")

vop_fcode_forward

uimsbf

if (vop_coding_type == “B")

vop_fcode_backward

uimsbf

if (!scalability) {

if (video_object_layer_shdpe != “rectangular”
&& vop_coding_type 1= “I")

vop_shape_coding_type

bslbf

motion_shape_texture()

while (nextbits~bytealigned() == resync_marker) {

vide0 \packet_header()

motion_shape_texture()

}

else {

if (enhancement_type) {

load_backward_shape

bslbf

if load bhackward -shane)l L
\ =~/ U

backward_shape_width

13

uimsbf

marker_bit

bslbf

backward_shape_ height

13

uimsbf

marker_bit

bslbf

backward_shape_horizontal_mc_spatial_ref

13

simsbf

marker_bit

bslbf
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backward_shape_vertical_mc_spatial_ref 13 simsbf
backward_shape()
load_forward_shape 1 bslbf
if (load_forward_shape) {
forward_shape_width 13 uimsbf
marker—bit T bstbf
forward_shape_height 13 uimsbf
marker_bit 1 bslbf
forward_shape_horizontal_mc_spatial_ref 13 simsbf
marker_bit 1 hslbf
forward_shape_vertical_mc_spatial_ref 13 simsbf
forward_shape()
}
}
}
ref_select_code 2 uimsbf
combined_motion_shape_texture()
}
}
else {
combined_motion_shape_texture()
while (nextbits_bytealigned() == resync_marker) {
video_packet_header()
combined_motion_shape_texture()
}
}
next_start_code()
}
6.2.5.1 Complexity Estimation°Header
read_vop_complexity” estimation_header() { No. of bits  [Mnemonic
if (estimation \method=="00") {
if (vop_coding_type=="1") {
if (opaque) dcecs_opaque 8 uimsbf
if (transparent) dcecs_transparent 8 uimsbf
if (intra_cae) dcecs_intra_cae 8 uimsbf
if (inter_cae) dcecs_inter_cae 8 uimsbf
if (no_update) dcecs_no_update 8 uimsbf
It (upsampling) dcecs_upsampling 8 uimsbr
if (intra_blocks) dcecs_intra_blocks 8 uimsbf
if (not_coded_blocks) dcecs_not_coded_blocks 8 uimsbf
if (dct_coefs) dcecs_dct_coefs 8 uimsbf
if (dct_lines) dcecs_dct_ lines 8 uimsbf
if (vic_symbols) dcecs_vlc_sym bols 8 uimsbf
if (vic_hits) dcecs_vlc_bits 4 uimsbf
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if (sadct) dcecs_sadct 8 uimsbf

}

if (vop_coding_type=="P") {
if (opaque) dcecs_opaque 8 uimsbf
if (transparent) dcecs_transparent 8 uimsbf
i-(intra—cae) teecs—intra—cae 8 girsbf
if (inter_cae) dcecs_inter_cae 8 uimsbf
if (no_update) dcecs_no_update 8 uimsbf
if (upsampling) dcecs_upsampling 8 uimsbf
if (intra) dcecs_intra_blocks 8 uimsbf
if (not_coded) dcecs_not_coded_blocks 8 uimsbf
if (dct_coefs) dcecs_dct_coefs 8 uimsbf
if (dct_lines) dcecs_dct_ lines 8 uimsbf
if (vic_symbols) dcecs_vic_sym bols 8 uimsbf
if (vic_bits) dcecs_vic_bits 4 uimsbf
if (inter_blocks) dcecs_inter_blocks 8 uimsbf
if (interdv_blocks) dcecs_interdv_ blocks 8 uimsbf
if (apm) dcecs_apm 8 uimsbf
if (npm) dcecs_npm 8 uimsbf
if (forw_back _mc_q) dcecs_forw_back_mc_q 8 uimsbf
if (halfpel2) dcecs_halfpel2 8 uimsbf
if (halfpel4) dcecs_halfpel4 8 uimsbf
if (sadct) dcecs_sadct 8 uimsbf
if (quarterpel) dcecs_quarterpel 8 uimsbf

}

if (vop_coding_type=="B") {
if (opaque) dcecs_opaque 8 uimsbf
if (transparent) dcecs_transparent 8 uimsbf
if (intra_cae) dcecs_intra_cae 8 uimsbf
if (inter_cae) dcecs_inter_cae 8 uimsbf
if (no_update) deecs_no_update 8 uimsbf
if (upsampling) dcecs_upsampling 8 uimsbf
if (intra_blogeks) dcecs_intra_blocks 8 uimsbf
if (not_ceded blocks) dcecs_not_coded_blocks 8 uimsbf
if (dctcoefs) dcecs_dct_coefs 8 uimsbf
if (dct_lines) dcecs_dct_ lines 8 uimsbf
i~(Vlc_symbols) dcecs_vlc_sym bols 8 uimsbf
if (vic_bits) dcecs_vlc_bits 4 uimsbf
if (inter_blocks) dcecs_inter_blocks 8 uimsbf
if (inter4v_blocks) dcecs_inter4v_ blocks 8 uimsbf
if (apm) dcecs apm 8 uimsbf
if (npm) dcecs_npm 8 uimsbf
if (forw_back mc_q) dcecs_forw_back mc_q 8 uimsbf
if (halfpel2) dcecs_halfpel2 8 uimsbf
if (halfpel4) dcecs_halfpel4 8 uimsbf
if (interpolate_mc_q)  dcecs_interpolate_mc_q 8 uimsbf
if (sadct) dcecs_sadct 8 uimsbf
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if (Qquarterpel) dcecs_quarterpel 8 uimsbf

}

if (vop_coding_type=="'S'&& sprite_enable == “static”) {
if (intra_blocks) dcecs_intra_blocks 8 uimsbf
if (not_coded_blocks) dcecs_not_coded_blocks 8 uimsbf
if-{cct—coefs) ticecs—det—coefs 8 tmsbf
if (dct_lines) dcecs_dct_ lines 8 uimsbf
if (vic_symbols) dcecs_vlc_sym bols 8 uimsbf
if (vic_hits) dcecs_vlc_bits 4 uimsbf
if (inter_blocks) dcecs_inter_blocks 8 uimsbf
if (inter4v_blocks) dcecs_inter4dv_ blocks 8 uimsbf
if (apm) dcecs_apm 8 uimsbf
if (npm) dcecs_npm 8 uimsbf
if (forw_back_mc_q)  dcecs_forw_back_q 8 uimsbf
if (halfpel2) dcecs_halfpel2 8 uimsbf
if (halfpel4) dcecs_halfpel4 8 uimsbf
if (interpolate_mc_q)  dcecs_interpolate_mc_q 8 uimsbf
if (Qquarterpel) dcecs_quarterpel 8 uimsbf

}

}
}

6.2.5.2 Video Plane with Short Header

video_plane_with_short_header() { No. of bits  [Mnemonic

short_video_start_marker 22 bslbf
temporal_reference 8 uimsbf
marker_bit 1 bslbf
zero_bit 1 bslbf
split _screen_indicator 1 bslbf
document_camera_indicator 1 bslbf
full_picture_freeze( release 1 bslbf
source_format 3 bslbf
picture_coding-type 1 bslbf
four_resérved_zero_bits 4 bslbf
vop_quant 5 uimsbf
zerobit 1 bslbf
do{

pei 1 bslbf

if (pei =="1")

psupp 8 bslbf

} while (pei == "1")
gob_number =0
for(i=0; i<num_gobs_in_vop; i++)

gob_layer()
if(next_bits() == short_video_end_marker)
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short_video _end_marker 22 uimsbf
while(bytealigned())
zero_bit 1 bslbf
}
gob_layer() { No. of bits  |Mnemonic
gob_header_empty =1
if(gob_number !'= 0) {
if (next_bits() == gob_resync_marker) {
gob_header_empty =0
gob_resync_marker 17 bslbf
gob_number 5 uimsbf
gob_frame_id 2 bslbf
guant_scale 5 uimsbf
}
}
for(i=0; i<num_macroblocks_in_gob; i++)
macroblock()
if(next_bits() != gob_resync_marker &&
nextbits_bytealigned() == gob_resync_marker)
while(bytealigned())
zero_bit 1 bslbf
gob_number++
}
video_packet_header() { No. of bits  [Mnemonic
next_resync_marker()
resync_marker 17-23 uimsbf
if (video_object_layer_shape!'=-"rectangular”) {
header_extension_cede 1 bslbf
if (header_extension. code
&& I(sprite (enable = “static" && vop_coding_type == “I")) {
vop_width 13 uimsbf
markerbit 1 bslbf
Vop height 13 uimsbf
marker_bit 1 bslbf
vop_horizontal_mc_spatial_ref 13 simsbf
marker_bit 1 bslbf
vop_vertical_mc_spatial_ref 13 simsbf
marker_bit 1 bslbf
}
}
macr oblock_number 1-14 viclbf
if (video_object_layer _shape != “binary only”)
guant_scale 5 uimsbf
if (video_object_layer _shape == “rectangular”)
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header_extension_code 1 bslbf
if (header_extension_code) {
do {
modulo_time_base 1 bslbf
} while (modulo_time_base != ‘0")
vop_time_increment 1-16 bslbf
marker_bit 1 bslbf
vop_coding_type 2 uimsbf
if (video_object_layer_shape != “rectangular”) {
change_conv_ratio_disable 1 bslbf
if (vop_coding_type !="1")
vop_shape_coding_type 1 bslbf
}
if (video_object_layer_shape != “binary only”) {
intra_dc_vic_thr 3 uimsbf
if (sprite_enable == “GMC” && vop_coding_type ==*“S”
&& no_of _sprite_warping_points > 0)
sprite_trajectory()
if ((reduced_resolution_vop_enable)
&& (video_object_layer shape == “rectangular?)
&& ((vop_coding_type == “P") || (vop_coding type == “1")))
vop_reduced_resolution 1 bslbf
if (vop_coding_type !="“1")
vop_fcode_forward 3 uimsbf
if (vop_coding_type == “B")
vop_fcode_backward 3 uimsbf
}
}
if (newpred_enable) {
vop_id 4-15 uimsbf
vop_id_for_prediction_indication 1 bslbf
if (vop_id_for_prediction_indication)
vop_id_for) prediction 4-15 uimsbf
marker _bit 1 bslbf
}

6.2:5.3 Motion Shape Texture

motion-shane textiwe [
™~ \/ U

No—ofbits

Mnamonic

if (data_partitioned )

data_partitioned_motion _shape_texture()

else

combined_motion_shape_texture()
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combined_motion_shape_texture() {

No. of bits

Mnemonic

do{

macroblock()

} while (nextbits_bytealigned() != resync_marker && nextbits_bytealigned()
I= ‘000 0000 0000 0000 0000 0000%)

data_partitioned_motion_shape_texture() {

No. of bits

Mnemonic

if (vop_coding_type == "1") {

data_partitioned_i_vop()

} else if (vop_coding_type == “P” || (vop_coding_type == “S”
&& sprite_enable == “GMC")) {

data_partitioned_p_vop()

} else if (vop_coding_type == “B") {

combined_motion_shape_texture()

}

NOTE: Data partitioning is not supported in B-VOPs.

data_partitioned_i_vop() {

No. of bits

Mnemonic

do{

if (video_object_layer_shape != “rectangular”){

bab_type

1-3

viclbf

if (bab_type >=4) {

if (Ichange_conv_rate_disable)

conv_ratio

viclbf

scan_type

bslbf

binary_arithmetic_cade()

}

if ('transparent_mbQ).{

if (video_objeet_layer_shape != “rectangle”) {

do {

mcbpc

1-9

viclbf

}while ( derived_mb_type == “stuffing”)

}else {

mcbpc

viclbf

if ( derived_mb_type == “stuffing”)

continue

1

J

if (mb_type == 4)

dquant

bslbf

if (use_intra_dc_vic) {

for (j=0;j<4;j++){

if (Itransparent_block(j)) {

dct_dc_size_luminance

2-11

viclbf
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if (dct_dc_size luminance > 0)
dct_dc_differential 1-12 viclbf
if (dct_dc_size luminance > 8)
marker_bit 1 bslbf
}
s
for (j=0;j<2;j++){
dct_dc_size_chrominance 2-12 viclbf
if (dct_dc_size_chrominance > 0)
dct_dc_differential 1-12 viclbf
if (dct_dc_size_chrominance > 8)
marker_bit 1 bslbf
}
}
}
} while (next_bits() = dc_marker)
dc_marker /* 110 1011 0000 0000 0001 */ 19 bslbf
for (i=0; i< mb_in_video_packet; i++) {
if (transparent_mb()) {
ac_pred_flag 1 bslbf
cbpy 1-6 viclbf
}
}
for (i=0;i<mb_in_video_packet; i++) {
if (transparent_mb()) {
for (j = 0; j < block_count; j++)
block(j)
}
}
}

macroblocks is not jncluded in this value.
NOTE 2: The value of blocki-¢ount is 6 in the 4:2:0 format.
NOTE 3: The value of glpha_block_count is 4.

NOTE 1: The value of mb_in_video_packet is the number of macroblocks in a video packet. The count of stuffing

data_partitieed _p_vop() { No. of bits  |Mnemonic
do{
if (video_object_layer_shape != “rectangular”){
bab_type 1-7 viclbf
if ((bab_type ==1) || (bab_type == 6)) {
FRvElS—x¢ 118 wetbf
mvds_y 1-18 viclbf
}
if (bab_type >=4) {
if (Ichange_conv_rate_disable)
conv_ratio 1-2 viclbf
scan_type 1 bslbf
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binary_arithmetic_code()

}

if ('transparent_mb()) {

if (video_object_layer_shape != “rectangle”) {

da-L

A=A §

not_coded

bslbf

if ('not_coded)

mcbpc

1-9

viclbf

} while (I(not_coded || derived_mb_type = “stuffing”))

} else {

not_coded

bslbf

if ('not_coded) {

mcbpc

viclbf

if (derived_mb_type == “stuffing”)

continue

}

if ('not_coded) {

if (sprite_enable == “GMC” && vop_coding_type ==“S!" &&
derived_mb_type < 2)

mcsel

bslbf

if ( ({(sprite_enable == “GMC” && vop_coding/type == *“S”
&& mcsel) && derived_mb_type < 2)
|| derived_mb_type == 2)

motion_coding(“forward”, derived_mb_type)

}

} while (next_bits() != motion_marker)

motion_marker /* 11111 0000-0000 0001 */

17

bslbf

for (i=0; i< mb_in_video_packet; i++) {

if ('transparent_mb()) {

if (!not_coded)f

if (derived—-mb_type >= 3)

ac pred_flag

bslbf

chpy

viclbf

if (derived_mb_type == 1 || derived_mb_type == 4)

dquant

bslbf

if (derived_mb_type >= 3 && use_intra_dc_vic ) {

for(j=0;j<4; j++){

if (transparent_block(j)) {

wlallf

ot ol H | H
U\/L_Ub_DlLC_IuI mriarictc

VICTIOT

if (dct_dc_size_luminance > 0)

dct_dc_differential

viclbf

if (dct_dc_size_luminance > 8)

marker_bit

bslbf
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for (j=0;j<2;j++){

dct_dc_size_chrominance 2-12 viclbf
if (dct_dc_size _chrominance > 0)
dct_dc_differential 1-12 viclbf
if (dct_dc_size _chrominance > 8)
1 | Y 1 balkhf
il I'\CI_IJII. L JOTJT

}

for (i=0; i< mb_in_video_packet; i++) {

if ('transparent_mb()) {

if (! not_coded) {

for (j = 0; j < block_count; j++)

block())

}

macroblocks is not included in this value.
NOTE 2: The value of block_count is 6 in the 4:2:0 format.
NOTE 3: The value of alpha_block_count is 4.

NOTE 1: The value of mb_in_video_packet is the number of macroblocks in a video packet. The count of stuffing

motion_coding(mode, type_of mb) {

No. of bits Mnemonic

motion_vector(mode)

if (type_of_mb == 2) {

for (i=0;i<3;i++)

motion_vector(made)

6.2.5.4 Sprite coding

decode_sprite_piece() {

No. of bits Mnemonic

piece_quant 5 bslbf
piece_width 9 bslbf
piece_height 9 bslbf
marker hit 1 bslbf
piece_xoffset 9 bslbf
piece_yoffset 9 bslbf

sprite_shape_texture()
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sprite_shape_texture() { No. of bits  [Mnemonic
if (sprite_transmit_mode == “piece”) {
for (i=0; i < piece_height; i++) {
for (j=0; j < piece_width; j++) {
if (!1send_mb()) {
macroblock()
}
}
}
}
if (sprite_transmit_mode == “update”) {
for (i=0; i < piece_height; i++) {
for (j=0; j < piece_width; j++) {
macroblock()
}
}
}
}
sprite_trajectory() { No. of bits  [Mnemonic
for (i=0; i < no_of_sprite_warping_points; i++) {
warping_mv_code(duli])
warping_mv_code(dv[i])
}
}
warping_mv_code(d) { No. of bits  [Mnemonic
dmv_length 2-12 uimsbf
if (dmv_length !='00")
dmv_code 1-14 uimsbf
marker_bit 1 bslbf
}
brightness change_factor() { No. of bits  [Mnemonic
brightness_change_factor_size 1-4 uimsbf
brightness_change_factor_code 5-10 uimsbf
}
6.2.6 Macroblock
macroblock() { No. of bits  [Mnemonic

if (vop_coding_type !=“B") {
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if (video_object_layer_shape != “rectangular”
&& I(sprite_enable == “static” && low_latency_sprite_enable
&& sprite_transmit_mode == “update”))

mb_binary_shape_coding()

if (video_object_layer_shape != “binary only”) {

if (transparent mbM {
\ L) — \/7 U

if (video_object_layer_shape != “rectangular”
&& I(sprite_enable = "static" && low_latency_sprite_enable
&& sprite_transmit_mode == “update”)) {

do{

if (vop_coding_type !=“I" && !(sprite_enable == "static"

&& sprite_transmit_mode == “piece”))

not_coded

bslbf

if ('not_coded || vop_coding_type == “I"
|| (vop_coding_type =="S"
&& low_latency_sprite_enable
&& sprite_transmit_mode == "piece"))

mcbpc

1-9

viclbf

} while(!(not_coded || derived_mb_type != “stuffing?))

} else {

if (vop_coding_type !="“I" && !(sprite_enable ="'static"
&& sprite_transmit_mode == “piece’))

not_coded

bslbf

if ('not_coded || vop_coding_type =="1"
|| (vop_coding_type =="S"
&& low_latency_sprite_enable
&& sprite_transmit_mode == "piece"))

mcbpc

1-9

viclbf

}

if ('not_coded || vop “eoding_type == “I"
[| (vop_coding type == "S" && low_latency_sprite_enable
&& spritel transmit_mode == "piece")) {

if (vopy.coding_type == “S” && sprite_enable == “GMC”
&& (derived_mb_type == 0 || derived_mb_type == 1))

mcsel

bslbf

if (Ishort_video_header &&
(derived_mb_type == 3 ||
derived_mb_type == 4))

ac_pred_flag

bslbf

if (derived_mb_type != “stuffing”)

cbpy

viclbf

else

TEturny)

if (derived_mb_type ==1 ||
derived_mb_type == 4)

dquant

bslbf

if (interlaced)

interlaced_information()
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if (!(ref_select_code=="11" && scalability)
&& sprite_enable 1= “static”) {

if ((derived_mb_type == 0 || derived_mb_type == 1)
&& (vop_coding_type == “P”
|| (vop_coding_type == “S” && 'mcsel))) {

motion vector(“forward™)

if (interlaced && field_prediction)

motion_vector(“forward”)

}

if (derived_mb_type == 2) {

for (j=0; j < 4; j++)

if (transparent_block(j))

motion_vector(“forward”)

}

for (i= 0; i < block_count; i++)

if(transparent_block(i))

block(i)

}

else {

if (video_object_layer_shape != “rectangular”)

mb_binary_shape_coding()

|| enhancement_type == 1)) || (sprite_€enable == “GMC”
&& backward_reference_vop_coding_type == “S"))
&& video_object_layer _shape = “binary only”) {

if ((co_located_not_coded =1 || (scalability.&& (ref_select_code !'='11"

if ('transparent_mb()) {

modb 1-2 viclbf
if (modb I=1") {
mb_type 1-4 viclbf
if (modb == ‘00)
Cbpb 3-6 viclbf
if (ref_select_code != ‘00’ || !scalability) {
if (mb_type !="“1" && cbpb!=0)
dbquant 1-2 viclbf

if (interlaced)

interlaced_information()

if (mb_type == ‘01’ ||
mb_type == ‘0001") {

motion_vector(“forward”)

if (interlaced && field_prediction)

motion_vector(“forward”)

}

if (mb_type =='01" || mb_type =='001") {

motion_vector(“backward”)
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if (interlaced && field_prediction)
motion_vector(“backward”)

}
if (mb_type == “1")
motion_vector(“direct”)

1

J
if (ref_select_code == '00’ && scalability &&
cbpb 1=0) {
dbquant 1-2 viclbf
if (mb_type =='01" || mb_type =="'1")
motion_vector(“forward”)

}
for (i= 0; i < block_count; i++)
if(transparent_block(i))
block(i)

}
if(video_object_layer shape=="grayscale”
&& ltransparent_mb()) {
for(j=0; j<aux_comp_count; j++) {
if(vop_coding_type=="I" || ((vop_coding_type=="R" |
(vop_coding_type=="S" && sprite_enable=="GMC"))
&& 'not_coded &&
(derived_mb_type==3 || derived_mb-type==4))) {

coda_i 1 bslbf
if(coda_i=="coded”) {
ac_pred_flag_alpha 1 bslbf
cbpa 1-6 viclbf

for(i=0;i<alpha-‘block_count;i++)
if(ltransparent_block())
alpha_block(i)

}
}else{ /FR:.S(GMC) or B macroblock */
if(vop) coding_type =="P" || (sprite_enable == “GMC” &&
(vop_coding_type=="S"
|| backward_reference_vop_coding_type=="S"))
|| co_located not_coded !=1) {

coda_pb 1-2 viclbf
if(coda_pb=="coded”) {
cbpa 1-6 viclbf

for(i=0;i<alpha_block_count;i++)
if('transparent_block())
alpha_block(i)
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}

NOTE: The value of block count is 6 in the 4:2.0 format. The value of

in subclause 7.6.7.

alpha_block _count is 4.
backward_reference_vop_coding_type means the vop_coding_type of the backward reference VOP as described

q

p.2.6.1 MB Binary Shape Coding

mb_binary_shape_coding() { No. of bits  [Mnemenic
if(!(scalability && hierarchy_type == ‘0’
&& (enhancement_type == ‘0’ || use_ref _shape == ‘0"))
&& !( scalability && video_object_layer_shape == “binary only”)) {
bab_type 1-7 viclbf
if (vop_coding_type == ‘P’ || vop_coding_type == ‘B’
|| (vop_coding_type == ‘S’ && sprite_enable == “GMC")) {
if ((bab_type==1) || (bab_type == 6)) {
mvds_x 1-18 viclbf
mvds_y 1-18 viclbf
}
}
if (bab_type >=4) {
if (Ichange_conv_ratio_disable)
conv_ratio 1-2 vicbf
scan_type 1 bslbf
binary_arithmetic_code()
}
} else {
if (luse_ref_shape || video_object. Tayer _shape == “binary only”) {
enh_bab_type 1-3 viclbf
if (enh_bab_type == 3\)
scan_type 1 bslbf
if (enh_bab_type\==1 || enh_bab_type == 3)
enh_binary’ arithmetic_code()
}
}
}
backward_shape () { No. of bits  |Mnemonic
for(i=0; i<backward_shape_height/16; i++)
for(j=0: j<backward shape width/16; j++) {
bab_type 1-3 viclbf
if (bab_type >=4) {
if (fchange_conv_ratio_disable)
conv_ratio 1-2 vicbf
scan_type 1 bslbf

binary_arithmetic_code()
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}
}
}
fnr\l\/nrd_chnlnp () { No_of hits Mnpemonic.
for(i=0; i<forward_shape_height/16; i++)
for(j=0; j<forward_shape_width/16; j++) {
bab_type 1-3 viclbf
if (bab_type >=4) {
if ('change_conv_ratio_disable)
conv_ratio 1-2 vicbf
scan_type 1 bslbf
binary_arithmetic_code()
}
}
}
6.2.6.2 Motion vector
motion_vector ( mode ) { No. of bits  [Mnemonic
if ( mode == ,direct") {
horizontal_mv_data 1-13 viclbf
vertical_mv_data 1-13 viclbf
}
else if ( mode == ,forward" ) {
horizontal_mv_data 1-13 viclbf
if ((vop_fcode_forward != 1) && (horizontal_mv_data != 0))
horizontal_mv_res jdual 1-6 uimsbf
vertical_mv_data 1-13 viclbf
if ((vop_fcode_forward != 1) && (vertical_mv_data != 0))
vertical_myYes idual 1-6 uimsbf
}
else if ( mode\== ,backward") {
horizontal_mv_data 1-13 viclbf
if ((vop_fcode_backward != 1) && (horizontal _mv_data != 0))
horizontal_mv_res idual 1-6 uimsbf
vertical_mv_data 1-13 viclbf
if ((vop_fcode_backward != 1) && (vertical_mv_data != 0))
vertical_mv_res idual 1-6 uimsbf
}
}
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6.2.6.3 Interlaced Information
interlaced_information( ) { No. of bits  [Mnemonic
if ((derived_mb_type == 3) || (derived_mb_type == 4) ||
(cbp !=0))
det—type 1 bsibt
if ( ((vop_coding_type == “P") &&
((derived_mb_type == 0) || (derived_mb_type == 1)) ) ||
((sprite_enable == “GMC") && (vop_coding_type == “S") &&
(derived_mb_type < 2) && (Imcsel)) ||
((vop_coding_type == “B”) && (mb_type '="1")) ) {
field_prediction 1 bslbf
if (field_prediction) {
if (vop_coding_type == "P" ||
(vop_coding_type == “B” &&
mb_type !=“001") ) {
forward_top_field_reference 1 bslbf
forward_bottom_field_reference 1 bslbf
}
if ((vop_coding_type == “B") &&
(mb_type !=“0001") ) {
backward_top_field_reference 1 bslbf
backward_bottom_field_reference 1 bslbf
}
}
}
}
6.2.7 Block
The detailed syntax for the term “DCT-coefficient” is fully described in clause 7.
block(i) { No. of bits  [Mnemonic
last =0
if(ldata_partitioned &&
(derived-mb_type == 3 || derived_mb_type == 4)) {
if(shart)Video_header == 1)
intra_dc_coefficient 8 uimsbf
glse if (use_intra_dc_vlc == 1) {
if (i<4){
dct_dc_size_luminance 2-11 viclbf
if{dct dc_Size _fuminance =10)
dct_dc_differential 1-12 viclbf
if (dct_dc_size luminance > 8)
marker_bit 1 bslbf
} else {
dct_dc_size_chrominance 2-12 viclbf
if(dct_dc_size_chrominance !=0)
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dct_dc_differential 1-12 viclbf
if (dct_dc_size _chrominance > 8)
marker_bit 1 bslbf
}
}
s
if ( pattern_codeli] )
while (!'last)
DCT coefficient 3-24 viclbf
}
NOTE : “last” is defined to be the LAST flag resulting from reading the most recent DCT coefficient.
6.2.7.1 Alpha Block
The syntax for DCT coefficient decoding is the same as for block(i) in subclause 6.2,8-
alpha_block(i) { No. of bits  [Mnemonic
last =0
if(ldata_partitioned &&
(vop_coding_type == "I1"|| (vop_coding_type ==“P" ||
(vop_coding_type == *“S” && sprite_enable == “GMQC))
&& 'not_coded &&
(derived_mb_type == 3 || derived_mb_type == 4)))) {
dct_dc_size_alpha 2-11 viclbf
if(dct_dc_size alpha != 0)
dct_dc_differential 1-12 viclbf
if (dct_dc_size alpha > 8)
marker_bit 1 bslbf
}
if ( pattern_codeli] )
while (!'last)
DCT coefficient 3-24 viclbf
}
NOTE: “last” is defined’to be the LAST flag resulting from reading the most recent DCT coefficient.
6.2.8 StillN exture Object
StillTextureObject() { No. of bits  |Mnemonic
still_textu re_object_start_code 32 bslbf
i {vistat—object—verid+—=06001)<
tiling_disable 1 bslbf
texture_error_res ilien ce_disable 1 bslbf
texture_object_id 16 uimsbf
marker_bit 1 bslbf
wavelet_filter_type 1 uimsbf
wavelet_download 1 uimsbf
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wavelet_decomposition_levels 4 uimsbf
scan_direction 1 bslbf
start_code_enable 1 bslbf
texture_object_layer_shape 2 uimsbf
guantisation_type 2 uimsbf
if-torrantisation—type—==2)<

spatial_scalability levels 4 uimsbf
if (spatial_scalability levels != wavelet_decomposition_levels) {
use_default_spatial_scalability 1 uimsbf
if (use_default_spatial_layer_size == 0)
for (i=0; i<spatial_scalability _levels — 1; i++)
wavelet_layer_ index 4 uimsbf
}
}
if (wavelet_download == “1" }{
uniform_wavelet_filter 1 uimsbf
if (uniform_wavelet_filter == “1")
download_wavelet_filters()
else
for (i=0; i<wavelet_decomposition_levels; i++)
download_wavelet_filters( )
}
wavelet_stuffing 3 uimsbf
if('texture_error_resilience_disable) {
target_segment_length 16 uimsbf
marker_bit 1 bslbf
}
if(texture_object_layer_shape == “00") {
texture_object_layer_ width 15 uimsbf
marker_bit 1 bslbf
texture_object_layer{_height 15 uimsbf
marker_bit 1 bslbf
}
else if (texture ‘ebject_layer _shape =="01") {
horizontal- ref 15 uimsbf
marker_bit 1 bslbf
vertical_ref 15 uimsbf
marker_bit 1 bslbf
object_width 15 uimsbf
marker_bit 1 bslbf
object_height 15 uimsbf
marker_bit 1 bslbf
/* if tiling_disable == “1” and texture_object_layer_shape == “01" configuration
information precedes this point; elementary stream data follows. See annex K */
if(tiling_disable == “1")
shape_object_decoding()
}
if (tiling_disable == “0" }{
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tile_width 15 uimsbf
marker_bit 1 bslbf
tile_height 15 uimsbf
marker_bit 1 bslbf
number_of tiles 16 uimsbf
TTTarker it T bsthf
tiling_jump_table_enable 1 bslbf
if (tiling jump_table_enable == “1") {
for (i=0; i<number_of _tiles; i++) {
tile_size high 16 yimsbf
market_bit 1 bslbf
tile_size low 16 uimsbf
market_bit 1 bslbf
}
}
next_start_code()
}
[* if tiling_disable == “0" or texture_object_layer_shape == “00” configuration
information precedes this point; elementary stream data follows. Seeannex K */
do {
if(tiling_disable == “0") {
texture_tile_start_code 32 bslbf
tile_id 16 uimsbf
if (texture_object_layer_shape == “017)y
marker_bit 1 bslbf
texture_tile_type 2 uimsbf
marker_bit 1 bslbf
}

}

if (Itexture_error_resilience_disable) {

if (texture_object: layer_shape== “01" &&
tiling_disable=="0") {

if (texture_tile_type=="boundary tile”)

shape_object_decoding()

}

while (nextbit_bytealigned () == texture_marker) {

TexturePacketHeader ()

do {
while (texture_unit_not_completed) {
DecodeStu()
if (segment_length >= target_segment_length)
tecode—segment—marker()
}
} while (nextbit_bytealigned () != texture_marker)
}
}
else {

if (texture_object_layer_shape== “01" && tiling_disable=="0") {

61


https://standardsiso.com/api/?name=c00bf09a06e79a178aa2f53ee5076898

ISO/IEC 14496-2:1999/Amd.1:2000(E) ®©ISO/IEC
if (texture_tile_type=="boundary tile”)
shape_object_decoding()
}
for (color = "y”, “u”, “v") {
wavelet_dc_decode()
}
if (quantisation_type == 1) {
TextureLayerSQ ()
}
else if (Quantisation_type == 2) {
if (start_code_enable == 1) {
do {
TextureSpatialLayerMQ()
} while ( next_bits() ==
texture_spatial_layer_start_code )
} else {
for (i =0; i<spatial_scalability levels; i++)
TextureSpatialLayerMQNSC()
}
}
else if ( quantisation_type == 3) {
for (color = “y”, “u”, “v”
do {
guant_byte 8 uimsbf
} while ( quant_byte >> 7)
max_bitplanes 5 uimsbf
if (scan_direction == 0) {
do {
TextureSNRLayerBQ ()
} while (next>bits() == texture_snr_layer_start_code)
} else {
do {
TextureSpatialLayerBQ ()
1 while (next_bits() ==
texture_spatial_layer_start_code )
}
}
Y7* error_resi_disable */
if (tiling_disable == “0")
next_start_code()
} while (nextbits_bytealigned () == texture_tile_start_code)
1
else { /* version 1 */
texture_object_id 16 uimsbf
marker_bit 1 bslbf
wavelet_filter_type 1 uimsbf
wavelet_download 1 uimsbf
wavelet_decomposition_levels 4 uimsbf
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scan_direction 1 bslbf
start_code_enable 1 bslbf
texture_object_layer_shape 2 uimsbf
guantization_type 2 uimsbf
if (quantization_type == 2) {
spattal—scatabitity —tevets 4 timsbf
if (spatial_scalability levels != wavelet_decomposition_levels) {
use_default_spatial_scalability 1 uimsbf
if (use_default_spatial_layer_size == 0)
for (i=0; i<spatial_scalability _levels — 1; i++)
wavelet_layer_ index 4
}
}
if (wavelet_download == “1" }{
uniform_wavelet_filter 1 uimsbf
if (uniform_wavelet_filter == *1")
download_wavelet _filters()
else
for (i=0; i<wavelet_decomposition_levels; i++)
download_wavelet_filters()
}
wavelet_stuffing 3 uimsbf
if(texture_object_layer_shape == “00"}
texture_object_layer_ width 15 uimsbf
marker_bit 1 bslbf
texture_object_layer_height 15 uimsbf
marker_bit 1 bslbf
}
else {
horizontal_ref 15 imsbf
marker_bit 1 bslbf
vertical_ref 15 imsbf
marker_bit 1 bslbf
object_width 15 uimsbf
marker-bit 1 bslbf
abject_height 15 uimsbf
marker_bit 1 bslbf
shape_object_decoding ()
}

{¥\configuration information precedes this point; elementary stream data follows.

See annex K */

for (color = 'y, U, V)

wavelet_dc_decode()

if(quantization_type == 1)

TextureLayerSQ()

else if (quantization_type == 2) {

if (start_code_enable == 1) {

do {
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TextureSpatialLayerMQ()

} while ( next_bits() == texture_spatial_layer_start_code )

} else {

for (i =0; i<spatial_scalability levels; i++)

TextureSpatialLayerMQNSC()

[ =

}

else if (Quantization_type == 3) {

fOI‘ (CO|OI‘ - uyu, uuu, uvu

do{

guant_byte

} while( quant_byte >>7)

max_bitplanes

if (scan_direction == 0) {

do {
TextureSNRLayerBQ()
} while (next_bits() == texture_snr_layer_start_code)
} else {
do {

TextureSpatialLayerBQ()

} while ( next_bits() == texture_spatial_layer_start-code )

}

Otherwise the value is '1'.

NOTE 1 : The value of texture_unit_not_completed isNO%if the decoding of one sub-unit in a texture unit is completed.

NOTE 2 : The value of first_packet_decoded is (3¢t to ‘O’ if the first packet has not been decoded. The value of
first_packet_decoded is set to ‘1’ afterthe first packet has been decoded.

TexturePacketHeader() { No. of bits  |Mnemonic
next_texture_marker()
texture_marker 17 bslbf
do {
TU_first 8 uimsbf
} while (TUdirst >> 7)
do{
TU~last 8 uimsbf
}while (TU_last >> 7)
header_extention_code 1 bslbf
if (header_extention_code) {
texture_object_id 16 uimsbf
marker_bit 1 bslbf
wavelet_filter_type 1 uimsbf
wavelet_download 1 uimsbf
wavelet_decomposition_levels 4 uimsbf
scan_direction 1 bslbf
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start_code_enable 1 bslbf
texture_object_layer_shape 2 uimsbf
guantisation_type 2 uimsbf
if (quantisation_type == 2) {
spatial_scalability levels 4 uimsbf
i-{spattal—scatabitity tevelst=—wavetet—decompositon—tevets)<
use_default_spatial_scalability 1 uimsbf
if (use_default_spatial_layer_size == 0)
for (i=0; i<spatial_scalability _levels — 1; i++)
wavelet_layer_ index 4 uimsbf
}
}
if (wavelet_download == “1" }{
uniform_wavelet_filter 1 uimsbf
if (uniform_wavelet_filter == “1")
download_wavelet_filters()
else
for (i=0; i<wavelet_decomposition_levels; i++)
download_wavelet_filters()
}
wavelet_stuffing 3 uimsbf
if(texture_object_layer_shape == “00") {
texture_object_layer_ width 15 uimsbf
marker_bit 1 bslbf
texture_object_layer_height 15 uimsbf
marker_bit 1 bslbf
}
else {
if (Mfirst_packet_decoded). ¥
horizontal_ref 15 uimsbf
marker_bit 1 bslbf
vertical_ref 15 uimsbf
marker”bit 1 bslbf
object/width 15 uimsbf
marker_bit 1 bslbf
object_height 15 uimsbf
marker_bit 1 bslbf
}
}
if (tiling_disable == “0" ){
tile_width 15 uimsbf
marker_bit 1 bslbf
tile_height 15 uimsbf
marker_bit 1 bslbf
}
target_segment_length 16 uimsbf
marker_bit 1 bslbf
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}
}
DecodeStu() { No. of bits  |Mnemonic
forfteotor ="yt
wavelet_dc_decode ()
if(quantisation_type == 1) {
TextureLayerSQ()
}
else if ( quantisation_type == 2) {
if (start_code_enable == 1) {
do {
TextureSpatialLayerMQ()
} while (next_bits() == texture_spatial_layer_start_code )
} else {
for (i =0; i<spatial_scalability_levels; i++)
TextureSpatialLayerMQNSC()
}
}
else if ( quantisation_type == 3) {
for (color = “y”, “u”, “v”
do{
quant_byte 8 uimsbf
} while( quant_byte >> 7)
max_bitplanes 5 uimsbf
if (scan_direction == 0) {
do {
TextureSNRLayerBQ()
} while (next_bits() == texture_snr_layer_start_code)
} else {
do {
TextureSpatialLayerBQ()
} while (next_bits() == texture_spatial_layer_start_code)
}
}
}
6.2.8.1_TextureLayerSQ
Texturel ayerSQQ) { Nao_of bits Mnemaonic
if (scan_direction == 0) {
for ("y”, “u”, “v") {
do {
guant_byte 8 uimsbf

} while (quant_byte >> 7)

for (i=0; i<wavelet_decomposition_levels; i++)
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if (il=0 || color'=“u*,"v*){

max_bitplane [i] 5 uimsbf
if ((i+1)%4==0)
marker_bit 1 bslbf

]

J

for (i = O; i<tree_blocks; i++)

fOI‘ (CO|0r - uyu, uuu, uvu

arith_decode_highbands_td()

} else {

if ( start_code_enable ) {

do {

TextureSpatialLayerSQ()

} while ( next_bits() == texture_spatial_layer_start _code)

} else {

for (i = 0; i< wavelet_decomposition_levels; i++)

TextureSpatialLayerSQNSC()

}

Note the DC band is encoded separately.

NOTE: The value of tree_block is that wavelet coefficients are organized In a tree structure which is rooted in the low-low
band (DC band) of the wavelet decomposition, then extends into the higher frequency bands at the same spatial location.

6.2.8.2 TextureSpatialLayerSQ

TextureSpatialLayerSQ() { No. of bits  [Mnemonic
texture_spatial_layer_start_code 32 bslbf
texture_spatial_layer_id 5 uimsbf
TextureSpatialLayerSQNSC()

}

6.2.8.3 TextureSpatialLayerSQNSC
TextureSpatiallayerSQNSC() { No. of bits Mnemonic
for (celor="y",“u","v*) {
if<( (first_wavelet_layer && color=="y") ||
(second_wavelet_layer && color=="u","v") )
do {
quant_byte 8 uimsbf
} while (quant_byte >> 7)
if (color =="y*)
max_bitplanes 5 uimbsf
else if (Mfirst_wavelet_layer)
max_bitplanes 5 uimbsf
}
for (color="y","u","v")
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if (color="y" || 'first_wavelet_layer)

arith_decode_highbands_bb()

}

TextureLayerSQ() equals to one. Otherwise, it is “false”.

NOTE:The value of first_wavelet_layer becomes “true” when the variable ‘i’ of subclause 6.2.8.1 TextureLayerSQ() equals
to zero. Otherwise, it is “false”. The value of second_wavelet_layer becomes “true” when the variable ‘i’ of sublause 6.2.8.1

$.2.8.4 TextureSpatialLayerMQ

TextureSpatialLayerMQ() { No. of bits  [Mnemenic
texture_spatial_layer_start_code 32 bslIbf
texture_spatial_layer_id 5 uimsbf
snr_scalability _levels 5 uimsbf
do {

TextureSNRLayerMQ( )
} while ( next_bits() == texture_snr_layer_start_code )

}

$.2.8.5 TextureSpatialLayerMQNSC

TextureSpatialLayerMQNSC() { No. of bits  |Mnemonic
snr_scalability levels 5 uimsbf
for (i =0; i<snr_scalability_levels; i++)

TextureSNRLayerMQNSC ()

}

$.2.8.6 TextureSNRLayerMQ

TextureSNRLayerMQ(){
texture_snr_layer_start_code 32 bslbf
texture_snr_layer_id 5 uimsbf
TextureSNRLayerMQNSC()

}

$.2.8.7 TextureSNRLayerMQNSC
TextureSNRLayerMQNSC(){ No. of bits Mnemonic
if (spatial_scalability_levels == wavelet_decomposition_levels
&& spatial layer_id == 0) {
for (color = "y* ) {
do {
guant_byte 8 uimsbf
} while (quant_byte >> 7)
for (i=0; i<spatial_layers; i++) {
max_bitplane [i] 5 uimsbf

68



https://standardsiso.com/api/?name=c00bf09a06e79a178aa2f53ee5076898

©ISO/IEC ISO/IEC 14496-2:1999/Amd.1:2000(E)
if ((i+1)%4 == 0)
marker_bit 1 bslbf
}
}
}
else
for (color="y", “u”, “v") {
do {
guant_byte 8 uimsbf
} while (quant_byte >> 7)
for (i=0; i<spatial_layers; i++) {
max_bitplane [i] 5 uimsbf
if ((i+1)%4 == 0)
marker_bit 1 bslbf
}
}
}

if (scan_direction == 0) {

for (i = O; i<tree_blocks; i++)

fOI‘ (CO|0r - uyu, uuu, uvu

if (wavelet_decomposition_layer_id != 0 || colopI= “u”, “v")
arith_decode_highbands_td()
} else {
for (i = O; i< spatial_layers; i++) {
for (color ="y, “u”, “v") {
if (wavelet_decomposition_layef Nd != 0 || color = “u”, “v")

arith_decode_highbands:bb()

}

scalability layer.

NOTE: The value of spatial_layers is equivalent to the maximum number of the wavelet decomposition layers in that

6.2.8.8 TextureSpatialLayerBQ

TextureSpatialLayerBQ() { No. of bits  |Mnemonic
texture_spatial_layer_start_code 32 bslbf
texture_spatial_layer_id 5 uimsbf
for (i=0; ikmax_bitplanes; i++ ) {

texture_snr_layer_start_code 32 bslbf
fexture_snr_layer_id 5 aimsor

TextureBitPlaneBQ()

next_start_code()
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6.2.8.9 TextureBitPlaneBQ

TextureBitPlaneBQ () { No. of bits  [Mnemonic
for (color = “y”, “u”, “v”
if (wavelet_decomposition_layer_id == 0 }{
at—nonzeroteotor} + bstbt
if (all_nonzero[color] == 0) {
all_zero[color] 1 bslbf
if (all_zero[color]==0) {
Ih_zero][color] 1 bslbf
hl_zero[color] 1 bsibf
hh_zero[color] 1 bslbf
}
}
}
if (wavelet_decomposition_layer_id I= 0 ||color I=“u”, “v" }{
if(all_nonzero[color]==1 || all_zero[color]==0){
if (scan_direction == 0)
arith_decode_highbands_bilevel _bb()
else
arith_decode_highbands_bilevel_td()
}
}
}
}
6.2.8.10 TextureSNRLayerBQ
TextureSNRLayerBQ() { No. of bits  [Mnemonic
texture_snr_layer_start_code 32 bslbf
texture_snr_layer_id 5 uimsbf
for (i=0; i<wavelet_deeomposition_levels; i++) {
texture_spatial_layer_start_code 32 bslbf
texture. ‘spatial_layer_id 5 uimsbf
TextureBitPlaneBQ()
next_start_code ()
}
}
628 1—DBewrloadWaveletHhiters
download_wavelet_filters() { No. of bits  [Mnemonic
lowpass_filter_length 4 uimsbf
highpass_filter_length 4 uimsbf
do{
if (wavelet_filter_type == 0) {
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filter_tap_integer 16 imsbf
marker_bit 1 bslbf
} else {
filter_tap_float_high 16 uimsbf
marker_bit 1 bslbf
fitter—tap—ftoat—tow 16 timsbf
marker_bit bslbf
}
} while (lowpass_filter_length--)
do{
if (wavelet_filter_type == 0){
filter_tap_integer 16 imsbf
marker_bit 1 bslbf
} else {
filter_tap_float_high 16 uimsbf
marker_bit 1 bslbf
filter_tap_float_low 16 uimsbf
marker_bit 1 bslbf
}
} while (highpass_filter_length--)
if (wavelet_filter_type == 0) {
integer_scale 16 uimsbf
marker_bit 1 bslbf
}
}
6.2.8.12 Wavelet dc decode
wavelet_dc_decode() { No. of bits  [Mnemonic
mean 8 uimsbf
do{
guant_dc_byte 8 uimsbf
} while( quant_dc_byte >>7)
do{
band—offset_byte 8 uimsbf
} whileX(band_offset_byte >>7)
dof
band_max_byte 8 uimsbf
} while (band_max_byte >>7)
arith_decode_dc()
I
6.2.8.13 Wavelet higher bands decode
wavelet_ higher_bands_decode() { No. of bits  |Mnemonic

do{
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root_max_alphabet_byte 8 uimsbf
} while (root_max_alphabet_byte >>7)
marker_bit 1 bslbf
do{
valz_max_alphabet_byte 8 uimsbf
Hehite-{Cralz—mex—ealphabet—byte>>7
do{
valnz_max_a Iphabet_byte 8 uimsbf
} while (valnz_max_alphabet_byte >>7)
arith_decode_highbands()
}
$.2.8.14 Shape Object Decoding
shape_object_decoding() { No. of bits  |Mnemonic
change_conv_ratio_disable 1 bslbf
sto_constant_alpha 1 bslbf
if (sto_constant_alpha)
sto_constant_alpha_value 8 bslbf
if (visual_object_verid != 0001) {
marker_bit 1 bslbf
for(i=0; i<shape_base_layer_height_blocks(); i++){
for(j=0; j<shape_base layer width_blocks()yj++) {
bab_type 1-2 viclbf
if (bab_type == 4) {
if ( Ichange_conv_ratio_disable)
conv_ratio 1-2 viclbf
scan_type 1 bslbf
binary_arithmeticdecode()
}
}
}
marker_bit 1 bslbf
if (Istart_code )enable) {
stosshape_coded_layers 4 uimsbf
matker_bit 1 bslbf
for(k = 0; k < sto_shape_coded_layers; k++) {
for(i=0;i<shape_enhanced_layer_height_blocks(); i++)
for(j=0; j<shape_enhanced_layer_width_blocks(); j++)
enh_binary_arithmetic_decode()
marker_bit T bSIoT
}
}
else {
next_start_code()
while (nextbits() == texture_shape_layer_start_code) {
texture_shape_layer_start_code 32 bslbf
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texture_shape_layer_id 5 uimsbf
marker_bit 1 bslbf
for(i=0;i<shape_enhanced_layer_height_blocks(); i++)
for(j=0; j<shape_enhanced_layer_width_blocks(); j++)
enh_binary_arithmetic_decode()

matker—bit .- bstbf
next_start_code()
}
texture_spatial_layer_start_code 32 bslbf
texture_spatial_layer_id 5 uimsbf
marker_bit 1 bslbf

}
} else { /* version 1 */
for (i=0 ; i<((object_width+15)/16)*(object_height+15)/16) ; i++) {
bab_type 1-2 viclbf
if (bab_type==4) {
if (Ichange_conv_ratio_disable)
conv_ratio 1-2 viclbf
scan_type 1 bslbf
binary_arithmetic_decode()

6.2.9 Mesh Object

MeshObiject() { No. of bits Mnemonic
mesh_object_start_code 32 bslbf
do{
MeshObjectPlane()

} while (next_bits_bytealigned() ==
mesh_object_plane_start_code ||
next_bits_bytealigned() != ‘0000 0000 0000 0000 0000 0001")

6.2.9.1 Mesh Object Plane

MeshObjectPlane() { No. of bits Mnemonic
MeshObjectPlaneHeader()
MeshObjectPlaneData()
}
MeshObjectPlaneHeader() { No. of bits Mnemonic
if (next_bits_bytealigned()=="0000 0000 0000 0000 0000 0001"){
next_start_code()
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mesh_object_plane_start_code 32 bslbf
}
is_intra 1 bslbf
mesh_mask 1 bslbf
temporal_header()
¥
MeshObjectPlaneData() { No. of bits Mnemaonic
if (mesh_mask == 1) {
if (is_intra == 1)
mesh_geometry()
else
mesh_motion()
}
}
$.2.9.2 Mesh geometry
mesh_geometry() { No. of bits Mnemonic
mesh_type _code 2 bslbf
if (mesh_type _code =='01") {
nr_of_mesh_nodes_hor 10 uimsbf
nr_of_mesh_nodes_vert 10 uimsbf
marker_bit 1 uimsbf
mesh_rect_size_hor 8 uimsbf
mesh_rect_size vert 8 uimsbf
triangle_split_code 2 bslbf
}
else if (mesh_type code ==(10") {
nr_of_mesh_nodes 16 uimsbf
marker_bit 1 uimsbf
nr_of _boundary_nodes 10 uimsbf
marker_bit 1 uimsbf
node0_x 13 simsbf
marker,/ bit 1 uimsbf
nodeO_y 13 simsbf
marker_bit 1 uimsbf
for (n=1; n < nr_of_mesh_nodes; n++) {
delta_x_len_vic 2-12 viclbf
if (delta_x_len_vic)
delta_x 1-14 viclbf
delta_y len_vic 2-12 viclbf
if (delta_y _len_vic)
delta_y 1-14 viclbf
}
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6.2.9.3 Mesh motion

mesh_motion() { No. of bits Mnemonic
motion_range_code 3 bslbf
for (n=0; n <nr_of_mesh_nodes; n++) {
node_motion_vector_flag 1 bslbf
if (node_motion_vector_flag == ‘0") {
delta_mv_x_vic 1-13 viclbf
if ((motion_range_code != 1) && (delta_mv_x_vic != 0))
delta_mv_x_res 1-6 uimsbf
delta_mv_y vic 1-13 viclbf
if ((motion_range_code != 1) && (delta_mv_y vic = 0))
delta_mv_y res 1-6 uimsbf
}
}
}
6.2.10 FBA Object
fba_object() { No. of bits Mnemonic
fba_object_start_code 32 bslbf
do {
fba_object_plane()
} while (I(
(nextbits_bytealigned() == ‘0006000 0000 0000 0000 0000") &&
( nextbits_bytealigned() '=4ba object_plane_start code)))
}
6.2.10.1 FBA Object, Plane
fba_object_plane() { No. of bits Mnemonic
fba_object_plane_header()
fba,‘'object_plane_data()
}
fba_object_plane_header() { No. of bits Mnemonic
is_intra 1 bslbf
fba_object_mask 2 bslbf
temporal_header()
}
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fba_object_plane_data() { No. of bits Mnemonic
if(foa_object_mask &'01’) {
if(is_intra) {
fap_quant 5 uimsbf
for (group_number = 1; group_number <= 10; group_number++) {
marker_bit 1 uimsbf
fap_mask_type 2 bslbf
if(fap_mask_type == '01’|| fap_mask_type == ‘10")
fap_group_mask [group_number] 2-16 vicbf
}
fba_suggested_gender 1 pslbf
fba_object_coding_type 1 bslbf
if(foa_object_coding_type == 0) {
is_i_new_max 1 bslbf
is_i_new_min 1 bslbf
iS_p_new_max 1 bslbf
iS_p_new_min 1 bslbf
decode_new_minmax()
decode_ifap()
}
if(foa_object_coding_type == 1)
decode_i_segment()
}
else {
if(foa_object_coding_type == 0)
decode_pfap()
if(foa_object_coding_type == 1)
decode_p_segment()
}
}
}
if(foa_object_mask &'10){
if(is_intra) {
bap_pred. quant_index 5 uimsbf
for (group__number = 1; group_number <=
BAP_NUM_GROUPS; group_number++) {
marker_bit 1 uimsbf
bap_mask_type 2 bslbf
if(bap_mask_type == ‘01’)
bap_group_mask [group_number] 3-22 vicbf
else if (bap mask type == ‘00" {
for(i=0; i<BAPS_IN_GROUP[group_number];i++) {
bap_group_mask[group_mask][i] = 0
}
}
else if (bap_mask_type == "11") {
for(i=0; i<BAPS_IN_GROUP[group_number];i++) {

76



https://standardsiso.com/api/?name=c00bf09a06e79a178aa2f53ee5076898

©ISO/IEC ISO/IEC 14496-2:1999/Amd.1:2000(E)
bap_group_mask[group_maskK][i] = 1
}
}
}
fba_suggested_gender 1 bslbf
foa—ebject—coding—type + bsibf
if (foa_object_coding_type == 0) {
bap_is_i_new_max 1 bslbf
bap_is_i_new_min 1 bslbf
bap_is_p_new_max 1 bslbf
bap_is_p_new_min 1 bslbf
decode_bap_new_minmax()
decode_bap_ibap()
}
if(foa_object_coding_type == 1)
decode_bap_i_segment()
}
else {
if (fba_object_coding_type == 0)
decode_bap_pbap()
if(foa_object_coding_type == 1)
decode_bap_p_segment()
}
}
temporal_header() { No. of bits Mnemonic
if (is_intra) {
is_frame_rate 1 bslbf
if(is_frame_rate)
decode_frame(rate()
is_time_code 1 bslbf
if (is_time_cade)
time_code 18 bslbf
}
skip_frames 1 bslbf
if(skip.-frames)
decode_skip_frames()
}
62102 DCL,UL;C fldIIIU IcltC dlluI bklp fldlllcb
decode_frame_rate(){ No. of bits Mnemonic
frame_rate 8 uimsbf
seconds 4 uimsbf
frequency_offset 1 uimsbf
}
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decode_skip_frames(){ No. of bits Mnemonic
do{
number_of frames_to_skip 4 uimsbf
Hhtte(rtmber—of—frames—to—skip—="4++1+%
}
$.2.10.3 Decode new minmax
decode_new_minmax() { No. of bits Mnemonic
if (is_i_new_max) {
for (group_number = 2, j=0, group_number <= 10, group_number++)
for (i=0; i < NFAP[group_number]; i++, j++) {
if (I(i & 0x3))
marker_bit 1 uimsbf
if (fap_group_mask[group_number] & (1 <<i))
i_new_max[j] 5 uimsbf
}
if (is_i_new_min) {
for (group_number = 2, j=0, group_number <= 10, grodp_number++)
for (i=0; i < NFAP[group_number]; i++, j++) {
if (I(i & 0x3))
marker_bit 1 uimsbf
if (fap_group_mask[group_numbef]\& (1 <<i))
i_new_min[j] 5 uimsbf
}
if (is_p_new_max) {
for (group_number = 2, j=0, group_number <= 10, group_number++)
for (i=0; i < NFAP[group" number]; i++, j++) {
if (1(i & 0x3))
marker. bit 1 uimsbf
if (fap_@group_mask[group_number] & (1 <<i))
p Jnew_max]j] 5 uimsbf
}
if (is_p_neéw,min) {
for.(group_number = 2, j=0, group_number <= 10, group_number++)
for (i=0; i < NFAP[group_number]; i++, j++) {
if (1(i & 0x3))
marker_bit 1 uimsbf
i(fap—group—maskigroup_mumber & (=<<))
p_new_minl[j] 5 uimsbf
}
}
}
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6.2.10.4 Decode ifap

decode_ifap(){ No. of bits Mnemonic

for (group_number = 1, j=0; group_number <= 10; group_number++) {
if (group_number == 1) {
#fap—group—masik-&ox
decode_viseme()
if(fap_group_mask[1] & Ox2)
decode_expression()
} else {
for (i= O0; iKNFAP[group_number]; i++, j++) {
if(fap_group_mask[group_number] & (1 << i)) {
aa_decode(ifap_QIj],ifap_cum_freq[j])

6.2.10.5 Decode pfap

decode_pfap(){ No. of bits Mnemonic

for (group_number = 1, j=0; group_number <= 10;group_number++) {
if (group_number == 1) {
if(fap_group_mask[1] & Ox1)
decode_viseme()
if(fap_group_mask[1] & 0x2)
decode_expression()
} else {
for (i= 0; iKNFAP[group_number]; i++, j++) {
if(fap_group_mask[group_number] & (1 << i)) {
aa_decode(pfap_diff[j], pfap_cum_freq[j])

6:2.10.6 Decode viseme and expression

decode_viseme() { No. of bits Mnemonic

aa_decode(viseme_select1Q, viseme_selectl cum_freq) viclbf
aa_decode(viseme_select2Q, viseme_select2_cum_freq) viclbf
aa_decode(viseme_blendQ, viseme_blend_cum_freq) viclbf

1 bslbf

viseme_def
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decode_expression() { No. of bits Mnemonic
aa_decode(expression_select1Q, expression_selectl _cum_freq) viclbf
aa_decode(expression_intensity1Q, viclbf
expression—ntensityl—eun—ired)
aa_decode(expression_select2Q, expression_select2_cum_freq) viclbf
aa_decode(expression_intensity2Q, viclbf
expression_intensity2_cum_freq)
aa_decode(expression_blendQ, expression_blend_cum_freq) viclbf
init_face 1 bslbf
express ion_def 1 bslbf
}
$.2.10.7 Decode i_segment
decode_i_segment(){ No. of bits Mnemonic
for (group_number= 1, j=0; group_number<= 10; group_number++) {
if (group_number == 1) {
if(fap_group_mask[1] & Ox1)
decode_i_viseme_segment()
if(fap_group_mask[1] & Ox2)
decode_i_expression_segment()
} else {
for(i=0; i<NFAP[group_number]; i++, j++){
if(fap_group_mask[group_number]& (1 << i)) {
decode_i_dc(dc_QIj])
decode_ac(ac_QIj])
}
}
}
}
}
5.2.10.8 Decodep _segment
decodep\Segment(}{ No. of bits Mnemonic

for (group_number = 1, j=0; group_number <= 10; group_number++) {

if (group_number == 1) {

if(fap_group mask[1] & 0x1)

decode_p_viseme_segment()

if(fap_group_mask[1] & 0x2)

decode_p_expression_segment()

} else {

for (i=0; i<NFAP[group_number]; i++, j++) {

If(fap_group_mask[group_number] & (1 << i)) {
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decode_p_dc(dc_Q[j])

decode_ac(ac_QIj])

[ =

6.2.10.9 Decode viseme and expression

decode_i_viseme_segment(}{ No. of bits Mnemonic
viseme_segment_select1q[0] 4 uimsbf
viseme_segment_select2q[0] 4 uimsbf
viseme_segment_blendq[0] 6 uimsbf
viseme_segment_def[0] 1 bslbf
for (k=1; k<16, k++) {
viseme_segment_select1q_difflk] viclbf
viseme_segment_select2q_diff{k] viclbf
viseme_segment_blendq_diff[k] viclbf
viseme_segment_deflk] 1 bslbf
}
}
decode_p _viseme_segment(){ No. of bits Mnemonic
for (k=0; k<16, k++) {
viseme_segment_selectlq_diff[k] viclbf
viseme_segment_select2q_diff[k] viclbf
viseme_segment_blendqdiff[k] viclbf
viseme_segment_def{k] 1 bslbf
}
}
decode_i_expression_segment(}{ No. of bits Mnemonic
express ion.segment_select1q[0] 4 uimsbf
express ion_segment_select2q[0] 4 uimsbf
express ion_segment_intensity1q[0] 6 uimsbf
express ion_segment_intensity2q[0] 6 uimsbf
express ion_segment_init_face[0] 1 bslbf
express ion_segment_def[0] 1 bslbf
for (k=1; k<16, k++) {
express ion_segment_selectlq_diff[k] viclbf
express ion_segment_select2q_diff[k] viclbf
express ion_segment_intensity1q_diff[k] viclbf
express ion_segment_intensity2q_diff[k] viclbf
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express ion_segment_init_face[k] 1 bslbf
express ion_segment_def[k] 1 bslbf
}
}
decode_p _expression_segment(){ No. of bits Mnemonic
for (k=0; k<16, k++) {
express ion_segment_selectlq_diff[k] viclbf
express ion_segment_select2q_diff[k] viclbt
express ion_segment_intensity1q_diff[k] vicibf
express ion_segment_intensity2q_diff[k] viclbf
express ion_segment_init_face[k] 1 bslbf
express ion_segment_def[k] 1 bslbf
}
}
decode_i_dc(dc_q) { No. of bits Mnemonic
dc_q 16 simsbf
if(dc_q == -256*128)
dc_q 31 simsbf
}
decode_p_dc(dc_q_diff) { No. of bits Mnemonic
dc_q_diff viclbf
dc_q_diff = dc_qg_diff- 256
if(dc_q_diff == -256)
dc_q_diff 16 simsbf
if(dc_Q == 0-256*128)
dc_q_diff 32 simsbf
}
decode_ac(ac QJi]) { No. of bits Mnemonic
this = Q
next-=0
whilé(next < 15) {
count_of_runs viclbf
if (count of runs == 15)
next = 16
else {
next = this+1+count_of runs
for (n=this+1; n<next; n++)
ac_q[ijln] =0
ac_([i][next] viclbf
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if( ac_q[i][next] == 256)
decode_i_dc(ac_d[i][next])
else
ac_q[i][next] = ac_d[i][next]-256
this = next

[ =

6.2.10.10 Decode bap min max

decode_bap_new_minmax() { No. of bifs Mnemonic

if (bap_is_i_new_max) {
for (group_number=1;group_number<= BAP_NUM_GROUPS;
group_number++)
for (i=0; i < NBAP_GROUP[group_number]; i++) {
j=BAPS_IN_GROUP[group_number][i]

if (I(i & 0x3))

marker_bit 1 uimsbf
if (bap_group_mask[group_number] & (1 <<i))

bap_i_new_max([j] 5 uimsbf

}
if (bap_is_i_new_min) {
for (group_number = 1; group_number <= BAP_NUM_GROUPS;
group_number++)
for (i=0; i < NBAP_GROUP[group. number]; i++) {
j=BAPS_IN_GROUP[group’ number][i]

if (I(i & 0x3))

marker_bit 1 uimsbf
if (bap_group,mask[group_number] & (1 <<i))

bap_i_new”_min[j] 5 uimsbf

}
if (bap_is_p_new maXx) {
for (group number = 1; group_number <= BAP_NUM_GROUPS;
group snamber++)
for'(i=0; i < NBAP_GROUP[group_number]; i++) {
j=BAPS_IN_GROUP[group_number][i]

if (1(i & 0x3))

marker_bit 1 uimsbf
if (bap_group_mask[group_number] & (1 <<i))

hnp_p_nmm_mny[j] Y uimshf

}
if (bap_is_p_new_min) {
for (group_number = 1; group_number <= BAP_NUM_GROUPS;
group_number++)
for (i=0; i < NBAP_GROUP[group_number]; i++) {
j=BAPS_IN_GROUP[group_number][i]
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q

q

if (1(i & 0x3))
marker_bit 1 uimsbf
if (bap_group_mask[group_number] & (1 <<i))
bap_p_new_min(j] 5 uimsbf
}
¥
}
5.2.10.11 Decode ibap
decode_ibap(){ No. of bits Mnemonic
for (group_number = 1; group_number <= BAP_NUM_GROUPS;
group_number++) {
for (i= 0; ikNBAP_GROUP[group_number]; i++) {
j=BAPS_IN_GROUP[group_number][i]
if(bap_group_mask[group_number] & (1 << 1)) {
aa_decode(ibap_QJj],ibap_cum_freq]j])
}
}
}
}
5.2.10.12 Decode pbap
decode_pbap() { No. of bits Mnemonic
for (group_number = 1; group_number <=BAP_NUM_GROUPS;
group_number++) {
for (i= 0; ikNBAP_GROUR[group_number]; i++) {
j=BAPS_IN_GROUP[group_number][i]
if(bap_group_mask[group_number] & (1 <<i)) {
aa_decede(pbap_difffj], pbap_cum_freq[j])
}
}
}
}
.2.10.13xDecode bap i segment
decode_bap_i_segment(){ No. of bits Mnemonic

for (group_number= 1; group_number<= BAP_NUM_GROUPS;
group_number++) {

for(i=0; ikNBAP_GROUP[group_number]; i++) {

if(bap_group_mask[group_number] & (1 << 1)) {

j=BAPS_IN_GROUP[group_number][i]

decode_i_dc(dc_QIj])
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decode_ac(ac_QIj])

6.2.10.14 Decode bap p segment

decode_bap_p_segment(}{ No. of bits Mgemonic
for (group_number = 1; group_number <= BAP_NUM_GROUPS;
group_number++) {
for (i=0; i<kNBAP_GROUP[group_number]; i++) {
If(bap_group_mask[group_number] & (1 << i)) {
j = BAPS_IN_GROUP[group_number][i]
decode_p_dc(dc_QIjD
decode_ac(ac_QIj])
}
}
}
}
6.2.11 3D Mesh Object
6.2.11.1 3D_Mesh_Object
3D_Mesh_Object () { No. of bits  [Mnemonic
3D_MO_start_code 16 uimsbf
3D_Mesh_Object_Header()
do {
3D_Mesh_Object_Layer()
} while (nextbits_bytealigned() == 3D_MOL_start_code )
}
6.2.11.2 3D_Mesh_Object_Header
3D_Mesh: Object_Header() { No. of bits  Mnemonic
ecw 1 bslbf
convex 1 bslbf
solid 1 bslbf
creaseA ngle 6 uimsb

f

coord_header()

normal_header()

color_header()
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texCoord_header()
ce_SNHC 1 bslbf
if (ce_SNHC =='1")
ce_SNHC _header()
}
$.2.11.3 3D_Mesh_Object_Layer
3D_Mesh_Object_Layer () { No. of bits  |Mngmonic
3D_MOL_start_code 16 uimsbf
mol_id 8 uimsbf
if (ce_SNHC =='1"){
ce_SNHC _n_vertices 24 uimsbf
ce_SNHC _n_triangles 24 uimsbf
ce_SNHC _n_edges 24 uimsbf
}
if (mol_id == 0)
3DMeshObject_Base_Layer()
else
3DMeshObject_Refinement_Layer()
}
$.2.11.4 3D_Mesh_Object_Base_Layer
3DmeshObject_Base_Layer() No. of bits  [Mnemonic
do {
3D_MOBL_start_code 16 uimsbf
mobl_id 8 uimsbf
while ('bytealigned())
one_bit 1 bslbf
gf_start()
if (3D_MOBL-~start_code == “partition_type 0") {
do {
connectéd_component()
gf decode(last_component , last_component_context) viclbf
} while{(last_component =="0")
1
else if (3D_MOBL_start_code == “partition_type_1") {
vg_number=0
do {
vertex_graph()
vg_number++
gf_decode(has_stitches , has_stitches_context) viclbf
if (has_stitches =='1")
stitches()
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gf_decode(codap_last_vg , codap_last_vg_context) viclbf
} while (codap_last_vg =="'0")

}
else if (3D_MOBL_start_code == “partition_type_2") {
if(vg_number > 1)

af—tecode(codap—vrg—idc) vietbt
gf_decode(codap_left_bloop_idx ) viclbf
gf_decode(codap_right_bloop_idx ) viclbf
gf_decode(codap_bdry_pred ) viclbf

triangle_tree()
triangle_data()

}
} while (nextbits_bytealigned() == 3D_MOBL_start_code )

6.2.11.5 coord_header

coord_header() { No. of bits  |Mnemonic

coord_binding 2 uimsbf

coord_bbox 1 bslbf

if (coord_bbox =='1") {
coord_xmin 32 bslbf
coord_ymin 32 bslbf
coord_zmin 32 bslbf
coord_size 32 bslbf

}

coord_quant 5 uimsbf

coord_pred_type 2 uimsbf

if (coord_pred_type =="tree_prediction” ||
coord_pred_type =="jparallelogram_prediction”) {

coord_nlambda 2 uimsbf
for (i=1; i<coord_tnlambda ; i++)
coord_lambda 4-27 simsbf

6.2.11.6~ \normal_header

normal_header() { No. of bits  [Mnemonic
normal binding 2 uimsbf
if (normal_binding != “not_bound”) {
normal_bbox 1 bslbf
normal_quant 5 uimsbf
normal_pred_type 2 uimsbf
if (normal_pred_type =="tree_prediction”||
normal_pred_type =="parallelogram_prediction”) {
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normal_nlambda 2 uimsbf
for (i=1; i<normal_nlambda ; i++)
normal_lambda 3-17 simsbf
}
}
¥
$.2.11.7 color_header
color_header() { No. of bits  [Mnemonic
color_binding 2 uimsbf
if (color_binding !=*“not_bound”) {
color_bbox 1 bslbf
if (color_bbox ==1") {
color_rmin 32 bslbf
color_gmin 32 bslbf
color_bmin 32 bslbf
color_size 32 bslbf
}
color_quant 5 uimsbf
color_pred_type 2 uimsbf
if (color_pred_type =="tree_prediction” ||
color_pred_type =="parallelogram_prediction”) {
color_nlambda 2 uimsbf
for (i=1; i<color_nlambda ; i++)
color_lambda 4-19 simsbf
}
}
}
$.2.11.8 texCoord_header
texCoord_header() { No. of bits  [Mnemonic
texCoord_hinding 2 uimsbf
if (texCoord binding !=“not_bound”) {
texCoord_bbox 1 bslbf
if/(texCoord_bbox =='1"){
texCoord_umin 32 bslbf
texCoord_vmin 32 bslbf
texCoord_size 32 bslbf
}
texCoord_quant 5 uimsbf
texCoord_pred_type 2 uimsbf
if (texCoord_pred_type =="tree_prediction” ||
texCoord_pred_type =="parallelogram_prediction”) {
texCoord_nlambda 2 uimsbf
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for (i=1; i<texCoord_nlambda ; i++)
texCoord_lambda 4-19 simsbf
}
}
}
6.2.11.9 ce_SNHC _header
ce_SNHC_header() { No. of bits Mnemonic
ce_SNHC_n_proj_surface_spheres 4 uimsbf
if (ce_SNHC_n_proj_surface_spheres !=0){
ce_SNHC_x_coord_center_point 32 bslbf
ce_SNHC_y coord_center_point 32 bslbf
ce_SNHC_z coord_center_point 32 bslbf
ce_SNHC_normalized_screen_distance_factor 8 uimsbf
for (i=0; i< ce_SNHC_n_proj_surface_spheres ; i++) {
ce_SNHC radius 32 bslbf
ce_SNHC_min_proj_surface 32 bslbf
ce_SNHC_n_proj_points 8 uimsbf
for (j=0; j< ce_SNHC _n_proj_points ; j++) {
ce_SNHC_sphere_point_coord 11 uimsbf
ce_SNHC_proj_surface 32 bslbf
}
}
}
}
6.2.11.10 connected_component
connected_component() { No. of bits  [Mnemonic
vertex_graph()
gf_decode(has_stitches , has_stitches_context) viclbf
if (has_stitches) == ‘1")
stitches()
triangle, free()
triangle _data()
}
6.2.11.11 vertex_graph
vertex_graph() { No. of bits  [Mnemonic
gf_decode(vg_simple , vg_simple_context) viclbf

depth=0

code last =1’

openloops = 0
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do {
do {
if (code_last == '1") {
gf_decode(vg_last, vg_last_context) viclbf
if (openloops > 0) {
gf—tlecodefvg—formard—rur—vg—forward—ran—econtext) el
if (vg_forward_run =="'0’) {
openloops--
if (openloops > 0)
gf_decode(vg_loop_index , viclbf
vg_loop_index_context)
break
}
}
}
gf_decode(vg_run_length , vg_run_length_context) viclbf
gf_decode(vg_leaf, vg_leaf_context) viclbf
if (vg_leaf == 1" && vg_simple =="'0") {
gf_decode(vg_loop , vg_loop_context) viclbf
if (vg_loop ==1")
openloops++
}
} while (0)
if (vg_leaf =='1" && vg_last == ‘1’ && code_last== ‘1)
depth--
if (vg_leaf =='0’ && (vg_last ==‘0’ || code. last == ‘0"))
depth++
code_last = vg_leaf
} while (depth >= 0)
}
$.2.11.12 stitches
stitches() { No. of bits  |Mnemonic
for each veptéx-in connected_component {
gf_decode(stitch_cmd , stitch_cmd_context) viclbf
ifgstitch_cmd ) {
gf_decode(stitch_pop_or_get , stitch_pop_or_get_context) viclbf
if (stitch_pop_or_get ==1") {
gf_decode(stitch_pop , stitch_pop_context) viclbf
qf_decode( stitch_stack_Index, stich_stack_Index_context) VICIDT
gf_decode(stitch_incr_length viclbf
stitch_incr_length_context)
if (stitch_incr_length 1= 0)
gf_decode(stitch_incr_length_sign viclbf
stitch_incr_length_sign_context)
gf_decode(stitch_push , stitch_push_context) viclbf
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if (total length >0)

gf_decode(stitch_reverse , stitch_reverse_context) viclbf
}
else
gf_decode(stitch_length , stitch_length_context) viclbf
|
}
}
6.2.11.13 triangle_tree
triangle_tree() { No. of bits  |Mnemonic
depth=0
ntriangles = 0
branch_position = -2
do {
gf_decode(tt_run_length , tt_run_length_context) viclbf
ntriangles +=tt_run_length
gf_decode(tt_leaf, tt_leaf context) viclbf
if (tt_leaf ==1"){
depth--
}
else {
branch_position = ntriangles
depth++
}
} while (depth >= 0)
if (3D_MOBL_start_code == “partition_type_2")
if (codap_right_bloop_idx = codap_left_bloop_idx — 1 > ntriangles) {
if (branch_position’=sntriangles — 2) {
gf_decode(codap_branch_len , codap_branch_len_context) viclbf
ntriangles-= 2
}
else
ntriangles--
}
}
6,2.71.14 triangle_data
triangle_data() { No. of bits ~ [Mnemonic
gf_decode(triangulated , triangulated_context) viclbf

depth=0

root_triangle()

for (i=1; i<ntriangles; i++)
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triangle(i)

6.2.11.15 root_triangle

Toot_triangte(y { NO. Of bits __|[Mnemonic
if (marching_triangle)
gf_decode(marc hing_pattern , viclbf
marching_pattern_context[marching_pattern ])
else {
if (3D_MOBL_start_code == “partition_type_2")
if (tt_leaf == ‘0’ && depth==0)
gf_decode(td_orientation , td_orientation_context) viclbf
if (tt_leaf =="'0")
depth++
else
depth--
}
if (3D_MOBL_start_code == “partition_type_2")
if (triangulated =="'0’)
gf_decode(polygon_edge , viclbf
polygon_edge_context[polygon{édge 1)
root_coord()
root_normal()
root_color()
root_texCoord()
}
root_coord() { No. of bits  [Mnemonic
if (3D_MOBL_start_code ==“partition_type_2") {
if (visited[vertex_index] == 0) {
root_coord¢sample()
if (visited[vertex:_index] == 0) {
coord_sample()
eoord_sample()
1
}
}
else {
root—coord—sample)
coord_sample()
coord_sample()
}
}
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visited[vertex_index] ==0) {

root_normal() { No. of bits  [Mnemonic
if (normal_binding != “not_bound”)
if (3D_MOBL_start_code == “partition_type_2") {
if (normal_binding !="bound_per_vertex” ||
visited|[vertex_index] == 0) {
root_normal_sample()
if (normal_binding != "bound_per_face” &&
(normal_binding !="“bound_per_vertex” ||
visited[vertex_index] == 0)) {
normal_sample()
normal_sample()
}
}
else {
root_normal_sample()
if (normal_binding !="bound_per_face”) {
normal_sample()
normal_sample()
}
}
}
root_color() { No. of bits  [Mnemonic
if (color_binding != “not_bound”)
if (3D_MOBL_start_code == “partitionitype_2") {
if (color_binding !="bound_pgr=vertex” ||

root_color_sample()

if (color_binding~:= “bound_per_face” &&
(color_binding !=“bound_per_vertex” ||
visited[vertex_index] == 0)) {

color sample()

color_sample()

}
}
elseq
root_color_sample()
if (color_binding = “bound_per_face”) {
color_sample()
color sample()
}
}
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root_texCoord() {

No. of bits

Mnemonic

if (texCoord_binding = “not_bound”)

if (3D_MOBL_start_code == “partition_type_2") {

if (texCoord_binding !=“bound_per_vertex” ||
visited[vertex_index] == 0) {

root_texCoord_sample()

if (texCoord_binding != “bound_per_vertex” ||
visited[vertex_index] == 0) {

texCoord_sample()

texCoord_sample()

}

else {

root_texCoord_sample()

texCoord_sample()

texCoord_sample()

$.2.11.16 triangle

triangle(i) {

No. of bits

Mnemonic

if (marching_triangle)

gf_decode(marching_edge ,
marching_edge_context[marching_edge.J)

viclbf

else {

if (3D_MOBL_start_code == “partition_type_2")

if (tt_leaf == ‘0’ && depth==0)

gf_decode(td_orientation , td_orientation_context)

viclbf

if (tt_leaf == ‘0")

depth++

else

depth--

if (triangulated-~+= ‘'0’)

gf_decode(polygon_edge ,
polygon_edge_context[polygon_edge 1)

viclbf

coord()

normal()

color()

texCoord()

coord() {

No. of bits

Mnemonic

if (3D_MOBL_start_code == “partition_type_2") {

if (visited[vertex_index] == 0)
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if (no_ancestors)
root_coord_sample()
else
coord_sample()
}
else-{
if (visited[vertex_index] == 0)
coord_sample()
}
}
normal() { No. ofbits |Mnemonic
if (normal_binding == "bound_per_vertex”) {
if (3D_MOBL_start_code == “partition_type_2") {
if (visited[vertex_index] == 0)
if (no_ancestors)
root_normal_sample()
else
normal_sample()
}
else {
if (visited[vertex_index] == 0)
normal_sample()
}
} else if (normal_binding == "bound_per_face”) {
if (triangulated =="'1’ || polygon_edge =='1")
normal_sample()
} else if (normal_binding == "bound_per_corner”) {
if (triangulated =="'1" || pelygon_edge =='1"){
normal_sample()
normal_sample()
}
normal_sample()
}
}
color()'{ No. of bits  |Mnemonic
if (color_binding == “"bound_per_vertex”) {
if (3D_MOBL_start_code == “partition_type_2") {
it (VisSited[vertex_index] == 0)
if (no_ancestors)
root_color_sample()
else
color_sample()
}
else {
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if (visited[vertex_index] == 0)
color_sample()
}
} else if (color_binding == “bound_per_face”) {
if (triangulated == ‘1’ || polygon_edge =="'1’)
eoler—samptet)
} else if (color_binding == “bound_per_corner”) {
if (triangulated == ‘1’ || polygon_edge =="'1") {
color_sample()
color_sample()
}
color_sample()
}
}
texCoord() { No. of bits  [Mnemonic
if (texCoord_binding == “bound_per_vertex”) {
if (3D_MOBL_start_code == “partition_type_2") {
if (visited[vertex_index] == 0)
if (no_ancestors)
root_texCoord_sample()
else
texCoord_sample()
}
else {
if (visited[vertex_index] == 0)
texCoord_sample()
}
} else if (texCoord_binding == fbound_per_corner”) {
if (triangulated == ‘1’ || polygon_edge =='1") {
texCoord_sample()
texCoord_sample()
}
texCoord_sample()
}
}
root-coord_sample() { No. of bits  |Mnemonic
for (i=0; i<3; i++)
for (j=0; Jj<coord_quant ; J*+)
gf_decode(coord_bit , zero_context) viclbf
}
root_normal_sample() { No. of bits  |Mnemonic
for (i=0; i<1; i++)
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for (j=0; j<normal_quant ; j++)

gf_decode(normal_bit , zero_context) viclbf
}
root_color SamIO'eO{ Na_of hits Mnemonic
for (i=0; i<3; i++)
for (j=0; j<color_quant ; j++)
gf_decode(color_bit , zero_context) viclbf
}
root_texCoord_sample() { No. of bits |Mnemonic
for (i=0; i<2; i++)
for (j=0; j<texCoord_quant ; j++)
gf_decode(texCoord_bit , zero_context) viclbf
}
coord_sample() { No. of bits  |Mnemonic
for (i=0; i<3; i++) {
j=0
do {
gf_decode(coord_leading_bit , coord_leading_bit_context[3*+i]) viclbf
j++
} while (j<coord_quant && coord_leading_bit ==0")
if (coord_leading_bit =="'1") {
gf_decode(coord_sign_bit_;-zero_context) viclbf
do {
gf_decode(coorditrailing_bit , zero_context) viclbf
} while (j<coord_quant )
}
}
}
normal_sample() { No. of bits  [Mnemonic
for (i=0; i<1; i++) {
j=0
do {
gf_decode(normal_leading_bit , normal leading_bit_context[j]) viclbf
j++
} while (j<normal_quant && normal_leading_bit =="'0’)
if (normal_leading_bit =="'1") {
gf_decode(normal_sign_bit , zero_context) viclbf
do {
gf_decode(normal_trailing_bit , zero_context) viclbf
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} while (j<normal_quant )
}
}
}
color_sample() { No. of bits  [Mnemonic
for (i=0; i<3; i++) {
j=0
do {
gf_decode(color_leading_bit , color_leading_bit_context[3*j+i]) Vlelbf
j+Ht
} while (j<color_quant && color_leading_bit ==0")
if (color_leading_bit ==1") {
gf_decode(color_sign_bit , zero_context) viclbf
do {
gf_decode(color_trailing_bit , zero_context) viclbf
} while (j<color_quant )
}
}
}
texCoord_sample() { No. of bits  [Mnemonic
for (i=0; i<2; i++) {
j=0
do {
gf_decode(texCoord_leading_bit-", viclbf
texCoord_leading_bit_eontext[2*j+i])
j++
} while (j<texCoord_quant ,"&& texCoord_leading_bit =="0")
if (texCoord_leading.bit. == ‘1") {
gf_decode(tex€oord_sign_bit , zero_context) viclbf
do {
gf -decode(texCoord_trailing_bit , zero_context) viclbf
} while(j<texCoord_quant )
}
}
}
6277 3DMeshObjectRefinement—tayet
3DMeshObject_Refinement_Layer () { No. of bits  |Mnemonic
do {
3D_MORL_start_code 16 uimsbf
morl_id 8 uimsbf
connectivity_update 2 uimsbf
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pre_smoothing 1 bslbf
if(pre_smoothing =="1")
pre_smoothing_parameters()
post_smoothing 1 bslbf
if(post_smoothing ==1")

+ o e VAN
poStSmoothmg—Parametersy()

while ('bytealigned())

one_bit 1 bslbf
gf_start()
if(connectivity_update =="fs_update”)

fs_pre_update()
if(pre_smoothing == ‘1"|| post_smoothing =='1")

smoothing_constraints()
/* apply pre smoothing step */

if(connectivity_update =="“fs_update”)

fs_post_update()
if(connectivity_update !="not_updated”)

gf_decode(other_update , zero_context) viclbf
if(connectivity_update =="not_updated” || other_update =319

other_property_update()
/* apply post smoothing step */
} while (nextbits_bytealigned() == 3D_MORL_start_code)

6.2.11.17.1 pre_smoothing_parameters

pre_smoothing_parameters() { No. of bits  [Mnemonic
pre_smoothing_n 8 uimsbf
pre_smoothing_lambda 32 bslbf
pre_smoothing_mu 32 bslbf

}

6.2.11.17.2 post_smoothing_parameters

post_smoathing_parameters() { No. of bits  |Mnemonic
post..smoothing_n 8 uimsbf
past_smoothing_lambda 32 bslbf
post_smoothing_mu 32 bslbf

}

6.2.11.17.3 fs_pre_update

fs_pre_update() { No. of bits  [Mnemonic

for each connected component {
forest()
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for each tree in forest {
triangle_tree()
/* for each tree loop vertex set visited[vertex_index]="1" */
triangle_data()
}
]
J
}
forest () { No. of bits  |Mnemonic
for each edge in connected component
if (creates no loop in forest)
gf_decode(pfs_forest_edge , pfs_forest_edge_context) viclbf
}
$.2.11.17.4 smoothing_constraints
smoothing_constraints() { No. of bits  |Mnemonic
gf_decode(smooth_with_sharp_edges , zero_context) viclbf
if (smooth_with_sharp_edges =='1)
sharp_edge_marks()
gf_decode(smooth_with_fixed_vertices , zero_context) viclbf
if (smooth_with_fixed_vertices =="'1")
fixed_vertex_marks()
}
sharp_edge_marks () { No. of bits  |Mnemonic
for each edge
gf_decode(smooth_sharp ;edge , smooth_sharp_edge_context) viclbf
}
fixed_vertex_marks () No. of bits  |Mnemonic
for each vertéx
gf_decode(smooth_fixed_vertex , smooth_fixed_vertex_context) viclbf
}
$.211.17.5 fs_post_update
fs_post_update() { No. of bits  [Mnemonic

for each connected component {

for each tree in forest

tree_loop_property_update()
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tree_loop_property _update () {

No. of bits  |Mnemonic

loop_coord_update()

loop_normal_update()

loop_color_update()

loop_texCoord_update()

loop_coord_update () {

No. of bits  |Mnemonic

for each tree loop vertex

coord_sample()

loop_normal_update () {

No. of bits  |Mnemonic

if (normal_binding == "bound_per_vertex”) {

for each tree loop vertex

normal_sample()

}
else if (normal_binding == "bound_per_face”) {
for each tree loop face
normal_sample()
}
else if (normal_binding == “bound_per_corner’){
for each tree loop corner
normal_sample()
}

loop_color_update () {

No. of bits  |Mnemonic

if (color_binding =="bound_per_vertex”) {

for each tree loop vertex

color_sample()

}
else if (célor_binding == “bound_per_face”) {
for each tree loop face
color_sample()
}
else if (color_binding == "bound_per_corner”) {
for each tree loop corner
color_sample()
}
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loop_texCoord_update () { No. of bits  |Mnemonic

if (texCoord_binding == “bound_per_vertex”) {
for each tree loop vertex
texCoord_sample()

}

else if (texCoord_binding == “bound_per_corner”) {
for each tree loop corner
texCoord_sample()

$.2.11.17.6 other_property_update

other_property_update() { No;-of bits |Mnemonic

other_coord_update()
other_normal_update()
other_color_update()
other_texCoord_update()

other_coord_update () { No. of bits  |Mnemonic

for each vertex in mesh
if (vertex is not a tree loop vertex)
coord_sample()

other_normal_update () { No. of bits  [Mnemonic

if (normal_binding == "bound) per_vertex”) {
for each vertex in mesh
if (vertex is not'a'tree loop vertex)
normalssample()

}
else if (normal* binding == “bound_per_face”) {
for each face in mesh
if (face is not a tree loop face)
normal_sample()

¥

else if (normal_binding == “bound_per_corner”) {

for each corner in mesh
if (corner is not a tree loop corner)
normal_sample()
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other_color_update () { No. of bits  [Mnemonic
if (color_binding =="bound_per_vertex”) {
for each vertex in mesh
if (vertex is not a tree loop vertex)
color_sample()
}
else if (color_binding == "bound_per_face”) {
for each face in mesh
if (face is not a tree loop face)
color_sample()
}
else if (color_binding == “bound_per_corner”) {
for each corner in mesh
if (corner is not a tree loop corner)
color_sample()
}
}
other_texCoord_update () { No. of bits  [Mnemonic
if (texCoord_binding == “bound_per_vertex”) {
for each vertex in tree loop
if (vertex is not a tree loop vertex)
texCoord_sample()
}
else if (texCoord_binding == “bound_per ‘eorner”) {
for each corner in mesh
if (corner is not a tree loop_corner)
texCoord_sample()
}
}
6.2.12 Upstream message
6.2.12.1 upstream_message
upstreamimessage() { No. of bits  |Mnemonic
upstream_message_type 3 bslbf

If (upstream_message_type == Video NEWPRED)

upstream_Video_NEWPRED()

if (upstream_message_type == SNHC_Qo0S)

upstream_SNHC_QoS()

byte_align_for_upstream()
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6.2.12.2 upstream_Video_ NEWPRED

upstream_Video NEWPRED() { No. of bits  |Mnemonic
newpred_upstream_message_type 2 bslbf
if (newpred_upstream_message_type == “NP_NACK”)
trretabte—ftag + bstbf
vop_id 4-15 uimsbf
macr oblock_number 1-14 uimsbf
if (newpred_upstream_message_type == “Intra Refresh Command”)
end_macroblock_number 1-14 uimsbf
if (newpred_upstream_message_type == “NP_NACK”)
requested_vop_id_for_prediction 4-15 uimsbf

©.2.12.3 upstream_SNHC_QoS

upstream_SNHC_QoS() { No. of bits  |Mnemonic
screen_ width 12 uimsbf
screen_height 12 uimsbf
n_rendering_modes 4 uimsbf

for (rendering_mode = 0 ; rendering_mode < n_rendering_mades ;
rendering_mode++) {

rendering_mode_type 4 uimsbf
n_curves 8 uimsbf
for (i=0;i<n_curves; i++) {
triangle_parameter 24 uimsbf
n_points_on_curve 8 uimsbf
for =0 ;j<n_points_on_curve ; j++) {
screen_coverage_parameter 8 uimsbf
frame_rate_value 12 bslbf
}
}

6.3 Visual bitstream semantics

$.3.1 Semantic rules for higher syntactic structures

6.3.2 Visual Object Sequence and Visual Object

visual_object_sequence_start_code : The visual_object_sequence_start_code is the bit string ‘000001B0O’ in
hexadecimal. It initiates a visual session.
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profile_and_level_indication : This is an 8-bit integer used to signal the profile and level identification. The
meaning of the bits is given in Table G-1.

visual_object_sequence_end_code : The visual_object_sequence_end_code is the bit string ‘000001B1’ in
hexadecimal. It terminates a visual session.

visual_object _start code : The visual object_start code is the bit string ‘000001B5’ in hexadecimal. It initiates

visual object.

is_visual_object_identifier : This is a 1-bit code which when set to ‘1’ indicates that version identificaion’ ang
priority is specified for the visual object. When set to ‘0", no version identification or priority needs to be specified.

visual_object_verid : This is a 4-bit code which identifies the version number of the visual object:lts meaning i
defined in Table 6-4. When this field does not exist, the value of visual_object_verid is ‘0001’.

U7

Table 6-4 -- Meaning of visual_object_verid

visual_object_verid Meaning

0000 reserved

0001 object type listed i Table 9-1
0010 object type listedin Table V2 - 39
0011 -1111 reserved

visual_object_priority : This is a 3-bit code which specifies the priority of the visual object. It takes valueg
between 1 and 7, with 1 representing the highest priority and. 7), the lowest priority. The value of zero is reserved.

visual_object_type : The visual_object_type is a 4-bit,code given in Table 6-5 which identifies the type of th
visual object.

1%

Table 6-5 -<\Meaning of visual object type

code visual object type
0000 reserved

0001 video ID

0010 still texture 1D
0011 mesh ID

0100 FBA ID

0101 3D mesh ID
01101 reserved

1111 reserved

video object start code : The video object start code is a string of 32 bits. The first 27 bits are ‘0000 0000

0000 0000 0000 0001 000 in binary and the last 5-bits represent one of the values in the range of ‘00000’ to
‘111171’ in binary. The video_object_start_code marks a new video object.

video_object_id : This is given by the last 5-bits of the video_object_start code. The video_object_id uniquely
identifies a video object.

video_signal_type : A flag which if set to ‘1’ indicates the presence of video_signal_type information.
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video_format : This is a three bit integer indicating the representation of the pictures before being coded in
accordance with this part of ISO/IEC 14496. Its meaning is defined in Table 6-6. If the video_signal_type() is not
present in the bitstream then the video format may be assumed to be “Unspecified video format”.

Table 6-6 -- Meaning of video_format

vitteo—format—vieaning
000 Component
001 PAL
010 NTSC
011 SECAM
100 MAC
101 Unspecified video format
110 Reserved
111 Reserved

ideo_range : This one-bit flag indicates the black level and range of the luminanceand chrominance signals.

¢olour_description : A flag which if set to ‘1’ indicates the presence of colour_primaries, transfer_characteristics
and matrix_coefficients in the bitstream.

¢olour_primaries : This 8-bit integer describes the chromaticity coordinates of the source primaries, and is defined
in Table 6-7.

Table 6-7 -- Colour‘Primaries

Value Primaries

0 (forbidden)

1 ITU-R-Recommendation BT.709
primary X y
green 0,300 0,600
blue 0,150 0,060
red 0,640 0,330
white D65 0,3127 0,3290

2 Unspecified Video
Image characteristics are unknown.

3 Reserved

4 ITU-R Recommendation BT.470-2 System M
primary X y
green 0,21 0,71
blue 0,14 0,08
red 0,67 0,33
white C 0,310 0,316

B ITU-R Recommendation BT 470-2 Q\J/Qtpm B G
primary X y
green 0,29 0,60
blue 0,15 0,06
red 0,64 0,33
white D65 0,3127 0,3290
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6 SMPTE 170M
primary X y
green 0,310 0,595
blue 0,155 0,070
red 0,630 0,340
white D65 0,3127 0,3290
7 SMPTE 240M (1987)
primary X y
green 0,310 0,595
blue 0,155 0,070
red 0,630 0,340
white D65 0,3127 0,3290
8 Generic film (colour filters using llluminant C)
primary X y
green 0,243 0,692 (Wratten 58)
blue 0,145 0,049 (Wratten@y)
red 0,681 0,319 (Wratter 25)
9-255 Reserved

In the case that video_signal_type() is not present in the bitstream or.calour_description is zero the chromaticity i

assumed to be that corresponding to colour_primaries having the valte' 1.

transfer_characteristics : This 8-bit integer describes the Qpto-electronic transfer characteristic of the sourc

picture, and is defined in Table 6-8.

Table 6-8 -- Transfer Characteristics

Value

Transfer Characteristic

(forbidden)

ITU-R"Recommendation BT.709
V;='1,099 L;04° - 0,099

for 1>L,=> 0,018
V =4,500 L¢

for 0,018> L, >0

Unspecified Video
Image characteristics are unknown.

reserved

ITU-R Recommendation BT.470-2 System M
Assumed display gamma 2,2

ITU-R Recommendation BT.470-2 System B, G
Assumed display gamma 2,8

SMPTE 170M

)

\1%

V =1,099 L:U4° - 0,099
for 1= L; > 0,018

V =4,500 L
for 0,018> L; >0
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7 SMPTE 240M (1987)
vV =1,1115L045-0,1115
for Le> 0,0228
V=40L¢
for 0,0228> L.

IIn this table:

8 Linear transfer characteristics
i.e.V=1L¢
9 Logarithmic transfer characteristic (100:1 range)
V= l.O-LOglo(LC)/Z
for 1=L,=0.01

V=0.0
for 0.01> L

10 Logarithmic transfer characteristic (316.22777:1 range)
V= l.O-LOglo(LC)/2.5

for 1= L = 0.0031622777

V=0.0
for 0.0031622777> L.

11-255 reserved

In the case that video_signal_type() is not present in the bitstream or colour_description is zero the transfer
¢haracteristics are assumed to be those corresponding to transfer_characteristics having the value 1.

matrix_coefficients : This 8-bit integer describes the’ matrix coefficients used in deriving luminance and
¢hrominance signals from the green, blue, and red primaries, and is defined in Table 6-9.

E’y is analogue with values between 0 and 1
E'pp and E’pRr are analogue between the values -0,5 and 0,5
E'R, E'G and E’'B(are analogue with values between 0 and 1
White is defined as E'y=1, E'pB=0, E'PR=0; E'R =E'G =E'B=1.
Y, Cb and(Cr are related to E'y, E'’pB and E’pR by the following formulae:
if video_range=0:
Y =(219* 2" *E'y) + 2™
Cb=(224*2"*Epg)+2"
Cr=(224*2""*E'pR) + 2"
if video_range=1:

Y=(2-1)*EY)

108
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video_range =1 gives a range of Y from 0 to 255, Cb and Cr from 0 to 255.

Table 6-9 -- Matrix Coefficients

Value Matrix
0 (forbidden)
1 ITU-R Recommendation BT.709

E'y =0,7152 E'g + 0,0722 E'g + 0,2126 E'R
E'pg =-0,386 E'g + 0,500 E'g 0,115 E'R
E'pr = -0,454 E'g - 0,046 E'g + 0,500 E'R

2 Unspecified Video

Image characteristics are unknown.
3 reserved
4 FCC

E'y =059 Eg + 0,11 E'g + 0,30 E'R
E'pg =-0,331 E'g + 0,500 E'g -0,169 E'g
E'pr = -0,421 E'g - 0,079 E'g + 0,500 E'R

5 ITU-R Recommendation BT.470-2/System B, G
E'y =0,587E'g+ 0,114 E'g+ 0,299 E'R

E'pg =-0,331 E'g + 0,500'E'g -0,169 E'R
E'pR =-0,419 E'g -0,081 E'g + 0,500 E'R

6 SMPTE 170M
E'y =0,587E'g.+ 0,114 E'g + 0,299 E'R

E'pg =-0,331E'g + 0,500 E'g -0,169 E'R
E'pr =<0,419 E' - 0,081 E'g + 0,500 E'R

7 SMPTE 240M (1987)
EY/=0,701 E'g + 0,087 Eg + 0,212 E'R

E'pg =-0,384 E'g + 0,500 E'g -0,116 E'R
E'pr =-0,445 E'g - 0,055 E'g + 0,500 E'R
8-255 reserved

~

In the case that video-signal _type() is not present in the bitstream or colour_description is zero the matri
coefficients are assumed to be those corresponding to matrix_coefficients having the value 1.

In the case that video_signal_type() is not present in the bitstream, video_range is assumed to have the value 0 (a
range of Y frem 16 to 235 for 8-bit video).

6.3.21xUser data

1%

user_data_start_code : The user_data_start_code is the bit string ‘000001B2* in hexadecimal. It identifies th

=S H £ ot Tl clat ' | He S £ £l + k. &l
DTYImmrmgy Ul uotlh Uata. TTIT USTT Uata LUTTUTTUT S UTTUT TTULTTUL U AlTULTITT otdi't CUUT.
user_data: This is an 8 bit integer, an arbitrary number of which may follow one another. User data is defined by

users for their specific applications. In the series of consecutive user_data bytes there shall not be a string of 23 or
more consecutive zero bits.
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6.3.3 Video Object Layer

video_object_layer_start_code : The video_object layer_start code is a string of 32 bits. The first 28 bits are
‘0000 0000 0000 0000 0000 0001 0010 in binary and the last 4-bits represent one of the values in the range of
‘0000 to 1111’ in binary. The video_object_layer_start code marks a new video object layer.

ideo_object layer id : This is given by the last 4-bits of the video_object layer start code. The

ideo_object_layer_id uniquely identifies a video object layer.

Fr

hort_video_header : The short_video_header is an internal flag which is set to 1 when an abbreviated header
ormat is used for video content. This indicates video data which begins with a short_video_start_marker rather
han a longer start code such as visual_object_ start code. The short header format is included herein o provide
orward compatibility with video codecs designed using the earlier video coding specification ITU-T
Recommendation H.263. All decoders which support video objects shall support both -header formats
short_video_header equal to 0 or 1) for the subset of video tools that is expressible in either formy

ideo_plane_with_short_header() : This is a syntax layer encapsulating a video plane which has only the limited
set of capabilities available using the short header format.

andom_access ible_vol : This flag may be set to “1” to indicate that every VOP in this VOL is individually
ecodable. If all of the VOPs in this VOL are intra-coded VOPs and some.-more conditions are satisfied then
andom_accessible_vol may be set to “1”. The flag random_accessible_vol is\not used by the decoding process.
andom_accessible_vol is intended to aid random access or editing capability.,” This shall be set to “0” if any of the

OPs in the VOL are non-intra coded or certain other conditions are not-fulfilled.
ideo_object_type_indication : Constrains the following bitstream to-use tools from the indicated object type only,
¢.g. Simple Object or Core Object, as shown in Table 6-10.
Table 6-10 -- FLC table for video. object_type indication

Video Object Type Code

Reserved 00000000
Simple Object Type 00000001
Simple Scalable Object Type 00000010

Core Object Type 00000011

Main Object Type 00000100

N-bit Object Type 00000101
Basic Anims2D Texture 00000110
Anim. 2D Mesh 00000111
Simple,Face 00001000
Still'Scalable Texture 00001001
Advanced Real Time Simple 00001010

Core Scalable 00001011
Advanced Coding Efficiency 00001100
Advanced Scalable Texture 00001101
Simple FBA 00001110
Reserved 00001111 — 11111111

is_object_layer_identfier : This is a 1-bit code which when set to ‘1’ indicates that version identification and
priority is specified for the visual object layer. When set to ‘0’, no version identification or priority needs to be
specified.

video_object_layer_verid : This is a 4-bit code which identifies the version number of the video object layer. Its
meaning is defined in Table 6-11. If both visual_object_verid and video_object_layer_verid exist, the semantics of
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video_object_layer_verid supersedes the other. When this field does not exist, the value of
video_object_layer_verid is substituted by the value of visual_object_verid.

Table 6-11 -- Meaning of video_object_layer_verid

video_object_layer_verid Meaning

0000 Reserved

0001 object type listed in Table 9-1
0010 object type listed in Table V2 - 39
0011 -1111 Reserved

video_object_layer_priority : This is a 3-bit code which specifies the priority of the videocobject layer. It take
values between 1 and 7, with 1 representing the highest priority and 7, the lowest priority=)The value of zero i
reserved.

\2E4

\1%

aspect_ratio_info : This is a four-bit integer which defines the value of pixel aspect ratio. Table 6-12 shows th
meaning of the code. If aspect_ratio_info indicates extended PAR, pixel_aspect (xatio is represented by par_widt
and par_height. The par_width and par_height shall be relatively prime.

=

Table 6-12 -- Meaning of pixel aspegtiratio

aspect_ratio_info pixel aspect ratios
0000 Forbidden
0001 1:1 (Square)
0010 12:11%(625-type for 4:3 picture)
0011 10:11 (525-type for 4:3 picture)
0100 16:17 (625-type stretched for 16:9 picture)
0101 40:33 (525-type stretched for 16:9 picture)

0110-1110 Reserved

1111 extended PAR

\1%

par_width : This is an 8-bit unsigned integer which indicates the horizontal size of pixel aspect ratio. A zero valu
is forbidden.

par_height : This is an8-bit unsigned integer which indicates the vertical size of pixel aspect ratio. A zero value i
forbidden.

vol_control_parameters : This a one-bit flag which when set to ‘1’ indicates presence of the following parameterg:
chroma_formiat) Tow_delay, and vbv_parameters.

chroma~format : This is a two bit integer indicating the chrominance format as defined in the Table 6-13.

Table 6-13 -- Meaning of chroma_format

chroma_format | Meaning
00 reserved
01 4:2:0
10 reserved
11 reserved
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low_delay : This is a one-bit flag which when set to ‘1’ indicates the VOL contains no B-VOPs. If this flag is not
present in the bitstream, the default value is O for visual object types that support B-VOP otherwise it is 1.

vbv_parameters : This is a one-bit flag which when set to ‘1’ indicates presence of following VBV parameters:
first_half_bit_rate, latter_half_bit_rate, first_half_vbv_buffer_size, latter_half_vbv_buffer_size,
first_half_vbv_occupancy and latter_half_vbv_occupancy. The VBV constraint is defined in annex D.

rst_half_bit_rate, latter_half_bit_rate : The bit rate is a 30-bit unsigned integer which specifies the bitrate of the
itstream measured in units of 400 bits/second, rounded upwards. The value zero is forbidden. This value\is
ivided to two parts. The most significant bits are in first_half bit_rate (15 bits) and the least significant bits @re’in
lptter_half _bit_rate (15 bits). The marker_bit is inserted between the first_half_bit_rate and the latter_half kit _rate
order to avoid the resync_marker emulation. The instantaneous video object layer channel bit rate seen by the
ncoder is denoted by Ryq(t) in bits per second. If the bit_rate (i.e. first_half_bit_rate and latter_half_hit rate) field
the VOL header is present, it defines a peak rate (in units of 400 bits per second; a value of 0 is forbidden) such
hat Ryai(t) <= 400 x bit_rate Note that Ry(t) counts only visual syntax for the current elementary)stream (also see
nnex D).

first_half_vbv_buffer_size, latter_half_vbv_buffer_size . vbv_buffer_size is an 184bit’ Unsigned integer. This
alue is divided into two parts. The most significant bits are in first_half_vbv_buffer-size (15 bits) and the least
significant bits are in latter_half_vbv_buffer_size (3 bits), The VBV buffer size is specified in units of 16384 bits. The
alue O for vbv_buffer_size is forbidden. Define B = 16384 x vbv_buffer_size to-be the VBV buffer size in bits.

first_half_vbv_occupancy, latter_half_vbv_occupancy : The vbv_occupancy is a 26-bit unsigned integer. This
alue is divided to two parts. The most significant bits are in first_half_vbv_occupancy (11 bits) and the least
significant bits are in latter_half_vbv_occupancy (15 bits). The-< marker_bit is inserted between the
;lirst_half_vbv_occupancy and the latter_half_vbv_occupancy in order to avoid the resync_marker emulation. The

alue of this integer is the VBV occupancy in 64-bit units just before the removal of the first VOP following the VOL
eader. The purpose for the quantity is to provide the initial candition for VBV buffer fullness.

ideo_object_layer_shape : This is a 2-bit integer defined in Table 6-14. It identifies the shape type of a video
object layer.

Table 6-14 -- Mideo Object Layer shape type

Shape format Meaning
00 rectangular
01 binary
10 binary only
11 grayscale

ideo_object_layer_shape: extension:  This is a 4-bit integer defined in Table V2 - 1. It identifies the number (up
}) 3) and type of auxiliary components that can be used, including the grayscale shape (ALPHA) component. Only
f

limited number_6ftypes and combinations are defined in Table V2 - 1. More applications are possible by selection
the USER DEEINED type.

Table V2 - 1 -- Semantic meaning of video_object_layer_shape_extension

video_ aux_comp_type[0O] aux_comp_type[1] aux_comp_type[2] AUX_
object comp_
layer_
count
shape_
extension
0000 ALPHA NO NO 1
0001 DISPARITY NO NO 1
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0010 ALPHA DISPARITY NO 2
0011 DISPARITY DISPARITY NO 2
0100 ALPHA DISPARITY DISPARITY 3
0101 DEPTH NO NO 1
0110 ALPHA DEPTH NO 2
0411 FEXFURE NO NO 1
1000 USER DEFINED NO NO 1
1001 USER DEFINED USER DEFINED NO 2
1010 USER DEFINED USER DEFINED USER DEFINED 3
1011 ALPHA USER DEFINED NO 2
1100 ALPHA USER DEFINED USER DEFINED 3
1101-1111 t.b.d. t.b.d. t.b.d. t.b.d.

vop_time_increment_resolution : This is a 16-bit unsigned integer that indicates the-niumber of evenly spaceg
subintervals, called ticks, within one modulo time. One modulo time represents the (fixed interval of one second.
The value zero is forbidden.

fixed_vop_rate : This is a one-bit flag which indicates that all VOPs are coded with a fixed VOP rate. It shall onl
be '1'if and only if all the distances between the display time of any two sugcessive VOPSs in the display order in th
video object layer are constant. In this case, the VOP rate can be derived ftom the fixed_VOP_time_increment. If
is '0" the display time between any two successive VOPSs in the display. order can be variable thus indicated by th
time stamps provided in the VOP header.

D (<

fixed_vop_time_increment This value represents the number of ticks between two successive VOPs in th
display order. The length of a tick is given by VOP_time_increment_resolution. It can take a value in the range g
[0,VOP_time_increment_resolution). The number of bits‘¢epresenting the value is calculated as the minimun
number of unsigned integer bits required to represent the above range. fixed VOP_time_increment shall only b
present if fixed_VOP_rate is '1' and its value must be“identical to the constant given by the distance between th
display time of any two successive VOPs in the display order. In this case, the fixed VOP rate is given a
(VOP_time_increment_resolution / fixed_VOP_time_increment). A zero value is forbidden.

L2 Y "2 Y "y 7

EXAMPLE

VOP time = tick x vop_time_increment
=vop_time_increment / vop:time_increment_resolution

Table 6-15 -- Examples of vop_time_increment_res  olution, fi x_vop_time_increment, and
vop_time_increment

Fixed VOP rate = vop_time_increment_ fixed_vop_time_ vop_time_increment

1/VOP time resolution increment

15Hz 15 1 0,12 3,4,..

7.5Hz 15 2 0,246,8,...

29\97...Hz 30000 1001 0, 1001, 2002, 3003,...

59.94...Hz 60000 1001 0, 1001, 2002, 3003,...
V;dCU_UbJCbt_:Cl_yCI_ V\Ildth IhC VIdCU_UbJCbt_:ayCI_VVIdth ID A 13 blt ullO;yllCd IIItCUCI IC'JICOCIIt;IIU thC \I\Ildth Uf

the displayable part of the luminance component in pixel units. The width of the encoded luminance component of
VOPs in macroblocks is (video_object_layer_width+15)/16. The displayable part is left-aligned in the encoded
VOPs. A zero value is forbidden.

video_object_layer_height : The video_object _layer_height is a 13-bit unsigned integer representing the height of
the displayable part of the luminance component in pixel units. The height of the encoded luminance component of
VOPs in macroblocks is (video_object_layer_height+15)/16. The displayable part is top-aligned in the encoded
VOPs. A zero value is forbidden.

113


https://standardsiso.com/api/?name=c00bf09a06e79a178aa2f53ee5076898

ISO/IEC 14496-2:1999/Amd.1:2000(E) ©ISO/IEC

interlaced : This is a 1 bit flag which, when set to “1” indicates that the VOP may contain interlaced video. When
this flag is set to “0”, the VOP is of non-interlaced (or progressive) format.

obmc_disable : This is a one-bit flag which when set to ‘1’ disables overlapped block motion compensation.

sprite_ enable When video object layer verld == ‘0001’ thls is a one- bit flag WhICh When set to ‘l’ |nd|cates the

n3|gned mteger WhICh |nd|cates the usage of statlcsprlte codmg or global motlon compensatlon (GMCQC). Table V2
2 shows the meaning of various codewords. An S-VOP with sprite_enable == “GMC” is referred to as an\.S
GMC)-VOP in this document.

Table V2 - 2 -- Meaning of sprite_enable codewords

sprite_enable sprite_enable Sprite Coding Mode
(video_object_layer (video_object_layer
verid == ‘0001") verid == ‘0002’)
0 00 sprite not used
1 01 static (Basic/Low Latency)
- 10 GMC (Global Motionv*Compensation)
- 11 Reserved

$prite_width : This is a 13-bit unsigned integer which identifies the horizantal dimension of the sprite.
gprite_height : This is a 13-bit unsigned integer which identifies the(vertical dimension of the sprite.

sprite_left_coordinate : This is a 13-bit signed integer which-defines the left edge of the sprite. The value of
sprite_left_coordinate shall be divisible by two.

$prite_top_coordinate : This is a 13-bit signed integer which defines the top edge of the sprite. The value of
$prite_top_coordinate shall be divisible by two.

mo_of sprite_warping_points : This is a 6-bit“unsigned integer which represents the number of points used in
prite warping. When its value is 0 and when sprite_enable is set to ‘static’ or ‘GMC’, warping is identity (stationary
prite) and no coordinates need to be coded. When its value is 4, a perspective transform is used. When its value
is 1,2 or 3, an affine transform is used, Further, the case of value 1 is separated as a special case from that of
alues 2 or 3. Table 6-16 shows the,various choices. Note that the value of 4 is disallowed when sprite_enable ==
GMC'.

PYNY.

Table 6-16 -- Number of point and implied warping function

Number of points warping function
0 Stationary

1 Translation

2,3 Affine

4 Perspective
5-63 Reserved

sprite_warping_accuracy — This is a 2-bit code which indicates the quantisation accuracy of motion vectors used
in the warping process for sprites and GMC. Table 6-17 shows the meaning of various codewords
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Table 6-17 -- Meaning of sprite warping accuracy codewords

code sprite_warping_accuracy
00 Y pixel

01 Y4 pixel

10 1/8 pixel

11 1/16 pixel

sprite_brightness_change : This is a one-bit flag which when set to ‘1’ indicates a change in brightness during
sprite warping, alternatively, a value of ‘0’ means no change in brightness.

low_latency_sprite_enable : This is a one-bit flag which when set to "1" indicates the presence of low_latency
sprite, alternatively, a value of "0" means basic sprite.

not_8_bit : This one bit flag is set when the video data precision is not 8 bits per pixel.and visual object type is N
bit.

sadct_disable : This is a one-bit flag specifying the inverse transforms(to be used for texture decoding. If
‘sadct_disable’ is set to ‘1’, standard inverse DCT as described in versionA,is applied to all 8x8-blocks. When st
to ‘0, flag ‘sadct_disable’ indicates that different types of inverse DET\are used in an adaptive way: standargl
inverse DCT is applied to those 8x8-blocks where all 64 pels are opague, whereas inverse shape-adaptive DCT
(SA-DCT) and inverse ADC-SA-DCT — an extended version of SA-DCT - are used in inter- and intra-coded 8x8-
blocks with at least one transparent and one opaque pel .

qguant_precision : This field specifies the number of bits uSed to represent quantiser parameters. Values between
3 and 9 are allowed. When not_8_bit is zero, and theréfore quant_precision is not transmitted, it takes a defau
value of 5.

—

bits_per_pixel : This field specifies the video data precision in bits per pixel. It may take different values fo
different video object layers within a single video object. A value of 12 in this field would indicate 12 bits per pixel.
This field may take values between 4 and 12. When not_8_bit is zero and bits_per_pixel is not present, the vide
data precision is always 8 bits per.pixel, which is equivalent to specifying a value of 8 in this field. The sam
number of bits per pixel is used in.the luminance and two chrominance planes. The alpha plane, used to specif
shape of video objects, is always represented with 8 bits per pixel.

=

_— U U

no_gray_quant_update :_This is a one bit flag which is set to 1’ when a fixed quantiser is used for the decoding @
grayscale alpha data. When this flag is set to ‘0’, the grayscale alpha quantiser is updated on every macroblock b
generating it anew from’the luminance quantiser value, but with an appropriate scale factor applied. See th
description in subclause 7.5.4.3.

<=

composition_danethod : This is a one bit flag which indicates which blending method is to be applied to the videp
object in thé/edmpositor. When set to ‘0’, cross-fading shall be used. When set to ‘1’, additive mixing shall be used.
See subclause 7.5.4.6.

linear>composition : This is a one bit flag which indicates the type of signal used by the compositing process.
When set to ‘0, the video signal in the format from which it was produced by the video decoder is used. When sdt
ta 1’ linear signals are used See subclause 754 6

guant_type : This is a one-bit flag which when set to ‘1’ that the first inverse quantisation method and when set to
‘0’ indicates that the second inverse quantisation method is used for inverse quantisation of the DCT coefficients.
Both inverse quantisation methods are described in subclause 7.4.4. For the first inverse quantisation method, two
matrices are used, one for intra blocks the other for non-intra blocks.
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The default matrix for intra blocks is:

17 18 19 21 23 25 27 28
20 21 22 23 24 26 28 30

21 22 23 24 26 28 30 32
22 23 24 26 28 30 32 35
23 24 26 28 30 32 35 38
25 26 28 30 32 35 38 41
27 28 30 32 35 38 41 45

The default matrix for non-intra blocks is:

16 17 18 19 20 21 22 23
17 18 19 20 21 22 23 24
18 19 20 21 22 23 24 25
19 20 21 22 23 24 26\727
20 21 22 23 25 26 27 28
21 22 23 24 2627 28 30
22 23 24 26,27 28 30 31
23 24 2527 28 30 31 33

lpad_intra_quant_mat : This is a one-bit flag-which is set to ‘1’ when intra_quant_mat follows. If it is set to ‘0’ then
there is no change in the values that shall*be used.

intra_quant_mat : This is a list of 2-te'64 eight-bit unsigned integers. The new values are in zigzag scan order and
eplace the previous values. A value of O indicates that no more values are transmitted and the remaining, non-

airansmitted values are set equal\to the last non-zero value. The first value shall always be 8 and is not used in the
ecoding process.

[bad_nonintra_quant_mat " : This is a one-bit flag which is set to ‘1’ when nonintra_quant_mat follows. If it is set to
‘D’ then there is no_ehange in the values that shall be used.

nd replace'the previous values. A value of 0 indicates that no more values are transmitted and the remaining, non-

$onintra_quant_mat : Thisis a list of 2 to 64 eight-bit unsigned integers. The new values are in zigzag scan order
ransmitted values are set equal to the last non-zero value. The first value shall not be 0.

[pad\intra_quant_mat_grayscale : This is a one-bit flag which is set to ‘1’ when intra_quant_mat_grayscale
follows. If it is set to ‘0’ then there is no change in the quantisation matrix values that shall be used.

intra_quant_mat_grayscale : Thisis a list of 2 to 64 eight-bit unsigned integers defining the grayscale intra alpha
guantisation matrix to be used. The semantics and the default quantisation matrix are identical to those of
intra_quant_mat.

load_nonintra_quant_mat_grayscale : This is a one-bit flag which is set to ‘I’ when

nonintra_quant_mat_grayscale]i] follows for grayscale alpha or auxiliary component i=0,1,2. If it is set to ‘0’ then
there is no change in the quantisation matrix values that shall be used.
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intra_quant_mat_grayscale[i]:  This is a list of 2 to 64 eight-bit unsigned integers defining the grayscale intra
alpha quantisation matrix to be used for grayscale alpha or auxiliary component i=0,1,2. The semantics and the
default quantisation matrix are identical to those of intra_quant_mat.

nonintra_quant_mat_grayscale : This is a list of 2 to 64 eight-bit unsigned integers defining the grayscale
nonintra alpha quantisation matrix[i] to be used for grayscale alpha or auxiliary component i=0,1,2. The semantics
and the default quantisation matrix are identical to those of nonintra_gquant_mat.

nonintra_quant_mat_grayscale[i] : This is a list of 2 to 64 eight-bit unsigned integers defining the grayscal
nonintra alpha quantisation matrix to be used for grayscale alpha or auxiliary component i=0,1,2. The semantic
and the default quantisation matrix are identical to those of nonintra_quant_mat.

U W

guarter_sample : This is a one-bit flag which when set to ‘0’ indicates that half sample mode and ‘when set to ‘1
indicates that quarter sample mode shall be used for motion compensation of the luminance component.

complexity_estimation_disable : This is a one-bit flag which, when set to '1', disablesComplexity estimatio
header in each VOP.

=

estimation_method : Setting of the of the estimation method, it is ,,00“ for Version d*and “01” for version 2.

shape_complexity_estimation_disable : This is a one-bit flag which whep. set to '1' disables shape complexity
estimation.

opaque: Flag enabling transmission of the number of luminance and_chrominance blocks coded using opaqu
coding mode in % of the total number of blocks (bounding rectangle):

A1%

transparent : Flag enabling transmission of the number of/luminance and chrominance blocks coded using
transparent mode in % of the total number of blocks (bounding rectangle).

intra_cae : Flag enabling transmission of the number.ofy{luminance and chrominance blocks coded using IntraCAE
coding mode in % of the total number of blocks (bounding rectangle).

inter_cae : Flag enabling transmission of the number of luminance and chrominance blocks coded using InterCAE
coding mode in % of the total number of blocks (bounding rectangle).

no_update : Flag enabling transmission’ of the number of luminance and chrominance blocks coded using n
update coding mode in % of the total number of blocks (bounding rectangle).

1=

upsampling : Flag enabling .transmission of the number of luminance and chrominance blocks which need
upsampling from 4-4- to 8-8 block dimensions in % of the total number of blocks (bounding rectangle).

version2_complexity estimation_disable : Flag to disable version 2 parameter set.

-

sadct: Flag enabling transmission of the number of luminance and chrominance blocks coded using SADC]
coding mode,itv'% of the total number of blocks (bounding box). When estimation_method == ‘00’ the value d
sadct is sett0:0'.

=

qguarterpel : Flag enabling transmission of the number of luminance and chrominance block predicted by a quartef
pel ector on one or two dimensions (horizontal and vertical) in % of the total number of blocks (bounding box]}.
When estimation_method == ‘00’ the value of quarterpel is set to ‘0'.

texture_complexity_estimation_set_1_disable : Flag to disable texture parameter set 1.

intra_blocks : Flag enabling transmission of the number of luminance and chrominance Intra or Intra+Q coded
blocks in % of the total number of blocks (bounding rectangle).

inter_blocks : Flag enabling transmission of the number of luminance and chrominance Inter and Inter+Q coded
blocks in % of the total number of blocks (bounding rectangle).
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interdv_blocks : Flag enabling transmission of the number of luminance and chrominance Inter4V coded blocks in
% of the total number of blocks (bounding rectangle).

not_coded_blocks : Flag enabling transmission of the number of luminance and chrominance Non Coded blocks
in % of the total number of blocks (bounding rectangle).

exture _complexity estimation_set 2 disable  : Flag to disable texture parameter set 2.

dct_coefs : Flag enabling transmission of the number of DCT coefficients % of the maximum number.of
¢oefficients (coded blocks).

ct_lines : Flag enabling transmission of the number of DCT8x1 in % of the maximum number of DCT8x1 (coded
locks).

Ic_sym bols: Flag enabling transmission of the average number of VLC symbols for macroblock:
Ic_bits : Flag enabling transmission of the average number of bits for each symbol.
fMmotion_compensation_complexity_disable  : Flag to disable motion compensation parameter set.

apm (Advanced Prediction Mode): Flag enabling transmission of the number ef luminance block predicted using
APM in % of the total number of blocks for VOP (bounding rectangle).

pm (Normal Prediction Mode): Flag enabling transmission of the number of luminance and chrominance blocks
mredicted using NPM in % of the total number of luminance and chrominance for VOP (bounding rectangle).

interpolate_mc_q : Flag enabling transmission of the number of‘luminance and chrominance interpolated blocks in
% of the total number of blocks for VOP (bounding rectangle):

forw_back_mc_q : Flag enabling transmission of the number of luminance and chrominance predicted blocks in %
of the total number of blocks for VOP (bounding rectangle).

halfpel2 : Flag enabling transmission of the number of luminance and chrominance block predicted by a half-pel
ector on one dimension (horizontal or vertical)inn % of the total number of blocks (bounding rectangle).

halfpel4 : Flag enabling transmission of the number of luminance and chrominance block predicted by a half-pel
ector on two dimensions (horizontal.and vertical) in % of the total number of blocks (bounding rectangle).

flesync_marker_disable : This is a“one-bit flag which when set to ‘1' indicates that there is no resync_marker in
¢oded VOPs. This flag can be.used only for the optimization of the decoder operation. Successful decoding can be
¢arried out without taking into account the value of this flag.

$ata_partitioned : This)is a one-bit flag which when set to ‘1’ indicates that the macroblock data is rearranged
ifferently, specifically,/motion vector data is separated from the texture data (i.e., DCT coefficients).

flevers ible_vle VThis is a one-bit flag which when set to ‘1’ indicates that the reversible variable length tables
Table B-23{Fable B-24 and Table B-25) should be used when decoding DCT coefficients. These tables can only
be used when data_partition flag is enabled. Note that this flag shall be treated as ‘0’ in B-VOPs. Use of escape
sequence (Table B-24 and Table B-25) for encoding the combinations listed in Table B-23 is prohibited.

mewpred enable : This is a one-bit flag which, when set to ‘1’ ,indicates that the NEWPRED mode is enabled.

When video_object_layer_verid is equal to '0001’, and therefore newpred enable is not transmitted, it takes a
default value of zero.

requested_upstream_message_type : This is a twe-bits flag which indicates which type of upstream message is
needed by the encoder. The syntax and semantics of the upstream message are described in subclause 6.2.12
and 6.3.12.

01: need NP_ACK message to be returned for each NEWPRED segment

10: need NP_NACK message to be returned for each NEWPRED segment
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11: need both NP_ACK and NP_NACK messages to be returned for each NEWPRED segment
00: reserved

newpred_segment_type : This is a one-bits flag which indicates the unit of selecting reference VOP (NEWPRED
segment).

0: Video Packet

1: VOP

reduced_resolution_vop_enable : This is a one-bit flag which indicates that the reduced resolution vop) tool i
enabled when set to ‘I’ When video_object layer verid is equal to '0001’, and "“therefor
reduced_resolution_vop_enable is not transmitted, it takes a default value of zero.

\A L

scalability : This is a one-bit flag which when set to ‘1’ indicates that the current layer uses scalable coding. If th
current layer is used as base-layer then this flag is set to ‘0’. Additionally, this flag shall be setto ‘0’ for S(GMC
VOPs.

\1%

=

hierarchy_type : The hierarcical relation between the associated hierarchy layer and(ts hierarchy embedded laye
is defined as shown in Table 6-18.

Table 6-18 -- Code table for hierarchy_type

Description Code

ISO/IEC 14496-2 Spatial Scalability 0
ISO/IEC 14496-2 Temporal Scalability 1

ref_layer_id : This is a 4-bit unsigned integer with value between 0 and 15. It indicates the layer to be used a
reference for prediction(s) in the case of scalability.

"4

ref_layer_sam pling_direc : This is a one-bit flag:which when set to ‘1’ indicates that the resolution of the referenc
layer (specified by reference_layer_id) is higherthan the resolution of the layer being coded. If it is set to ‘0’ the
the reference layer has the same or lower résolution than the resolution of the layer being coded.

1%

=

hor_sampling_factor_n : This is a 5-bit-unsigned integer which forms the numerator of the ratio used in horizontgl
spatial resampling in scalability. Thevalue of zero is forbidden.

hor_sampling_factor_m : This'is a 5-bit unsigned integer which forms the denominator of the ratio used i
horizontal spatial resampling.in scalability. The value of zero is forbidden.

=

vert_sam pling_factor_n.”. This is a 5-bit unsigned integer which forms the numerator of the ratio used in vertical
spatial resampling.in.scalability. The value of zero is forbidden.

vert_sam plingsfactor m : This is a 5-bit unsigned integer which forms the denominator of the ratio used in
vertical spafial'fesampling in scalability. The value of zero is forbidden.

enhancement_type : This is a 1-bit flag which is set to ‘1’ when the current layer enhances the partial region of th
reference layer. If it is set to ‘0’ then the current layer enhances the entire region of the reference layer. The defau
value of this flag is ‘0’

1%

—

use_ref _shape : This is one bit flag which indicate procedure to decode binary shape for spatial scalability. If it is
set to ‘0", scalable shape coding should be used. If it is set to ‘1’ and enhancement_type is set to ‘0’, no shape data
is decoded and up-sampled binary shape of base layer should be used for enhancement layer. If
enhancement_type is set to ‘1’ and this flag is set to ‘1’,binary shape of enhancement layer should be decoded as
the same non-scalable decoding process. When video_object_layer verid == ‘0001, the value of use_ref shape
is setto ‘1.
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use_ref texture: When this one bit is set, no update for texture is done. Instead, the available texture in the layer
denoted by ref _layer_id will be used.

shape_hor_sampling_factor_n:  This is a 5-bit unsigned integer which forms the numerator of the ratio used in
horizontal spatial resampling in shape scalability. The value of zero is forbidden.

orizontal spatial resampling in shape scalability. The value of zero is forbidden.

shape_vert_sam pling_factor_n: This is a 5-bit unsigned integer which forms the denominator of the ratio used’in
ertical spatial resampling in shape scalability. The value of zero is forbidden.

shape_vert_sam pling_facto r_m: This is a 5-bit unsigned integer which forms the denominator of the‘atio used in
ertical spatial resampling in shape scalability. The value of zero is forbidden.

$.3.4 Group of Video Object Plane

roup_of vop_start code : The group_of vop_start_code is the bit string ‘000001B3~ihhexadecimal. It identifies
he beginning of a GOV header.

me_code : This is a 18-bit integer containing the following: time_code_hours, time_code_minutes, marker_bit
nd time_code_seconds as shown in Table 6-19. The parameters correspondto those defined in the IEC standard
ublication 461 for “time and control codes for video tape recorders”. The-time code specifies the modulo part (i.e.
he full second units) of the time base for the first object plane (in display-order) after the GOV header.

Table 6-19 -- Meaning of time_code

time_code range of value No. of bits | Mnemonic
time_code_hours 0-23 5 uimsbf
time_code_minutes 0-59 6 uimsbf
marker_bit 1 1 bslbf
time_code_seconds 0.¢59 6 uimsbf

¢losed_gov : This is a one-bit flag which indicates the nature of the predictions used in the first consecutive B-
OPs (if any) immediately following the first coded I-VOP after the GOV header .The closed_gov is set to ‘1’ to
indicate that these B-VOPs have ‘been encoded using only backward prediction or intra coding. This bit is provided
&)or use during any editing which occurs after encoding. If the previous pictures have been removed by editing,

roken_link may be set to\'l’ so that a decoder may avoid displaying these B-VOPs following the first I-VOP
ollowing the group of plane header. However if the closed_gov bit is set to ‘1’, then the editor may choose not to
set the broken_link bit ‘as'these B-VOPs can be correctly decoded.

broken_link : Thisds a one-bit flag which shall be set to ‘0’ during encoding. It is set to ‘1’ to indicate that the first
g¢onsecutive B2MOPs (if any) immediately following the first coded I-VOP following the group of plane header may
ot be correctly decoded because the reference frame which is used for prediction is not available (because of the
ction ofediting). A decoder may use this flag to avoid displaying frames that cannot be correctly decoded.

$.3:5" Video Object Plane and Video Plane with Short Header

vop_start_code : This is the bit string ‘000001B6’ in hexadecimal. It marks the start of a video object plane.
vop_coding_type : The vop_coding_type identifies whether a VOP is an intra-coded VOP (), predictive-coded

VOP (P), bidirectionally predictive-coded VOP (B) or sprite coded VOP (S). The meaning of vop_coding_type is
defined in Table 6-20.
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Table 6-20 -- Meaning of vop_coding_type

vop_coding_type coding method

00 intra-coded (1)

01 predictive-coded (P)

10 bidirectionally-predictive-coded (B)
11 sprite (S)

modulo_time_base : This value represents the local time base in one second resolution units (1000 milliseconds).
It consists of a number of consecutive ‘1’ followed by a ‘0’. Each ‘1’ represents a duration of one secend that hav
elapsed. For I-, S(GMC)-, and P-VOPs of a non scalable bitstream and the base layer of a scalable-bitstream, th
number of ‘1's indicate the number of seconds elapsed since the synchronization point marked by time_code d
the previous GOV header or by modulo_time_base of the previously decoded I-, S(GMC)-, or-P-VOP, in decodin
order. For B-VOP of non scalable bitstream and base layer of scalable bitstream, the number of ‘1’s indicate th
number of seconds elapsed since the synchronization point marked in the previous GOV, header, I-VOP, S(GMC
VOP, or P-VOP, in display order. For I-, P-, or B-VOPs of enhancement layer of scalable bitstream, the number @
‘1's indicate the number of seconds elapsed since the synchronization point marke@in' the previous GOV header,

VOP, P-VOP, or B-VOP, in display order.

T —h 1 DU & = (U (D

vop_time_increment : This value represents the absolute vop_time_inCrement from the synchronization poin
marked by the modulo_time_base measured in the number of clock-ticks. It can take a value in the range g
[0,vop_time_increment_resolution). The number of bits representing-the value is calculated as the minimun
number of unsigned integer bits required to represent the above range. The local time base in the units of second
is recovered by dividing this value by the vop_time_increment_resolution.

V)l = = —~+

vop_coded : This is a 1-bit flag which when set to '0" indicates that no subsequent data exists for the VOP. In thi
case, the following decoding rules apply: If binarysshape or alpha plane does exist for the VOP (i.g.
video_object_layer_shape != "rectangular"), it shall be:completely transparent. If binary shape or alpha plane doe
not exist for the VOP (i.e. video_object_layer _shape,== "rectangular"), the luminance and chrominance planes @
the reconstructed VOP shall be filled with the forward reference VOP as defined in subclause 7.6.7.

U7

vJ

el

vop_rounding_type : This is a one-bit flagiavhich signals the value of the parameter rounding_control used fo
pixel value interpolation in motion compensation for P- and S(GMC)- VOPs. When this flag is set to ‘0, the value @
rounding_control is 0, and when this flagis set to ‘1’, the value of rounding_control is 1. When vop_rounding_typ
is not present in the VOP header, the value of rounding_control is O.

D =

=~

vop_reduced_resolution : This single bit flag signals whether the VOP is encoded in spatialy reduced resolution o
not. When vop_reduced_resglution is not transmitted, it takes a default value of zero. When this flag is set to ‘1
the VOP is encoded spatialy reduced resolution and referred as Reduced Resolution VOP. Reduced Resolutio
VOP shall be decoded’ by the texture decoding process including upsampling of IDCT output, and motio
compensation decoding process of Reduced Resolution VOP. In this case, the width of the encoded luminanc
component of thevop in macroblocks is (video_object_layer width+31)/32 and the the height of the encode
luminance component of the vop in macroblocks is (video_object_layer_height+31)/32. The displayable part is to
and left-aligned'in the encoded vop. This flag shall not be the ‘1’ when the (video_object_layer_width+15)/16 is ng
the multiple-of 2 or the (video_object_layer width+15)/16 is not the multiple of 2. When this flag is set to “0” or thi
flag is\not present, the VOP is encoded in normal spatial resolution and shall be decoded by the normal decodin
process.

OO0~ O (0 5 I <

vop_width : This is a 13-bit unsigned integer which specifies the horizontal size, in pixel units, of the rectangle thgt

includes the VOP. The width of the encoded luminance component of VOP in macroblocks is (vop_width+15)/16.
The rectangle part is left-aligned in the encoded VOP. A zero value is forbidden.

vop_height : This is a 13-bit unsigned integer which specifies the vertical size, in pixel units, of the rectangle that

includes the VOP. The height of the encoded luminance component of VOP in macroblocks is (vop_height+15)/16.
The rectangle part is top-aligned in the encoded VOP. A zero value is forbidden.
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vop_horizontal_mc_spatial_ref : This is a 13-bit signed integer which specifies, in pixel units, the horizontal
position of the top left of the rectangle defined by horizontal size of vop_width. The value of
vop_horizontal_mc_spatial_ref shall be divisible by two. This is used for decoding and for picture composition.

vop_vertical_mc_spatial_ref : Thisis a 13-bit signed integer which specifies, in pixel units, the vertical position of
the top left of the rectangle defined by vertical size of vop_width. The value of vop_vertical_mc_spatial_ref shall be

divisible by two for progressive and divisible by four for interlaced motion compensation. This is used for decodin
dind for picture composition.

background_composition : This flag only occurs when scalability flag has a value of “1. This flag is used-in
g¢onjunction with enhancement_type flag. If enhancement_type is “1”, hierarchy_type is “1”, and this flag.is “1”,
iackground composition specified in subclause 8.1 is performed. If enhancement type is “1”, hierarchy_type is “1”
nd this flag is “0”, any method can be used to make a background for the enhancement layer.

Vhen hierarchy type is “0”, video_object _layer shape is “binary” (object based spatial scalability),
enhancement_type is “1”, and background_compositin flag is “1”, background composition specified in subclause
.4 is performed and when enhancement_type is “1” and this flag is “0”, any method can be used to make a
ackground for the enhancement layer.

¢hange_conv_ratio_disable : This is a 1-bit flag which when set to ‘1’ indicates that conv_ratio is not sent at the
macroblock layer and is assumed to be 1 for all the macroblocks of the VOP..When set to ‘0’, the conv_ratio is
¢oded at macroblock layer.

op_constant_alpha : This bit is used to indicate the presence of vop.constant_alpha_value. When this is set to
one, vop_constant_alpha_value is included in the bitstream.

op_constant_alpha_value : This is an unsigned integer whichlindicates the scale factor to be applied as a post
processing phase of binary or grayscale shape decoding. See.subclause 7.5.4.2.

intra_dc_vlc_thr : This is a 3-bit code allows a mechanism to switch between two VLC's for coding of Intra DC
¢oefficients as per Table 6-21.

Table 6-21 ---Meaning of intra_dc_vlc_thr

index meaning of jntra_dc_vlc_thr code
0 Use IntratDC VLC for entire VOP 000
1 Switehto Intra AC VLC at running Qp >=13 001
2 Switch to Intra AC VLC at running Qp >=15 010
3 Switch to Intra AC VLC at running Qp >=17 011
4 Switch to Intra AC VLC at running Qp >=19 100
5 Switch to Intra AC VLC at running Qp >=21 101
6 Switch to Intra AC VLC at running Qp >=23 110
7 Use Intra AC VLC for entire VOP 111

(Vhere qunning Qp is defined as the DCT quantisation parameter for luminance and chrominance used for
immediately previous coded macroblock, except for the first coded macroblock in a VOP or a video packet. At the

gir:st coded macroblock in a VOP or a video packet, the running Qp is defined as the quantisation parameter value
rthe current macroblock

top_field_first : This is a 1-bit flag which when set to “1” indicates that the top field (i.e., the field containing the top
line) of reconstructed VOP is the first field to be displayed (output by the decoding process). When top_field_first is
set to “0” it indicates that the bottom field of the reconstructed VOP is the first field to be displayed.

alternate_vertical_scan_flag : Thisis a 1-bit flag which when set to “1” indicates the use of alternate vertical scan
for interlaced VOPs.
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sprite_transmit_mode : This is a 2-bit code which signals the transmission mode of the sprite object. At video
object layer initialization, the code is set to “piece” mode. When all object and quality update pieces are sent for
the entire video object layer, the code is set to the “stop’mode. When an object piece is sent, the code is set to
“piece” mode. When an update piece is being sent, the code is set to the “update” mode. When all sprite object
pieces andquality update pieces for the current VOP are sent, the code is set to “pause” mode. Table 6-22 shows
the different sprite transmit modes.

Table 6-22 -- Meaning of sprite transmit modes

code sprite_transmit_mode
00 stop

01 piece

10 update

11 pause

vop_quant : This is an unsigned integer which specifies the absolute value of quantto be used for dequantizin
the macroblock until updated by any subsequent dquant, dbquant, or quant_scale. The length of this field i
specified by the value of the parameter quant_precision. The default lengthis 5-bits which carries the binar
representation of quantizer values from 1 to 31 in steps of 1.

~ V<

vop_alpha_quant[i] : This is a an unsigned integer which specifies thé'absolute value of the initial alpha plan
guantiser to be used for dequantising macroblock grayscale alphasdata in alpha or auxiliary component i=0,1,2.
The alpha plane quantiser cannot be less than 1.

1%

vop_fcode_forward : This is a 3-bit unsigned integer taking values from 1 to 7; the value of zero is forbidden. It i
used in decoding of motion vectors.

"4

vop_fcode_backward : This is a 3-bit unsigned integer taking values from 1 to 7; the value of zero is forbidden. It
is used in decoding of motion vectors.

vop_shape_coding_type : Thisis a 1 bit flagwhich specifies whether inter shape decoding is to be carried out fdr
the current P, B, or S(GMC)-VOP. If vop ~shape_coding_type is equal to ‘0’, intra shape decoding is carried out,
otherwise inter shape decoding is carried_out.

4

Coded data for the top-left macrablock of the bounding rectangle of a VOP shall immediately follow the VOJ
header, followed by the remaining macroblocks in the bounding rectangle in the conventional left-to-right, top-td
bottom scan order. Video packets shall also be transmitted following the conventional left-to-right, top-to-botton
macroblock scan order. fhe'last MB of one video packet is guaranteed to immediately precede the first MB of th
following video packet in the MB scan order.

="

load_backward_shape : This is a one-bit flag which when set to ‘1’ implies that the backward shape of th
previous VOP ifi-the same layer is copied to the forward shape for the current VOP and the backward shape of th
current VOR.is decoded from the bitstream. When this flag is set to ‘0", the forward shape of the previous VOP i
copied tothe forward_shape of the current VOP and the backward shape of the previous VOP in the same layer i
copied40ythe backward shape of the current VOP. This flag shall be ‘1’ when (1) background_composition is ‘1" an
vop_coeded of the previous VOP in the same layer is ‘0’ or (2) background_composition is ‘1’ and the current VOP i
the first VOP in the current layer.

Uy Uy Uy W W

“pon

shall be set to “0".

backward_shape_width : This is a 13-bit unsigned integer which specifies the horizontal size, in pixel units, of the
rectangle that includes the backward shape. A zero value is forbidden.

backward_shape_height : This is a 13-bit unsigned integer which specifies the vertical size, in pixel units, of the
rectangle that includes the backward shape. A zero value is forbidden.
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backward_shape_horizontal_mc_spatial_ref : This is a 13-bit signed integer which specifies, in pixel units, the
horizontal position of the top left of the rectangle that includes the backward shape. This is used for decoding and
for picture composition.

backward_shape_vertical_mc_spatial_ref : This is a 13-bit signed integer which specifies, in pixel units, the
vertical position of the top left of the rectangle that includes the backward shape. This is used for decoding and for
icture composition.

backward_shape(): The decoding process of the backward shape is identical to the decoding process for-the
shape of I-VOP with binary only mode (video_object_layer_shape = “10").

I[pad_forward_shape : This is a one-bit flag which when set to ‘1’ implies that the forward shape is decoded from
he bitstream. This flag shall be ‘1’ when (1) background_composition is ‘1’ and vop_coded of the previous VOP in
he same layer is ‘0’ or (2) background_composition is ‘1’ and the current VOP is the first VOP in the\current layer.

forward_shape_width : This is a 13-bit unsigned integer which specifies the horizontal size, in pixel units, of the
flectangle that includes the forward shape. A zero value is forbidden.

forward_shape_height : This is a 13-bit unsigned integer which specifies the vertical size, in pixel units, of the
flectangle that includes the forward shape. A zero value is forbidden.

forward_shape_horizontal_mc_spatial_ref : This is a 13-bit signed integerwhich specifies, in pixel units, the
morizontal position of the top left of the rectangle that includes the forward shape. This is used for decoding and for
icture composition.

forward_shape_vertical_mc_spatial_ref : This is a 13-bit signed-integer which specifies, in pixel units, the
ertical position of the top left of the rectangle that includes the €erward shape. This is used for decoding and for
picture composition.

orward_shape(): The decoding process of the backward shape is identical to the decoding process for the shape
f I-VOP with binary only mode (video_object_layer_shape = “10").

tef_select_code : This is a 2-bit unsigned integer\which specifies prediction reference choices for P- and B-VOPs
in enhancement layer with respect to decoded@eference layer identified by ref layer id. The meaning of allowed
alues is specified in Table 7-13 and Table 7-14.

flesync_marker : This is a binary string:of at least 16 zero’s followed by a one‘0 0000 0000 0000 0001'. For an I-

OP or a VOP where video_object layer_shape has the value “binary_only”, the resync marker is 16 zeros
ollowed by a one. The length of this'resync marker is dependent on the value of vop_fcode_ forward, for a P-VOP
r a S(GMC)-VOP, and the larger value of either vop_fcode_forward and vop_fcode_backward for a B-VOP. The
elationship between the length of the resync_marker and appropriate fcode is given by 16 + fcode. The
esync_marker is (15+fcode) zeros followed by a one. It is only present when resync_marker_disable flag is set to
‘D'. A resync marker shall only be located immediately before a macroblock and aligned with a byte

acroblock_number : This is a variable length code with length between 1 and 14 bits. It identifies the
acroblock number within a VOP. The number of the top-left macroblock in a VOP shall be zero. The macroblock
umber increases from left to right and from top to bottom. The actual length of the code depends on the total
umber ©f )ymacroblocks in the VOP calculated according to Table 6-23, the code itself is simply a binary
epresentation of the macroblock number. If reduced_resolution_vop_enable is equal to one, the length of
acfoblock_number code shall be determined by as if the total number of macroblocks in a VOP in Table 6-2-3 be
dual to ((video_object_layer width+15)/16) * ((video_object_layer_height+15)/16).

Table 6-23 -- Length of macroblock_number code

length of macroblock_number code ((vop_width+15)/16) *
((vop_height+15)/16)

1 1-2

2 3-4
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quant_scale : This is an unsigned integer which specifies the absolute value of quant.to’be used for dequantizing
the macroblock of the video packet until updated by any subsequent dquant. The Ighgth of this field is specified b
the value of the parameter quant_precision. The default length is 5-bits.

<

header_extension_code : This is a 1-bit flag which when set to ‘1’ indicatés)the prescence of additional fields i
the header. When header_extension_code is is se to ‘1, modulovime_base, vop_time_increment an
vop_coding_type are also included in the video packet header. Furthermore, if the vop_coding_type is equal t
either a P, S or B VOP, the appropriate fcodes are also present. ‘Additionally, if the current VOP is an S(GMC
VOP, sprite_trajectory() is included. And if reduced-resolution_vop_enable is equal to ong,
vop_reduced_resolution is also present.

IR =

use_intra_dc_vilc : The value of this internal flag is set to*¥ when the values of intra_dc_thr and the DCT quantise
for luminance and chrominace indicate the usage of the\intra DC VLCs shown in Table B-13 - Table B-15 for th
decoding of intra DC coefficients. Otherwise, the valueof this flag is set to 0.

=

\1%

motion_marker : This is a 17-bit binary string ‘1 1111 0000 0000 0001'. It is only present when th
data_partitioned flag is set to ‘1’.In the datacpartitioning mode, a motion_marker is inserted after the motion dat
(prior to the texture data). The motion_marker is unique from the motion data and enables the decoder t
determine when all the motion informatign) has been received correctly.

O~ (U

dc_marker : This is a 19 bit binary:string ‘110 1011 0000 0000 0001'. Itis present when the data_partitioned flag
is setto ‘1’. Itis used for I-VOPs/In the data partitioning mode, a dc_marker is inserted into the bitstream afte
the mcbpc, dquant and dc data ‘but before the ac_pred flag and remaining texture information.

=

vop_id: This indicates(the ID of VOP which is incremented by 1 whenever a VOP is encoded. All ‘0’ value i
skipped in vop_id in“order to prevent the resync_marker emulation. The bit length of vop_id is the smaller valu
between (the lengthof vop_time_increment) + 3 and 15.

o~ o7

vop_id_for_prediction_indication : This is a one-bit flag which indicates the existence of the following
vop_id_for_prediction field.

0: vop_id_for_prediction does not exist.
1: vop_id_for_prediction does exist.

decoding of the current VOP or Video Packet. When this field exists, the reference VOP shall be replaced with the
indicated one. This VOP which is used for prediction may be changed according to the backward channel
message. If this field does not exist, the previous VOP is used for prediction, or all MBs in the VOP or Video
Packet are coded to Intra MB.
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6.3.5.1 Definition of DCECS variable values

The semantic of all complexity estimation parameters is defined at the VO syntax level. DCECS variables represent
% values. The actual % values have been converted to 8 bit words by normalization to 256. To each 8 bit word a
binary 1 is added to prevent start code emulation (i.e 0% = ‘00000001’, 99.5% = ‘11111111" and is conventionally
considered equal to one). The binary ‘00000000’ string is a forbidden value. The only parameter expressed in
heir absolute value is the dcecs_vic_bits parameter expressed as a 4 bit word.

:ﬂ?ecs_opaque : 8 bit number representing the % of luminance and chrominance blocks using opaque coding
ode on the total number of blocks (bounding rectangle).

dcecs_transparent : 8 bit number representing the % of luminance and chrominance blocks using transparent
¢oding mode on the total number of blocks (bounding rectangle).

:ﬂ]cecs_intra_cae . 8 bit number representing the % of luminance and chrominance blocks using\intraCAE coding
ode on the total number of blocks (bounding rectangle).

:ﬂ]cecs_inter_cae . 8 bit number representing the % of luminance and chrominance blocks using InterCAE coding
ode on the total number of blocks (bounding rectangle).

dcecs_no_update : 8 bit number representing the % of luminance and chrominance blocks using no update
¢oding mode on the total number of blocks (bounding rectangle).

ﬂjcecs_upsampling : 8 bit number representing the % of luminance Jand chrominance blocks which need
psampling from 4-4- to 8-8 block dimensions on the total number of bloeks (bounding rectangle).

cecs_intra_blocks : 8 bit number representing the % of luminance and chrominance Intra or Intra+Q coded
locks on the total number of blocks (bounding rectangle).

icecs_not_coded_blocks . 8 bit number representing.the % of luminance and chrominance Non Coded blocks
n the total number of blocks (bounding rectangle).

dlcecs_dct_coef s: 8 bit number representing the.% of the number of DCT coefficients on the maximum number of
¢oefficients (coded blocks).

ﬂicecs_dct_ lines: 8 bit number representing the % of the number of DCT8x1 on the maximum number of DCT8x1
coded blocks).

dcecs_vic_sym bols: 8 bit numberrepresenting the average number of VLC symbols for macroblock.
dcecs_vic_bits : 4 bit number representing the average number of bits for each symbol.

cecs_inter_blocks : (8)bit number representing the % of luminance and chrominance Inter and Inter+Q coded
locks on the total number of blocks (bounding rectangle).

cecs_interdyn) blocks : 8 bit number representing the % of luminance and chrominance Inter4V coded blocks on
he total numper of blocks (bounding rectangle).

cecs.apm (Advanced Prediction Mode): 8 bit number representing the % of the number of luminance block
redicted using APM on the total number of blocks for VOP (bounding rectangle).

dcecs_npm (Normal Prediction Mode): 8 bit number representing the % of luminance and chrominance blocks
predicted using NPM on the total number of luminance and chrominance blocks for VOP (bounding rectangle).

dcecs_forw_back _mc_q : 8 bit number representing the % of luminance and chrominance predicted blocks on the
total number of blocks for VOP (bounding rectangle).

dcecs_halfpel2 : 8 bit number representing the % of luminance and chrominance blocks predicted by a half-pel
vector on one dimension (horizontal or vertical) on the total number of blocks (bounding rectangle).
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dcecs_halfpel4 : 8 bit number representing the % of luminance and chrominance blocks predicted by a half-pel
vector on two dimensions (horizontal and vertical) on the total number of blocks (bounding rectangle).

dcecs_interpolate_mc_q : 8 bit number representing the % of luminance and chrominance interpolated blocks in
% of the total number of blocks for VOP (bounding rectangle).

dcecs_sadct : 8 bit number representing the % of luminance and chrominance blocks coded using SADCT mode i

% of the total number of blocks for VOP (bounding rectangle).

dcecs_quarterpel : 8 bit number representing the % of luminance and chrominance blocks predicted usingrquarter
pel vectors in % of the total number of blocks for VOP (bounding rectangle).

6.3.5.2 Video Plane with Short Header

video_plane_with_short_header() — This data structure contains a video plane using an abbreviated header format.
Certain values of parameters shall have pre-defined and fixed values for any video_plane "with_short_header, du
to the limited capability of signaling information in the short header format. These parameters having fixed value
are shown in Table 6-24.

U\

Table 6-24 -- Fixed Settings for video_plane_with_short_header()

Parameter Value

video_object_layer_shape “rectangular”
obmc_disable 1
quant_type
resync_marker_disable
data_partitioned

block_count

reversible_vic
vop_roundingtype

vop_fcode (forward
vop_coded

interlaced

camplexity _estimation_disable
yse_intra_dc_vlc

scalability

not_8 bit

bits_per_pixel
colour_primaries
transfer_characteristics
matrix_coefficients

OFRP|FP|O|O|O(O|FR,|O|FR|[FR|[O|O|O|O|(FR]|O

short_video_start_marker : This is a 22-bit start marker containing the value ‘0000 0000 0000 0000 1000 00'. It
isyused to mark the location of a video plane having the short header format. short_video_start_marker shall be

byte aligned by the Insertion of zero t0 seven zero-valued DItS as necessary 10 achieve byte alignment prior to
short_video_start_marker.

temporal_reference : This is an 8-bit number which can have 256 possible values. It is formed by incrementing its
value in the previously transmitted video_plane_with_short_header() by one plus the number of non-transmitted
pictures (at 30000/1001 Hz) since the previously transmitted picture. The arithmetic is performed with only the eight
LSBs.
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split _screen_indicator : This is a boolean signal that indicates that the upper and lower half of the decoded
picture could be displayed side by side. This bit has no direct effect on the encoding or decoding of the video plane.

document_camera_indicator : This is a boolean signal that indicates that the video content of the vop is sourced
as a representation from a document camera or graphic representation, as opposed to a view of natural video
content. This bit has no direct effect on the encoding or decoding of the video plane.

Il_picture_freeze_release : Thisis a boolean signal that indicates that resumption of display updates should be
ctivated if the display of the video content has been frozen due to errors, packet losses, or for some other reason
such as the receipt of a external signal. This bit has no direct effect on the encoding or decoding of thevideo
plane.

source_format : This is an indication of the width and height of the rectangular video plane represénted by the
ideo_plane_with_short_header. The meaning of this field is shown in Table 6-25. Each of these,source formats
has the same vop time increment resolution which is equal to 30000/1001 (approximately 29.97)Hz and the same
vidth:height pixel aspect ratio (288/3):(352/4), which equals 12:11 in relatively prime numbers and which defines a
CIF picture as having a width:height picture aspect ratio of 4:3.

Table 6-25 -- Parameters Defined by source_format Field

source_format Source Format |[vop_width |vop_height num_macrgblocks_in_ num_gobs_in_
value Meaning gob vop

000 reserved reserved reserved reserved reserved

001 sub-QCIF 128 96 8 6

010 QCIF 176 144 11 9

011 CIF 352 288 22 18

100 ACIF 704 576 88 18

101 16CIF 1408 1152 352 18

110 reserved reserved reserved reserved reserved

111 reserved reserved reserved reserved reserved

iicture_coding_type . This bit indicates, the vop_coding_type. When equal to zero, the vop_coding_type is “I”,
nd when equal to one, the vop_coding.itype is “P”".

four_reserved_zero_bits
1ero.

: This is.a four-bit field containing bits which are reserved for future use and equal to

mei: This is a single bit which;, when equal to one, indicates the presence of a byte of psupp data following the pei
it.

psupp : This is amceight bit field which is present when pei is equal to one. The pei + psupp mechanism provides
flor a reserved_method of later allowing the definition of backward-compatible data to be added to the bitstream.
Decoders shall accept and discard psupp when pei is equal to one, with no effect on the decoding of the video
data. The-pe€i and psupp combination pair may be repeated if present. The ability for an encoder to add pei and
psupp te-thé bitstream is reserved for future use.

gob_number, the GOB contains the num_macroblocks_per_gob macroblocks starting with macroblock_number =
gob_number * num_macroblocks_per_gob. The gob_number can either be read from the bitstream or inferred
from the progress of macroblock decoding as shown in the syntax description pseudo-code.

OT—110 oo Ot & v, O &

num_gobs_in_vop : This is the number of GOBs in the vop. This parameter is derived from the source_format as
shown in Table 6-25.
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gob_layer(): This is a layer containing a fixed number of macroblocks in the vop. Which macroblocks which belong
to each gob can be determined by gob_number and num_macroblocks_in_gob.

gob_resync_marker : This is a fixed length code of 17 bits having the value ‘0000 0000 0000 0000 1’ which may
optionally be inserted at the beginning of each gob_layer(). Its purpose is to serve as a type of resynchronization
marker for error recovery in the bitstream. The gob_resync_marker codes may (and should) be byte aligned by
inserting zero to seven zero-valued bits in the bitstream just prior to the gob_resync_marker in order to obtain byte

alignment. The gob_resync_marker shall not be present for the first GOB (for which gob_number = 0).

gob_number : This is a five-bit number which indicates which GOB is being processed in the vop. Its value’may
either be read following a gob_resync_marker or may be inferred from the progress of macroblock decoding. Al
GOBs shall appear in the bitstream of each video_plane_with_short_header(), and the GOBs shall(appear in a
strictly increasing order in the bitstream. In other words, if a gob_number is read from the hitStream after a
gob_resync_marker, its value must be the same as the value that would have been inferred inthe€ absence of th¢
gob_resync_marker.

gob_frame_id : This is a two bit field which is intended to help determine whether the data following
gob_resync_marker can be used in cases for which the vop header of the video_plane "with_short_header() ma
have been lost. gob_frame_id shall have the same value in every,GOB header of a give
video_plane_with_short_header(). Moreover, if any field among ,k the  split_screen_indicator 0
document_camera_indicator or full_picture_freeze release or source_format or picture_coding_type as indicated i
the header of a video_plane_with_short_header() is the same as for the previous transmitted picture in the sam
video object, gob_frame_id shall have the same value as in that previous video_plane_with_short_header().
However, if any of these fields in the header of a certain video_planel with_short_header() differs from that in th
previous transmitted video_plane_with_short_header() of the samevideo object, the value for gob_frame_id in tha
picture shall differ from the value in the previous picture.

— (D P—=S5<<

U7

num_macroblocks_in_gob : This is the number of macroblocks in each group of blocks (GOB) unit. Thi
parameter is derived from the source_format as shown in Table 6-25. The count of stuffing macroblocks is ng
included in this value.

—

short_video_end_marker : This is a 22-bit end ef'sequence marker containing the value ‘0000 0000 0000 000
1111 17'. Itis used to mark the end of a sequence of video_plane_with_short_header(). short_video_end_marker
may (and should) be byte aligned by the insertion of zero to seven zero-valued bits to achieve byte alignment prig
to short_video_end_marker.

=

6.3.5.3 Shape coding

bab_type: This is a variable length code between 1 and 7 bits. It indicates the coding mode used for the bal.
There are seven bab_types.as depicted in Table 6-26 . The VLC tables used depend on the decoding context i.g.
the bab_types of blocks already received. For I-VOPs, the context-switched VLC table of Table B-27 is used. Fo
P-VOPs, B-VOPs, and 'S(GMC)-VOPs , the context switched table of Table B-28 is used.

=

Table 6-26 -- List of bab_types and usage

bab_type | Semantic Used in

0 MVDs==0 && No Update | P,B, and S(GMC)- VOPs
1 MVDs!=0 && No Update | P,B, and S(GMC)-VOPs
2 transparent All VOP types

3 epatte AOP-types

4 intraCAE All VOP types

5 MVDs==0 && interCAE P,B, and S(GMC)-VOPs
6 MVDs!=0 && interCAE P,B, and S(GMC)-VOPs

The bab_type determines what other information fields will be present for the bab shape. No further shape
information is present if the bab_type = 0, 2 or 3. Opaque means that all pixels of the bab are part of the object.
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Transparent means that none of the bab pixels belong to the object. IntraCAE means the intra-mode CAE decoding
will be required to reconstruct the pixels of the bab. No_update means that motion compensation is used to copy
the bab from the previous VOP’s binary alpha map. InterCAE means the motion compensation and inter_mode
CAE decoding are used to reconstruct the bab. MVDs refers to the motion vector difference for shape.

mvds x: This is a VLC code between 1 and 18 blts It represents the honzontal element of the motlon vector

vds_y: This is a VLC code between 1 and 18 bits. It represents the vertical element of the motion vector
ifference for the bab. The motion vector difference is in full integer precision. If mvds_x is ‘0’, then the VLC'table of
Table B-30, otherwise the VLC table of Table B-29 is used.

¢onv_ratio : This is VLC code of length 1-2 bhits. It specifies the factor used for sub-sampling the -16x16 pixel bab.
The decoder must up-sample the decoded bab by this factor. The possible values for this factor@re’ 1, 2 and 4 and
the VLC table used is given in Table B-31.

$can_type : This is a 1-bit flag where a value of ‘0’ implies that the bab is in transposed form i.e. the BAB has been
ﬂransposed prior to coding. The decoder must then transpose the bab back to its originalform following decoding. If
his flag is ‘1’, then no transposition is performed.

:I::nary_arithmetic_code(): This is a binary arithmetic decoder representing the-pixel values of the bab. This code
ay be generated by intra cae or inter cae depending on the bab_type. Cae'decoding relies on the knowledge of
intra_prob[] and inter_prob[], probability tables given in annex B.

énh_bab_type : This is a variable length code between 1 and 3 bits. It indicates the bab coding mode used in

inary shape enhancement layer coding. There are four enh_lab_types as depicted in Table V2 - 3. The VLC
bles used depend on the decoding contexti.e. the bab_types.of blocks in lower reference layer.

Table V2 - 3 -- List of enh~bab_types and usage

enh_bab_type Semantic Used in

0 intra NOT_(¢€ODED P-,B-VOPs
1 intra CODED P-,B-VOPs
2 inter NOT_CODED B- VOPs

3 inter CODED B- VOPs

The enh_bab_type determipes:what other information fields will be present for the bab shape. No further shape
pformation is present if the~enh_bab_type = 0 or 2. NOT_CODED means that motion compensation is used to
opy the bab from the reference bab’s binary alpha map. In intra NOT_CODED mode, the upsampled bab from the
ollocated block in (ower reference layer is used for the reference bab. In inter NOT_CODED mode, motion
ompensated babin\the previous VOP of the current layer is used for the reference bab. And the motion vector of
he collocated blogK in the lower reference layer is used for the motion compensation. Each component of the lower

PN

bab type of Scan InterIeavmg (SI) method ThIS code may be generated by SI decodlng method or inter cae
depending on the enh_bab_type. When enh_bab_type==1, the first decoded value represents the bab type of SI
decoding method ("0": transitional bab, "1": exceptional bab). And the other decoded values represent the pixel
values of the bab. If the bab type of Sl is “transitional bab”, only transitional pixels in the coded-scan-lines are
decoded. Otherwise, for “exceptional bab”, all of the pixels in the coded-scan-lines are decoded. This binary value
decoding relies on the knowledge of enh_bab type prob[], and enh_intra_v_prob[]] and
enh_intra_h_prob[]Jprobability tables given in Annex B. When enh_bab_type==3, this binary arithmetic decoder
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represents the pixel values of the bab. This code is generated by inter cae. This binary value decoding relies on the
knowledge of inter_prob[], probability tables given in Annex B.

6.3.5.4 Sprite coding

warping_mv_code(dmv) : The codeword for each differential motion vector consists of a VLC indicating the length

or the dimy code (amv_lengtn) and a FLC, dimv_Ccode-, With amv_lengtn bits—The codewords are fisted i Taotg
B-33.

brightness_change_factor (): The codeword for brightness_change_factor consists of a variable length” cod
denoting  brightness_change_factor_size and a fix length code, brightness_changexfactor,
brightness_change_factor_size bits (sign bit included). The codewords are listed in Table B-34.

A1%

=)

send_mb():This function returns 1 if the current macroblock has already been transmitted. Othefwise it returns 0.

L=

piece_quant : This is a 5-bit unsigned interger which indicates the quant to be used for a sprite-piece until update
by a subsequent dquant. The piece_quant carries the binary representation of quantizer values from 1 to 31 ip
steps of 1.

piece_width : This value specifies the width of the sprite piece measured in macroblock units.

piece_height : This value specifies the height of the sprite piece measureddn macroblock units.

piece_xoffset : This value specifies the horizontal offset location, measured in macroblock units from the left edg
of the sprite object, for the placement of the sprite piece into the sprite object buffer at the decoder.

1%

piece_yoffset : This value specifies the vertical offset location,\measured in macroblock units from the top edge df
the sprite object.

decode_sprite_piece (): It decodes a selected region of the sprite object or its update. It also decodes th
parameters required by the decoder to properly incorporate the pieces. All the static-sprite-object pieces will b
encoded using a subset of the I-VOP syntax., “And the static-sprite-update pieces use a subset of the P-VOJ
syntax. The sprite update is defined as the:difference between the original sprite texture and the reconstructe
sprite assembled from all the sprite object pieces.

oD

sprite_shape_texture(): For the staticssprite-object pieces, shape and texture are coded using the macroblock laye
structure in I-VOPs. And the static-sprite-update pieces use the P-VOP inter-macroblock syntax -- except tha
there are no motion vectors and'shape information included in this syntax structure. Macroblocks raster scanning i
employed to encode a sprite.piece; however, whenever the scan encounters a macroblock which has been part g
some previously sent sprite'piece, then the block is not coded and the corresponding macroblock layer is empty.

—h U] —~+ —

6.3.6 Macroblock retated

not_coded : This)is a 1-bit flag which signals if a macroblock is coded or not. When set to’'1’ it indicates that

macroblock.is.not coded and no further data is included in the bitstream for this macroblock (with the exception O
alpha data.that may be present). The decoder shall treat this macroblock as ‘inter’ with motion vector equal to zer
and no{DCT coefficient data for P-VOPs, and the decoder shall treat this macroblock as ‘GMC macroblock (i.g.
prediction using the global motion compensated image)’ with no motion vector data and no DCT coefficient data fgr
S(GMC)-VOPs. When set to ‘0’ it indicates that the macroblock is coded and its data is included in the bitstream.

O —h M

mchpc— T s 1S a variabte fergthrcode that s used to derive themacrobtock type—amnd-thetoded btock patterfor
chrominance . It is always included for coded macroblocks. Table B-6 and Table B-7 list all allowed codes for
mcbpc in I-, P-, and S(GMC)- VOPs respectively. The values of the column “MB type” in these tables are used as
the variable “derived_mb_type” which is used in the respective syntax part for motion and texture decoding. In P-
vops using the short video header format (i.e., when short_video_header is 1), mcbpc codes indicating macroblock
type 2 shall not be used.

mcsel: This is a 1-bit flag that specifies the reference image of each macroblock in S-VOPs. This flag is present
only when sprite_enable == “GMC,” vop_coding_type == “S”, and the macroblock type specified by mcbpc is “inter”
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or “inter+q”. mcsel indicates whether the global motion compensated image or the previous reconstructed VOP is
referred to for interframe prediction. This flag is set to ‘1’ when GMC is used for the macroblock, and is set to ‘0’ if
local MC is used. If mcsel = “1”, local motion vectors are not transmitted. The default value for mcsel is ‘1’ (i.e.
prediction using GMC ) when sprite_enable == “GMC,” vop_coding_type == “S”, and not_coded == ‘1".

ac_pred_flag : This is a 1-bit flag which when set to ‘1’ indicates that either the first row or the first column of ac
coefficients are differentially coded for intra coded macroblocks.

¢bpy: This variable length code represents a pattern of non-transparent luminance blocks with at least one /on
intra DC transform coefficient, in a macroblock. Table B-8 — Table B-11 indicate the codes and the correspanding
patterns they indicate for the respective cases of intra- and inter-MBs.

dguant: This is a 2-bit code which specifies the change in the quantizer, quant, for I-, P-, and S(GMC)-VOPs.
Table 6-27 lists the codes and the differential values they represent. The value of quant liesn frange of 1 to
avantprecision 1 - it the value of quant after adding dquant value is less than 1 or exceeds 2™*"-2%9°"_1 it shall be
¢orrespondingly clipped to 1 and 2™%™-""*“*°".1 "If quant_precision takes its default value of 5y.the range of allowed
alues for quant is [1:31].

Table 6-27 -- dquant codes and corresponding values

dquant code value
00 -1
01 -2
10 1
11 2

¢o_located_not_coded : The value of this internal flag is Set to 1 when the current VOP is a B-VOP, the future
eference VOP is a P-VOP, and the co-located macrobloek in the future reference VOP is skipped (i.e. coded as
iot_coded ='1"). Otherwise the value of this flag is set't0' 0. The co-located macroblock is the macroblock which
as the same horizontal and vertical index with the cufrent macroblock in the B-VOP. If the co-located macroblock
lies outside of the bounding rectangle, this macroblock is considered to be not skipped.

Iwodb : This is a variable length code present.ionly in coded macroblocks of B-VOPs. It indicates whether mb_type
nd/or cbpb information is present for a macroblock. The codes for modb are listed in Table B-3.

b_type : This variable length codeiis:present only in coded macroblocks of B-VOPs. Further, it is present only in
hose macroblocks for which one motion vector is included. The codes for mb_type are shown in Table B-4 for B-
OPs for no scalability and in Table B-5 for B-VOPs with scalability. When mb_type is not present (i.e. modb=="1")
1or a macroblock in a B-VOP;the macroblock type is set to the default type. The default macroblock type for the

nhancement layer of spatially scalable bitstreams (i.e. ref_select_code == '00' && scalability = '1") is "forward mc +
D", Otherwise, the default.macroblock type is "direct".

¢bpb: This is a 311e"6 bit code representing coded block pattern in B-VOPSs, if indicated by modb. Each bit in the
¢ode representS_a coded/no coded status of a block; the leftmost bit corresponds to the top left block in the
acroblock..Foreach non-transparent blocks with coefficients, the corresponding bit in the code is set to ‘1’. When

2quam_preC|S|0n 2quant_preC|S|0

-1. If quant_precision takes |ts

exceeds 1, it shall be correspondlngly cllpped to 1 and
default value of 5, the range of allowed values for the quantzer for B-VOPs is [1:31].

132



https://standardsiso.com/api/?name=c00bf09a06e79a178aa2f53ee5076898

©ISO/IEC ISO/IEC 14496-2:1999/Amd.1:2000(E)

Table 6-28 -- dbquant codes and corresponding values

dbquant code value

10 -2
0 0
11 2

coda_i: Thisis a one-bit flag which is set to “1” to indicate that all the values in the grayscale alpha macroblock ar
equal to 255 (AlphaOpaqueValue). When set to “0”, this flag indicates that one or more 8x8 blocks ‘are code
according to cbpa.

1%

1=

—

ac_pred_flag_alpha : This is a one-bit flag which when set to ‘1’ indicates that either the firstrow or the firg
column of ac coefficients are to be differentially decoded for intra alpha macroblocks. It has)the same effect fg
alpha as the corresponding luminance flag.

=

"4

cbpa: Thisis the coded block pattern for grayscale alpha texture data. For I, P, S(GME), and B VOPs, this VLC i
exactly the same as the INTER (P or S(GMC)) cbpy VLC described in Table B-8 —1Table B-11. cbpa is followed b
the alpha block data which is coded in the same way as texture block data. Note>that grayscale alpha blocks wit
alpha all equal to zero (transparent) are not included in the bitstream.

=

coda_pb : This is a VLC indicating the coding status for P, S(GMC), or\B:alpha macroblocks. The semantics ar
given in the table below (Table 6-29). When this VLC indicates that the.alpha macroblock is all opaque, this mean
that all values are set to 255 (AlphaOpaqueValue).

U\

Table 6-29 -- coda_pb codes and-corresponding values

coda_pb Meaning

1 alpha residue all zero

01 alpha macroblock all opaque
00 alpha residue coded

6.3.6.1 MB Binary Shape Coding

bab_type: This defines the coding type of the current bab according to Table B-27 and Table B-28 for intra and
inter mode, respectively.

mvds_x : This defines the Size of the x-component of the differential motion vector for the current bab according t
Table B-29.

o

1=

mvds_y : This defines the size of the y-component of the differential motion vector for the current bab according t
Table B-29 if mvds_x!=0 and according to Table B-30 if mvds_x==0.

—

conv_ratip' : This defines the upsampling factor according to Table B-31 to be applied after decoding the curren
shape-tnformation

1%

scan_type : This defines according to Table 6-30 whether the current bordered to be decoded bab and th

gventuar bordered moton compensdaied Dab Nneed 10 De ransposed

Table 6-30 -- scan_type

scan_type meaning
0 transpose bab as in matrix transpose
1 do not transpose

133


https://standardsiso.com/api/?name=c00bf09a06e79a178aa2f53ee5076898

ISO/IEC 14496-2:1999/Amd.1:2000(E) ©ISO/IEC

binary_arithmetic_code() —This is a binary arithmetic decoder that defines the context dependent arithmetically to
be decoded binary shape information. The meaning of the bits is defined by the arithmetic decoder according to
subclause 7.5.3

B0 and Table V2-31 for P-VOP and B- VOP coding, respectlvely

enh_binary_arithmetic_code() -- This is a binary arithmetic decoder that defines the context dependent
arithmetically to be decoded binary shape information in the enhancement layer. The meaning of the bits is'defined
py the arithmetic decoder according to subclause 7.5.3.

6$.3.6.2 Motion vector

morizontal_mv_data . This is a variable length code, as defined in Table B-12, which is used in motion vector
ecoding as described in subclause 7.6.3.

ertical_mv_data : This is a variable length code, as defined in Table B-12, which’ is used in motion vector
decoding as described in subclause 7.6.3.

horizontal_mv_res idual: This is an unsigned integer which is used in mation vector decoding as described in
subclause 7.6.3. The number of bits in the bitstream for horizontal_my~residual, r_size, is derived from either
op_fcode_forward or vop_fcode_backward as follows;

r_size = vop_fcode_forward - 1 or r_sizé~= vop_fcode_backward - 1
ertical_mv_res idual: This is an unsigned integer whichiis”used in motion vector decoding as described in
subclause 7.6.3. The number of bits in the bitstream fer vertical_mv_residual, r_size, is derived from either
op_fcode_forward or vop_fcode_backward as follows;

r_size = vop_fcode_forward> 1 or r_size = vop_fcode_backward - 1

6.3.6.3 Interlaced Information

ct_type : This is a 1-bit flag indicating*whether the macroblock is frame DCT coded or field DCT coded. If this
lag is set to “1”, the macroblock isfield DCT coded; otherwise, the macroblock is frame DCT coded. This flag is
nly present in the bitstream if the interlaced flag is set to “1” and the macroblock is coded (coded blcok pattern is
on-zero) or intra-coded. Boundary blocks are always coded in frame-based mode.

eld_prediction : This is\a/1-bit flag indicating whether the macroblock is field predicted or frame predicted. This
lag is set to ‘1’ when.the macroblock is predicted using field motion vectors. If it is set to ‘0’ then frame prediction
16x16 or 8x8) will_be_used. This flag is only present when interlaced == ‘1’ for the following types of macrloblocks:

macroblock in.a P*VOP with derived_mb_type < 2; a non-direct mode macrloblock in a B-VOP; or a macroblocks
inh an S (GMC)-VOP with mcsel == ‘0.

rward_top) field_reference : This is a 1-bit flag which indicates the reference field for the forward motion
ompensation of the top field. When this flag is set to ‘0", the top field is used as the reference field. If it is set to ‘1’
hen'\the bottom field will be used as the reference field. This flag is only present in the bitstream if the
ield) prediction flag is set to “1” and the macroblock is not backward predicted.

forward_bottom_field_reference : This is a 1-bit flag which indicates the reference field for the forward motion
compensation of the bottom field. When this flag is set to ‘0’, the top field is used as the reference field. If it is set to
‘1’ then the bottom field will be used as the reference field. This flag is only present in the bitstream if the
field_prediction flag is set to “1” and the macroblock is not backward predicted.

backward_top_field_reference : This is a 1-bit flag which indicates the reference field for the backward motion
compensation of the top field. When this flag is set to ‘0’, the top field is used as the reference field. If it is set to ‘1’
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then the bottom field will be used as the reference field. This flag is only present in the bitstream if the
field_prediction flag is set to “1” and the macroblock is not forward predicted.

backward_bottom_field_reference : This is a 1-bit flag which indicates the reference field for the backward
motion compensation of the bottom field. When this flag is set to ‘0", the top field is used as the reference field. If it
is set to ‘1’ then the bottom field will be used as the reference field.. This flag is only present in the bitstream if the
field_prediction flag is set to “1” and the macroblock is not forward predicted.

6.3.7 Block related

—

intra_dc_coefficient : This is a fixed length code that defines the value of an intra DC coefficient when“the shot
video header format is in use (i.e., when short_video_header is “1"). It is transmitted as a fixed lepgth unsigne
integer code of size 8 hits, unless this integer has the value 255. The values 0 and 128 shall nat,be used — the
are reserved. If the integer value is 255, this is interpreted as a signalled value of 128. The integer value is the
multiplied by a dc_scaler value of 8 to produce the reconstructed intra DC coefficient value.

— =

=R

dct_dc_size_luminance : This is a variable length code as defined in Table B-13 that is' Used to derive the value g
the differential dc coefficients of luminance values in blocks in intra macroblocks.CThis value categorizes th
coefficients according to their size.

1%

dct_dc_differential : This is a variable length code as defined in Table B-15-that is used to derive the value of th
differential dc coefficients in blocks in intra macroblocks. After identifying<4hecategory of the dc coefficient in siz
from dct_dc_size luminance or dct_dc_size chrominance, this value.denotes which actual difference in thg
category occurred.

— (U (U

dct_dc_size_chrominance : This is a variable length code asefined in Table B-14 that is used to derive th
value of the differential dc coefficients of chrominance values.inblocks in intra macroblocks. This value categorize
the coefficients according to their size.

U\

pattern_code[i]: The value of this internal flag is set to.1'if the block or alpha block with the index value i include
one or more DCT coefficients that are decoded using;at least one of Table B-16 to Table B-25. Otherwise the valu
of this flag is set to 0.

A"

6.3.7.1 Alpha block related

dct_dc_size_alpha : This is a variable length code for coding the alpha block dc coefficient. Its semantics are th
same as dct_dc_size_luminance in.Subclause 6.3.7.

\1%

6.3.8 Still texture object

still_textu re_object_start; Code : The still_texture_object_start_code is a string of 32 bits. The first 24 bits ar
‘0000 0000 0000 0000,0000 0001’ and the last 8 bits are defined in Table 6-3.

\1%

texture_tile_statt~code : The texture_tile_start_code is a string of 32 bits. The 32 bits are ‘0000 0000 0000 0000
0000 0001 1100 0001’ in binary. The texture_tile_start code marks the start of a new tile.

tiling_diSable : This field indicates the succeeding bitstream contains a structure of tile when the field is ‘0.

tile_‘width : This is a 15-bit unsigned integer which specifies horizontal size, in pexel unit, of the rectangle. When
texture_object_layer_shape=="00’, this value must be lower than texture_object_layer width and a zero value is

forbidden—Wen texture_object_tayer_widttT s ot a muttitpfe—of tite—widt, thehorizontal—size of tite 1 the tast
column is derived by texture_object_layer width%tile width. When texture_object_layer_shape=='01’, object_width
is used instead of texture_object_layer_width. The value of tile_width shall be divisible by two.

tile_height : This is a 15-bit unsigned integer which specifies vertical size, in pexel unit, of the rectangle. When
texture_object_layer_shape=="00’, this value must be lower than texture_object_layer_height and a zero value is
forbidden. When texture_object_layer_height is not a multilple of tile_height, the vertical size of tile in the last row is
derived by texture_object_layer_height%tile _height. When texture_object_layer _shape=='01', object_height is
used instead of texture_object_layer_height. The value of tile_height shall be divisible by two.
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number_of tiles : This is a 16-bit of unsigned integer specifying the number of tiles encoded in this bitstream.
When texture_object_layer shape=="00’, the value is derived from CEIL(texture_object_layer width=+tile_width) *
CElL(texture_object_layer_height+tile_height), where CEIL() rounds up to the nearest integer. When
texture_object_layer _shape=="01’, the value is derived from CEIL(object_width=+tile_width)  *
CEIL(object_height+tile_height).

tiling_jump_table_enable : This field indicates the succeeding bitstream contains a size of bitstream for _each tile

vhen the field is ‘1’.

tile_size_high : This is a left part of 16-bit of a unsigned integer in 32-bit which indicates a size of bitstieam
¢ontaining the corresponding tile in byte unit.

tile_size low : This is a right part of 16-bit of a unsigned integer in 32-bit which indicates a size <Of bitstream
¢ontaining the corresponding tile in byte unit. The real size of bitstream for a certain tileis ‘derived from
‘tile_size_high<<16+tile_size low'.

tile_id : This is given by 16-bits representing one of the values in the range of ‘0000’ to)'FFFF’ in hexadecimal
starting from top-left ended to bottom-right. The field uniquely identifies each tile.

texture_error_res ilien ce_disable : This is a one-bit flag which when set to ‘0" indicates that the Still Texture Object
is operating in error resilience mode.

ﬂ?rget_segment_length . This parameter specifies the minimum numben ef bits in a segment within a packet
efore adding a segment marker.

ﬂ:?code_segment_marker() : This function will decode the arithmetically encoded segment marker. The arithmetic
odel used is the initial model used in decoding type information for the color in which the segment marker is.
Vhen in error free case, a ZTR symbol will be decoded as the.segment marker.

Exture_object_id : This is given by 16-bits representing. @ne of the values in the range of ‘0000 0000 0000 0000’
‘1111 1111 1111 1117’ in binary. The texture_object.id uniquely identifies a texture object layer.

vavelet_filter_type : This field indicates the arithmetic precision which is used for the wavelet decomposition as
the following:

Table 6-31 -- Wavelet type

wavelet_filter_type [ Meaning

0 integer
1 Double float

vavelet_download- s This field indicates if the 2-band filter bank is specificed in the bitstream:

Table 6-32 -- Wavelet downloading flag

wavelet_download | meaning
0 default filters

1 clnm‘ifinrl inbitstream

The default filter banks are described in subclause B.2.2.

wavelet_decomposition_levels : This field indicates the number of levels in the wavelet decomposition of the
texture.
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scan_direction : This field indicates the scan order of AC coefficients. In single-quant and multi-quant mode, if this
flag is "0, then the coefficients are scanned in the tree-depth fashion. If it is "1', then they are scanned in the
subband by subband fashion. In bilevel_quant mode, if the flag is "0’, then they are scanned in bitplane by bitplane
fashion. Within each bitplane, they are scanned in a subband by subband fashion. If it is “1”, they are scanned from
the low wavelet decomposition layer to high wavelet decomposition layer. Within each wavelet decomposition layer,
they are scanned from most significant bitplane down to the least significant bitplane.

start_code_enable : If this flag is enabled ( disable =0; enabled = 1), the start code followed by an ID to~h¢
inserted in to each spatial scalability layer and/or each SNR scalability layer.

texture_object_layer_shape : This is a 2-bit integer defined in Table 6-33. It identifies the shape type of.a textur
object layer.

1%

Table 6-33 -- Texture Object Layer Shape type

texture_object_layer_shape Meaning
00 rectangular
01 binary
10 reserved
11 reserved

quantisation_type : This field indicates the type of quantisation as shown in Table 6-34.

Table 6-34 -- The quantiSation type

guantisation_type Code

single quantizer 01
multi guantizer 10
bi-level quantizer 11

spatial_scalability_levels : This field indicates the number of spatial scalability layers supported in the bitstream.
This number can be from 1 to wavelet- decomposition_levels.

use_default_spatial_scalability- " This field indicates how the spatial scalability levels are formed. If its value i
one, then default spatial scalability is used, starting from (Ya)"(spatial_scalability levels-1)-th of the full resolution u
to the full resolution, where ” is a power operation. If its value is zero, the spatial scalability is specified b
wavelet_layer_index described below.

-~ U

=

wavelet_layer_index: This field indicates the identification number of wavelet_decomposition layer used fo
spatial scalability/ The index starts with O (i.e., root_band) and ends at (wavelet_decomposition_levels-1) (i.e., fu
resolution).

unifornnwavelet_filter : If this field is “1”, then the same wavelet filter is applied for all wavelet layers. If this fiel
is “@.then different wavelet filters may be applied for the wavelet decomposition. Note that the same filters ar
used for both luminance and chromanence. Since the chromanence’s width and height is half that of th
[Uminance, the last wavelet filter applied to the luminance is skipped when the chromanence is synthesized.

o

wavelet_stuffing : These 3 stuffing bits are reserved for future expansion. It is currently defined to be ‘111"

texture_object_layer width : The texture_object layer width is a 15-bit unsigned integer representing the width
of the displayable part of the luminance component in pixel units. A zero value is forbidden.

texture_object_layer_height : The texture_object layer height is a 15-bit unsigned integer representing the
height of the displayable part of the luminance component in pixel units. A zero value is forbidden.
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horizontal_ref : This is a 15-hit integer which specifies, in pixel units, the horizontal position of the top left of the
rectangle defined by horizontal size of object_width. The value of horizontal_ref shall be divisible by two. This is
used for decoding and for picture composition.

vertical_ref : This is a 15-bit integer which specifies, in pixel units, the vertical position of the top left of the
rectangle defined by vertical size of object_height. The value of vertical_ref shall be divisible by two. This is used
for decoding and for picture composition.

bject_width : This is a 15-bit unsigned integer which specifies the horizontal size, in pixel units, of the rectangle
hat includes the object. A zero value is forbidden.

bject_height : This is a 15-bit unsigned integer which specifies the vertical size, in pixel units, of the (rectangle
hat includes the object. A zero value is forbidden.

uant_byte : This field defines one byte of the quantisation step size for each scalability layer,-A zero value is
orbidden. The quantisation step size parameter, quant, is decoded using the function get“param( ): quant =
et _param(7);

ax_bitplanes : This field indicates the number of maximum bitplanes in all three quantization modes.

ﬂexture_tile_type . Thisis a 2-bit integer defined in Table V2 - 4. It identifies the. shape type of a texture object in a
ile when texture_object_layer_shape is “01”".

Table V2 - 4 -- Texture Tile Shape

texture_tile_type Meaning
00 Egrbiden
01 opaque tile
10 Boundary tile
11 Transparent tile

mext_texture_marker ():This function performs.a similar operation as next_start_code(), but for texture_marker.

xture_marker — This is a binary string-of at least 16 zero’s followed by a one ‘0 0000 0000 0000 0001'. It is only
{resent when texture_error_resiliencecdisable flag is set to ‘0’. A texture marker shall only be located immediately
efore a texture packet and aligned-with a byte.
TU_first — This parameter speeifies the number of the first texture unit within the texture packet. This parameter is
glecoded by the function get, param().

TU_last — This parameter specifies the number of the last texture unit within the texture packet. This parameter is
glecoded by the function get_param().

header_extention_code - This is a one-bit flag which when set to ‘1‘ indicates that additional header information
is sent in the'texture packet. This bit must have value 1 in the first packet of a texture object.

rget \segment_length — This parameter specifies the minimum number of bits in a segment within a packet
efore adding a segment marker.

6.3.8.1 Texture Layer Decoding

arith_decode_highbands_td() : This is an arithmetic decoder for decoding the quantized coefficient values of the
higher bands (all bands except DC band) within a single tree block. The bitstream is generated by an adaptive
arithmetic encoder. The arithmetic decoding relies on the initialization of the uniform probability distribution models
described in subclause B.2.2. This decoder uses only integer arithmetic. It also uses an adaptive probability model
based on the frequency counts of the previously decoded symbols. The maximum range (or precision) specified is
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(2716) - 1 (16 bits). The maximum frequency count for the magnitude and residual models is 127, and for all other
models it is 127. The arithmetic coder used is identical to the one used in arith_decode_highbands_bilevel_td().

texture_spatial_layer_start code : The texture_spatial _layer start code is a string of 32 bits. The 32 bits are
‘0000 0000 0000 0000 0000 0001 1011 1111 in binary. The texture_spatial_layer_start code marks the start of a
new spatial layer.

texture_spatial_layer_id : This is given by 5-bits representing one of the values in the range of ‘00000’ to ‘1111.1
in binary. The texture_spatial_layer_id uniquely identifies a spatial layer.

arith_decode_highbands_bb() : This is an arithmetic decoder for decoding the quantized coefficient values of th
higher bands (all bands except DC band) within a single band. The bitstream is generated by @n adaptiv
arithmetic encoder. The arithmetic decoding relies on the initialization of the uniform probability distfibution model
described in subclause B.2.2. This decoder uses arithmetic. It also uses an adaptive probability, model based o
the frequency counts of the previously decoded symbols. The maximum range (or precision) specified is (2"16) -
(16 bits). The maximum frequency count for the magnitude and residual models is 127, and.for all other models it i
127.

L2 N e R v 5 B * Y 7

snr_scalability_levels : This field indicates the number of levels of SNR scalahility supported in this spatig
scalability level.

A=

texture_snr_layer_start code : The texture_snr_layer start code is a string of 32 bits. The 32 bits are ‘000
0000 0000 0000 0000 0001 1100 0000’ in binary. The texture_snr_layer start_code marks the start of a new sn
layer.

=

texture_snr_layer_id : This is given by 5-bits representing one ©f-the values in the range of ‘00000’ to ‘11111’ in
binary. The texture_snr_layer_id uniquely identifies an SNR layer.

NOTE All the start codes start at the byte boundary. Appropriate number of bits is stuffed before any start code t
byte-align the bitstream.

O

all_nonzero : This flag indicates whether some of(the subbands of the current layer contain only zero coefficients.
The value ‘0’ for this flag indicates that one or miore of the subbands contain only zero coefficients. The value ‘1’ fg
this flag indicates the all the subbands contaii;some nonzero coefficients

=

all_zero: This flag indicates whether all-the coefficients in the current layer are zero or not. The value ‘0’ for thi
flag indicates that the layer contains'seme nonzero coefficients. The value ‘1’ for this flag indicates that the laye
only contains zero coefficients, and.therefore the layer is skipped.

U7

=

Ih_zero, hl_zero, hh_zero ;\This flag indicates whether the LH/HL/HH subband of the current layer contains onl
all zero coefficients. The yalue ‘1’ for this flag indicates that the LH/HL/HH subband contains only zero coefficients
and therefore the subBand is skipped. The value ‘0’ for this flag indicates that the LH/HL/HH subband contain
some nonzero coefficients

U = =~

arith_decode_highbands_bilevel_bb() : This is an arithmetic decoder for decoding the quantized coefficien
values of the higher bands in the bilevel _quant mode (all bands except DC band). The bitstream is generated by a
adaptive asrithmetic encoder. The arithmetic decoding relies on the initialization of the uniform probability distributio
models. described. The arith_decode_highbands_bilevel() function uses bitplane scanning, and a differer]
probability model as described in subclause B.2.2. In this mode, The maximum range (or precision) specified i
(2216) - 1 (16 bits). The maximum frequency count is 127. It uses the Ih/hi/hh_zero flags to see if any of th
IH/HL/HH are all zero thus not decoded . For example if In_zero=1 and hh_zero=1 only hl_zero is decoded.

WU =+ = =

arith_decode_highbands_bilevel_td() : This is an arithmetic decoder for decoding the quantized coefficient
values of the higher bands in the bilevel _quant mode (all bands except DC band). The bitstream is generated by an
adaptive arithmetic encoder. The arithmetic decoding relies on the initialization of the uniform probability distribution
models described. The arith_decode_highbands_bilevel() function uses bitplane scanning, and a different
probability model as described in subclause B.2.2. In this mode, The maximum range (or precision) specified is
(2716) - 1 (16 bhits). The maximum frequency count is 127. It uses the Ih/hl/ll_zero flags to see if any of the
LH/HL/HH are all zero thus not decoded. For example if Ih_zero=1 and hh_zero=1 only hl_zero is decoded.
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lowpass_filter_length : This field defines the length of the low pass filter in binary ranging from “0001” (length of
1) to “1111” (length of 15.)

highpass_filter_length : This field defines the length of the high pass filter in binary ranging from “0001” (length of
1) to “1111” (length of 15.)

filter_tap_integer : iel r coefficient in
ecoded from the left most tap to the right most tap order.

filter_tap_float _high: This field defines the left 16 bits of a floating filter coefficient which is defined in 32-bit IEEE
floating format. The filter coefficients are decoded from the left most tap to the right most tap order.

filter_tap_float _low: This field defines the right 16 bits of a floating filter coefficient which is defined.in.32-bit IEEE
floating format. The filter coefficients are decoded from the left most tap to the right most tap order;

integer_scale : This field defines the scaling factor of the integer wavelet, by which the output of each composition
level is divided by an integer division operation. A zero value is forbidden.

mean: This field indicates the mean value of one color component of the texture.

alue is forbidden. The quantization step size parameter, quant_dc, is decoded using the function get_param( ):

uant_dc_byte : This field indicates the quantization step size for one color component of the DC subband. A zero
{uant_dc = get_param(7); where get_param() function is defined in the desgription of band_offset_byte.

band_offset_byte : This field defines one byte of the absolute value of\the parameter band_offset. This parameter
is added to each DC band coefficient obtained by arithmetic deceding. The parameter band_offset is decoded
wising the function get_param( ):

band_offset = -get_param(7);
vhere function get_param() is defined as

int get_param(int nbit)
{
int count = 0O;
int word =0;
int value = 0;
int module = 1<<(nbit);

dof
word="get_next_word_from_bitstream( nbit+1);
value += (word & (module-1) ) << (count * nbit);
count ++;
Ywhile( word>> nbit);
return value;

}

Thedfunction gnf next word from hi'r:’rrnnm( X ) reads the next x hits from the inpl it hitstream

band_max_byte : This field defines one byte of the maximum value of the DC band. The parameter
band_max_value is decoded using function get _param(). The number of maximum bitplanes for DC band is
derived from CEIL(logz(band_max_value+1))

band_max_value = get_param(7);
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arith_decode_dc() : This is an arithmetic decoder for decoding the quantized coefficient values of DC band only.
No zerotree symbol is decoded since the VAL is assumed for all DC coefficient values. This bitstream is generated
by an adaptive arithmetic encoder. The arithmetic decoding relies on the initialization of a uniform probability
distribution model described in subclause B.2.2. The arith_decode_dc() function uses the same arithmetic decoder
as described in arith_decode_highbands_td() but it uses different scanning, and a different probability model (DC).

6 3 8 2 _Shana Ohicct dacoding
Oror—otape-oBiectt g

change_conv_ratio_disable : This specifies whether conv_ratio is encoded at the shape object decoding function.
If it is set to “1” when disable.

sto_constant_alpha : Thisis a 1-bit flag when set to ‘1", the opaque alpha values of the binary mask.are replaced
with the alpha value specified by sto_constant_alpha_value.

sto_constant_alpha_value : This is an 8-bit code that gives the alpha value to replace the-gpaque pixels in th
binary alpha mask. Value ‘0" is forbidden.

\1%

marker_bit : This is one-bit that shall be set to 1. This bit prevents emulation of start codes.

1=

sto_shape_coded_layers: This is a 4-bit unsigned integer to indicate the number of enhancement layers t
contained in the bitstream.

texture_shape_layer_start_code: This is a string of 32 bits. The first,24 bits are ‘0000 0000 0000 0000 0000
0001’ and the last 8 bits ‘1100 0010’ (0xC2). This texture_shape_layer-start code marks the start of a new shap¢
enhancement layer.

texture_shape_layer_id: This is given by a 5-bit number representing one of the values in the range of ‘00000’ tp
‘11111 in binary. The texture_shape_layer_id uniquely identifies a shape spatial layer.

texture_spatial_layer_start_code: This is a string 6f\32 bits. The first 24 bits are ‘0000 0000 0000 0000 0000
0001’ and the last 8 bits ‘1011 1111’ (OxBF). Thig texture_spatial_layer start code marks the start of textur
decoding.

117

texture_spatial_layer_id: This is given by a5-bit number representing one of the values in the range of ‘00000’ tp
‘11117’ in binary. This texture_spatial_layer_id uniquely identifies the start of texture decoding.

shape_base_layer_height_blocks();(This is a function that returns the number of shape blocks in vertical direction
in the base layer. In the case that tiling_disable is ‘1’ object_height will be used for the number. The number i
given by ((object_height>>wavelet_decomposition_levels)+15)/16.

\"2E 2

If tiling_disable is ‘O-\tiling_height will be used instead of object_height. The number is given by
((tile_height>>wavelet ‘decomposition_levels) +15)/16.

shape_base layér-width_blocks(): This is a function that returns the number of shape blocks in horizonts
directions in the-base layer. In the case that tiling_disable is ‘1’ object_width will be used for the number. Th
number is given by ((object_width>>wavelet_decomposition_levels) +15)/16.

1%

If tilingudisable is ‘O’ tiling_width will be used instead of object width. The number is given by
((tilexwidth>>wavelet_decomposition_levels) +15)/16.

bab_type : This is a variable length code of 1-2 bits, It indicates the coding mode used for the bab, There are three
bab_types as depicted in Table 6-35. The VLC tables used depend on the decoding context i.e. the bab_types of
blocks already received.
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Table 6-35 -- List of bab_types and usage

bab_type | Semantic code
2 transparent 10

3 opaque 0

4 intraCAE 11

The bab_type determines what other information fields will be present for the bab shape. No further shape
information is present if the bab_type = 2 or 3. opague means that all pixels of the bab are part of the\object.
ransparent means that none of the bab pixels belong to the object. IntraCAE means the intra-mode CAE decoding
vill be required to reconstruct the pixels of the bab.

g¢onv_ratio : This is VLC code of length 1-2 bhits. It specifies the factor used for sub-sampling the\16x16 pixel bab.
The decoder must up-sample the decoded bab by this factor. The possible values for this factor_are 1, 2 and 4 and
the VLC table used is given in Table B-31.

scan_type : Thisis a 1-bit flag where a value of ‘0’ implies that the bab is in transposed)form i.e. the bab has been
ﬂransposed prior to coding. The decoder must then transpose the bab back to its original form following decoding. If
his flag is ‘1’, then no transposition is performed.

minary_arithmetic_decode(): This is a binary arithmetic decoder representing the pixel values of the bab. Cae
ecoding relies on the knowledge of intra_prob[], probability tables given'in)annex B.

shape_enhanced_layer_height_blocks(): This is a function that returns the number of shape blocks in vertical
directions in the enhancement layer. In the case that tiling_disable is ‘1’, object_height will be used for the number.
If the current coding layer is the L-th layer in the bitstream, thechumber of blocks is given by

((object_height>>(wavelet_decomposition_levels—L~1))+bab_size—1)/bab_size.

If tiling_disable is ‘0’ tiling_height will be used instead of object_height. If the current coding layer is the L-th layer in
the bitstream, the number of blocks is given by

((tile_height>>(wavelet_decomposition levels—L—1))+bab_size—1)/bab_size.

The value of bab_size (size of the coded:bab) is defined in subclause 7.10.6.2.1.
shape_enhanced_layer_width_blocks(): This is a function that returns the number of shape blocks in horizontal
irections in the enhancement layer. In the case that tiling_disable is ‘1’, object_width will be used for the number. If
he current coding layer is the\L-th layer in the bitstream, the number of blocks is given by

((object_width>>(wavelet_decomposition_levels—L-1))+bab_size—1)/bab_size.

If tiling_disable is“0) tiling_width will be used instead of object_width. If the current coding layer is the L-th layer in
the bitstream, the-number of blocks is given by

((tile width>>(wavelet_decomposition_levels—L-1))+bab_size-1)/bab_size.

enhAbinary_arithmetic_decode(): The first decoded value denotes BAB type of Scan Interleaving (SI) method
Sl~bab_type : "0": transitional BAB, "1": exceptional BAB). And the other decoded values represent the pixel

values of the current BAB. It the BAB Is a transitional BAB, only transitional pixels are decoded. Otherwise all of the
pixels are decoded. This binary value decoding relies on the knowledge of SI_bab_type_prob[], enh_intra_v_prob[]
and enh_intra_h_prob], sto_SI_bab_type prob_even][], sto_enh_odd_probQy], sto_enh_even_prob0[],
sto_enh_odd_prob1[], and sto_enh_even_probl[] probability tables given in Annex B.
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6.3.9 Mesh object

mesh_object_start_code : The mesh_object_start _code is the bit string ‘000001BC’ in hexadecimal. It initiates a
mesh object.

6.3.9.1 Mesh object plane

mesh_object_plane_start_code : The mesh_object_plane_start_code is the bit string ‘000001BD’ in hexadecimal.
It initiates a mesh object plane.

is_intra : This is a 1-bit flag which when set to ‘1’ indicates that the mesh object is coded in intra mode. When set
to ‘0’ it indicates that the mesh object is coded in predictive mode.

6.3.9.2 Mesh geometry

mesh_type_code : This is a 2-bit integer defined in Table 6-36. It indicates the type of initial mesh geometry to b
decoded.

1%

Table 6-36 -- Mesh type code

mesh type code | mesh geometry,
00 forbidden
01 uniform
10 Delaunay
11 reserved

nr_of_mesh_nodes_hor : This is a 10-bit unsigned ifteger specifying the number of nodes in one row of a uniform
mesh.

nr_of_mesh_nodes_vert : This is a 10-bit unsigned integer specifying the number of nodes in one column of &
uniform mesh.

mesh_rect_size_hor : This is a 8-hit ‘unsigned integer specifying the width of a rectangle of a uniform mesh
(containing two triangles) in half pixelunits.

=

mesh_rect_size_vert : This is,a 8-bit unsigned integer specifying the height of a rectangle of a uniform mes
(containing two triangles) inshalf pixel units.

triangle_split_code .. This is a 2-bit integer defined in Table 6-37. It specifies how rectangles of a uniform mesh
are split to form triangles.

Table 6-37 -- Specification of the triangulation type

triangle split code Split
00 top-left to right bottom
01 bottom-left to top right
16 aitermatety top-teft to-bottom=right ard-bottomr=teft totop=right
11 alternately bottom-left to top-right and top-left to bottom-right

nr_of _mesh_nodes : This is a 16-bit unsigned integer defining the total number of nodes (vertices) of a (non-
uniform) Delaunay mesh. These nodes include both interior nodes as well as boundary nodes.
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nr_of boundary_nodes : This is a 10-bit unsigned integer defining the number of nodes (vertices) on the
boundary of a (non-uniform) Delaunay mesh.

nodeO_x: This is a 13-bit signed integer specifying the x-coordinate of the first boundary node (vertex) of a mesh
in half-pixel units with respect to a local coordinate system.

. Thisi 13-bit signed in r ifying the y- i f the fir

in half-pixel units with respect to a local coordinate system.

elta_x_len_vlc : This is a variable-length code specifying the length of the delta_x code that follows.) Fhe

elta_x_len_vic and delta_x codes together specify the difference between the x-coordinates of a node ‘(vertex)

nd the previously encoded node (vertex). The definition of the delta_x_len_vic and delta_x codes are)given in
Table B-33, the table for sprite motion trajectory coding.

nd the previously encoded node (vertex) in half pixel units. The number of bits in the bitstream for delta_x is

%elta_x: This is an integer that defines the value of the difference between the x-coordinates(of-a node (vertex)
elta_x_len_vlc.

elta_y len_vic and delta_y codes together specify the difference between the y-coordinates of a node (vertex)
nd the previously encoded node (vertex). The definition of the delta_y len_vic and delta_y codes are given in
Table B-33, the table for sprite motion trajectory coding.

{elta_y_len_vlc . This is a variable-length code specifying the length of the delta)y code that follows. The

nd the previously encoded node (vertex) in half pixel units. The number of bits in the bitstream for delta_y is

Eelta _y: This is an integer that defines the value of the difference between the y-coordinates of a node (vertex)
elta_y len_vlc.

$.3.9.3 Mesh motion

motion_range_code : This is a 3-bit integer defined in Table 6-38. It specifies the dynamic range of motion vectors
in half pel units.

Table 638 -- motion range code

motion.range code motion vector range
1 [-32, 31]

[-64, 63]

[-128, 127]

[-256, 255]

[-512, 511]

[-1024, 1023]

[-2048, 2047]

N|o|jo|~{w|N

mode_motion,_vector_flag : Thisis a 1 bit code specifying whether a node has a zero motion vector. When set to
I’ it indicates that a node has a zero motion vector, in which case the motion vector is not encoded. When set to
‘D', ivindicates the node has a nonzero motion vector and that motion vector data shall follow.

LJIC:ta_IIIV_A_V:b . T:‘IID ;D a vdal iab::-:a Igt:l bUdC dcﬁl I;I IU (tUUCt: ITI Vv;t:l dc:ta_lllv_}\_l CD) t: I VG:UC Uf thc Ul;ffclcl 1T
in the x-component of the motion vector of a node compared to the x-component of a predicting motion vector. The
definition of the delta_mv_x_vlc codes are given in Table B-12, the table for motion vector coding (MVD). The value
delta_mv_x_vlc is given in half pixel units.

delta_mv_x_res : This is an integer which is used in mesh node motion vector decoding using an algorithm

equivalent to that described in the section on video motion vector decoding, subclause 7.6.3. The number of bits in
the bitstream for delta_mv_x_res is motion_range_code-1.
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delta_mv_y vic : Thisis a variable-length code defining (together with delta_mv_y res) the value of the difference
in the y-component of the motion vector of a node compared to the y-component of a predicting motion vector. The
definition of the delta_mv_y vic codes are given in Table B-12, the table for motion vector coding (MVD). The value
delta_mv_y vlc is given in half pixel units.

delta_mv_y res : This is an integer which is used in mesh node motion vector decoding using an algorithm
equivalent to that described in the section on video motion vector decoding, subclause 7.6.3. The number of bits in

the bitstream for delta_mv_y res is motion_range_code-1.

6.3.10 FBA object

fba_object_start code : The fba_object_start code is the bit string ‘000001BA’ in hexadecimal. It ipitiates a FBA
object.

6.3.10.1 FBA object plane header

fba_object_plane_start_code : The fba_frame_start_code is the bit string ‘000001BB’,in hexadecimal. It initiate
a FBA object plane.

U7

is_intra : This is a 1-bit flag which when set to ‘1’ indicates that the FBA object is'Coded in intra mode. When set tp
‘0’ it indicates that the FBA object is coded in predictive mode.

fba_object_mask : This is a 2-bit integer defined in Table 6-40. It¢indicates whether FBA and BAP data ar
present in the FBA_frame.

A1%

Table 6-40 — FBA object mask

mask value Meaning
00 unhused
01 FAP present
10 BAP present
11 both FAP and BAP present

6.3.10.2 FBA object plane data

fap_quant : This is a 5-bit upsigned integer which is the quantization scale factor used to compute the FAPI tabl
step size or DCT fap_scale depending on the fba_object_coding_type. If the fba_object_coding_type is DCT this i
a 5-bit unsigned integer-used as the index to a fap_scale table for computing the quantization step size of DC]
coefficients. The value of fap_scale is specified in the following list:

1 Ul \U

fap_scale[0-3f}={1, 1, 2, 3, 5 7, 8 10, 12, 15 18, 21, 25 30, 35, 42,
50, 60, 72, 87, 105,128, 156, 191, 234, 288, 355, 439, 543, 674, 836, 1039}

=

fap \mask_type : This is a 2-bit integer. It indicates if the group mask will be present for the specified fap group, O
i-the complete faps will be present; its meaning is described in Table 6-42. In the case the type is ‘10’ the ‘0’ bit i

=]

the group mask ndicates imerpotate fap-
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Table 6-42 -- fap mask type

mask type Meaning
00 no mask nor fap
01 group mask
10 group mask’
11 fap

flap_group_mask [group_number]: This is a variable length bit entity that indicates, for a particular group_number
vhich fap is represented in the bitstream. The value is interpreted as a mask of 1-bit fields. A 1-bit field i-the mask
hat is set to ‘1’ indicates that the corresponding fap is present in the bitstream. When that 1-bit field-is 'set to ‘0’ it
ﬂ‘rdicates that the fap is not present in the bitstream. The number of bits used for the fap_group_mask depends on
he group_number, and is given in Table 6-43.

Table 6-43 -- fap group mask bits

No. of bits

2
16
12
8
4

group_number

=Y

OlO|N[([O|O|R~]WIN

l_\
o
N

INFAP[group_number] : This indicates thesnimber of FAPs in each FAP group. Its values are specified in the
following table:

Table 6-44 -- NFAP definition

group_number | NFAP[group_number]

2
16
12

8

4

5

3
10

=Y

Olo|N[([O|O|R~]WIN

4
4

[N
o

fba_suggested_gender : This is a 1-bit integer indicating the suggested gender for the face model. It does not
bind the decoder to display a facial model of suggested gender, but indicates that the content would be more
suitable for display with the facial model of indicated gender, if the decoder can provide one. If
fba_suggested gender is 1, the suggested gender is male, otherwise it is female.

146


https://standardsiso.com/api/?name=c00bf09a06e79a178aa2f53ee5076898

©ISO/IEC ISO/IEC 14496-2:1999/Amd.1:2000(E)

fba_object_coding_type : This is a 1-bit integer indicating which coding method is used. Its meaning is described
in Table 6-39.

Table 6-39 -- fba_object_coding_type

type value Meaning
0 predictive coding
1 DCT

is_i_new_max : This is a 1-bit flag which when set to ‘1" indicates that a new set of maximum range-values for
frame follows these 4, 1-bit fields.

is_i_new_min : This is a 1-bit flag which when set to ‘1’ indicates that a new set of minimum range values for |l
frame follows these 4, 1-bit fields.

A~

is_p_new_max : This is a 1-bit flag which when set to ‘1’ indicates that a new set of imaximum range values for |
frame follows these 4, 1-bit fields.

is_p_new_min : This is a 1-bit flag which when set to ‘1’ indicates that a new set of minimum range values for P
frame follows these 4, 1-bit fields.

=

bap_pred_quant_index: This is a 5-bit unsigned integer used as--the index to a bap_pred_scale table fg
computing the quantisation step size of BAP values for predictive and DCT coding. If fba_object_coding_type i
predictive, the value of bap_pred_scale is specified in the followinglist:

U7

bap_pred_scale[0-31]=
{o, 1, 2, 3, 5 7, 9 11, 14, 17, 20, 238,27, 31, 35, 39, 43, 47, 52, 57, 62, 67, 73,
77, 82, 88, 94, 100, 106, 113, 120, 127}

If the fba_object_coding_type is DCT this is a 5<bit unsigned integer used as the index to a bap_scale table for
computing the quantisation step size of DCT cogfficients. The value of bap_scale is specified in the following list:

bap_scale[0-31]={1, 1, 2, 3, 5.0y, 8, 10, 12, 15, 18, 21, 25 30, 35, 42,
50, 60, 72, 87, ~105, 128, 156, 191, 234, 288, 355, 439, 543, 674, 836, 1039}

bap_mask_type : This 2-bitwvalue determines whether BAPs are transmitted individually or in groups.

bap_mask_type Meaning

00 No BAPs

01 BAPs transmitted in groups
10 reserved

11 BAPs transmitted individually

bap group mask: this is a variable-length mask indicating which BAPs in a group are present in th

\1%

fba_object_plane.

group number jroup name 0. of. bits
1 Pelvis 3
2 Left legl 4
3 Right legl 4
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4 Left leg2 6
5 Right leg2 6
6 Left arm1 5
7 Right arm1 5
8 Left arm2 7
9 Right-arn2 +
10 Spinel 12
11 Spine2 15
12 Spine3 18
13 Spine4 18
14 Spine5 12
15 Left hand1 16
16 Right hand1 16
17 Left hand2 13
18 Right hand2 13
19 Global positioning 6
20 Extensionl 22
21 Extension2 22
22 Extension3 22
23 Extension4 22
24 Extension5 22
bap_is_i_new_max: Thisis a 1-bit flag which when set to {1™indicates that a new set of maximum range values for
| frame follows these 4, 1-bit fields.

ap_is_i_new_min: This is a 1-bit flag which when setto ‘1’ indicates that a new set of minimum range values for |
rame follows these 4, 1-bit fields.

ap_is_p_new_max: Thisis a 1-bit flag which ' when set to ‘1’ indicates that a new set of maximum range values
or P frame follows these 4, 1-bit fields.

bap_is_p_new_min: This is a 1-bit-flag which when set to ‘1’ indicates that a new set of minimum range values for
IP frame follows these 4, 1-bit fields:

$.3.10.3 Temporal Header

is_frame_rate : This.is_a 1-bit flag which when set to ‘1’ indicates that frame rate information follows this bit field.
(Vhen set to ‘0’ no frame rate information follows this bit field.

is_time_code¢) Fhis is a 1-bit flag which when set to ‘1’ indicates that time code information follows this bit field.
(Vhen set t0\'0"'no time code information follows this bit field.

ime~code_seconds as shown in Table 6-41. The parameters correspond to those defined in the IEC standard

me_cade : Thisis a 18-bit integer containing the following: time_code_hours, time_code_minutes, marker_bit and
i
ublication 461 for “time and control codes for video tape recorders”. The time code specifies the modulo part (i.e.

the full second units) of the time base for the current object plane.
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Table 6-41 -- Meaning of time_code

time_code range of value No. of bits Mnemonic
time_code_hours 0-23 5 uimsbf
time_code_minutes 0-59 6 uimsbf
marker bit 1 1 bslbf
time_code_seconds 0-59 6 uimsbf

skip_frames : This is a 1-bit flag which when set to ‘1’ indicates that information follows this bit field that\indicates
the number of skipped frames. When set to ‘0’ no such information follows this bit field.

6.3.10.4 Decode frame rate and frame skip
frame_rate : Thisis an 8 bit unsigned integer indicating the reference frame rate of the sequence.

seconds : This is a 4 bit unsigned integer indicating the fractional reference frame rate. The frame rate if
computed as follows frame rate = (frame_rate + seconds/16).

frequency_offset : This is a 1-bit flag which when set to ‘1’ indicates that thé frame rate uses the NTSC frequenc
offset of 1000/1001. This bit would typically be set when frame_rate =.24,-30 or 60, in which case the resultin
frame rate would be 23.97, 29.94 or 59.97 respectively. When set t0y'0' no frequency offset is present. l.e.
(frequency_offset ==1) frame rate = (1000/1001) * (frame_rate + seconds/16).

—_ <<

number_of frames_to_skip : This is a 4-bit unsigned integer‘indicating the number of frames skipped. If th
number_of_frames_to skip is equal to 15 (pattern “1111") thenanother 4-bit word follows allowing to skip up to 2
frames(pattern “11111110"). If the 8-bits pattern equals “14111111", then another 4-bits word will follow and so on,
and the number of frames skipped is incremented by 30xEach 4-bit pattern of ‘1111’ increments the total number df
frames to skip with 15.

O—D

6.3.10.5 Decode new minmax

=)

i_new_max[j] : Thisis a 5-bit unsigned integer used to scale the maximum value of the arithmetic decoder used i
the | frame.

i_new_min[j] : This is a 5-bit unsighed integer used to scale the minimum value of the arithmetic decoder used if
the | frame.

p_new_max[j] : This is a/5sbit unsigned integer used to scale the maximum value of the arithmetic decoder used i
the P frame.

=}

p_new_min[j] : Thisis a 5-bit unsigned integer used to scale the minimum value of the arithmetic decoder used if
the P frame.

6.3.10.6_{Pecode viseme and expression

viseme_def : Thisis a 1-bit flag which when set to ‘1’ indicates that the mouth FAPs sent with the viseme FAP may
bé.stored in the decoder to help with FAP interpolation in the future.

init_face: This is a 1-bit flag which when set to ‘1’ indicates that the neutral face may be modified within the neutral
face constraints.

express ion_def: This is a 1-bit flag which when set to ‘1’ indicates that the FAPs sent with the expression FAP
may be stored in the decoder to help with FAP interpolation in the future.

149


https://standardsiso.com/api/?name=c00bf09a06e79a178aa2f53ee5076898

ISO/IEC 14496-2:1999/Amd.1:2000(E) ©ISO/IEC

6.3.10.7 Decode viseme_segment and expression_segment

viseme_segment_selectlq[k] : This is the quantized value of viseme_selectl at frame k of a viseme FAP
segment.

viseme_segment_select2q[k] : This is the quantized value of viseme select2 at frame k of a viseme FAP
egment

iseme_segment_blendqg[k] : This is the quantized value of viseme_blend at frame k of a viseme FAP segment;

iseme_segment_deflk] : This is a 1-bit flag which when set to ‘1’ indicates that the mouth FAPs sent with the
iseme FAP at frame k of a viseme FAP segment may be stored in the decoder to help with FAP interpolation in
the future.

iseme_segment_selectlq_diff(k] : This is the prediction error of viseme_selectl at frame K of a viseme FAP
segment.

iseme_segment_select2q_difflk] : This is the prediction error of viseme_select2 at(frame k of a viseme FAP
segment.

iseme_segment_blendqg_diff[k] : This is the prediction error of viseme_blend" at frame k of a viseme FAP
segment.

express ion_segment_selectlq[k] : This is the quantized value of expression_selectl at frame k of an expression
FAP segment.

express ion_segment_select2q[k] : This is the quantized valuetef expression_select2 at frame k of an expression
FAP segment.

eéxpress ion_segment_intensitylg[k] : This is the quaniized value of expression_intensityl at frame k of an
eéxpression FAP segment

express ion_segment_intensity2q(k] : This is_the quantized value of expression_intensity2 at frame k of an
eéxpression FAP segment

express ion_segment_selectlqg_diff(k] ;* This is the prediction error of expression_selectl at frame k of an
eéxpression FAP segment.

express ion_segment_select2q_difffk] : This is the prediction error of expression_select2 at frame k of an
eéxpression FAP segment.

eéxpress ion_segment_intensitylq_diff[k] : This is the prediction error of expression_intensityl at frame k of an
eéxpression FAP segment.

express ion_segment_intensity2q_diff[k] : This is the prediction error of expression_intensity2 at frame k of an
eéxpression FAR segment.

eéxpress ion) segment_init_face[k] : This is a 1-bit flag which indicates the value of init_face at frame k of an
eéxpression FAP segment.

express ion _segment def[k] : This is a 1-bit flag which when set to ‘1’ indicates that the FAPs sent with the

expression FAP at frame k of a viseme FAP segment may be stored in the decoder to help with FAP interpolation
in the future.

6.3.10.8 Decode i_dc, p_dc, and ac
dc_qg: Thisis the quantized DC component of the DCT coefficients. For an intra FAP segment, this component is

coded as a signed integer of either 16 bits or 31 bits. The DCT quantisation parameters of the 68 FAPs are
specified in the following list:
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DCTQP[1-68]={1, 1, 75, 75, 75, 75 75 75 75 75
7.5, 75, 75 15, 15, 15, 15, 5, 10, 10,
10, 10, 425, 425, 425, 425, 5, 5, 5, 5,
75, 75, 75 75 75 75 75 75 20, 20,

20, 20, 10, 10, 10, 10, 255, 170, 255, 255,
75, 75 75 75 75 75 75,6 75 75, 7.5,
15, 15, 15, 15, 10, 10, 10, 10}

For DC coefficients, the quantisation stepsize is obtained as follows:

gstepl[i] =fap_scale[fap_quant_inex] * DCTQPJi] + 3.0

dc_qg_diff : This is the quantized prediction error of a DC coefficient of an inter FAP"segment. Its value i
computed by subtracting the decoded DC coefficient of the previous FAP segment from the DC coefficient of th
current FAP segment. It is coded by a variable length code if its value is within [-255,%255]. Outside this range, it
value is coded by a signed integer of 16 or 32 bits.

U\ Uy

count_of runs : This is the run length of zeros preceding a non-zero AC coefficient.

=

ac_q[i][next] : This is a quantized AC coefficients of a segment of FARI> For AC coefficients, the quantisatio
stepsize is three times larger than the DC quantisation stepsize and is-Obtained as follows:

gstep[i] =fap_scale[fap_quant_inex] * DCTQPIJi]

BAPs are decoded using the same process. For BAPs, DCT/quantization parameters (DCTQP[i]) have the sam¢
value as BAP predictive coding step sizes as defined inAnnex C.

6.3.10.9 Decode bap min max

bap_i_new_max[i] — This is a 5-bit unsigned integer used to scale the maximum value of the arithmetic decodefr
used in the | frame.

bap_i_new_min[i] — This is a 5-bit-unsigned integer used to scale the minimum value of the arithmetic decode
used in the | frame.

=

bap_p_new_max[i] — This is a-5-bit unsigned integer used to scale the maximum value of the arithmetic decodefr
used in the P frame.

bap_p_new_min[i] -=—This is a 5-bit unsigned integer used to scale the minimum value of the arithmetic decodefr
used in the P frame:

6.3.11 3D Mesh Object

6.3.11.3./ 3D_Mesh_Object

3D. MO_start_code : This is a unique 16-bit code that is used for synchronization purpose. The value of this cod
is’always ‘0000 0000 0010 0000’

\1%

6.3.11.2 3D_Mesh_Object_Layer

3D_MOL_start_code: This is a unique 16-bit code that is used for synchronization purposes. The value of this
code is always ‘0000 0000 0011 0000'.

mol_id : This 8-bit unsigned integer specifies a unique id for the mesh object layer. Value 0 indicates a base layer,
and value larger than 0 a refinement layer. The first 3D_Mesh_Object Layer immediately after a
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3D_Mesh_Object_Header must have mold_id=0, and subsequent 3DMesh_Object Layer's within the same
3D_Mesh_Object must have mold_id>0.

ce_SNHC_n_vertices: This is the number of vertices in the current resolution of the 3D mesh. Used to support
computational graceful degradation.

e SNHC n_tria nales: This is the number of triangles in the current resolution of the 3D mesh. Used to support

¢omputational graceful degradation.

¢e_SNHC _n_edges: This is the number of edges in the current resolution of the 3D mesh. Used to support
¢omputational graceful degradation.

$.3.11.3 3DMesh_Object_Base_Layer

r

3D_MOBL_start_code : This is a code of length 16 that is used for synchronization purposesolIt also indicates
three different partition types for error resilience.

Table V2 - 5 -- Definition of partition type information

3D_MOBL_start_code |partition type Meaning

‘0000 0000 0011 0001’ | partition_type O One or more groups of vg, tt and td.
‘0000 0000 0011 0011" | partition_type 1 One or more\wgs

‘0000 0000 0011 0100" | partition_type 2 One pair-of tt and td.

mobl_id : This 8-bit unsigned integer specifies a unique id for theymesh object component.
one_bit : This boolean value is always true. This value is uséd for byte alignment.

last_component : This boolean value indicates ifthére are more connected components to be decoded. If
last_component is ‘1’, then the last component has 'been decoded. Otherwise there are more components to be
glecoded. This field is arithmetic coded

¢odap_last_vg - This boolean value indicates if the current vg is the last one in the partition. The value is false if
there are more vgs to be decoded in thefpartition.

¢odap_vg_id: This unsigned integer indicates the id of the vertex graph corresponding to the current simple
olygon in partition_type_2. The length of this value is a log scaled value of the vg_number of vg decoded from the
irevious partition_type_ 1. Ifthere is only one vg in the previous partition_type 1,

¢odap_left_bloop_idx: /~~This unsigned integer indicates the left starting index, within the bounding loop table of a
¢onnected component;, for the triangles that are to be reconstructed in a partition. The length of this value is the log
scaled value of thezsize of the bounding loop table.

¢odap_right_bloop_idx:  This unsigned integer indicates the right starting index, within the bounding loop table of
@ connected ‘component, for the triangles that are to be reconstructed in a partition. The length of this value is the
log scaled.value of the size of the bounding loop table.

¢adap_bdry pred: This boolean value denotes how to predict geometry and photometry information that are in

MY ks LE &l laal &l H ‘40 il Ferata ol Lo &l P &l H ol
CUTTITTUTT Wit two UT TTTOTC Jartitturio. 1 LuUldpy_ DUty PJIcu o L, UTC TCOoNuiTuU vuuTiuary pJrecurcuaurT TIToutT 15 USTU,

otherwise, the extended boundary prediction mode is used.

6.3.11.4 3DMesh_Object_Header
ccw : This boolean value indicates if the vertex ordering of the decoded faces follows a counter clock-wise order.

convex : This boolean value indicates if the model is convex.
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solid : This boolean value indicates if the model is solid.

creaseAngle: This 6-bit unsigned integer indicates the crease angle.

6.3.11.5 coord_header

caardbindina—Thic 2 hit ynciana a1 atac tha h ac ha 210 mach Toahla \/D
ToTC— Vv =

n o H ntacarindic ndina-af vartay caordinat 1ot
COOTO oM oiTig——— T o~z Ot oriSigrc O T tC gt T oiCotC St oo g O v C e A CO0TOmatC S tothiC oo e o+

6 shows the admissible values for coord_binding ..

Table V2 - 6 -- Admissible values for coord_binding

coord_binding binding

00 forbidden

01 bound_per_vertex
10 forbidden

11 forbidden

coord_bbox : This boolean value indicates whether a bounding box is provided'for the geometry. If no bounding
box is provided, a default bounding box is used. The default bounding” box is defined as coord_xmin =(,
coord_ymin =0, coord_zmin =0, and coord_size =1.

coord_xmin , coord_ymin , coord_zmin : These floating point valuesiindicates the lower left corner of the bounding
box in which the geometry lies.

coord_size : This floating point value indicates the size of the-bounding box.

coord_quant : This 5-bit unsigned integer indicates the guantisation step used for geometry. The minimum value df
coord_quant is 1 and the maximum is 24.

coord_pred_type : This 2-bit unsigned integer, indicates the type of prediction used to reconstruct the verte
coordinates of the mesh. Table V2 - 7 shows the*admissible values for coord_pred_type.

Table V2 «7-t- Admissible values for coord_pred_type

coord_pred” type prediction type

00 no_prediction

0F forbidden

10 parallelogram_prediction
11 reserved

coord_nlambda’ : This 2-bit unsigned integer indicates the number of ancestors used to predict geometry. The onl
admissible~value of coord_nlambda is 3. Table V2 - 8 shows the admissible values as a function ¢
coord.pred_type.

=

Table V2 - 8 -- Admissible values for coord_nlambda as a function of coord_prediction type

coord_pred_type | coord_nlambda

00 not coded
10 3
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coord_lambda : This signed fixed-point number indicates the weight given to an ancestor for prediction. The
number of bits used for this field is equal to coord_quant + 3. The 3 leading bits represent the integer part, and the
coord_quant remaining bits the fractional part.

6.3.11.6 normal_header

notmalbindina— Thic 2 hit tincianad mntanar indicatac tha hindina af narmalc ta tha 20 mach Tha admiccihla
[FeorrHet—BeHHg— S Prt—omSigRe aHhe ger—hareate SHEe—mMemg— e iattS—to—tHe—So—HeSH—rHRe—aarSSere

alues are described in Table V2 - 9.

Table V2 - 9 -- Admissible values for no rmal_binding

normal_binding binding

00 not_bound

01 bound_per_vertex
10 bound_per_face
11 bound_per_corner

mormal_bbox: This boolean value should always be false (‘0’).

ormal_quant : This 5-bit unsigned integer indicates the quantisation step used.for normals. The minimum value of
ormal_quant is 3 and the maximum is 31.

ormal_pred_type : This 2-bit unsigned integer indicates how normal‘values are predicted. Table V2 - 10 shows
he admissible values, and Table V2 - 11 shows admissible values as a function of normal_binding.

Table V2 - 10 -- Admissible values.for normal_pred_type

normal_pred_type prediction type

00 no >prediction

01 tree_prediction

10 parallelogram_prediction
11 reserved

Table V2 - 11 -- Admissible combinations of normal_binding and normal_pred_type

npormal_binding normal_pred_type

not_bound not coded

bound_per_vertex | no_prediction, parallelogram_prediction
bound_per_face no_prediction, tree_prediction
bound_per_corner | no_prediction, tree_prediction

ormal’nlambda : This 2-bit unsigned integer indicates the number of ancestors used to predict normals.
dmissible values of normal_nlambda are 1, 2, and 3. Table V2 - 12 shows admissible values as a function of

1 PN
nuritial_Jrcu_typJc.

154


https://standardsiso.com/api/?name=c00bf09a06e79a178aa2f53ee5076898

©ISO/IEC ISO/IEC 14496-2:1999/Amd.1:2000(E)

Table V2 - 12 -- Admissible values for normal_nlambda as a function of normal_prediction type

normal_pred_type normal_nlambda
no_prediction not coded
tree_prediction 1,2,3
parallelogram_prediction 3

=3

normal_lambda : This signed fixed-point indicates the weight given to an ancestor for prediction. The number o
bits used for normal_lambda is (normal_quant-3)/2+3. The 3 leading bits represent the integer part; and th
normal_quant remaining bits the fractional part.

1%

6.3.11.7 color_header

color_binding : This 2 bit unsigned integer indicates the binding of colors to the 3D mesh. Fable V2 - 13 shows th
admissible values.

A1%

Table V2 - 13 -- Admissible values for color_binding

color_binding Binding

00 not_bound

01 bound_per_vertex
10 bound_per_face
11 bound_per_corner

—

color_bbox : This boolean indicates if a bouding box for-colors is given. If no bounding box is provided, a defau
bounding box is used. The default bounding box is defined as color_rmin =0, color_gmin =0, color_bmin =0, and
color_size =1.

color_rmin , color_gmin , color_bmin : These,floating point values give the position of the lower left corner of th
bounding box in RGB space.

\1%

color_size : This floating point value gives the size of the color bounding box.

color_quant : This 5-bit unsigned’integer indicates the quantisation step used for colors. The minimum value gf
color_quant is 1 and the maximum is 16.

color_pred_type : This 2-bit unsigned integer indicates how colors are predicted. Table V2 - 14 shows th
admissible values, and Table V2 - 15 shows admissible values as a function of color_binding.

\1%

Table V2 - 14 -- Admissible values for color_pred_type

color_pred_type prediction type

00 no_prediction

01 tree_prediction

10 parallelogram_prediction
11 reserved
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Table V2 - 15 -- Admissible combinations of color_binding and color_pred_type

color_binding color_pred_type

not_bound not coded

bound_per_vertex | no_prediction, parallelogram_prediction
bound_per face no_prediction, tree_prediction
bound_per_corner | no_prediction, tree_prediction

¢olor_nlambda : This 2-bit unsigned integer indicates the number of ancestors used to predict normals. Admissible
alues of color_nlambda are 1, 2, and 3. Table V2 - 16 shows admissible values as a function of
mormal_pred_type.

Table V2 - 16 -- Admissible values for color_nlambda as a function of color_predictiontype

color_pred_type color_nlambda
no_prediction not coded
tree_prediction 1,2,3
parallelogram_prediction 3

¢olor_lambda : This signed fixed-point indicates the weight given to ar-ancestor for prediction. The number of bits
sed for this field is equal to color_quant + 3. The 3 leading bits represent the integer part, and the normal_quant
emaining bits the fractional part.

$.3.11.8 texCoord_header

texCoord_binding : This 2 bit unsigned integer indicates‘the binding of texture coordinates to the 3D mesh. Table
2 - 17 describes the admissible values.

Table V2 - 17 -- Admissible values for texCoord_binding

texCoord_binding Binding

00 not_bound

01 bound_per_vertex
10 forbidden

11 bound_per_corner

exCoord_bbox : @hiS boolean value indicates if a bounding box for texture coordinates is given. If no bounding
pox is provided; ‘a”default bounding box is used. The default bounding box is defined as texCoord_umin =0,

texCoord_quant : This 5-bit unsigned integer indicates the quantisation step used for texture coordinates. The
minimum value of texCoord_quant is 1 and the maximum is 16.

texCoord_pred_type : This 2-bit unsigned integer indicates how colors are predicted. Table V2 - 18 shows the
admissible values, and Table V2 - 19 shows admissible values as a function of texCoord_binding.
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Table V2 - 18 -- Admissible values for texCoord_pred_type

texCoord_pred_type prediction type

00 no_prediction

01 forbidden

10 parallelogram_prediction
11 reserved

Table V2 - 19 -- Admissible combinations of texCoord_binding and texCoord_pred_type

texCoord_binding texCoord_pred_type

not_bound not coded
bound_per_vertex no_prediction, parallelogram_prediction
bound_per_corner no_prediction, tree_prediction

texCoord_nlambda : This 2-bit unsigned integer indicates the number of ancestors used to predict normals.
Admissible values of texCoord_nlambda are 1, 2, and 3. Table V2 - 20 shows admissible values as a function df
texCoord_pred_type.

Table V2 - 20 -- Admissible values for texCoord_nlambda as a function of texCoord_prediction type

texCoord_pred_type texCoard_nlambda
not_prediction not coded
tree_prediction 1,2, 3
parallelogram_prediction 3

=R

texCoord_lambda : This signed fixed-point indiCates the weight given to an ancestor for prediction. The number d
bits used for this field is equal to texCoordi-quant + 3. The 3 leading bits represent the integer part, and th
texCoord_quant remaining bits the fractignal part.

\1%

6.3.11.9 ce_SNHC_header

ce_SNHC_n_proj_surface_spheres : The number of Projected Surface Spheres. Typically, this number is equal tp
1.

ce_SNHC_x_coord (center_point : The x-coordinate (in 32-bit IEEE floating point format) of the center point
(typically the gravityypoint of the object) of the Projected Surface Sphere.

ce_SNHC_y.‘coord_center_point : The y-coordinate (in 32-bit IEEE floating point format) of the center point
(typically the, gravity point of the object) of the Projected Surface Sphere.

ce_SNHC_z coord_center_point : The z-coordinate (in 32-bit IEEE floating point format) of the center point
(typically the gravity point of the object) of the Projected Surface Sphere.

ce—SNHCTormatized—screen—distance—factor——Thisindicates where—thevirtuat-screen—splaced; compared-t
the radius of the Projected Surface Sphere. The distance between the center point of the Projected Surface Sphere
and the virtual screen is equal to ce_ SNHC _radius/( ce_SNHC _normalized_screen_distance_factor+1). Note that
ce_SNHC radius is specified for each Projected Surface Sphere, while
ce_SNHC _normalized_screen_distance_factor is specified only once.

ce_SNHC radius: The radius (in 32-bit IEEE floating point format) of the Projected Surface Sphere.
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ce_SNHC_min_proj_surface : The minimal projected surface value (in 32-bit IEEE floating point format) on the
corresponding Projected Surface Sphere. This value is often (but not necessarily) equal to one of the
ce_SNHC _proj_surface values.

ce_SNHC_n_proj_points : The number of points on the Projected Surface Sphere in which the projected surface
will be transmitted. For all other points, the projected surface is determined by linear interpolation.
ce_SNHC n proj points is typically small (e.q. 20) for the first Projected Surface Sphere and very small (e.q. 3) for
dditional Projected Surface Spheres.

¢e_SNHC_sphere_point_coord : This indicates the index of the point position in a octahedron, as explained”in
‘linverse quantisation” section (see subclause 7.13.8.4).

¢e_SNHC_proj_surface : The projected surface (in 32-bit IEEE floating point format) in the point Specified by
be SNHC_sphere_point_coord.

$.3.11.10 connected component

mas_stitches : This boolean value indicates if stitches are applied for the current connecied component (within itself
r between the current component and connected components previously decoded) This'field is arithmetic coded.

$.3.11.11 vertex_graph

g_simple : This boolean value indicates if the current vertex graph iscSimple. A simple vertex graph does not
¢ontain any loop. This field is arithmetic coded.

g_last : This boolean value indicates if the current run is the last ‘run starting from the current branching vertex.
This field is not coded for the first run of each branching vertex; i.e. when the skip_last variable is true. When not
¢oded the value of vg_last for the current vertex run is considered to be false. This field is arithmetic coded.

g_forward_run : This boolean value indicates if the curfent run is a new run. If itis not a new run, it is a previously
traversed run, indicating a loop in the graph . This fieldds arithmetic coded.

g_loop_index : This unsigned integer indicatessthe index of run to which the current loop connects. Its unary
:Iepresentation (see Table V2 - 21) is arithmetic coded. If the variable openloops is equal to vg_loop_index , the
railing ‘1’ in the unary representation is omitied.

Table V2 - 21+~ Unary representation of the vg_loop_index field

vg_loop_index unary representation

1

01

001
0001
00001
000001
0000001

OO~ |WIN|[FR]|O

openloops-1 openloops-1 0's

vg_run_length : This unsigned integer indicates the length of the current vertex run. Its unary representation (see
Table V2 - 22) is arithmetic coded.
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Table V2 - 22 -- Unary representation of the vg_run_length field

vg_run_length unary representation
1

01

001

0001

00001

000001

0000001

00000001

n-1 0's followed by 1

Zzlo|~N|o|o|s]lw[d]-

vg_leaf : This boolean value indicates if the last vertex of the current run is a leaf vertex.lIfi jt is not a leaf vertex, it is
a branching vertex. This field is arithmetic coded.

vg_loop : This boolean value indicates if the leaf of the current run connects to'a branching vertex of the graph,
indicating a loop. This field is arithmetic coded.

6.3.11.12 stitches

stitch_cmd : This boolean value indicates if a stitching command ‘ef the type PUSH, POP or GET is associated tp
the current vertex. This field is arithmetic coded.

stitch_pop_or_get : This boolean value indicates if a stitching command of the type POP or GET is associated tp
the current vertex. This field is arithmetic coded.

stitch_pop : This boolean value indicates if a stitching command of the type POP is associated to the current
vertex. This field is arithmetic coded.

stitch_stack_index : This unsigned integer\value indicates the depth in the anchor stack where the anchor whic
the current vertex will be stitched to is located. This field is arithmetic coded.

=

stitch_incr_length : This integer value indicates the incremental length of the current stitch that must be added or
subtracted to the length that is currently stored at the anchor. This field is arithmetic coded.

stitch_incr_length_sign  ~This boolean value indicates if the stitch_incr_length is negative. This field is arithmeti
coded.

)

stitch_push : Thistboolean value indicates if the current vertex must be pushed into the stack of anchors. This field
is arithmetic coded.

stitch_reverse : This boolean value indicates whether the current vertex must be stitched to its anchor using &
reverse-stitch as opposed to a forward stitch which is the default behavior. This field is arithmetic coded

stitch~length : This unsigned integer value. This field is arithmetic coded.

6.3.11.13 triangle_tree
branch_position: This integer variable is used to store the last branching triangle in a partition.

tt_run_length : This unsigned integer indicates the length of the current triangle run. Its unary representation (see
Table V2 - 23) is arithmetic coded.
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Table V2 - 23 -- Unary representation of the tt_run_length field

tt_run_length unary representation
1

01

001

=Y

0001

00001

000001

0000001

00000001

n-1 O's followed by 1

Zlo|~N|o|lo[sa]w|d

tt_leaf : This boolean value indicates if the last triangle of the current run is a leaf triangle. If it.is not a leaf triangle, it
is a branching triangle. This field is arithmetic coded.

triangulated : This boolean value indicates if the current component contains trianglés only. This field is arithmetic
¢oded.

arching_triangle: This boolean value is determined by the position~0f*the triangle in the triangle tree. If
arc hing_triangle is 0, the triangle is a leaf or a branch. Otherwise, the triangle is a run.

arc hing_edge is false, it stands for a march to the left, otherwise it stands for a march to the right. This field is

?farching_edge: This boolean value indicates the marching €dge of an edge inside a triangle run. If
rithmetic coded.

polygon_edge : This boolean value indicates whether therbase of the current triangle is an edge that should be
kept when reconstructing the 3D mesh object. If the base of the current triangle is not kept, the edge is discarded.
This field is arithmetic coded.

¢odap_branch_len : This unsigned integer indi€ates the length of the next branch to be traversed. The length of
this value is the log scaled value of the size-of the bounding loop table.

$.3.11.14 triangle

td_orientation: This boolean value informs the decoder the traversal order of tt/td pair at a branch. This field is
arithmetic coded. Table V2 --24-shows the admissible values.

Table V2 - 24 -- Admissible values for td_orientation

td_orientation  traversal order

0 right branch first
1 left branch first

isited: This variable indicates if the current vertex has been visited or not. When codap_bdry pred is ‘1’, visited is

troe for the vertices visited T the current partition. However, Wherm codap_pdry_pred—1s 0, VisSited 1S true for the
vertices visited in the previous partitions as well as in the current partition.

vertex_index: This variable indicates the index of the current vertex in the vertex array.
no_ancestors: This boolean value is true if there are no ancestors to use for prediction of the current vertex.

coord_bit : This boolean value indicates the value of a geometry bit. This field is arithmetic coded.
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coord_leading_bit : This boolean value indicates the value of a leading geometry bit. This field is arithmetic coded.
coord_sign_bit : This boolean value indicates the sign of a geometry sample. This field is arithmetic coded.
coord_trailing_bit : This boolean value indicates the value of a trailing geometry bit. This field is arithmetic coded.

normal bit : This boolean value indicates the value of a normal bit. This field is arithmetic coded

normal_leading_bit : This boolean value indicates the value of a leading normal bit. This field is arithmetic coded.
normal_sign_bit : This boolean value indicates the sign of a normal sample. This field is arithmetic coded:
normal_trailing_bit : This boolean value indicates the value of a trailing normal bit. This field is arithmetic coded.
color_bit : This boolean value indicates the value of a color bit. This field is arithmetic coded,

color_leading_bit: This boolean value indicates the value of a leading color bit. This field is arithmetic coded.
color_sign_bit : This boolean value indicates the sign of a color sample. This field is:arithmetic coded.
color_trailing_bit : This boolean value indicates the value of a trailing color bit. This field is arithmetic coded.

texCoord_bit : This boolean value indicates the value of a texture bit. This field is arithmetic coded.

)

texCoord_leading_bit : This boolean value indicates the value of\a” leading texture bit. This field is arithmeti
coded.

texCoord_sign_bit : This boolean value indicates the sign-of\a texture sample. This field is arithmetic coded.

texCoord_trailing_bit : This boolean value indicates thevalue of a trailing texture bit. This field is arithmetic coded

6.3.11.15 3DMeshObject_Refinement_Layer

3D_MORL_start_code : This is a unique 16-bit code that is used for synchronization purpose. The value of this
code is always ‘0000 0000 0011 0010'.

morl_id : This 8-bit unsigned integer.specifies a unique id for the forest split component.

connectivity_update: This 2-bit variable indicates whether the forest split operation results in a refinement of the
connectivity of the mesh ornot.

Table V2 - 25 -- Admissible values for connectivity_update

connectivity _update meaning

00 not_updated
01 fs_update
10 reserved

11 reserved

pre_smoothing : This boolean value indicates whether the current forest split operation uses a pre-smoothing step
to globally predict vertex positions.

post_smoothing : This boolean value indicates whether the current forest split operation uses a post-smoothing
step to remove quantisation artifacts.

stuffing_bit : This boolean value is always true.
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other_update : This boolean value indicates whether updates for vertex coordinates and properties associated with
faces and corners not incident to any tree of the forest follow in the bitstream or not.

other_update : this boolean value indicates whether updates for vertex coordinates and properties associated with
faces and corners not incident to any tree of the forest follow in the bitstream or not.

2.1 oo
=o T

1 E 1 nr aaothino naranmatarc
1451 pre—swmeothing—pararmeters
pre_smoothing_n : This integer value indicates the number of iterations of the pre-smoothing filter.
pre_smoothing_lambda : This float value is the first parameter of the pre-smoothing filter.

pre_smoothing_mu : This float value is the second parameter of the pre-smoothing filter.

$.3.11.15.2 post_smoothing_parameters
post_smoothing_n : This integer value indicates the number of iterations of the pre-smaothirng filter.
post_smoothing_lambda : This float value is the first parameter of the pre-smoothingfilter.

post_smoothing_mu : This float value is the second parameter of the pre-smoGthing filter.

$.3.11.15.3 fs_pre_update

pfs_forest_edge : This boolean value indicates if an edge should be-added to the forest built so far.

$.3.11.15.4 smoothing_constraints

$mooth_with_sharp_edges : This boolean value indicates'if data is included in the bitstream to mark smoothing
$iscontinuity edges or not. If sharp_edges ==0 no edge,is marked as a smoothing discontinuity edge. If smoothing
iscontinuity edges are marked, then both the pre-smoothing and post-smoothing filters take them into account.
gmooth_with_fixed_vertices : This boolean wdlue indicates if data is included in the bitstream to mark vertices
vhich do not move during the smoothing process. If smooth_with_fixed_vertices ==0 all vertices are allowed to
move. If fixed vertices are marked, then both the pre-smoothing and post-smoothing filters take them into account.

s$mooth_sharp_edge : This boolean’ value indicates if a corresponding edge is marked as a smoothing
gliscontinuity edge.

$mooth_fixed_vertex : This.boolean value indicates if a corresponding vertex is marked as a fixed vertex or not.
$.3.12 Upstream message

©.3.12.1 upstieam_message

ypstream{message_type : This 3-bit value indicates the type of the upstream information as shown in Table V2 -
26. Thesmeaning of each upstream type is as follows:

video_newpred: This upstream message conveys the decoding status of the receiver (decoder) for the

NEWPRED mMode. The NEWPRED 15 the error resifience 0ot by Sefecting the Teference picture of the Mmter-
frame coding according to the error condition of the network. This upstream message shows whether the
decoder decode the forward video data correctly or not. This message returns corresponding to the VOP or
Video Packet of the forward video data. Which type of message is required for the encoder is indicated in
requested_upstream_message_type in the VOL header of the downstream data. The decoder definitions of
NEWPRED are described in subclauses 7.14 and E.1.6.
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SNHC_QoS: This upstream message conveys some information that reveals to the encoder (server) the
performances of the decoder w.r.t. decoding and rendering 3D objects with different parameter settings, i.e. with
a varying number of triangles, different screen coverages of the rendered objects and different rendering
modes. Using this information, the encoder can restrict the 3D content to the capabilities of the decoder, using
for instance mesh simplification and/or rendering mode selection.

TableV2=26—Meanngof upstream_message_type
upstream_message_type meaning
000 reserved
001 video_newpred
010 SNHC_QoS
011-111 reserved

6.3.12.2 upstream_video_newpred

1=

newpred_upstream_message_type : This indicates whether the corresponding WP segment is correctly decode
or not. Which type of message is required for the encoder is indicated in requested_upstream_message_type in th
VOL header of the downstreamdata. In the other case, this indicates requesting intra refresh.

1%

00: NP_NACK. It indicates the erroneous decoding of the NP segment.
01: NP_ACK. It indicates the correct decoding of the NP segmernt,

10: Intra refresh command.

11: Reserved.

unreliable_flag : This field presents only if newpred_upstream_message_type is ‘NP_NACK'. The unreliable_flag i
set to 1 when a reliable value of vop_id is not available at the decoder. (When the NP segment is erred, a reliabl
vop_id may not be available at the decoder. On:the other hand, a reliable vop_id is available, when the decode
cannot decode due to the luck of the reference picture.)

— W UJ

0O: reliable
1: unreliable

vop_id : When the newpred_upstream_message_type is ‘NP_NACK’ or ‘NP_ACK’, this indicates the ID of VOF
which is incremented by 1 whenever a VOP is encoded. The vop_id is copied from the vop_id field of the N
segment header in the cafresponding forward channel data when the reliable vop_id is available. Otherwise, it may
happen in the case of (NP_NACK that the vop_id is incremented by 1 from the reliable vop_id of the previously
received NP segment'in the same location of the current NP segment.

When the newpred upstream_message_type is ‘Intra refresh command’, this indicates the ID of Intra refresh whic
is incremented, by 1 whenever new refresh is required. The length of this field is 4 bits in the Intra refresh case. |
the case that Intra refresh command is repeatedly returned for the same error until the proper action correspondin
to the previous Intra refresh command reaches, this ID is set to the same number as the previous Intra refres
command.

[ i\ > g g

macr oblock_number : The macroblock_number is the macroblock address of the start of the corresponding NF

segment or the refresh area.

end_macroblock_number : This field is present only when the newpred_upstream_message_type is ‘Intra refresh
command’. The end_macroblock_number is the macroblock address of the end of the refresh area.

requested_vop_id_for_prediction : This field is present only if newpred_upstream_message_type is ‘NP_NACK'.

This indicates the requested vop_id of the NP segment for reference by the decoder. Typically it is the vop_id of the
last correctly decoded NP segment in the same location of the current NP segment.

163


https://standardsiso.com/api/?name=c00bf09a06e79a178aa2f53ee5076898

ISO/IEC 14496-2:1999/Amd.1:2000(E) ©ISO/IEC

6.3.12.3 upstream_SNHC_QoS
screen_ width : Screen width used during the calibration process. screen_width is expressed in number of pixels.
screen_height : Screen height used during the calibration process. screen_height is expressed in number of pixels.

n_rendering modes :n rendering modes is the number of rendering modes for which information is transmitted

endering_mode_type : rendering_mode_type is the kind of rendering used during the calibration process fer.a
larticular performance curve. The different rendering types are coded according to the following table.

Table V2 - 27 -- Meaning of rendering_mode_type

rendering_mode_type  Rendering mode

0000 Wire-framed

0001 Flat shading

0010 Smooth shading

0011 Texture rendering
0100-1111 Reserved for later use

Mm_curves : n_curves is the number of performance curves transmitted for'‘ane particular rendering mode.
triangle_parameter : triangle_parameter is the number of triangles inyunits of 64 triangles.

M_points_on_curve : n_points_on_curve is the number of points’specified for one particular performance curve.
$creen_coverage_parameter : screen_coverage_ parameter is the number of pixels, expressed in percentage of
the screen size. 0x00 corresponds to 0%, while OxXFE,corresponds to 100%. All other points are determined by
linear interpolation.

frame_rate_value : frame_rate_value is the frame rate for one particular point on one particular curve. For

achieving enough precision, 12 bits are used-*“The 8 Most Significant Bits represent the integer value, the 4 Least
$ignificant Bits represent the fractional value.

T The visual decoding process

This clause specifies the [decoding process that the decoder shall perform to recover visual data from the coded
{itstream. As shown in. Figure 7-1, the visual decoding process includes several decoding processes such as

hape-motion-texture- decoding, still texture decoding, mesh decoding, and face decoding processes. After
ecoding the codedhitstream, it is then sent to the compositor to integrate various visual objects.

164


https://standardsiso.com/api/?name=c00bf09a06e79a178aa2f53ee5076898

©ISO/IEC ISO/IEC 14496-2:1999/Amd.1:2000(E)

FBA
Decoding
Still Texture
Decoding
Mesh
> Decoding
B —>
Entropy || » 10 N
—| Decoding Texture Compo sition
and Visual » Decoding >
Demux
Motion _I
Conpensation
Decoding = |
Shape _‘[
Decoding
Figure 7-1 -- A high level view of basic visuahdecoding;
specialized decoding such as scalable, sprite and error res ilient decoding are not shown

In subclauses 7.1 through 7.9 the VOP decoding process is specified in which shape, motion, texture decodin
processes are the major contents. The still texture object decoding is described in subclauses 7.10. Subclause 7.1
includes the mesh decoding process, and subclause 7.12 features the face object decoding process. The output g
the decoding process is explained in subclause 7.13.

= O

7.1 Video decoding process

This subclause specifies the decoding process:that a decoder shall perform to recover VOP data from the codegl
video bitstream.

With the exception of the Inverse Discrete Cosine Transform (IDCT) the decoding process is defined such that a
decoders shall produce numericallycidentical results. Any decoding process that produces identical results to th
process described here, by definition, complies with this part of ISO/IEC 14496.

D

The IDCT is defined statistically such that different implementations for this function are allowed. The IDCT
specification is given in annex A.

=

Figure 7-2 is a diagram of the Video Decoding Process without any scalability feature. The diagram is simplified fg
clarity. The samedecoding scheme is applied when decoding all the VOPs of a given session

U7

NOTE Throughout this part of ISO/IEC 14496 two dimensional arrays are represented as name[q][p] where ‘q’ i
the index in~the vertical dimension and ‘p’ the index in the horizontal dimension.
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Figure 7-2 -- Simplified Video Decoding Process

The decoder is mainly composed of three .patts: shape decoder, motion decoder and texture decoder. The
fleconstructed VOP is obtained by combiningthe decoded shape, texture and motion information.

T.2 Higher syntactic structures

The various parameters and flags in the bitstream for VideoObjectLayer(), Group_of VideoObjectPlane(),
ideoObjectPlane(), video_plane with_short_header(), macroblock() and block(), as well as other syntactic
structures related to them_shall be interpreted as discussed earlier. Many of these parameters and flags affect the
Iecoding process. Once allthe macroblocks in a given VOP have been processed, the entire VOP will have been

econstructed. In case_thé bitstream being decoded contains B-VOPSs, reordering of VOPs may be needed as
iscussed in subclause 6.1.3.7.

T.3 VOP reconstruction

The luminance and chrominance values of a VOP from the decoded texture and motion information are
fleconstructed as follows:

In.case of INTRA, m:‘mrnl"\lnr‘l(c7 the luminance and chrominance values f[y][v] from-the decoded texture data

form the luminance and chrominance values of the VOP: d[y][x] = f[y][X].

2. In case of INTER macroblocks, first the prediction values p[y][x] are calculated using the decoded motion
vector information and the texture information of the respective reference VOPs. Then, the decoded texture
data f[y][x] is added to the prediction values, resulting in the final luminance and chrominance values of the

VOP: dly][x] = plyl[x] + flyl[x]
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3. Finally, the calculated luminance and chrominance values of the reconstructed VOP are saturated so that

EQbilsiperipixel _ l, d[y] [x] > 2bils7per7pixel _ l

D ) .
dlyllx]= y1lx] 0 < d[y][x] < 2% rer-rel —1
!Dﬁ); d[y][x]<0

7.4 Texture decoding

This subclause describes the process used to decode the texture information of a VOP. The process of videp
texture decoding is given in Figure 7-3.

QFS[n]
PQF[v][u] Reconstructed VOP
Coded Data  [yariable Inverse Scan
—— *[Length
Decoding YOP Memory
X N
sl Decoded Pels
Inverse DC & Inverse Inverse Motion
AC Prediction Quantization * DCT /Cr Compensation >
/ / 00— Upsampling * /
T A
Fv][u . '
O[] [VIfu] TR S HE R

:
vop_reduced resolution

Figure 7-3 -- Video Texture Decoding Process

NOTE- If flag ‘sadct_disable’ in the header of VideoObjectLayer() is set to ‘0’, some standard texture decodin
techniqgues from version 1 are modified. In 8x8<blocks with at least one transparent and opaque pel, standar
inverse DCT (clause 7.4.5) is replaced by inverse shape adaptive DCT (SA-DCT). The number of SA-DC]
coefficients in such a block is equal to the nimber of opaque pels. Only after BAB decoding, it is known to whic
8x8-blocks inverse SA-DCT is applied. Fhe usage of inverse SA-DCT in such blocks implies modifications in th
processes “Inverse Scan” (clause 7.3,2)y"Inverse AC Prediction” (clause 7.3.3.3) and “Inverse DCT” (clause 7.3.5
whereas the processing in the remaining blocks of Figure 7-3 keeps unmodified. The processing of inverse SA
DCT additionally depends on ‘mbytype’; i.e.: different types of SA-DCT processing are used in intra- and intef
coded blocks (see clause 7.3.5),

D= oo

7.4.1 Variable length deeoding

This subclause explains the decoding process. Subclause 7.4.1.1 specifies the process used for the DC
coefficients (n=0))in an intra coded block. (n is the index of the coefficient in the appropriate zigzag scan order).

Subclause 7¢41°2 specifies the decoding process for all other coefficients; AC coefficients (7 #0) and DC
coefficients\in non-intra coded blocks.

7.4.131DC coefficients decoding in intra blocks

Differential DC coefficients in blocks in intra macroblocks are encoded as variable length code denoting

dct_dc_size as defined in Table B-13 and Table B-14 in annex B, and a fixed Tength code dct_dc_differential
(Table B-15). The dct_dc_size categorizes the dc coefficients according to their “size”. For each category additional
bits are appended to the dct_dc_size code to uniquely identify which difference in that category actually occurred
(Table B-15). This is done by appending a fixed length code, dct_dc_differential, of dct_dc_size bits. The final value
of the decoded dc coefficient is the sum of this differential dc value and the predicted value.

When short_video_header is 1, the dc coefficient of an intra block is not coded differentially. It is instead
transmitted as a fixed length unsigned integer code of size 8 bits, unless this integer has the value 255. The values
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0 and 128 shall not be used — they are reserved. If the integer value is 255, this is interpreted as a signaled value
of 128.

7.4.1.2 Other coefficients

The ac coefficients are obtained by decoding the variable length codes to produce EVENTs. An EVENT is a

. this is the last nonzero coefficient in this block), the number of successive zeros preceding the coded
(oefficient (RUN), and the non-zero value of the coded coefficient (LEVEL).

t\r\mhlh'\hr\n r\'F a |'\t‘+ ROR-ZEK6 r\nr\'F'Flr\lnnf |nr~hnn+|nn L I\C'I' “!'\”- thara ara mara nan—zara oonfficiantc 1n thic hinasl
= e T e T O e O e r o C ot T ere It ot o ootk

(Vhen short_video header is 1, the most commonly occurring EVENTS are coded with the variable length~codes
iven in Table B-17 (for all coefficients other than intra DC whether in intra or inter blocks). The last bit “s”denotes
he sign of level, “0” for positive and “1” for negative.

(Vhen short_video_header is 0, the variable length code table is different for intra blocks and:inter blocks. The

ost commonly occurring EVENTS for the luminance and chrominance components of intra blocks in this case are
ecoded by referring to Table B-16. The most commonly occurring EVENTSs for the luminance and chrominance
¢omponents of inter blocks in this case are decoded by referring to Table B-17. The lastchit “s” denotes the sign of
level, “0” for positive and “1” for negative. The combinations of (LAST, RUN, LEVEL) not represented in these
tables are decoded as described in subclause 7.4.1.3.

T7.4.1.3 Escape code

Many possible EVENTS have no variable length code to represent them~ln order to encode these statistically rare
¢ombinations an Escape Coding method is used. The escape codes of DCT coefficients are encoded in five
modes. The first three of these modes are used when short_video ‘header is 0 and in the case that the reversible
LC tables are not used, and the fourth is used when short_video. header is 1. In the case that the reversible VLC
bles are used, the fifth escape coding method as in Table B-23 is used. Their decoding process is specified
elow.

Type 1 : ESC is followed by “0”, and the code following ESC + "0” is decoded as a variable length code using the
standard Tcoef VLC codes given in Table B 16 and-Table B-17, but the values of LEVEL are modified following
decoding to give the restored value LEVEL®, as folfows:

LEVEL®= sign(LEVEL") x [ abs( LEVEL") + LMAX ]

vhere LEVEL" is the value after variable length decoding and LMAX is obtained from Table B-19 and Table B-20
as a function of the decoded values of RUN and LAST.

Type 2 : ESC is followed by “10”, and the code following ESC + “10” is decoded as a variable length code using the
standard Tcoef VLC codes given'in Table B-16 and Table B-17, but the values of RUN are modified following
decoding to give the restoredvalue RUN?®, as follows:

RUNS=RUN" + (RMAX + 1)

vhere RUN" is the V/alue after variable length decoding. RMAX is obtained from Table B-21 and Table B-22 as a
unction of the de¢oded values of LEVEL and LAST.

ype 3 : ESC{s-followed by “11”, and the code following ESC + “11” is decoded as fixed length codes. This type of
scape codes are represented by 1-bit LAST, 6-bit RUN and 12-bit LEVEL. A marker bit is inserted before and after
he 12-bit-lEVEL in order to avoid the resync_marker emulation. Use of this escape sequence for encoding the
ombinations listed in Table B-16 and Table B-17 is prohibited. The codes for RUN and LEVEL are given in Table

yp p p y
followmg ESC are decoded as fixed length codes represented by 1-bit LAST, 6-bit RUN and 8-bit LEVEL The
values 0000 0000 and 1000 000 for LEVEL are not used (they are reserved). The codes for RUN and LEVEL are
given in Table B-18 a and c.
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7.4.1.4 Intra dc coefficient decoding for the case of switched vic encoding

At the VOP layer, using quantizer value as the threshold, a 3 bit code (intra_dc_vic_thr) allows switching between 2
VLCs (DC Intra VLC and AC Intra VLC) when decoding DC coefficients of Intra macroblocks, see Table 6-21.

NOTE When the intra AC VLC is turned on, Intra DC coefficients are not handled separately any more, but treated
the same as all other coefficients. That means that a zero Intra DC coefficient will not be coded but will simpl

increase the run for the following AC coefficients. The definitions of mcbpc and cbpy in subclause 6.3.6 @t¢
changed accordingly.

7.4.2 Inverse scan

This subclause specifies the way in which the one dimensional data, QFS[n] is converted into atwo-dimensions
array of coefficients denoted by PQF[v][u] where u and v both lie in the range of 0 to 7. Let the data at the output g
the variable length decoder be denoted by QFS[n] where n is in the range of O to 63. Three scan patterns ar
defined as shown in Figure 7-4. The scan that shall be used is determined by the following method. For intr
blocks, if acpred_flag=0, zigzag scan is selected for all blocks in a macroblock. Otherwise, DC prediction directio
is used to select a scan on block basis. For instance, if the DC prediction refers to theyhorizontally adjacent blocK
alternate-vertical scan is selected for the current block. Otherwise (for DC prediction referring to vertically adjacer
block), alternate-horizontal scan is used for the current block. For all other blocks, the 8x8 blocks of transform
coefficients are scanned in the “zigzag” scanning direction.

- M (U —h —

—

0O |1 |2 |3 [10 (11 |12 |13 6 |20 |22 |36 (38 (|52 1 (5 |6 |14 |15 |27 |28

4 |5 (8 [9 |17 |16 |15 |14 4 |7 |13 (16 [26 |29 |42

19 (24 |34 {40 |50 |54 8 |12 |17 |25 (30 |41 |43

0 |4 0
1 |5 |7 |21 |23 |37¢397|53 2
6 |7 |19 |18 |26 |27 |28 |29 2 |8 3
3 |9 9

20 (21 |24 |25 |30 (31 |32 |33 18 |25 |35741 (51 |55 11 |18 |24 |31 (40 |44 |53

22 |23 |34 |35 |42 |43 |44 |45 10 |17 |26 |(30r|42 |46 |56 |60 10 |19 |23 |32 |39 |45 |52 |54

36 |37 |40 |41 [46 (47 |48 |49 11 (16 |\27~|31 |43 |47 |57 |61 20 |22 |33 |38 [46 |51 |55 |60

38 |39 |50 |51 [56 (57 |58 |59 12 (15428 |32 |44 |48 |58 |62 21 |34 |37 |47 |50 |56 |59 |61

52 |53 |54 |55 |60 (61 |62 |63 13 [14 |29 |33 |45 |49 (59 |63 35 |36 |48 |49 |57 |58 |62 |63

Figure 7-4 -- (a) AlternatesHorizontal scan  (b) Alternate-Vertical scan (c) Zigzag scan

The inverse scan pattern from Figure 7-4 represent a conversion from the one-dimensional array ‘QFS[n]’ to two
dimensional array ‘PQF[v[u]l. This conversion can be expressed as follows where the array
‘inv_scan_u[scan_type][n}~and ‘inv_scan_v[scan_type][n]’ denote the u- and v-components of the selected invers
scan path from Figure 7-4:

-0 1

for (n=0; n<64¢n++)
PQF[iny~scan_v[scan_type][n]][inv_scan_u[scan_type][n]] = QFS[n];

U7

If ‘sadct_disable’ is set to ‘0’, this conversion is modified for those 8x8-blocks in which the number of opaque pels i
less than 64:

if ((video_object_layer!="rectangular”) && (sadct_disable==0) &&
(opaque_pels<64)) {
coeff_count=0;

for (M=UTTI<0Z; ||'r'r){
PQF[inv_scan_v[scan_type][n]][inv_scan_u[scan_type][n]]=0;
if (coeff_width[inv_scan_v[scan_type][n]] > inv_scan_u[scan_type][n]) {
PQF[inv_scan_v[scan_type][n]][inv_scan_u[scan_type][n]]=
QFSJcoeff_count];
coeff_count++;
}
}
}
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NOTES -

1 After finalization of modified inverse scan the maximal number of non-zero SA-DCT coefficients (see parameter
‘coeff_count’) equals to ‘opaque_pels’. It is absolutely necessary to keep this constraint by setting PQF[v][u] to zero at
positions where SA-DCT coefficients are not defined. A non-zero value at these undefined positions of PQF[v][u] would
confuse subsequent AC prediction.

2 The permitted values of elements in arrays ‘inv_scan_u[scan_type][n]’, ‘inv_scan_v [scan_type][n]’ and ‘coeff_width[v]’

TH— £ Ot
ncmnmrararigc muinr U itu 7.

Apart from the usage of inverse SA-DCT in clause 7.3.5 and slight modifications in clause 7.3.3.3 (inverse AC predicion)

the further processing of ‘PQF[V][u]’ is independent of the setting of flag ‘sadct_disable’ and keeps unmodified.for

‘sadct_disable=0'.

The above definition of the modified inverse scan requires an auxiliary array ‘coeff  width[v]’ which has to be
erived from the decoded BAB. It indicates the number of SA-DCT coefficients which are available in each

$articular row of PQF[V][u]. See Annex A (subclause A.3.1) for detalils.

7.4.3 DC and AC prediction for intra macroblocks

This subclause specifies the prediction process for decoding of coefficients. This prediction process is only carried
ut for intra-macroblocks (I-MBs) and when short_video_header is “0”. When shor{video_header is “1” or the
acroblock is not an I-MB, this prediction process is not performed.

T.4.3.1 DC and AC Prediction Direction

This adaptive selection of the DC and AC prediction direction is based on-comparison of the horizontal and vertical
DC gradients around the block to be decoded. Figure 7-5 shows the three blocks surrounding the block to be
ecoded. Block ‘X', ‘A’, ‘B’ and ‘C’ respectively refer to the current block, the left block, the above-left block, and the
lock immediately above, as shown.

Y Macroblock

Figurey7-5 -- Previous neighboring blocks used in DC prediction

The inverse quantized BC-values of the previously decoded blocks, F[O][0], are used to determine the direction of
the DC and AC prediction as follows.

if (|F,[0][Q]5F[O][0]| < |F:[0][0] - F[O][0]])
predict from block C
else

predict from block A

If any of the blocks A, B or C are outside of the VOP boundary, or the video packet boundary, or they do not belong
to an intra coded macroblock, their F[0][0] values are assumed to take a value of 2°-*"**2 and are used to
compute the prediction values.
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7.4.3.2 Adaptive DC Coefficient Prediction

The adaptive DC prediction method involves selection of either the F[0][0] value of immediately previous block or
that of the block immediately above it (in the previous row of blocks) depending on the prediction direction
determined above.

if (predict from block C)

QF,[0][0] = PQF,[0][0] + F.[0][O] // dc_scaler
else
QF,[0][0] = PQF,[0][0] + F,[Q][0] // dc_scaler

dc_scalar is defined in Table 7-1. This process is independently repeated for every block of a macroblock using th
appropriate immediately horizontally adjacent block ‘A’ and immediately vertically adjacent black ‘C’.

1%

DC predictions are performed similarly for the luminance and each of the two chrominanec€ components.

7.4.3.3 Adaptive ac coefficient prediction

This process is used when ac_pred_flag = ‘1’, which indicates that AC predietion is performed when decoding th
coefficients.

\17%

Either coefficients from the first row or the first column of a previpus-coded block are used to predict the co-sited
coefficients of the current block. On a block basis, the best direction (from among horizontal and vertical directiong
for DC coefficient prediction is also used to select the diréction for AC coefficients prediction; thus, within
macroblock, for example, it becomes possible to predictyeach block independently from either the horizontall
adjacent previous block or the vertically adjacent previous block. The AC coefficients prediction is illustrated i
Figure 7-6.

p==4

——

BN
i /%/%/%/%/%/%

- —

Macroblock

Figure 7-6 -- Previous neighboring blocks and coefficients used in AC prediction

To compensate for differences in the quantisation of previous horizontally adjacent or vertically adjacent blocks
used in AC prediction of the current block, scaling of prediction coefficients becomes necessary. Thus the
prediction is modified so that the predictor is scaled by the ratio of the current quantisation stepsize and the
guantisation stepsize of the predictor block. The definition is given in the equations below.

171


https://standardsiso.com/api/?name=c00bf09a06e79a178aa2f53ee5076898

ISO/IEC 14496-2:1999/Amd.1:2000(E) ©ISO/IEC

If block ‘A’ was selected as the predictor for the block for which coefficient prediction is to be performed, calculate
the first column of the quantized AC coefficients as follows.

QF,[V][0] = PQF,[V][O] + (QF,[V][O] * QP,) Il QP v=1to7

If block ‘C’ was selected as the predictor for the block for which coefficient prediction is to be performed, calculate
the first row of the quantized AC coefficients as follows.

QF,[0][u] = POF,[0][u] + (QF[O][u] * QP) I QP u=1to7

If the prediction block (block ‘A" or block 'C") is outside of the boundary of the VOP or video packet, then.all the
prediction coefficients of that block are assumed to be zero.

(Vhen AC coefficient prediction is used in conjunction with ‘sadct_disable=0’, the results of AC prediction has to be
post-processed by shape parameters. This shape-adaptive post-processing takes care that those elements of
‘RF[VI[uU]', which are not defined in SA-DCT and which should be zero therefore, are again.sét to zero after AC
prediction. An auxiliary array ‘coeff_ width[v]’ which has to be derived from the decoded BAB (see subclause A.3.1
in Annex A for details) is used for this purpose: in column ‘u=0" (‘A’-predictor) or in row ‘v=0" (‘C’-predictor) all
e¢lements of ‘QF[v][u]’ with ‘coeff width[v] = 0’ or ‘u >= coeff_width[0] are set to zero afte AC prediction

7.4.3.4 Saturation of QF[v][u]

The quantized coefficients resulting from the DC and AC Prediction are saturated to lie in the range [-2048, 2047].
Thus:

q 2047 QF [V][u] > 2047
QF[V][u]= MF[M[u -2048< QF [Viili] < 2047
H -2048 QF [V][ (< =2048

T.4.4 Inverse quantisation

The two-dimensional array of coefficients, QAW[u], is inverse quantised to produce the reconstructed DCT

¢oefficients. This process is essentially a multiplication by the quantiser step size. The quantiser step size is
odified by two mechanisms; a weighting matrix is used to modify the step size within a block and a scale factor is

}-‘sed in order that the step size can be_modified at the cost of only a few bits (as compared to encoding an entire
ew weighting matrix).

QFMIY F VL P[] FVIL
Inverse _
Quantisatior Saturatio Nggrrr]‘t?gfh
Arithmetic

A

guant_scale_code

Wiw][vI[u]
Figure 7-7 -- Inverse quantisation process
Figure 7-7 illustrates the overall inverse quantisation process. After the appropriate inverse quantisation arithmetic

the resulting coefficients, F'{V][u], are saturated to yield F[V][u] and then a mismatch control operation is performed
to give the final reconstructed DCT coefficients, F[V|[u].
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NOTE Attention is drawn to the fact that the method of achieving mismatch control in this part of ISO/IEC 14496 is
identical to that employed by ISO/IEC 13818-2:1996.

7.4.4.1 Firstinverse quantisation method

This subclause specifies the first of the two inverse quantisation methods. The method described here is used

when-guant—type-eadals—
o coatctso—=

—type
7.4.4.1.1 Intra dc coefficient

The DC coefficients of intra coded blocks shall be inverse quantised in a different manner to all other coefficients.
In intra blocks F’10][0] shall be obtained by multiplying @AO0][0] by a constant multiplier,

The reconstructed DC values are computed as follows.

F’10][0] = dc_scaler* QFQ][0]

When short_video_header is 1, dc_scaler is 8, otherwise dc_scaler is defined in Table 7-1.

7.4.4.1.2 Other coefficients

All coefficients other than the DC coefficient of an intra block shall be inverse quantised as specified in thi
subclause. Two weighting matrices are used. One shall be used fotintra macroblocks and the other for non-intr
macroblocks. Each matrix has a default set of values which may.be overwritten by down-loading a user define
matrix.

o007

Let the weighting matrices be denoted by Ww][V][u] where w takes the values 0 to 1 indicating which of th
matrices is being used. W(][V][4] is for intra macroblocks, and W I][V][4] is for non-intra macroblocks. The value g
quantiser_scale is determined by vop_quant, dquapt, ‘'dbquant, and quant_scale for luminance and chrominance
and additionally by vop_quant_alpha for grayscale alpha. For example, the value of quantiser scale for luminanc
and chrominance shall be an integer from 1 to 31 when not_8 bit == ‘0’. The following equation specifies th
arithmetic to reconstruct FTV][u] from QFV][up(for all coefficients except intra DC coefficients).

—h (U

o

. 0, if OFwlf] = 0

O (2 XQFV][u] +k) x Wwllvlul X quantiser  scale) / 16, if QF[v][u] #0
where :

£ vlful=

0 intra blocks
OSign(QFv][#]) non -intra blocks

NOTE The above-eguation uses the “/” operator as defined in subclause 4.1.

7.4.4.2 Second inverse quantisation method

This subelause specifies the second of the two inverse quantisation methods. . The method described here is use
for all-the coefficients other than the DC coefficient of an intra block when quant_type==0. In the second invers
guantisation method, the DC coefficient of an intra block is quantized using the same method as in the first invers
guantisation method (see subclause 7.4.4.1.1). The quantisation parameter quantiser_scale may take intege

rals fropn 4 to AQUANL PIECISION 4 —rp ) o i i o b i e Aol b ki gl oty ol

= (D (D X

‘vu.lu\.,q murTt L U o = ") LAY \.1qu rouULTuTT QL\.;'JQII_\- o \4\.1UMI L\J [AUAVA I | |y l.’uulll.ldl‘l SOUUIC,.
7.4.4.2.1 Dequantisation

L0, if QFv][u] =0,
|F "Iv] [u]| = E(2 X |QF [v] [u]| +1) X quantiser _scale, if OF[v][u] £ 0, quantiser _scale is odd,
%2 x |QF [v] [u]| +1) xquantiser _scale—1, if QF[v][u]Z0, quantiser _scale is even.
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The sign of QA V][4] is then incorporated to obtain FTV[u]: F'{V[u]= Sign(QFAV[u])x|F'TvVI[u]|

7.4.4.3 Nonlinear inverse DC quantisation

NOTE This subclause is valid for both quantisation methods.

as type 2. When shorf_vide(;_header is 1, the inverse quantisation of DC intra coefficients-is
g¢quivalent to using a fixed value of dc_scaler = 8, as described above in subclause 7.4.1.1.

41 DC coefficients of Type 1 blocks are quantized by Nonlinear Scaler for Type 1

{1 DC coefficients of Type 2 blocks are quantized by Nonlinear Scaler for Type 2

Table 7-1 specifies the nonlinear dc_scaler expressed in terms of piece-wise linear characteristics:

Table 7-1 -- Non linear scaler for DC coefficients of DCT blocks,
expressed in terms of relation with quantizer_scale

Component:Type dc_scaler for quantiser_scale range

1 through 4 |5 through 8 D through 24 >E 25
Luminance: Typel 8 2x quantiser_scale | quantisér)scale +8 | 2 x quantiser_scale -16
Chrominance: Type2 | 8 (quantiser_scale +13)/2 guantiser_scale -6

T.4.4.4 Saturation

The coefficients resulting from the Inverse Quantisation Arithmetic are saturated to lie in the range [-2"°-*-""*3

:_bitsfperfpixel +3 _ 1]. Thus:

EQbitSJ)erjierS -1 F”[V] [1/[] > 2bitSJerJixel+3 -1

FI[V] [1/[] - Dl;vn[v] [1/[] _2b1tslyerlnxel+3 2 F”[V] [1/[] < 2b1tslyerj1xel+3 -1
[] 4bits_per pixel+3 " \n.bits_per pixel+3
g2 F ][] <2

T.4.4.5 Mismatch control

This mismatch control is anly applicable to the first inverse quantisation method. Mismatch control shall be

erformed by any process-equivalent to the following. Firstly all of the reconstructed, saturated coefficients, FV][u]
? the block shall besummed. This value is then tested to determine whether it is odd or even. If the sum is even
hen a correction shall be made to just one coefficient; A7][7]. Thus:

v<Bu<8

sum= 5 F'[v][u]

v=0u=0
F[vIu] =F"[v][u] for allu, vexceptu=v=7
F'[717] if sumis odd

P A il I e | e i W bl —
77 rsouts

F7TT =00 At

F7I7]+1 if B'[7]7] s everr] | SUmis even

NOTE 1 It may be useful to note that the above correction for A7][7] may simply be implemented by toggling the
least significant bit of the twos complement representation of the coefficient. Also since only the “oddness” or
“evenness” of the sum is of interest an exclusive OR (of just the least significant bit) may be used to calculate

sum-.
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NOTE 2 Warning. Small non-zero inputs to the IDCT may result in zero output for compliant IDCTs. If this occurs
in an encoder, mismatch may occur in some pictures in a decoder that uses a different compliant IDCT. An
encoder should avoid this problem and may do so by checking the output of its own IDCT. It should ensure that it
never inserts any non-zero coefficients into the bitstream when the block in question reconstructs to zero through
its own IDCT function. If this action is not taken by the encoder, situations can arise where large and very visible
mismatches between the state of the encoder and decoder occur.

7.4.4.6 Summary of quantiser process for method 1

In summary, the method 1 inverse quantisation process is any process humerically equivalent to:

for (v=0; v<8;v++) {
for (u=0; u<8;u++) {
if (QF[v][u] == 0)
F IVI[u] = 0;
else if ( (t==0) && (v==0) && (macroblock_intra) ) {
F'IV[u] = dc_scaler* QA V[ ul;
} else {
if ( macroblock_intra ) {
F'I[u] = ( QA VU] * WOJ[VI[u] * quantiser_scale * 27} [ 32;
} else {
Fvilul = (((QFVI[Ul * 2) + Sign(QFVI[U]) ) AMI][VI[u]

* quantiser-scale ) I 32;

}

sum = 0;
for (v=0; v<8;v++) {
for (u=0; u<8;u++) {
|f ( F’IV][U] > 2bitsﬁperipixel+3 _ 1 ) {
FIV][U] - 2bitsﬁperﬁpixel+3 _ 1,
} else {
|f ( F’IV][U] < _2 bits_per,_pixel + 3 ){
FIV][U] - _2 bits “per_pixel +3 ,
} else {

FIv[ul = Fd);

sum = sum+ F1v][ul;

;:M[U] =B
}

if((sum & 1) == 0) {
if ((A7][7] & 1) '=0) {
FI71[7] = F171[7] - 1;

} else {

} H7[7] = FI7[7] + 1
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7.4.5 Inverse DCT

Once the DCT coefficients, F[u][v] are reconstructed, the inverse DCT transform defined in annex A shall be
applied to obtain the inverse transformed values, fy[x]. These values shall be saturated so that: -2”*-**-"* <
VA < 27— 1 for all x, y.

| flng ‘sadct _disable’ in the header of \/ir‘lnnﬁhjnr‘ﬂ nynro is.set to ‘0 standard.inverse 8x8-DCT — as Qr\nr‘ifind in

ersion 1 - is only applied to 8x8-blocks with 64 opaque pels. In 8x8-blocks with a least one transparent pel (i.€.
mumber of opaque pels is less than 64), standard inverse DCT is replaced by inverse shape adaptive DCT (SA*
IPCT). Similar to standard 8x8-DCT, SA-DCT reconverts F[v][u] to f[x][y]. The internal processing of inverse|SA-
IPCT is controlled by special shape parameters which have to be computed from decoded BAB. An_extended
ersion of SA-DCT, called ADC-SA-DCT, is used in intra-coded 8x8-blocks with ‘opaque_pels<64’. The’decision
on the transform to be used in the current 8x8-block depends on the settings of ‘video_object.layer shape’,
‘sadct_disable’, ‘vop_coding_type’ and ‘derived_mb_type’ as well as parameter ‘opaque_pels’ . The decision rule is
$pecified in Table V2 - 28. Details on internal SA-DCT and ADC-SA-DCT processing are given-in/clauses 10.3 and
10.4 of Annex A.

Table V2 - 28 -- Decision rule for the using standard 8x8-DCT, SA-DCT and ADC-SA-DCT

decision rules DCT tool
(video_object_layer_shape=="rectangular”) || (sadct_disable==1) || Standard  8x8-
(opaque_pels== 64) DCT

(video_object_layer_shape !="rectangular”) && (sadct_disables=0) && ADC-SA-DCT
(opaque_pels <64) && (vop_coding_type '="B") &&
((derived_mb_type==3) || (derived_mb_type==4))
(video_object_layer_shape !="rectangular”) && (sadct/disable==0) && SA-DCT
(opaque_pels < 64) && (( (vop_coding_type ="PY) *&&
(derived_mb_type!=3) && (derived_mb_type 4¥="4)) || (vop_coding_type
='8"))

1.4.6 Upsampling of the Inverse DCT output-for Reduced Resolution VOP

fFor the VOP with vop_reduced_resolution flag equal to “1”, the upsampling process described in this subclause
shall be applied to the Inverse DCT\eutput f[yjix] When the flag is set to “0” or the flag is not present, this
Wipsampling process shall be skipped.

The 16x16 reconstructed prediction error block is obtained by upsampling the 8x8 reconstructed prediction error
Iockfb][x]. In order fo,realize a simple implementation, filtering is closed within a block which enables to

erform an individual Upsampling on block basis. Figure V2 - 6 shows the positioning of samples. The upsampling
rocedure for the luminance and chrominance pixels which are inside the 16x16 reconstructed prediction error
locks is defined.in“subclause 7.4.6.1. For the creation of the luminance and chrominance pixels which are at the
oundary of A6x16 reconstructed prediction error block, the procedure is defined in subclause 7.4.6.2.
hrominance,blocks as well as luminance blocks are up-sampled. The upsampled 16 x 16 prediction error blocks
re used foh the motion compensation decoding process for Reduced Resolution VOP described in the subclause
.6.10.
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O OO0 000000000000 O O Position of samples in 8*8 reduced-resolution

;OOO OOO OOO OOO OOO OOO OOO OOOE reconstructed prediction error block
0000000000000 000: o Position of samples in 16*16 reconstructed

{000 0000000000000 prediction error block
;OOQ QOQ QOO OOO OOO OOO OOO OOOE

;uuuuuuuuuuuuuuuu; ——eeEeag
EOOQ QOQ QOO OOO OOO OOO OOO OOOE

{000 0000000000000
;ooo o 0% 0% % 2 %o ooog

000 0000000000000
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{000 0000000000000

Figure V2 - 6 -- Positioning of samples in 8x8 reduced-resolution reconstructed prediction error block and
16x16 reconstructed prediction error block

7.4.6.1 Upsampling procedure for the pixels inside a 16x16 reconstructed.prediction error block

The creation of reconstructed prediction error for pixels inside block is-described in Figure V2 - 7.
OA OB (o(OATIB+3C+D+8)/16
O @ @ O b=(3A+9B+C+3D+8)/16

¢ =(3ATB+OC+3D+8)/16
d =(A+3B+3C+OD+8)/16

O © G~yYO

O O .
O O O

@ Reduced-Resolution reconstructed prediction error
O Reconstructed prediction error
Figure V2 - 7 -- Creation of reconstructed prediction error for pixels inside block

7.4.6.2 Upsampling procedure for the pixels at the boundary of 16x16 reconstructed prediction error block

The creation of reconstructed prediction error for pixels of a 16x16 block is shown in Figure V2 - 8.
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Block
® ® © 0™
a=A
A B
b=3*A+B+2)/4

O O
@ O O @ c=(A+3*B+2)/4

d=(G*A+C+2)/4

e=(AT3C+2)/4

N Y Y N
Oc Ob
O O O O

Boundary

O Reduced-Resolution reconstructed prediction error

O Reconstructed prediction error
Figure V2 - 8 -- Creation of reconstructed prediction error for pixels at the block boundary
1.5 Shape decoding
Binary shape decoding is based on a block-based representation. The primary cading methods are block-based
¢ontext-based binary arithmetic decoding and block-based motion compensation: The primary data structure used
is denoted as the binary alpha block (bab). The bab is a square block of\linary valued pixels representing the

opacity/transparency for the pixels in a specified block-shaped spatial region‘of size 16x16 pels. In fact, each bab is
¢o-located with each texture macroblock.

71.5.1 Higher syntactic structures
7.5.1.1 VOL decoding

If video_object_layer_shape is equal to ‘00’ then no.kinary shape decoding is required. Otherwise, binary shape
decoding is carried out.

71.5.1.2 VOP decoding

If video_object_layer_shape is not equal-to ‘00’ then, for each subsequent VOP, the dimensions of the bounding
flectangle of the reconstructed VOP _are-obtained from:

4 vop_width
4 vop_height

If these decoded dimensions are not multiples of 16, then the values of vop_width and vop_height are rounded up
to the nearest integer, which is a multiple of 16.

Additionallyzintorder to facilitate motion compensation, the horizontal and spatial position of the VOP are obtained
from:

4 vop{horizontal_mc_spatial_ref

+—_vop_vertical_mc_spatial_ref

These spatial references may be different for each VOP but the same coordinate system must be used for all VOPs
within a vol. Additionally, the decoded spatial references must have an even value.

» vop_shape_coding_type
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This flag enables the use of intra shape codes in P, B, or S(GMC)-VOPs. Finally, in the VOP class, it is necessary
to decode

» change_conv_ratio_disable

This specifies whether conv_ratio is encoded at the macroblock layer.

el

Once the above elements have been decoded, the binary shape decoder may be applied to decode the shape g
each macroblock within the bounding rectangle.

7.5.2 Macroblock decoding

The shape information for each macroblock residing within the bounding rectangle of the VOP is decoded into th
form of a 16x16 bab.

1%

7.5.2.1 Mode decoding

1=

Each bab belongs to one of seven types listed in Table 7-2. The type informationcis-given by the bab_type fiel
which influences decoding of further shape information. For I-VOPs only three out of the seven modes are alloweg
as shown in Table 7-2.

Table 7-2 -- List of bab types

bab_type | Semantic Used-in

0 MVDs==0 && No Update ,P-,B-, and S(GMC)-VOPs
1 MVDs!=0 && No Update/| P-, B-, and S(GMC)-VOPs
2 Transparent All VOP types

3 Opaque All VOP types

4 IntraCAE All VOP types

5 MVDs==0 && interCAE P-, B-, and S(GMC)-VOPs
6 MVDs!=0 && interCAE P-, B-, and S(GMC)-VOPs

75211 [I-VOPs

Suppose that £ (%, y)_is-the bab_type of the bab located at (x,y), where X is the BAB column number and y is th
BAB row number. The' code word for the bab_type at the position (i, j) is determined as follows. A context C i
computed from previously decoded bab_type’s.

Ur—

C =27%(f(i-1,j-1)-2) + 9%(f(i,j-1)-2) + 3*(f(i+1,j-1)-2) + (f(i-1,))-2)

If £(x3y) references a bab outside the current VOP, bab_type is assumed to be transparent for that bab (i.g.
f (2y7v)=2). The bab_type of babs outside the current video packet is also assumed to be transparent. The VLC

dsed to decode bab_type for the current bab is switched according to the value of the context C. This contex{
switched \/LC table is gi\/nn inTable B-27

7.5.2.1.2 P-and B-, and S(GMC)-VOPs

The decoding of the current bab_type is dependent on the bab_type of the co-located bab in the reference VOP.
The reference VOP is either a forward reference VOP or a backward reference VOP. The forward reference VOP is
defined as the most recent non-empty (i.e. vop_coded != 0 ) I- or P-, or S(GMC)-VOP in the past, while the
backward VOP is defined as the most recently decoded I- or P-, or S(GMC)-VOP in the future. If the current VOP
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is a P-, or S(GMC)-VOP, the forward reference VOP is selected as the reference VOP. If the current VOP is a B-
VOP the following decision rules are applied:

1. If one of the reference VOPs is empty, the non-empty one (forward/backward) is selected as the reference VOP
for the current B-VOP.

If both reference VOPs are non-empty, the forward reference VOP is selected if its temporal distance to the

¢urrent B-VOP is not larger than that of the backward reference VOP, otherwise, the backward one is chosen.

In the special cases when closed_gov == 1 and the forward reference VOP belongs to the previous GOV ‘the
¢urrent B-VOP takes the backward VOP as reference.

If the sizes of the current and reference VOPs are different, some babs in the current VOP may not have a co-
Iocated equivalent in the reference VOP. Therefore the bab_type matrix of the reference VOP is manipulated to
match the size of the current VOP. Two rules are defined for that purpose, namely a cut rule and(aycopy rule:

4 cut rule . If the number of lines (respectively columns) is smaller in the current VOP than in the reference VOP,
the bottom lines (respectively rightmost columns) are eliminated from the referencé€ VOP such that both VOP
sizes match.

4 copy rule . If the number of lines (respectively columns) is larger in the current VOP than in the reference VOP,
the bottom line (respectively rightmost column) is replicated as many times’as needed in the reference VOP
such that both VOP sizes match.

An example is shown in Figure 7-8 where both rules are applied.

(a) ®» (©)
2211122 221112 221112
2210122 208101 2 221012

, 2110012 21100 1 211001
Previous 2110012E>211001 E> 211001
vop 2100001 210000 210000

3030003 303000 303000
00000 3-1 000003 000003
x 000003?)DV
cit L
(d)
291122
221012
211011
Current 211001
VOP 110000
330000
000000
000000

Figure 7-8 -- Example of size fitting between current VOP and reference VOP.
The numbers represent the type of each bab

The VLC to decode the current bab_type is switched according to the value of bab_type of the co-located bab in
the reference VOP. This context-switched VLC tables for P, B, and S(GMC)-VOPs are given in Table B-28. If the
type of the bab is transparent, then the current bab is filled with zero (transparent) values. A similar procedure is
carried out if the type is opaque, where the reconstructed bab is filled with values of 255 (opaque). For both
transparent and opaque types, no further decoding of shape-related data is required for the current bab. Otherwise
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further decoding steps are necessary, as listed in Table 7-3. Decoding for motion compensation is described in
subclause 7.5.2.2, and cae decoding in subclause 7.5.2.5.

Table 7-3 -- Decoder components applied for each type of bab

bab_type [Motion compensation QAE decoding
0 yes no

1 yes no

2 no no

3 no no

4 no yes

5 yes yes

6 yes yes

7.5.2.2 Binary alpha block motion compensation

Motion Vector of shape (MVs) is used for motion compensation (MC) 6f shape. The value of MVs is reconstructeg
as described in subclause 7.5.2.3. Unrestricted motion compensation is applied, however, Overlapped MC, ha
sample MC and 8x8 MC are not carried out. Integer pixel unrestricted motion compensation is carried out on a
16x16 block basis according to subclause 7.5.2.4.

il

If bab_type is MVDs==0 && No Update or MVDs!=0 && No Update then the motion compensated bab is taken tp
be the decoded bab, and no further decoding of the bab.is'necessary. Otherwise, cae decoding is required.

7.5.2.3 Motion vector decoding

If bab_type indicates that MVDs!=0, then myds x and mvds_y are VLC decoded. For decoding mvds_x, the VL(
given in Table B-29 is used. The same table is used for decoding mvds_y, unless the decoded value of mvds_x i
zero. If mvds_x == 0, the VLC given<in Table B-30 is used for decoding mvds_y. If bab_type indicates thg
MVDs==0, then both mvds_x and mvds_y are set to zero.

— JJ V7

=

The integer valued shape mation vector MVs=(mvs_x,mvs_y) is determined as the sum of a predicted motio
vector MVPs and MVDs = (mvds_x,mvds_y), where MVPs is determined as follows.

MVPs is determined by.analysing certain candidate motion vectors of shape (MVs) and motion vectors of selecte
texture blocks (MV)(around the MB corresponding to the current bab. They are located and denoted as shown i
Figure 7-9 where MV1, MV2 and MV3 are rounded up to integer values towards 0. If the selected texture block is
field predicted.macroblock, then MV1, MV2 or MV3 are generated by averaging the two field motion vectors an
rounding teward zero. Regarding the texture MV's, the convention is that a MB possessing only 1 MV i
considered.the same as a MB possessing 4 MV's, where the 4 MV's are equal. By traversing MVsl, MVs2, MVs3,
MV1, MV2 and MV3 in this order, MVPs is determined by taking the first encountered MV that is defined. If n
candidate motion vectors is defined, MVPs = (0,0).

L2l o R w5

A=
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MVs2 MVs3 —1Block (8x8)
MV2 MV3
MV 1
MVl \
Current shape \Corresponding texture
macroblock macroblock (16x16)
(1) MV for shape (2) MV for texture

Figure 7-9 -- Candidates for MVPs

etermined by considering the motion vectors of shape (MVsl, MVs2 and MVs3) only, The following subclauses

zfn the case that video_object_layer_shape is “binary_only” or vop_coding_type indicates~B-VOP, MVPs is
xplain the definition of MVs1, MVs2, MVs3, MV1, MV2 and MV3 in more detail.

Defining candidate predictors from texture motion vectors:

Dne shape motion vector predictor MV; (i =1,2,3 ) is defined for eachblock located around the current bab
according to Figure 7-9 (2). The definition only depends on the transparency of the reference MB. MVi is set to the
¢orresponding block vector as long as it is in a non-transparent reference)MB, otherwise, it is not defined. Note that
if a reference MB is outside the current VOP or video packet, it is treated as a transparent MB.

Defining candidate predictors from shape motion vectors:

The candidate motion vector predictors MVs; are defined by, the shape motion vectors of neighbouring bab located
qccording to Figure 7-9 (1). The MVs; are defined according to Table 7-4.

Table 7-4 -- Definition of candidate shape motion«vector predictors MVsl, MVs2, and MVs3 from shape
motion vectors for P, B, and S(GMC)-VOPs. Note that interlaced modes are not included

Shape mode of reference MB ~ MVs 7 for each reference shape block-i (a shape block is

16x16)
MVDs == 0 or MVDs !=0 The retrieved shape motion vector of the said reference MB is
bab_type 0, 1, 5,6 defined as MVs, . Note that MVs, is defined, and hence valid,
even if the reconstructed shape block is transparent.
all_0, bab_type 2 MVs, is undefined
all=255, bab_type 3 MVs, is undefined
Intra, bab_type 4 MVs, is undefined

If the reference MB is outside of the current video packet, MV, and MVs; are undefined.

1.5.24 Motion compensation

For inter mode babs (bab_type = 0,1,5 or 6), motion compensation is carried out by simple MV displacement
according to the MVs.

Specifically, when bab_type is equal to 0 or 1 i.e. for the no-update modes, a displaced block of 16x16 pixels is
copied from the binary alpha map of the previously decoded | or P-, or S(GMC)- VOP for which vop_coded is not
equal to ‘0". When the bab_type is equal to 5 or 6 i.e. when interCAE decoding is required, then the pixels
immediately bordering the displaced block (to the left, right, top and bottom) are also copied from the most recent
valid reference VOP’s (as defined in subclause 6.3.5) binary alpha map into a temporary shape block of 18x18
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pixels size (see Figure 7-12). If the displaced position is outside the bounding rectangle, then these pixels are
assumed to be “transparent”.

If the current VOP is a B-VOP the following decision rules are applied:

» If one of the reference VOPs is empty (i.e. VOP_coded is 0), the non-empty one (forward/backward) is selected
as the reference VOP for the current B-VVOP

» If both reference VOPs are non-empty, the forward reference VOP is selected if its temporal distancecto-th
current B-VOP is not larger than that of the backward reference VOP, otherwise, the backward one is chasen.

1%

In the special cases when closed_gov == 1 and the forward reference VOP belongs to the previois GOV, the
current B-VOP takes the backward VOP as reference.

7.5.2.5 Context based arithmetic decoding

1=

Before decoding the binary_arithmetic_code field, border formation (see subclause 7.5,2/5.2) needs to be carrie
out. Then, if the scan_type field is equal to O, the bordered to-be decoded bab and-the eventual bordered motio
compensated bab need to be transposed (as for matrix transposition). If change, coenv_rate_disable is equal to
then conv_ratio is decoded to determine the size of the sub-sampled BAB, whic¢h'is 16/conv_ratio by 16/conv_rati
pixels large. If change_conv_rate_disable is equal to 1, then the decoder asSumes that the bab is not subsample
and thus the size is simply 16x16 pixels. Binary_arithmetic_code is thenidecoded by a context-based arithmeti
decoder as follows. The arithmetic decoder is firstly initialised (see ;subclause 7.5.3.3). The pixels of the sub
sampled bab are decoded in raster order. At each pixel,

=

T C) & O -

1. A context number is computed based on a template, as described in subclause 7.5.2.5.1.
2. The context number is used to access the probability table{Table B-32).

3. Using the accessed probability value, the next bits”of binary_arithmetic_code are decoded by the arithmeti
decoder to give the decoded pixel value.

<7

When all pixels in sub-sampled BAB have been decoded, the arithmetic decoder is terminated (see subclaus
7.5.3.6).

117

If the scan_type field is equal to 0, the decoded bab is transposed. Then up-sampling is carried out if conv_ratio i
different from 1, as described in subclause 7.5.2.5.3. Then the decoded bab is copied into the decoded shape map,

U7

7.5.25.1 Context computation

1”2

For INTRA coded BABs, a 10 bit context €' =% ¢, [2* is built for each pixel as illustrated in Figure 7-10 (a), wher
k

c=0 for transpareftpixels and c=1 for opaque pixels.
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Motion compensated
c9 | c8 | c7 Current BAB BARB
c6 [c5 |c4 [c3|c2 c3 |c2 |cl c8
cl |cO|? cO|? c7 |c6 |c5
c4

(@) (b)

Figure 7-10 -- (&) The INTRA template (b) The INTER template where c6 is aligned with the pixel t0°be
decoded. The pixel to be decoded is marked with *?’

For INTER coded BABs, temporal redundancy is exploited by using pixels from the bordered"motion compensated
BAB (depicted in Figure 7-12) to make up part of the context. Specifically, a 9 bit context C.= Z(:k 2% is built as
k

iflustrated in Figure 7-10 (b).

There are some special cases to note.

4 When building contexts, any pixels outside the bounding rectangle of the\current VOP to the left and above are
assumed to be zero (transparent).

4 When building contexts, any pixels outside the space of the cutrent video packet to the left and above are
assumed to be zero (transparent).

4 The template may cover pixels from BABs which are unknown at decoding time. Unknown pixels are defined as
area U in Figure 7-11.

4 The values of these unknown pixels are defined by the following procedure:
*  When constructing the INTRA context, the following steps are taken in the sequence
1. if (¢7 is unknown) c=c8,
2. if (c3 is unknown) c3=c4,
3. if (c2 is yaknown) c2=c3.
*  When constructing the INTER context, the following conditional assignment is performed.

if (c1 is unknown) cl1=c2

7.5.2.5.2 Border formation

(Vhen_decoding a BAB, pixels from neighbouring BABs shall be used to make up the context. For both the INTRA
:Fnd INTER cases, a 2 pixel wide border about the current BAB is used where pixels values are known, as depicted
in®igure 7-11.
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iaassems isEEEianLs

Figure 7-11 -- Bordered BAB. A: TOP_LEFT_BORDER. B: TOP_BORDER.
C: TOP_RIGHT_BORDER. D: LEFT_BORDER. E: BOTTOM_LEFT_BORDER.
U: pixels which are unknown when decoding theycurrent BAB

If the value of conv_ratio is not equal to 1, a sub-sampling procedureis further applied to the BAB borders for both
the current BAB and the motion compensated BAB.

The border of the current BAB is partitioned into 5 regions;

« TOP_LEFT_BORDER, which contains pixels from-the BAB located to the upper-left of the current BAB and
which consists of 2 lines of 2 pixels

N

« TOP_BORDER, which contains pixels from:the BAB located above the current BAB and which consists of P
lines of 16 pixels

« TOP_RIGHT_BORDER, which contains pixels from the BAB located to the upper-right of the current BAB and
which consists of 2 lines of 2 pixels

* LEFT_BORDER, which contains pixels from the BAB located to the left of the current BAB and which consists of
2 columns of 16 pixels

« BOTTOM_LEFT _BORDER, which contains pixels from the BAB located to the bottom-left of the current BAB
and which consists/of 2 lines of 2 pixels

The TOP_LERFBORDER and TOP_RIGHT_BORDER are not sub-sampled, and kept as they are. Th
TOP_BORDER and LEFT_BORDER are sub-sampled such as to obtain 2 lines of 16/conv_ratio pixels and
columns.of"16/conv_ratio pixels, respectively.

oD

The»-sub-sampling procedure is performed on a line-basis for TOP_BORDER, and a column-basis for
LEFT_BORDER. For each line (respectively column), the following algorithm is applied: the line (respectively
column) is split into groups of conv_ratio pixels, For each group of pixels, one pixel is associated in the subr-

sampled border. The value of the pixel in the sub-sampled border is OPAQUE if half or more pixels are OPAQUE in
the corresponding group. Otherwise the pixel is TRANSPARENT.

The 2x2 BOTTOM_LEFT_BORDER is filled by replicating downwards the 2 bottom border samples of the
LEFT_BORDER after the down-sampling (if any).
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D

Figure 7-12 -- Bordered motion compensated BAB. A: TOP_BORDER,/B: LEFT_BORDER. C:
RIGHT_BORDER. D: BOTTOM_BORDER

In the case of a motion compensated BAB, the border is also partitioned into 4, as shown Figure 7-12:
{ TOP_BORDER, which consists of a line of 16 pixels

{ LEFT_BORDER, which consists of a column of 16 pixels

i RIGHT_BORDER, which consists of a column of 16/pixels

{ BOTTOM_BORDER, which consists of a line;ef*16 pixels

The very same sub-sampling process as described above is applied to each of these borders.

71.5.2.5.3 Upsampling

(Vhen conv_ratio is different from 1, up-sampling is carried out for the BAB. This is illustrated in Figure 7-13 where
0" in this figure is the coded-pixel and “X" is the interpolated pixel. To compute the value of the interpolated pixel,

filter context from the neighboring pixels is first calculated. For the pixel value calculation, the value of “0” is used
or a transparent pixel,;and “1” for an opaque pixel. The values of the interpolated pixels (Pi, i=1,2,3,4, as shown in
Figure 7-14) can then-be determined by the following equation:

P1:if( 4*A+2*(B+C+D) + (E+F+G+H+I+J+K+L) > Th[Cf]) then "1" else "0"
P2 . if(4*B + 2*(A+C+D) + (E+F+G+H+I+J+K+L) > Th[Cf]) then "1" else "0"

R3-! if( 4*C + 2*(B+A+D) + (E+F+G+H+I+J+K+L) > Th[Cf]) then "1" else "0"

P4 - if( A*D + ’)*(B_-hc_-hA)_-p_éE-LE-a—(“-Ll—l-Ll-L T K] ) > Th[Pf]) then "1" olsa "Q"

The 8-bit filter context, Cf, is calculated as follows:
—_ k
C, = ZCk 2
k

Based on the calculated Cf, the threshold value (Th[Cf]) can be obtained from the look-up table as follows:
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Th[256] = {
37 67 67 77 47 77 77 81 61 71 51 81 71 81 81 91
6,505,8,5,6,8,976,8,9,8,7,9, 10,

6,7 787889710898 919 10

7,8,6,9,6,9,910,8,9,9, 10, 11, 10, 10, 11,

6,9,5,8,5/6,8,9,7 10,10, 9, 8, 7, 9, 10,

7,6,8,9,8,7,7,10,8,9,9, 10, 9, 8, 10, 9,

7,8,8,9,6,9,910,8,9,9, 10, 9, 10, 10, 9,

8,9, 11,10, 7,10, 10, 11, 9, 12, 10, 11, 10, 11, 11, 12,

6,7,58,56,895,6,6,9,8,9,9, 10,

5,8,896,7,910,6,7,9, 10,9, 10, 10, 11,

7,8,6,9,8,9,910,8,7,9, 10, 9, 10, 10, 11,

8,9, 710,09, 10, 8, 11, 9, 10, 10, 11, 10, 11, 9, 12,

7,8,6,9,8,9,09, 10, 10,9, 7, 10, 9, 10, 10, 11,

8,7,7,10,7,8,8,9,9, 10, 10, 11, 10, 11, 11, 12,

8,909, 10,09, 10, 10, 9, 9, 10, 10, 11, 10, 11, 11, 12;

9, 10, 10, 11, 10, 11, 11,12, 10, 11, 11, 12, 13,212, 12,13 };
TOP_LEFT_BORDER, TOP_RIGHT_BORDER, sub-sampled TOP_BORDER and sub-sampled LEFT_BORDEF
described in the previous subclause are-used. The other pixels outside the BAB are extended from the outermos
pixels inside the BAB as shown in Figure 7-13.
In the case that conv_ratio is 4, the interpolation is processed twice. The above mentioned borders of 4x4 BAB ar
used for the interpolation fromr4x4 to 8x8, and top-border (respectively left-border) for the interpolation from 8x8 t

16x16 are up-sampled from'the 4x4 BAB top-border (respectively left-border) by simple repetition.

When the BAB is-on/the left (and/or top) border of VOP, the borders outside VOP are set to zero value. Th
upsampling filtershall not use pixel values outside of the current video packet.

lad
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Figure 7-13 -- Upsampling
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E(C1) F(CO) E(C3) F(C2)
(o) (o) (o) (o)
1(C2) A B G(CT) L(C4) A B G(C1)
(0] (0] (0] (0] o (0] (0] (o)
p1X X py
(0] (0] (0] (0] o (0] (0] (o)
K(C3) D C H(C6) K(C5) D C H(C0)
(o) (o) (o) (o)
Jc4) I((e5)) J(C6) KCT)
(@) P1 (b) P2
E(C5) F(C4) E(C7) F(Co6)
(o) (o) (0] o)
L(C6) A B G(C3) L(C0) A B G(C5)
(0] (0] (0] (o) o) ®] (0] (o)
X P3 P4y
(0] (0] (0] (o) O (0] (0] (o)
K(C7) D C H(C2) K(CD) D C H(C4)
(o) (o) o (o)
J(C0) K(C1) JC2) K(C3)
(c)P3 (d) P4
Figure 7-14 -- Interpolation filter and interpolation construction
7.5.2.5.4 Down-sampling process’in inter case
If bab_type is ‘5’ or ‘6’ (see Table 7-3), downsampling of the motion compensated bab is needed for calculating the
9 bit context in the case_that conv_ratio is not 1. The motion compensated bab of size 16x16 pixels is down
sampled to bab of size 16/conv_ratio by 16/conv_ratio pixels by the following rules:
e conv_ratio==2
If the average-of pixel values in 2 by 2 pixel block is equal to or greater than 127.5 the pixel value of th¢
downsampled bab is set to 255 otherwise it is set to 0.
e conwratio==
If the average of pixel values in 4 by 4 pixel block is equal to or greater than 127.5 the pixel value of th¢
downsampled bab is set to 255 otherwise it is set to 0.

7.5.3 Arithmetic decoding

Arithmetic decoding consists of four main steps:
* Removal of stuffed bits

 Initialization which is performed prior to the decoding of the first symbol
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» Decoding of the symbol themselves. The decoding of each symbol may be followed by a re-normalization step.

» Termination which is performed after the decoding of the last symbol

7.5.3.1 Registers, symbols and constants

1 =Y bal Al % +. afi -t &l H ™ +a W) 1 &l &l
PLVETAI TCYIOWTT O, oYyTITOUTIO altu Lutiotdlmto Al UtTITITTCU TU UTOUTITUT T AT Ut TuUuUTT .

4 HALF: 32-bit fixed point constant equal to ¥2 (0x80000000)

1 QUARTER: 32-bit fixed point constant equal to ¥ (0x40000000)

41 L: 32-bit fixed point register. Contains the lower bound of the interval
4 R: 32-bit fixed point register. Contains the range of the interval.

4 V: 32-bit fixed point register. Contains the value of the arithmetic code. V is always larger'than or equal to L and
smaller than L+R.

41 pO: 16-bit fixed point register. Probability of the ‘0’ symbol.

{1 pl: 16-bit fixed point register. Probability of the ‘1’ symbol.

4 LPS: boolean. Value of the least probable symbol (‘0" or ‘1").

4 bit: boolean. Value of the decoded symbol.

4 pLPS: 16-bit fixed point register. Probability of the LPS.

4 rLPS: 32-bit fixed point register. Range correspondifg to the LPS.
7.5.3.2 Bit stuffing

[n order to avoid start code emulation, 1'sc@re stuffed into the bitstream whenever there are too many successive
's. If the first MAX_HEADING bits are.Q’s,"then a 1 is transmitted after the MAX_HEADING-th 0. If MAX_MIDDLE

r more O’s are sent successively a l.isinserted after the MAX_MIDDLE-th 0. If the number of trailing O’s is larger
Jhan MAX_TRAILING, then a 1 is appended to the stream. The decoder shall properly skip these inserted 1's when
eading data into the V register (see subclauses 7.5.3.3 and 7.5.3.5).

MAX_HEADING equals 3-MAX_MIDDLE equals 10, and MAX_TRAILIING equals 2.

T.5.3.3 Initialization

The lower bound Ll is set to 0, the range R to HALF-0x1 (Ox7fffffff) and the first 31 bits are read in register V.

7.5.3.4 Decoding a symbol

Vhén decoding a symbol, the probability pO of the ‘0’ symbol is provided according to the context computed in
subclause 7.5.2.5.1 and using Table B-32. p0 uses a 16-bit fixed-point number representation. Since the decoder is

binary, the probability of the "1’ symbol is defined to be 1 minus the probability of the ‘0’ symbol, i.e. p1 = 1-p0.

The least probable symbol LPS is defined as the symbol with the lowest probability. If both probabilities are equal
to %2 (0x8000), the ‘0’ symbol is considered to be the least probable.

The range rLPS associated with the LPS may simply be computed as R*pLPS: The 16 most significant bits of
register R are multiplied by the 16 bits of pLPS to obtain the 32 bit rLPS number.
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The interval [L,L+R) is split into two intervals [L,L+R-rLPS) and [L+R-rLPS,L+R). If V is in the latter interval then the
decoded symbol is equal to LPS. Otherwise the decoded symbol is the opposite of LPS. The interval [L,L+R) is
then reduced to the sub-interval in which V lies.

After the new interval has been computed, the new range R might be smaller than QUARTER. If so, re-
normalization is carried out, as described below.

7.5.3.5 Re-normalization
As long as R is smaller than QUARTER, re-normalization is performed.
* If the interval [L,L+R) is within [0,HALF), the interval is scaled to [2L,2L+2R). V is scaled to 2V.

+ If the interval [L,L+R) is within [HALF,1) the interval is scaled to [2(L-HALF),2(L-HALF)+2R){\W is scaled to 2(M
HALF).

* Otherwise the interval is scaled to [2(L-QUARTER),2(L-QUARTER)+2R). V is scaled 102(V-QUARTER).

After each scaling, a bit is read and copied into the least significant bit of register V.

7.5.3.6 Termination

After the last symbol has been decoded, additional bits need to be(“consumed”. They were introduced by th
encoder to guarantee decodability.
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In general 3 further bits need to be read. However, in some cases; only two bits need to be read. These cases ar¢
defined by:

» if the current interval covers entirely [QUARTER-Ox1;HALF)

» if the current interval covers entirely [HALF-0x1{"3QUARTER)

After these additional bits have been read, 32 bits shall be “unread”, i.e. put the content of register V back into th
bit buffer.

1%

7.5.3.7 Software

The example software for arithmetic decoding for binary shape decoding is included in annex B.
7.5.4 Spatial scalable-binary shape decoding

7.5.4.1 Decoding©f,base layer

The decoding.process of the base layer is the same as non-scalable binary shape decoding process.

7.5.4.25Decoding of enhancement layer

When spatial scalability is enabled (scalability is set to 1 and hierarchy_type is set to 0) with enhancement_type =
@or When spatial scalability is enabled with enhancement_type == 1 and use_ref shape == 0, scalable shap

A1% m

coding process Is used for decoding of binary shape.

If spatial scalability is enabled, use_ref _shape is set to 1 and enhancement_type is set to 1, the same non-scalable
decoding process is applied for binary shape of enhancement layer. In this case, the following rules are applied for
enhancement layer.

1. In PVOP, Inter shape coding should be done as bab_type of co-located MB in the reference VOP (lower layer)
is “Opaque”.
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2. In BVOP, forward reference VOP, most recently decoded non-empty VOP in the same layer, is always
selected as reference VOP of shape coding.

If spatial scalability is enabled, use_ref shape is set to 1 and enhancement_type is set to 0, then the up-sampled
binary shape from base layer is used for the binary shape of enhancement layer. The up sampling and down
sampling process of this purpose also follows up-down sampling method described in the subclause 7.5.4.4.

(Vhen spatial scalability is enabled and enhancement_type is set to O, in the enhancement layer, the forward
prediction in P-VOP and the backward prediction in B-VOP are used as the spatial prediction. In that case-the
shape information is coded by scan interleaving (Sl) based method. For the forward prediction in B-VOP a motion
¢ompensated temporal prediction is made from the reference VOP in the enhancement layer. In that case the
shape information is coded by the CAE method as like in base layer except that the shape motion vegtors are
obtained from those of the collocated bab in the lower layer. Motion vector and shape coding modg(bab_type) of
¢ollocated bab in the lower layer are used for decoding the enhancement layer bab.

The location of collocated bab in the lower layer can be found by following method.

collocated_MBX
= min ( max ( 0, current_ MBX*shape_hor_sampling_factor_m/shape_hor_sampling_factor _n),
NumMBXLower-1);

collocated_MBY
=min ( max( 0, current_MBY*shape ver_sampling_factor_m/shap_ever sampling_factor_n),
NumMBYLower-1);

For the current MB location [current_MBX, current MBY], the location of collocated bab in the base layer is
ienoted as [collocated_MBX, collocated_MBY]. current_MBX, cdrrent_MBY, collocated_MBX and collocated_ MBY

re the MB-unit coordinations. NumMBXLower and NumMBYLewer denote the number of micro-blocks in the lower
layer VOP on horizontal and vertical directions, respectively.

7.5.4.3 Prediction in the enhancement layer

A motion compensated temporal prediction is made from the reference VOP in the enhancement layer. In addition,
@ spatial prediction is formed from the lowercreference layer decoded VOP. These predictions are selected
individually or combined to form the actual prediction.

op_shape_coding_type is not used inctthe Spatial Scalable Binary Shape Coding process.

1.5.4.4 Spatial prediction

The spatial prediction is made by resampling the lower reference layer reconstructed VOP to the same sampling
grid as the enhancement layer. For the resampling, repetition is used on the the lower layer.

For enhancementdayer encoding/decoding, the base layer VOP should be up-sampled as the sampling ratio, which
is included in the 'VOL syntax. In VOL syntax for enhancement layer, there are four fields for the up-sampling ratio,
ite., shapether_sampling factor_n, shape_hor_sampling_factor m, shape_vert _sampling factor n and
shape_vert.sampling_factor_n.

[Pown'sampling
fFor.the sampling rate, below sampling process is adopted for both horizontal and vertical directions.

For the down-sampling rate m/n,

m/n = [1/2k][(m2k)/n] ,  Where k is the largest integer that is equal or smaller than logz(n/m).
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Linear-down sampling

Down-sampled
Input plane > | 125 || m2Ym »| plane

Figure V2 - 9 -- Down sampling process

1. Find k = floor( logz(n/m) ).
2. Sampling a pixel per 2 pixels :

if( x%2" == (2“ - 1) ) Sampling F(x) pixel ;
3. On the result of 2, sampling a pixel per n/(m2k) pixels.

Up sampling
For the sampling rate, below sampling process is adopted for both horizontal and-wertical directions.

For the up-sampling rate n/m,

n/m = [n/(m2k)] [2k], where k is the largest integer that.iS’equal or smaller than logz(n/m).

Linear-up sampling

. Up-sampled
Input plane » | n/(m2) | 28 |—»| plane

Figure W2 - 10 -- Up sampling process

1. Find k = floor( logz(n/m) ).
2. Repeat one pixel per (m2k)/(n—m2k) pixels.
3. On the result of 2, Repeat 2“1 pixels per pixel.

For a case that thezsampling ratio is 1/2 for both horizontal and vertical direction, one pixel value in the lower laye
is upsampled ta-2x2 pixels in the current layer by the following methods:

=

The binary alpha image furent [VHl[XH] In the enhancement layer is upsampled by repetition of the pixels of th
image fowet[yi][X.] in the lower layer according to the following formula:

Founen [2 Y+ 1[2 X)) = foue LV IX, (i, 50, 1)
In\Figure 7-a, the spatial prediction of one BAB is shown for example. In the enhancement layer the pixel valu
fdrent [2Y1+1][2X,+1 is always same with the corresponding pixel value fiower[ V. ][X.] in the lower layer.

1”2

D
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>

Collocated block in the reference layer

Upsampled BAB for spatial prediction

Figure V2 - 11 -- Associated pixel locations and spatial prediction of current BAB by repetition

Hn the case of arbitrary shape VOPs, its size and locations change from time to time; In order to ensure the
ormation of the spatial prediction, it is necessary to identify the location of the resampled VOPs in the absolute
¢oordinate system. VOP_horizontal_mc_spatial_ref and VOP_vertical_mc_spatial_ref in the resampled reference
layer should be coincident with those in the enhancment layer. Hence after the-position of the spatial reference of
}he reference layer is scaled by *_sampling_factor_n/*_sampling_factor_m, ¢he-resampled reference VOP should

e relocated by referencing the offset values that are the differences\bétween the positions of the spatial
eferences of two VOPs in the horizontal and the vertical direction.

$ince the shape motion vectors and the shape modes in the reference layer are also needed for the actual shape

¢oding in the enhancement layer bab, the bab type matrix and the motion vector matrix are resampled by
flepetition. In case of the motion vector matrix each components.are scaled by the sampling ratio on both directions.

1.5.4.5 Temporal prediction

A motion compensated temporal prediction is made from the reference VOP in the enhancement layer. For
redicting a bab, the motion vectors of the collocated bab in the lower layer is used. Enhancement layer shape
otion vector [mvX, mvY] can be used by scaling the lower layer shape motion vector [mvXLower, mvYLower]. The
gcaling method is as follows:

mvX = (mvXLower * shape_hor (sampling_factor_n) // shape_hor_sampling_factor_m

mvY = (mvYLower * shape_ver_sampling_factor_n) // shape_ver_sampling_factor_m

1.5.4.6 Types for enhancement layer bab

lEach bab belongs to-ore of four types given in Table V2 - 29. This enh_bab_type field influences decoding of
further shape information of enhancement layers. For P-VOP coding only 0 and 1 of the enh_bab_type are allowed.
fFor B-VOP codifig scheme, all of the four modes are allowed.

Table V2 - 29 -- List of enh_bab_types and usage

enh_bab_type |Semantic Used in

Q intra I\IﬁT_PﬁhEh P./B. \/OPs
1 intra CODED P-/B- VOPs
2 inter NOT_CODED B- VOPs

3 inter CODED B- VOPs

When the enh_bab_type == 1, the bab is predicted by upsampling from the collocated block in the lower reference
layer and is decoded by intra-mode CAE based on Scan Interleaving(Sl).
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The enh_bab_type == 0 means that the error of the predicted bab from the lower reference layer is less than the
threshold. The predicted bab is given by upsampling the collocated block in the lower reference layer. The
spatial prediction method in 7.5.4.4 or linear repetition method can be used for the upsampling. The predicted
bab is used as the current bab.

For enh_bab type==2 and enh_bab_type==3, no motion vector is decoded for the temporal prediction of
enhancement layer bab. The motion vector of the collocated block in the lower reference layer can be utilized.

Each component of the vector are scaled by two for referencing. If the collocated bab in the lower referenc
layer is intra coding mode, the value of the motion vector is set to zero. If enh_bab_type is decode as.'inte
NOT_CODED?", then the error of the predicted bab from the previous VOP is less than the threshold.(And th
predicted bab is used as the current bab. If enh_bab_type is decode as "inter CODED", the current bab i
decoded by inter-CAE which is used in non-scalable shape decoding.

U (D= (D

7.5.4.7 Decoding bab types for enhancement layer

In order to decode the bab types, the collocated bab of the lower layer is also examined. Based on the lower laye
bab types, the following VLC table is used for decoding the enh_bab_type fieldf |For B-VOP decoding i
enhancement layer enh_bab_type is decoded using in Table V2 - 31. For P-VOP decoding in enhancement layef
there are only two enh_bab_type fields, i.e., 0 and 1, and they are decoded by 1~2thit’described in Table V2 - 30.

= =

Table V2 - 30 -- Decoding of enh_bab_type for P-VOP in enhancement layer

enh_bab_type Code
0 1
1 01

Table V2 - 31 -- Decoding of enh_bab \type for B-VOP in enhancement layer

enh_bab_type in the enhancement layer
0 1 2 3
enh_bab_type in the lower 0(2,3) 1 01 001 000
reference layer 1(4) 110 0 10 111
or 2(0,1) 001 01 1 000
(bab_type in the baselayer) 3(5,6) 110 0 11 10

Note that the numbers,0-3’in these tables correspond to the enh_bab_types given in 7.8.2.1.6. When the lowe
layer is the base layer,"{'MVDs==0 && No Update", "MVDs!=0 && No Update"}, {"all_0", "all_255"}, {"intraCAE'
and {"MVDs==0 &&'interCAE", "MVDs!=0 && interCAE"} modes are converted to the enh_bab_type 2, 0, 1 and 3
respectively.

=

=

7.5.4.8 Intrd coded enhancement layer decoding

Intrascoded enhancement layer decoding uses scan interleaving algorithm before performing intra-mode CAE. Th
decoding order with Sl scanning is as follows :

A1%

1 CopnveR from D |
==y T T

2. Decoding order with Vertical scanning : Vr --> Vpl --> Vp2 --> ... --> Vpk
3. Decoding order with Horizontal scanning : Hr --> Hp1 --> Hp2 --> ... --> Hpl
where,

B : Piexl that can be copied from collocated pixel in the base layer.
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V,: Vertical scanning Pixel of Residual term of vertical linear-up sampling
Vi Vertical scanning Pixel of 2“term of vertical linear-up sampling

H:: Horizontal scanning Pixel of Residual term of Horizontal linear-up sampling

. . . | . . .
Hu: Horizontal scanning Pixel of 2 term of Horizontal linear-up sampling

k : The largest integer that is equal or smaller than
logz(shape_hor_sampling_factor_n / shape_hor_sampling_factor_m)

I[: The largest integer that is equal or smaller than
logz(shape_ver_sampling_factor_n / shape_ver_sampling_factor_m)

For an example, when shape_hor_sampling factor n = 8, shape hor_samplingifactor m = 3,
hape_ver_sampling_factor_n = 5, shape_hor_sampling_factor_m =1, the scan order of pixels for decoding is
hown in Figure V2 - 12.

P Y.

Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Kp2*| Hp2 | Hp2 | Hp2

Hpl | Hpl | Hpl | Hpl | Hp1l | Hpl | Hpl | Hpl | Hp1l | Hpl | Hpl | Hpdl )| Hpl | Hpl | Hpl | Hpl

Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | 'Hp2 | Hp2 | Hp2 | Hp2 | Hp2

\J
NHr Hr Hr Hr Hr Hr

Hr Hr Hr Hr Hr Hr Hr Hr Hr Hr
4

Ox

Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2\| Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2

Hpl | Hpl | Hpl | Hpl | Hpl | Hpl | Hpl | Hple{“Hpl | Hpl | Hpl | Hpl | Hpl | Hpl | Hpl | Hpl

Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 'Kp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2

o o v RO o< - -

Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2" | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2

Hpl | Hpl | Hpl | Hp1 | HpI+| Hpl | Hpl | Hpl | Hpl | Hpl | Hpl | Hpl | Hpl | Hpl | Hpl | Hpl

Hp2 | Hp2 | Hp2 | Hp2\y| Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2

o v [ v O o< - O

Hp2 | Hp2 NHp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2

Hp1S4=Hpl | Hpl | Hp1 | Hp1 | Hp1 | Hp1 | Hpl | Hp1l | Hp1l | Hpl | Hpl | Hpl | Hpl | Hpl | Hpl

Hp2 Hp2 | Hp2 | Hp2 Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2 | Hp2

Hp2 Hp2
o 6o e O e O o v O O

Figure V2 - 12 -- An example of decoding order when enh_bab_type==1
(Decoding order: B > V. > V1 2 H 2 Hy 2 Hpo)

7.5.4.9 Border formation for intra-mode CAE for enhancement layer decoding

The border formation for decoding of intra CODED bab (enh_bab_type==1) is the same as that of the non-scalable
shape coding (see subclause 7.5.2.5.2) except E and U regions in Figure 7-11. The border of E and U region of the
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current bordered bab contains the pixels from the collocated regions in the up-sampled lower layer plane and which
consists of 2 lines in bottom and right of the current bab.

7.5.4.10 Scan Interleaving Algorithm

The spatial (or resolution) scalability can be easily sought by incorporating the so-called Scan Interleaving (Sl)

method—h-Sh-ceded-scantines-are-decoded-by-using-the-prediction-from-the-closest-upperand-owerneighborng
two lines (reference-scan-lines) as shown in Figure V2 - 13. In the figure, horizontal direction scanning is described.
The pixels on coded-scan-lines are the pixels to be decoded and the pixels on reference-scan-lines are the pixel
that are already reconstructed The closest upper and lower neighboring pixel values in reference-scan-lines ar
used for reconstructing the current pixel. (The closest upper and lower neighboring pixels mean the closest left an
right neighboring pixels in vertical direction scanning case.) By using those two reference pixels,.-the currer
decoded pixel has three types as follows:

— = (U UT

Transitional sample data (TSD): The closest upper and lower neighboring pixels that are-already reconstructeg
have different colors each other.

Exceptional sample data (ESD): The closest upper and lower neighboring pixels-that are already reconstructed
are same and the current pixel is different with the neighboring pixels.

Predictable sample data (PSD): The closest upper and lower neighboring pixels that are already reconstructed ar
the same as the current pixel.

1%

Reference Scan Line |

Reference Scan Line |

Reference Scan Line |

O: Level Transitional Case ( ): Exceptional Case O Predictable Case

-

Figure V2 - 13 -- Scan Interleaving for Scalable Coding: an example of a times by 2 case

To encoding/decoding shape)mask plane, Sl performs the scanning method in vertical and horizonts
directions, successively. Sl with vertical scanning (V-SI) and Sl with horizontal scanning (H-SI) ar
separately applied-tothe input image.

1%

For decoding a bab.in the current layer, the spatially predicted bab from collocated block in the lower layer i
enhanced by-V-Sl. And then H-SI is successively performed on the enhanced plane of the V-SI. Th
reconstructing order is presented in subclause 7.5.4.8.

Uy

In the first-step of decoding a bab, a binary flag, which denotes the current bab type of Sl, is decoded by BAQ.
There are two bab types of Sl : transitional bab (TSD-B) and exceptional bab (ESD-B). If a bab has no ESD,
the bab is set to TSD-B. Otherwise the bab is set to ESD-B. When the flag is ‘0’, the current bab is TSD-B.
Otherwise, the current bab is ESD-B.

In tha ancadar forancadina-TISHD R _anlhy TS nival ara ancadad by CAE vwath tha cantavt chowvan 1n Dioniea \ /9D
e CrecotcTor— Chcoumyg—To0o5 o o P T e C T ot OOy o/ vt o e Corte T SOy T rgutr e v =

15. And for encoding ESD-B, all the pixels in the coded-scan-lines are encoded by CAE with the context
shown in Figure V2 - 15. The encoding order is the same as shown in subclause 7.5.4.8.

If a bab is TSD-B, only TSD are decoded in the order of V-SI and H-SI. The specific decoding order is presented
in 7.5.4.8. The decoding process of TSD-B is as follows.
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Following the scanning order, if the current pixel is TSD, then the pixel is decoded by BAC with the context in
Figure V2 - 15. And if the two neighbor pixels (the closest upper(left) and bottom(right)) are the same value,
then the current pixel has the same value as its neighbor pixels.

If a bab is ESD-B, all the pixels in coded scan line are decoded by BAC with the context in Figure V2 - 15.

hen enh_bab_type is 1 (intra CODED) and the scale ratio between the layers is square(i.e 200x300 &<=>
400x600), before performing BAC, the scanning type should be determined. For the determination, the top and-left
porders of the collocated block of the lower layer are extended with its neighboring pixels like Figure V2. 14. If an
eéxtended border is outside VOP, the pixel values of the extended border are set to zero. Two counts, Ni-and Ny are
¢alculated (N.: the number of pixels which have different values from the left neighboring pixel value; Ny: the
mumber of pixels which have different values from the upper neighboring value). If Ny is greater'than N, the
spatially predicted bab for decoding the enhancement layer bab has to be transposed and thenthe intra-mode CAE
for enhancement layer is performed, Otherwise, the intra-mode CAE for enhancement layer.is’' performed on the
gpatially predicted bab without transposing, that is default condition.

- top border
- left-border

I:I original block

Figure V2 - 14 = Extension of border pixels

71.5.4.12 Decoding of bab type of SI
The first decoded symbol of enh_binary-arithmetic_code(), which performs BAC, denotes the current bab type of

$1. The probability of SI_bab_typeprob[] given in Annex B is used for decoding bab type of SI. When this flag is
‘D, the current bab is TSD-B. Otherwise, the current bab is ESD-B.

1.5.4.13 Decoding of intrasmode CAE for enhancement layer

fFor decoding intra mode CAE for enhancement layer, BAC using the V-S| and H-SI decoding method is performed.
By using neighboring -7 bits context, a pixel is arithmetic decoded as in CAE, such that:

Compute a cantext using the templates shown in Figure V2 - 15 ((a) : for V-SI, (b): for H-SI)

Using the eontext, find probability from the probability table, i.e. enh_intra_v_prob[] for V-SI and enh_intra_h_prob[]
for H-Sl.>These tables are given in Annex B.

ecoding the pixel value using the probability.

The following subclause describes the computation of the contexts for intra mode CAE.
7.5.4.14 Contexts for intra-mode CAE for enhancement layer

Depending on the scanning direction, a 7 bit context C =3 ¢, 2* is built for each coded pixel as shown in Figure
k

V2 - 15, where ¢=0 for transparent pixels and c¢,=1 for opaque pixels. (a) of Figure V2 - 15 is for the intra-mode
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CAE with V-SI (SI by the vertical scanning), and (b) of Figure V2 - 15 is for the intra-mode CAE with H-SI (SI by the
horizontal scanning). In (a) of the figure, C6, C5 and C4 are the closest decoded pixels in top-left, top, and top-right
location, respectively. C3, and C2 are the closest decoded pixels in left and right location, respectively. And C1 and
CO0 are the closest decoded pixels in bottom-left and bottom-right location, respectively.

In (b) of the figure, C6, C5 and C4 are the closest decoded pixels in top-left, top, and top-right location,
respectively. C3 is the closest decoded pixel in left location. And C2. C1 and CO are the closest decoded pixels in

bottom-left, bottom, and bottom-right location, respectively.

Vertical Scanning Horizontal Scanning
C6|C5|C4 C6|C5|C4
C3| Y [C2 C3| X P>
cil | |co c2|c1|co| Seamune
1rection
VW Scanning
direction
(a) (by

Figure V2 - 15 -- The context information at different scanning of Sl

There are some special cases to consider:

1%

When building contexts, any pixels outside the boundingybox of the current VOP to the left and above ar
assumed to be zero (transparent).

—+

When building contexts and error_resilient_disable==0, any pixels outside the space of the current video packe
to the left and above are assumed to be zero (trahsparent).

When constructing the context, any pixel@utside the bordered BAB is assumed to be the same pixel value df
the closest pixel in the border of the curient BAB from the context location.

7.5.4.15 Decoding of Inter-mode CAE for enhancement layer

For decoding of enhancement.layer with B-VOP coding, the inter-mode CAE is performed in the case of the “inte
coded” mode (enh_bab_type==3). The context information in Figure V2 - 16 is utilized for this decoding. Th
decoding process of a pixelyis done in the same way as non-scalable binary shape coding.

=

D

When constructing the) Inter-mode CAE context the following conditional assignment is performed.

if(cl isunknown) cl=c2
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C3 C2 c1 | Piels of the current
BAB

Co ?

<
7 alignment
C8

7 C(}/ cs Pixels of the bordered
MC BAB

C4

Figure V2 - 16 -- The templates of Inter-mode CAE for enhancement layer.
C6 is aligned with the pixel to be decoded. The pixel to be decoded is marked with™?".

71.5.4.16 Quality (SNR) Scalable Coding

Duality Scalability can be easily sought by spatial scalability. Using the spatjal_scalability and spatial prediction,
binary shape can achieve the quality (SNR) scalability. In the decoding process;-each spatial scalable layer can be
patially predicted to the full resolution. For the binary shape, this scalable-structure is equivalent to quality scalable
tructure.

q
q

1.5.5 Grayscale Shape Decoding

Srayscale alpha plane decoding is achieved by the separate decoding of a support region and the values of the
Ipha channel. The support region is transmitted by using:the binary shape as described above. The alpha values
re transmitted as texture data with arbitrary shape, using almost the same coding method as is used for the
[luminance texture channel.

Gray-Level
Alpha

T~

Support Texture

Binary Texture Coder
Shape Coder

Figure 7-15 -- Grayscale shape coding

All-samples which are indicated to be transparent by the binary shape data, must be set to zero in the decoded

grayscale alpha plane. Within the VOP, alpha samples have the values produced by the grayscale alpha decoding
process. Decoding of binary shape information is not dependent on the decoding of grayscale alpha. The alpha
values are decoded into 16x16 macroblocks in the same way as the luminance channel (see subclauses 7.4 and
7.6, and 7.8.7). The 16x16 blocks of alpha values are referred to as alpha macroblocks hereafter. The data for
each alpha macroblock is present in the bitstream immediately following the texture data for the corresponding
texture macroblock. Any aspect of alpha decoding that is not covered in this document should be assumed to be
the same as for the decoding of luminance.
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7.5.5.1 Grayscale A Ipha COD Modes

When decoding grayscale alpha macroblocks, CODA is first encountered and indicates the coding status for alpha.
It is important to understand that the macroblock syntax elements for alpha are still present in the bitstream for P,
B, or S(GMC) macroblocks even if the texture syntax elements indicate “not-coded” (not_coded='1’). In this
respect, the decoding of the alpha and texture data are independent. The only exception is for BVOPs when the
colocated PVOP texture macroblock is skipped. In this case, no syntax is transmitted for texture or grayscale alpha,

as both types of macroblock are skipped.

For macroblocks which are completely transparent (indicated by the binary shape coding), no alpha)syntaj
elements are present and the grayscale alpha samples must all be set to zero (transparent). If CODA="all, opaque
(1, P, B, or S(GMC) macroblocks) or CODA="not coded” (P, B, or S(GMC) macroblocks) then no maoreyalpha dat
is present. Otherwise, other alpha syntax elements follow, including the coded block pattern (cbpa), followed b
alpha texture data for those 8x8 blocks which are coded and non-transparent, as is the case for, xé&gular luminanc
macroblock texture data.

W &7

When CODA="all opaque”, the corresponding decoded alpha macroblock is filled with a constant value of 255. Thi
value will be called AlphaOpaqueValue.

U7

7.5.5.2 Alpha Plane Scale Factor

For both binary and grayscale shape, the VOP header syntax element “vap _constant_alpha” can be used to scal
the alpha plane. If this bit is equal to ‘1’, then each pixel in the decoded VOP is scaled before output, using
vop_constant_alpha_value. The scaling formula is:

\17%

scaled_pixel = (original_pixel * (vop_constant_alpha_value + 1) ) / 256

Scaling is applied at the output of the decoder, such that-the' decoded original values, not the scaled values ar
used as the source for motion compensation.

A1%

7.5.5.3 Gray Scale Quantiser

When no_gray_quant_update is equal to “1”, the grayscale alpha quantiser is fixed for all macroblocks to the valu
indicated by vop_alpha_quant. Otherwise, the’grayscale quantiser is reset at each new macroblock to a value tha
depends on the current texture quantiser-(after any update by dquant). The relation is:

A1%

—

current_alpha_quant = (currént_texture_quant * vop_alpha_quant) / vop_quant

The resulting value of current_alpha_quant must then be clipped so that it never becomes less than 1.

7.5.5.4 Intra Macroblocks

When the texture mb~type indicates an intra macroblock in an I-, P-, or S(GMC)-VOP , the grayscale alpha data i
also decoded using intra mode.

vJ

—

The intra.delvalue is decoded in the same way as for luminance, using the same non-linear transform to conve
from alpha quant to DCScalarA. However, intra_dc_vic_thr is not used for alpha, and therefore AC coeffieciern
VLCs:are never used to code the differential intra dc coefficient.

—

DC' prediction is used in the same way as for luminance. However, when coda_i indicates that a macroblock is a

oot H &l l tacl £ lalal le s +la + ol 1 oot A H + lal L
UNAquUT, A SYTIUICUT TMra Ut vdiutT 15 LTTALTU TUT TAUTT UTUCR TITTUTC CUTTTTIU TITACTUDTUCR SU LAl aUJAaCTTIU TITALTUUTUTR,

can correctly obtain intra dc prediction values. The synthetic intra dc value is given as:
BlockintraDC = (((AlphaOpaqueValue * 8) + (DcScalerA>>1)) / DcScalerA) * DcScalerA
AlphaOpaqueValue is described in subclause 7.5.4.1.

The intra cbpa VLC makes use of the inter cbpy VLC table, but the intra alpha block DCT coefficients are decoded
in the same manner as with luminance intra macroblocks.
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When interlaced is equal to “1”, alternate scan should not be applied to coding of gray-level alpha.

When both interlaced is equal to “1” and video_object_layer_shape is equal to “11” (grayscale), only the frame DCT
should be applied to coding of gray-level alpha.

7.5.5.5 Inter Macroblocks and Motion Compensation

otion compensation is carried out for P-, B-, and S(GMC)-VOPs, using the 8x8 or 16x16 luminance motion
ectors, or the warping of the previous decoded VOP, in the same way as for luminance data, except that regular
otion compensation is used instead of OBMC. Forward, backward, bidirectional and direct mode_motion
ompensation are used for BVOPs. Where the luminance motion vectors are not present because the texture
acroblock is skipped, the exact same style of non-coded motion compensation used for luminance is\applied to
he alpha data (but without OBMC). Note that this does not imply that the alpha macroblock is skipped,-because an
rror signal to update the resulting motion compensated alpha macroblock may still be present,\if indicated by
oda_pb. When the colocated PVOP texture macroblock is skipped for BVOPs, then the alpha macroblock is
ssumed to be skipped with no syntax transmitted.

¢bpa and the alpha inter DCT coefficients are decoded in the same way as with luminance cbpy and inter DCT
¢officients.

(Vhen both interlaced is equal to “1” and video_object_layer_shape is equal te=“11" (grayscale), the field padding
should be applied to coding of gray-level alpha.

(Vhen both interlaced is equal to “1” and video_object_layer_shape is“equal to “11” (grayscale), both frame and

meld motion compensation are applicable in coding of texture and gray=level alpha, but only the frame DCT should
e applied to coding of gray-level alpha.

71.5.5.6 Method to be used when blending with greyscale alpha signal

The following explains the blending method to be applied'to the video object in the compositor, which is controlled
y the composition_method flag and the linear_compasition flag. The linear_composition flag is informative only,
nd the decoder may ignore it and proceed as\if it had the value 0. However, it is normative that the
¢omposition_method flag be acted upon.

The descriptions below show the processing,taking place in YUV space; note that the processing can of course be
implemented in RGB space to obtain equivalent results.

¢omposition_method=0 (cross-fading)

If layer N, with an n-bit alphajsignal, is overlaid over layer M to generate a new layer P, the composited Y, U, V
and alpha values are:

Pyuv = ( (2°-2~ Nalpha) * Myuv + (Nalpha * Nyuv ) ) / (2"-1)
Palpha = (2"-1)

¢omposition \method=1 (Additive mixing)

If layer-N, with an n-bit alpha signal, is overlaid over layer M to generate a new layer P, the composited Y, U, V
Tnd alpha values are:

{Mywv. L. Nalpha = 0
Pyuv ={
{ (Myuv - BLACK) - ( (Myuv - BLACK) * Nalpha ) / (2"-1)+ Nyuv..... Nalpha > 0

(this is equivalent to Pyuv = Myuv*(1-alpha) + Nyuv, taking account of black level and the fact that the video
decoder does not produce an output in areas where alpha=0)
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Palpha =Nalpha + Malpha - (Nalpha*Malpha) / (2"-1)
where
BLACK is the common black value of foreground and background objects.

NOTE The compositor must convert foreground and background objects to the same black value and signal range

before composition. The black level of each video object is specified by the video_range bit in (th
video_signal_type field, or by the default value if the field is not present. (The RGB values of synthetic objects ar
specified in a range from 0 to 1, as described in ISO/IEC 14496-1:1999).

D

—

» linear_composition = 0: The compositing process is carried out using the video signal in the format from which
is produced by the video decoder, that is, without converting to linear signals. Note that because\wideo signal
are usually non-linear (“gamma-corrected”), the composition will be approximate.

vJ

» linear_composition = 1: The compositing process is carried out using linear signals, so.the output of the videp
decoder is converted to linear if it was originally in a non-linear form, as specified by the.video_signal_type field.
Note that the alpha signal is always linear, and therefore requires no conversion.

7.5.6 Multiple Auxiliary Component Decoding

Auxiliary components are defined for the VOP on a pixel-by-pixel basis{,and contain data related to the vide
object, like disparity, depth, additional texture. Up to 3 auxiliary components (including the grayscale shape) ar
possible. The number and type of these components is indicated by the.ideo _object_layer _shape_extension give
in Table V2 - 1. For example, a value ‘0000’ indicates the grayscale-(alpha) shape. The same support region a
described in 7.5.4 is used for all auxiliary components, and the decoding procedure is the same as described i
subclauses 7.5.4.1 - 7.5.4.6.

- Ul D U

7.6 Motion compensation decoding

In order to perform motion compensated predictionyon a per VOP basis, a special padding technique, i.e. th
macroblock-based repetitive padding, is applied>for the reference VOP. The details of these techniques ar
described in the following subclauses.

oD

Since a VOP may have arbitrary shape, @nd this shape can change from one instance to another, conventions ar
necessary to ensure the consistency.of the motion compensation process.

A1%

The absolute (frame) coordinaté system is used for referencing every VOP. At every given instance, a boundin
rectangle that includes the shape of that VOP, as described in subclause 7.5, is defined. The left and top corner, i
the absolute coordinates,-®fsthe bounding rectangle is decoded from VOP spatial reference. Thus, the motio
vector for a particular feature inside a VOP, e.g. a macroblock, refers to the displacement of the feature in absolut
coordinates. No alignment of VOP bounding rectangles at different time instances is performed.

=

For motion compensation, the amplitude resolution of the motion vectors is signaled by the quarter_sample flag i
the VOL header;”see subclause 6.2.3. Either % pel resolution (“half sample mode”, quarter_sample==0) or % pe
(“quarter sample mode”, quarter_sample==1) is used. For % pel resolution, the necessary % pel samples ar
calculated/by means of half sample interpolation as described in subclause 7.6.2.1. For % pel resolution, th
necessary ¥2 and % pel samples are calculated by means of half and quarter sample interpolation as described i
subclause 7.6.2.2.

- (00—

In” addition to the abave motion compensation processing, three additional processes are supported namely,

unrestricted motion compensation, four MV motion compensation,and overlapped motion compensation. Note that
in all three modes, macroblock-based padding of the arbitrarily shaped reference VOP is performed for motion
compensation.

7.6.1 Padding process

The padding process defines the values of luminance and chrominance samples outside the VOP for prediction of
arbitrarily shaped objects. Figure 7-16 shows a simplified diagram of this process.
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Figure 7-16 -- Simplified padding process
A decoded macroblock dfyj[x] is padded by referring toxthe corresponding decoded shape block sfyj[x]. The
luminance component is padded per 16 x 16 samples, While the chrominance components are padded per 8 x 8
samples. A macroblock that lies on the VOP boundary<(hereafter referred to as a boundary macroblock) is padded

y replicating the boundary samples of the VOPR ‘towards the exterior. This process is divided into horizontal
a)epetitive padding and vertical repetitive padding:-The remaining macroblocks that are completely outside the VOP
hereafter referred to as exterior macroblocks)\are filled by extended padding.

INOTE The padding process is applied.to all macroblocks inside the bounding rectangle of a VOP. The bounding
:lectangle of the luminance component-is defined by vop_width and vop_height extended to multiple of 16, while
hat of the chrominance components.is defined by (vop_width>>1) and (vop_height>>1) extended to multiple of 8.

7.6.1.1 Horizontal repetitive’padding

Each sample at the balndary of a VOP is replicated horizontally to the left and/or right direction in order to fill the
transparent region ottside the VOP of a boundary macroblock. If there are two boundary sample values for filling a
sample outside ofla)VOP, the two boundary samples are averaged (//2).

por_pad[yj[x]<4s-generated by any process equivalent to the following example. For every line with at least one
shape sample=s[yJ[x] == 1(inside the VOP) :
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for (x=0; x<N, x++) {
ifI(S[){/][X == 1) { hor_pad|y]l[x] = dly][x] s'ylx] = 1; }
else
it ( sfyllx]==1 && s[y][x’]==1) {
hor_pad[yj[x] = (d[y][x'I+ d[y][x"]I2;
slyllxi = 1;
Yelseif (sfvi[x]==1){

hor_pad[yj[xj = d[yi[x]; sTyI[x] = 1;
yelseif (sfyx7==1){
hor_pad[yj[xj = dyi[x]; sTyI[x] = 1;

}

where x’is the location of the nearest valid sample (sfy][x] == 1) at the VOP boundary to the-left of the curren
location x, x”is the location of the nearest boundary sample to the right, and Nis the number-0f samples of a line ip
a macroblock. s’fy][x]is initialized to 0.

—

7.6.1.2 Vertical repetitive padding

The remaining unfilled transparent horizontal samples (where s’[y][x] == 0) frem subclause 7.6.1.1 are padded by
similar process as the horizontal repetitive padding but in the vertical direction. The samples already filled i
subclause 7.6.1.1 are treated as if they were inside the VOP for the purpose’of this vertical pass.

>

hv_pad[y][x]is generated by any process equivalent to the following ‘example. For every column of hor_pad[y][x]

for (y=0; y<M, y++) {
it (sTyjpd == 1)
hv_pad[y][x] =hor_pad]y][X];
else {
it (sylx]==1&& sTy’J[x]==1)
hv_pad[y][x] = (hor_pad[y]x{* hor_pad[yl[x)!12;
elseif (sfyj[x]==1)
hv_pad[y][x] = hor_padfy’]],
else if (sfy’l[x]==1)
hv_pad[yj[x] = han pad[y’][x],

bl

where y’is the location of thé.nearest valid sample (s’[y’J[x] == 1) above the current location y at the boundary 0
hv_pad, y”is the location(of the nearest boundary sample below y, and M is the number of samples of a column i
a macroblock.

=

7.6.1.3 Extended‘padding

Exterior maereblocks immediately next to boundary macroblocks are filled by replicating the samples at the borde
of the boundary macroblocks. Note that the boundary macroblocks have been completely padded in subclaus
7.6.1.1¢and subclause 7.6.1.2. If an exterior macroblock is next to more than one boundary macroblocks, one d
the maeroblocks is chosen, according to the following convention, for reference.

= ==

The boundary macroblocks surrounding an exterior macroblock are numbered in priority according to Figure 7-17.

T e exterior macrobfock 15 then padded by Tepiicatng upwards, downwards, Teftwards, or nghwards the Tow
samples from the horizontal or vertical border of the boundary macroblock having the largest priority number.
The remaining exterior macroblocks (not located next to any boundary macroblocks) are filled with 2”1 £
8-bit luminance component and associated chrominance this implies filling with 128.

or
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Figure 7-17 -- Priority of boundary macroblocks surrounding an exterior macroblock

7.6.1.4 Padding for chrominance components

Chrominance components are padded according to subclauses 7.6,11-through 7.6.1.3 for each 8 x 8 block. The
padding is performed by referring to a shape block generated by decimating the shape block of the corresponding
luminance component. This decimating of the shape block is performed by the subsampling process described in
subclause 6.1.3.6.

7.6.1.5 Padding of interlaced macroblocks

Macroblocks of interlaced VOP (interlaced = 1) areé padded according to subclauses 7.6.1.1 through 7.6.1.3. The
ertical padding of the luminance component, however, is performed for each field independently. A sample outside
f a VOP is therefore filled with the value of the'aearest boundary sample of the same field. Completely transparent
locks are padded with 2°"*-"*"**' Chrominance components of interlaced VOP are padded according to
subclause 7.6.1.4, however, based on fields to enhance subjective quality of display in 4:2:0 format. The padding
method described in this subclause is not'used outside the bounding rectangle of the VOP.

7.6.1.6 Vector padding technique

The vector padding technigue is applied to generate the vectors for the transparent blocks within a non-
ransparent macroblock,, for an INTRA-coded macroblock and for a skipped macroblock included in a P-VOP. It
orks in a similar way.as the horizontal followed by the vertical repetitive padding, and can be simply regarded as
he repetitive padding’performed on a 2x2 block except that the padded values are two dimensional vectors. A
acroblock has’four 8x8 luminance blocks, let {MVx[i], MVy[i], i=0,1,2,3} and {Transp][i], i=0,1,2,3} be the vectors
nd the transparencies of the four 8x8 blocks, respectively, the vector padding is any process numerically
quivalentto;
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if (the macroblock is INTRA-coded, or skipped and included in a P-VOP) {
MVx[0] = MVx[1] = MVx[2] = MVX[3] =0
MVy[0] = MVy[1] = MVy[2] = MVy[3] =0
} else {
if(Transp[0] == TRANSPARENT) {
MVx[0]=(Transp[1] '= TRANSPARENT) ? MVX[1] :((Transp[2]!'=TRANSPARENT) ?
MVx[2]:MVX[3])):

MVy[0]=(Transp[1] '= TRANSPARENT) ? MVy[1]:((Transp[2]'=TRANSPARENT) ?
MVy[2]:MVY[3]));

}

if(Transp[1] == TRANSPARENT) {
MVx[1]=(Transp[0] '= TRANSPARENT) ? MVx[0] :((Transp[3]'=TRANSPARENT) ? MVX[3]:MVX[2]));
MVy[1]=(Transp[0] '= TRANSPARENT) ? MVy[0]:((Transp[3]'=TRANSPARENT) ? MVy[3]:.MWy[2]));

}

if(Transp[2] == TRANSPARENT) {
MVx[2]=(Transp[3] != TRANSPARENT) ? MVx[3] :((Transp[0]!=TRANSPARENT) ? MVX[0]:MVX[1]));
MVy[2]=(Transp[3] != TRANSPARENT) ? MVy[3]:((Transp[0]!'=TRANSPARENT)? MVy[0]:MVy[1]));

}

if(Transp[3] == TRANSPARENT) {
MVX[3]=(Transp[2] '= TRANSPARENT) ? MVx[2] :((Transp[1]!=TRANSPARENT) ? MVX[1]:MVx[0]));
MVy[3]=(Transp[2] '=TRANSPARENT) ? MVy[2]:((Transp[1]'=TRANSPARENT) ? MVy[1]:MVy[0]));

}

Vector padding is only used in |-, P-, and S(GMC)-VOPs, it is applied on a macroblock directly after it is decoded.
The block vectors after padding are used in the P-, and S(GMC)-VOP vector decoding and binary shape decoding
and in the B-VOP direct mode decoding. Note that the averaged motion vector described in 7.8.7.3 is used as th
motion vectors of a GMC macroblock (i.e. a macroblock included in an S (GMC)-VOP and mcsel == ‘1’) for thi
padding process.

o=

7.6.2 Sample interpolation for non-integer motien vectors

The sample interpolation in case of non-integer motion vectors is performed for 16x16 or 8x8 frame blocks in cas
of progressive and for 16x8 field blocks.in* case of interlaced macroblocks. It is done using the luminance an
chrominance components of the respectively reconstructed and padded reference VOP.

A1%

1=

The value for the quarter_sample flag is defined in he VOL header (see subclause 6.2.4), the value g
rounding_control is defined usingthe vop_rounding_type bit in the vop header (see subclause 6.3.5). Note that th
samples outside the padded region cannot be used for interpolation. For interlaced video, the half and quarte
sample values are vertically interpolated between two successive lines of the same field. The field motion vector
are given in frame coordinates; that is the vertical coordinates of the integer samples differ by 2.

Ul — U —h

7.6.2.1 Half sample’mode interpolation

The process-for interpolation of half sample values defined in this subclause is carried out only in half sampl
mode, j.ewhen quarter_sample==0. Here, the half sample values are calculated by bilinear interpolation a
depicted/in Figure 7-18. The value of rounding_control is defined using the vop_rounding_type bit in the VO
header (see subclause 6.3.5). Note that the samples outside the padded region cannot be used for interpolation.

O U\
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Figure 7-18 -- Interpolation scheme for half sample search

1.6.2.2 Quarter sample mode interpolation

The process for interpolation of half and quarter sample values defined in this subclause’is carried out only in
quarter sample mode, i.e. when quarter_sample==1. Further, the process is only cartied out for the luminance
¢omponent of a VOP; for motion compensation of the chrominance components, the respective motion vectors are
fflounded to the next half pel position (see Table 7-9) and then processed as.’described in half pel sample
interpolation (subclause 7.6.2.1).

In quarter sample mode interpolation, for each block of size MxN in the reference VOP which position is defined by
he decoded motion vector for the block to be predicted, a reference~block of size (M+1)x(N+1) biased in the
irection of the half or quarter sample position is read from the recenstructed and padded reference VOP. Then,
his reference block is symmetrically extended at the block boundaries by three samples using block boundary
irroring according to Figure V2 - 17.

B O
block coe

boundary @ [

Figure V2 - 17 -- block boundary mirroring

The half sample values” and (if applicable) the quarter sample values are then calculated from this extended
fleference block indwo steps described in the following.

71.6.2.2.1 €alculation of the half sample values

The half.sample values are calculated by horizontal filtering (a; in Figure V2 - 18) and subsequent vertical filtering
b and'c in Figure V2 - 18) according to Figure V2 - 18. For the filtering in both directions an 8-tap FIR interpolation
iltendescribed by

(CO1[4] ,CO1[3],CO1[2],CO1[1],CO1[1],CO1[2] ,CO1[3] ,CO1[4])/256

with the filter coefficients CO1[1..4]= [160, -48, 24, -8] is used.
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Figure V2518 -- Half sample interpolation in quarter sample mode (FIR filter)

The values generated by both horizontal and vertical filtering pass are clipped to the range of [0, 2N—b"—1]. The valu

of rounding_control jS'defined using the vop_rounding_type bit in the vop header (see subclause 6.3.5).

\1%2

7.6.2.2.2  Calculation of the quarter sample values

If applicable; the quarter sample values are calculated in a second step following the half sample interpolatio
described above. Here, bilinear interpolation between the corresponding half and integer sample values is carriegl
out@s.described in Figure 7-18.

=

763  General motion vectaor decodina nrocess
R I o

To decode a motion vector (MVx, MVy), the differential motion vector (MVDx, MVDy) is extracted from the
bitstream by using the variable length decoding as described in subclause 6.3.6.2. Then it is added to a motion
vector predictor (Px, Py) component wise to form the final motion vector. The general motion vector decoding
process is any process that is equivalent to the following one. All calculations are carried out in halfpel units in the
following. Please note that if the quarter sample mode is enabled (quarter_sample==1), the resulting motion
vectors are still given in half pel units which absolute values need then however no longer be integer. This process
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is generic in the sense that it is valid for the motion vector decoding in interlaced/progressive P-, S(GMC)- and B-
VOPs except that the generation of the predictor (Px, Py) may be different.

r_size =vop_fcode - 1
f=1<<r _size
high=(32*f)- 1;
low = ((-32) * f):

range = (64 * f);

if ((f == 1) || (horizontal_mv_data == 0) )
MVDx = horizontal_mv_data;
else {
MVDx = ( ( Abs(horizontal_mv_data) - 1) * f ) + horizontal_mv_residual + 1;
if (horizontal_mv_data < 0)
MVDx = - MVDXx;

}

if ((f == 1) || (vertical_mv_data ==0))
MVDy = vertical_mv_data;
else {
MVDy = ( ( Abs(vertical_mv_data) - 1) * f) + vertical_mv_residual +.1;
if (vertical_mv_data < 0)
MVDy = - MVDy;
}

if (quarter_pel==1) {
MVDx = MVDx / 2.0;
MVDy = MVDy / 2.0;
}

MVxX = Px + MVDx;
if ( MVx < low)

MVx = MVXx + range;
if (MVx > high)

MVx = MVXx - range;

MVy = Py + MVDy;
if ( MVy < low)

MVy = MVy + range;
if (MVy > high)

MVy = MVy - range,

The parameters in thesbitstream shall be such that the components of the reconstructed differential motion vector,
MVDx and MVDy, shall"lie in the range [low:high]. In addition the components of the reconstructed motion vector,
MVx and MVy, shalkalso lie in the range [low : high]. The allowed range [low : high] for the motion vectors depends
on the parametér vop_fcode; it is shown in Table 7-5.

The variables r_size, f, MVDx, MVDy, high , low and range are temporary variables that are not used in the
emainder” of this part of ISO/IEC 14496. The parameters horizontal_mv_data, vertical_mv_data,
orizontal_mv_residual and vertical_mv_residual are parameters recovered from the bitstream.

Fhrevartabtevop—fecodereferseither-totheparametervop—fecode—forward-ortotheparametervop—fcode—backward
which have been recovered from the bitstream, depending on the respective prediction mode. In the case of P- or
S(GMC)-VOP prediction only forward prediciton applies. In the case of B-VOP prediction, forward as well as
backward prediction may apply.
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Table 7-5 -- Range for motion vectors

vop_fcode_forward
or

motion vector range in
halfsample units

motion vector range in
halfsample units

vop_fcode_backward [low:high] (quarter_sample==1)
[low:high]

t =32:3%% F16:15-5%

2 [-64,63] [-32,31.5]

3 [-128,127] [-64,63.5]

4 [-256,255] [-128,127.5]

5 [-5612,511] [-256,255.5]

6 [-1024,1023] [-5612,511.5]

7

[-2048,2047]

[-1024,1023.5]

If the current macroblock is a field motion compensated macroblock, then the same grediction motion vector (PX
Py) is used for both field motion vectors. Because the vertical component of a fieldymotion vector is integral, the
vertical differential motion vector encoded in the bitstream is

MVy = MVDyﬁe|d +PY/2
7.6.4 Unrestricted motion compensation

Motion vectors are allowed to point outside the decoded area of @reference VOP when (and only when) the shot
video header format is not in use (i.e., when short_video_header is 0). For an arbitrary shape VOP, the decode
area refers to the area within the bounding rectangle,-padded as described in subclause 7.6.1. A boundin
rectangle is defined by vop_width and vop_height extended to multiple of 16. In case of half sample mode, when
sample referenced by a motion vector stays outside ¢he*decoded VOP area, an edge sample is used. This edg
sample is retrieved by limiting the motion vector to the last full pel position inside the decoded VOP area. Limitatio
of a motion vector is performed on a sample basis and separately for each component of the motion vector, a
depicted in Figure 7-19. In case of quarter sample mode, when a sample needed for interpolation (see subclaus
7.6.2.2) stays outside the decoded VOP ared/an edge sample is used prior to block boundary mirroring.

—

U =5 (0 o

X
.-~ Reference VOP
(vhmesr,vvmesr) P
y (! | Current VOP
: );\(Xref,yref) l Pre rren
|
| -,
g < : /,/’\ (xcurr,ycurr)
ydim | (dxdy)
|
|
|
|
Ul —
— 7
xdim

Figure 7-19 -- Unrestricted motion compensation

The coordinates of a reference sample in the reference VOP, (yref, xref) is determined as follows :
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xref = MIN ( MAX (xcurr+dx, vhmcsr), xdim+vhmcsr-1)
yref = MIN ( MAX (ycurr+dy, vvmcsr), ydim+vvmcsr-1)
where vhmcsr = vop_horizontal_mc_spatial_ref, vwmcsr = vop_vertical_mc_spatial_ref, (ycurr, xcurr) are the

coordinates of a sample in the current VOP, (yref, xref) are the coordinates of a sample in the reference VOP, (dy,
dx) is the motion vector, and (ydim, xdim) are the dimensions of the bounding rectangle of the reference VOP. All

eference VOP is defined by video_object_layer_width and video_object_layer_height. For an arbitrary shape VOP,
reference VOP of luminance is defined by vop_width and vop_height extended to multiple of 16, while that'of
¢hrominance is defined by (vop_width>>1) and (vop_height>>1) extended to multiple of 8.

ioordinates are related to the absolute coordinate system shown in Figure 7-19. Note that for rectangular VOP, a

7.6.5 Vector decoding processing and motion-compensation in progressive P- and S(GMC)-VOP

An inter-coded macroblock comprises either one motion vector for the complete macroblockdor K ( 1< K<=4)
otion vectors, one for each non-transparent 8x8 pel blocks forming the 16x16 pel macroblock;“as is indicated by
he mcbpc code.

For decoding a motion vector, the horizontal and vertical motion vector components,ate decoded differentially by
sing a prediction, which is formed by a median filtering of three vector candidate predictors (MV1, MV2, MV3) from
he spatial neighbourhood macroblocks or blocks already decoded. Note that" if any spatial neighbourhood
acroblock is a GMC macroblock (i.e. included in an S (GMC)-VOP and mcsel~== ‘1’) and it is in the current VOP
nd video packet, the averaged motion vector described in subclause 7.8.7:3.1S used as candidate motion vectors.
The spatial position of candidate predictors for each block vector is depicted in Figure 7-20. In the case of only one
motion vector present for the complete macroblock, the top-left casé\in Figure 7-20 is applied. When the short
ideo header format is in use (i.e., when short_video_header is "1");yonly one motion vector shall be present for a
imacroblock.

MVZ MY3 MVZ | MV3
MV1 MV MV MV

MVZ | MV3 MVZ2 | MV3
MV1 MV MV MV

Figure 7-20 -- Definition of the candidate predictors MV1, MV2 and MV3
for each of the luminance blocks in a macroblock

The following four decision rules are applied to obtain the value of the three candidate predictors:

1. If a candidate predictor MVi is in a transparent spatial neighbourhood macroblock or in a transparent block of
the current macroblock it is not valid, otherwise, it is set to the corresponding block vector.
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2. If one and only one candidate predictor is not valid, it is set to zero.
3. If two and only two candidate predictors are not valid, they are set to the third candidate predictor.
4. |If all three candidate predictors are not valid, they are set to zero.

Note _that any neighbourhood macroblock outside the current VOP or video packet or outside the current GOB

(when short_video_header is “1”) for which gob_header_empty is “0” is treated as transparent in the above sensg.
The median value of the three candidates for the same component is computed as predictor, denoted by Px angd
Py:

Px = Median(MV 1x, MV 2x, MV 3x)
Py = Median(MV 1y, MV 2y, MV 3y)

For instance, if MV1=(-2,3), MV2=(1,5) and MV3=(-1,7), then Px = -1 and Py = 5. The findDmotion vector is then
obtained by using the general decoding process defined in the subclause 7.6.3.

If four vectors are used, each of the motion vectors is used for all pixels in one of the four luminance blocks in th
macroblock. The numbering of the motion vectors is equivalent to the numbering \of the four luminance blocks a|
given in Figure 6-5. Motion vector MVDCHR for both chrominance blocks is derived by calculating the sum of the 4
luminance vectors, that corresponds to K 8x8 blocks that do not lie outside the VOP shape and dividing this sum b
2*K; in quarter sample mode the vectors are divided by 2 before summation./The component values of the resultin
sixteenth/twelfth/eighth/fourth sample resolution vectors are modified towards the nearest half sample position a
indicated below.

"2

UG <<

Table 7-6 -- Modification of sixteenth sample resolutien chrominance vector components

1 ]1 |1 1116

sixteenth pixel position 0O(1]2|3|4 |56 |7[8]9]|1 1
oO(1|2|3]|4]5

resulting position ofojo|1pa@qf1|2|21f2|21f2f2)1]|1]|2]|2 12

Table 7-7 -- Maodification of twelfth sample resolution chrominance vector components

twelfth pixel position O |1 (2|3 |4 |5 (6 |7 |8 |9 |10 |11 |/2

resulting position O |0 fO (|2 |2 |21 (1 |21 ]1 ]2 2 12

Table 7-8 -+ Moadification of eighth sample resolution chrominance vector components

eighth pixel position 0|1 |2 |3 |4 |5 |6 |7 ]/8

resulting position O[O0 |2 |2 |1 |1 (2|2 [|/N2

Table 7-9 -- Maodification of fourth sample resolution chrominance vector components

fourth pixel position 0|1 |2 |3 ]/4

resulting position O (1 |2 |1 ]/2

Half sample values are found using bilinear interpolation as described in subclause 7.6.2. The prediction for
luminance is obtained by overlapped motion compensation as described in subclause 7.6.6 if indicated by
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obmc_disable==0. The prediction for chrominance is obtained by applying the motion vector MVDCHR to all pixels
in the two chrominance blocks.

7.6.6 Overlapped motion compensation

This subclause specmes the overlapped motlon compensatlon process. This process is performed when the ﬂag

Each pixel in an 8*8 luminance prediction block is a weighted sum of three prediction values, divided by, 8 (with
flounding). In order to obtain the three prediction values, three motion vectors are used: the motion vegtorof the
¢urrent luminance block, and two out of four "remote” vectors:

*  the motion vector of the block at the left or right side of the current luminance block;
* the motion vector of the block above or below the current luminance block.

For each pixel, the remote motion vectors of the blocks at the two nearest block borders\are used. This means that
or the upper half of the block the motion vector corresponding to the block above the‘current block is used, while
or the lower half of the block the motion vector corresponding to the block below the current block is used.
imilarly, for the left half of the block the motion vector corresponding to the(block at the left side of the current
lock is used, while for the right half of the block the motion vector corresponding to the block at the right side of
he current block is used.

The creation of each pixel, ]_9(1',]'), in an 8*8 luminance prediction block is governed by the following equation:

p(.§) = Q) ¥ Hy )+ 10, §) X H, (0, §) + sG ) X H, . ]) +4) /8,

where ¢(i, j), r(i,j), and s(i, j) are the pixels fronythe referenced picture as defined by

q(i, j) = pli + MFY, j+ MV)),
r(i,j) = plch MV, j + MV}),
s, NFEPU+MV?, j+MV}).

iHere, (MVxO,MVyO) denotes.the motion vector for the current block, (MVxl,MVyl) denotes the motion vector of

the block either above or below, and (MVXZ,MVyZ) denotes the motion vector either to the left or right of the
¢urrent block as defined above.

The matrices H;(i5j),H,(i,j) and H,(i, j) are defined in Figure 7-21, Figure 7-22, and Figure 7-23, where (i, )
denotes the celumn and row, respectively, of the matrix.

If one of-the surrounding blocks was not coded, the corresponding remote motion vector is set to zero. If one of the
surrouniding blocks was coded in intra mode, the corresponding remote motion vector is replaced by the motion
ector for the current block. If the current block is at the border of the VOP and therefore a surrounding block is not

bresSent fhn t\r\rrnonr\nrllnn remoete mr\hr\n vector |e rr\nlar\r\rl hy. fhn eUent mnhnn vector—a c\rlrhhnn |F fhn cHHrent
ty eHeSpon Hoete epraceaoYy

block is at the bottom of the macroblock, the remote motion vector corresponding with an 8*8 Iummance block in
the macroblock below the current macroblock is replaced by the motion vector for the current block.
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Figure 7-21 -- Weighting values, Hp, for prediction with motion vector of current luminance block
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Figure 7-22 -- Weighting values, H1, for prediction with motion vectors of the luminance blocks
on top or bottom of current luminance block
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Figure 7-23 -- Weighting values, H-, for prediction with motion vectors of the luminance blocks

to the left or right of current luminance block

7.6.7 Temporal prediction structure

A forward reference VOP is defined as a most recently decoded I- or P- or S(GMC)-VOP in the past for which
"vop_coded==1". A backward reference VOP is defined as the most recently decoded I- or P- or S(GMC)-VOP
in the future, regardless of its value for "vop_coded".

A target P- or S(GMC)-VOP shall make reference to the forward reference VOP
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A target B-VOP can make reference

e to the forward and/or the backward reference VOP, if for the backward reference VOP
"vop_coded==1"

» only to the forward reference VOP, if for the backward reference VOP "vop_coded==0"

MNMat that farth rafaran VOD l tian-af-biaane—ahan dina-th P | totaod o b alal o Z L 2 A hall kb
INULC U If.ll. TUT TG TUTOUTUTIVU  VUT SCICULIVUNT UT Ullluly =] IulJC UUUIIIE’ UTC TUITCO OIUALTU TTT OUMNUIAUOU T.J...57 ol'TAdll U
applied
The temporal prediction structure is depicted in Figure 7-24.
i Object disappears
I0 P1 P2 P3 B4 P5 B6 P7 (vop_.cdded = 0)
Figure 7-24 -- Temporal Prediction Structure
71.6.8 Vector decoding process of non-scalable progressive B-VOPs

In B-VOPs there are three kinds of vectors, namely, 16x16 forward-vector, 16x16 backward vector and the delta
ector for the direct mode. The vectors are decoded with respectto the corresponding vector predictors. The basic
ecoding process of a differential vector is the exactly same(as-defined in P-VOPs except that for the delta vector
f the direct mode the f_code is always one. The vector is\then reconstructed by adding the decoded differential
ector to the corresponding vector predictor. The vectorpredictor for the delta vector is always set to zero, while
he forward and backward vectors have their own vectob predictors, which are reset to zero only at the beginning of
ach macroblock row. The vector predictors are updated in the following three cases:

4 after decoding a macroblock of forward mode only the forward predictor is set to the decoded forward vector

4 after decoding a macroblock of backward mode only the backward predictor is set to the decoded backward
vector.

4 after decoding a macroblock of bi-directional mode both the forward and backward predictors are updated
separately with the decoded vectors of the same type (forward/backward).

71.6.9 Motion compensation in non-scalable progressive B-VOPs

In B-VOPs the overlapped motion compensation (OBMC) is not employed. The motion-compensated prediction of
B-macroblock,is.generated by using the decoded vectors and taking reference to the padded forward/backward
eference VOPs as defined below. Arbitrarily shaped reference VOPs shall be padded accordingly.

.6.9.1_Basic motion compensation procedure

Iof the ISO/IEC 14496-2 motion compensation techniques are based on the formation of a prediction block,

pred[i][j] of dimension (width, height), from a reference image, ref[x][y]. The coordinates of the current block (or
macroblock) in the reference VOP is (X,y), the motion half-pel resolution motion vector is (dx_halfpel, dy_halfpel).
The pseudo-code for this procedure is given below. For quarter pel mode the formation of the prediction block is
carried out as described in subclause 7.6.2.2.

The component_width() and component_height() function give the coded VOP dimensions for the current
component. For luminance, component_width() is video_object_layer_width for a rectangular VOP or vop_width
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otherwise rounded up to the next multiple of 16. The luminance component_height() is defined similarly. The
chrominance dimensions are one half of the corresponding luminance dimension.
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clip ref(ref, x, y)
{

return (ref [MIN (MAX (x, 0), component width(ref) - 1)]
[MIN (MAX (y, 0), component height(ref) - 1)1);
}
c (pred, /* prediction block */
ref * reference r“o‘mpm’\m’ﬁ' *
X, Y, /* ref block coords for MV=(0, 0) */
width, height, /* reference block dimensions */
dx halfpel, dy halfpel, /* half-pel resolution motion vector */
rounding, /* rounding control (0 or 1 ) */
pred yo, /* field offset in pred blk (0 or 1) */
ref yo0, /* field offset in ref blk (0 or 1) */
y_incr) /* vertical increment (1 or 2) */
{
dx = dx halfpel >> 1;

dy = y incr * (dy halfpel >> y incr);
if (dy _halfpel & y incr) {
if (dx_halfpel & 1) {
for (iy = 0; iy < height; iy += y incr) {
for (ix = 0; ix < width; ix++) {
x ref = x + dx + ix;
y ref =y + dy + iy + ref y0;
pred[ix] [iy + pred y0] =
(

clip ref(ref, x ref + 0, y ref ©\0) +
clip ref(ref, x ref + 1, y ref + 0) +
clip ref(ref, x ref + 0, y ef + y incr) +
clip ref(ref, x ref + 1, wref + y incr) +

2 - rounding) >> 2;

}

} else {
for (iy = O; iy < height; iy .+=‘y incr) {
for (ix = 0; ix < width; ix++) {
x ref = x + dx + Jx5
y ref =y + dy + 4y + ref yO0;
pred[ix] [iy + pred_y0] =
(clip refifref, x ref, y ref + 0) +
clip ref(ref, x ref, y ref + y incr) +
1 —-*peunding) >> 1;
}
}
}
} else {

if (dx_halfpel & 1) {
for (iy = 0; iy < height; iy += y incr) {
for (ix = 0; ix < width; ix++) {
x ref = x + dx + ix;
y ref =y + dy + iy + ref y0;
(1
(

pred[ix] [iy + pred y0] =
clip ref(ref, x ref + 0, y ref) +
clip ref(ref, x ref + 1, y ref) +
1 - rounding) >> 1;
}
}
} else {
for (iy = 0; iy < height; iy += y incr) {
Tor (1X = U; 1X Widtll, 1Xt+) 1

x ref = x + dx + ix;
y ref =y + dy + iy + ref y0;
pred[ix] [iy + pred y0] =

clip ref(ref, x ref, y ref);
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7.6.9.2 Forward mode

Only the forward vector (MVFx,MVFy) is applied in this mode. The prediction blocks Pf_ Y, Pf_U, and Pf_V are
generated from the forward reference VOP, ref_Y_for for luminance component and ref_U_for and ref_V_for for
chrominance components, as follows:

mc(Pf_Y, ref Y _for, x,y, 16, 16, MVFx, MVFy, 0, 0, 0, 1);
mc(Pf_U, ref_U_for, x/2, y/2, 8, 8, MVFx_chro, MVFy_chro, 0, 0, 0,1);

mc(Pf_V, ref_V_for, x/2, y/2, 8, 8, MVFx_chro, MVFy_chro, 0, 0, 0,1);

=

where (MVFx_chro, MVFy_chro) is motion vector derived from the luminance motion vectopyby dividing eac
component by 2 then rounding on a basis of Table 7-9. Here (and hereafter) the function MC is defined i
subclause 7.6.9.

=)

7.6.9.3 Backward mode

117

Only the backward vector (MVBx,MVBY) is applied in this mode. The prediction*blocks Pb_Y, Pb_U, and Pb_V ar
generated from the backward reference VOP, ref_Y_back for luminancey component and ref _U_back an
ref_V_back for chrominance components, as follows:

1=

mc(Pb_Y, ref Y_back, x, y, 16, 16, MVBx, MVBYy, 0, 0, 0, 1);
mc(Pb_U, ref_U_back, x/2, y/2, 8, 8, MVBx_chro, MVBY ‘¢hro, 0, 0, 0,1);
mc(Pb_V, ref V_back, x/2, y/2, 8, 8, MVBx_chro, MVBy_chro, 0, 0, 0,1);

where (MVBx_chro, MVBYy_chro) is motion vector dérived from the luminance motion vector by dividing eac
component by 2 then rounding on a basis of Table 7-9.

=

7.6.9.4 Bi-directional mode

Both the forward vector (MVFx,MVFy)(@nd the backward vector (MVBx,MVBY) are applied in this mode. Th
prediction blocks Pi_Y, Pi_U, and Pi~\.are generated from the forward and backward reference VOPs by doing th
forward prediction, the backward prediction and then averaging both predictions pixel by pixel as follows.

21

mc(Pf_Y, ref Y _for,¥%,y, 16, 16, MVFx, MVFy, 0, 0, 0, 1);

mc(Pf_U, ref_UY~fef, x/2, y/2, 8, 8, MVFx_chro, MVFy_chro, 0, 0, 0,1);
mc(Pf_V,qef-V_for, x/2, y/2, 8, 8, MVFx_chro, MVFy_chro, 0, 0, 0,1);
mc(Rb\YY, ref Y _back, x, y, 16, 16, MVBx, MVBYy, 0, 0, 0, 1);

mc(Pb_U, ref_U_back, x/2, y/2, 8, 8, MVBx_chro, MVBYy_chro, 0, 0, 0,1);

mc(Pb_V, ref V_back, x/2, y/2, 8, 8, MVBx_chro, MVBy_chro, 0, 0, 0,1);

Pi_Y[iJlj]l = (Pf_Y[i][] + Pb_Y[[]l+ 1)>>1;  ij=0.1.2..15:
Pi_UI[il[] = (Pf_U[ill] + Pb_U[il[] + 1)>>1;  i,j=0,1,2...8;
Pi_V[il[i] = (Pf_V[il[j] + Pb_V[il[i] + 1)>>1;  i,j=0,1,2...8;

where (MVFx_chro, MVFy_chro) and (MVBx_chro, MVBy_chro) are motion vectors derived from the forward and
backward luminance motion vectors by dividing each component by 2 then rounding on a basis of Table 7-9,
respectively.
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7.6.9.5 Direct mode

This mode uses direct bi-directional motion compensation derived by employing I-, P-, or S(GMC)-VOP
macroblock motion vectors and scaling them to derive forward and backward motion vectors for macroblocks in B-
VOP. This is the only mode which makes it possible to use motion vectors on 8x8 blocks. Only one delta motion
vector is allowed per macroblock.

.6.9.5.1 Formation of motion vectors for the direct mode

he direct mode utilises the motion vectors (MVs) of the co-located macroblock in the most recently I-, .P5; or

(GMC)- VOP. The co-located macroblock is defined as the macroblock which has the same horizontal and vertical
index with the current macroblock in the B-VOP. The averaged motion vector defined in subclause 7.8/7.3 is used
s the MV of the co-located macroblock when this co-located macroblock is included in an S(GMC)-VVOP and mcsel
=1’ (i.e. when the co-located macroblock is a GMC macroblock). The MV vectors are the block vectors of the co-
Iocated macroblock after applying the vector padding defined in subclause 7.6.1.6. If the co-loeated macroblock is
transparent and thus the MVs are not available, the direct mode is still enabled by setting.MV vectors to zero
ectors.

T7.6.9.5.2 Calculation of vectors

MVE=MV/3+MVDp /\
Q( / ~—MVp = -(2M¥3 if MV is zero
//( MVg = MME-MV if MV is nonzero
kv NotedMVp is the delta vector given by MVDB

Figure 7-25 --(Birect Bi-directional Prediction
Figure 7-25 shows scaling of motion vecters.” The calculation of forward and backward motion vectors involves
linear scaling of the collocated block in temporally next I-, P-, or S(GMC)-VOP, followed by correction by a delta
ector (MVDx,MVDy). The forward and the backward motion vectors are {(MVFx[i],MVFy[i]), (MVBX[i],MVBY[i]), i =
,1,2,3} and are given in half or guarter sample units as follows.

MVEX[i] = (TRB x MVX[i])¥~FRD + MVDx

MVBX[i] = (MVDx==0)?((TRB - TRD) x MVX][i]) / TRD : MVFX[i] - MVx]i]

MVFy[i] = (TRBXMVy[i]) / TRD + MVDy

MVBY[i] (MVDy==0)? ((TRB - TRD) x MVY[i]) / TRD : MVFy][i] - MVy[i]

i=03,2,3.

vhefe {(MVx[i],MVy[i]), i = 0,1,2,3} are the MV vectors of the co-located macroblock, TRD is the difference in
teniporal reference of the B-VOP and the previous reference VOP. TRD is the difference in temporal reference of

the temporally next reference VOP with temporally previous reference VOP, assuming B-VOPSs or skipped VOPs in
between.

7.6.9.5.3 Generation of prediction blocks
Motion compensation for luminance is performed individually on 8x8 blocks to generate a macroblock. The process

of generating a prediction block simply consists of using computed forward and backward motion vectors
{(MVFX[i],MVFy][i]), (MVBX[i], MVBY]i]), i = 0,1,2,3} to obtain appropriate blocks from reference VOPs and averaging
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these blocks, same as the case of bi-directional mode except that motion compensation is performed on 8x8
blocks. Note that in the case of quarter sample mode, the motion compensation of four 8x8 blocks, using the same
motion vector for each block, does not lead to the same result as the motion compensation of a single 16x16 block
using the same vector. This is due to the block boundary mirroring described in subclause 7.6.2.2.

For the motion compensation of both chrominance blocks, the forward motion vector (MVFx_chro, MVFy_chro) is
calculated by the sum of K forward luminance motion vectors dividing by 2K and then rounding toward the nearest

half sample position as defined in Table 7-6 to Table 7-9. In quarter sample mode the vectors are divided hy. P
before summation. The backward motion vector (MVBx_chro, MVBY_chro) is derived in the same way. The reqt
process is the same as the chrominance motion compensation of the bi-directional mode described in subclause
7.6.9.4.

7.6.9.6 Motion compensation in skipped macroblocks

If the co-located macroblock in the most recently decoded I- or P-VOP is skipped, the current B-macroblock i
treated as the forward mode with the zero motion vector (MVFx,MVFy). If the modb equals’to ‘1’ the current B
macroblock is reconstructed by using the direct mode with zero delta vector. If the colocated macroblock in th
most recently decoded S(GMC)-VOP is skipped, this co-located macroblock .iscfreated as a non-skippe
macroblock with the averaged motion vector defined in subclause 7.8.7.3 for the current B-macroblock.

L=y T U7

7.6.10 Motion Compensation Decoding of Reduced Resolution VOP

This subclause describes motion compensation decoding process for MOP with vop_reduced_resolution equal t
“1". In this case, motion compensation is done with Macroblock size~ef 32 x 32 pixels or Block size of 16 x 1
pixels instead of Macroblock size of 16 x 16 pixels or Block size of*\8"x 8 pixels for the case of normal resolutio
VOP(vop_reduced_resolution is set to “0” or vop_redcuced_resglution flag is not present). Figure V2 -19 show
block diagram of motion compensation decoding process of Reduced Resolution VOP.

T Or O

~
~
MV MV, 1
MVxcmr ,MVYycnr Frame memory.
MVxMVy - l
Motion -
Vector »| Scaling Up Rredictions
decoding
f [v]IXj(ipsampled) l
Clipping
Block Boundary
Filtering

Figure V2 -19 -- Motion Compensation Decoding of Reduced Resolution VOP
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7.6.10.1 Decoding Process of Reduced Resolution P-VOP

7.6.10.1.1 Motion Vector Decoding

Motion vector for luminance component MVx, MVy is decoded as in the same way as described in subclause 7.6.3.
Four vector case, motion vector for each block is also decoded as described in 7.6.5. These decoded vectors for
luminance are used for the candidate of the motion vector predictor in the decoding process of the following

Wacrobtocks:

7.6.10.1.2 Scaling up of Motion Vectors

[Pecoded luminance motion vector MVx, MVy shall be scaled up to MVXx,, MVy,. by the following formula:

MVx,, =0 if M7 =0
MVx,, = Sign(MVx) * (2.0 * Abs(MTVx) -0.5)  ifMVx#0

MVy,, =0 ity =0
MVy,, = Sign(MTy) * (2.0 * Abs(MTy) -0.5)  ifMIV#0

As a result, each vector component is restricted to have a half-integer or zero value, and the range of each motion
ector component MVx,, MVy, is enlarged to approximately twice the range‘ef,decoded motion vector component
MVx, MVy.

Motion vector for chrominace blocks MVX,cur, MVyrcrr is derived hy/calculating the sum of the K luminance
ectors MVx,,, MVy,, that corresponds to K 16x16 blocks that do pot lie outside the vop shape and dividing this
sum by 2*K; the component values of the resulting sixteenth/tvelfth/eighth/fourth sample resolution vectors are
modified towards the nearest half sample position as indicated‘in)Table 7-6, 7-7, 7-8 and 7-9.

7.6.10.1.3 Prediction

By using the scaled up luminance motion vector MV, MVy, and derived chrominance vector MVX,cur, MVWYrchr
:Lredicton data for each 32x32 Macroblock or 16x16 block is generated from the refrence VOP data stored in frame
emory. Half sample interpolation shall be dong,as described in subclause 7.6.2.

If Overlapped Motion Compensation is also-used for the Reduced Resolution VOP, enlarged matrices of weighting
alues are used to perform the overlapped'motion compensation. Except that the size of each block and weighting
matrices is 16x16, the procedure of th€ creation of each prediction block is identical to the description of subclause.
1.6.6.

The enlarged matrices of weighting values for the 16x16 luminance prediction are given in Figure V2 -20, Figure
2 -21, and Figure V2 -22.
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Figure V2 -20 -- Weighting values, H,, for prediction with motion vector of current 16x16 luminance block
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Figure V2 -21 -- Weighting values, Hj, for prediction with motion vector of 16x16 luminance blocks
on-top or bottom of current 16x16 luminance block
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Figure V2 -22 -- Weighting values, H., for prediction with motion vector of 16x16 luminance blocks
to the left or right of current 16x16 luminance block

7.6.10.1.4 Addition and Clipping

The 16 x 16 reconstructed prediction error block data derived by upsampling process described in subclause 7.4.
is added to the16-X 16 prediction block data generated by prediction process defined in subclause 7.6.10.1.3. A
the resulted 16%16 reconstructed block data shall be clipped to the range of [0: 2°-"*="*! _ 1] .

—_—J7

7.6.104.5 Block Boundary Filtering

The filter operation described in this clause shall be performed along the edges of the 16x16 reconstructed block
data.

vJ

The filtering is performed on the complete reconstructed VOP data before storing the data in the frame memory for
future prediction. No filtering is performed across VOP edges and NEWPRED segment (defined in subclause
7.14.1) edges. Chrominance as well as luminance data is filtered.

If A and B are two pixel values on a line — horizontal or vertical — of the reconstructed VOP, and A belongs to one

16x16 block called blockl whereas B belongs to a neighboring 16x16 block called block2 which is to the right or
below of blockl. Figure V2 -23 shows examples for the position of these pixels.
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block1
2 Block boundary
Example for filtered pixels - 2l
om a vertical bIock cdge ATB
Example for filtered pixels
block1 block2 on a horizontal block edge

Figure V2 -23 -- Block boundary filter

Dne of the following conditions must be fulfilled in order to turn the filter on for a particular edge:
blockl belongs to a coded macroblock (not_coded == 0 || Macroblock type == INTRA) or
block2 belongs to a coded macroblock (not_coded == 0 || Macroblock type 2=HNTRA )

A shall be replaced by A1 and B shall be replaced by B1.

Al = (B*A+B+2)/4

Bl = (A+3*B+2)/4

FFiltering across horizontal edges: Basically this process is assumed to take place first. More precisely, the
pixelsﬁgﬁ that are used in filtering across a horizontal edge_shall not have been influenced by previous filtering
qcross a vertical edge.

FFiltering across vertical edges:

Before filtering across a vertical edge using pixels (A,B), all modifications of pixels (A,B) resulting from filtering
across a horizontal edge shall have taken place:

71.6.10.2 Decoding Process of Reduced-Resolution I-VOP

For 1-VOP with the vop_reduced_{resolution equal to “1”, Addition and Clipping process described in subclause
1.6.10.1.4 shall be performed, Wwith the fixed prediction data value of “0". Block Boundary Filtering operation
iescribed in subclause 7.6,10:1'5 also shall be applied. The reconstructed I-VOP data is stored in the frame
emory for future prediction.

1.7 Interlaced videq decoding

This subclause,'specifies the additional decoding process that a decoder shall perform to recover VOP data from
the coded bitstream when the interlaced flag in the VOP header is set to “1”. Interlaced information (subclause
$.3.6.3) specifies the method to decode bitstream of interlaced VOP.

1.7/ ‘Field DCT and DC and AC Prediction

When dct_type flag is set to ‘1’ (field DCT coding), DCT coefficients of luminance data are formed such that each
8x8 block consists of data from one field as being shown in Figure 6-7. DC and optional AC (see “ac_pred_flag”)
prediction will be performed for a intra-coded macroblock. For the intra macroblocks which have dct_type flag being
set to “1”, DC/AC prediction are performed to field blocks shown in Figure 7-26. After taking inverse DCT, all
luminance blocks will be inverse permuted back to (frame) macroblock. Chrominance (block) data are not effected
by dct_type flag.
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Top field blocks

Field-Coded

Ve Macroblock

Bottom field
blocks

Figure 7-26 -- Previous neighboring blocks used in DC/AC predictionfor interlaced intra blocks.

7.7.2 Motion compensation

For non-intra macroblocks in P- and B-, and S(GMC)-VOPs,notion vectors are extracted syntactically following
subclause 6.2.6 “Macroblock”. The motion vector decodingis’ performed separately on the horizontal and verticg
components.

7.7.2.1 Motion vector decoding in P- and S(GMC);VOP

For each component of motion vector in P- andhS(GMC)-VOPs, the median value of the candidate predictor vectorf
for the same component is computed andadd to corresponding component of the motion vector differencg
obtained from the bitstream. To decodethe motion vectors in a P- and S(GMC)-VOP, the decoder shall first extraqt
the differential motion vectors ((M¥Dx ;,,MVDy, ) and (MVDx,, ,MVDy,,) for top and bottom fields of a fiel¢l

predicted macroblock, respectively)-by a use of variable length decoding and then determine the predictor vector
from three candidate vectors. These candidate predictor vectors are generated from the three motion vectors df
three spatial neighborhood @ecoded macroblocks or blocks as follows. Note that the averaged motion vector ag
defined in subclause 7.87:3'is used as the candidate predictor vector for macroblocks with mcsel == ‘1’ when th¢
current VOP is an S(GMC)-VOP. Such macroblock is regarded as a frame predicted macroblock in the following
discussion.

CASE 1:

If the current macroblock is a field predicted macroblock and none of the coded spatial neighborhood macroblock
is a field predicted macroblock, then candidate predictor vectors MV1, MV2, and MV3 are defined by Figure 7-27.
If theseandidate block iis not in four MV motion (8x8) mode, MVi represents the motion vector for the macroblock.
If.the candidate block iis in four MV motion (8x8) mode, the 8x8 block motion vector closest to the upper left bloc
ofithe current MB is used. The predictors for the horizontal and vertical components are then computed by

U7

e

P_= Median(MV1x,MV2x,MV3x)
P, = Median(MV1y,MV 2y, MV3y).

For differential motion vectors both fields use the same predictor and motion vectors are recovered by
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MVx , =MVDx , +P,
MVy, =2*(MVDy, +(P,/2))
MVx,, =MVDx ,, +P,
MVy,, =2*(MVDy,, +(P,/2))

vhere “/” is integer division with truncation toward 0. Note that all motion vectors described above are specified as
integers with one LSB representing a half- or quarter pel displacement. The vertical component of field meotien
ectors always even (in half- or quarter pel frame coordinates). Vertical half- or quarter pel interpolation between
adjacent lines of the same field is denoted by MVy , be an odd multiple of 2 (e.g. -2,2,6,..) No vertical interpolation

is needed when MVy , is an multiple of 4 for half or 8 for quarter pel (it is a full pel value).

MV2 MV3
q MV1
l "
---------------- | 16
— 8 > or MV,
.................................. v
16

Figure 7-27 -- Example of motion vector prediction for field predicted macroblocks (Casel)
CASE 2:

If the current macrghblock or block is frame predicted macroblock or block and if at least one of the coded spatial
eighborhood maeroblocks is a field predicted macroblock, then the candidate predictor vector for each field
redicted macroblock will be generated by averaging two field motion vectors such that all fractional pel offsets are
apped intg:the half or quarter -pel displacement. Each component ( 2, or P,) of the final predictor vector is the

edian value of the candidate predictor vectors for the same component. The motion vector is recovered by

MVx = MVDx + P,

MYy =MV Dy P,
where

P = Medmn(Mle, Div2 Round(MVx ,, + MVx , ),Mst),

P = Median(MVly, Div2Round(MVy ,, + MVy ,, ),MV3y),
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Div2Round(x) is defined as follows: Div2ZRound(x) = (x >>1) [ (x & 1).

a field predicted
MRB \ Piv2Reundt . .
MV2f1 +MV2£2) AR
MV3
........... 3 -
o MVl | MV
J’ 16
4— g
.................................. v

16

Figure 7-28 -- Example of motion vector prediction for field\predicted macroblocks (Case 2)
CASE 3:

Assume that the current macroblock is a field predicted macroblock and at least one of the coded spatis
neighborhood macroblocks is a field predicted macroblock. If the candidate block i is field predicted, the candidat
predictor vector MV/ will be generated by averagingAwo field motion vectors such that all fractional pel offsets ar
mapped into the half- or quarter pel displacement.as discribed in CASE 2. If the candidate block /is neither in fou
MV motion (8x8) mode nor in field prediction mode, MVirepresents the frame motion vector for the macroblock. |f
the candidate block /is in four MV motion (8%8) mode, the 8x8 block motion vector closest to the upper left block gf
the current MB is used. The predictors fer the horizontal and vertical components are then computed by

= (o 0—==

P_= Median(MV1x,MV 2x,M¥3X)

P, = Median(MV1y,MV 2y, MV 3y)
where

MVi x = Div2Round(MVx ,, + MVx ),

MVi y = D2 Round(MVy ,, + MVy ,,),
for some.jin {1,2,3}.

For\differential motion vectors both fields use the same predictor and motion vectors are recovered by (see bot
Eigure 7-27 and Figure 7-28)

-

MVx , =MVDx , +P,
MVy, =2*(MVDy, +(P,/2))
MVx,, =MVDx ,, +P,
MVy,, =2*(MVDy,, +(P,/2))
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The motion compensated prediction macroblock is calculated calling the “field_compensate_one_reference” using
the motion vectors calculated above. In quarter_sample mode the macroblock is calculated as described in
subclause 7.6.2.2, accordingly. The top_field_ref, bottom_field_ref, and rounding type come directly from the
syntax as forward_top_field_reference, forward_bottom_field_reference and vop_rounding_type respectively. The
reference VOP is defined such the the even lines (0, 2, 4, ...) are the top field and the odd lines (1, 3, 5, ...) are the
bottom field.

Field motion compensate one reference(

luma pred, cb pred, cr pred, /* Prediction component pel array */

luma ref, cb ref, cr ref, /* Reference VOP pel arrays */
mv_top x, mv_top vy, /* top field motion vector */
mv_bot x, mv bot vy, /* bottom field motion vector */

top field ref, /* top field reference */

bottom field ref, /* bottom field reference */

X, Y, /* current luma macroblock coords */
rounding type) /* rounding type */

mc (luma pred, luma ref, x, y, 16, 16, mv top x, mv_top y,
rounding type, 0, top field ref, 2);
mc (luma pred, luma ref, x, y, 16, 16, mv bot x, mv bot v,
rounding type, 1, bottom field ref, 2);
mc(cb pred, cb ref, x/2, y/2, 8, 8,
DivZRound (mv_top x), DivZRound(mv_top vy),
rounding type, 0, top field ref, 2);
mc(cr pred, cr ref, x/2, y/2, 8, 8,
DivZRound (mv_top x), DivZRound(mv_tepiy),
rounding type, 0, top field ref, 2j;
mc(cb pred, cb ref, x/2, y/2, 8, 8,
DivZRound (mv_bot x), DivZRoundf{mv bot vy),
rounding type, 1, bottom figkld ref, 2);
mc(cr pred, cr ref, x/2, y/2,~8, 8,
DivZRound (mv_bot x), Diw2Round(mv_bot vy),
rounding type, 1, bogtdm field ref, 2);

n the case that obmc_disable’is “0”, the OBMC is not applied if the current MB is field-predicted. If the current MB
frame-predicted (including 8x8 mode) and some adjacent MBs are field-predicted, the motion vectors of those
field-predicted MBs for-OBMC are computed in the same manner as the candidate predictor vectors for field-
predicted MBs are:-

.7.2.2 Motion Vector decoding in B-VOP

fFor interlaced B-VOPs, a macroblock can be coded using (1) direct coding, (2) 16x16 motion compensation
(includes forward, backward & bidirectional modes), or (3) field motion compensation (includes forward, backward

in Table 7-9 (i.e. by applying Div2Round to the luminance motion vectors, divided by 2 in case of quarter_sample
mode). These coding modes except direct coding mode allow switching of quantizer from the one previously in use.
Specification of dquant, a differential quantizer involves a 2-bit overhead as discussed earlier. In direct coding
mode, the quantizer value for previous coded macroblock is used.

For interlaced B-VOP motion vector predictors, four prediction motion vectors (PMVs) are used:

230


https://standardsiso.com/api/?name=c00bf09a06e79a178aa2f53ee5076898

©ISO/IEC ISO/IEC 14496-2:1999/Amd.1:2000(E)

Table 7-10 -- Prediction motion vector allocation for interlaced P- and S(GMC)-VOPs

Function PMV
Top field forward 0
Bottom field forward 1
Top field backward 2
Bottom field backward 3

These PMVs are used as follows for the different macroblock prediction modes:

Table 7-11 -- Prediction motion vectors for interlaced B-VOP decoding

Macroblock mode PMVs used PMVs updated
Direct none none
Frame forward 0 0,1
Frame backward 2 2,3
Frame bidirectional 0,2 0,1,2,3
Field forward 0,1 0,1
Field backward 2,3 2,3
Field bidirectional 0,1,2,3 0,1,2,3

The PMVs used by a macroblock are set to the value of current-macroblock motion vectors after being used.

When a frame macroblock is decoded, the two field PMVS. (top and bottom field) for each prediction direction ar
set to the same frame value. The PMVs are reset oyzero at the beginning of each row of macroblocks. Th
predictors are not zeroed by skipped macroblocks or.direct mode macroblocks.

D— (D

The frame based motion compensation modes, are described in subclause 7.6. The field motion compensatio
modes are calculated using the “field_mation_compensate one_reference()” pseudo code function describe
above. The field forward mode is denotedby mb_type == “0001" and field_prediction == “1". The PMV update an
calculation of the motion compensated ‘prediction is shown below. The luma_fwd_ref VOPI][], cb_fwd_ref_VOPI[][]
cr_fwd_ref_VOP[][] denote the entireforward (past) anchor VOP pixel arrays. The coordinates of the upper lef
corner of the luminance macroblock’is given by (x, y) and MVD[].x and MVD[].y denote an array of the motio
vector differences in the order they occur in the bitstream for the current macroblock.

e —

= —+

PMV[0] .x = PMV[O]i~x + MVD[O0] .x;

PMV[0].y = @)* (PMV[O0].y / 2 + MVD[O].y);

PMV[1] .x PMV[1].x + MVD[1l].x;
PMVEL] .y = 2 * (PMV[1].y / 2 + MVD[1].y):

field motion compensate one reference(

luma pred, cb pred, cr pred,

luma fwd ref VOP, cb fwd ref VOP, cr fwd ref VOP,
PMV[0].x, PMV[O].y, PMV[1l].x, PMVI[1l].y,

forward top field reference,
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forward bottom field reference,

prediction calculation is outlined the followi?lg pseudo code. The IGma_bak_ref_VOP[][], cb_bak_ref VOPI][],
¢r_bak_ref_VOPI][] denote the entire backward (future) anchor VOP pixel arrays.

PMV[2] .x = PMV[2].x + MVD[O0].x;
PMV([2].y = 2 * (PMV[2].y / 2 + MVD[O0].y):

PMV[3].x

PMV[1].x + MVD[1l].x;

PMV[3].y = 2 * (PMV[3].y / 2 + MVD[1l].y);

field motion compensate one reference
luma pred, cb pred, cr pred,
luma bak ref VOP, cb bak ref VOP, cr bak ref V@R,
PMVI[2].x, PMV[2].y, PMV[3].x, PMV[3].y,
backward top field reference,
backward bottom field reference,

X, ¥, 0):

The bidirectional field prediction is used (when mb_type == “01” and field_prediction == “1". The prediction
macroblock (in luma_pred[][], cb_pred[}{}..and cr_pred[][]) is calculated by:

PMV[mv] .x = PMVfmv].x + MVD[mv].x;

PMV[mv].y~<.2 * (PMV[mv].y / 2 + MVD[mv].y):;

field motion compensate one reference
Tuma pred fwd, cb pred fwd, cr pred fwd,

luma fwd ref VOP, cb fwd ref VOP, cr fwd ref VOP,

PMV[O].x, PMV[O].y, PMV[1l].x, PMV[1l].y,
forward top field reference,

forward bottom field reference,
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x, vy, 0);
field motion compensate one reference
luma pred bak, cb pred bak, cr pred bak,

luma bak ref VOP cb bak ref VOP cr bak ref VOP

PMVI[2].x, PMV[2].y, PMV[3].x, PMV[3].y,
backward top field reference,
backward bottom field reference,
%, vy, 0)7
for (iy = 0; iy < 16; iy++) {
for (ix = 0; ix < 16; ix++) {
luma pred[ix][iy] = (luma pred fwd[ix][iy] +

luma pred bak[ix] [iy}\*+ 1) >> 1;

for (iy = 0; iy < 8; iy++) {
for (ix = 0; ix < 8; ix++) {
cb pred[ix] [iy] = (cb _pred fwd[ix][iy] +
cb pred bak[ix][iy] + 1) >> 1;

cr pred[ix] [iyJU= (cr pred fwd[ix][iy] +

cr pred bak[ix][iy] + 1) >> 1;

The direet‘mode prediction can be either progressive (see subclause 7.6.9.5) or interlaced as described below.
Interlaced direct mode is used when ever the co-located macroblock (macroblock with the same coordinates) of th
futute-anchor VOP has field_predition flag is “1 Note that if the future macroblock is a skipped macroblock in a P
YOP, a GMC macroblock (i.e. mcsel == ‘1") in an S(GMC)-VOP, or an intra macroblock, the direct mode predictio

— 1 1%

reoTtrctrorTro—ootor

Interlaced direct coding mode is an extension of progressive direct coding mode. Four derived field motion vectors
are calculated from the forward field motion vectors of the co-located future anchor VOP, a single differential
motion vector and the temporal position of the B-VOP fields with respect to the fields of the past and future anchor
VOPs. The four derived field motion vectors are denoted mvf[0] (top field forward) mvf[1], (bottom field forward),
mvb[0] (top field backward), and mvb[1] (bottom field backward). MVJi] is the future anchor picture motion vector
for the top (i == 0) and bottom (i == 1) fields. Only one delta motion vector (used for both field), MVD[0], occurs in
the bitstream for the field direct mode predicted macroblock. MVD[0] is decoded assuming f_code == 1 regardless
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of the number in VOP header. The interlaced direct mode prediction (in luma_pred[][], cb_pred[][] and cr_pred[][])

is calculated as shown below.

for (i = 0; i < 2; i++) {

mvf[i].x = (TRB[i] * MV[i].x) / TRD[i] + MVD[O].x;

mvf[i].y = (TRB[i] * MV[il.y) / TRD[i] + MVD[O0].y;

mvb([i].x = (MVD[i].x == 0) 2
(((TRB[i] - TRD[i]) * MV[i].x) / TRD[i])
mvE[i].x — MV[i].x);

mvb([i].y = (MVD[i].y == 0) 2
(((TRB[i] - TRD[i]) * MV[il.y) / TRDI[i])

mvi[i].y - MV[i].y):
field motion compensate one reference
luma pred fwd, cb pred fwd, cr pred fwd,
luma fwd ref VOP, cb fwd ref VOP, ,cf)fwd ref VOP,
mvi[0].x, mvE[0].y, mvEi[l].x, miv®[1].vy,
colocated future mb top field reference,
colocated future mb bottom field reference,
%, vy, 0)7
field motion compensate one reference (
luma pred beak, cb pred bak, cr pred bak,
luma bakisref VOP, cb bak ref VOP, cr bak ref VOP,
mvblIV¥.x, mvb[l].y, mvb[l].x, mvb[1l].y,
0" 1, %, y, 0);
for (iy = 0; iy < 16; iy++) {
for (ix = 0; ix < 16; ix++) {

luma pred[ix][iy] = (luma pred fwd[ix][iy] +

luma pred bak[ix] [iy] + 1)

for (iy = 0; iy < 8; iy++) {

>> 1;
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for (ix = 0; ix < 8; ix++) {

cb pred[ix] [iy] (cb_pred fwd[ix][iy] +
cb pred bak[ix][iy] + 1) >> 1;

cr predlix][iy] = (cr pred fwd[ix][iy] +

cr pred bak[ix][iy] + 1) >> 1;

vJ

The temporal references (TRB[i] and TRDJi]) are distances in time expressed in field periods. Figure 7-29 show
how they are defined for the case where i is O (top field of the B-VOP). The bottom field)is analogously.

Past Current Futurée
Anchor VOP Anchor

~ mvf]i] mvb[i] 19
\ / L—

/

\

Figure 7-29 -- Interlaced direct mode

The calculation of TRD[i] and TRBJi] depends not only on the current field, reference field, and frame tempor3
references, but also/on whether the current video is top field first or bottom field first.

TRD[i] = 2*(T(future)//Tframe - T(past)//Tframe) + J[i]
TRB[i] = 2*(T(current)//Tframe - T(past)//Tframe) + J[i]

where T(future), T(current) and T(past) are the cumulative VOP times calculated from modulo_time_base ang
vop_time_increment of the future. current and past VOPSs in display order. Tframe is the frame period determine

by
Tframe = T(first_B_VOP) - T(past_anchor_of_first B_VOP)
where first B_VOP denotes the first B-VOP following the Video Object Layer syntax. The important thing about

Tframe is that the period of time between consecutive fields which constitute an interlaced frame is assuemed to be
0.5 * Tframe for purposes of scaling the motion vectors.
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The value of dis determined from Table 7-12; it is a function of the current field parity (top or bottom), the reference
field of the co-located macroblock (macroblock at the same coordinates in the furture anchor VOP), and the value
of top_field_first in the B-VOP’s video object plane syntax.

Table 7-12 -- Selection of the parameter

future anchor VOP reference top_tield_first == top_tield_first ==
fields of the co-located
macr oblock

Top field Bottom field Top field, Bottom field, Top Bottom field,

reference reference 3[0] o[1] field, d[0] o[1]
0 0 0 -1 0 1
0 1 0 0 0 0
1 0 1 -1 -1 1
1 1 1 0 -1 0

The top field prediction is based on the top field motion vector of the P-VOP macroblock of the future anchor

icture. The past reference field is the reference field selected by the co-located macroblock of the future anchor
icture for the top field. Analogously, the bottom field predictor is the average of pixels obtained from the future
nchor’s bottom field and the past anchor field referenced by the bottomfield motion vector of the corresponding
acroblock of the future anchor picture. When interlaced direct mode is-used, vop_time_increment_resolution must
e the smallest integer greater than or equal to the numbeér “of frames per second. In each VOP,
op_time_increment counts individual frames within a second.

1.8 Sprite decoding

The subclause specifies the additional decoding process for a sprite video object. The sprite decoding can operate
in two modes: basic sprite decoding and low-latenCy” sprite decoding. Figure 7-30 is a diagram of the sprite
decoding process. It is simplified for clarity.

I-VOP Shape/Texture Sprite Buffer
Bitstream " Decoding
T
|
|
S-VOP Shape/Texture J'
Bitstream Decoding [~~~ 77T
Warping Vector R Warping Reconstructed
Decoding 7 Samples

Figure 7-30 -- The sprite decoding process

1.8.1" Higher syntactic structures

The various parameters in the VOL and VOP bitstreams shall be interpreted as described in clause 6. When
sprite_enable == ‘static’, vop_coding_type shall be “I” only for the initial VOP in a VOL for basic sprites (i.e.
low_latency_sprite_enable == ‘0’), and all the other VOPs shall be S-VOPs (i.e. vop_coding_type == “S"). The
reconstructed 1-VOP in a VOL for basic sprites is not displayed but stored in a sprite memory, and will be used by
all the remaining S-VOPs with sprite_enable == ‘static’ in the same VOL. An S-VOP with sprite_enable == ‘static’ is
reconstructed by applying warping to the VOP stored in the sprite memory, using the warping parameters (i.e. a set
of motion vectors) embedded in the VOP bitstream. Alternatively, in a VOL for low-latency sprites (i.e.
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low_latency_sprite_enable == ‘1’), these S-VOPs with sprite_enable == ‘static’ can update the information stored
in the sprite memory before applying warping.

7.8.2 Sprite Reconstruction

The luminance, chrominance and grayscale alpha data of a sprite are stored in two-dimensional arrays. The width

ahd-height-efthe-tumirance—array-are-specified-by-sprite—width-ahd-sprite—height respeetively—Fhe-samplesr-the
sprite luminance, chrominance and grayscale alpha arrays are addressed by two-dimensional integer pairs (£,
and (i¢, jc)) as defined in the following:

* Top left luminance and grayscale alpha sample
(7, j) = (sprite_left_coordinate, sprite_top_coordinate)

* Bottom right luminance and grayscale alpha sample
(7, j) = (sprite_left_coordinate + sprite_width — 1,
sprite_top_coordinate + sprite_height — 1)

* Top left chrominance sample
(ic’ jo) = (sprite_left_coordinate / 2, sprite_top_coordinate / 2)

» Bottom right chrominance sample
(ic’, jo) = (sprite_left_coordinate / 2 + sprite_width// 2 — 1,
sprite_top_coordinate / 2 + sprite_height// 2 — 1).

Likewise, the addresses of the luminance, chrominance and grayscale alpha samples of the VOP currently being
decoded are defined in the following:

* Top left sample of luminance and grayscale alpha
(I, )= (0, 0) for rectangular VOPs, and
(, )=  (vop_horizontal_mc_spatial_ref, vop_vertical_mc_spatial_ref) for non-rectangular VOPs

+ Bottom right sample of luminance and grayscalé alpha
()=  (video_object_layer_width - 1, video_object_layer_ height - 1) for rectangular VOPs, and
(, )=  (vop_horizontal_mc_spatial_ref + vop_width - 1,
vop_vertical_mc_spatial_réD+ vop_height - 1) for non-rectangular VOPs

* Top left sample of chrominanee
(le, jo = (0, 0) for rectangularVOPs, and
(Ie, jo) = (vop_horizontaltm¢_spatial_ref / 2, vop_vertical_mc_spatial_ref / 2) for non-rectangular VOPs

» Bottom right sample.of chrominance
(I, jo) = (video_(Object layer_width / 2 - 1, video_object_layer_height / 2 - 1) for rectangular VOPs, and
(I, oo = (vop.‘horizontal_mc_spatial_ref / 2 + vop_width// 2 - 1,
vOp) vertical_mc_spatial_ref / 2 + vop_height// 2 - 1) for non-rectangular VOPs

7.8.3 Low-latency sprite reconstruction

This,subclause allows a large static sprite to be r