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ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC
participate in the development of International Standards through technical committees established by the
respective organization to deal with particular fields of technical activity. ISO and IEC technical committees

collaborate in fields of mutual interest. Other international organizations, governmental and non-governmental, in
liaison with1SQ and IEC _also take part inthe work

Internatid

In the fiqg

nal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Id of information technology, ISO and IEC have established a joint technical committee,' ISO/IEC

Draft Int¢rnational Standards adopted by the joint technical committee are circulated to nationalcbodies for

Publicati

Internatid
technolo

ISO/IEC
visual ob

— Part

— Part

— Part

— Part

— Part

— Part

Annexes

bn as an International Standard requires approval by at least 75 % of the national bodies-casting a vo
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Introduction
Purpose

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

Appli¢ation

The applications of ISO/IEC 14496 cover, but are not limited to, such areas as listed below:
IMM  Internet Multimedia

VG Interactive Video Games

IPC Interpersonal Communications (videoconferencing, videopheng) 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

Profilgs and levels

ISO/IHC 14496 is intended to be.generic in the sense that it serves a wide range of applications,| bitrates,
resolutions, qualities and services,-Furthermore, it allows a humber of modes of coding of both natural and |synthetic
video Jn a manner facilitating-access to individual objects in images or video, referred to as content based access.
Applicptions should coverfammong other things, digital storage media, content based image and video databases,
interngt video, interpersonal video communications, wireless video etc. In the course of creating ISO/IEC 14496,
varioug requirements\from typical applications have been considered, necessary algorithmic elements have been

develgped, and they. have been integrated into a single syntax. Hence ISO/IEC 14496 will facilitate the pitstream
interchange among different applications.

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

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

In order to deal with this problem “levels” are defined within each profile. A level is a defined set of constraints

imposed on parameters in the bitstream. These constraints may be simple limits on numbers. Alternatively they
may take the form of constraints on arithmetic combinations of the parameters.

Xi
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Object based coding syntax
Video object

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

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

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

Face object

A 3D (dr 2D) face object is a representation of the human face that i structured for portraying the|visual
manifestations of speech and facial expressions adequate to achieve visual speech intelligibility and the recopnition
of the mgod of the speaker. A face object is animated by a stream of{face animation parameters (FAP) encoded for
low-bandwidth transmission in broadcast (one-to-many) or dedicated interactive (point-to-point) communicptions.
The FAHs manipulate key feature control points in a mesh model of the face to produce animated visemes for the
mouth (lips, tongue, teeth), as well as animation of the head ahd facial features like the eyes. FAPs are qugntized
with cargful consideration for the limited movements of facialMeatures, and then prediction errors are calculat¢d and
coded afithmetically. The remote manipulation of a_face model in a terminal with FAPs can accomplish [lifelike
visual scenes of the speaker in real-time without sending pictorial or video details of face imagery every frame

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

Limited gcalability4s)supported. Face animation achieves its efficiency by employing very concise motion ani
controls |n the_channel, while relying on a suitably equipped terminal for rendering of moving 2D/3D faces wi
normative madels held in local memory. Models stored and updated for rendering in the terminal can be si
complex| To support speech intelligibility, the normative specification of FAPs intends for their selective or complete
use as signaled by the encoder. A masking scheme provides for selective transmission of FAPs according to what
parts of the face are naturally active from moment to moment. A further control in the FAP stream allows face
animation to be suspended while leaving face features in the terminal in a defined quiescent state for higher overall
efficiency during multi-point connections.

The Face Animation specification is defined in ISO/IEC 14496-1 and this part of ISO/IEC 14496. This clause is
intended to facilitate finding various parts of specification. As a rule of thumb, FAP specification is found in the part
2, and FDP specification in the part 1. However, this is not a strict rule. For an overview of FAPs and their
interpretation, read subclauses “6.1.5.2 Facial animation parameter set”, “6.1.5.3 Facial animation parameter units”,
“6.1.5.4 Description of a neutral face” as well as the Table C-1. The viseme parameter is documented in subclause

“7.12.3 Decoding of the viseme parameter fap 1" and the Table C-5 in annex C. The expression parameter is

Xii
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documented in subclause “7.12.4 Decoding of the expression parameter fap 2” and the Table C-3. FAP bitstream
syntax is found in subclauses “6.2.10 Face Object”, semantics in “6.3.10 Face Object”, and subclause “7.12 Face
object decoding” explains in more detail the FAP decoding process. FAP masking and interpolation is explained in
subclauses “6.3.11.1 Face Object Plane”, “7.12.1.1 Decoding of faps”, “7.12.5 Fap masking”. The FIT interpolation
scheme is documented in subclause “7.2.5.3.2.4 FIT” of ISO/IEC 14496-1. The FDPs and their interpretation are
documented in subclause “7.2.5.3.2.6 FDP” of ISO/IEC 14496-1. In particular, the FDP feature points are
documented in the Figure C-1.

Mesh object

A 2D mesh object is a representatlon of a 2D deformable geometrlc shape W|th which synthetlc V|de0 objects may
be cre e0 object
planeg or still texture objects. The mstances of mesh objects at a given time are called mesh object planes (mops).
The geometry of mesh object planes is coded losslessly. Temporally and spatially predictive techniques-and variable
length| coding are used to compress 2D mesh geometry. The coded representation of a 2D meshobject| includes
repregentation of its geometry and motion.

Overview of the object based nonscalable syntax

The cpded representation defined in the non-scalable syntax achieves a high compression ratio while preserving
good [mage quality. Further, when access to individual objects is desired, the shape” of objects also negds to be
coded} and depending on the bandwidth available, the shape information can be-eaded lossy or losslessly.

The compression algorithm employed for texture data is not lossless as the exact sample values are not greserved
during| coding. Obtaining good image quality at the bitrates of interest demands very high compression, whjch is not
achieyable 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 highvimage quality and compression ratiq with the
requirgment to make random access to the coded bitstream.

A number of techniques are used to achieve high comptession. The algorithm first uses block-basefl motion
compensation to reduce the temporal redundancy. Motion*compensation is used both for causal predictipn of the
current VOP from a previous VOP, and for non-causak:interpolative prediction from past and future VOP§. Motion
vectors are defined for each 16-sample by 16-line‘region of a VOP or 8-sample by 8-line region of al VOP as
requir¢d. The prediction error, is further compressed using the discrete cosine transform (DCT) to remoye spatial
correlation before it is quantised in an irrevergible process that discards the less important information. Fipally, the
shape|information, motion vectors and the-quantised DCT information, are encoded using variable length cqdes.

Temppral processing

Because of the conflicting requirements of random access to and highly efficient compression, three njain VOP
types pre defined. Intra coded, VOPs (I-VOPs) are coded without reference to other pictures. They provide access
points|to the coded sequence-where decoding can begin, but are coded with only moderate compression. Rredictive
coded| VOPs (P-VOPs)-are coded more efficiently using motion compensated prediction from a pas{ intra or
predictive coded VORSs ‘and are generally used as a reference for further prediction. Bidirectionally-predictive coded
VOPs|(B-VOPs) previde the highest degree of compression but require both past and future reference YOPs for
motiony compensation. Bidirectionally-predictive coded VOPs are never used as references for prediction (pxcept in
the case thatstheé resulting VOP is used as a reference for scalable enhancement layer). The organisatipn of the
three [VOP \types in a sequence is very flexible. The choice is left to the encoder and will depend on the
requir¢rments of the application.

Coding of Shapes

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

For coding of shape of a VOP, a bounding rectangle is first created and is extended to multiples of 16x16 blocks

with extended alpha samples set to zero. Shape coding is then initiated on a 16x16 block basis; these blocks are
also referred to as binary alpha blocks.
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Motion representation - macroblocks

The choice of 16x16 blocks (referred to as macroblocks) for the motion-compensation unit is a result of the trade-off
between the coding gain provided by using motion information and the overhead needed to represent it. Each
macroblock can further be subdivided to 8x8 blocks for motion estimation and compensation depending on the
overhead that can be afforded.

Depending on the type of the macroblock, motion vector information and other side information is encoded with the
compressed prediction error in each macroblock. The motion vectors are differenced with respect to a prediction
value and coded using variable length codes. The maximum length of the motion vectors allowed is decided at the
encoder. It is the responsibility of the encoder to calculate appropriate motion vectors. The specification does not
specify haow this should he done

Spatial redundancy reduction

Both source VOPs and prediction errors VOPs have significant spatial redundancy. This part of ISO/IEC 1449p uses
a block-pased DCT method with optional visually weighted quantisation, and run-length coding. After motion
compendated prediction or interpolation, the resulting prediction error is split into 8x8 blocks. These are transformed
into the PCT domain where they can be weighted before being quantised. After quantisation many of th¢ DCT
coefficiefts are zero in value and so two-dimensional run-length and variable length ceding is used to encode the
remaining DCT coefficients efficiently.

Chromirjance 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 and2ybits in luminance and chrominance planes.
Generalized scalability

The scalpbility tools in this part of ISO/IEC 14496 are, designed to support applications beyond that suppofted by
single layer video. The major applications of scalability include internet video, wireless video, multi-quality video
services,| video database browsing etc. In some 6f-these applications, either normal scalabilities on picturg basis
such as|those in ISO/IEC 13818-2 may be-employed or object based scalabilities may be necessaryf; both
categorigs of scalability are enabled by thispart of ISO/IEC 14496.

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

The basic scalability tools offered are temporal scalability and spatial scalability. Moreover, combinations of these
basic scalability;teols are also supported and are referred to as hybrid scalability. In the case of basic scalability, two
layers of|videe referred to as the lower layer and the enhancement layer are allowed, whereas in hybrid scdlability
up to fouklayers are suppaorted

Object based Temporal scalability

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

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

Spatial scalability

Spatial scalablllty |s a tool mtended for use in V|deo appllcatlons mvoIvmg multi quallty video services, video
re that a
minimpm of two layers of spatlal resolution are necessary. Spatial scalability involves generatlng two spatial
resolution video layers from a single video source such that the lower layer is coded by itself to proevide fhe basic
spatia| resolution and the enhancement layer employs the spatially interpolated lower layer and“carrieg the full
spatia| resolution of the input video source.

An adfitional 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 performanee; whereas the legs critical
enhancement layer data can be sent over a channel with poor error performance, Further, it can also allow
interoperability between various standards.

Hybrid scalability

There|are a number of applications where neither the temporal scalabjlity_nor the spatial scalability may|offer the
necesgary flexibility and control. This may necessitate use of temporal‘and spatial scalability simultaneougly and is
referrgd to as the hybrid scalability. Among the applications of hybrid’scalability are wireless video, interrjet video,
multiviewpoint/stereoscopic coding etc.

Error Resilience

This part of ISO/IEC 14496 provides error robustness and resilience to allow accessing of image [or video
informgtion over a wide range of storage and transmission media. The error resilience tools developed fof this part
of ISQ/IEC 14496 can be divided into three Juajor categories. These categories include synchronizatjon, data
recovegry, and error concealment. It should be_noted that these categories are not unique to this part of| ISO/IEC
14496, and have been used elsewhere in-general research in this area. It is, however, the tools containeq in these
categgries that are of interest, and where_this part of ISO/IEC 14496 makes its contribution to the problem of error
resilience.

Patenfs
The International Organization for Standarization (ISO) and International Electrotechnical Commission (IE£C) draw
attentipn to the fact thatfityis claimed that compliance with this part of ISO/IEC 14496 may involve the use df patents

concefning the coded\representation of picture information given in Annex H.

ISO apd IEC takeyho position concerning the evidence, validity and scope of these patent rights.

The hplders¢of these patent rights have assured ISO and IEC that they are willing to negotiate licencps under

reasomable ‘and non-discriminatory terms and conditions with applicants throughout the world. In this regpect, the
statermaﬁWhmwmmmmmmmrEMned from

the patent offices of the organizations listed in Annex H.

Attention is drawn to the possibility that some of the elements of this part of ISO/IEC 14496 may be the subject of
patent rights other than those identified above. ISO and IEC shall not be held responsible for identifying any or all
such patent rights.
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Information technology — Coding of audio-visual objects —
Part 2: Visual

1 Scope

This part of ISO/IEC 14496 specifies the coded representation of picture information in the form of natural or
synthetlc visual objects like V|deo sequences of rectangular or arbltranly shaped plctures moving 2D meshes,
onte t based

transmission, variable bitrate transmission, robust transmission, content based random access (inctuding normal
random access), object based scalable decoding (including normal scalable decoding), object based pitstream
editing, as well as special functions such as fast forward playback, fast reverse playback, slew) motion, pause and
still pictures. Synthetic objects and coding of special 2D/3D meshes, texture, and animation paramegters are
provided for use with downloadable models to exploit mixed media and the bandwidth improvement associgated with
remot@ manipulation of such models. ISO/IEC 14496 is intended to allow some leve] of interoperability with ISO/IEC
111722, ISO/IEC 13818-2 and ITU-T Recommendation H.263.

2 Normative references

The standards contain provisions which through reference in this text; constitute provisions of ISO/IEC 14496. At the
time of publication, the editions indicated were valid. All standards ate subject to revision, and parties to agfeements
based|on ISO/IEC 14496 are encouraged to investigate the possibility of applying the most recent editiops of the
standgrds indicated below. Members of IEC and ISO maintain registers of currently valid International Standards

. ITU-T Recommendation T.81 (1992)|ISO/IEC 10918-1:1994, Information technology —Digital conjpression
and coding of continuous-tone still images: Réguirements and guidelines.

. ISO/IEC 11172-1:1993, Information teechnology — Coding of moving pictures and associated pudio for
digital storage media at up to about 1,5-Mbit/s — Part 1: Systems.

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

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

. ITU-T Recommendation H.222.0(1995)|ISO/IEC 13818-1:1996, Information technology — Gener|c coding
of moving pictures and associated audio information: Systems.

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

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

. Recommendations and reports of the CCIR, 1990 XVIith Plenary Assembly, Dusseldorf, 1990 Volume XI -
Part 1 Broadcasting Service (Television) Recommendation ITU-R BT.601-3, Encoding parameters of digital
television for studios.

. CCIR Volume X and XI Part 3 Recommendation ITU-R 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 receivers in the range 500 - 3000Mhz.
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. IEEE Standard Specifications for the Implementations of 8 by 8 Inverse Discrete Cosine Transform, IEEE
Std 1180-1990, December 6, 1990.

IEC Publication 908:1987, CD Digital Audio System.

IEC Publication 461:1986, Time and control code for video tape recorder.

at px64 kbit/s.

3 Defin

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13

3.14

3.15

3.16

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

ITU-T Recommendation H.261 (Formerly CCITT Recommendation H.261), Codec for audiovisual services

tions
AC coefficient: Any DCT coefficient for which the frequency in one or both dimensions.is’ non-zefo.
B-VOP; bidirectionally predictive-coded video object plane (VOP): A VQP“that is coded| using
motion compensated prediction from past and/or future reference VOPs.
backward compatibility: A newer coding standard is backward compatible with an older foding
standard if decoders designed to operate with the older coding standard)are able to continue to operate
by decoding all or part of a bitstream produced according to the neweb coding standard.
backward motion vector: A motion vector that is used for motion compensation from a referencg VOP
at a later time in display order.
backward prediction: Prediction from the future reference VOP.
base layer: An independently decodable layer of a'scalable hierarchy.
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.
binary alpha map: A 2D binarymask 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.
bitstream; stream: An-erdered series of bits that forms the coded representation of the data.
bitrate: The rate-at'which the coded bitstream is delivered from the storage medium or network to the
input of a decaoder.
block: <Af 8-row by 8-column matrix of samples, or 64 DCT coefficients (source, quantised or
dequantised).
byte aligned: A bit in a coded bitstream is byte-aligned if its position is a multiple of 8-bits from the first
bit in the stream.
byte: Sequence of 8-bits.
context based arithmetic encoding: The method used for coding of binary shape; it is also referred
to as cae.
channel: A digital medium or a network that stores or transports a bitstream constructed according to
ISO/IEC 14496.
chrominance format: Defines the number of chrominance blocks in a macroblock.
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3.17

3.18
3.19
3.20

3.21

ISO/IEC 14496-2:

1999(E)

chrominance component: A matrix, block or single sample representing one of the two colour

difference signals related to the primary colours in the manner defined in the bitstream. The
used for the chrominance signals are Cr and Cb.

coded B-VOP: A B-VOP that is coded.
coded VOP: A coded VOP is a coded I-VOP, a coded P-VOP or a coded B-VOP.
coded I-VOP: An I-VOP that is coded.

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

symbols

3.22

3.23

3.24

3.25

3.26

3.27

3.28

3.29

3.30

3.31

3.32

3.33

3.34

3.35

3.36

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

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

coding parameters: The set of user-definable parameters that characterise@ coded video §
Bitstreams are characterised by coding parameters. Decoders are charaeterised by the bitstrg
they are capable of decoding.

component: A matrix, block or single sample from one of the.-thtee matrices (luminance
chrominance) that make up a picture.

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

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

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

pd in this

itstream.

ams that

and two

bsed into

constant bitrate: Operation where thebitrate is constant from start to finish of the coded bitstqeam.

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

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

DC coefficient: TheDCT coefficient for which the frequency is zero in both dimensions.

DCT coefficient: JThe amplitude of a specific cosine basis function.

decoder jnput buffer: The first-in first-out (FIFO) buffer specified in the video buffering verifig
decod@er: An embodiment of a decoding process.

decoding order: The order in which the VOPs are transmitted and decoded. This ord
hecessarily the same as the display order.

=

er is not

3.37

3.38

3.39

3.40

decoding (process): The process defined in this part of ISO/IEC 14496 that reads an inp
bitstream and produces decoded VOPs or audio samples.

ut coded

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.

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

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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3.41

3.42

3.43

3.44

3.45

3.46

3.47

3.48

3.49

3.50

3.51

3.52

3.53

3.54

3.55

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.

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

encoder: An embodiment of an encoding process.

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

14496.

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

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

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

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

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

face definition parameters, FDP;, Downloadable data to customize a baseline face model|in the
decoder to a particular face, or:téodownload a face model along with the information about how to
animate it. The FDPs are normally transmitted once per session, followed by a stream of compfessed
FAPs. FDPs may include feature points for calibrating a baseline face, face texture and coordinftes 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.

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

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

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

flag: A one bit integer variable which may take one of only two values (zero and one).
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3.56 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.

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

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

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

3.59 forward motion vector: A motion vector that I1s used for motion compensation from a reference frame
VOP at an earlier time in display order.

3.60 forward prediction: Prediction from the past reference VOP.

3.61 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.

3.62 frame period: The reciprocal of the frame rate.

3.63 frame rate: The rate at which frames are be output from the cémposition process.

3.64 future reference VOP: A future reference VOP is a reference VOP that occurs at a later timg than the

current VOP in display order.

3.65 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 prgsent in a
bitstream. There is no VOP reordering when decoding low delay bitstreams.

3.66 hybrid scalability: Hybrid scalability iS‘the combination of two (or more) types of scalability.

3.67 interlace: The property of conventional television frames where alternating lines of the frame fepresent
different instances in time. (n.an interlaced frame, one of the field is meant to be displayed first. This
field is called the first field. * The first field can be the top field or the bottom field of the frame.

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

3.69 intra coding: (Ceding of a macroblock or VOP that uses information only from that macroblock]or VOP.
3.70 intra shapecoding: Shape coding that does not use any temporal prediction.

3.71 internshape coding: Shape coding that uses temporal prediction.

3.72 level: A defined set of constraints on the values which may be taken by the parameters of this part of

ISO/IEC 14496 within a particular profile. A profile may contain one or more levels. In a| different
context, levelis the absolute value of a non-Zero coelficient (See tun’j.

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

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

3.75 lower layer: A relative reference to the layer immediately below a given enhancement layer (implicitly
including decoding of all layers below this enhancement layer).
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3.76

3.77

3.78

3.79

3.80

3.81

3.82

3.83

3.84

3.85

3.86

3.87

3.88

3.89

3.90

3.91

3.92

3.93

3.94

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

Mbit: 1 000 000 bits.

macroblock: The four 8x8 blocks of luminance data and the two (for 4:2:0 chrominance format)
corresponding 8x8 blocks of chrominance data coming from a 16x16 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.

mesh: 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.

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

motion compensation: The use of motion vectors to improve theefficiency of the prediction of gample
values. The prediction uses motion vectors to provide offsetsinto the past and/or future refgrence
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 offsgt from
the coordinate position in the current picture or.field to the coordinates in a reference VOP.

motion vector for shape: A motion vectorused for motion compensation of shape.

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

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

P-VOP; predictive-caded 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 rgnge of
values. Adyariable which can take one of only two values is called a flag.

past\teference picture: A past reference VOP is a reference VOP that occurs at an earlier time than
theseurrent VOP in composition order.

pir‘hlrn' Source, coded or reconstructed imngn data—A-_source or reconstructed Ir_\ir‘hnrm condists 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.

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

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

predictor: A linear combination of previously decoded sample values or data elements.
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3.95 profile: A subset of the syntax of this part of ISO/IEC 14496, defined in terms of Visual Object Types.

3.96 progressive: The property of film frames where all the samples of the frame represent the same
instances in time.

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

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

3.99 guantiser scale: A scale factor coded in the bitstream and used by the decoding process to scale the
dequantsation.

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

3.101 reconstructed VOP: A reconstructed VOP consists of three matrices of 8-bit numbers represgnting the

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

3.102 reference VOP: A reference VOP is a reconstructed VOP that was¢coded in the form of alcoded I-
VOP or a coded P-VOP. Reference VOPs are used for forward and-backward prediction wher] P-VOPs
and B-VOPs are decoded.

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

3.104 reserved: The term “reserved” when used in the clauses defining the coded bitstream indidates that
the value may be used in the future for ISO/IEC defined extensions.

3.105 scalable hierarchy: coded video data consisting’of an ordered set of more than one video bitgtream.

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

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

3.108 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”.

3.109 S-VOP: Apicture that is coded using information obtained by warping whole or part of a static gprite.

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

3.111 source; input: Term used to describe the video material or some of its attributes before encoding.

3.112 spatial prediction: prediction derived from a decoded frame of the reference layer decoder used in
spatial scalability.

3.113 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.

3.114 static sprite: The luminance, chrominance and binary alpha plane for an object which does not vary in
time.
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3.115

3.116

3.117

3.118

3.119

3.120

3.121

3.122

3.123

3.124

3.125

3.126

3.127

3.128

3.129

3.130

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

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

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

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 framg size,
and but can have different VOP rates.

top layer: the topmost layer (with the highest layer_id) of a scalable hierarchy.
transparent macroblock: A macroblock with shape mask of all zeros.
variable bitrate: Operation where the bitrate varies with time during the degoding of a coded bitstream.

variable length coding; VLC: A reversible procedure for coding that‘\assigns shorter code-wgrds to
frequent events and longer code-words to less frequent events.

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

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

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

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

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

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

warping: Processing applied to extract a sprite VOP from a static sprite. It consists of a global spatial
transformation driven by a few motion parameters (0,2,4,6,8), to recover luminance, chrominan¢e and

shape information.

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

4 Abbreviations and symbols

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

1999(E)

ated to 1

fom zero

e 3//12 is

+ 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
>< B . .
. Multiplication.
n Power.
/ Integer division with truncation of the result toward zero. For example, 7/4 and -7/-4. are trunc
and -7/4 and 7/-4 are truncated to -1.
I Integer division with rounding to the nearest integer. Half-integer values are rounded away f
unless otherwise specified. For example 3//2 is rounded to 2, and -3//2 jS.rounded to -2.
i Integer division with sign dependent rounding to the nearest integer:yHalf-integer values when positive
are rounded away from zero, and when negative are rounded~ towards zero. For examplg
rounded to 2, and -3///2 is rounded to -1.
i Integer division with truncation towards the negative infinity,
+ Used to denote division in mathematical equations where no truncation or rounding is intended
% Modulus operator. Defined only for positive numbers.
sign( 5 { 1 x>=0
ign(x) =
g ) -1 x<0
Ab Ab { X X>=0
s S(X) =
( ) -X x<0
i<b
Z f(i The summation of the f(j) with i taking integral values from a up to, but not including b.
i=a
4.2 Lpgical operators
Il Logical OR.
&& Logical AND.
! Logical NOT.
4.3 tattoratoperators
> Greater than.
>= Greater than or equal to.
> Greater than or equal to.
< Less than.
<= Less than or equal to.
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IA

max [, ...

min [, ...

Less than or equal to.
Equal to.
Not equal to.
,] the maximum value in the argument list.

,] the minimum value in the argument list.

4.4 Bitwise operators

© ISO/IEC

&

>>
<<

4.5 Con

4.6 Ass

4.7 Mnq
The follo

bslbf

uimsbf
simsbf

viclbf

4.8 Con

AND

OR

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

ditional operators

a if conditionistrue,

dition?a : b) =
(condition?a + b) {b otherwise.

ignment
Assignment operator.

monics

lving mnemonics are defined to describe the different data types used in the coded bitstream.
Bit string, left bit first, where “left” is the order in which bit strings are written in this part of 1
14496. Bit strings are generally writtén as a string of 1s and 0s within single quote marks, e.g
0001'. Blanks within a bit stringrare for ease of reading and have no significance. For conveniencs
strings are occasionally written in hexadecimal, in this case conversion to a binary in the conve
hexadecimal digit the mest significant of the four bits is first.
Unsigned integer,most significant bit first.

Signed integet-in twos complement format, most significant (sign) bit first.

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

stants

O/IEC
‘1000
b large
ntional

manner will yield the value\of the bit string. Thus the left most hexadecimal digit is first and in each

n. The

n

e

3,141 592 653 58...

2,718 281 828 45...

5 Conventions

5.1 Method of describing bitstream syntax

The bitstream retrieved by the decoder is described in subclause 6.2. Each data item in the bitstream is in bold type.

Itis desc

10

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

while ( condition ) { 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\s-hot true.
if ( condition ) { If the condition is true, then the first group-of data
data_element elements occurs next in the data strean.
}else { If the condition is not true, then the second group of data
data_element elements occurs next inthe.data stream.
}
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 equivalent
to a condition thatiis\true and a variable or expression evaluating to a zero value is equivalent to a conditipn that is
false. [In many.€ases a literal string is used in a condition. For example;
if(.video_object_layer_shape == “rectangular”) ...
In such cases the Titeral string is that used to describe the value of the bitsiream element in subclause 6.3. In this

example, we see that “rectangular” is defined in a Table 6-14 to be represented by the two bit binary number ‘00’.

As noted, the group of data elements may contain nested conditional constructs. For compactness, the brackets { }
are omitted when only one data element follows.

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 [I][m][n] data_element [[][m][n] is the I+1, m+1, n+1th element of a three-dimensional array of data.

11
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While the syntax is expressed in procedural terms, it should not be assumed that subclause 6.2 implements a
satisfactory decoding procedure. In particular, it defines a correct and error-free input bitstream. Actual decoders
must include means to look for start codes in order to begin decoding correctly, and to identify errors, erasures or
insertions while decoding. The methods to identify these situations, and the actions to be taken, are not
standardised.

5.2 Definition of functions

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

5.2.1 Definition of next_bits() function

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

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

5.2.3 De¢finition of nextbits_bytealigned() function

The fundtion nextbits_bytealigned() returns a bit string starting from the next byte ‘aligned position. This germits
comparidon of a bit string with the next byte aligned bits to be decoded in the bitstream. If the current location in the
bitstrean) is already byte aligned and the 8 bits following the current location are<01111111’, the bits subsequient to
these 8 hits are returned. The current location in the bitstream is not changed by this function.

5.2.4 Definition of next_start_code() function

The nex{ start_code() function removes any zero bit and a string.0f0 to 7 ‘1’ bits used for stuffing and locafes the
next starf code.

next_gtart_code() { No. of bits | Mnemorjic

zdro_bit 1 ‘o

while ('bytealigned())

one_hit 1 ‘1

This fungtion checks whetherthe’current position is byte aligned. If it is not, a zero stuffing bit followed by a number
of one stlffing bits may be/present before the start code.

5.2.5 Definition of next_resync_marker() function

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

next_resync_marker() { NO. of bits | Mnemonic

zero_bit 1 ‘o

while ('bytealigned())

one_hit 1 ‘1

12
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5.2.6 Definition of transparent_mb() function

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

5.2.7 Definition of transparent_block() function

The function transparent_block(j) returns 1 if the 8x8 with index j consists only of transparent pixels. Otherwise it
returns 0. The index value for each block is defined in Figure 6-5.

5.3 Reserved, forbidden and marker_bit

The t¢rms “reserved” and “forbidden” are used in the description of some values of several fields in-the coded
bitstrepm.

The tgrm “reserved” indicates that the value may be used in the future for ISO/IEC defined extensions.
The tgrm “forbidden” indicates a value that shall never be used (usually in order to avoid emulation of start ¢godes).

The tdrm “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 tgrm “zero_bit” indicates a one bit integer with the value zero.
5.4 Afrithmetic precision

In ordpr to reduce discrepancies between implementations of thisypart of ISO/IEC 14496, the following|rules for
arithmeetic operations are specified.

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

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

6 Visual bitstream syntax and semantics
6.1 Structure of coded visual data

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

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

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

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

13
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Visual texture, referred to herein as still texture coding, is designed for maintaining high visual quality in the
transmission and rendering of texture under widely varied viewing conditions typical of interaction with 2D/3D
synthetic scenes. Still texture coding provides for a multi-layer representation of luminance, color and shape. This
supports progressive transmission of the texture for image build-up as it is received by a terminal. Also supported is
the downloading of the texture resolution hierarchy for construction of image pyramids used by 3D graphics APIs.
Quality and SNR scalability are supported by the structure of still texture coding.

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 face animation parameter data consists of one non-scaleable bitstream. It defines the animation of the
facemodelof-the decoder. Face animation data is structured as standard formats for downloadable models a their
animatiop controls, and a single layer of compressed face animation parameters used for remote manipUlgtion of
the face model. The face is a node in a scene graph that includes face geometry ready for rendering.The shape,
texture ahd expressions of the face are generally controlled by the bitstream containing instances of Facial Definition
Parameter (FDP) sets and/or Facial Animation Parameter (FAP) sets. Upon initial or baseline construction, tHe face
object cgntains a generic face with a neutral expression. This face can receive FAPs from the\-bitstream gnd be
subsequently rendered to produce animation of the face. If FDPs are transmitted, the generi¢:face is transformed
into a particular face of specific shape and appearance. A downloaded face model via FDPs is a scene graph for
insertion|in the face node.

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

A visual pbject sequence commences with a visual_object_sequence_staft_code which is followed by one of more
visual |objects coded concurrently. The visual objeCt ¥ sequence is terminated hy a
visual_olject_sequence_end_code.

6.1.2 Visual object

A visual [object commences with a visual_object_start_cade, is followed by profile and level identification, |and a
visual object id, and is followed by a video object, a stilltexture object, a mesh object, or a face object.

6.1.3 Video object
A video gbject commences with a video_objectstart_code, and is followed by one or more video object layers.
6.1.3.1 Progressive and interlaced seguences

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

The seq:rence, at the output.of’the decoding process, consists of a series of reconstructed VOPs separated |n time
and are rleadied for displayvia the compositor.

6.1.3.2 fFrame

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.

6.1.3.4 VOP types
There are four types of VOPs that use different coding methods:

1. AnIntra-coded (I) VOP is coded using information only from itself.
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2. A Predictive-coded (P) VOP is a VOP which is coded using motion compensated prediction from a past
reference VOP.

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

4. A sprite (S) VOP is a VOP for a sprite object.

6.1.3.5 I-VOPs and group of VOPs

[-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-VOP

Group
to the

Inan
shall

6.1.3.4

In thig
dimen

The IU
and te

Figure

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

of VOP (GOV) header is an optional header that can be used immediately before a coded)|-VOP tg
decoder:

indicate

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 prope
case of a random access.

bn scalable bitstream or the base layer of a scalable bitstream, the(first coded VOP following a GO
e a coded I-VOP.

Format

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

minance and chrominance samples are positioned as shown in Figure 6-1.The two variations in th

rly in the

V header

l vertical

b vertical

mporal positioning of the samples for interlaced VOPs are shown in Figure 6-2 and Figure 6-3.
6-4 shows the vertical and temporal pesitioning of the samples in a progressive frame.
X X1 X X1 X XiX X
0 i O i O i O
X X 1 X X 1 X X 1 X X
--------
X X1 X XiX XiX X
® i O i O i O
X X 1 X X 1 X X 1 X X
--------
X X1 X X1X XiX X
O ! O ! O ! O
X X 1 X X 1 X X 1 X X
X Represent luminance samples
O Represent chrominance samples

Figure 6-1 -- The position of luminance and chrominance samples in 4:2:0 data
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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 ef samples in a progressive frame

has always the same number of lines and pixels per line as the luminance plane of the VOP

gle. The positions between the luminance and<«chrominance pixels of the bounding rectangle are d
puse according to the 4:2:0 format. For thé“progressive case, each 2x2 block of luminance pixg
ng rectangle associates to one chrominance pixel. For the interlaced case, each 2x2 block of Iy
of the same field in the bounding rectangle associates to one chrominance pixel of that field.

br to perform the padding process on the two chrominance planes, it is necessary to generate a bin
which has the same number.ofslines and pixels per line as the chrominance planes. Therefore, w
le shape coding is used, this binary alpha plane associated with the chrominance planes is created
alpha plane associated with the luminance plane by the subsampling process defined below:

ch 2x2 block of thesbinary alpha plane associated with the luminance plane of the bounding rectang
frame for the pregressive and of the same field for the interlaced case), the associated pixel val
alpha plane @ssociated with the chrominance planes is set to 255 if any pixel of said 2x2 block of t
plane associated with the luminance plane equals 255.

[ VORreordering

nary alpha plane for each VOP is represented by means of a bounding rectangle as described in clgquse F.2,

bounding
efined in
Is in the
minance

hry alpha
hen non-
from the

e (of the
e of the
e binary

When

a.ideo object layer contains coded B-VOPs, the number of consecutive coded B-VOPs is vari

able and

unbou

nded. The first coded VOP shall not be a B-VOP.

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

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

When the video object layer contains no coded B-VOPSs, the decoding order is the same as the display order.
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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 or P-VOP the output VOP is the VOP reconstructed from the
previous I-VOP or P-VOP if one exists. If none exists, at the start of the video object layer, no VOP is output.

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

At the encoder input,

1 2 3 45 6 7 8 9 10 11 12 13
Il B B P B B P BB I B B P
At the encoder output, in the coded bitstream, and at the decoder input,
14 2 3 7 5 6 108 9 13 11 12
I P B B P B B 1 B B P B.B
At the decoder output,

1 2 3 45 6 7 8 9 011 12 13
I B B P B B P BB I B B P
6.1.3.8 Macroblock

A macrdblock contains a section of the luminance*component and the spatially corresponding chromjnance
compongnts. The term macroblock can either refexto source and decoded data or to the corresponding coded data
elementd. A skipped macroblock is one for which no information is transmitted. Presently there is only one
chromingnce format for a macroblock, namely, 4:2:0 format. The orders of blocks in a macroblock is illugtrated

below:

A 4:2:0 Macroblock consists of 6 blocks. This structure holds 4 Y, 1 Cb and 1 Cr Blocks and the block ofder is
depicted|in Figure 6-5.

oj1
213
Y Cb Cr

4 5

Figure 6-5 -- 4:2:0 Macroblock structure
The organisatiomrof- VOPsintomacrobtocks isas fottows:

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.

18
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« 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 only one of the two
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).

——
e

==

Figure 6-6 -- Luminance macroblock structure incffame DCT coding

4»

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

The tgrm block{can refer either to source and reconstructed data or to the DCT coefficients or to the corresponding
coded|data glements.

When|the block refers to source and reconstructed data it refers to an orthogonal section of a lumipance or
chrominance component with the same number of Tines and samples. There are 8 lines and 8 samples/line in the
block.

6.1.4 Mesh object

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

A dynamic 2D mesh consists of a temporal sequence of 2D triangular meshes, where each mesh has the same

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

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

A mesh object represents the geometry and motion of a 2D triangular mesh. A mesh object consists of one or more
mesh object :’\I:mne’ each nnrrncr\nnding toa2D tri:\nglllnr mesh at a certain time instance.An nynmpln 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 objett plane or
still texture object to create a synthetic animated video object. Triangular patches of a video object plane arg to be
warped according to the motion of corresponding triangular mesh elements. The motion ofyfesh elements is
specified by the temporal displacements of the mesh node points.

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

Figure 6-8 -- Mesh.object with uniform triangular geometry
6.1.4.1 Mesh object plane

There arg 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 Delaupay 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,Pelaunay 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.

A prediclive-codédvmesh 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 referencg mesh
used for [prediction; however, the locations of node pomts may change The dlsplacements of node points regresent
mesh

towards the predlctlve 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 Face object

Conceptually the face object consists of a collection of nodes in a scene graph which are animated by the facial
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) sets. Upon
construction, the Face object contains a generic face with a neutral expression. This face can already be rendered.
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It is also immediately capable of receiving the FAPs from the bitstream, which will produce animation of the face:
expressions, speech etc. If FDPs are received, they are used to transform the generic face into a particular face
determined by its shape and (optionally) texture. Optionally, a complete face model can be downloaded via the FDP
set as a scene graph for insertion in the face node.

The FDP and FAP sets are designed to allow the definition of a facial shape and texture, as well as animation of
faces reproducing expressions, emotions and speech pronunciation. The FAPS, if correctly interpreted, will produce
reasonably similar high level results in terms of expression and speech pronunciation on different facial models,
without the need to initialize or calibrate the model. The FDPs allow the definition of a precise facial shape and
texture in the setup phase. If the FDPs are used in the setup phase, it is also possible to produce more precisely the
movements of particular facial features. Using a phoneme/bookmark to FAP conversion it is possible to control facial
models—asceepting—FARsvia—TTFS—systems—TFhe—translationfrom—phonemes—to—FARsis—not—standardized. It is
assunjed that every decoder has a default face model with default parameters. Therefore, the setup-Stage is not
necesgary to create face animation. The setup stage is used to customize the face at the decoder.

6.1.5.1 Structure of the face object bitstream

A facq object is formed by a temporal sequence of face object planes. This is depicted as follews in Figure ¢-9.
Face Object | Face Object | Face Object |--cooooooooo. FaceObject
Plane 1 Plane 2 Rlanen

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

A facg object represents a node in an ISO/IEC 14496 scene graph. An [SO/IEC 14496 scene is understpod as a
compagsition of Audio-Visual objects according to some spatial and temporal relationships. The scene grdph is the
hierar¢hical representation of the ISO/IEC 14496 scene structure (seeMSO/IEC 14496-1).

Alterngitively, a face object can be formed by a temporal sequéence of face object plane groups (called segments for
simpli¢ity), where each face object plane group itself is composed of a temporal sequence of 16 face objegt planes,
as depicted in the following:

face gbject:

Face Object FaceObject | ~No | Face Object
Plane Group 1 | Plane Group 2 Plane Group n
face gbject plane group:
Face Object FaceObject | ___ Face Object
Plane 1 Plane 2 Plane 16

When|the alternative face object bitstream structure is employed, the bitstream is decoded by DCT-based face
object|decoding\as described in subclause 7.12.2. Otherwise, the bitstream is decoded by the frame-bgdsed face
object|decoding. Refer to Table C-1 for a specification of default minimum and maximum values for each FAP

6.1.5.2 Eacial animation parameter set

The FAPs are based on the study of minimal facial actions and are closely related to muscle actions. They represent
a complete set of basic facial actions, and therefore allow the representation of most natural facial expressions.
Exaggerated values permit the definition of actions that are normally not possible for humans, but could be desirable
for cartoon-like characters.

The FAP set contains two high level parameters visemes and expressions. A viseme is a visual correlate to a
phoneme. The viseme parameter allows viseme rendering (without having to express them in terms of other
parameters) and enhances the result of other parameters, insuring the correct rendering of visemes. Only static
visemes which are clearly distinguished are included in the standard set. Additional visemes may be added in future
extensions of the standard. Similarly, the expression parameter allows definition of high level facial expressions. The
facial expression parameter values are defined by textual descriptions. To facilitate facial animation, FAPs that can

21


https://standardsiso.com/api/?name=42e96055e0a857137b291f45b0f3a2a3

ISO/IEC 14496-2:1999(E) © ISO/IEC

be used together to represent natural expression are grouped together in FAP groups, and can be indirectly
addressed by using an expression parameter. The expression parameter allows for a very efficient means of
animating faces. In annex C, a list of the FAPs is given, together with the FAP grouping, and the definitions of the
facial expressions.

6.1.5.3 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 consistent way,
producing reasonable results in terms of expression and speech pronunciation. They correspond to fractions of
distances between some key facial features and are defined in terms of distances between feature points. The
fractional uni isi i i ist of the
FDP feafure points. For each FAP the list contains the name, a short description, definition of the measufjement
units, whether the parameter is unidirectional (can have only positive values) or bi-directional, definition [of the
direction|of movement for positive values, group number (for coding of selected groups), FDP subgroup number
(annex €) and quantisation step size. FAPs act on FDP feature points in the indicated subgroupg. The
measurement units are shown in Table 6-1, where the notation 3.1.y represents the y coordinate,oPthe featurg point
3.1; also|refer to Figure 6-10.

Table 6-1 -- Facial Animation Parameter Units

Description FAPU Value

IRISDP =3.1.y-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
MNSQO=9.15.,y — 2.2y Mouth - nose separation MNS = MNSO / 1024
MWO £ 8.3.x — 8.4.x Mouth width MW = MWO / 1024
AU Angle*Unit 10° rad
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Figure 6-10 -- The Facial AnimationsParameter Units

6.1.5.4 Description of a neutral face

At thg beginning of a sequence, the face is supposed-to be in a neutral position. Zero values of the FAPs
correspond to a neutral face. All FAPs are expressed-as displacements from the positions defined in the neutral
face. The neutral face is defined as follows:

« the coordinate system is right-handed; head axes are parallel to the world axes
e gdze is in direction of Z axis

e allface muscles are relaxed

* e)elids are tangent to.the iris

« the pupil is onesthird of IRISDO

ips 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

« 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

The FDPs are used to customize the proprietary face model of the decoder to a particular face or to download a
face model along with the information about how to animate it. The definition and description of FDP fields is given
in annex C. The FDPs are normally transmitted once per session, followed by a stream of compressed FAPSs.
However, 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
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BIFS syntax (see ISO/IEC 14496-1). The FDP node defines the face model to be used at the receiver. Two options
are supported:

- 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.

6.2 Visual bitstream syntax

6.2.1 Start codes
Start codes are specific bit patterns that do 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 préfix is a stying 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 ‘0JO0 0000 0000 0000 0000 0001'.

The starf code value is an eight bit integer which identifies the type of start code. Many types of start code hale just
one starf code value. However video_object_start code and video_object_layer.start_code are represented by
many stdrt code values.

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

necessaly, inserting bits with the value one before the start code prefix.such that the first bit of the start codd prefix
is the firgt (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

011111

0111111

2
3
4
5 01111
6
7
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
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visual_object_sequence_end_code Bl
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
face_object_start_code BA
face_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 Cco
reserved C1-C5
System start codes (see note) C6 through FF
NOTE System start codes are defined iRNSO/IEC 14496-1

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

video |

indicate where uncorrectable errors have been detected.

This s

1. Configuration information

a

2. E

session_error_code. The video_session_errot=code has been allocated for use by a media int

yntax for visual bitstreams defines two@ypes of information:

Global configuration information, referring to the whole group of visual objects that will be simultarn
decoded and compasited by a decoder (VisualObjectSequence()).

Object configuration information, referring to a single visual object (VO). This is associated with
VisualObject(),

Object-layer configuration information, referring to a single layer of a single visual object (VOL)
Visual®ObjectLayer()

bmentary stream data, containing the data for a single layer of a visual object.

of the
prface to

eously
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VO1 Elementary Stream
VOL1 +—p Visua Object 1
VO1 / Header Layer 1
Header
Visual Object / VO1 Elementary Stream
— »|  Sequence \ VOL2 |— |  Visua Object 1
Header Header Layer 2
VO 2 VO 2 Elementary Stream
Header —— VOL1 |—P Visual Object 2
Header Layer 1
Figure 6-11 -- Example Visual Information — Logical Structure
Visual Object VO1 VO1 VO 1 VO 2 VO 2
Sequence Header VOL 1 VOL 2 Header VOL 1
Header Header Header Header

The following functions are entry points for elementary streams, and entry into these functions defines the

Elementary Stream
Visual Object 1 Layer 1

Configuration Information
inGentainers provided by
MPEG-4 Systems

Elementary Stream
Visual Object 1 Layer 2

Elementary Stream
Visual Object 2 Layer .1

» MPEG-4 Systems

Figlire 6-12 -- Example Visual Bitstream — Separate Configuration Information / Elementary Stream.

Visual. Object Vo1 VO1 Elementary Stream
Séquence Header VOL 1 Visual Object 1 —>
Header Header Layer 1
Visual Object vO1 VO1 Elementary Stream
Sequence Header VOL 2 Visual Object 1 —>
Header Header Layer 2
Visual Object VO2 VO 2 Elementary Stream
Sequence Header VOL 1 Visual Object 2 —>
Header Header Layer 1

breakpoint between configuration information and elementary streams:

26
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VideoObjectPlane(),
video_plane_with_short_header(),
MeshObiject(),

FaceObject().

1999(E)

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

Visual

ObjectSequence(), VisualObject() and VideoObjectl ayer()

ISO/IE
visual
decod

Visual
14496
Config

1.

When
inform|

streams follow the syntax below, subject to the break points betwWeen them defined above. The

specif
config
alsou

bitstream contains exactly one elementary stream, which describes one layer of one visual object.
er must conceptually have a separate entry port for each layer of each object to be decoded.

objects coded in accordance with this Part may be carried within a Systems bitstream.as defined by
1. The coded visual objects may also be free standing or carried within 'other types of
uration information may be carried separately from or combined with elementary stream data:

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

coded visual objects are carried within a Systems bitstream defined by ISO/IEC 14496-1, con
ation and elementary stream data are always carried separately. Configuration information and el

cation ISO/IEC 14496-1 defines containers that are used €0 ‘carry Visual Object and Visual Obij¢
Uration information. A separate container is used for each.gbject. For video objects, a separate co
5ed for each layer. VisualObjectSequence headers are<iet carried explicitly, but the information is ¢

C 14496-2 does not provide for the multiplexing of multiple elementary streams into a single bitstream. One

A visual

ISO/IEC
Systems.

iguration
ementary
Systems
ect Layer
ntainer is
ontained

in other parts of the Systems bitstream.
2. Combined Configuration / Elementary Streams
The elementary stream data associated with a single layer may be wrapped in configuration information defined in
accordance with the syntax below. A wvisual bitstream may contain at most one instance of [each of
VisualPbjectSequence(), VisualObject() andVideoObjectLayer(). The Visual Object Sequence Header [must be
identidal for all streams input simultaneously to a decoder. The Visual Object Headers for each layer of a fultilayer
object|must be identical.
6.2.2 |Visual Object Sequence-and Visual Object
VisdialObjectSequence()4 No. of bits | Mnemonic
visual_object<{sequence_start_code 32 bslbf
profile_and tevel_indication 8 uimshbf
while (‘fiext_bits()== user_data_start_code){
user_data()
}
VisualObject()
visual_object_sequence_end_code 32 bslbf
}
VisualObject() { No. of bits | Mnemonic
visual_object_start_code 32 bslbf
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is_visual_object_identifier

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 ID")

video_signal_type()

neixt_start_code()

while ( next_bits()== user_data_start_code){

user_data()

if (visual_object_type == “video ID") {

video_object_start_code

32

bslbf

VideoObjectLayer()

elge if (visual_object_type == “still texture ID") {

StillTextureObject()

elge if (visual_object_type == “mesh IDX){

MeshObiject()

@

ge if (visual_object_type)== “face ID") {

FaceObject()

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

next(Start_code()

video_signal_type() {

No. of bits

Mnemonic

video_signal_type

1

bslbf

if (video_signal_type) {

video_format

uimsbf

video_range

bslbf
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colour_description 1 bslbf

if (colour_description) {

colour_primaries 8 uimsbf
transfer_characteristics 8 uimsbf
matrix_coefficients 8 uimsbf

6.2.2.1 User data

usel_data() { Ng.\of bits | Mnemonic

user_data_start_code 32 bslbf

while( next_bits() != ‘0000 0000 0000 0000 0000 0001" ) {

user_data 8 uimshbf

}

next_start_code()

6.2.3 |Video Object Layer

Vid¢oObjectLayer() { No. of bits | Mnemonic

if(next_bits() == video_object_layer-‘start _code) {

short_video_header =0

video_object_layer_start_code 32 bslbf

random_accessible’ vol 1 bslbf

video_objectAype_indication 8 uimshbf
is_object_layer_identifier 1 uimshbf

if (isSobject_layer_identifier) {

video_object_layer_verid 4 uimshbf
videc—objectlayerpriority 3 Hims

}

aspect_ratio_info 4 uimsbf

if (aspect_ratio_info == “extended_PAR”) {

par_width 8 uimsbf

par_height 8 uimsbf
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vol_control_parameters 1 bslbf
if (vol_control_parameters) {

chroma_format 2 uimsbf
low_delay 1 uimsbf
vbv_parameters 1 blsbf
if (vbv_parameters) {
first_half_bit_rate 15 uimsbf
marker_bit 1 bslbf
latter_half_bit_rate 15 uimsbf
marker_bit 1 bslbf
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 blsbf
latter_half_vbv_occupancy 15 uimsbf
marker_bit 1 blsbf
}
}
video_object_layer_shape 2 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_vopntime_increment 1-16 uimsbf
if (video_abject_layer_shape != “binary only”) {
ifs(video_object_layer_shape == “rectangular”) {
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
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obmc_disable 1 bslbf
sprite_enable 1 bslbf
if (sprite_enable) {
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
sprite_top_coordinate 13 simsbf
marker_bit 1 bslbf
no_of_sprite_warping_points 6 uimshbf
sprite_warping_accuracy 2 uimshbf
sprite_brightness_change 1 bslbf
low_latency_sprite_enable 1 bslbf
}
not 8 bit 1 bslbf
if (not_8_ bit) {
guant_precision 4 uimshbf
bits_per_pixel 4 uimshbf
}
if (video_object_layer_shape=="grayscale”) {
no_gray_quant<update 1 bslbf
composition_method 1 bslbf
linear_composition 1 bslbf
}
guant type 1 bslbf
i (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_layer_shape=="grayscale”) {
load_intra_quant_mat_grayscale 1 bslbf
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if(load_intra_quant_mat_grayscale)
intra_quant_mat_grayscale 8*[2-64] uimsbf
load_nonintra_quant_mat_grayscale 1 bslbf
if(load_nonintra_quant_mat_grayscale)
nonintra_quant_mat_grayscale 8*[2-64] uimsbf
}
}
complexity_estimation_disable 1 bslbf
if (lcomplexity_estimation_disable)
define_vop_complexity estimation_header()
resync_marker_disable 1 bslbf
data_partitioned 1 bslbf
if(data_partitioned)
reversible_vlc 1 bslbf
scalability 1 bslbf
if (scalability) {
hierarchy_type 1 bslbf
ref layer_id 4 uimsbf
ref_layer_sampling_direc 1 bslbf
hor_sampling_factor_n 5 uimsbf
hor_sampling_factor_m 5 uimsbf
vert_sampling_factor_hn 5 uimsbf
vert_sampling_faetor_m 5 uimsbf
enhancement (type 1 bslbf
}
}
else
resync_marker_disable 1 bslbf
next_start_code()
while ( next_bits()== user_data_start_code){
user_data()
}
if (sprite_enable && !low_latency_sprite_enable)
VideoObjectPlane()
do {
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if (next_bits() == group_of _vop_start_code)

Group_of_VideoObjectPlane()

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 uimshbf
if (estimation_method =="00"){
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 (texture_complexity_estimation_set_1_disable) {
intra_blocks 1 bslbf
irter—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) {
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dct_coefs 1 bslbf
dct_lines 1 bslbf
vic_symbols 1 bslbf
vic_bits 1 bslbf

}
motion_compensation_complexity_disable 1 bslbf
If (!'motion_compensation_complexity disable) {
apm 1 bslbf
npm 1 bslbf
interpolate_mc_q 1 bslbf
forw_back_mc_q 1 bslbf
halfpel2 1 bslbf
halfpel4 1 bslbf
}
marker_bit 1 bslbf
}
}
6.2.4 Giroup of Video Object Plane
Group| of VideoObjectPlane() { No. of bits | Mnemofic
grpup_vop_start_codes 32 bslbf
time_code 18
clpsed_gov 1 bslbf
brpken_link 1 bslbf
next_start_code()
while ( next_bits()== user_data_start_code){
user~data()
}
}
6.2.5 Video Object Plane and Video Plane with Short Header
VideoObjectPlane() { No. of bits | Mnemonic
vop_start_code 32 bslbf
vop_coding_type 2 uimsbf
do {
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modulo_time_base 1 bslbf
} while (modulo_time_base !=‘0")
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()
return()
}
if ((video_object_layer_shape != “binary only”) &&
(vop_coding_type == “P"))
vop_rounding_type 1 bslbf
if (video_object_layer_shape != “rectangular”) {
if(!(sprite_enable && vop_coding_type == "“I")) {
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
}
if ((video_object_layer shape !=* binary only”) &&
scalability &&-enhancement_type)
backgretind_composition 1 bslbf
change.conv_ratio_disable 1 bslbf
vop=constant_alpha 1 bslbf
if (vop_constant_alpha)
vop_constant_alpha_value 8 bslbf
}
if (lcomplexity_estimation_disable)
read_vop_complexity estimation_header()
if (video_object_layer_shape != “binary only”) {
intra_dc_vlc_thr 3 uimsbf

if (interlaced) {
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top_field_first

bslbf

alternate_vertical_scan_flag

bslbf

}

if (sprite_enable && vop_coding_type == “S") {

if (no_sprite_points > 0)

sprite_trajectory()

if (sprite_brightness_change)

brightness_change_factor()

if (sprite_transmit_mode != “stop”

&& low_latency_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

3-9

uimsbf

if(video_object_layer-shape=="grayscale")

vop_alpha.gquant

uimsbf

if (vop_coding_type !="“I")

vop.fcode_forward

uimsbf

if’ (vop_coding_type == “B")

vop_fcode_backward

uimsbf

if (Iscalability) {

if (video_object_layer_shape != “rectangular”

&& vop_coding_type !="1")

vop_shape_coding_type

bslbf

motion_shape_texture()

while (nextbits_bytealigned() == resync_marker) {
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video_packet_header()
motion_shape_texture()
}
}
else {
if (enhancement_type) {
load_backward_shape 1 bslbf
if (load_backward_shape) {
backward_shape_width 13 utmshbf
marker_bit 1 bslbf
backward_shape_height 13 uimshbf
marker_bit 1 bslbf
backward_shape_horizontal_mc_spatial_ref 13 simsbf
marker_bit 1 bslbf
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 1 bslbf
forward_shape_height 13 uimsbf
marker_bit 1 bslbf
forward_shape_horizontal_mc_spatial_ref 13 simsbf
marker )bit 1 bslbf
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) {
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video_packet_header()
combined_motion_shape_texture()

}

}
next_start_code()
}
6.2.5.1 omplexity Estimation Header
read_yop_complexity estimation_header() { No. of bits j\Mnemofic

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
if (upsampling) dcecs_upsampling 8 uimsbf
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 dines 8 uimsbf
if (vlc_symbols) dcecs. vic_symbols 8 uimsbf
if (vic_bits) dececs_vic_bits 4 uimsbf

}

if (vop_coding_type=="P"}{
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
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
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if (vlc_symbols) dcecs_vilc_symbols 8 uimsbf
if (vlc_bits) dcecs_vlc_bits 4 uimsbf
if (inter_blocks) dcecs_inter_blocks 8 uimsbf
if (inter4v_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 uimshf
if (halfpeld) dcecs_halfpel4 8 uimshf

}

if (vop_coding_type=="B"){
if (opaque) dcecs_opaque 8 uimshbf
if (transparent) dcecs_transparent 8 uimshbf
if (intra_cae) dcecs_intra_cae 8 uimsbf
if (inter_cae) dcecs_inter_cae 8 uimsbf
if (no_update) dcecs_no_update 8 uimshbf
if (upsampling) dcecs_upsampling 8 uimshbf
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 uimshbf
if (dct_lines) dcecs_dctllines 8 uimshbf
if (vlc_symbols) dcecs_ylc_symbols 8 uimshbf
if (vlc_bits) dcecs_vic_bits 4 uimshbf
if (inter_blocks) dcecs_inter_blocks 8 uimsbf
if (interdv_blocks) dcecs_interdv_blocks 8 uimshbf
if (apm) dcecs_apm 8 uimshbf
if (npm) dcecs_npm 8 uimshbf
i (forw_back_mc_q)dcecs_forw_back_mc_q 8 uimshbf
if (halfpel2) dcecs_halfpel2 8 uimshbf
if (halfpel4) dcecs_halfpel4 8 uimsbf
if (interpolate_mc_q)  dcecs_interpolate_mc_q 8 uimsbf

}

if (vop_coding_type=="S"){
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
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if (dct_lines) dcecs_dct_lines 8 uimsbf
if (vlc_symbols) dcecs_vlc_symbols 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_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
}
}
}
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
sglit_screen_indicator 1 bslbf
dqcument_camera_indicator 1 bslbf
full_picture_freeze release 1 bslbf
sdurce_format 3 bslbf
picture_coding~type 1 bslbf
fopr_reseryed_zero_bits 4 bslbf
vdgp_quant 5 uimsbf
zero07bit 1 bslbf
do{
pei 1 bslbf
if (pei == “1")
psupp 8 bslbf
} while (pei ==“1")
gob_number =0
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for(i=0; i<num_gobs_in_vop; i++)
gob_layer()
if(next_bits() == short_video_end_marker)
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 uimshbf
gob_frame_id 2 bslbf
guant_scale 5 uimshbf
}
}
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++
}
vidgo~packet_header() { No. of bits | Mnemonic
next_resync_marker()
resync_marker 17-23 uimsbf
macroblock_number 1-14 viclbf
if (video_object_layer_shape != “binary only”)
guant_scale 5 uimsbf
header_extension_code 1 bslbf
if (header_extension_code) {
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do {
modulo_time_base 1 bslbf
} while (modulo_time_base !=‘0’)
marker_bit 1 bslbf
vop_time_increment 1-16 bslbf
marker_bit 1 bslbf
vop_coding_type 2 uimsbf
if (video_object_layer_shape != “binary only”) {
intra_dc_vlc_thr 3 uimsbf
if (vop_coding_type !="1")
vop_fcode_forward 3 uimsbf
if (vop_coding_type == “B")
vop_fcode_backward 3 uimsbf
}
}
}
6.2.5.3 Motion Shape Texture
motior]_shape_texture() { No. of bits | Mnemonic
if (data_partitioned )
data_partitioned_motion _shape_texture()
elge
combined_motion_shape stexture()
}
combined_motion_shape_texture() { No. of bits | Mnemofic
dg{
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()
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} else if (vop_coding_type == “P") {
data_partitioned_p_vop()
} else if (vop_coding_type == “B") {
combined_motion_shape_texture()
}
NOTE Data partitioning is not supported in B-VOPs.
datgq_partitioned_i_vop() { No. of bits | Mnemonic
do{
if (video_object_layer_shape != “rectangular”){
bab_type 1-3
if (bab_type >=4) {
if (Ichange_conv_rate_disable) conv_ratio 1-2
scan_type 1
binary_arithmetic_code()
}
}
if (Itransparent_mb()) {
mcbpc 1-9 viclbf
if (mb_type == 4)
dquant 2 bslbf
if (use_intra_dc_vic) {
for (j=0;j <4; j+e)f
if ('transparent_block(j)) {
dct’ dc_size luminance 2-11 viclbf
if (dct_dc_size _luminance > 0)
dct_dc_differential 1-12 viclbf
if (dct_dc_size _luminance > 8)
marker_bit 1 bslbf
}
}
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)

43


https://standardsiso.com/api/?name=42e96055e0a857137b291f45b0f3a2a3

ISO/IEC 14496-2:1999(E) © ISO/IEC

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 (Itransparent_mb()) {

ac_pred_flag 1 bslbf

cbpy 1-6 viclbf

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

if (Itransparent_mb()) {

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

block(j)

NOTE| The value of block_count is 6 in the 4:2:0 format. The value of alpha_block_count is 4.

data_partitioned_p_vop() { No. of bits | Mnemofic

dof

if (video_object_layer_shape != “rectangular”){

bab_type 1-7 viclbf

if (babytype == 1) || (bab_type == 6)) {

mvds_x 1-18 viclbf
mvds_y 1-18 viclbf
}
if (bab_type >=4){
if (lchange_conv_rate_disable) conv_ratio 1-2 viclbf
scan_type 1 bslbf

binary_arithmetic_code()
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if ('transparent_mb()) {

not coded 1 bslbf
if (Inot_coded) {
mcbpc 1-9 viclbf
if (derived_mb_type < 3)
motion_coding(“forward”, derived_mb_type)
}
}
} while (next_bits() '= motion_marker)
motion_marker /*1 1111 0000 0000 0001 */ 17 bslbf
for (i = 0; i < mb_in_video_packet; i++) {
if (Itransparent_mb()) {
if (!Inot_coded){
if (derived_mb_type >= 3)
ac_pred_flag 1 bslbf
cbpy 1-6 viclbf
if (derived_mb_type == 1 || derived_mb_type s=4)
dquant 2 bslbf
if (derived_mb_type >= 3 && use_intra_dc_vic) {
for =0;j<4; j++){
if (Itransparent_block(j)) {
dct_dc_size luminance 2-11 viclbf
if (det.dc_size_luminance > 0)
dct_dc_differential 1-12 viclbf
if (dct_dc_size _luminance > 8)
marker_bit 1 bslbf
}
}
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
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}

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

if (transparent_mb()) {

if (! not_coded) {

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

block(j)
}
}
}
}
NOTE |The value of block_count is 6 in the 4:2:0 format. The value of alpha_block_count.is4:
motior]_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(mode)
}
}
6.2.5.4 PBprite coding
decodg_sprite_piece() { No. of bits | Mnemonic
piece_quant 5 bslbf
piece_width 9 bslbf
piece_height 9 bslbf
marker\bit 1 bslbf
pigce’ xoffset 9 bslbf
piece_yoffset 9 bslbf
sprite_shape_texture()
}
sprite_shape_texture() { No. of bits | Mnemonic
if (sprite_transmit_mode == “piece”) {
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for (i=0; i < piece_height; i++) {

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

if (!send_mb()) {

macroblock()

}

if (sprite_transmit_mode == “update”) {

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

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

macroblock()

}
}
}
}
sprife_trajectory() { No. of bits | Mnemonic
for (i=0; i < no_of_sprite_warping_points; i++),{
warping_mv_code(dul[i])
warping_mv_code(dv[i])
}
}
warping_mv_code(d) 4 No. of bits | Mnemonic
dmv_length 2-12 uimshbf
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
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macroblock() {

No. of bits

Mnemonic

if (vop_coding_type !'=“B") {

if (video_object_layer_shape != “rectangular”
&& !(sprite_enable && low_latency_sprite_enable

&& sprite_transmit_mode == “update”))

mb_binary_shape_coding()

if (video_object_layer_shape != “binary only”) {

if (transparent_mb()) {

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

&& sprite_transmit_mode == “piece”))

not_coded

bslbf

if (Inot_coded || vop_coding_type == “1") {

mchbpc

1-9

viclbf

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

ac_pred_flag

bslbf

if (derived_mb_type != “stuffing”)

cbpy

1-6

viclbf

else

return()

if (derived_mb type == 1 ||
derived”_mb_type == 4)

dguant

bslbf

if (interlaced)

interlaced_information()

if (!(ref_select_code=="11" && scalability)
&& vop_coding_type !=“S") {

It (derived_mb_type == 0 |]
derived_mb_type ==1) {

motion_vector(“forward”)

if (interlaced && field_prediction)

motion_vector(“forward”)

}

if (derived_mb_type == 2) {
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for (j=0; j < 4; j++)

if (Itransparent_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()

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

&& video_object_layer_shape = “binary.enly”) {

if ('transparent_mb()) {

modb 1-2 viclbf
if (modb !=1") {
mb_type 1-4 viclbf
if (modb E5+00")
cbpb 3-6 viclbf

if {ref_select_code !="'00’ || !scalability) {

if (mb_type !="1" && cbpb!=0)

dbguant 1-2 viclbf

if (interlaced)

interlaced_information()

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

motion_vector(“forward”)

if (interlaced && field_prediction)

motion_vector(“forward”)
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if (mb_type == ‘01’ || mb_type =='001") {

motion_vector(“backward”)

if (interlaced && field_prediction)

motion_vector(“backward”)

}

if (mb_type =="1")

motion_vector(“direct”)

}

if (ref_select_code =="'00" && scalability &&
cbpb 1=0) {

dbquant

viclbf

if (mb_type =='01" || mb_type == ‘1")

motion_vector(“forward”)

}

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

if(Itransparent_block(i))

block(i)

ideo_object_layer_shape=="grayscale”

&& !transparent_mb()) {

if(vop_coding_type=="I1]|,(Vvop_coding_type=="P"
&& 'not_coded
&& (derivedZmb_type==3 || derived_mb_type==4))) {

codasi

bslbf

if(Ceda_i=="coded”) {

ac_pred_flag_alpha

bslbf

cbpa

1-6

viclbt

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

if('transparent_block())

alpha_block(i)

}

}else { /* P or B macroblock */
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if(vop_coding_type =="P”
|| 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)
}
}
}
}
}
NOTE The value of block_count is 6 in the 4:2:0 format. The value of alpha_block-count is 4.
6.2.6.1 MB Binary Shape Coding
mb | binary_shape_coding() { No. of bits | Mnemonic
bab_type 1-7 viclbf
if ((vop_coding_type == ‘P’) || (vop_coding_type>+= ‘B")) {
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)
coeny- ratio 1-2 vicbf
sean_type 1 bslbf
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
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if (bab_type >=4) {
if (Ichange_conv_ratio_disable)
conv_ratio 1-2 vicbf
scan_type 1 bslbf
binary_arithmetic_code()
}
}
}
forwarf_shape () { No. of bits©O| Mnemonic
fof(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 (lchange_conv_ratio_disable)
conv_ratio 1-2 vicbf
scan_type 1 bslbf
binary_arithmetic_code()
}
}
}
6.2.6.2 Motion vector
motiorn]_vector ( mode ) { No. of bits | Mnemofic
if { mode == ,direct/).{
horizontal smy” data 1-13 viclbf
vertical_mv_data 1-13 viclbf
}
elge if'( mode == forward" ) {
horizontal_mv_data 1-13 viclbf
if ((vop_fcode_forward != 1)&&(horizontal_mv_data != 0))
horizontal_mv_residual 1-6 uimsbf
vertical_mv_data 1-13 viclbf
if ((vop_fcode_forward != 1)&&(vertical_mv_data != 0))
vertical_mv_residual 1-6 uimsbf
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}

else if ( mode == ,backward" ) {

horizontal_mv_data 1-13 viclbf

if ((vop_fcode_backward != 1)&&(horizontal_mv_data != 0))

horizontal_mv_residual 1-6 uimsbf

vertical_mv_data 1-13 viclbf

if ((vop_fcode_backward != 1)&&(vertical_mv_data != 0))

vertical_mv_residual 1-6 uimshf

6.2.6.3 Interlaced Information

inteflaced_information( ) { No. of bits | Mnemonic

if ((derived_mb_type == 3) || (derived_mb_type == 4) ||
(cbp 1=0))
dct_type 1 bslbf

if ( ((vop_coding_type == “P") &&
((derived_mb_type == 0) || (derived_mb_type ==1)) ) ||
((vop_coding_type == “B") && (mb_type '=£1%)) ) {

field_prediction 1 bslbf

if (field_prediction) {

if (vop_coding_type == “P™*J|
(vop_coding_type:=="“B” &&
mb_type !=“Q01") ) {

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
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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('data_partitioned &&
(derived_mb_type == 3 || derived_mb_type == 4)) {
if(short_video_header == 1)
intra_dc_coefficient 8 uimshbf
else if (use_intra_dc_vic ==1) {
if (i<4){
dct_dc_size luminance 2-11 viclbf
if(dct_dc_size_luminance != 0)
dct_dc_differential 1412 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)
dct_dc_differential 1-12 viclbf
if (dct_dc_size_chrominance > 8)
marker_bit 1 bslbf
}
}
}
if ( pattern_code[i])
while (!'last)
DCT e¢ogefficient 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 6.2.7.
alpha_block( i) { No. of bits | Mnemonic
last=0
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if(ldata_partitioned &&

(vop_coding_type =="1" ||

(vop_coding_type == “P” && 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{dctdot_sSize_alpha>8)
marker_bit 1 bsibf
}
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 |Still Texture Object
StillrextureObject() { No. of bits | Mnemonic
still_texture_object_start_code 32 bslbf
texture_object_id 16 uimsbf
marker_bit 1 bslbf
wavelet_filter_type 1 uimshbf
wavelet_download 1 uimshbf
wavelet_decomposition”levels 4 uimshbf
scan_direction 1 bslbf
start_code_enabfe 1 bslbf
texture_object” layer_shape 2 uimshbf
guantization_type 2 uimshbf
if (quantization_type == 2) {
Spatial_scalability_levels 7 uimsb
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
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}

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()

}

Wervelet_stuffing 3 uimsbf

if(iexture_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
object_height 15 uimsbf
marker_bit 1 bslbf
shape_objectsdecoding ()

}

I* comlr‘guration information precedes this point; elementary stream data follows.
See apnex K*/

forfeolor="y" “y" My
wavelet_dc_decode()

}

if(quantization_type == 1){
TextureLayerSQ ()

}

else if ( quantization_type == 2){
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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 ( quantization_type == 3){
for (color = “y”, “u”, “v”)
do{
guant_byte 8 uimshbf
} while( quant_byte >>7)
max_bitplanes 5 uimshbf
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
TexturelLayerSQ() { No. of bits | Mnemonic
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++)

if (i'=0 || color!="u""v*){
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max_bitplaneli] 5 uimsbf
if ((i+1)%4==0)
marker_bit 1 bslbf
}
}
for (i = O; i<tree_blocks; i++)
for (color = “y”, “u”, “v")
arith_decode_highbands_td()
} glse {
if ( start_code_enable ) {
do {
TextureSpatialLayerSQ()
} while ( next_bits() == texture_spatial_layer_start_code)
}else {
for (i = 0; i< wavelet_decomposition_levels; i++)
TextureSpatialLayerSQNSC()
}
}
}
6.2.8.2 TextureSpatialLayerSQ
TextureSpatialLayerSQ() { No. of bits | Mnemofic
texture_spatial_layer_start_code 32 bslbf
texture_spatial_layer_id 5 uimsbf
TgxtureSpatialLayerSQNSC()
}
6.2.8.3 TextureSpatialLayerSQNSC
TextureSpatial-ayerSQNSCH-{ No—of-bits—-Mnemonic

for (color="y",“u","v*) {

if ( (first_wavelet_layer && color=="y") ||

(second_wavelet_layer && color=="u","v"))

do {

guant_byte

uimsbf

} while (quant_byte >> 7)
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if (color =="y")

max_bitplanes 5 uimbsf

else if (!first_wavelet_layer)

max_bitplanes 5 uimbsf

}
arith_decode_highbands_bb()

6.2.8.4 TextureSpatialLayerMQ

TextureSpatialLayerMQ() { No. ofhits | Mnemonic
texture_spatial_layer_start_code 32 bslbf
texture_spatial_layer_id 5 uimsbf
snr_scalability_levels 5 uimsbf
do {

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

}

6.2.8.% TextureSpatialLayerMQNSC

TextureSpatialLayerMQNSC() { No. of bits | Mnemonic

snr_scalability_levels 5 uimsbf

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

TextureSNRLayerMQNSC ()

6.2.8.6 TextureSNRLayerMQ

TextureSNRLayerMQ(){

texture_snr_layer_start_code 32 bslbf

texture_snr_layer_id 5 uimsbf

TextureSNRLayerMQNSC()
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TextureSNRLayerMQNSC(){

No. of bits

Mnemonic

&& spatial_layer_id == 0) {

if (spatial_scalability_levels == wavelet_decomposition_levels

for (color = “y*) {

do {

guant_byte

uimsbf

} while (quant_byte >> 7)

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

max_bitplane]i]

uimsbf

if ((i+1)%4 == 0)

marker_bit

bslbf

else {

for (color="y", “u”, “v") {

do {

guant_byte

uimsbf

} while (quant_byte >> 7)

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

max_bitplaneli]

uimsbf

if ((i+1)%4 == 0)

marker_bit

bslbf

if {scan_direction == 0) {

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

for (color = “y”, “u”, “v")

if (wavelet_decomposition_layer_id != 0 || color !=“u”, “v")

arith_decode_highbands_td()

}else {

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

for (color ="y”, “u”, “v") {
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if (wavelet_decomposition_layer_id != 0 || color !=“u”, “v")
arith_decode_highbands_bb()
}
}
}
}
6.2.8.43 TextureSpatialLayerBQ
TextureSpatialLayerBQ() { No. of bits~*| Mnemonic
texture_spatial_layer_start_code 32 bslbf
texture_spatial_layer_id 5 uimsbf
for (i=0; i<max_bitplanes; i++) {
texture_snr_layer_start_code 32 bslbf
texture_snr_layer_id 5 uimsbf
TextureBitPlaneBQ()
next_start_code()
}
}
6.2.8.9 TextureBitPlaneBQ
TextureBitPlaneBQ () { No. of bits | Mnemonic
for (color = “y”, “u”, “v”)
if (wavelet_decomposition layer_id == 0 ){
all_nonzero[¢ojor] 1 bslbf
if (allcnonzero[color] == 0) {
all-Zero[color] 1 bslbf
if (all_zero[color]==0) {
Ih_zero[color] 1 bslbf
hlzerofcolor] 1 bslbf
hh_zero[color] 1 bslbf

}

if (wavelet_decomposition_layer_id != 0 [|color != “u”, “v" )}{

if(all_nonzero[color]==1 || all_zero[color]==0){
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if (scan_direction == 0)

arith_decode_highbands_bilevel bb()

else

arith_decode_highbands_bilevel_td()

}
}
}
}
6.2.8.10 | TextureSNRLayerBQ
TextuneSNRLayerBQ() { No. efibits | Mnemofic
texture_snr_layer_start_code 32 bslbf
texture_snr_layer_id 5 uimsbf
for (i=0; i<wavelet_decomposition_levels; i++) {
texture_spatial_layer_start_code 32 bslbf
texture_spatial_layer_id 5 uimsbf
TextureBitPlaneBQ()
next_start_code ()
}
}
6.2.8.11 | DownloadWaveletFilters
downlpad_wavelet_filters( }{ No. of bits | Mnemonic
lowpass_filter_length 4 uimsbf
highpass_filter_length 4 uimsbf
dg{
if (wavelet filter_type ==0) {
filter_tap_integer 16 imsbf
markerbit 1 bslbf
}else {
filter_tap_float_high 16 uimsbf
marker_bit 1 bslbf
filter_tap_float_low 16 uimsbf
marker_bit 1 bslbf
}
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} 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 uimshbyf
marker_bit 1 bslbf
}
} while (highpass_filter_length--)
if (wavelet_filter_type == 0) {
integer_scale 16 uimsbf
marker_bit
}
}
6.2.8.12 Wavelet dc decode
wavelet_dc_decode() { No. of bits | Mnemonic
mean 8 uimshbf
do{
guant_dc_byte 8 uimshbf
} while( quant_dc_byte->>7)
do{
band_offset) byte 8 uimsbf
} while (band_offset_byte >>7)
do{
band_max_byte 8 uimsbf
} while (band_max_byte >>7)
arith_decode_dc()
}
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wavelet_ higher_bands_decode() { No. of bits | Mnemonic
do{
root_max_alphabet_byte 8 uimsbf
} while (root_max_alphabet_byte >>7)
marker_bit 1 bslbf
dof
valz_max_alphabet_byte 8 uimshbf
} while (valz_max_alphabet_byte >>7)
dg{
valnz_max_alphabet_byte 8 uimsbf
} while (valnz_max_alphabet_byte >>7)
arfth_decode_highbands()
}
6.2.8.14 | Shape Object Decoding
shape| object_decoding() { No. of bits | Mnemonic
change_conv_ratio_disable 1 bslbf
stp_constant_alpha 1 bslbf
if (sto_constant_alpha)
sto_constant_alpha_value 8 bslbf
for (i=0; i<((object_width+15)/16)*((object_height+15)/16); i++){
bab_type 1-2 viclbf
if (bab_type ==4) {
if (Ichange_cenv_ratio_disable)
conv_ratio 1-2 vicbf
scan\type 1 bslbf
binary_arithmetic_decode()
)
}
}
6.2.9 Mesh Object
MeshObiject() { No. of bits | Mnemonic
mesh_object_start_code 32 bslbf
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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
MeghObjectPlane() { No. of hits | Mnemonic
MeshObjectPlaneHeader()
MeshObjectPlaneData()
}
MeghObjectPlaneHeader() { No. of bits | Mnemonic
if (next_bits_bytealigned()=="0000 0000 0000 0000 0000 0001"){
next_start_code()
mesh_object_plane_start_code 32 bslbf
}
is_intra 1 bslbf
mesh_mask 1 bslbf
temporal_header()
}
MeghObjectPlaneData){ No. of bits | Mnemonic
if (mesh_mask== 1) {
if (isdintra == 1)
mesh_geometry()
else
mesh_motion()
}
}
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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
node0_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_vlc 2-12 viclbf
if (delta_y_len\vic)
delta_y 1-14 viclbf
}
}
}
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
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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_vlc 1-13 viclbf
if ((motion_range_code !=1) && (delta_mv_y vic = 0))
delta_mv_y_res 1-6 uimsbf
}
}
}
6.2.10] Face Object
fba|object() { No. of bits | Mnemonic
face_object_start_code 32 bslbf
do {
fba_object_plane()
[} while(!(
(nextbits_bytealigned() == ‘000 0000 0000 0000 00Q0"0000") &&
( nextbits_bytealigned() != face_object_plane.start code)))
}
6.2.10,1 Face Object Plane
fba|object_plane() { No. of bits | Mnemonic
fba_object_plane_header()
fba_object_planecdata()
}
fba|object plane_header() { No. of bits | Mnemonic
if-{mexthits_—byteatigned()}=="000-0606-6060-0660-6606-6060")%
next_start_code()
fba_object_plane_start_code 32 bslbf
}
is_intra 1 bslbf
fba_object_mask 2 bslbf
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temporal_header()
}
fba_object_plane_data() { No. of bits | Mnemonic
if(fba_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 bslbf
fba_object_coding_type 1 bslbf
if(fba_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(fba_object_coding (type == 1)
decode_i_segment()
}
else {
if(fbaXobject_coding_type == 0)
decode_pfap()
if(fba_object_coding_type == 1)
decode_p_segment()
}
}
}
temporal_header() { No. of bits | Mnemonic
if (is_intra) {
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is_frame_rate 1 bslbf
if(is_frame_rate)
decode_frame_rate()
is_time_code 1 bslbf
if (is_time_code)
time_code 18 bslbf
}
skip_frames 1 bslbf
if(skip_frames)
decode_skip_frames()
}
6.2.10,2 Decode frame rate and skip frames
decpde_frame_rate(){ No. of bits | Mnemonic
frame_rate 8 uimshbf
seconds 4 uimshbf
frequency_offset 1 uimshbf
}
decpde_skip_frames(){ No. of bits | Mnemonic
do{
number_of_frames_to_skip 4 uimsbf
} while (number_of frames_to skip =“1111")
}
6.2.103 Decode new.minmax
decpde_new.minmax() { No. of bits | Mnemonic
if (iSwi® new_max) {
for (group_number = 2, J=0, group_number <= 10, group_Number++)
for (i=0; i < NFAP[group_number]; i++, j++) {
if (!(i & 0x3))
marker_bit 1 uimsbf
if (fap_group_mask[group_number] & (1 <<i))
i_new_max]j] 5 uimsbf
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if (is_i_new_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 uimsbf
if (fap_group_mask[group_number] & (1 <<i))
i_new_min(j] 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 uimsbf
if (fap_group_mask[group_number] & (1 <<i))
p_new_max[j] uimsbf
}
if (iIs_p_new_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
if (fap_group_mask[group~number] & (1 <<i))
p_new_min[j] 5 uimsbf
}
}
}
6.2.10.4 | Decodeqfap
decodg_ifap(){ No. of bits Mnemorllic
for (grotp—rtmber=34j=0-grodp—rumber<=16grotup—hdmbert+H{ |

if (group_number == 1) {

if(fap_group_mask[1] & 0x1)

decode_viseme()

if(fap_group_mask[1] & 0x2)

decode_expression()

}else {
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for (i= 0; ikNFAP[group_number]; i++, j++) {

if(fap_group_mask[group_number] & (1 <<i)) {

aa_decode(ifap_Qljl,ifap_cum_freq([j])

}
}
}
}
}
6.2.10,5 Decode pfap
decpde_pfap(){ Ng.\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; i<NFAP[group_number]; i++; j##) {
if(fap_group_mask[group_number] & (1 << i)) {
aa_decode(pfap_diff[jl,ypfap_cum_freq[j])
}
}
}
}
}
6.2.10,6 Decode viseme and expression
decbde_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
viseme_def 1 bslbf
}
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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_intensityl cum_freq)
aa_decode(expression_select2Q, expression_select2_cum_freq) viclbf
aa_decode(expression_intensity2Q, viclbf
expression_intensity2_cum_freq)
ag decode(expression_blendQ, expression_blend _cum_freq) viclbf
in|t_face 1 bslbf
eXpression_def 1 bslbf
}
6.2.10.7 | Face Object Plane Group
face_qgbject_plane_group() { No. of bits | Mnemonic
face_object_plane_start_code 32 bslbf
is|intra 1 bslbf
if {is_intra) {
face_paramset_mask 2 bslbf
is|frame_rate 1 bslbf
if(ls_frame_rate)
decode_frame_rate()
is|time_code 1 bslbf
if(is_time_code)
time_code 18
skip_frames 1 bslbf
if(skip_frames)
decode_skip_frames()
if(face—paramset_mask =="01") {
fap. quant_index 5 uimsbf
for (group_number = 110 10) {
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
}
decode_i_segment()
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}else {

face_object_group_prediction()

}

next_start_code()

6.2.10.8 Face Object Group Prediction

facq_object_group_prediction() { No. of bits | Mnémonic

skip_frames 1 bslbf

if(skip_frames)

decode_skip_frames()

if(face_paramset_mask =="01") {

decode_p_segment()

6.2.10,9 Decodei_segment

decpde_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] & 0x1)

decode_i_viseme_segment()

if(fap_group_mask[1] & 0x2)

decode_i_expression_segment()

}else {

for(i=0;4<NFAP[group_number]; i++, j++) {

if(fap_group_mask[group_number] & (1 <<i)) {
decode_i_dc(dc_QIj])

dprndn_nr(ar_Q[jD
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decode_p_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()
L else {
for (i=0; i<NFAP[group_number]; i++, j++) {
If(fap_group_mask[group_number] & (1 << 1)) {
decode_p_dc(dc_QIj])
decode_ac(ac_QIj])
}
}
1
}
}
6.2.10.11 Decode viseme and expression
decodg_i_viseme_segment(){ No. of bits | Mnemofic
visemge_segment_select1q[0] 4 uimsbf
viseme_segment_select2q[0] 4 uimsbf
viseme_segment_blendg[0] 6 uimsbf
viseme_segment_déf[0] 1 bslbf
for (k=1; k<16, k++)/{
visemesegment_selectlq_diff[K] viclbf
viséme_segment_select2q_diff[K] viclbf
viseme segment blendg diff[K] viclbf
viseme_segment_def[k] 1 bslbf
}
}
decode_p _viseme_segment(){ No. of bits | Mnemonic
for (k=0; k<16, k++) {
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viseme_segment_selectlq_diff[k] viclbf
viseme_segment_select2q_diff[k] viclbf
viseme_segment_blendq_diff[k] viclbf
viseme_segment_def[k] 1 bslbf
}
}
decpde_i_expression_segment(){ No. of bits | Mnénonic
expfression_segment_select1q[0] 4 uimshbf
expression_segment_select2q[0] 4 uimshbf
expression_segment_intensity1q[0] 6 uimshbf
expression_segment_intensity2q[0] 6 uimshbf
expression_segment_init_face[0] 1 bslbf
expression_segment_def[0] 1 bslbf
for (k=1; k<16, k++) {
expression_segment_selectlq_diff[k] viclbf
expression_segment_select2q_diff[k] viclbf
expression_segment_intensitylq_diff[k] viclbf
expression_segment_intensity2q_diff[k] viclbf
expression_segment_init_face[k] 1 bslbf
expression_segment_def[k] 1 bslbf
}
}
decpde_p _expressionsegment(){ No. of bits | Mnemonic
for (k=0; k<16 k++) {
expression_segment_selectlq_diff[k] viclbf
expression_segment_select2q_diff[k] viclbf
expression segment intensitylq diff[k] viclbf
expression_segment_intensity2q_diff[k] viclbf
expression_segment_init_face[k] 1 bslbf
expression_segment_def[k] 1 bslbf
}
}
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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_g_diff) { No. of bits | Mnemonic
dq_q_diff viclhf
dq _g_diff = dc_qg_diff- 256
if(flc_q_diff == -256)
dq_q_diff 16 simsbf
if(flc_Q == 0-256*128)
dc_qg_diff 32 simsbf
}
decodg_ac(ac_QJi]) { No. of bits | Mnemofic
this=0
ngxt = 0
while(next < 15) {
count_of runs viclbf
if (count_of runs == 15)
next = 16
else {
next = this+1+count. of runs
for (n=this+1;'\a<hext; n++)
ac_gfijin] =0
ac Qfi{[next] viclbf
ifac_q[i][next] == 256)
decode i dc(ac g[i][next])
else
ac_d[i][next] = ac_q[i][next]-256
this = next
}
}
}
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6.3 Visual bitstream semantics

6.3.1 Semantic rules for higher syntactic structures

This subclause details the rules that govern the way in which the higher level syntactic elements may be combined
together to produce a legal bitstream. Subsequent subclauses detail the semantic meaning of all fields in the video
bitstream.

6.3.2 Visual Object Sequence and Visual Object

visual_object_sequence_start_code: The visual_object_sequence_start code is the bit string ‘000001B0’ in
hexadecimal. It initiates a visual session.

profilg_and_level_indication: This is an 8-bit integer used to signal the profile and level identification. The
meanipg of the bits is given in Table G-1.

visual object_sequence_end_code: The visual_object_sequence_end_code is the bit Stfing ‘000001B1’ in
hexadgcimal. It terminates a visual session.

visual object_start_code: The visual_object_start code is the bit string ‘000001B5: in ‘hexadecimal. It ipitiates a
visual [object.

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

visual object_verid: This is a 4-bit code which identifies the versiondnumber of the visual object. Its mpaning is
defined in Table 6-4.

Table 6-4 -- Meaning of visual_object_verid

visual_object_verid Meaning
0000 reserved
0001 ISO/IEC 14496-2
0010 - 1111 reserved

visual_object_priority: This is-a-3-bit code which specifies the priority of the visual object. It takes values|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 the
visual jobject.

Table 6-5 -- Meaning of visual object type

code visual object type
0666 reserved

0001 video ID

0010 still texture 1D
0011 mesh ID

0100 face ID

0101 reserved
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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 ‘11111’ 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.

video_fqrmat: This is a three bit integer indicating the representation of the pictures before being co

in Table p-7.

Hed in

accordarjce with this part of ISO/IEC 14496. Its meaning is defined in Table 6-6. If the video_signdl_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
video_format | Meaning
000 Component
001 PAL
010 NTSC
011 SECAM
100 MAC
101 Ungspecified video format
110 Reserved
111 Reserved
video_rgnge: This one-bit flag indicates'the black level and range of the luminance and chrominance signals
colour_description: A flag which.if set to ‘1’ indicates the presence of colour_primaries, transfer_charactgristics
and matnix_coefficients in the bitstream.
colour_primaries: This-8-bit integer describes the chromaticity coordinates of the source primaries, and is defined
Table 6-7 -- Colour Primaries
Value Primaries
0 (forbidden)
1 Recommendation ITU-R BT.709

primary
green
blue
red

white D65

X y

0,300 0,600
0,150 0,060
0,640 0,330

0,3127 0,3290
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2 Unspecified Video
Image characteristics are unknown.
3 Reserved
4 Recommendation ITU-R BT.470-2 System M
primary X y
green 0,22 0,71
blue 0,14 0,08
red 0,67 0,33
white C 0,310 0,316
5 Recommendation ITU-R BT.470-2 System 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
6 SMPTE 170M
primary X y
green 0,310 0,595
blue 0,155 0,070
red 0,630 0,340
whitesD65 0,3127 0,3290
7 SMIPTE 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 47)
red 0,681 0,319 (Wratten 25)
9-255 Reserved

In the case that video_signal_type() is not present in the bitstream or colour_description is zero the chromaticity is
assumed to be that corresponding to colour_primaries having the value 1.

transfer_characteristics: This 8-bit integer describes the opto-electronic transfer characteristic of the source

picture, and is defined in Table 6-8.
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Table 6-8 -- Transfer Characteristics

Value

Transfer Characteristic

(forbidden)

Recommendation ITU-R BT.709
V =1,099 L ;049 - 0,099
for 1> L. > 0,018

\V/ =45001
A%
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for 0,018> L. >0

Unspecified Video

Image characteristics are unknown.

reserved

Recommendation ITU-R BT.470-2 System M

Assumed display gamma 2,2

Recommendation ITU-R BT.470-2 System B, G

Assumed display gamma 2,8

SMPTE 170M
V =1,009 L ;049 - 0,099

for 1> L. > 0,018
V =4,500 L

forQ,018> L > 0

SMPTE 240M (1987)
V=1,1115 L .045 - 0,1115

for Lo>0,0228
V=40L¢

for 0,0228> L,

Linear transfer characteristics

ie.V=Lg

Cogarithmic transter characteristic (100:I range)
V = 1.0-Log1g(Lc)/2

for1=L,=0.01
V=10.0

for 0.01> L¢
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10 Logarithmic transfer characteristic (316.22777:1 range)
V = 1.0-Log1g(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 zeroCthe
charagteristics are assumed to be those corresponding to transfer_characteristics having the value 1.

matriX_coefficients:

chromjnance signals from the green, blue, and red primaries, and is defined in Table 6-9.

In this|table:

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’'g are analogue with values between{-and 1
White is defined as E'y=1, E'pp=0, E'pr=0; E'R =E'G =E'B=1.
Y, Cb and Cr are related to E'y, E’pg and E'pR by the following formulae:
if video_range=0:
Y=(219*2" *E'y) + 2"
Cb=(224*2"*Epgy+2"
Cr=(224*2"*EpPR) +2"
if video_range=1.:
Y=(@/D*EY)
Ch=((2"-1)*Epg) + 2"
Cr=((2"-1)*EPR) +2"
fori bit video.
For example, for 8 bit video,

video_range=0 gives a range of Y from 16 to 235, Cb and Cr from 16 to 240;

This 8-bit integer describes the matrix coefficients used in deriving luming

transfer

nce and

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

Table 6-9 -- Matrix Coefficients

Value Matrix

0 (forbidden)
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Recommendation ITU-R 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

Unspecified Video

Image characteristics are unknown.

reserved

© ISO/IEC

FCC
E'y =0,59 E'g + 0,11 E'g + 0,30 E'R

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

E'pr=-0,421E'g-0,079 E'g + 0,500 E'R

Recommendation ITU-R BT.470-2 System-B{ G
E'y=0,587 E'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 Ei5 + 0,500 E'R

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

E'pg = -0,331 E'¢ + 0,500 E'g -0,169 E'R

E'pr =:0:419 E'g - 0,081 E'g + 0,500 E'R

SMPTE 240M (1987)
E'y=0,701 E'g + 0,087 E'g + 0,212 E'R

E'pg =-0,384 E'g + 0,500 E'g -0,116 E'R

E'pRr =-0,445 E'g - 0,055 E'g + 0,500 E'R

8-255

reserved

In the chse thatiwvideo_signal _type() is not present in the bitstream or colour_description is zero the |matrix

coeﬁiciearLts are-assumed to be those corresponding to matrix_coefficients having the value 1.

In the ¢

e-that video signal type() is not present in the bitstream, video range is assumed to have the valye 0 (a

range of Y from 16 to 235 for 8-bit video).

6.3.2.1 User data

user_data_start_code: The user_data_start_code is the bit string ‘000001B2’ in hexadecimal. It identifies the
beginning of user data. The user data continues until receipt of another start code.

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.

video_object_layer_id: This is given by the last 4-bits of the video_object layer start code. The
video_object_layer_id uniquely identifies a video object layer.

short_video_header: The short_video_header is an internal flag which is set to 1 when an abbreviated header
format is used for video content. This indicates video data which begins with a short_video_start_marker rather than
a longer_start code such as visual object start code. The short header format is included herein to provide
forwaqd 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 form.

video| plane_with_short_header(): This is a syntax layer encapsulating a video plane whichhas only the limited
set of papabilities available using the short header format.

random_accessible_vol: This flag may be set to “1” to indicate that every VOP, in this VOL is inflividually
decodpble. If all of the VOPs in this VOL are intra-coded VOPs and some meére conditions are satisfied then
random_accessible_vol may be set to “1". The flag random_accessible_vol is,not*used by the decoding|process.
random_accessible_vol is intended to aid random access or editing capability.~This shall be set to “0” if any of the

VOPslin the VOL are non-intra coded or certain other conditions are not fulfilled.
video| object_type_indication: Constrains the following bitstream te.use tools from the indicated object type only,
e.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(Anim. 2D Texture 00000110
Anim. 2D Mesh 00000111
Simple Face 00001000
Still Scalable Texture 00001001
Reserved 666616101111t

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
video_object_layer_verid supersedes the other.
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Table 6-11 -- Meaning of video_object_layer_verid
video_object_layer_verid Meaning
0000 reserved
0001 ISO/IEC 14496-2
0010 - 1111 reserved

© ISO/IEC

video_object_layer_priority: This is a 3-bit code which specifies the priority of the video object layer. It takes

values b
reserved

aspect_

meaning
and par_|

par_wid
par_heig
vol_con

chroma_|

chroma

Table 6-12 -- Meaning of pixel aspect ratio
aspect_ratio_info pixel aspect ratios

0000 Forbidden

0001 1:1 (Square)

0010 12:11 (625-typefor'4:3 picture)

0011 10:11 (525:type for 4:3 picture)

0100 16:11 (625-type’stretched for 16:9 picture)

0101 40:33 (525-type stretched for 16:9 picture)
0110-1110 Reserved

1111 extended PAR

format, low \delay, and vbv_paramete

IS.

[formats This is a two bit integer indicating the chrominance format as defined in the Table 6-13.

- 4 = . 4 - - : ‘- Ty =z - L - 1 £ H
CLWWCCIT 1L cllllj r, VVILiI 1 TePrescrirtgyg Lilb‘ illgilcbl PHUTILY dlld r, liIC iUVVCbL PHUTIY. Iill: vaiue or Z€ero IS

atio_info: This is a four-bit integer which defines the value of pixel aspect ratio. Table 6-12 shows the
of the code. If aspect_ratio_info indicates extended PAR, pixel_aspect_ratio is represented by par| width
height. The par_width and par_height shall be relatively prime.

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

ht: This is an 8-bitunsigned integer which indicates the vertical size of pixel aspect ratio. A zero vplue is
forbidden.

rol_parameters: This a one-bit flag which when set to ‘1’ indicates presence of the following parameters:
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Table 6-15 -- 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.

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.

first_half_bit_rate, latter_half_bit_rate: The bit rate is a 30-bit unsigned integer which specifies the bitrate of the
bitstream measured in units of 400 bits/second, rounded upwards. The value zero is forbidden. This value is divided
to two parts. The most significant bits are in first_half_bit_rate (15 bits) and the least significant bits are in
latter_half bit_rate (15 bits). The marker_bit is inserted between the first_half bit_rate and the latter_half bit_rate in
order to avoid the resync_marker emulation. The instantaneous video object layer channel bit rate seen by the
encoderis_denoted hy DVOI(f) in-hits per second._lf the hi'r_r:\fn (i e firt:t_h:\lf_hif_r:m: and Intfnr_h:\lf_hi'r_r:\f n) field in
the VQL header is present, it defines a peak rate (in units of 400 bits per second; a value of 0 is forbidden),such that
R,.(t) £= 400 x bit_rate Note that R (t) counts only visual syntax for the current elementary stream (also sge annex
D).

first_half_vbv_buffer_size, latter_half_vbv_buffer_size: vbv_buffer_size is an 18-bit ynsigned integer. This
value [is divided into two parts. The most significant bits are in first_half_vbv_buffer_size>(15 bits) and |the least
signifi¢ant bits are in latter_half _vbv_buffer_size (3 bits), The VBV buffer size is specifiethin units of 16384 |bits. The
value D for vbv_buffer_size is forbidden. Define B = 16384 x vbv_buffer_size to be theé VBV buffer size in bits.

first_half_vbv_occupancy, latter_half_vbv_occupancy: The vbv_occupancyyis a 26-bit unsigned integer. This
value |is divided to two parts. The most significant bits are in first_half vbv)occupancy (11 bits) and the least
signifitant bits are in latter_half vbv_occupancy (15 bits). The *marker_bit is inserted betwleen the
first_vpv_buffer_size and the latter_half _vbv_buffer_size in order to avoid-the resync_marker emulation. The value
of thig integer is the VBV occupancy in 64-bit units just before thé“yemoval of the first VOP following [the VOL
header. The purpose for the quantity is to provide the initial conditien for VBV buffer fullness.

video| 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 -- Videg’Object Layer shape type

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

vop_t|me_increment-tesolution: This is a 16-bit unsigned integer that indicates the number of evenly spaced
subintgrvals, calledticks, within one modulo time. One modulo time represents the fixed interval of one segond. The
value gero is forbidden.

fixed_[veprate: This is a one-bit flag which indicates that all VOPs are coded with a fixed VOP rate. It shall only be
1" if ahd=only if all the distances between the display time of any two successive VOPs in the display order in the
video object layer are constant. In this case, the VOP rate can be derived from the fixed VOP_time_increment. If it
is '0" the display time between any two successive VOPs in the display order can be variable thus indicated by the
time stamps provided in the VOP header.

fixed_vop_time_increment: This value represents the number of ticks between two successive VOPs in the
display order. The length of a tick is given by VOP_time_increment_resolution. It can take a value in the range of
[0,VOP_time_increment_resolution). The number of bits representing the value is calculated as the minimum
number of unsigned integer bits required to represent the above range. fixed_VOP_time_increment shall only be
present if fixed VOP_rate is '1' and its value must be identical to the constant given by the distance between the
display time of any two successive VOPs in the display order. In this case, the fixed VOP rate is given as
(VOP_time_increment_resolution / fixed_VOP_time_increment). A zero value is forbidden.
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EXAMPLE
VOP time =tick x vop_time_increment

=vop_time_increment / vop_time_increment_resolution

Table 6-15 -- Examples of vop_time_increment_resolution, fix_vop_time_increment, and
vop_time_increment

© ISO/IEC

Fixed VOP rate = |vop_time_increment_ fixed_vop_time_ vop_time_increment

1/VOP time resolution increment

15Hz 15 1 0,1,23,4,..

7BHz 15 2 0,2,4,6,8,...

29.97...Hz 30000 1001 0, 1001, 2002, 3003;)..

59.94...Hz 60000 1001 0, 1001, 2002, 3003,...
video_object_layer_width: The video_object_layer_width is a 13-bit unsigned integer representing the w

the displ
VOPs.

video o
the displ
VOPs in
VOPs.

interlacgd: This is a 1 bit flag which, when set to “1” indicates that the VOP may contain interlaced video.

this flag i
obmc_d

sprite_e

sprite_width: This is a 13-bit unsigned integer.which identifies the horizontal dimension of the sprite.

sprite_h

sprite_left_coordinate — This is a\18-bit signed integer which defines the left-edge of the sprite. The v

sprite_le

sprite_tq
sprite_le

no_of s
sprite w3
coordinaj
affine trg
Table 6-

86

bject_layer_height: The video_object_layer_height is a 13-bit unsjgned integer representing the hg

macroblocks is (video_object_layer_height+15)/16. The displayable part is top-aligned in the er

5 set to “0”, the VOP is of non-interlaced (or progressive) format.
sable: This is a one-bit flag which when set to/4"disables overlapped block motion compensation.

hable: This is a one-bit flag which when segbito ‘1’ indicates the presence of sprites.

eight: This is a 13-bit unsigned integer which identifies the vertical dimension of the sprite.

t_coordinate shall be divisible by two.

p_coordinate: This’/is a 13-bit signed integer which defines the top edge of the sprite. The v4
t coordinate shall'be divisible by two.

brite_warping'_points: This is a 6-bit unsigned integer which represents the number of points u

es need to be coded. When its value is 4, a perspective transform is used. When its value is 1,2 o
nsform is used. Further, the case of value 1 is separated as a special case from that of values 2

dth of

hyable part of the luminance component in pixel units. The width of the encoded luminance compoment of
VOPs in| macroblocks is (video_object layer width+15)/16. The displayable part\isveft-aligned in the en

coded

ight of

hyable part of the luminance component in pixel units. The height of the encoded luminance compoment of

coded

When

llue of

llue of

sed in

rping. When its value is 0 and when sprite_enable is set to ‘1’, warping is identity (stationary sprite) and no

3, an
P or 3.

6 shows the various choices.

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

Number of points warping function
0 Stationary

1 Translation

2,3 Affine

4 Perspective
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sprite_warping_accuracy — This is a 2-bit code which indicates the quantization accuracy of motion vectors used
in the warping process for sprites. Table 6-17 shows the meaning of various codewords

Table 6-17 -- Meaning of sprite warping accuracy codewords

sprite
sprite

low_latency_sprite_enable: This is a one-bit flag which when set to "1" indicates.the presence of loy

sprite,

not_8

guant
and 9
of 5.

bits_p
differe)
This fi
data p
of bits
video

no_gr
graysq

generating it anew from the luminance quantiser value, but with an appropriate scale factor applied.

descri

comp
object

See slibclause 7.5.4.6.

linear
When
‘1", ling

code sprite_warping_accuracy
00 Y pixel

01 Ya pixel

10 1/8 pixel

11 1/16 pixel

| brightness_change: This is a one-bit flag which when set to ‘1’ indicates a change;in brightne
varping, alternatively, a value of ‘0’ means no change in brightness.

alternatively, a value of "0" means basic sprite.
| bit: This one bit flag is set when the video data precision is not 8 bits_pet pixel.

| precision: This field specifies the number of bits used to represent quantiser parameters. Values b

er_pixel: This field specifies the video data precijsion in bits per pixel. It may take different v
ht video object layers within a single video object, “A'value of 12 in this field would indicate 12 bits
pld may take values between 4 and 12. When not_8_bit is zero and bits_per_pixel is not present,
recision is always 8 bits per pixel, which is equivalent to specifying a value of 8 in this field. The sam¢
per pixel is used in the luminance and twogchrominance planes. The alpha plane, used to specify
bbjects, is always represented with 8 bits_per pixel.

Ay _quant_update: This is a one hitflag which is set to ‘1’ when a fixed quantiser is used for the de

btion in subclause 7.5.4.3¢

psition_method: This-is a one bit flag which indicates which blending method is to be applied to
in the compositorz\When set to ‘0", cross-fading shall be used. When set to ‘1’, additive mixing shall

| composition: This is a one bit flag which indicates the type of signal used by the compositing
set to ‘@5:the video signal in the format from which it was produced by the video decoder is used. WH
bar signals are used. See subclause 7.5.4.6.

5S during

_latency

btween 3

are allowed. When not_8 bit is zero, and therefore quant_preeision is not transmitted, it takes a default value

plues for
Der pixel.
he video
b number
shape of

coding of

ale alpha data. When this flagsis set to ‘0’, the grayscale alpha quantiser is updated on every macrgblock by

See the

he video
be used.

process.
en set to

guant_type—Thisisaone-bit flag-which-whenset to—tthat thefirstinverse quantisatiommethod—and-wt

n 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 quantization 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 27
20 21 22 23 25 26 27 V28
21 22 23 24 26 275,28 30
22 23 24 26 21~28 30 31
23 24 25 27328 30 31 33

load_intfa_quant_mat: This is a one-bit flag which is set to ‘1’ when intra_quant_mat follows. If it is set to ‘9’ then
there is jo change in the values that shall be:used.

intra_qujant_mat: This is a list of 2 to 64 eight-bit unsigned integers. The new values are in zigzag scan order and
replace tlﬁe previous values. A value~of 0 indicates that no more values are transmitted and the remaining, non-
transmitted values are set equal to the last non-zero value. The first value shall always be 8 and is not used in the
decodind process.

load_nohintra_quant_mat:) “This is a one-bit flag which is set to ‘1’ when nonintra_quant_mat follows. If it i set to
‘0’ then there is no change’in the values that shall be used.

nonintrg_quant_iat: This is a list of 2 to 64 eight-bit unsigned integers. The new values are in zigzag scan order
and replace the'previous values. A value of 0 indicates that no more values are transmitted and the remaining, non-
transmitted values are set equal to the last non-zero value. The first value shall not be 0.

load_intra_quant_mat_grayscale: This is a one-bit flag which IS set 10 'L’ 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: This is 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 follows. If it is set to ‘0’ then there is no change in the quantisation matrix values that
shall be used.
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nonintra_quant_mat_grayscale: This is a list of 2 to 64 eight-bit unsigned integers defining the grayscale nonintra
alpha quantisation matrix to be used. The semantics and the default quantisation matrix are identical to those of
nonintra_quant_mat.

complexity estimation_disable: This is a one-bit flag which, when set to '1', disables complexity estimation
header in each VOP.

estimation_method : Setting of the of the estimation method,it is ,00“ for Version 1.

shape_complexity _estimation_disable: This is a one-bit flag which when set to '1' disables shape complexity
estimation.

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

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

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

inter_fae: Flag enabling transmission of the number of luminance and chromjrance blocks coded using |nterCAE
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 jusing no
updaté coding mode in % of the total number of blocks (bounding rectangle).

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

texture_complexity _estimation_set_1 disable: Flag to.disable texture parameter set 1.

intra_plocks: Flag enabling transmission of the pumber of luminance and chrominance Intra or IntraQ coded
blockg in % of the total number of blocks (bounding rectangle).

inter_plocks: Flag enabling transmission @f;the number of luminance and chrominance Inter and Inter4Q coded
blockg in % of the total number of blocks({(bounding rectangle).

interdy_blocks: Flag enabling transmission of the number of luminance and chrominance Inter4V coded [blocks in
% of the total number of blocks (bounding rectangle).

not_cpded_blocks: Flag.enabling transmission of the number of luminance and chrominance Non Codg¢d blocks
in % of the total number,.of.blocks (bounding rectangle).

texture_complexity-estimation_set_2_disable: Flag to disable texture parameter set 2.

dct_copefs: Flag.enabling transmission of the number of DCT coefficients % of the maximum number of cdefficients
(coded blocks):

dct_lines: Flag enabling transmission of the number of DCT8x1 in % of the maximum number of DCT8X1 (coded
blocks).

vlc_symbols: Flag enabling transmission of the average number of VLC symbols for macroblock.
vilc_bits: Flag enabling transmission of the average number of bits for each symbol.
motion_compensation_complexity disable: Flag to disable motion compensation parameter set.

apm (Advanced Prediction Mode): Flag enabling transmission of the number of luminance block predicted using
APM in % of the total number of blocks for VOP (bounding rectangle).
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npm (Normal Prediction Mode): Flag enabling transmission of the number of luminance and chrominance blocks
predicted 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
vector on one dimension (horizontal or vertical) in % of the total number of blocks (bounding rectangle).

halfpel4| Flag enabling transmission of the number of luminance and chrominance block predicted by ayhalf-pel
vector o) two dimensions (horizontal and vertical) in % of the total number of blocks (bounding rectangle),

resync_arker_disable: This is a one-bit flag which when set to ‘1' indicates that there is no resync_mayker in
coded VOPs. This flag can be used only for the optimization of the decoder operation. Successfubdecoding ¢an be
carried opt without taking into account the value of this flag.

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

reversibje_vlc: This is a one-bit flag which when set to ‘1’ indicates that the reversible variable length tables |(Table
B-23, Taple B-24 and Table B-25) should be used when decoding DCT coefficients. These tables can only bg¢ used
when daja_patrtition flag is enabled. Note that this flag shall be treated as ‘@)in B-VOPs. Use of escape seduence
(Table B}24 and Table B-25) for encoding the combinations listed in TableB-23 is prohibited.

scalability: This is a one-bit flag which when set to ‘1’ indicates that the current layer uses scalable coding} If the
current layer is used as base-layer then this flag is set to ‘0'.

hierarchly _type: The hierarcical relation between the associated hierarchy layer and its hierarchy embedded layer
is definegl as shown in Table 6-18.

Table 6-18 -- Code table for hierarchy_type

Description Code

ISO/IEC14496-2 Spatial Scalability 0

ISO/IEC 14496-2 Temporal Scalability 1

ref_layef_id: This is a 4¢bitrunsigned integer with value between 0 and 15. It indicates the layer to be uged as
reference for prediction(s) in the case of scalability.

ref_layef_samplingtdirec: This is a one-bit flag which when set to ‘1’ indicates that the resolution of the reference
layer (spgcified bysreference_layer_id) is higher than the resolution of the layer being coded. If it is set to ‘0’ then the
reference layefrhas the same or lower resolution then the resolution of the layer being coded.

hor_sampting—factor—m—TFhistsa5S-bit-unsigned-integer-which-forms-the numerator-of- theratiotused-nmhorizontal
spatial resampling in scalability. The value of zero is forbidden.

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

vert_sampling_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_sampling_factor_m: This is a 5-bit unsigned integer which forms the denominator of the ratio used in vertical
spatial resampling in scalability. The value of zero is forbidden.
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enhancement_type: This is a 1-bit flag which is set to ‘1’ when the current layer enhances the partial region of the
reference layer. If it is set to ‘0’ then the current layer enhances the entire region of the reference layer. The default

value

6.3.4

of this flag is ‘0'.

Group of Video Object Plane

group_vop_start_codeessThe group_vop_start_code is the bit string ‘000001B3’ in hexadecimal. It identifies the
beginning of a GOV header.

time_codese*This is a 18-bit integer containing the following: time_code_hours, time_code_minutes, marker_bit and
time_code_seconds as shown in Table 6-19. The parameters correspond to those defined in the IEC standard

public
the ful

close@l_goveeeThis is a one-bit flag which indicates the nature of'the predictions used in the first conse)

VOPs
indica
for us

brokem_link may be set to ‘1’ so that a decoder may\avoid displaying these B-VOPs following the fin

followi
the br

broke
conse
not be
action

6.3.5

vop_§g

vop_doding_type:~The vop_coding_type identifies whether a VOP is an intra-coded VOP (), predicti
VOP (P), bidirectignally predictive-coded VOP (B) or sprite coded VOP (S). The meaning of vop_codin
defined in Table 6-20.

tion 461 for “time and control codes for video tape recorders”. The time code specifies the modulo

part (i.e.

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 | Mnemohic
time_code_hours 0-23 5 uimsbf
time_code_minutes 0-59 6 dimsbf
marker_bit 1 1 bslbf
time_code_seconds 0-59 6 uimsbf

(if any) immediately following the first coded I-VOP after,the GOV header .The closed_gov is sel
e that these B-VOPs have been encoded using only backward prediction or intra coding. This bit is
b during any editing which occurs after encoding.Mf\the previous pictures have been removed b

hg the group of plane header. However if the cl@sed_gov bit is set to ‘1’, then the editor may choose
bken_link bit as these B-VOPs can be correctly decoded.

h_linkeeeThis is a one-bit flag which shalt be set to ‘0’ during encoding. It is set to ‘1’ to indicate th
cutive B-VOPs (if any) immediately-following the first coded I-VOP following the group of plane he
correctly decoded because the reference frame which is used for prediction is not available (becau
of editing). A decoder may use'this flag to avoid displaying frames that cannot be correctly decoded.
Video Object Plane and.\Video Plane with Short Header

tart_code: This is«th@ bit string ‘000001B6’ in hexadecimal. It marks the start of a video object plane

Table 6-20 -- Meaning of vop_coding_type

Ccutive B-
to 1’ to
provided
editing,
St 1-VOP
hot to set

the first
der may
se of the

Ve-coded
j_type is

vop_coding_type coding method

00 intra-coded (1)

01 predictive-coded (P)

10 bidirectionally-predictive-coded (B)
11 sprite (S)
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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 second that have
elapsed. For |- and P-VOPs of a non scalable bitstream and the base layer of a scalable bitstream, the number of
‘1's indicate the number of seconds elapsed since the synchronization point marked by time_code of the previous
GOV header or by modulo_time_base of the previously decoded I- or P-VOP, in decoding order. For B-VOP of non
scalable bitstream and base layer of scalable bitstream, the number of ‘1’s indicate the number of seconds elapsed
since the synchronization point marked in the previous GOV header, I-VOP, or P-VOP, in display order. For I-, P-, or
B-VOPs of enhancement layer of scalable bitstream, the number of ‘1’s indicate the number of seconds elapsed
since the synchronization point marked in the previous GOV header, I-VOP, P-VOP, or B-VOP, in display order.

vop_time_increment: This value represents the absolute vop_time_increment from the synchronization point
marked py—the—modulo—time—base—measured—in—the—Aumber—of-clock—ticks- can—take—a—value—inthe—range of
[0,vop_time_increment_resolution). The number of bits representing the value is calculated as the minimumnumber
of unsigmed integer bits required to represent the above range. The local time base in the units of secgnds is
recoverefd by dividing this value by the vop_time_increment_resolution.

vop_coded: This is a 1-bit flag which when set to ‘0’ indicates that no subsequent data existsfor the VOP.|In this
case, thg following decoding rule applies: For an arbitrarily shaped VO (i.e. when the shape type of the VO i either
‘binary’ gr ‘binary only"), the alpha plane of the reconstructed VOP shall be completely transparent. For a rectgngular
VO (i.e. when the shape type of the VO is ‘rectangular’), the corresponding rectangular)alpha plane of thg VOP,
having the same size as its luminance component, shall be completely transparent. ff\there is no alpha plang being
used in [the decoding and composition process of a rectangular VO, the recanstructed VOP is filled with the
respectiie content of the immediately preceding VOP for which vop_coded!=0.

vop_roulnding_type: This is a one-bit flag which signals the value of the/parameter rounding_control used fqr pixel
value intgrpolation in motion compensation for P-VOPs. When this flag{is)set to ‘0’, the value of rounding_coptrol is
0, and when this flag is set to ‘1’, the value of rounding_control is 1. When vop_rounding_type is not presen{ in the
VOP hedder, the value of rounding_control is 0.

vop_width: This is a 13-bit unsigned integer which specifiescthe horizontal size, in pixel units, of the rectangle that
includes |the VOP. The width of the encoded luminance component of VOP in macroblocks is (vop_width+15)/16.
The rect@ngle part is left-aligned in the encoded VOP. Azero value is forbidden.

vop_height: This is a 13-bit unsigned integer whi¢h specifies the vertical size, in pixel units, of the rectandle that
includes [the VOP. The height of the encoded luminance component of VOP in macroblocks is (vop_height+15)/16.
The rect@ingle part is top-aligned in the encodedVOP. A zero value is forbidden.

vop_hotjizontal_mc_spatial_ref: ThiS\is a 13-bit signed integer which specifies, in pixel units, the horjzontal
position | of the top left of the™\rectangle defined by horizontal size of vop_width. The valpe of
vop_horigontal_mc_spatial_ref shall be divisible by two. This is used for decoding and for picture composition

vop_verlical_mc_spatial_réf:) This is a 13-bit signed integer which specifies, in pixel units, the vertical posftion of
the top I¢ft of the rectangle-defined by vertical size of vop_width. The value of vop_vertical_mc_spatial_ref shall be
divisible py two for progressive and divisible by four for interlaced motion compensation. This is used for defoding
and for picture compesition.

background_composition: This flag only occurs when scalability flag has a value of “1. This_flag is used in
conjunction «vith enhancement_type flag. If enhancement_type is “1” and this flag is “1”, background comppsition
specified in“subclause 8.1 is performed. If enhancement type is “1” and this flag is “0”, any method can be used to
make a background for the enhancement layer.

change_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
coded at macroblock layer.

vop_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.

vop_constant_alpha_value: This is an unsigned integer which indicates the scale factor to be applied as a post
processing phase of binary or grayscale shape decoding. See subclause 7.5.4.2.
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intra_dc_vlc_thr: This is a 3-bit code allows a mechanism to switch between two VLC’s for coding of Intra DC
coefficients as per Table 6-21.

Table 6-21 -- Meaning of intra_dc_vlc_thr

Wherd
immed
first cq
for the

top_fi
line) o
set to

altern

sprite
object
entire
mode.,
andqu
differe

index meaning of intra_dc_vic_thr code
0 Use Intra DC VLC for entire VOP 000
1 Switch to 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

running Qp is defined as the DCT quantization parameter for luminance and chrominance
iately previous coded macroblock, except for the first coded macrobloek in a VOP or a video pack
ded macroblock in a VOP or a video packet, the running Qp is defined as the quantization paramg
current macroblock.

pld_first: This is a 1-bit flag which when set to “1” indicates that the top field (i.e., the field containin
f reconstructed VOP is the first field to be displayed (output by the decoding process). When top_fig
‘0” it indicates that the bottom field of the reconstructed/OP is the first field to be displayed.

| transmit_mode: This is a 2-bit code which signals the transmission mode of the sprite object.
layer initialization, the code is set to.:piece” mode. When all object and quality update pieces are se
video object layer, the code is set(toythe “stop”mode. When an object piece is sent, the code is set 1
When an update piece is being.sent, the code is set to the “update” mode. When all sprite obje
ality update pieces for the etirrent VOP are sent, the code is set to “pause” mode. Table 6-22 s
Nt sprite transmit modes.

Table 6-22 -- Meaning of sprite transmit modes

used for
pt. At the
ter value

g the top
|d_first is

pte_vertical_scan_flag: This is a 1-bit flag whiebh*when set to “1” indicates the use of alternate verfical scan
for intg¢rlaced VOPs.

At video
nt for the
0 “piece”
Ct pieces
hows the

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 quant to be used for dequantizing the
macroblock until updated by any subsequent dquant, dbquant, or quant_scale. The length of this field is specified by
the value of the parameter quant_precision. The default length is 5-bits which carries the binary representation of
guantizer values from 1 to 31 in steps of 1.

vop_alpha_quant: This is a an unsigned integer which specifies the absolute value of the initial alp
guantiser to be used for dequantising macroblock grayscale alpha data. The alpha plane quantiser cannot be less
than 1.

ha plane
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vop_fcode_forward: 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_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: This is a 1 bit flag which specifies whether inter shape decoding is to be carried out for
the current P VOP. If vop_shape_coding_type is equal to ‘0", intra shape decoding is carried out, otherwise inter
shape decoding is carried out.

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

load_batkward_shape: This is a one-bit flag which when set to ‘1’ implies that the backward shape of the previous
VOP in the same layer is copied to the forward shape for the current VOP and the backward.shape of the ¢urrent
VOP is decoded from the bitstream. When this flag is set to ‘0’, the forward shape of the previous VOP is copied to
the forwgrd_shape of the current VOP and the backward shape of the previous VOP in.the 'same layer is copied to
the bacKward shape of the current VOP. This flag shall be ‘1’ when (1) background_composition is ‘I’ and
vop_coded of the previous VOP in the same layer is ‘0’ or (2) background_composition“is ‘1’ and the current YOP is
the first YOP in the current layer.

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

backwaid_shape_height: This is a 13-bit unsigned integer which, _specifies the vertical size, in pixel units,|of the
rectanglg that includes the backward shape. A zero value is forbidden.

backwarnd_shape horizontal_mc_spatial_ref: This is a 18=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 decodifg and
for picture composition.

backwand_shape vertical_mc_spatial_ref: This.is a 13-bit signed integer which specifies, in pixel unifs, the
vertical gosition of the top left of the rectangle that includes the backward shape. This is used for decoding and for
picture cpmposition.

backwargl_shape(): The decoding process‘of the backward shape is identical to the decoding process for the|shape
of I-VOP|with binary only mode (videoyoebject layer _shape = “10").

load_fonward_shape: This is;ayone-bit flag which when set to ‘1’ implies that the forward shape is decodefl from
the bitstream. This flag shall®e™1" when (1) background_composition is ‘1’ and vop_coded of the previous YOP in
the samg layer is ‘0’ or (2)ackground_composition is ‘1’ and the current VOP is the first VOP in the current Igyer.

forward [shape_width:™ This is a 13-bit unsigned integer which specifies the horizontal size, in pixel units,|of the
rectanglg 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
rectanglq that'includes the forward shape. A zero value is forbidden.

forward_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 forward shape. This is used for decoding and for
picture composition.

forward_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 forward shape. This is used for decoding and for picture
composition.

forward_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").
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ref_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 reference layer identified by ref layer id. The meaning of allowed
values is specified in Table 7-13 and Table 7-14.

resync_marker: This is a binary string of at least 16 zero’s followed by a one‘0 0000 0000 0000 0001'. For an I-
VOP or a VOP where video_object_layer_shape has the value “binary_only”, the resync marker is 16 zeros followed
by a one. The length of this resync marker is dependent on the value of vop_fcode_forward, for a P-VOP, and the
larger value of either vop_fcode_forward and vop_fcode_ backward for a B-VOP. The relationship between the
length of the resync_marker and appropriate fcode is given by 16 + fcode. The resync_marker is (15+fcode) zeros
followed by a one. It is only present when resync_marker_disable flag is set to ‘0’. A resync marker shall only be
located immediately before a macroblock and aligned with a byte

macrqblock_number: This is a variable length code with length between 1 and 14 bits. It identifies the mzlicroblock
number within a VOP. The number of the top-left macroblock in a VOP shall be zero. The macroblock number
increages from left to right and from top to bottom. The actual length of the code depends on the total number of
macroplocks in the VOP calculated according to Table 6-23, the code itself is simply a binary representatign of the
macroblock number.

Table 6-23 -- Length of macroblock_number code

length of macroblock_number code | ((vop_width+15)/16).*
((vop_height+15)/16)

1-2

3-4

5-8

9-16

17-32

33-64

65-128

129-256

Ol | N[O | MW [IDN]|PF

257-512

513-1024

=
o

=
=

1025-2048

=
N

2049-4096

4097-8192

-
W

'—\
S

8193-16384

guantLseale: 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 length of this field is specified by
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’ indicates the prescence of additional fields in the
header. When header_extension_code is is se to ‘1’, modulo_time_base, vop_time_increment and vop_coding_type
are also included in the video packet header. Furthermore, if the vop_coding_type is equal to either a P or B VOP,
the appropriate fcodes are also present.

use_intra_dc_vlc: The value of this internal flag is set to 1 when the values of intra_dc_thr and the DCT quantiser

for luminance and chrominace indicate the usage of the intra DC VLCs shown in Table B-13 - Table B-15 for the
decoding of intra DC coefficients. Otherwise, the value of this flag is set to 0.
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motion_marker: This is a 17-bit binary string ‘1 1111 0000 0000 0001'. It is only present when the
data_partitioned flag is set to ‘1’.In the data partitioning mode, a motion_marker is inserted after the motion data
(prior to the texture data). The motion_marker is unique from the motion data and enables the decoder to determine
when all the motion information has been received correctly.

dc_marker: This is a 19 bit binary string ‘110 1011 0000 0000 0001'. It is present when the data_partitioned flag is
set to ‘1. Itis used for I-VOPs. In the data partitioning mode, a dc_marker is inserted into the bitstream after the
mcbpc, dquant and dc data but before the ac_pred flag and remaining texture information.

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
% valueg. The actual % values have been converted to 8 bit words by normalization to 256. To each 8 hit yvord 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 |n their
absolute|value is the dcecs_vic_bits parameter expressed as a 4 bit word.

dcecs_dpaque: 8 bit number representing the % of luminance and chrominance blocks using.opaque coding mode
on the total number of blocks (bounding rectangle).

dcecs_tfansparent: 8 bit number representing the % of luminance and chrominance’blocks using trangparent
coding mfode on the total number of blocks (bounding rectangle).

dcecs_imtra_cae: 8 bit number representing the % of luminance and chrominance blocks using IntraCAE foding
mode on|the total number of blocks (bounding rectangle).

dcecs_ifter_cae: 8 bit number representing the % of luminance and.chrominance blocks using InterCAE foding
mode on|the total number of blocks (bounding rectangle).

dcecs_no_update: 8 bit number representing the % of luminance and chrominance blocks using no update foding
mode on|the total number of blocks (bounding rectangle).

dcecs_upsampling: 8 bit number representing thes% of luminance and chrominance blocks which[ need
upsampling from 4-4- to 8-8 block dimensions on the total number of blocks (bounding rectangle).

dcecs_imtra_blocks: 8 bit number representing ‘the % of luminance and chrominance Intra or Intra+Q [coded
blocks o the total number of blocks (bounding.rectangle).

dcecs_nlot_coded_blocks: 8 bit number representing the % of luminance and chrominance Non Coded blogks on
the total humber of blocks (bounding.r&ctangle).

dcecs_dct_coefs: 8 bit number representing the % of the number of DCT coefficients on the maximum nunpber of
coefficiemts (coded blocks).

dcecs_dct_lines: 8 bitinumber representing the % of the number of DCT8x1 on the maximum number of DCT8x1
(coded bjocks).

dcecs_vlc_symbaols: 8 bit number representing the average number of VLC symbols for macroblock.

dcecs_vlc_dbits: 4 bit number representing the average number of bits for each symbol.

dcecs_inter_blocks: 8 bit number representing the % of luminance and chrominance Inter and Inter+Q coded
blocks on the total number of blocks (bounding rectangle).

dcecs_inter4v_blocks: 8 bit number representing the % of luminance and chrominance Inter4V coded blocks on
the total number of blocks (bounding rectangle).

dcecs_apm (Advanced Prediction Mode): 8 bit number representing the % of the number of luminance block
predicted 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).

96


https://standardsiso.com/api/?name=42e96055e0a857137b291f45b0f3a2a3

© ISO/IEC ISO/IEC 14496-2:1999(E)

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).

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_qg: 8 bit number representing the % of luminance and chrominance interpolated blocks 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.headgr format.
Certain values of parameters shall have pre-defined and fixed values for any video_plane_with (short_header, due
to the|[limited capability of signaling information in the short header format. These parameters-having fixed values
are shiown in Table 6-24.

Table 6-24 -- Fixed Settings for video_plane_with_short_header()

Parameter Value

video_object_layer_shape “rectangular”

obmc_disable

quant_type

resync_marker_disable

data_partitioned

block count

reversible_vic

vop_rounding_type

vop_fcode_forward

vap_ coded

interlaced

complexity_estimation_disable

use_intra_dc_vic

scalability

not_8 bit

bits_per_pixel

colour_primaries

transfer_characteristics

Ol |PRP|]JO|]CO|lOCO|OCO|FRP|[O|FRP|FP|OC|O[O|O|FRL |LQO))F

matrix_coefficients

short_video_start_marker: This is a 22-bit start marker containing the value ‘0000 0000 0000 0000 1000 00'. Itis
used 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 to seven zero-valued bits as necessary to achieve byte alignment prior to
short_video_start_marker.
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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.

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.

full_pictpre_freeze release: This is a boolean signal that indicates that resumption of display updates shduld be
activated if the display of the video content has been frozen due to errors, packet losses, or for some pther feason
such as the receipt of a external signal. This bit has no direct effect on the encoding or decoding of the video plane.
source_format: This is an indication of the width and height of the rectangular video plane-répresented py the
video_plane_with_short_header. The meaning of this field is shown in Table 6-25. Each of these source fprmats
has the $ame vop time increment resolution which is equal to 30000/1001 (approximately’29.97) Hz and thg same
width:height pixel aspect ratio (288/3):(352/4), which equals 12:11 in relatively prime ndmbers and which defines a
CIF pictdre 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 [numd{macroblocks_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

picture_foding_type: Thisbit indicates the vop_coding_type. When equal to zero, the vop_coding_type is ‘|, and
when eqqal to one, the-vep_coding_type is “P".

four_rederved_zeéro'bits: This is a four-bit field containing bits which are reserved for future use and equal to
zero.

pei: This is7a single bit which, when equal to one, indicates the presence of a byte of psupp data following t{he pei
bit.

psupp: This is an eight bit field which is present when pei is equal to one. The pei + psupp mechanism provides for
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 pei and psupp combination pair may be repeated if present. The ability for an encoder to add pei and psupp to
the bitstream is reserved for future use.

gob_number: This is a five-bit number which indicates the location of video data within the video plane. A group of

blocks (or GOB) contains a number of macroblocks in raster scanning order within the picture. For a given
gob_number, the GOB contains the num_macroblocks_per_gob macroblocks starting with macroblock_number =
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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.

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.

gob_layer(): This is a layer containing a fixed number of macroblocks in the vop. Which macroblocks which belong

to eac

h 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

marke

for error recovery in the bitstream. The gob resync marker codes may (and should) be byte a

igned by

inserti
alignn

gob_n
either
GOBs
strictly
gob_rg
gob_rg

gob_f
gob_rg
have
video |

the hg
video
Howe
previo
picturg

num
param

short]|
1111

may (@nd should) be byte aligned-by-the insertion of zero to seven zero-valued bits to achieve byte align

to sho
6.3.5.3

bab_t
are se
bab_ty
VOPs

_macroblocks_in_gob: This is the number of macroblocks in each group of blocks (GOB) un

Ng zero to seven zero-valued bits in the bitstream just prior to the gob_resync_marker in order to(ol
ent. The gob_resync_marker shall not be present for the first GOB (for which gob_number = 0):

umber: This is a five-bit number which indicates which GOB is being processed in the vop. Its v
be read following a gob_resync_marker or may be inferred from the progress of maetablock deco

increasing order in the bitstream. In other words, if a gob_number is read ifrom the bitstrean
bsync_marker, its value must be the same as the value that would have been(inferred in the absen
bsync_marker.

fame_id: This is a two bit field which is intended to help detetmine whether the data fol
bsync_marker can be used in cases for which the vop header of the video_plane_with_short_head
been lost. gob_frame_ id shall have the same value, i every GOB header of

object, gob_frame_id shall have the same value as\in that previous video_ plane_with_short_|
er, if any of these fields in the header of a certainideo_plane_with_short_header() differs from tk
s transmitted video_plane_with_short_header() of the same video object, the value for gob_frame |
shall differ from the value in the previous picture:

eter is derived from the source_formatas.shown in Table 6-25.

tain byte

hlue may
ding. All

shall appear in the bitstream of each video_plane_with_short_header(), and the, GOBs shall appear in a

h after a
ce of the

owing a
er() may
A given

plane_with_short_header(). = Moreover, if any field /~among the split screen_indicator or
document_camera_indicator or full_picture_freeze_release or source “format or picture_coding_type as ing

icated in

ader of a video_plane_with_short_header() is the same as-for the previous transmitted picture in the same

header().
at in the
id in that

it. This

|1'. It is used to mark the endtof a sequence of video_plane_with_short_header(). short_video_en

[t_video_end_marker.

Shape coding
ven bab_typeS as depicted in Table 6-26 . The VLC tables used depend on the decoding contex

pes of blocks already received. For I-VOPs, the context-switched VLC table of Table B-27 is use
and B-V/OPs, the context switched table of Table B-28 is used.

_marker
ent prior

lvideo_end_marker: This is a 22-bit end of sequence marker containing the value ‘0000 0000 0’}00 0000

ype: This is a.yariable length code between 1 and 7 bits. It indicates the coding mode used for the bab. There

t i.e. the
H. For P-

Table 6-26 -- List of bab_types and usage

bab_type | Semantic Used in

0 MVDs==0 && No Update | P,B VOPs

1 MVDs!=0 && No Update | P,B VOPs

2 transparent All VOP types
3 opaque All VOP types
4 intraCAE All VOP types
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5 MVDs==0 && interCAE P,B VOPs

6 MVDs!=0 && interCAE P,B 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.
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 bits. It represents the horizontal element of the motion|vector
differencg for the bab. The motion vector difference is in full integer precision. The VLC table is shawnis| Table
B-29.

mvds_y] This is a VLC code between 1 and 18 bits. It represents the vertical element afithe motion [vector
differencg for the bab. The motion vector difference is in full integer precision. If mvds_x is ‘0, \then the VLC table of
Table B-B0O , otherwise the VLC table of Table B-29 is used.

conv_ratio: This is VLC code of length 1-2 bits. It specifies the factor used for sub-sampling the 16x16 pix¢l bab.
The decgder must up-sample the decoded bab by this factor. The possible values for this factor are 1, 2 and|4 and
the VLC fable used is given in Table B-31.

scan_type: This is a 1-bit flag where a value of ‘0’ implies that the bab is’in‘transposed form i.e. the BAB hag been
transposgd prior to coding. The decoder must then transpose the bab liack to its original form following decogling. If
this flag is ‘1", then no transposition is performed.

binary_arithmetic_code(): This is a binary arithmetic decoder representing the pixel values of the bab. Thi$ code
may be ¢enerated 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.

6.3.5.4 PBprite coding

warping_|mv_code(dmv) : The codeword for each differential motion vector consists of a VLC indicating the [length
of the dmv code (dmv_length) and a FLC,~-'dmv_code-, with dmv_length bits. The codewords are listed in| Table
B-33.

brightnegs_change factor (): Thescodeword for brightness change factor consists of a variable lengt] code
denoting| brightness_change_fdctor size and a fix length code, brightness _change factof, of
brightnegs_change_factor_size/bits (sign bit included). The codewords are listed in Table B-34.

send_mR(): This functionCreturns 1 if the current macroblock has already been sent previously and “not cdoded”.
Otherwige it returns 0.

piece_quant: Thisns a 5-bit unsigned interger which indicates the quant to be used for a sprite-piece until updated
by a subsequent-dquant. The piece_quant carries the binary representation of quantizer values from 1 tq 31 in
steps of L.

1 PSS I 1 M . 1ol £ 41 'S H P~ kLl l 'S
plece_v\l Utlrtr. o varuc DPCbIIICD e wiutlt UTr uic O'JIILC PIC\;C MMICASUrCTu 1mr imiaCliUUTUCRA UTTILS.

piece_height: This value specifies the height of the sprite piece measured in macroblock units.

piece_xoffset: This value specifies the horizontal offset location, measured in macroblock units from the left edge
of the sprite object, for the placement of the sprite piece into the sprite object buffer at the decoder.

piece_yoffset: This value specifies the vertical offset location, measured in macroblock units from the top edge of
the sprite object.

decode_sprite_piece (): It decodes a selected region of the sprite object or its update. It also decodes the
parameters required by the decoder to properly incorporate the pieces. All the static-sprite-object pieces will be
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encoded using a subset of the I-VOP syntax. And the static-sprite-update pieces use a subset of the P-VOP
syntax. The sprite update is defined as the difference between the original sprite texture and the reconstructed
sprite assembled from all the sprite object pieces.

sprite_shape_texture(): For the static-sprite-object pieces, shape and texture are coded using the macroblock layer
structure in I-VOPs. And the static-sprite-update pieces use the P-VOP inter-macroblock syntax -- except that there
are no motion vectors and shape information included in this syntax structure. Macroblocks raster scanning is
employed to encode a sprite piece; however, whenever the scan encounters a macroblock which has been part of
some previously sent sprite piece, then the block is not coded and the corresponding macroblock layer is empty.

6.3.6 Macroblock related

not_cpded: This is a 1-bit flag which signals if a macroblock is coded or not. When set to’'l’ it indicates that a
macroplock is not coded and no further data is included in the bitstream for this macroblock; decoder-shall|treat this
macroplock as ‘inter’ with motion vector equal to zero and no DCT coefficient data. When set to ‘O™itindigates that
the macroblock is coded and its data is included in the bitstream.

mcbpg: This is a variable length code that is used to derive the macroblock type and the\\ceded block ppttern for
chromjnance . It is always included for coded macroblocks. Table B-6 and Table B-7 list allallowed codes fpr mcbpc
in I- gnd P-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 textute decoding. In P-vops psing the
short yideo header format (i.e., when short_video_header is 1), mcbpc codes indicating macroblock type 2|shall not
be used.

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
coeffigients are differentially coded for intra coded macroblocks.

cbpy:| This variable length code represents a pattern of non-transparent luminance blocks with at leastfone non
intra OC transform coefficient, in a macroblock. Table B-8 — Fable B-11 indicate the codes and the correpponding
patterns they indicate for the respective cases of intra- and inter-MBs.

dquant: This is a 2-bit code which specifies the change'in the quantizer, quant, for I- and P-VOPs. Table p-27 lists
the codes and the differential values they represent.\The value of quant lies in range of 1 to 2*“"-"****"_1: if the value
of quant after adding dquant value is less than 1©r exceeds 2*"-"****"-1, it shall be correspondingly clipped to 1 and
2enPesen_q if quant_precision takes its default.value of 5, the range of allowed values for quant is [1:31].

Table 6-27 -="dquant codes and corresponding values

dquant code |value
00 -1
01 -2
10 1
11 2

co_located_not_coded: The value of this internal flag is set to 1 when the current VOP is a B-VOP, the future
reference VOP is a P-VOP, and the co-located macroblock in the future reference VOP is skipped (i.e. coded as
not_coded = '1"). Otherwise the value of this flag is set to 0. The co-located macroblock is the macroblock which has
the same horizontal and vertical index with the current macroblock in the B-VOP. If the co-located macroblock lies
outside of the bounding rectangle, this macroblock is considered to be not skipped.

modb: This is a variable length code present only in coded macroblocks of B-VOPs. It indicates whether mb_type
and/or cbpb information is present for a macroblock. The codes for modb are listed in Table B-3.

mb_type: This variable length code is present only in coded macroblocks of B-VOPs. Further, it is present only in
those macroblocks for which one motion vector is included. The codes for mb_type are shown in Table B-4 for B-
VOPs for no scalability and in Table B-5 for B-VOPs with scalability. When mb_type is not present (i.e. modb=="1")
for a macroblock in a B-VOP, the macroblock type is set to the default type. The default macroblock type for the
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enhancement layer of spatially scalable bitstreams (i.e. ref_select_code == '00" && scalability = '1") is "forward mc +
Q". Otherwise, the default macroblock type is "direct".

cbpb: This is a 3 to 6 bit code representing coded block pattern in B-VOPs, if indicated by modb. Each bit in the
code represents a coded/no coded status of a block; the leftmost bit corresponds to the top left block in the
macroblock. For each non-transparent blocks with coefficients, the corresponding bit in the code is set to ‘1". When
cbpb is not present (i.e. modb=="1" or ‘01’) for a macroblock in a B-VOP, no coefficients are coded for all the non-
transparent blocks in this macroblock.

dbqguant: This is a variable length code which specifies the change in quantizer for B-VOPs. Table 6-28 lists the
codes and the differential values they represent. If the value of quant after adding dbquant value is less than 1 or
exceeds 7C"Jamf'“mi5i°”.‘I1 it shall be correspondingly clipped to 1 and Qauant_precision_1 _|f guant_precision takes its default

value of b, the range of allowed values for the quantzer for B-VOPs is [1:31].

Table 6-28 -- dbquant codes and corresponding values

dbquant code |value

10 -2
0 0
11 2

coda_i: [This is a one-bit flag which is set to “1” to indicate that all the valdes in the grayscale alpha macrobldck are
equal to[255 (AlphaOpaqueValue). When set to “0”, this flag indicates’ that one or more 8x8 blocks are [coded
according to cbpa.

ac_pred| flag_alpha: This is a one-bit flag which when set to. @’ indicates that either the first row or the first golumn
of ac codfficients are to be differentially decoded for intra alpha macroblocks. It has the same effect for alphalas the
corresponding luminance flag.

cbpa: This is the coded block pattern for grayscalecalpha texture data. For I, P and B VOPSs, this VLC is exagtly the
same as|the INTER (P) cbpy VLC described in Table B-8 — Table B-11. cbpa is followed by the alpha blogk data
which is poded in the same way as texture blo¢k data. Note that grayscale alpha blocks with alpha all equal fo zero
(transpaient) are not included in the bitstream.

coda_ph: This is a VLC indicating theteoding status for P or B alpha macroblocks. The semantics are given| in the
table below (Table 6-29). When this-VLC indicates that the alpha macroblock is all opaque, this means that all
values afe set to 255 (AlphaOpaqueValue).

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 to
Table B-29.
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mvds_y: This defines the size of the y-component of the differential motion vector for the current bab according to
Table B-29 if mvds_x!=0 and according to Table B-30 if mvds_x==0.

conv_ratio: This defines the upsampling factor according to Table B-31 to be applied after decoding the current
shape information

scan_type: This defines according to Table 6-30 whether the current bordered to be decoded bab and the eventual
bordered motion compensated bab need to be transposed

Table 6-30 -- scan_type

STaIT_type TTTEarTiyg
0 transpose bab as in matrix transpose
1 do not transpose

binary| arithmetic_code() —This is a binary arithmetic decoder that defines the context dependent arithmeticgally to be
decoded binary shape information. The meaning of the bits is defined by the arithmetic decoder accprding to
subclguse 7.5.3

6.3.6.2 Motion vector

horizqntal_mv_data: This is a variable length code, as defined in Table B-12, which is used in motign vector
decodjng as described in subclause 7.6.3.

vertichl_mv_data: This is a variable length code, as defined\in Table B-12, which is used in motign vector
decodjng as described in subclause 7.6.3.

horizqntal_mv_residual: This is an unsigned integer, Which is used in motion vector decoding as degcribed in
subclduse 7.6.3. The number of bits in the bitstreamifor horizontal_mv_residual, r_size, is derived frgm either
vop_fgode_forward or vop_fcode backward as follows;

r_size = vop_fcode_forward - 1 or r_size = vop_fcode_backward - 1

verticpl_mv_residual: This is an unsigned integer which is used in motion vector decoding as desgribed in
subclduse 7.6.3. The number of bits in the bitstream for vertical_mv_residual, r_size, is derived frgm either
vop_fgode_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

dct_type: This isia-1-bit flag indicating whether the macroblock is frame DCT coded or field DCT coded. If this flag
is set fo “1", the.macroblock is field DCT coded; otherwise, the macroblock is frame DCT coded. This flgg is only
presenmt in the\bitstream if the interlaced flag is set to “1” and the macroblock is coded (coded blcok pattefn is non-
zero) ¢r intra-coded. Boundary blocks are always coded in frame-based mode.

field_prediction: This is a 1-bit flag indicating whether the macroblock is field predicted or frame predicted. This
flag 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 in the bitstream if the interlaced flag is set to “1” and the
derived_mb_type is “0” or “1” in the P-VOP or an non-direct mode macroblock in the B-VOP.

forward_top_field_reference: This is a 1-bit flag which indicates the reference field for the forward 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’
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.

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
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‘1’ then the bottom field will be used as the reference field. This flag is only present in the bitstream
field_prediction flag is set to “1” and the macroblock is not backward predicted.

if the

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 se
then the bottom field will be used as the reference field. This flag is only present in the bitstream
field_prediction flag is set to “1” and the macroblock is not forward predicted.

tto ‘1’
if the

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
‘1’ then the bottom field will be used as the reference field.. This flag is only present in the bitstream

field_pregi

6.3.7 Block related

intra_dc| coefficient: This is a fixed length code that defines the value of an intra DC coefficient when thg
video hepder format is in use (i.e., when short_video_header is “1"). It is transmitted as a fixed)length un

integer cpde of size 8 bits, unless this integer has the value 255. The values 0 and 128 shall net-be used — th
reserved| If the integer value is 255, this is interpreted as a signalled value of 128. The*integer value i
multipliedl by a dc_scaler value of 8 to produce the reconstructed intra DC coefficient value,

dct_dc_size luminance: This is a variable length code as defined in Table B-13that'is used to derive the v
the diffefential dc coefficients of luminance values in blocks in intra macroblecks. This value categoriz
coefficiefts according to their size.

dct_dc_gifferential: This is a variable length code as defined in Table-B<15 that is used to derive the value
differentipl dc coefficients in blocks in intra macroblocks. After identifying the category of the dc coefficient
from dcf dc_size_luminance or dct_dc_size_chrominance, this value denotes which actual difference
category|occurred.

dct_dc_size _chrominance: This is a variable length code as defined in Table B-14 that is used to derive thg
of the differential dc coefficients of chrominance values-in“blocks in intra macroblocks. This value categoriz
coefficiefts according to their size.

pattern_c¢ode[i]: The value of this internal flag is set to 1 if the block or alpha block with the index value i in
one or more DCT coefficients that are decoded.using at least one of Table B-16 to Table B-25. Otherwise thg
of this fldg is set to O.

6.3.7.1 Alphablock related

dct_dc_size alpha: This is avariable length code for coding the alpha block dc coefficient. Its semantics §
same as|dct_dc_size_luminance-in subclause 6.3.7.

6.3.8 Stjll texture object

still_tex{ure_object\/start_code: The still_texture_object_start_code is a string of 32 bits. The first 24 b
‘0000 00PO 0000°QE00 0000 0001 and the last 8 bits are defined in Table 6-3.

texture_pbjeet_id: This is given by 16-bits representing one of the values in the range of ‘0000 0000 0000

set to
if the

b short
Signed
ey are
5 then

hlue of
ps the

of the
n size
n that

value
es the

cludes
value

ire the

ts are

0000’

to ‘1111 1141 1111 1111 in binary The texture ohject layer id uniquely identifies a texture ohject layer

wavelet_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
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et_download: 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 specified in bitstream

The defaultfilterbanks-are-described-in-subclayse-B-2.2.
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texture.

scan |
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pt_decomposition_levels: This field indicates the number of levels in the wavelet decompositi

h

direction: This field indicates the scan order of AC coefficients. In single-quant and multi-quant mo

"0, then the coefficients are scanned in the tree-depth fashion. If it is "1’, then,they are scann
hd by subband fashion. In bilevel _quant mode, if the flag is "0’, then they are scanhned in bitplane by
. Within each bitplane, they are scanned in a subband by subband fashion. If it is “1”, they are scan
vV wavelet decomposition layer to high wavelet decomposition layer. Within each wavelet decomposit
fe scanned from most significant bitplane down to the least significant bitplane.

code_enable: If this flag is enabled ( disable =0; enabled = 1), the start code followed by an ID to bg
ach spatial scalability layer and/or each SNR scalability layer.

e_object_layer_shape: This is a 2-bit integer defined in Table’6-33. It identifies the shape type of
layer.

Table 6-33 -- Texture Object Layer Shape type

texture_object_layer; shape |Meaning
00 rectangular
01 binary
10 reserved
11 reserved

zation_type: This\field indicates the type of quantization as shown in Table 6-34.

Table 6-34 -- The quantization type

bn of the

He, if this
bd in the
bitplane
ned from
on layer,

inserted

a texture

guantization_type | Code
single quantizer 01
multi quantizer 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 is
one, then default spatial scalability is used, starting from (¥2)"\(spatial_scalability levels-1)-th of the full resolution up
to the full resolution, where ~ is a power operation. If its value is zero, the spatial scalability is specified by
wavelet_layer_index described below.
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wavelet_layer_index: This field indicates the identification number of wavelet_decomposition layer used for spatial
scalability. The index starts with 0 (i.e., root_band) and ends at (wavelet decomposition_levels-1) (i.e., full
resolution).

uniform_wavelet_filter: If this field is “1”, then the same wavelet filter is applied for all wavelet layers. If this field is
“0”, then different wavelet filters may be applied for the wavelet decomposition. Note that the same filters are used
for both luminance and chromanence. Since the chromanence’s width and height is half that of the luminance, the
last wavelet filter applied to the luminance is skipped when the chromanence is synthesized.

wavelet_stuffing: These 3 stuffing bits are reserved for future expansion. It is currently defined to be ‘111",

texture idth of

the displ

yable _part of the luminance comanent in pixel_units. A zero value is forbidden.

texture_pbject_layer_height: The texture_object_layer_height is a 15-bit unsigned integer representing’the |height
of the digplayable part of the luminance component in pixel units. A zero value is forbidden.

horizontal_ref: This is a 15-bit integer which specifies, in pixel units, the horizontal positionof the top left|of the
rectanglg defined by horizontal size of object_width. The value of horizontal_ref shall bendivisible 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 redtangle
defined Ry vertical size of object_height. The value of vertical_ref shall be divisihle,by two. This is used for defoding
and for pjicture composition.

object_width: This is a 15-bit unsigned integer which specifies the horizontal size, in pixel units, of the redtangle
that includes the object. A zero value is forbidden.

object_Height: This is a 15-bit unsigned integer which specifies ‘the vertical size, in pixel units, of the rectandle that
includes fhe object. A zero value is forbidden.

guant_blyte: This field defines one byte of the quantization step size for each scalability layer. A zero value is
forbidden. The quantization step size parameter, quant, is decoded using the function get_param( ): gtiant =
get_param( 7);

max_bitplanes: This field indicates the number,of maximum bitplanes in bilevel _quant mode.
6.3.8.1 [rexture Layer Decoding

tree_blocks: The 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 fpatial
location. |Note the DC band is-encoded separately.

spatial_llayers: This field-is equivalent to the maximum number of the wavelet decomposition layers |n that
scalability layer.

arith_defode_highbands_td(): This is an arithmetic decoder for decoding the quantized coefficient values| of the
higher bainds (all bands except DC band) within a single tree block. The bitstream is generated by an adaptive
arithmetit encoder. The arithmetic decoding relies on the initialization of the uniform probability distribution rhodels
describetin’subclause B2 2 This decoder uses anly integer arithmetic_It also uses an adaptive prohahilitylmodel
based on the frequency counts of the previously decoded symbols. The maximum range (or precision) specified is
(2"16) - 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_hilevel_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 ‘11111’
in binary. The texture_spatial_layer_id uniquely identifies a spatial layer.
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arith_decode_highbands_bb(): This is an arithmetic decoder for decoding the quantized coefficient values of the
higher bands (all bands except DC band) within a single band. 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 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 (2*16) - 1 (16 bits). The
maximum frequency count for the magnitude and residual models is 127, and for all other models it is 127.

snr_scalability_levels: This field indicates the number of levels of SNR scalability supported in this spatial
scalability level.

texture_snr_layer_start_code: The texture_snr_layer_ start_code is a string of 32 bits. The 32 bits are ‘0000 0000
0000 Q000 0000 0001 11000000 in hinnry The texture Qnr_ln\]/nr_efnrf_nnrin marks the start of a hew snr ayer.

texture_snr_layer_id: This is given by 5-bits representing one of the values in the range of ‘00000;t06 ‘11111’ in
binary| The texture_snr_layer_id uniquely identifies an SNR layer.

NOTH All the start codes start at the byte boundary. Appropriate number of bits is stuffed before any staft code to
byte-ajign the bitstream.

all_ngnzero: This flag indicates whether some of the subbands of the current layer,contain only zero cogfficients.
The vlue ‘0’ for this flag indicates that one or more of the subbands contain only zero-coefficients. The value ‘1’ for
this fldg indicates the all the subbands contain some nonzero coefficients

all_zefo: This flag indicates whether all the coefficients in the current layer,are-zero or not. The value ‘0’ fof this flag
indicates that the layer contains some nonzero coefficients. The value ‘I~for this flag indicates that the layer only
contaips zero coefficients, and therefore the layer is skipped.

Ih_zefo, hl_zero, hh_zero: This flag indicates whether the LH/HL/HH subband of the current layer contairfs only all
zero cpefficients. The value ‘1’ for this flag indicates that the LH/HL/HH subband contains only zero coefficignts, and
therefgre the subband is skipped. The value ‘O’ for this flagrindicates that the LH/HL/HH subband contafns some
nonzefo coefficients

arith_decode_highbands_bilevel_bb(): This is an“arithmetic decoder for decoding the quantized doefficient
valueq 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
modelp described. The arith_decode_highbands_bilevel() function uses bitplane scanning, and a different probability
modellas described in subclause B.2.2. In this mode, The maximum range (or precision) specified is (2°1¢) - 1 (16
bits). The maximum frequency count is*127. It uses the Ih/hl/hh_zero flags to see if any of the LH/HL/HH arg all zero
thus npt decoded . For example if Ihvzero=1 and hh_zero=1 only hl_zero is decoded.

arith_decode_highbands_hilevel_td(): This is an arithmetic decoder for decoding the quantized doefficient
valueq 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
modelp described. The arith_decode_highbands_bilevel() function uses bitplane scanning, and a different probability
modellas described.in-Subclause B.2.2. In this mode, The maximum range (or precision) specified is (2°1¢) - 1 (16
bits). The maxippum frequency count is 127. It uses the Ih/hl/ll_zero flags to see if any of the LH/HL/HH arg all zero
thus npt decaded! For example if In_zero=1 and hh_zero=1 only hl_zero is decoded.

lowpgss._filter_length: This field defines the length of the low pass filter in binary ranging from “0001” (lemgth of 1)

to “11 " {ength-of15,)

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: This field defines an integer filter coefficient in a 16 bit signed integer. The filter coefficients are
decoded 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.
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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.

guant_dc_byte: This field indicates the quantization step size for one color component of the DC subband. A zero
value is forbidden. The quantization step size parameter, quant_dc, is decoded using the function get_param( ):
guant = get_param( 7 );

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 decoding. The parameter band_offset is decoded using
the functjon get param():

bhand_offset = -get_param( 7 );

where fuhction 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 ++;
Y while( word>> nbit);

return value;

The funcfion get_next_word\frem_bitstream( x ) reads the next x bits from the input bitstream.

band_mpx_byte: This“field defines one byte of the maximum value of the DC band. The pargmeter
band_max_value is.decoded using function get_param( ):

t[and_max_value = get_param( 7);

arith_degode dc(): This is an arithmetic decoder for decoding the guantized coefficient values of DC bang 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).

root_max_alphabet_byte: This field defines one byte of the maximum absolute value of the quantized coefficients
of the three lowest AC bands. This parameter is decoded using the function get_param( ):

root_max_alphabet = get_param (7 );
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valz_max_alphabet_byte-- This field defines one byte of the maximum absolute value of the quantized coefficients

of the

3 highest AC bands. The parameter valz_max is decoded using the function get_param():

valz_max_alphabet = get_param (7);

valnz_max_alphabet_byte: This field defines one byte of the maximum absolute value of the quantized
coefficients which belong to the middle AC bands (the bands between the 3 lowest and the 3 highest AC bands).
The parameter valnz_max_alphabet is decoded using the function get_param( ):

valnz_max_alphabet = get_param ( 7 );

6.3.8.2_Shape Object decoding

chande _conv_ratio_disable: This specifies whether conv_ratio is encoded at the shape object decoding

Ifitis

sto_c

with the alpha value specified by sto_constant_alpha_value.

sto_c

bab t

bab_types as depicted in Table 6-35. The VLC tables used depend on the ‘decoding context i.e. the bab
blockq already received.

The b
inform
transp)
will be)

conv |
The d
the VL

scan |
transp)
this flg

set to “1” when disable.

bnstant_alpha: This is a 1-bit flag when set to ‘1’, the opaque alpha values of the binaryymask are

ype: This is a variable length code of 1-2 bits. It indicates the coding mede’used for the bab. There

Table 6-35 -- List of bab_typés and usage

bab_type | Semantic code
2 transparent 10

3 opaque 0

4 intraCAE 11

ab_type determines what other. information fields will be present for the bab shape. No furth
ation is present if the bab_type.= 2 or 3. opaque means that all pixels of the bab are part of th
arent means that none of the)bab pixels belong to the object. IntraCAE means the intra-mode CAE
required to reconstruct the-pixels of the bab.

ratio: This is VLC\Code of length 1-2 bits. It specifies the factor used for sub-sampling the 16x16
bcoder must up-sample the decoded bab by this factor. The possible values for this factor are 1, 2 &
C table usedds.given in Table B-31.

type: This/is a 1-bit flag where a value of ‘0’ implies that the bab is in transposed form i.e. the bab
psed prior to coding. The decoder must then transpose the bab back to its original form following de
g,i$ 1", then no transposition is performed.

function.

replaced

bnstant_alpha_value: This is an 8-bit code that gives the alpha value to replace the opaque pix¢ls in the
binary|alpha mask. Value ‘0’ is forbidden.

are three
| types of

br shape
e object.
fdecoding

ixel bab.
nd 4 and

has been
Coding. If

binary_arithmetic_decode(): This is a binary arithmetic decoder representing the pixel values of the bab. Cae

decod

6.3.9

ing relies on the knowledge of intra_probl[], probability tables given in annex B.

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.
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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 be

decoded.

Table 6-36 -- Mesh type code

nr_of _miesh_nodes_hor: This is a 10-bit unsigned integer specifying the number of{ades in one row of a U

mesh.

nr_of _miesh_nodes_vert: This is a 10-bit unsigned integer specifying thecnumber of nodes in one colum

uniform mesh.

mesh_rgct_size_hor: This is a 8-bit unsigned integer specifying<the’ width of a rectangle of a uniform

mesh type code | mesh geometry
00 forbidden
01 uniform
10 Delaunay
11 reserved

(containing two triangles) in half pixel units.

mesh_rdct_size_vert: This is a 8-bit unsigned integer specifying the height of a rectangle of a uniform

(containing two triangles) in half pixel units.

triangle [split_code: This is a 2-bit integer defined in Fable 6-37. It specifies how rectangles of a uniform me

split to fgrm 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
10 alternately top-left to bottom-right and bottom-left to top-right
11 alternately bottom-left to top-right and top-left to bottom-right

uniform) [Delatinay mesh. These nodes include both interior nodes as well as boundary nodes.

nr_of_m|esh_nodes: This is a 16-bit unsigned integer defining the total number of nodes (vertices) of g

niform

n of a

mesh

mesh

sh are

(non-

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.

node0_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.

node0_y: This is a 13-bit signed integer specifying the y-coordinate of the first boundary node (vertex) of a mesh in
half-pixel units with respect to a local coordinate system.

delta_x_len_vlc: This is a variable-length code specifying the length of the delta_x code that follows. The
delta_x_len_vlc and delta_x codes together specify the difference between the x-coordinates of a node (vertex) and

110


https://standardsiso.com/api/?name=42e96055e0a857137b291f45b0f3a2a3

© ISO/IEC ISO/IEC 14496-2:1999(E)

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.

delta_x: This is an integer that defines the value of the difference between the x-coordinates of a node (vertex) and
the previously encoded node (vertex) in half pixel units. The number of bits in the bitstream for delta_x is
delta_x_len_vic.

delta_y len_vlc: This is a variable-length code specifying the length of the delta_y code that follows. The
delta_y len_vic and delta_y codes together specify the difference between the y-coordinates of a node (vertex) and
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.

delta |y: This is an integer that defines the value of the difference between the y-coordinates of a node (vertex) and
the previously encoded node (vertex) in half pixel units. The number of bits in the bitstreamfor delta_y is
delta_y len_vic.

6.3.9.3 Mesh motion

motiop_range_code: This is a 3-bit integer defined in Table 6-38. It specifies the dynamic range of motioh vectors
in half|pel units.

Table 6-38 -- motion range code

motion range code | motion vector range

1 [-32, 31]

[-64, 63]

[-128;127]

[-256, 255]

[-1024, 1023]

2
3
4
5 [-512, 511]
6
7

[-2048, 2047]

node |motion_vector_flag: This isa 1 bit code specifying whether a node has a zero motion vector. When set to
‘1’ it indicates that a node has a.zéro motion vector, in which case the motion vector is not encoded. When ket to ‘0’,
it indigates the node has a n@nzero motion vector and that motion vector data shall follow.

delta |mv_x_vlc: This.iS/a variable-length code defining (together with delta_mv_x_res) the value of the difference
in the x-component/0f the motion vector of a node compared to the x-component of a predicting motion vector. The
definitjon of the délta. mv_x_vlc codes are given in Table B-12, the table for motion vector coding (MVD). The value
delta_mv_x_vleis/given in half pixel units.

delta Imv™x'res: This is an integer which is used in mesh node motion vector decoding using an plgorithm
equivglent 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.

delta_mv_y_vlc: This is 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_vlc codes are given in Table B-12, the table for motion vector coding (MVD). The value
delta_mv_y_vic 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.
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ace object

fba_object_start_code: The fba_object_start_code is the bit string ‘000001BA’ in hexadecimal. It initiates a face

object.

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

fba_sugpested_gender: This is a 1-bit integer indicating the suggested gender for the face madel. It does n
the decopler to display a facial model of suggested gender, but indicates that the content weuld be more suita

display w
suggestg

6.3.10.1

face_pa
the face |

face ob
a face ol

is_framg
When se

is_time |
When se

time_co

type value Meaning
0 predictive coding
1 DCT (face_object_plane_group)

ith the facial model of indicated gender, if the decoder can provide one. If fba(Suggested_gender ig|
d gender is male, otherwise it is female.

Face object plane

amset_mask: This is a 2-bit integer defined in Table 6-40. It indicates whether FAP data are pre
frame.

Table 6-40 -- Face parameterset mask

mask value Meaning
00 unused
01 FAP present
10 reserved
11 reserved

ject plane.

_rate: This is a1=bit flag which when set to ‘1’ indicates that frame rate information follows this b
t to ‘0’ no frame rate information follows this bit field.

code: This'is a 1-bit flag which when set to ‘1’ indicates that time code information follows this b
t to ‘0.no time code information follows this bit field.

Dt bind
ble for
1, the

sent in

ect_plane_start_code: The face_frame_start_code is the bit string ‘000001BB’ in hexadecimal. It initiates

t field.

t field.

e This is a 18-bit integer containing the following: time_code_hours, time_code_minutes, marker_

pit and

time_cod

e_seconds as shown in Table 6-41. The parameters correspond to those defined in the IEC standard

publication 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
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marker_bit

bslbf

time_code_seconds

0-59

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.

fap_mask_type: This is a 2-bit integer. It indicates if the group mask will be present for the specified fap group, or
if the complete faps will be present; its meaning is described in Table 6-42. In the case the type is ‘10’ the ‘0’ bit in
the group mask indicates interpolate fap.

fap_gfoup_mask[group_number]: This is a variable length bit entity~that indicates, for a particular group
which [fap is represented in the bitstream. The value is interpreted @s'a mask of 1-bit fields. A 1-bit field in
that is|set to ‘1’ indicates that the corresponding fap is present inthe bitstream. When that 1-bit field is s
indicates that the fap is not present in the bitstream. The numier of bits used for the fap_group_mask de

Table 6-42 -- fap mask type

mask type Meaning
00 no mask nor fap
01 group mask
10 group mask’
11 fap

the gropup_number, and is given in Table 6-43.

Table 6-43 ~{fap group mask bits

group qumber

No. of bits

1

2

16

12

O (0| N0 |~ |[lW]|DN

NFAP[group_number] : This indicates the number of FAPs in each FAP group.
following table:

[N
o

Table 6-44 -- NFAP definition

Its values are specified in the

group_number

NFAP[group_number]

1

2

2

16

| number
he mask
et to ‘0’ it
pends on
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fap_qua

step sizel

is_i_new
frame fol

is_i_new
frame fol

is_p_ne
frame fol

is_p_ne
frame fol

6.3.10.2

skip_fra
the numi

6.3.10.3

frame_rate: This is an 8 bit unsigned integer indicating the reference frame rate of the sequence.

secondsq:

as follow

frequen
offset of

rate wollld be 23.97/29.94 or 59.97 respectively. When set to ‘0’ no frequency offset is present.

(frequen

number |

number |

nt: This is a 5-bit unsigned integer which is the quantization scale factor used to computeithe FAR
_max: This is a 1-bit flag which when set to ‘1’ indicates that a new set of maxithum range valug
ows these 4, 1-bit fields.

_min: This is a 1-bit flag which when set to ‘1’ indicates that a new setyof minimum range valug
ows these 4, 1-bit fields.

(v_max: This is a 1-bit flag which when set to ‘1’ indicates that a new set of maximum range value
ows these 4, 1-bit fields.

v_min: This is a 1-bit flag which when set to ‘1’ indicates:that a new set of minimum range value
ows these 4, 1-bit fields.

Face Object Prediction

mes: This is a 1-bit flag which when set to dN\indicates that information follows this bit field that ing
er of skipped frames. When set to ‘0’ no such information follows this bit field.

Decode frame rate and frame skip

This is a 4 bit unsigned-integer indicating the fractional reference frame rate. The frame rate is con
5 frame rate = (frame_rate’+ seconds/16).

y_offset: This is-a\bit flag which when set to ‘1’ indicates that the frame rate uses the NTSC freg
1000/1001. This bitwould typically be set when frame_rate = 24, 30 or 60, in which case the resulting

by offset ==1) frame rate = (1000/1001) * (frame_rate + seconds/16).

of frfames_to_skip: This is a 4-bit unsigned integer indicating the number of frames skipped.

i table

s for |

s for |

5 for P

5 for P

icates

hputed

uency
frame
le. if

If the
to 29

of~frames_to skip is equal to 15 (pattern “1111”) then another 4-bit word follows allowing to skip ug

Attarn “11111110°\ I tha O hite nattarn Anpiale 411111111 than anathar 4 hite vaned vapll FAHA and

frames(

T T T T T TU ) T O iC O Do ottt T COUtio T (e oot IOTto vy OT T vV i TOTovy o i

SO on,

and the number of frames skipped is incremented by 30. Each 4-bit pattern of ‘1111’ increments the total number of
frames to skip with 15.

6.3.10.4

Decode new minmax

i_new_max][j]: This is a 5-bit unsigned integer used to scale the maximum value of the arithmetic decoder used in
the | frame.

i_new_min(j]:

the | frame.
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p_new_max[j]: This is a 5-bit unsigned integer used to scale the maximum value of the arithmetic decoder used in
the P frame.

p_new_min[j]: This is a 5-bit unsigned integer used to scale the minimum value of the arithmetic decoder used in
the P frame.

6.3.10

.5 Decode viseme and expression

viseme_def: This is a 1-bit flag which when set to ‘1’ indicates that the mouth FAPs sent with the viseme FAP may

be sto

red in the decoder to help with FAP interpolation in the future.

expression_def: This is a 1-bit flag which when set to ‘1’ indicates that the FAPs sent with the expression FAP

may b
6.3.10
face

is_int
‘0" it in

face
is_fra
is_tim
time_
skip_1

Fap_g
quanti

fap_sd

fap_m
fap_g
6.3.10
skip_1
6.3.10

frame

e stored in the decoder to help with FAP interpolation in the future.
.6 Face object plane group
bbject_plane_start_code: Defined in subclause 6.3.10.1.

a: This is a 1-bit flag which when set to ‘1’ indicates that the face object is coded ifxintra mode. WH
dicates that the face object is coded in predictive mode.

paramset_mask: Defined in subclause 6.3.10.1.
me_rate: Defined in subclause 6.3.10.1.

e _code: Defined in subclause 6.3.10.1.

code: Defined in subclause 6.3.10.1.

rames: Defined in subclause 6.3.10.1.

uant_index: This is a 5-bit unsigned integer used as the index to a fap_scale table for comp
ation step size of DCT coefficients. The value of,fap_scale is specified in the following list:

ale[0-31]={1, 1, 2, 3, 5 78, 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}
ask_type: Defined in subclause 6.3.10.1.

foup_mask[group_number] :) Defined in subclause 6.3.10.1.
7 Face Object Group Prediction

rames: See the-definition in subclause 6.3.10.1.

.8 Decodetframe rate and frame skip

| rate;_‘See the definition in subclause 6.3.10.3.

frequsg

en set to

uting the

bricy_offset: See the definition in subclause 6.3.10.3.

number_of_frames_to_skip: See the definition in subclause 6.3.10.3.

6.3.10.9 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

segment.

viseme_segment_blendq[k]: This is the quantized value of viseme_blend at frame k of a viseme FAP segment.
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viseme_segment_def[k]: This is a 1-bit flag which when set to ‘1’ indicates that the mouth FAPs sent with the
viseme FAP at frame k of a viseme FAP segment may be stored in the decoder to help with FAP interpolation in the
future.

viseme_segment_selectlq_diff[k]: This is the prediction error of viseme_selectl at frame k of a viseme FAP
segment.

viseme_segment_select2q_diff[k]: This is the prediction error of viseme_select2 at frame k of a viseme FAP
segment.

viseme_segment_blendq_diff[k]: This is the prediction error of viseme_blend at frame k of a viseme FAP
segment.

expressfon_segment_selectlq[k]: This is the quantized value of expression_selectl at frame k of an expfession
FAP segment.

express|on_segment_select2q[k]: This is the quantized value of expression_select2 at frame k of’an expression
FAP segment.

expressfon_segment_intensitylq[k]: This is the quantized value of expression_intensityl at frame k|of an
expressipn FAP segment

expressfon_segment_intensity2q[k]: This is the quantized value of expression_intensity2 at frame k|of an
expressipn FAP segment

expressfon_segment_selectlq_diff[k]: This is the prediction error of ‘expression_selectl at frame k|of an
expression FAP segment.

express|on_segment_select2q_diff[k]: This is the predictionerror of expression_select2 at frame k|of an
expressipn FAP segment.

expressfon_segment_intensitylq_diff[k]: This is the prédiction error of expression_intensityl at frame K of an
expression FAP segment.

expressfon_segment_intensity2q_diff[k]: This is\the prediction error of expression_intensity2 at frame K of an
expressipn FAP segment.

expressfon_segment_init_face[k]: Thisds,;a 1-bit flag which indicates the value of init_face at frame K of an
expression FAP segment.

expressfon_segment_def[k]: This is a 1-bit flag which when set to ‘1’ indicates that the FAPs sent wjth the
expressipn FAP at frame k of a viseme FAP segment may be stored in the decoder to help with FAP interpolgtion in
the future.

6.3.10.10 Decodei_dc,pZdc, and ac

dc_q: This is the quanhtized DC component of the DCT coefficients. For an intra FAP segment, this compohent is
coded a$ a signed integer of either 16 bits or 31 bits. The DCT quantization parameters of the 68 FAPs are
specified|in the_fallowing list:

DCTQP[L-88]={1, 1 75 75 75 75 75 75 75 75
75, 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 75 75, 7.5,
15, 15, 15 15, 10, 10, 10, 10}
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For DC coefficients, the quantization stepsize is obtained as follows:

gstep[i] = fap_scale[fap_quant_inex] * DCTQP]i] + 3.0
dc_q_diff: This is the quantized prediction error of a DC coefficient of an inter FAP segment. Its value is computed
by subtracting the decoded DC coefficient of the previous FAP segment from the DC coefficient of the current FAP
segment. It is coded by a variable length code if its value is within [-255, +255]. Outside this range, its value is
coded by a signed integer of 16 or 32 bits.

count_of_runs: This is the run length of zeros preceding a non-zero AC coefficient.

ac_q[il[next]: This is a quantized AC coefficients of a segment of FAPi. For AC coefficients, the guantization
stepsize is three times larger than the DC quantization stepsize and is obtained as follows:

gstep[i] = fap_scale[fap_quant_inex] * DCTQP]i]

7 The visual decoding process

This dause specifies the decoding process that the decoder shall perform to recover, visual data from tihe coded
bitstrepam. As shown in Figure 7-1, the visual decoding process includes several decading processes such gs shape-
motion-texture decoding, still texture decoding, mesh decoding, and face decoding processes. After decgding the
coded|bitstream, it is then sent to the compositor to integrate various visual objects.

Face
Decoding
Still Texture
Decoding
Mesh
» Decoding
I~ —>
Entropy To N
—| Decoding Texturg Conmposition
and Visual »{ Decoding >
Demux X
Motion j
Compensation
Decoding
Shape j
Decoding

Figufe 7-1 =-A'high level view of basic visual decoding; specialized decoding such as scalable, sgrite and
error resilient decoding are not shown

In sulcladses 7.1 through 7.9 the VOP decoding process is specified in which shape, motion, texture Hecoding
processes are the major contents. The still texture object decoding is described in subclauses 7.10. Subclause 7.11
includes the mesh decoding process, and subclause 7.12 features the face object decoding process. The output of
the decoding process is explained in subclause 7.13.

7.1 Video decoding process

This subclause specifies the decoding process that a decoder shall perform to recover VOP data from the coded
video bitstream.

With the exception of the Inverse Discrete Cosine Transform (IDCT) the decoding process is defined such that all

decoders shall produce numerically identical results. Any decoding process that produces identical results to the
process described here, by definition, complies with this part of ISO/IEC 14496.
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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 for
clarity. The same decoding scheme is applied when decoding all the VOPs of a given session

NOTE Throughout this part of ISO/IEC 14496 two dimensional arrays are represented as name[q][p] where ‘q’ is
the index in the vertical dimension and ‘p’ the index in the horizontal dimension.

video_object layer_shape

Coded Bit Stream l
(Shape) o R Shape brevi
> Decoding revious
Reconstructed
VOP
Coded Bit Stream
Motion .
( ) — > Motion
| Motion - Com_pen- <
> Decoding >l sation
| > VOP
Demultiplexer Recon-
\ 4 :
~ struction
Coded : 4 i
Bit Stream Vanable Inverse QQ
> Length > Scan =
(Texture) Decoding B
¥
o\
Inverse Inverse
DC&AC Pt .~ » IDCT
Prediction Quagyzation

O
(Texture Decoding

Figure 7-2 -- Simplified Video Decoding Process

The decpder is mainly composed of three parts: shape decoder, motion decoder and texture decodef. The
reconstrycted VOP is obtained by combining the decoded shape, texture and motion information.

7.2 Higher syntacticstructures

The varjous parameters and flags in the bitstream for VideoObjectLayer(), Group_of VideoObjectPlane(),
VideoObjectPlane(), video_plane_with_short_header(), macroblock() and block(), as well as other syntactic
structures @elated to them shall be interpreted as discussed earlier. Many of these parameters and flags aff¢ct the
decodingprocess—Onceattthemeacrobiocks ima giverm VOPHave beenmprocessed;, theentire VOP-wilttrave been
reconstructed. In case the bitstream being decoded contains B-VOPSs, reordering of VOPs may be needed as
discussed in subclause 6.1.3.7.

7.3 VOP reconstruction

The luminance and chrominance values of a VOP from the decoded texture and motion information are
reconstructed as follows:

1. In case of INTRA macroblocks, the luminance and chrominance values f[y][x] from the decoded texture data
form the luminance and chrominance values of the VOP: d[y][X] = f[y][X].
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2. Incase 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 fly][x]
is added to the prediction values, resulting in the final luminance and chrominance values of the VOP: d[y][x] =

PIYIX] + flyl[X]

3. Finally, the calculated luminance and chrominance values of the reconstructed VOP are saturated so that
0 < d[y][x] < 2™~ 1, for all X, y.

7.4 Texture decoding

This subclause describes the process used to decode the texture information of a VOP. The process of video

texture¢ decoding is given in Figure 7-3.

QFIn]
PQF[V][u] Reconstructed VOP
Coded Data |\/griable / Inverse Scan
—— MlLength
Decoding VOP Memory
Decoded Pels
Inverse DC & Inverse Inverse DCT Motion
A C Prediction / Quantization / Conpensation 4
Fv][u / A
QFIVILL il iy T ayId

Figure 7-3 -- Video Texture Decoding Process
7.4.1 |Variable length decoding

This spbclause explains the decoding process:Subclause 7.4.1.1 specifies the process used for the DC cdefficients
(n=0) In an intra coded block. (n is the /index of the coefficient in the appropriate zigzag scan order). Subclause
7.4.1.2 specifies the decoding process for all other coefficients; AC coefficients (N # 0) and DC coefficients in non-
intra cpded blocks.

7.4.1.1 DC coefficients decoding in intra blocks

Differgntial DC coefficients in blocks in intra macroblocks are encoded as variable length code denoting dc{ dc_size
as defjned in Table B=13/and Table B-14 in annex B, and a fixed length code dct_dc_differential (Table B{15). The
dct_dg_size categorizes the dc coefficients according to their “size”. For each category additional bits are gppended
to the [dct_dc_size\code to uniquely identify which difference in that category actually occurred (Table B-18). This is
done by appending a fixed length code, dct_dc_differential, of dct_dc_size bits. The final value of the de¢oded dc
coeffigient is;the sum of this differential dc value and the predicted value.

Whenlshert video header is 1, the dc coefficient of an intra block is not coded differentially. 1t is instead transmitted
as a fixed length unsigned integer code of size 8 bits, unless this integer has the value 255. The values 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
combination of a last hon-zero coefficient indication (LAST; “0": there are more nonzero coefficients in this block, “1":
this is the last nonzero coefficient in this block), the number of successive zeros preceding the coded coefficient
(RUN), and the non-zero value of the coded coefficient (LEVEL).

119


https://standardsiso.com/api/?name=42e96055e0a857137b291f45b0f3a2a3

ISO/IEC 14496-2:1999(E) © ISO/IEC

When short_video_header is 1, the most commonly occurring EVENTS are coded with the variable length codes
given in Table B-17 (for all coefficients other than intra DC whether in intra or inter blocks). The last bit “s” denotes
the sign of level, “0” for positive and “1” for negative.

When short_video_header is 0, the variable length code table is different for intra blocks and inter blocks. The most
commonly occurring EVENTSs for the luminance and chrominance components of intra blocks in this case are
decoded by referring to Table B-16. The most commonly occurring EVENTSs for the luminance and chrominance
components of inter blocks in this case are decoded by referring to Table B-17. The last bit “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.

7.4.1.3 Escape code

Many pogsible EVENTS have no variable length code to represent them. In order to encode these statistically rare
combinations 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 VLC
tables arp not used, and the fourth is used when short_video _header is 1. In the case that the revérsible VLC|tables
are used| the fifth escape coding method as in Table B-23 is used. Their decoding process is,specified below.

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
decodind to give the restored value LEVEL®, as follows:

LEVEL®= sign(LEVEL") x [ abs( LEVEL") + LMAX ]

where LEVEL" is the value after variable length decoding and LMAX is ebfained from Table B-19 and Tabl¢ B-20
as a fungtion 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 restored value RUN®, as follows:

RUN®= RUN' + (RMAX + 1)

where RUN" is the value after variable length decoding~ RMAX is obtained from Table B-21 and Table B-2P as a
function pf the decoded values of LEVEL and LAST,

Type 3 :[ESC is followed by “11”, and the codefollowing ESC + “11” is decoded as fixed length codes. This fype of
escape dodes are represented by 1-bit LAST;6-bit RUN and 12-bit LEVEL. A marker bit is inserted before and after
the 12-bft-LEVEL in order to avoid the resync_marker emulation. Use of this escape sequence for encodipg the
combinations listed in Table B-16 and Table B-17 is prohibited. The codes for RUN and LEVEL are given in Table
B-18.

Type 4: [The fourth type of escape-code is used if and only if short video _header is 1. In this case, the 15 bits
following| ESC are decoded as-fixed length codes represented by 1-bit LAST, 6-bit RUN and 8-bit LEVEL]l The
values 0000 0000 and 1000000 for LEVEL are not used (they are reserved).

7.4.1.4 |ntra 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_vlc_thr) allows switching between 2
VLCs (D IntrasLC 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 freated
the same as all other coefficients. That means that a zero Intra DC coefficient will not be coded but will simply
increase the run for the following AC coefficients. The definitions of mcbpc and cbpy in subclause 6.3.6 are changed
accordingly.

7.4.2 Inverse scan

This subclause specifies the way in which the one dimensional data, QFS[n] is converted into a two-dimensional
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 of
the variable length decoder be denoted by QFS[n] where n is in the range of 0 to 63. Three scan patterns are
defined as shown in Figure 7-4. The scan that shall be used is determined by the following method. For intra blocks,
if acpred_flag=0, zigzag scan is selected for all blocks in a macroblock. Otherwise, DC prediction direction is used to
select a scan on block basis. For instance, if the DC prediction refers to the horizontally adjacent block, alternate-
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vertical scan is selected for the current block. Otherwise (for DC prediction referring to vertically adjacent 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.

0 |12 |2 |3 [10 |11 |12 |13 0 |4 |6 |20 |22 |36 |38 |52 0 |12 |5 |6 [14 |15 |27 |28
4 (5 |8 |9 (17 |16 |15 |14 1 |5 (7 |21 (23 |37 |39 |53 2 |4 |7 (13 |16 (26 |29 |42
6 |7 |19 (18 (26 |27 |28 |29 2 |8 |19 |24 [34 (40 |50 |54 3 |8 |12 (17 (25 |30 |41 |43
20 (21 |24 |25 |30 |31 |32 |33 3 |9 (18 |25 |35 |41 |51 |55 9 |[11 (18 |24 |31 |40 |44 |53
22 |23134-135 142 143 144 145 10 117 126130 142 146 156 160 10119 123 132 139 145 |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 |15 |28 |32 |44 |48 |58 |62 21 (34 |37 |47+50 |56 ||59 |61
52 |58 |54 |55 |60 |61 |62 |63 13 |14 |29 |33 (45 |49 |59 |63 35 [36 (4849 |57 |58 (/62 |63
Figure 7-4 -- (a) Alternate-Horizontal scan  (b) Alternate-Vertical scan c) Zigzag scan
7.4.3 |Intra dc and ac prediction for intra macroblocks
This spbclause specifies the prediction process for decoding of coefficients. This! prediction process is only carried
out fof intra-macroblocks (I-MBs) and when short_video_header is “0”. ,When short_video_header is “Il” or the
macroplock is not an I-MB, this prediction process is not performed.
7.4.3.1 DC and AC Prediction Direction
This adaptive selection of the DC and AC prediction direction is'based on comparison of the horizontal anf vertical
DC gradients around the block to be decoded. Figure 7-5.shows the three blocks surrounding the bldck to be
decodgd. Block X', ‘A’, ‘B’ and ‘C’ respectively refer to theCurrent block, the left block, the above-left blocK, and the
block immediately above, as shown.
[
B EC ED
Qr )
[
A X Y Macroblock
Figure 7-5 -- Previous neighboring blocks used in DC prediction
The inverse quantized DC values of the previously decoded blocks, F[0][0], are used to determine the difection of
the D¢ and A€ prediction as follows.

ifCIF.[01[0] — F,[O][O]] < |F,[0][0] — F[O][O]])

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

_per_pixel+2)

intra coded macroblock, their F[0][0] values are assumed to take a value of 2°°

compute the prediction values.

and are used to

121



https://standardsiso.com/api/?name=42e96055e0a857137b291f45b0f3a2a3

ISO/IEC 14496-2:1999(E)

7.4.3.2

Adaptive DC Coefficient Prediction

© ISO/IEC

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][0] // dc_scaler

else

dc_scal
appropri

DC pred
7.4.3.3

This pro

QF,[0][0] = PQF,[0][0] + F,[0][0] // dc_scaler

is defined in Table 7-1. This process is independently repeated for every block of a macroblock using the

Ndaptive ac coefficient prediction

coefficients.

Either cd

te immediately horizontally adjacent block ‘A’ and immediately vertically adjacent block ‘C’.

ctions are performed similarly for the luminance and each of the two chrominance components.

ess is used when ac_pred_flag = ‘1’, which indicates that AC prediction is performed when decoding the

efficients from the first row or the first column of a previous coded-block are used to predict the cp-sited

coefficients of the current block. On a block basis, the best direction (fromyamong horizontal and vertical direftions)

for DC

macrobld

adjacent

;Macroblock

coefficient prediction is also used to select the direction for AC coefficients prediction; thus, wjthin a
ck, for example, it becomes possible to predict each block independently from either the horizpntally
previous block or the vertically adjacent previous blockyThe AC coefficients prediction is illustrgted in
Figure 746.

.........................................

Figure 7-6 -- Previous neighboring blocks and coefficients used in AC prediction

To compensate for differences in the quantization 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 quantisation stepsize

of the predictor block. The definition is given in the equations below.

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.
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QF,[0][i] = PQF,[O][i] + (QF,[0][i] * QP,) // QP, i=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.{il[0] = PQF,[iI[0] + (QF.[][0] * QP.) // QP, i=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.

7.4.3.4 Saturation of QF[v][u]

The gfiantized coefficients resulting from the DC and AC Prediction are saturated to lie in the range [-2048, 2047].
Thus:

2047 QF [Vv][u] > 2047
QF [V][u] = yQF [V][u] -2048< QF[v][u] <2047
—-2048 QF [v][u] < —2048

7.4.4 |Inverse quantisation

The tyo-dimensional array of coefficients, QF[v][u], is inverse quantised_to )produce the reconstrucied DCT
coeffigients. This process is essentially a multiplication by the quantiser ‘step size. The quantiser step size is
modified by two mechanisms; a weighting matrix is used to modify the step'size within a block and a scalg factor is
used in order that the step size can be modified at the cost of only afew bits (as compared to encoding fan entire
new weighting matrix).

QF[VI[u] FIvi[u] F[vI[u] Flv][u]
Inverse .
ol ok . Mismatch
Sat
%Jr??rtllmaétli?:n uration Control

quant_scale _code

WIw][V][u]

Figure 7-7 -- Inverse quantisation process

Figurg 7-7 illustrates the overall inverse quantisation process. After the appropriate inverse quantisation arithmetic
the regulting coefficients, F"[v][u], are saturated to yield F'[v][u] and then a mismatch control operation is performed
to givq the final reconstructed DCT coefficients, F[v][u].

NOTEL_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.

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 equals 1.

7.4.4.1.1 Intradc coefficient
The DC coefficients of intra coded blocks shall be inverse quantised in a different manner to all other coefficients.

In intra blocks F”[0][0] shall be obtained by multiplying QF[0][0] by a constant multiplier,
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The reco

nstructed DC values are computed as follows.

F[0][0] = dc_scaler* QF[0][0]

When sh

7.4.4.1.2

ort_video_header is 1, dc_scaler is 8, otherwise dc_scaler is defined in Table 7-1.

Other coefficients

© ISO/IEC

All coefficients other than the DC coefficient of an intra block shall be inverse quantised as specified in this
subclause. Two weighting matrices are used. One shall be used for intra macroblocks and the other for non-intra
macroblocks. Each matrix has a default set of values which may be overwritten by down-loading a user defined

matrix.

Let the W
is being
gquantise
and addi
and chrg
arithmeti

NOTE T
7.4.4.2

This sub
for all th

guantization method, the DC coefficient of an intra plock is quantized using the same method as in the first i

guantiza
values fr

7.4.4.2.1

|F vl

The sign
7.4.4.3

NOTE T

eighting matrices be denoted by W[w][v][u] where w takes the values 0 to 1 indicating which of theym
used. W[O][v][u] is for intra macroblocks, and WI[1][v][u] is for non-intra macroblocks. The vg
~_scale is determined by vop_quant, dquant, dbquant, and quant_scale for luminance and,chromi
tionally by vop_quant_alpha for grayscale alpha. For example, the value of quantiser scale for lum
minance shall be an integer from 1 to 31 when not_8_bit == ‘0". The following equation specifi
C to reconstruct F"[v][u] from QF[v][u] (for all coefficients except intra DC coefficients)

0, if QF[V][u] =0

- { | _
((2x QF[M[u] +k) x Ww][V][u] x quantiser _ scale) / 16, if QF[v][u] = O

where:
B { 0 intra blocks
Sgn(QF[Vv][u]) non-intrablocks

he above equation uses the “/” operator as defined in subclause 4.1.
Second inverse quantisation method

Clause specifies the second of the two inverse guantisation methods. . The method described here i
b coefficients other than the DC coefficient ofsan intra block when quant_type==0. In the second i

ion method (see subclause 7.4.4.1.1), The quantization parameter quantiser_scale may take
bm 1 to 2™*""***".1, The quantization.stepsize is equal to twice the quantiser_scale.

Dequantisation

0, if QF[v][u]=0,
= (2x|QF[v][u]|+1) xQuantiser _ scale, if QF[V][u] # O, quantiser _scaleisodd,
(2x|QF[v][u]|+1) x)quantiser _scale-1, if QF[v][u] #0, quantiser__scaleiseven.
of QF[v][u] is\then incorporated to obtain F"[v][u]: F"[V][u]= Sign(QF[v][u])x|F"[V][u]]
Nonlinganinverse DC quantisation

his’subclause is valid for both quantization methods.

htrices
lue of
hance,
nance
bs the

5 used
hverse
hverse
nteger

Within an Intra macroblock for which short_video_header is 0, luminance blocks are called type 1 blocks, chroma
blocks are classified as type 2. When short_video_header is 1, the inverse quantization of DC intra coefficients is
equivalent to using a fixed value of dc_scaler = 8, as described above in subclause 7.4.1.1.

 DC coefficients of Type 1 blocks are quantized by Nonlinear Scaler for Type 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.
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Table 7-1 -- Non linear scaler for DC coefficients of DCT blocks, expressed in terms of relation with

guantizer_scale

Component:Type dc_scaler for quantiser_scale range

1through 4 | 5through 8 9through 24 >=25
Luminance: Typel 8 2x quantiser_scale | quantiser_scale +8 | 2 x quantiser_scale -16
Chrominance: Type2 | 8 (quantiser_scale +13)/2 guantiser_scale -6

4

The ¢

FVII

7.4.4.% Mismatch control

This
perfor
in the

7.4.4.1 Sat\.uat;un

2bits_per_pixe|+3 -1 F"[V][U] > 2bits_per_pixe|+3 -1

J] _ F"[V][U] _ZbiISJ)erJ)ixel+3 < F"[V][U] < 2bit5J)erJ3ier+3 -1
_ 2bits_per_pixel+3 F"[V][U] < _2bits_per_pixel+3

hismatch control is only applicable to the first inverse quantization method. Mismatch control

v<8u<8

sum= > > F'[v][u]

Flv]u] = F: [\;][u] for al u;vexcept u=v=7
E'[7][7] if sumisodd
FI7I7] = {F'[?][?] 21 if F'[7][7] isodd

AT +1 if B [7][7] iseven} If sumis even

efficients resulting from the Inverse Quantisation Arithmetic are saturated to lie in the range [-2hits_per_pixel
+ 3, 2bits_per_pixel + 3 - 1]. Thus:

shall be

med by any process equivalent to the following. Firstly all of the{reconstructed, saturated coefficients, F'[v][u]
block shall be summed. This value is then tested to determine Whether it is odd or even. If the sump is even
then gl correction shall be made to just one coefficient; F[7][7]. Thus:

NOTH 1 It may be useful to note that-the above correction for F[7][7] may simply be implemented by todgling the

least

Significant bit of the twos complement representation of the coefficient. Also since only the “oddness” or

“evenmess” of the sum is of interest'an exclusive OR (of just the least significant bit) may be used to calculate “sum”.

NOTH
in an €
shouldg
inserty
IDCT
mism3

7.4.4.¢

2 Warning. Small non-zero inputs to the IDCT may result in zero output for compliant IDCTs. If th
ncoder, mismatch may-occur in some pictures in a decoder that uses a different compliant IDCT. An
avoid this problem-and may do so by checking the output of its own IDCT. It should ensure tha
any non-zero eoegfficients into the bitstream when the block in question reconstructs to zero throug
function. If thisvaction is not taken by the encoder, situations can arise where large and ve
tches between the state of the encoder and decoder occur.

Summary of quantiser process for method 1

In sunimayy, the method 1 inverse quantisation process is any process numerically equivalent to:

S occurs
encoder
it never
h its own
y visible
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for (v=0; v<8;v++) {
for (u=0; u<8;u++) {

if (QF[v][u] == 0)
F [VI[u] = O;

else if ( (U==0) && (v==0) && (macroblock_intra) ) {
F"[V][u] = dc_scaler * QF[V][u];

}else {
if ( macroblock_intra ) {

F"[V][u] = ( QF[v][u] * WI[O][v][u] * quantiser_scale * 2 ) / 32;

}else {

oD Ana] — O AL X \ALL A0 ]

rwa |

© ISO/IEC

X 2\ 4 Cinn/ 3
<) T PRI IVITYD 7 YV ILH]
* quantiser_scale ) / 32;

Ll AChAn
EOLVITYE T UU U LVITHE

sum = 0;
for (v=0; v<8;v++) {
for (u=0; u<8;u++) {
|f ( F"[V][u] > 2bilsﬁperﬁpixel+3 _ 1 ) {
F’[V][U] = 2 bits_per_pixel + 3 _ l,
}else {
|f ( F"[V][u] < _2 bits_per_pixel + 3 ) {
F’[V][U] = _2 bits_per_pixel + 3 ,
}else {
} F[v][u] = F*[v][u];

}
sum = sum + F’[V][u];
fMM=Hm%

if (sum & 1) ==0) {

if (F[7][7] & 1) '=0) {
FI71071 = FT7007] - 35

}else {
FI7I7] = F7I7+ 8

}

]

7.4.5 Inyerse DCT

Once thg DCT coefficients, F[u][v] are reconstructed, the inverse DCT transform defined in annex A shall be 3

to obtain|thednverse transformed values, f [y][x] .These values shall be saturated so that: -2™-

for all x,

N_bit

< fly]ix] < 2"

pplied
it _ 1 ,

7.5 Shape decoding

Binary shape decoding is based on a block-based representation. The primary coding methods are block-based
context-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 binary 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

co-located with each texture macroblock.
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Higher syntactic structures

7.5.1.1 VOL decoding

1999(E)

If video_object_layer_shape is equal to ‘00’ then no binary shape decoding is required. Otherwise, binary shape
decoding is carried out.

7.5.1.2 VOP decoding

If video_object_layer_shape is not equal to ‘00’ then, for each subsequent VOP, the dimensions of the bounding

rectangle of the reconstructed VOP are obtained from:
e vdp_width
e vdp_height

If thesp decoded dimensions are not multiples of 16, then the values of vop_width and vop_height are roun

the n

Additi
from:

e VQ
e VQ

These
within

e VQ

This fl
class,

e ch
This s

Once
each

7.5.2

The s
form @

75.2.1

Each
which
as shd

rest integer, which is a multiple of 16.

nally, in order to facilitate motion compensation, the horizontal and spatial positign.,of the VOP are
p_horizontal_mc_spatial_ref
p_vertical_mc_spatial_ref

spatial references may be different for each VOP but the same coardinate system must be used for
a vol. Additionally, the decoded spatial references must have aneven value.

p_shape_coding_type

pg is used in error resilient mode and enables the use, of intra shape codes in P-VOPs. Finally, in
it is necessary to decode

ange_conv_ratio_disable
becifies whether conv_ratio is encoded at'the macroblock layer.

the above elements have been decaded, the binary shape decoder may be applied to decode the
hacroblock within the bounding rectangle.

Macroblock decoding

fa 16x16 bab.
Mode decoding
bab belongs'to one of seven types listed in Table 7-2. The type information is given by the bab_

wryin Table 7-2.

led up to

obtained

all VOPs

the VOP

shape of

hape information for each macroblock residing within the bounding rectangle of the VOP is decodedl into the

ype field

influences decoding of further shape information. For I-VOPs only three out of the seven modes ar¢ allowed

Table 7-2 -- List of bab types

bab_type | Semantic Used in

0 MVDs==0 && No Update | P-,B-VOPs

1 MVDs!=0 && No Update | P-,B-VOPs

2 Transparent All VOP types
3 Opaque All VOP types
4 IntraCAE All VOP types
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7.5.2.1.1

5 MVDs==0 && interCAE P-,B-VOPs

6 MVDs!=0 && interCAE P-,B-VOPs

I-VOPs

© ISO/IEC

Suppose that f ( x, y) is the bab_type of the bab located at ( x, y) , where x is the BAB column number and vy is the
BAB row number. The code word for the bab_type at the position (i, ) is determined as follows. A context C is
computed from previously decoded bab_type'’s.

\

If f(x,V

f(X,y) 3
used to
switched

7.5.2.1.2

The dec
The refe

defined as the most recent non-empty (i.e. vop_coded != 0) I- or P-VOP in thépast, while the backward

defined
referencq
applied:

1. If one
for the cl

2. If both reference VOPs are non-empty, the forward reference VOP is selected if its temporal distance

current B

In the sy
current B

If the siZ
located ¢
match th

i L i e e L e T )

) references a bab outside the current VOP, bab_type is assumed to be transparent for that-ba
£2). The bab_type of babs outside the current video packet is also assumed to be transparent. Th
decode bab_type for the current bab is switched according to the value of the context 07 This ¢
VLC table is given in Table B-27.

P- and B-VOPs

hding of the current bab_type is dependent on the bab_type of the co-located’bab in the reference
ence VOP is either a forward reference VOP or a backward reference VOP,' The forward reference

hs the most recently decoded I- or P-VOP in the future. If the ctrrent VOP is a P-VOP, the f

e VOP is selected as the reference VOP. If the current VOP is‘a B-VOP the following decision rul

of the reference VOPs is empty, the non-empty one (forward/backward) is selected as the referenc
rrent B-VOP.

-VOP is not larger than that of the backward reference VOP, otherwise, the backward one is chosen.

ecial cases when closed_gov == 1 and:the forward reference VOP belongs to the previous GO
-VOP takes the backward VOP as reference.

es of the current and reference VOPs are different, some babs in the current VOP may not have
bquivalent in the reference VOR. Therefore the bab_type matrix of the reference VOP is manipul3
e size of the current VOP. Twerrules are defined for that purpose, namely a cut rule and a copy rule:

e cut fjule. If the number of lings (respectively columns) is smaller in the current VOP than in the reference
the hottom lines (respectively rightmost columns) are eliminated from the reference VOP such that bot
sizeg match.

e copy rule. If thecnumber of lines (respectively columns) is larger in the current VOP than in the reference

the RQottom line (respectively rightmost column) is replicated as many times as needed in the referenc
such|that both*VOP sizes match.

An exal

b (i.e.
e VLC
pntext-

VOP.
OPis
OP is
prward
es are

b VOP

to the

V, the

a co-
ited to

VOP,
n VOP

VOP,
b VOP

le“is shown in Figure 7-8 where both rules are applied.
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(a) (b) (C)
2211122 221112 221112
2210122 221012 221012
. 2110012 211001 211001
Previous 1511 001 2 E> 211001 E> 211001
VOP 2100001 210000 210000
3030003 303000 303000
0000031 000003 1000003
\l 000003 E)Dv
clit ® 7
(d)
221122
221012
211011
Current 211001
VOP 110000
330000
0000O0O
000000O0
Figyre 7-8 -- Example of size fitting between current VOP and reference VOP. The numbers represgnt the
type of each bab
The VLC to decode the current bab_type is switched according to thé value of bab_type of the co-located Hab in the
referepce VOP. This context-switched VLC tables for P and B 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 requited for the current bab. Otherwise further decod|ng steps
are ngcessary, as listed in Table 7-3. Decoding for motion compensation is described in subclause 7.5.2.2] and cae
decodjng in subclause 7.5.2.5.

Table 7-3 -- Decoder.components applied for each type of bab

bab_type | Motion compensation CAE 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) of shape. The value of MVs is reconstructed
as described in subclause 7.5.2.3. Integer pixel motion compensation is carried out on a 16x16 block basis
according to subclause 7.5.2.4. Overlapped MC, half sample MC and 8x8 MC are not carried out.

If bab_type is MVDs==0 && No Update or MVDs!=0 && No Update then the motion compensated bab is taken to be
the decoded bab, and no further decoding of the bab is necessary. Otherwise, cae decoding is required.
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7.5.2.3 Motion vector decoding

© ISO/IEC

If bab_type indicates that MVDs!=0, then mvds_x and mvds_y are VLC decoded. For decoding mvds_x, the VLC
given in Table B-29 is used. The same table is used for decoding mvds_y, unless the decoded value of mvds_x is
zero. If mvds_x == 0, the VLC given in Table B-30 is used for decoding mvds_y. If bab_type indicates that
MVDs==0, then both mvds_x and mvds_y are set to zero.

The integer valued shape motion vector MVs=(mvs_x,mvs_y) is determined as the sum of a predicted motion 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 selected

texture blocks (MV) around the MB corr ndin h rren . Th re | n n hown in
Figure 719 where MV1, MV2 and MV3 are rounded up to integer values towards 0. If the selected texture blo
field predlicted macroblock, then MV1, MV2 or MV3 are generated by averaging the two field motion Aecto

rounding| toward zero. Regarding the texture MV's, the convention is that a MB possessing only 1 MV'is cong
the samg as a MB possessing 4 MV's, where the 4 MV's are equal. By traversing MVsl, MVs2, MVs3, MV]
and MVJin this order, MVPs is determined by taking the first encountered MV that is defined. If ng_candidate
vectors i defined, MVPs = (0,0).

In the dase that video_object_layer_shape is *“bihary_only” or vop_coding type indicates B-VOP, M
determinged by considering the motion vectors(of shape (MVsl, MVs2 and MVs3) only. The following subgj
explain the definition of MVs1, MVs2, MVs3, MV1, MV2 and MV3 in more detail.

Defining candidate predictors from-texture motion vectors:

One shgpe motion vector predictor MV, (i =1,2,3 ) is defined for each block located around the curre
according to Figure 7-9 (2). The-definition only depends on the transparency of the reference MB. MVi is set
correspohding block vector-asong as it is in a non-transparent reference MB, otherwise, it is not defined. NO
if a refergnce MB is outside the current VOP or video packet, it is treated as a transparent MB.

Defining candidate'predictors from shape motion vectors:

The candlidate.motion vector predictors MVs, are defined by the shape motion vectors of neighbouring bab |
according to"Rigure 7-9 (1). The MVs, are defined according to Table 7-4.

“Block (8x8)

Pl
MV s2 MVs3 MV VIV
MV1
MVsl \
Current shape \Correspondi ng texture
macroblock macroblock (16x16)
(1) MV for shape (2) MV for texture

Figure 7-9 -- Candidates for MVPs

Ck is a
rs and
idered
, MV2
motion

Ps is
auses

Nt bab
to the
te that

bcated

Table 7-4 -- Definition of candidate shape motion vector predictors MVs1, MVs2, and MVs3 from shape
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motion vectors for P and B-VOPs. Note that interlaced modes are not included

Shape mode of reference MB | MVs,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
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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.

7.5.2.4 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.

Specif
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definefd in subclause 6.3.5) binary alpha map into a temporary shape block of 18x18 pixels size-(see Figuré
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Before
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then ¢
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2. Th

3. Us
de

When
7.5.3.4

cally, when bab_type is equal to 0 or 1 i.e. for the no-update modes, a displaced block of 16X16

the bab_type is equal to 5 or 6 i.e. when interCAE decoding is required, then the pixels immediately
placed block (to the left, right, top and bottom) are also copied from the most recent valid-reference \

placed position is outside the bounding rectangle, then these pixels are assumed toihe“transparent”.
urrent VOP is a B-VOP the following decision rules are applied:

bne of the reference VOPs is empty (i.e. VOP_coded is 0), the non-empty one (forward/backward) ig
the reference VOP for the current B-VOP.

both reference VOPs are non-empty, the forward reference VOP js.selected if its temporal distan
rrent B-VOP is not larger than that of the backward reference VOR, otherwise, the backward one is ¢

special cases when closed_gov == 1 and the forward reference VOP belongs to the previous (
t B-VOP takes the backward VOP as reference.

Context based arithmetic decoding

decoding the binary_arithmetic_code field, border formation (see subclause 7.5.2.5.2) needs to b
nen, if the scan_type field is equal to 0, the-bordered to-be decoded bab and the eventual borderg
nsated bab need to be transposed (as fof_ matrix transposition). If change_conv_rate_disable is e(
pnv_ratio is decoded to determine the 'size of the sub-sampled BAB, which is 16/conv_ratio by 16/c
large. If change_conv_rate_disablesis;equal to 1, then the decoder assumes that the bab is not sul
us the size is simply 16x16 pixels./Binary_arithmetic_code is then decoded by a context-based &
er as follows. The arithmetic ‘decoder is firstly initialised (see subclause 7.5.3.3). The pixels of
bd bab are decoded in raster-order. At each pixel,

ontext number is computed based on a template, as described in subclause 7.5.2.5.1.
b context numberssused to access the probability table (Table B-32).

ng the accessed probability value, the next bits of binary_ arithmetic_code are decoded by the 3
oder to give'the decoded pixel value.

allpixels in sub-sampled BAB have been decoded, the arithmetic decoder is terminated (see s

pixels is

from the binary alpha map of the previously decoded | or P VOP for which vop_coded is not-eqtal to ‘0.

bordering
OP’s (as
7-12). If

selected

Ce to the
hosen.

5OV, the

e carried
d motion
ual to O,
bnv_ratio
sampled
irithmetic
the sub-

\rithmetic

ubclause

X

If the scan_type field is equal to 0, the decoded bab is transposed. Then up-sampling is carried out if conv_ratio is
different from 1, as described in subclause 7.5.2.5.3. Then the decoded bab is copied into the decoded shape map.

7.5.2.5.1 Context computation

For INTRA coded BABs, a 10 bit context C = > ¢, - 2% is built for each pixel as illustrated in Figure 7-10 (a), where
k

¢,=0 for transparent pixels and c,=1 for opaque pixels.
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Motion compensated
c9 |c8 |c7 Current BAB BAB
6 |c5 |c4 |c3 [c2 c3|c2|cl c8
cllcol 2 cO|? C/ |Cb6 |C5
c4
(a) (b)

© ISO/IEC

FiguLe 7-10 -- (a) The INTRA template (b) The INTER template where c6 is aligned with the pixelto

For INTH
BAB (de

illustratedl in Figure 7-10 (b).

There ar

e Whe
assu

e Whe
assu

e The
area

e The

7.5.2.5.2

When de
and INTE

decoded. The pixel to be decoded is marked with ‘?’

R coded BABs, temporal redundancy is exploited by using pixels from the bordered motion-compe
picted in Figure 7-12) to make up part of the context. Specifically, a 9 bit context C = ch 2% is t
k

b some special cases to note.

N building contexts, any pixels outside the bounding rectangle of the current VOP to the left and abov
Imed to be zero (transparent).

N building contexts, any pixels outside the space of the current video packet to the left and abo
Imed to be zero (transparent).

emplate may cover pixels from BABs which are unknown*at decoding time. Unknown pixels are defi
U in Figure 7-11.

Values of these unknown pixels are defined by thesfollowing procedure:
When constructing the INTRA context, the following steps are taken in the sequence
1. if (c7 is unknown) c7=c8,
2. if (3 is unknown) c3=c4,
3. if (c2 is unknown)-c2=c3.
When constructing.the INTER context, the following conditional assignment is performed.
if (c1 isdanknown) cl1=c2
Border formation

coding-a BAB, pixels from neighbouring BABs shall be used to make up the context. For both the
FR-cases, a 2 pixel wide border about the current BAB is used where pixels values are known, as d¢

hsated
uilt as

e are

e are

ned as

NTRA
picted

in Figure

7-11
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Figure 7-11 -- Bordered BAB. A: TOP_LEFT_BORDER. B: TOP_BORDER.C{TOP_RIGHT_BORDE&R. D:
LEFT _BORDER. E: BOTTOM_LEFT_BORDER. U: pixels which are unknowh when decoding the current
BAB

If the yalue of conv_ratio is not equal to 1, a sub-sampling procedure is farther applied to the BAB borderg for both
the cufrent BAB and the motion compensated BAB.

The border of the current BAB is partitioned into 5 regions:

e TOP_LEFT_BORDER, which contains pixels from the BAB located to the upper-left of the current BAB pnd
which consists of 2 lines of 2 pixels
e TOP_BORDER, which contains pixels from the BAB:located above the current BAB and which consists|of 2
lines of 16 pixels
e 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
e LHEFT_BORDER, which contains pixels ffom the BAB located to the left of the current BAB and which consists of
2 tolumns of 16 pixels
e BOTTOM_LEFT_BORDER, which contains pixels from the BAB located to the bottom-left of the curfent BAB
arld which consists of 2 lines of.2:pixels

The TOP_LEFT_BORDER ,and” TOP_RIGHT_BORDER are not sub-sampled, and kept as they @re. The
TOP_BORDER and LEFT_BORDER are sub-sampled such as to obtain 2 lines of 16/conv_ratio pixels and 2
columps of 16/conv_ratig.-pixels, respectively.

The sub-sampling“¢procedure is performed on a line-basis for TOP_BORDER, and a column-hasis for
LEFT |BORDER=~For each line (respectively column), the following algorithm is applied: the line (regpectively
colump) is splitinto groups of conv_ratio pixels. For each group of pixels, one pixel is associated in the subtsampled
bordef. The\walue 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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In the cape of a motion compensated BAB, the border is also partitioned-into 4, as shown Figure 7-12:

e TOP] BORDER, which consists of a line of 16 pixels
LEFT_BORDER, which consists of a column of 16 pixels
RIGHT_BORDER, which consists of a column of 16 pixels
BOT[TOM_BORDER, which consists of a line of 16 pixels

The very|same sub-sampling process as described ahove is applied to each of these borders.

7.5.2.5.3] Upsampling

D

Figure 7-12 -- Bordered motion compensated BAB. A: TOP_BORDER. B: LEFT_BORDER. C:
RIGHT_BORDER. D: BOTTOM_BORDER

© ISO/IEC

When cdnv_ratio is different from 1, up-sampling is carried out for the BAB. This is illustrated in Figure 7-13|where

“O” in thip figure is the coded pixel and X" js the interpolated pixel. To compute the value of the interpolated [

ixel, a

filter conLext from the neighboring pixelsis first calculated. For the pixel value calculation, the value of “0” is uged for

a transp

134

P1}if( 4*A + 25(B+C#+D)+ (E+F+G+H+I+J+K+L) > Th[Cf]) then "1" else "0"
P2 | if( 4*B + 2*(A*+C4D) + (E+F+G+H+I+J+K+L) > Th[Cf]) then "1" else "0"
P3| 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 + 2*(B+C+A) + (E+F+G+H+1+J+K+L) > Th[Cf]) then "1" else "0"

The 8-bit filter context, Cf, is calculated as follows:

C, =Y. -2
k

rent pixel, and “1” for an-epaque pixel. The values of the interpolated pixels (Pi, i=1,2,3,4, as shpwn in
Figure 7{14) can then be determined by the following equation:
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Based on the calculated Cf, the threshold value (Th[Cf]) can be obtained from the look-up table as follows:

Th[256] = {
3,6,6,7 4
6,55,8,5
6,7,7,8,7
7,8,6,9,6
6,95 8,5
7,6,8,9,8
7,8,8,9,6
8,9, 11, 10
6,7
5,88 9,6
7,8,6,9,8
8,9,[,
7,8,5, 9,
8,7, 10,
8,9,p, 10,
9,10 10, 1

TOP_|

~NO~NO OO N

= O N0 O 0o

E

10, 10, 11, 10, 11, 11, 12,
2,10, 11, 11,12,11, 12, 12,13 };

| EFT_BORDER, TOP_RIGHT_BORDER, sub-sampled TOP_BORDER and_sub-sampled LEFT_BORDER

descriped in the previous subclause are used. The other pixels outside the BAB)are extended from the dutermost
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 are
used for the interpolation from 4x4 to 8x8, and top-border (respectivelyleft-border) for the interpolation frgm 8x8 to

16x16|are up-sampled from the 4x4 BAB top-border (respectively left-border) by simple repetition.

When

oN0 o o oo o
o o o o oo o
X X[x N X x[x x[x_x[x x[x x[x_x R
xOx | AN x| xCx| xOx | x°x | xOx [x°x g
x %] x) xlx x[x x[x x|x x|x x[x_ x|, R
O %O x| xOx| xOx | xCx | xx [ [ °
N X X[ X X[x xTx x[x x]x x
x°x xoxh Qe xOx [ xOx | xOx [xCx T °
x x| x _x]x_x[x x[x>dx x[x _x]x_x
x°x| x°x| x°x| x°x xox\xex\)fxx X
X XX x| X x[ X XX x X XX _RpX
xOx| 5xCx | xOx| xOx| xOx [xCx | xCx [x°X
X X x x| x x| x x|x_x|x_ x[x_x[x_x
xOx] xCx| xOx| 3| xOx | x®x | x°Ox [x¥x
xox xox xox xox xox xox xox X_X
XOX| XX XTX] XX XX XOX| XX XX
XX XX XX XXX XX XTI x x T x
xPx| xPx | xPx| sPx| xPx [xFx | xPx [xTx
I 3 b " I 4

the BAB is on the left (and/or top) border of VOP, the borders outside VOP are set to zero vglue. The
upsanmpling filter shall not use pixel values outside of the curtent video packet.

g
S

Al
<

|‘

<

i‘

Figure 7-13 -- Upsampling
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7.5.2.5.4] Down-sampling process in inter case

Figure 7-14 -- Interpolation filter and interpolation construction

If bab_type is ‘5’ or ‘6’ (see Table 7-3), downsampling of the motion compensated bab is needed for calculating the
9 bit confext in the case that conv_ratigis not 1. The motion compensated bab of size 16x16 pixels is down sgmpled

to bab of|size 16/conv_ratio by 16/conv_ratio pixels by the following rules:

e conv| ratio==2

If the ajerage of pixel ‘values in 2 by 2 pixel block is equal to or greater than 127.5 the pixel value [of the

dowmsampled bab-is set to 255 otherwise it is set to 0.

e conv|_ratio==4

If the ajerage of pixel values in 4 by 4 pixel block is equal to or greater than 127.5 the pixel value [of the

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

136

Initialization which is performed prior to the decoding of the first symbol
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
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7.5.3.1 Registers, symbols and constants

Several registers, symbols and constants are defined to describe the arithmetic decoder.

e HALF: 32-bit fixed point constant equal to %2 (0x80000000)
e QUARTER: 32-bit fixed point constant equal to % (0x40000000)

e L:
e R:

32-bit fixed point register. Contains the lower bound of the interval
32-bit fixed point register. Contains the range of the interval.

1999(E)

« 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.
e pO0: 16-bit fixed point register. Probability of the ‘O’ symbol.

N Y

- 16-hit fixed point register. Probability of the *1° symbaol

e LA
e bif
o p|_
e L

7.5.3.2

In ord
O's. If
or mo
than M
readin

MAX_|
7.5.3.3
The Io
7.5.3.4

When
subclg
binary|

The |¢]

Y (0x8000), the ‘0’ symbol is considered to be the least probable.

S: boolean. Value of the least probable symbol (‘0 or ‘1’).

: boolean. Value of the decoded symbol.

PS: 16-bit fixed point register. Probability of the LPS.

PS: 32-bit fixed point register. Range corresponding to the LPS.

Bit stuffing

br to avoid start code emulation, 1's are stuffed into the bitstream whenever there are too many sy
the first MAX_HEADING bits are 0's, then a 1 is transmitted after the MAX_HEADING-th 0. If MAX]
e 0’s are sent successively a 1 is inserted after the MAX_MIDDLE-th 0. Mthe number of trailing 0's
IAX_TRAILING, then a 1 is appended to the stream. The decoder shallpraperly skip these inserted
g data into the V register (see subclauses 7.5.3.3 and 7.5.3.5).

HEADING equals 3, MAX_MIDDLE equals 10, and MAX_TRAILING equals 2.

Initialization

wer bound L is set to 0, the range R to HALF-0x1 (OxZfffffff) and the first 31 bits are read in register \.

| Decoding a symbol

ccessive
[MIDDLE

is larger
1's when

decoding a symbol, the probability pO of the ‘0’ symbol is provided according to the context conmputed in

use 7.5.2.5.1 and using Table B-32. p0O uses a 16-bit fixed-point number representation. Since the d
the probability of the ‘1’ symbol is defined to be 1 minus the probability of the ‘0’ symbol, i.e. p1 = 1-f

ast probable symbol LPS is defined as the symbol with the lowest probability. If both probabilities arg

The r

registg¢r R are multiplied by.the’16 bits of pLPS to obtain the 32 bit rLPS number.

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 interva
decoded symbol is €gual to LPS. Otherwise the decoded symbol is the opposite of LPS. The interval [L,L+F
reducgd to the sub-interval in which V lies.

After

normalization is carried out, as described below.

nge rLPS associated with/the LPS may simply be computed as R*pLPS: The 16 most significa

bcoder is
0.

equal to

Nt bits of

then the
R) is then

he new interval has been computed, the new range R might be smaller than QUARTER. If so, re-

7.5.3.5 Re-normalization

As lon

g as R is smaller than QUARTER, re-normalization is performed.

e If the interval [L,L+R) is within [0,HALF), the interval is scaled to [2L,2L+2R). V is scaled to 2V.
e If the interval [L,L+R) is within [HALF,1) the interval is scaled to [2(L-HALF),2(L-HALF)+2R). V is scaled to 2(V-

HALF).
e Otherwise the interval is scaled to [2(L-QUARTER),2(L-QUARTER)+2R). V is scaled to 2(V-QUARTER).

After each scaling, a bit is read and copied into the least significant bit of register V.

137


https://standardsiso.com/api/?name=42e96055e0a857137b291f45b0f3a2a3

ISO/IEC 14496-2:1999(E) © ISO/IEC
7.5.3.6 Termination

After the last symbol has been decoded, additional bits need to be “consumed”. They were introduced by the
encoder to guarantee decodability.

In general 3 further bits need to be read. However, in some cases, only two bits need to be read. These cases are
defined by:

- if the current interval covers entirely [QUARTER-0x1,HALF)
- if the current interval covers entirely [HALF-Ox1, 3QUARTER)

After these additional bits have been read, 32 bits shall be “unread”, i.e. put the content of register V back into the
bit buffer|

7.5.3.7 Ppoftware
The example software for arithmetic decoding for binary shape decoding is included in annex B.
7.5.4 Gjrayscale Shape Decoding

Grayscale alpha plane decoding is achieved by the separate decoding of a support-region and the values|of the
alpha chpnnel. The support region is transmitted by using the binary shape as describéd above. The alpha palues
are trangmitted as texture data with arbitrary shape, using almost the same ceding method as is used for the
luminange texture channel.

Gray-L evel
Alpha

R

Support Texture

Binary Texture Coder
Shape Coder

Figure 7-15 -- Grayscale shape coding

All samples which are indieated to be transparent by the binary shape data, must be set to zero in the dgcoded
grayscal¢ alpha plane,~Within the VOP, alpha samples have the values produced by the grayscale alpha defoding
process.|Decoding of. binary shape information is not dependent on the decoding of grayscale alpha. The| alpha
values afe decodéd)into 16x16 macroblocks in the same way as the luminance channel (see subclauses 7]4 and
7.6). The 16x16-blocks of alpha values are referred to as alpha macroblocks hereafter. The data for each| alpha
macroblgckAs{present in the bitstream immediately following the texture data for the corresponding fexture
macroblgck2Any aspect of alpha decoding that is not covered in this document should be assumed to be the] same
as for the decoding of luminance.

7.5.4.1 Grayscale Alpha 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 or
B 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.
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For macroblocks which are completely transparent (indicated by the binary shape coding), no alpha syntax elements
are present and the grayscale alpha samples must all be set to zero (transparent). If CODA="all opaque” (I, P or B
macroblocks) or CODA="not coded” (P or B macroblocks) then no more alpha data is present. Otherwise, other
alpha syntax elements follow, including the coded block pattern (cbpa), followed by alpha texture data for those 8x8
blocks which are coded and non-transparent, as is the case for regular luminance macroblock texture data.

When CODA="all opaque”, the corresponding decoded alpha macroblock is filled with a constant value of 255. This
value will be called AlphaOpaqueValue.

7.5.4.2 Alpha Plane Scale Factor

For both binary and grayscale shape. the VOP header syntax element “vop_constant_alpha” can be used to scale
the alpha plane. If this bit is equal to ‘1’, then each pixel in the decoded VOP is scaled before output, using
vop_cpnstant_alpha_value. The scaling formula is:

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 thé,Sealed values|are used
as the|source for motion compensation.

7.5.4.3 Gray Scale Quantiser

When|no_gray_quant_update is equal to “1”, the grayscale alpha quantiser is-fixed for all macroblocks to the value
indicated by vop_alpha_quant. Otherwise, the grayscale quantiser is reset at.€ach new macroblock to a Jalue that
depenids on the current texture quantiser (after any update by dquant). The yelation is:

current_alpha_quant = (current_texture_quant * vop_alphasguant) / vop_quant
The rgsulting value of current_alpha_quant must then be clipped_so that it never becomes less than 1.
7.5.4.4 Intra Macroblocks

When|the texture mb_type indicates an intra macrgblock in IVOPs or PVOPs, the grayscale alpha data is also
decoded using intra mode.

The irftra dc value is decoded in the same way as for luminance, using the same non-linear transform t¢ convert
from glpha_quant to DCScalarA. Howeyer, intra_dc_vic_thr is not used for alpha, and therefore AC coeffiecient
VLCs pre never used to code the differential intra dc coefficient.

DC prediction is used in the samé way as for luminance. However, when coda_i indicates that a macroblock is all
opaque, a synthetic intra dc valug' is created for each block in the current macroblock so that adjacent magroblocks
can cqrrectly obtain intra dc.prediction values. The synthetic intra dc value is given as:

BlockintraDC = (((AlphaOpaqueValue * 8) + (DcScalerA>>1)) / DcScalerA) * DcScalerA

AlphapDpaqueValue-is described in subclause 7.5.4.1.

The intra chpa VLC makes use of the inter cbpy VLC table, but the intra alpha block DCT coefficients are|decoded
in the pame manner as with luminance intra macroblocks.

7.5.4.5 Inter Macroblocks and Motion Compensation

Motion compensation is carried out for PYOPs and BVOPSs, using the 8x8 or 16x16 luminance motion vectors, in the
same way as for luminance data, except that regular motion compensation is used instead of OBMC. Forward,
backward, bidirectional and direct mode motion compensation are used for BVOPs. Where the luminance motion
vectors are not present because the texture macroblock is skipped, the exact same style of non-coded motion
compensation used for luminance is applied to the alpha data (but without OBMC). Note that this does not imply that
the alpha macroblock is skipped, because an error signal to update the resulting motion compensated alpha
macroblock may still be present if indicated by coda_pb. When the colocated PVOP texture macroblock is skipped
for BVOPs, then the alpha macroblock is assumed to be skipped with no syntax transmitted.
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cbpa and the alpha inter DCT coefficients are decoded in the same way as with luminance cbpy and inter DCT
cofficients

7.5.4.6 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
by the composition_method flag and the linear_composition flag. The linear_composition flag is informative only,
and the decoder may ignore it and proceed as if it had the value 0. However, it is normative that the
composition_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.

compos|tion_method=0 (cross-fading)

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 and
alpha values are:

Pyuv = ((2"-1 - Nalpha) * Myuv + (Nalpha * Nyuv ) ) / (2™-1)
Palpha = (2"-1)
compos|tion_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 and
alpha values are:

{Myav.. NN Nalpha =0
Pygv ={
{ (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)

Palpha = Nalpha + Malpha - (Nalpha*Malpha) / (2"-1)
where

BLACK is the comman)black value of foreground and background objects.

NOTE The compositor must‘eonvert foreground and background objects to the same black value and signall range
before composition. The hlack level of each video object is specified by the video_range bit in the video_signal_type
field, or iy the default valugTif the field is not present. (The RGB values of synthetic objects are specified in g range
from 0 tg 1, as described-in ISO/IEC 14496-1).

« linear_composition = 0: The compositing process is carried out using the video signal in the format from which it
is produced-by the video decoder, that is, without converting to linear signals. Note that because video signals
are ysually non- Ilnear ( gamma corrected "), the composmon will be approxrmate

e lineak—cg ion . g ;
decoder is converted to Ilnear |f |t was orlgrnally in a non- Ilnear form as specmed by the vrdeo srgnal type field.
Note that the alpha signal is always linear, and therefore requires no conversion.

7.6 Motion compensation decoding
In order to perform motion compensated prediction on a per VOP basis, a special padding technique, i.e. the
macroblock-based repetitive padding, is applied for the reference VOP. The details of these techniques are
described in the following subclauses.

Since a VOP may have arbitrary shape, and this shape can change from one instance to another, conventions are
necessary to ensure the consistency of the motion compensation process.
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The absolute (frame) coordinate system is used for referencing every VOP. At every given instance, a bounding
rectangle that includes the shape of that VOP, as described in subclause 7.5, is defined. The left and top corner, in
the absolute coordinates, of the bounding rectangle is decoded from VOP spatial reference. Thus, the motion vector
for a particular feature inside a VOP, e.g. a macroblock, refers to the displacement of the feature in absolute
coordinates. No alignment of VOP bounding rectangles at different time instances is performed.

In addition to the above 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 fef-prefiction of
arbitrarily shaped objects. Figure 7-16 shows a simplified diagram of this process.

N
Framestores
Predictions
fIVIIX]
d’ [yl[x]
s [yll¥l
s [YIIX]

Saturation

Horizontal Vertical

———» Repetitive Extended

Repetitive :
. ) Padding
Padding Padding
d X / / >

v

hor_pad [y][x] hv_pad [y][X]

Figure 7-16 -- Simplified padding process

A degoded macroblock d[y][x] is padded by referring to the corresponding decoded shape block s[y][x]. The
lumingnce component is padded per 16 x 16 samples, while the chrominance components are padded per 8 x 8
samples. A macrablock that lies on the VOP boundary (hereafter referred to as a boundary macroblock) i$ padded
by rejﬂicating the boundary samples of the VOP towards the exterior. This process is divided into horizontal

repetifve’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.

NOTE The padding process is applied to all macroblocks inside the bounding rectangle of a VOP. The bounding
rectangle of the luminance component is defined by vop_width and vop_height extended to multiple of 16, while that
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 boundary of a VOP is replicated horizontally to the left and/or right direction in order to fill the
transparent region outside the VOP of a boundary macroblock. If there are two boundary sample values for filling a
sample outside of a VOP, the two boundary samples are averaged (//2).

hor_pad[y][x] is generated by any process equivalent to the following example. For every line with at least one
shape sample s[y][x] == 1(inside the VOP) :
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for (x=0; x<N; x++) {

where X'
location

7.6.1.2

The rem

]

ifI(S[BE][X] == 1) { hor_pad[y][x] = dly][x]; s'yl[x] = 1; }
else
if (slylix]==1&&s[y][x]==1) {
hor_padly][x] = (d[y][x]+ dlY][X"])//2;
sylix] = 1,
Yelseif (s[y]ix]==1){
hor_pad[y][x] = dlyl[x]; s'y]lX] = 1;
Yelseif (s[y]x]==1){
} hor_pad[y][x] = dlyl[x"]; s'y]lX] = 1,

© ISO/IEC

(. )

is the location of the nearest valid sample (s[y][x] == 1) at the VOP boundary to the left-of the

Vertical repetitive padding

urrent

, X" is the location of the nearest boundary sample to the right, and N is the number of samples of alline in
a macroblock. s’[y][x] is initialized to 0.

hining unfilled transparent horizontal samples (where s’[y][x] == 0) from subclause 7.6.1.1 are padded by a

similar process as the horizontal repetitive padding but in the vertical direction:yThe samples already fijled in

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]

where y’
hv_pad,
macrobld

7.6.1.3

Exterior
of the b
7.6.1.1
macrobld

for (y=0; y<M; y++) {
if (s'Tyl[x] == 1)
hv_pad[y][x] =hor_pad[y][x];
else {
if (sTy]X] == 1 && s'y"][x] == 1)
hv_pad[y][x] = (hor_pad[y’][x] + het:pad[y"][x])//2;
elseif (sy][x]==1)
hv_pad[y][x] = hor_pad[y’][x};
elseif (S'y1[x]==1)
hv_pad[y][x] = hor_padfy’][X];

is the location of the nearest valid sample (s’[y’][x] == 1) above the current location y at the boung
y" is the location of the .nearest boundary sample below y, and M is the number of samples of a colun
ck.

Extended padding

macroblogks{immediately next to boundary macroblocks are filled by replicating the samples at the
undary-macroblocks. Note that the boundary macroblocks have been completely padded in sub
d subclause 7.6.1.2. If an exterior macroblock is next to more than one boundary macroblocks, ong
cks,is chosen, according to the following convention, for reference.

X

]:

ary of
nina

pborder
clause
of the

The boundary macroblocks surrounding an exterior macroblock are humbered in priority according to Figure 7-17.
The exterior macroblock is then padded by replicating upwards, downwards, leftwards, or rightwards the row of

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™*"="**"*_ For 8-
bit luminance component and associated chrominance this implies filling with 128.
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Boundary
macroblock 2

Boundary Exterior Boundary
macroblock 3 macroblock macroblock 1

1999(E)

Boundary
macroblock O

Figure 7-17 -- Priority of boundary macroblocks surrounding an exterior macroblock
7.6.1.4 Padding for chrominance components

inance components are padded according to subclauses 7.6.1.1 thfough 7.6.1.3 for each 8 x 8 b

bits_per_pixel-1

blockg are padded with 2 . Chrominance; components of interlaced VOP are padded according to §
, however, based on fields to enhancé-subjective quality of display in 4:2:0 format. The padding

horizontal followed by thé~yvertical repetitive padding, and can be simply regarded as the repetitive
performed on a 2x2 block except that the padded values are two dimensional vectors. A macroblock has
lumingnce blocks, let{MVx[i], MVy[i], i=0,1,2,3} and {Transp[i], i=0,1,2,3} be the vectors and the transpar
the fodir 8x8 blocks,.respectively, the vector padding is any process numerically equivalent to:

if {the macroblock is INTRA-coded, skipped ) {
M/X[0] = MVX[1] = MVX[2] = MVX[3] =0
MVyY[0] = MVy[1] = MVy[2] = MVy[3] =0

ock. The
sponding
cribed in

1.3. The
b outside
nsparent
ubclause
method

nsparent
y as the
padding
four 8x8
bncies of

}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]:MVyY[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]:MVy[2)]));

}
if(Transp[2] == TRANSPARENT) {
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MVx[2]=(Transp[3] != TRANSPARENT) ? MVX[3] :((Transp[0]!'=TRANSPARENT) ?
MVy[2]=(Transp[3] '= TRANSPARENT) ? MVy[3]:((Transp[0]!'=TRANSPARENT) ?

}

if(Transp[3] == TRANSPARENT) {

MVx[3]=(Transp[2] != TRANSPARENT) ? MVx[2] :((Transp[1]!'=TRANSPARENT) ?
MVy[3]=(Transp[2] '=TRANSPARENT) ? MVY[2]:((Transp[1]!=TRANSPARENT) ?

}

© ISO/IEC
MVx[0]:MVx[1]));
MVy[0]:MVy[1]));

MVx[1]:MVx[0]));
MVy[1]:MVy[0]));

Vector padding is only used in I and P-VOPs, it is applled on a macroblock directly after it is decoded The block
vectors gH G

mode de

7.6.2 Ha

Pixel val
in Figure
subclaus

763 G

To decoq
by using
the final
one. All
valid for
predictor

f
f

0d|ng
If sample interpolation

e interpolation for block matching when rounding is used corresponds to bilinear interpelation as d¢
7-18. The value of rounding_control is defined using the vop_rounding_type bit in the’ VOP heade
e 6.3.5). Note that the samples outside the padded region cannot be used for interpofation.

A B
a@ b@ + + Integer pixel position

cO 4O () Half pixel position

C, D,

>

(A + B + 1 - rounding_control)’/ 2
(A + C + 1 - rounding_gcontrol) / 2,
(A+B+C+D+2-rounding_control) / 4

o0 ol

Figure 7-18 -- Interpolation scheme for half sample search

bneral motion vector decoding process

e a motion vector (MVx, MVy), the.differential motion vector (MVDx, MVDy) is extracted from the bit
the variable length decoding. Then it is added to a motion vector predictor (Px, Py) component wise t
motion vector. The general motion vector decoding process is any process that is equivalent to the fo
Calculations are carried oUt,in halfpel units in the following. This process is generic in the sense th
the motion vector decoding in interlaced/progressive P- and B-VOPs except that the generation
(Px, Py) may be different.

| size = vop_fcode - 1
=1<<r_size

high = (32¥f) -

bw = ((-32) * f);

direct

picted
r (see

btream
p form
lowing
at it is
of the

rIange:(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 = - MVDx;

if ((f ==1) || (vertical_mv_data ==0))
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The p
MVDx
MVXx &
on the)

The v

remaimder of this part of ISO/IEC 14496. The parameters horizontal mv_data, vertical |

horizo

The variable vop_fcode refers either to the parameter vop_fcode_forward or to the parameter vop_fcode

which
predic
may a

else {
MVDy = ( ( Abs(vertical_mv_data) - 1) * f) + vertical_mv_residual + 1;
if (vertical_mv_data < 0)
MVDy = - MVDy;

MVxX = Px + MVDX;
if (MVx < low)

MVx = MVx + range;
if (MVx > high)

M\ =DMN\Ly ronoo:

1999(E)

L
VIV AN TVIVA TarmTgTy

MVy = Py + MVDy;
if (MVy <low)

MVy = MVy + range,;
if (MVy > high)

MVy = MVy - range;

hrameters in the bitstream shall be such that the components of the reconstructéed differential motig
and MVDy, shall lie in the range [low:high]. In addition the components of\thé reconstructed motig
nd MVy, shall also lie in the range [low : high]. The allowed range [low ; high] for the motion vectors
parameter vop_fcode; it is shown in Table 7-5.

briables r_size, f, MVDx, MVDy, high , low and range are temporary variables that are not usg
htal_mv_residual and vertical_mv_residual are parameters.recovered from the bitstream.

have been recovered from the bitstream, dependingn the respective prediction mode. In the case
lion only forward prediciton applies. In the case af,B-VOP prediction, forward as well as backward f

pply.

Table 745 == Range for motion vectors

vop_fcode forward motion vector range in
or halfsample units
vop_feede_backward [low:high]

[-32,31]

[-64,63]

[-128,127]

[-512,511]

[-1024,1023]

n vector,
n vector,
depends

bd in the
mv_data,

ackward
f P-VOP
rediction

If the current macroblock is a field motion compensated macroblock, then the same

1
vi
3
4 [-256,255]
5
6
7

[-2048,2047]

prediction motion vector (Px,

Py) is used for both field motion vectors. Because the vertical component of a field motion vector is integral, the
vertical differential motion vector encoded in the bitstream is

MVy = MVDy,,, + PY / 2
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7.6.4 Unrestricted motion compensation

Motion vectors are allowed to point outside the decoded area of a reference VOP when (and only when) the short
video header format is not in use (i.e., when short_video_header is 0). For an arbitrary shape VOP, the decoded
area refers to the area within the bounding rectangle, padded as described in subclause 7.6.1. A bounding
rectangle is defined by vop_width and vop_height extended to multiple of 16. When a sample referenced by a
motion vector stays outside the decoded VOP area, an edge sample is used. This edge sample is retrieved by
limiting the motion vector to the last full pel position inside the decoded VOP area. Limitation of a motion vector is
performed on a sample basis and separately for each component of the motion vector, as depicted in Figure 7-19.

——P»x

_.— Reference VOP
v (vhmesr,vwvmcsr) .
y St ——- .

[
)s\(xref,yref) : //Gurrent VOP
- \< (xcurr,ycurr)

|
|
|
} ,
ydim <1 )
|
|
|
|

~—

xdim

Figure 7-19 -- Unrestricted motion compensation

The coondinates of a reference sample in the reference VOR;(yref, xref) is determined as follows :
xref = MIN ( MAX (xcurr+dx, vhmcsr)y Xdim+vhmcsr-1)
yref = MIN ( MAX (ycurr+dy, vwmcsr), ydim+vvmcsr-1)

where viimcsr = vop_horizontal_mc_spatial-reference, vwmcsr = vop_vertical_mc_spatial_reference, (ycurr,|xcurr)
are the goordinates of a sample in the current VOP, (yref, xref) are the coordinates of a sample in the refgrence
VOP, (dy, dx) is the motion vector, and‘(ydim, xdim) are the dimensions of the bounding rectangle of the reference
VOP. All[coordinates are related to the“absolute coordinate system shown in Figure 7-19. Note that for rectjngular
VOP, a feference VOP is defined by video object layer width and video_object_layer height. For an atbitrary
shape VPP, a reference VOP(of) luminance is defined by vop_width and vop_height extended to multiple|of 16,
while thalt of chrominance is«d€fined by (vop_width>>1) and (vop_height>>1) extended to multiple of 8.

7.6.5 Vector decoding pfrocessing and motion-compensation in progressive P-VOP

An inter{coded macroblock comprises either one motion vector for the complete macroblock or K ( 1< |K<=4)
motion vectors, ‘ane for each non-transparent 8x8 pel blocks forming the 16x16 pel macroblock, as is indicated by
the mcbpc cede.

For decoding a motion vector, the horizontal and vertical motion vector components are decoded differentially by
using a prediction, which is formed by a median filtering of three vector candidate predictors (MV1, MV2, MV3) from
the spatial neighbourhood macroblocks or blocks already decoded. 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 case in Figure 7-20 is applied. When the short video header format is in use (i.e., when
short_video_header is "1"), only one motion vector shall be present for a macroblock.
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MV2 MV3 MVZ2 | MV3
MV1 MV MV 1 MV

MV2 | MV3 MVZ2 | MV3
MV1 MV MV 1 MV

Figure 7-20 -- Definition of the candidate predictors MV1, MV2 and MV/3 for each of the luminance bjocks in
a macroblock

The fdllowing four decision rules are applied to obtain the value of the\three candidate predictors:

1. If g candidate predictor MVi is in a transparent spatial neighbourhood macroblock or in a transparent blgck of
the current macroblock it is not valid, otherwise, it is set to,the corresponding block vector.

2. If pne and only one candidate predictor is not valid, it is\set to zero.

3. If fwo 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 fhat 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 aboye sense.
The median value of the three candidates for the same component is computed as predictor, denoted by Py and Py:

Px = Median(MV1x, MV 2x, MV 3x)
Py = Median(MV1y, MV 2y, MV 3y)

For ingtance, if MV1=(-2,3);7)MV2=(1,5) and MV3=(-1,7), then Px = -1 and Py = 5. The final motion vectqr is then
obtained by using the general decoding process defined in the subclause 7.6.3.

If four|vectors arerused, each of the motion vectors is used for all pixels in one of the four luminance blogks in the
macroplock. Thie numbering of the motion vectors is equivalent to the numbering of the four luminance blocks as
given |n Figure 6-5. Motion vector MVDcHR for both chrominance blocks is derived by calculating the sunj of the K
lumingnce vectors, that corresponds to K 8x8 blocks that do not lie outside the VOP shape and dividing this sum by
2*K; the-eomponent values of the resulting sixteenth/twelfth/eighth/fourth sample resolution vectors are|modified
towards the nearest half sample position as indicated below.

Table 7-6 -- Modification of sixteenth sample resolution chrominance vector components

sixteenth pixel position | 0|1 (2| 3|4 |5|6|7|8|9|10|11(12|13|14|15| //16

resulting position ofo|jof2(2|2|2|2)j2)1|j1(2f(2]1)2{|2 112

147


https://standardsiso.com/api/?name=42e96055e0a857137b291f45b0f3a2a3

ISO/IEC 14496-2:1999(E)

Table 7-7 -- Modification of twelfth sample resolution chrominance vector components

twelfth pixel position 0|12 (2 |3 |4 |5 (6 |7 |8 ]9 |10 |11 |/12

resulting position 0|0 |0 (2 (2 |2 |1 |1 (1 |1 ]2 2 12

Table 7-8 -- Modification of eighth sample resolution chrominance vector components

eighth pixel position 0O |1 (2 |3 |4 |5 1|6 |7 ]/8

resulting position 0 0 1 1 1 1 1 2 [[2

© ISO/IEC

Table 7-9 -- Modification of fourth sample resolution chrominance vector components

fourth pixel position 0 |1 (2 |3 |/4

resulting position O |2 (212 [1 ]/

Half sanmple values are found using bilinear interpolation as described in subelause 7.6.2. The predict

luminand

obmc_di
in the tw

76.6 O

This sub
obmc_di

Each pix
rounding

sable==0. The prediction for chrominance is obtained by applying the 'motion vector MVDCHR to all
b chrominance blocks.
erlapped motion compensation

sable=0.

). In order to obtain the three prediction values, three motion vectors are used: the motion vector

current lyminance block, and two out of four "remote"” vectors:

e the

e the

motion vector of the block at the left or right side of the current luminance block;

motion vector of the block abave 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 meal
for the upper half of the block-the/motion vector corresponding to the block above the current block is used, w

the lowe

half of the block the.motion vector corresponding to the block below the current block is used. Similg

the left Half of the blockthe” motion vector corresponding to the block at the left side of the current block is

while for
is used.

the right half‘ef<the block the motion vector corresponding to the block at the right side of the curren

on for

e is obtained by overlapped motion compensation as described in” subclause 7.6.6 if indicated by

pixels

clause specifies the overlapped motion compensatioR’process. This process is performed when the flag

el in an 8*8 luminance prediction block is a weighted sum of three prediction values, divided by § (with

of the

ns that
nile for
rly, for
used,
| block

The crealtion of{each pixel, E)(I ,]), in an 8*8 luminance prediction block is governed by the following equation
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p(i,j) = (q(i, J) x Ho (i, )+ r(i,J) x Hy(i,]) + (i, )) x H,(i,]) + 4) 1 /8,
where (i, ), r(i,j), and (i, ]) are the pixels from the referenced picture as defined by
q(i, j) = pli + MV, j + MV;),
r(i,j)=pi+MV},j+ nyl),
S(i,j) = pi + MVZ, j + MV).

Here, [(MV,’, MV\/) denotes the motion vector for the current block, (MV,, MV,') denotes the motion |vector of

the blpck either above or below, and (MV?, nyz) denotes the motion vector either to the left Oy right of the
current block as defined above.

The matrices H,(i, }),H,(i,]) and H,(i,]) are defined in Figure 7-21, Figure 7-22, and Rigure 7-23, where (i, ])
denotegs the column and row, respectively, of the matrix.

If one [of the surrounding blocks was not coded, the corresponding remote motion.€gtor is set to zero. If gne of the
surroynding blocks was coded in intra mode, the corresponding remote motionyvector is replaced by the motion
vector|for the current block. If the current block is at the border of the VOP and)therefore a surrounding blgck is not
presenmt, the corresponding remote motion vector is replaced by the current motion vector. In addition, if the current
block is at the bottom of the macroblock, the remote motion vector correspending with an 8*8 luminance blgck in the
macroplock below the current macroblock is replaced by the motion vector for the current block.

g |o1T | O[O0 ]|O0O | O |On O

EE 2 Rl IS 2 N & 2 R & 2 B @ 2 B 6 2 ) I~
gl |l |or|or| oo
g |lo|o (oo | o | oo
gag|jo|o (oo "o oo
agjo oo |o | o | oo
gg|jo|jo (oo |or| OO
=N 2 B 2 I & 2 N & 2 B @ 2 I 6 2 ) I~

Figure 7-21 -- Weighting values, H,, for prediction with motion vector of current luminance blgck

2121212 |2]|2]2 2
1112|2221 1
1]1]1]1]1]11]1 1
1111111 1
17111111 1
17111111 1
111122221 1
2121212222 2

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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The tempporal prediction structure is depicted in Figure 7-24.

7.6.8 Vector decoding process of non-scalable progressive B-VOPs

In B-VO
vector fo

(OO ISR O I OO (OB B OO OO I O
N ESHI SRS SR N EES
Pl ]|R
Rl ]|R
Pl ]|R
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(OO I ORI O I OO (Y OB Y OO OO I O

7-23 -- Weighting values, H,, for prediction with motion vectors of the luminance-blocks to th
or right of current luminance block

mporal prediction structure

forward reference VOP is defined as a most recently decoded I- orP-VOP in\the past for which
op_coded==1". A backward reference VOP is defined as the most recently decoded I- or P-VOP in th
ture, regardless of its value for "vop_coded".
target P-VOP shall make reference to the forward reference VOP
target B-VOP can make reference
to the forward and/or the backward reference VOP, if for the backward reference VOP "vop_code
only to the forward reference VOP, if for the backward reférence VOP "vop_coded==0"
ote that for the reference VOP selection of binary shapeccoding the rules stated in subclause 7.5.2.4
b applied
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Figure 7-24 -- Temporal Prediction Structure

Ps there are three kinds of vectors, namely, 16x16 forward vector, 16x16 backward vector and th¢
I the direct mode. The vectors are decoded with respect to the corresponding vector predictors. The

b |eft

e

H==1"

shall

p delta
basic

decoding

Process or a differentiat vector 15 the exXacClly same as defined im P-VOPS except tnat 1or tne delta v

ctor of

the direct mode the f_code is always one. The vector is then reconstructed by adding the decoded differential vector
to the corresponding vector predictor. The vector predictor for the delta vector is always set to zero, while the
forward and backward vectors have their own vector predictors, which are reset to zero only at the beginning of
each macroblock row. The vector predictors are updated in the following three cases:

- after decoding a macroblock of forward mode only the forward predictor is set to the decoded forward vector
- after decoding a macroblock of backward mode only the backward predictor is set to the decoded backward

vector.
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).

 after
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7.6.9 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
reference VOPs as defined below. Arbitrarily shaped reference VOPs shall be padded accordingly.

7.6.9.1 Basic motion compensation procedure

All of 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.

The gomponent_width() and component_height() function give the coded VOP dimensions forJthg current
compgnent. For luminance, component_width() is video_object_layer_width for a rectangular VOP~or viop_width
otherwise rounded up to the next multiple of 16. The luminance component_height() is defineéd similarly. The
chromjnance dimensions are one half of the corresponding luminance dimension.
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clip_ref(ref, x, vy)
{

return(ref [ M N(MAX(x, 0),
[ M N(MAX(y, 0),

conponent_wi dth(ref) - 1)]
conponent _hei ght (ref) - 1)1);

© ISO/IEC

}
nc(pred, /* prediction block */
ref, /* reference conmponent */
X, VY, /* ref block coords for Mv=(0, 0) */
wi dt h, hei ght, I * reference bl ock dinensions */
dx_hal f pel , dy_hal f pel , /* hal f-pel resolution notion vector */
roundi ng, /* rounding control (0 or 1) */
pred_yO0, /* field offset in pred blk (0 or 1) */
ref [y0, [ 1treld offset 1nret blk (0O or 1) */
y_incr) /* vertical increment (1 or 2) */
{
dx [= dx_hal fpel >> 1
dy|= y_incr * (dy_halfpel >> vy incr);
if|(dy_bhalfpel & 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;
yref =y +dy +iy + ref_y0
pred[ix][iy + pred_y0] =
(clip_ref(ref, x ref + 0, y ref + QD+
clip_ref(ref, x ref + 1, y ref +0) +
clip_ref(ref, x ref + 0, y ref ¥y incr) +
clip_ref(ref, x ref + 1, y refs + y_ incr) +
2 - rounding) >> 2;
}
} else {
for (iy = 0; iy < height; iy += y{incr) {
for (ix =0; ix <width; ix%+) {
X ref = x + dx + ix;
yref =y +dy +iy~tref_y0
pred[ix][iy + pred_y0] =
(clip_ref(ref,”x_ref, y_ref + 0) +
clip_ref(ref, x_ref, y ref + vy incr) +
1 - rounding) >> 1;
}
}
} else {
i f (dx_hal fpel &)1) {
for (iy =C0; iy < height; iy += y_incr) {
forCEx = 0; ix < width; ix++) {
X ref = x + dx + ix;
yref =y +dy +iy + ref_y0
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) {
for (ix =0; ix <wdth; ix++) {
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
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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

chrom

where
compd
7.6.9.
7.6.9.1

Only t

generated from the backward reference VOP, ref_Y_back for luminance component and ref U_b

ref V|

where
compd

7.6.9.4

Both the forward vector (MVFx,MVFy) and the-backward vector (MVBx,MVBY) are applied in this m

predic
forwar

inance 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);

mr‘(Df N ref \/ for x/2. \J//’), 8 8 MVEx chrg I\/I\/lIy chro 0 Q. 0’1);

(MVFx_chro, MVFy_chro) is motion vector derived from the luminance motion vector by~divid
nent by 2 then rounding on a basis of Table 7-9. Here (and hereafter) the function MC is defined'in g
Backward mode
ne backward vector (MVBXx,MVBY) is applied in this mode. The prediction blocks Pb_Y, Pb_U, and
back for chrominance components, as follows:
mc(Pb_Y, ref_Y_back, x, y, 16, 16, MVBX, MVBY, 0, 0, 0, 1);
mc(Pb_U, ref_U_back, x/2, y/2, 8, 8, MVBx_chro, MVBy_chre; .0, 0, 0,1);
mc(Pb_V, ref_V_back, x/2, y/2, 8, 8, MVBx_chro, MVBy-«ehro, 0, 0, 0,1);

(MVBx_chro, MVBYy_chro) is motion vector derived”from the luminance motion vector by divid
nent by 2 then rounding on a basis of Table 7-9.

| Bi-directional mode

lion blocks Pi_Y, Pi_U, and Pi_V are generated from the forward and backward reference VOPs by
d prediction, the backward prediction,;and then averaging both predictions pixel by pixel 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);

mc(Pb_Y, tef Y _back, x, y, 16, 16, MVBX, MVBY, 0, 0, 0, 1);

mc(PbiU), ref_U_back, x/2, y/2, 8, 8, MVBx_chro, MVBy_chro, 0, 0, 0,1);

me(Pb_V, ref_V_back, x/2, y/2, 8, 8, MVBx_chro, MVBy_chro, 0, 0, 0,1);

ng each
ubclause

Pb_V are
ack and

ng each

bde. The
joing the

PLYI = (PT_YTI0] + Pb_YTI0l + D)>>1, 1j=0,1,2...15;
Pi_UI[il] = (Pf_UI[il[] + Pb_UIilli] + 1)>>1; ij=0,1,2...8;
Pi_V[illi] = (Pf_VIil[i] + Pb_Villi] + 1)>>1; ij=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- or P-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.

7.6.9.5.1 Formation of motion vectors for the direct mode

The direct mode utilises the motion vectors (MVs) of the co-located macroblock in the most recently decoded I- or P-
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 MV vectors are the block vectors of the co-located macroblock after
applying [the vector padding defined in subclause 7.6.1.6. If the co-located macroblock is transparent and-thus the
MVs are|not available, the direct mode is still enabled by setting MV vectors to zero vectors.

7.6.9.5.2| Calculation of vectors

MVE = MV/3 + MVp —\\ /\

) / ~MVp = -(2MV)/3 if MV is z€70
//( MVpB = MVE-MV if MVpis nonzero
K

MV Note: MVp is the delta’vector given by MVDB

Figure 7-25 -- Direct Bi-diregtional Prediction
Figure 7125 shows scaling of motion vectors. The calculation of forward and backward motion vectors involves
linear sgaling of the collocated block in temporally next' |- or P-VOP, followed by correction by a delta [vector
(MVDx,MVDy). The forward and the backward motion-vectors are {(MVFx[i], MVFy[i]), (MVBX[i],MVBYyT[i]), i = 01,2,3}
and are given in half sample units as follows.

MVEX[i] = (TRB x MVX[i]) / TRD + MVDx

MVBX[i] = (MVDx==0)? ((TRB_.-TRD) x MVx[i]) / TRD : MVFx[i] - MVXx]i]
MVFy[il = (TRB x MVy[i)){ TRD + MVDy

MVBY[i] = (MVDy==0)2((TRB - TRD) x MVy][i]) / TRD : MVFy[i] - MVy[i]
i=0,1,2,3.

where {(MVX[i],M¥y]i]), i = 0,1,2,3} are the MV vectors of the co-located macroblock, TRD is the differehce in
temporal| reference of the B-VOP and the previous reference VOP. TRD is the difference in temporal refergnce of
the tempprally next reference VOP with temporally previous reference VOP, assuming B-VOPs 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
{(MVFEX[i],MVFyIi]), (MVBX[i], MVBYIi]), i = 0,1,2,3} to obtain appropriate blocks from reference VOPs and averaging
these blocks, same as the case of bi-directional mode except that motion compensation is performed on 8x8 blocks.

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. The backward motion vector (MVBx_chro, MVBYy_chro) is
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derived in the same way. The rest 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 is
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.

7.7 Interlaced video 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 (subclausg¢ 6.3.6.3)
specifies the method to decode bitstream of interlaced VOP.

7.7.1 |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 blpbck consists of data from one field as being shown in Figure 6-7. DC and optional’AC (see “ac_pied_flag”)
predicfion 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
lumingnce blocks will be inverse permuted back to (frame) macroblock. Chrominance (block) data are nof effected
by dct| type flag.

Top field blocks

Field-Coded

e Macroblock

Bottom field
blocks

Figure<£=26 -- Previous neighboring blocks used in DC/AC prediction for interlaced intra blocKs.
7.7.2 |Mation compensation

For non-intra macroblocks in P- and B-VOPs, motion vectors are extracted syntactically following subclause 6.2.6
“Macroblock”. The motion vector decoding is performed separately on the horizontal and vertical components.

7.7.2.1 Motion vector decoding in P-VOP

For each component of motion vector in P-VOPs, the median value of the candidate predictor vectors for the same
component is computed and add to corresponding component of the motion vector difference obtained from the
bitstream. To decode the motion vectors in a P-VOP, the decoder shall first extract the differential motion vectors
((MVDx,,,MVDy,,) and (MVDx,,,MVDy,,) for top and bottom fields of a field 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 of three spatial
neighborhood decoded macroblocks or blocks as follows.
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CASE 1:

If the current macroblock is a field predicted macroblock and none of the coded spatial neighborhood macroblocks is
a field predicted macroblock, then candidate predictor vectors MV1, MV2, and MV3 are defined by Figure 7-27. If
the candidate block i is not in four MV motion (8x8) mode, MVi represents the motion vector for the macroblock. If
the candidate block i is in four MV motion (8x8) mode, the 8x8 block motion vector closest to the upper left block of
the current MB is used. The predictors for the horizontal and vertical components are then computed by

P. = Median(MV1x, MV 2x, MV3x)
P, = Median(MV1y, MV2y, MV3y).

For diffelential motion vectors both fields use the same predictor and motion vectors are recovered by

MVX,, = MVDX;,, + P,
MVy,, =2~ (MVDyfl + (Py 12))
MVX,, = MVDX,, + P,
MVy,, =2* (MVDy,, + (R, / 2))

where “/is integer division with truncation toward 0. Note that all motion vectors deseribed above are specified as
integers with one LSB representing a half-pel displacement. The vertical compenent of field motion vectors rlways
i

even (in|half-pel frame coordinates). Vertical half-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 MVYy,[ is an

multiple ¢f 4 (it is a full pel value).

MV 2 MV3
: o MV
| MV,

. : 16
— 8 or MV,
................................... v

16

Figure 7-27 -- Example of motion vector prediction for field predicted macroblocks (Casel)
CASE 2:

If the current macroblock or block is frame predicted macroblock or block and if at least one of the coded spatial
neighborhood macroblocks is a field predicted macroblock, then the candidate predictor vector for each field
predicted macroblock will be generated by averaging two field motion vectors such that all fractional pel offsets are
mapped into the half-pel displacement. Each component ( P, or B,) of the final predictor vector is the median value

of the candidate predictor vectors for the same component. The motion vector is recovered by
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MVx = MVDX + P,
MVy = MVDy + P,

where

P, = Median( MV1x, Div2Round(MVx,, + MVx,,), MV3x),

P = Median( MV1y, Div2ZRound(MVy,, + MVy,,), MV3y),

Div2Round(x) is defined as follows: Div2Round(x) = (x >> 1) | (x & 1).

ISO/IEC 14496-2:1999(E)

CASE|3:

Assunpe that the current macroblock is a field predicted macroblock and at least one of the code)
neighlorhood macroblocks is_a‘field predicted macroblock. If the candidate block i is field predicted, the g

afield predicted
MB Div2Round(
MV 2f1 +MV 2f2)
MV3
___________ T -
MV1 MV
8
"""""" l 16
4— g
................................... —
16

Figure 7-28 -- Example of motion.vector prediction for field predicted macroblocks (Case 2)

d spatial
andidate

predictor vector MVi will be 'generated by averaging two field motion vectors such that all fractional pel offsets are

mapped into the half-pel-displacement as discribed in CASE 2. If the candidate block i is neither in four M
(8x8) Imode nor in field-prediction mode, MVi represents the frame motion vector for the macrobloch.
candidate block i isdn<four MV motion (8x8) mode, the 8x8 block motion vector closest to the upper left blg
current MB is used.~The predictors for the horizontal and vertical components are then computed by

P, = Median(MV1y, MV 2y, MV 3y)

P, =Median(MV1x, MV2x, MV3x)

\V motion
If the
ck of the

where

MVi x = Div2ZRound(MVX,, + MVX,,),
MVi y = Div2Round(MVy,, + MVy,,),

for someiin {1,2,3}.

For differential motion vectors both fields use the same predictor and motion vectors are recovered by (see both

Figure 7-27 and Figure 7-28)
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MVX,, = MVDx,, + P,
MVy,, =2* (MVDyfl + (Py 12))
MVX;, = MVDx,, + P,
MVy,, =2* (MVDy,, + (P, / 2))

The motion compensated prediction macroblock is calculated calling the “field_compensate_one_reference” using
the motion vectors calculated above. 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_fgotion_conpensate_one_reference(
Iu%ﬁ_pred, cb_pred, cr_pred, /* Prediction conponent pel array */
lufa_ref, cb_ref, cr_ref, /* Reference VOP pel arrays */
nv]top_x, mv_top_y, /* top field notion vector */
nv|bot _x, mv_bot vy, /* bottomfield nmotion vector */
top_ field ref, /* top field reference */
botit om fi el d ref, /* bottomfield reference */
X, |y, /* current |uma macrobl ock coords) */
romndlng type) /* rounding type */

{

nc(l uma_pred, luma_ref, x, y, 16, 16, mv_top_x, m/_top ¥,
roundi ng_type, O, top_field_ref, 2);

nc(l uma_pred, luma_ref, x, y, 16, 16, mv_bot_x, m/_bot" y,
roundi ng_type, 1, bottomfield ref, 2);

nc(cb_pred, cb ref, x/2, y/2, 8, 8,

Di v2Round(mv_top_x), Di v2Round(nmv_top_y),

roundi ng_type, O, top_field_ref, 2);

mc(cr _pred, cr_ref, x/2, y/2, 8, 8,

Di v2Round(mv_t op_x), Di v2Round(nmv_top~Y),

roundi ng_type, O, top_field_ref, 2);

nmc(cb_pred, cb ref, x/2, y/2, 8, 8,

Di v2Round( mv_bot _x), Di v2Round( mx<bot _y),

roundi ng_type, O, top_field_ref,2);

nc(cr_pred, cr_ref, x/2, y/2, 8, 8

Di v2Round( mv_bot _x), Di v2Round(mv_bot _vy),

roundi ng_type, 0, top_fiehdref, 2);

In the calse that obmc_disable is “9"the OBMC is not applied if the current MB is field-predicted. If the currgnt MB
is frame-{predicted (including 8x8 mode) and some adjacent MBs are field-predicted, the motion vectors ofl those
field-predicted MBs for OBMC-are computed in the same manner as the candidate predictor vectors fof field-
predicted MBs are.

7.7.2.2 Motion vector’decoding in B-VOP

For inteflaced B-VOPs, a macroblock can be coded using (1) direct coding, (2) 16x16 motion comperjsation
(includeq forward; backward & bidirectional modes), or (3) field motion compensation (includes forward, backyard &
bidirectignal modes). Motion vector in half sample accuracy will be employed for a 16x16 macroblock belng coded.
Chrominanee able 7-9
(i.e. by applying D|v2Round to the luminance motion vectors) These coding modes except direct codlng 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:

Table 7-10 -- Prediction motion vector allocation for interlaced P-VOPs

Function PMV

Top field forward 0
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Bottom field forward 1
Top field backward 2
Bottom field backward 3

These PMVs are used as follows for the different macroblock prediction modes:

ISO/IEC 14496-2:1999(E)

Table 7-11 -- Prediction motion vectors for interlaced B-VOP decoding

The P

When
to the
are no

The fn
modes
above|

Meacrobloektrode Piistsed Piispeated

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

t zeroed by skipped macroblocks or direct mode maeroblocks.

MVs used by a macroblock are set to the value of current macroblock motion vectors after being used.

a frame macroblock is decoded, the two field PMVs (top<and bottom field) for each prediction directign are set
same frame value. The PMVs are reset to zero at thédeginning of each row of macroblocks. The gredictors

ame based motion compensation modes are described in subclause 7.6. The field motion compensation
are calculated using the “field_motionceompensate_one_reference()” pseudo code function described
The field forward mode is denoted by, mb’_type == “0001” and field_prediction == “1". The PMV ugddate and

calculation of the motion compensated prediction is shown below. The luma_fwd_ref VOPI][], cb_fwd_refl VOPI][],

cr_fwg
cornet
differe

_ref_VOPI][] denote the entire forward (past) anchor VOP pixel arrays. The coordinates of the upper left
of the luminance macroblock is_given by (x, y) and MVDI[].x and MVD][].y denote an array of the motipn vector

A
A
A
A
f

hces in the order they occur-inthe bitstream for the current macroblock.
PMV[ 0] . x = PWJ[ O]~ .+ MWD[O0]. Xx;
PMW[O0].y =2 * (PW[O].y / 2 + WD[O0].y);
PMW[ 1] . x = PMLF. x + WD[ 1] . x;
PM[1].y = 2¥APW[1].y /| 2 + WD[1].Yy);
i el d_notien>conmpensate_one_reference(
| ume_pred, cb_pred, cr_pred,
lume_f'wd_ref VOP, cb_fwd _ref VOP, cr_fwd_ref VOP,

PW*0] . x, PW[O0].y, PW[1].x, PW[1].Yy,
forward_top _field_reference,
forward _bottomfield reference,

oy -
o)

Vi AL
Ny Y

The field backward mode is denoted by mb_type == “001” and field_prediction ==

“17.

The PMV update and

prediction calculation is outlined the following pseudo code. The luma_bak_ref VOP[][], cb_bak_ref VOPI][,
cr_bak_ref VOPI][] denote the entire backward (future) anchor VOP pixel arrays.

PW[2].x = PW[2].x + WD[O0].X;

PW[2].y =2 * (PW[2].y /| 2 + WD[O0].Yy);

PW[3].x = PMW[1].x + WD[1].X;

PW[3].y =2 * (PW[3].y /] 2 + WD[1].Yy);

field_notion_conpensate_one_reference(
luma_pred, cb_pred, cr_pred,
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[ unma_bak ref VOP, cb_bak ref VOP, cr_bak _ref VOP,
PW[2].x, PWI[2].y, PW[3].x, PWI[3].vy,

backward top_fiel d_reference,

backward bottom fi el d 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:

(mv = 0; nv < 4; nmv++) {

PM/[ rrv] X PW[ mv].x + WD mv]. X;
DAA Lo T3 L DM o]l ke L (o) W, Wi - | AY
IIVIVlIIIIJ y ~ \I IVIVlIIIIJ y T ~ IVIVIJl IIIJ y},

field_notion_conpensate_one_reference(
| uma_pred_fwd, cb_pred_fwd, cr_pred_fwd,
luma_fwd _ref VOP, cb_fwd ref _VOP, cr_fwd_ref VOP,
PW[O].x, PW[O].y, PW[1].x, PW[1].y,
forward top_field_ reference,
forward_bottom field_reference,
X, y, 0);
field_notion_conpensate_one_reference(
| uma_pred_bak, cb_pred_bak, cr_pred_bak,
| uma_bak ref VOP, cb _bak ref VOP, cr_bak ref VOP,
PW[2].x, PW[2].y, PW[3].x, PWI[3].vy,
backward top_fiel d_reference,
backward bottom fi el d reference,
X, y, 0);
fol (iy =0; iy < 16; iy++) {
for (ix =0; ix < 16; ix++) {
lume_pred[ix][iy] = (luma_pred_fwd[ix}{fiy] +
luma_pred_bak[ix][iy] + 1) >> 1;

}
}
fol (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][iy] = (cr_pried_fwd[ix][iy] +
cropred_bak[ix][iy] + 1) >> 1;
}
}

The direft mode prediction cahbe either progressive (see subclause 7.6.9.5) or interlaced as described pelow.
Interlacefl direct mode is used’when ever the co-located macroblock (macroblock with the same coordinates)| of the
future arjchor VOP has field) predition flag is “1”. Note that if the future macroblock is skipped, or intra, thg direct
mode prediction is pragressive. Otherwise, interlaced direct mode prediction is used.

Interlacefl direct coding mode is an extension of progressive direct coding mode. Four derived field motion Jectors
are calclatedfrom 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). MV[i] 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. MVDI[0] is decoded assuming f_code == 1 regardless 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:O;i<2;i++){
mvfl[i]l.x = (TRB[I] MV[i]l.x) / TRO[i] + WD O0].x;
mi[i].y = (TRB[i] * MJi]. y) [ TROi] + WD[O].y;
nvb[i].x = (WD[i].
(((TRB[i] - TRD[I]) 'W[I]-X) [ TRYi])
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mf[i].x - M[i].Xx);

mob[i].y = (WD[i].y == 0) ? .
(((TRB[I] - TRO{i]) * Mi].y) / TROi])
nvili].y - MW[i].y);

field_notion_conmpensate_one_reference(
luma_pred_fwd, cb_pred fwd, cr_pred_fwd,
luma_fwd ref VOP, cb fwd ref VOP, cr_fwd ref VOP,
mvf[O0].x, nmvf[O].y, mvf[1].x, mvf[1].Yy,
colocated _future_nb top field_ reference,
col ocated future nb bottomfield reference,
X, y, 0);
field_notion_conmpensate_one_reference(
| uma_pred_bak, cb_pred_bak, cr_pred_bak,
ume_bak _ref_VOP, cb _bak _refr_VOP, cr_bak ref_VOpP,
mvb[ 1] . x, nvb[1].y, nvb[1].x, mvb[1].Yy,
0, 1, x, vy, 0);
flor (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;

}

flor (iy =0; iy < 8; iy++) {
for (ix =0; ix < 8; ix++t) {

cb_pred[ix][iy] = (cb_pred fwd[ix][iy] +
cb_pred_bak[ix][iy] + 1) =31;

cr_pred[ix][iy] = (cr_pred fwd[ix][iy] +
cr_pred_bak[ix][iy] + 1) >> 1;

The tgmporal references (TRB[i] and TRDIJi]) are distances'in time expressed in field periods. Figure 7-29 shows
how they are defined for the case where i is O (top field of the B-VOP). The bottom field is analogously.

Rast Current Future
Anchor VOP Anchor

< mvili] mvb[i] 1]
L —

— | |
/

[

\

/

T MV[i]

<- TRB[i]-"~ >
“-mmen TRD[i] ------- >

Figure 7-29 -- Interlaced direct mode

The calculation of TRD[i] and TRB[i] depends not only on the current field, reference field, and frame temporal
references, but also on whether the current video is top field first or bottom field first.

TRDI[i] = 2*(T(future)//Tframe - T(past)//Tframe) + §][i]
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TRBJ[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 and
vop_time_increment of the future, current and past VOPs in display order. Tframe is the frame period determined
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.

The valug of § is determined from Table 7-12; it is a function of the current field parity (top or bottom), the ref¢rence
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_field_first == top_field > first ==
fields of the co-located
macroblock
Top field Bottom field Top field, Bottom field, Top Bottom field,
reference reference 8[0] 8[1] field, 8[0] 8[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 mation vector of the P-VOP macroblock of the future anchor gicture.
The pasf reference field is the reference field selected by the co-located macroblock of the future anchor picture for
the top field. Analogously, the bottom field- predictor is the average of pixels obtained from the future anchor’s
bottom field and the past anchor field referenced by the bottom field motion vector of the corresponding macrpblock
of the future anchor picture. When interlaced direct mode is used, vop_time_increment_resolution must pe the
smallest |integer greater than or equal to the number of frames per second. In each VOP, vop_time_incfement
counts individual frames within a second.

7.8 Spr{te decoding

The subg¢lause specifies_the additional decoding process for a sprite video object. The sprite decoding can operate
in two npodes: basi¢”sprite decoding and low-latency sprite decoding. Figure 7-30 is a diagram of the| sprite
decodind process.is simplified for clarity.
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I-VOP Shape/Texture Sprite Buffer
Bitstream "  Decoding
|
|
SVOP Shape/Texture |
Bitstream Decoding [~~~
Warping Vector R Warping Reconstructed
Decoding e Samples

7.8.1 |Higher syntactic structures

Figure 7-30 -- The sprite decoding process

The vprious parameters in the VOL and VOP bitstreams shall be interpreted as described in clause [6. When
sprite [enable == ‘1’, vop_coding_type shall be “I” only for the initial VOP in a VOL for basic spfites (i.e.
low_latency_sprite_enable == ‘0’), and all the other VOPs shall be S-VOPs (i.e. vop_coding_type == 1S”). The
reconstructed I-VOP in a VOL for basic sprites is not displayed but stored in a spfite memory, and will bg used by
all the[remaining S-VOPs in the same VOL. An S-VOP is reconstructed by applying warping to the VOP |stored in
the sgrite memory, using the warping parameters (i.e. a set of motion vectors) embedded in the VOP Ritstream.
Alterngtively, in a VOL for low-latency sprites (i.e. low_latency_sprite_enable == ‘1’), these S-VOPs can update the

informgtion stored in the sprite memory before applying warping.

7.8.2 |Sprite Reconstruction

The Iyminance, chrominance and grayscale alpha data of a sprite are stored in two-dimensional arrays. The width
and height of the luminance array are specified by sprite. width and sprite_height respectively. The samples in the
sprite Juminance, chrominance and grayscale alpha arrays.are addressed by two-dimensional integer pairs [i’, j") and

(i, j.)|as defined in the following:

Tqp left luminance and grayscale alpha sample

= (sprite_left_coordinate, sprite_top_coordinate)
Bgttom right luminance and grayscale alpha sample
= (sprite_left_coordinate +.sprite_width — 1,

sprite_top_coordinate +-sprite_height — 1)
Tap left chrominance sample

@i}i)= (sprite_left_coardinate / 2, sprite_top_coordinate / 2)
Bgttom right chrominancesample
(i}in= (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

decodgd are defined in the following:

Tap left sample of luminance and grayscale alpha

@i,liy= (0, 0) for rectangular VOPs, and

i, 7= (vop_horizontal_mc_spatial_ref, vop_veriical_mc_spatial_ret) for non-rectangular VOPS
Bottom right sample of luminance and grayscale alpha

@i,)= (video_object_layer_width - 1, video_object_layer_height - 1) for rectangular VOPs, and
Gi,j)= (vop_horizontal_mc_spatial_ref + vop_width - 1,

vop_vertical_mc_spatial_ref + vop_height - 1) for non-rectangular VOPs
Top left sample of chrominance

(i,j)= (0, 0) for rectangular VOPs, and

(i,j)= (vop_horizontal_mc_spatial_ref / 2, vop_vertical_mc_spatial_ref / 2) for non-rectangular VOPs
Bottom right sample of chrominance

(., j)= (video_object_layer_width / 2 - 1, video_object_layer_height / 2 - 1) for rectangular VOPs, and
(., j)= (vop_horizontal_mc_spatial_ref /2 + vop_width// 2 - 1,

vop_vertical_mc_spatial_ref / 2 + vop_height// 2 - 1) for non-rectangular VOPs
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7.8.3 Low-latency sprite reconstruction

This subclause allows a large static sprite to be reconstructed at the decoder by properly incorporating its
corresponding pieces. There are two types of pieces recognized by the decoder—object and update. The decoded
sprite  object-piece  (i.e., embedded in a S-VOP with low_latence_sprite_enable==1  and
sprite_transmit_mode=="piece") is a highly quantized version of the original sprite piece while the sprite update-
piece (i.e., sprite_transmit_mode=="update") is a residual designed to improve upon the quality of decoded object-
piece. Sprite pieces are rectangular pieces of texture (and shape for the object-piece) and can contain “holes,”
corresponding to macroblocks, that do not need to be decoded. Five parameters are required by the decoder to
properly incorporate the pieces: piece_quant, piece_width, piece_height, piece_xoffset, and piece_yoffset.

Macroblocks raster scanning is employed to decode each piece. However, whenever the scan encounters a
macroblgck which has been part of some previously sent sprite piece, then the macroblock is not decoded and its
corresponding macroblock layer is empty. In that case, the decoder treats the macroblock as a hole in.the"¢urrent
sprite pigce. Since a macroblock can be refined as long as there is some available bandwidth, mere thgn one
update may be decoded per macroblock and the holes for a given refinement step have no relationship to thg holes
of later r¢finement steps. Therefore, the decoding process of a hole for an update piece is different than that for the
object-piece. For the object-piece, no information is decoded at all and the decoder must “manage” where fholes”
lie. (see subclause 7.8.3.1). For the update-piece, the not_coded bit is decoded to indicatepwhether or not ong¢ more
refinemept should be decoded for this given macroblock. (see subclause 7.8.3.2). Note that a hole could be non-
transparg¢nt and have had shape information decoded previously. Multiple intermingled object-pieces and update-
pieces may be decoded at the same current VOP. Part of a sequence could consist\for example of rapidly stiowing
a zooming out effect, a panning to the right, a zooming in, and finally a panning,to the left. In this case, the first
decoded|object-piece covers regions on all four sides of the previous VOP transmitted piece, which is now freated
as a holé and not decoded again. The second decoded object-piece relates to the right panning, and the third
object-pigce is a smaller left-panning piece due to the zooming-in effect\“Finally, the last piece is different; ipstead
of an object, it contains the update for some previous object-piece of<zooming-in (thus, the need to update tg refine
for highef quality). All four pieces will be decoded within the saméVOP. When sprite_transmit_mode = ="gause,”
the decopler recognizes that all sprite object-pieces and update-pieces for the current VOP session have been sent.
Howevern, when sprite_transmit_mode = “stop,” the decoder~dnderstands that all object and update-pieces$ have
been sent for the entire video object layer, not just for the current VOP. session. In addition, once all object-pieces
or updatg-pieces have been decoded during a VOP segsion (i.e., signaled by sprite_transmit_mode == “payse” or
sprite_transmit_mode == “stop”), the static sprite is padded (as defined in subclause 7.6.1), then the portion} to be
displayed is warped, to complete the current VOP session.

For the $-VOPs (i.e., vop_coding_type == “S¥),-the macroblock layer syntax of object-pieces is the same ag those
of I-VOH. Therefore, shape and texture ‘are decoded using the macroblock layer structure in I-VOPs wijth the
quantization of intra macroblocks. The ‘syntax of the update-pieces is similar to the P-VOP inter-macrpblock
syntax with the quantization of nonsintra macroblocks); however, the differences are indicated in Tablg B-1,
specifically that there are no motion-vectors and shape information included in this decoder syntax structure. In
summary, this decoding process)supports the construction of any large sprite image progressively, both spatially
and in tefms of quality.

7.8.3.1 Pecoding of heles in sprite object-piece

Implementation of:mdacroblock scanning must account for the possibility that a macroblock uses prediction baged on
some macrobloekisent in a previous piece. When an object-piece with holes is decoded, the decoder in the pfocess
of reconstruction acts as if the whole original piece were decoded, but actually only the bitstream correspongling to
the “new|macroblock” is received. Whenever macroblocks raster scanning encounters a hole, the decoder ndeds to
manage theTetrievatof tefevant information(e-g- DT quantization parameters, ACand D€ predictiom parameters,
and BAB bordering values) from the corresponding macroblock decoded earlier.

7.8.3.2 Decoding of holes in sprite update-pieces

In contrast to the send_mb() used by the object-pieces, the update-pieces use the not_coded bit. When not_coded =
1 in the P-VOP syntax, the decoder recognizes that the corresponding macroblock is not refined by the current
sprite update-piece. When not_coded = 0 in the P-VOP syntax, the decoder recognizes that this macroblock is
refined. The prediction for the update piece is obtained by extracting the "area" of the static sprite defined by
(piece_width, piece_height, piece_xoffset, piece_yoffset). This area is then padded and serves as prediction for the
update pieces. Since there is no shape information included in an update-piece, the result of its transparent_mb() is
retrieved from the corresponding macroblock in the object-piece decoded earlier. In addition, an update macroblock
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cannot be transmitted before its corresponding object macroblock. As a result, the very first sprite piece transmitted
in the low-latency mode shall be an object-piece.

7.8.4 Sprite reference point decoding

The syntatic elements in sprite_trajectory () and below shall be interpreted as specified in clause 6. duli] and dv][i] (O
=< i < no_sprite_point) specifies the mapping between indexes of some reference points in the VOP and the
corresponding reference points in the sprite. These points are referred to as VOP reference points and sprite
reference points respectively in the rest of the specification.

The index values for the VOP reference points are defined as:

(i) = (0, 0) when video_object_layer_shape == ‘rectangle’, and
(vop_horizontal_mc_spatial_ref, vop_vetical_mc_spatial_ref) otherwise,
W00 = (W, Jo),

(i J,) = (ioy Jo + H),

(it J) = (i, +W, j+H)

where|] W = video_object_layer_width and H = video_object_layer_height when videol@bject layer shape ==
‘rectangle’ or W = vop_width and H = vop_height otherwise. Only the index values. With subscripts less than
no_sprite_point shall be used for the rest of the decoding process.

The index values for the sprite reference points shall be calculated as follows:

@iy, Jo) = (s/2) (21, + du[0
(i) =(s/2) (21, +dull
(i,, ;) =(s/2) (21, + du[2
(i, J;) =(s/2) (21, + du[3

, 2 j, +dv[0])

+du[0], 2 j, + dv[1] + dv[0])

+du[0], 2 j, + dv[2] + dv[0])

+ du[2] + du[1] + du[0], 2 j, + dv[3]+ dv[2] + dv[1] + dv[0])

e e

where|i;, j,, etc are integers in — pel accuracy, where s is spegified by sprite_warping_accuracy. Only the index
S

valueq with substcripts less than no_sprite_point need to be-galculated.

When|no_of_sprite_warping_points == 2 or 3, the index-alues for the virtual sprite points are additionally galculated
as follpws:

(i, ") = (16 (iy + W) + (W = W) (riy <(167i)) + W’ (ri,) — 16 i,)) // W,
16 jo + (W= W) (rjy’ — 1645y + W' (rj,’ — 16 j,)) // W)

(i,", ;") = (16 i, + (H — H) (riy — 164) + H' (ri, — 16/i,)) // H,
16 (o + H) + (H W) (rjy 16 j)) + H' (1}, - 16 },)) // H)

whereli,”, j,”, i,”, and j,” are jategers in T pel accuracy, and r = 16/s. W’ and H’ are defined as the smallest

integers that satisfy the following condition:

W' =20, H' =2yYW' > W, H' >H, a >0, B >0, both o and  are integers.
The calculationef,\i,”, and j,” is not necessary when no_of_sprite_warping_points == 2.

7.8.5 |Warping

For any pixel (i, j) inside the VOP boundary, (F(i, J). G(i. )) and (F(i.j). G (i.j)) are computed as descrided in the
following. These quantities are then used for sample reconstruction as specified in subclause 7.8.6. The following
notations are used to simplify the description:

I=i-i,
‘]:j'jO!
|L=4i -2 +1,
J.=4j -2j,+1,

When no_of_sprite_warping_point == 0,

(F(, ), GG, )
(Fo(ics Jo)» Gl J)

(si,s])
(S S )-
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When no_of_sprite_warping_point == 1,

(FG, 1), G(i, )
(F.(ic, Jo), G.(ic: o)

When no_of_sprite_warping_points == 2,
(FG, 1), GG, 1)

(F.(ic, Jo), G.(ic: o)

(i, +sl,j;’ +sJ),
i M2 +s(i.—i,/2), j, 12+s(j-j!2)).

(i + (T i+ i) 1+ (je =3, ) 11 (W T,

Jo ¥ (=1 + 1) T+ (=rig +1,") 3) 1T (W' r)),

((rig + L")+ (i =) 3, + 2 W ri) — 16W) /] (4 W' r),
(rig +i) 1+ (rig +1,7) 3. + 2 W rj) — 16W) /il (4 W' 1)).

Accordinp to the definition of W' and H’ (i.e. W' = 2* and H’ = 2P), the divisions by “///” in these functiords’¢an be
replaced|by binary shift operations. By this replacement, the above equations can be rewritten as:

(F@, 1), g, 1) = (g + ((riy + i) T+ (rjy = J,7) 3+ 2777 >> (a+p))

o (riy +3)1+ (rig +0,7) 3+ 2977 >> (a+p)),

(Flio J), Bl 1) = (((rig +1,") 1 +(ry =) I, + 2 W' ri) — 16W' + 277") >> (a+p+2),
(T +i) 1+ (i +07) 3, + 2 W) = 16W + 2°77) >> (a+p+2)),
where 27Fr.

When ng_of_sprite_warping_points == 3,

(FG.D GLD) =+ ((riy +i") H 1+ (1 i+ )W 3) 11 (WH'),
o (T + 07 H L+ (T g+ )W 3) 1 (WH?),
(Fulin 10,80 10) = ((Fi) L") HY L+ (S i+ LW 3, + 2 WH'T i, Q16W'H') 1/ (AWH'),
(T + i) H L+ (=rj+ YW 3.+ 2 WH'T jis 1I6WH?) [l (AWH'T)).

According to the definition of W' and H’, the computation.of’these functions can be simplified by dividipg the
denomingtor and numerator of division beforehand by W (when W’ < H’) or H’' (when W’ > H’). As in the gase of
no_of sprite_warping_points == 2, the divisions by “///". irrthese functions can be replaced by binary shift operptions.
For example, when W’ > H’ (i.e. a > f) the above equations can be rewritten as:

(FGD G D) = (T + i) 1+ (T, 1 27 3277 >> (avp)),
Iy + (Tl #1001+ (R 297 3 +29%) > (ag),
(Fllo 101 Bl 1) = (11 + 17 1+ (4 17 27 3,4 2WT iy — 16W' +2°7%) >> (askpr2),
((rJy )1, + (R ) 247 3, 2WT ;) — 16W + 277 >> (arkpt2).

When nd_of_sprite_warping_point== 4,

(FG 0, g0, 1) =((@igbj+c) /il (gi+hj+DWH),
(di+~efj+N Nl (gi+hj+DWH)),
(F (i, i) G, ) =@@a1,+2bJ +4c—(gl,+hJ +2DWH)s)/l(4gl, +4 hJ +8D WH),
2dl . +2eJ +4f—-(gl.+hJ +2DWH)s)/l/l(4gl +4hJ +8D W H))

where
g=((,=i"=i"+i )0, ' =j) =0 =i (' =} =} ' +])NH
h= ((_il, __i3,) (_jo, __jl, _jz,_+ j3,_) - _(io, _ il, - iz, + i3, ) (jl, _j3,)) W,
D= (Il, - I3,) (Jz, _J3, ) - (Iz, - I3,) (J1, _Jg,)!

a:D(il,_io,)H-}-gil,’
b=D(, -i/)W+hL,
c=Di/ W H,
d=D(, -j; ) H+gi,,
e:D(jz,_jo,)W-"hjz,!
f=Dj W H.

A set of parameters that causes the denominator of any of the the above equations to be zero for any pixel in a
opaque or boundary macroblock is disallowed. The implementor should be aware that a 32bit register may not be
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sufficient for representing the denominator or the numerator in the above transform functions for affine and
perspective transform. The usage of a 64 bit floating point representation should be sufficient in such case.

7.8.6

The re

Sample reconstruction
constructed value Y of the luminance sample (i, j) in the currently decoded VOP shall be defined as

Y = ((S - rj)((s _ri) Yoo + ri Y01) + rj ((S - ri) YlD + ri Yn)) I Sz,

where Y, Y,,, Y., Y,, represent the sprite luminance sample at (F(i, j)///Is, G(i, j)/lIIs), (F(, /s + 1,G(i, plifs), (F(,
Dilts, G(i, s + 1), and (F(i, j)/Ills + 1,G(i, j)/llls + 1) respectively, and r, =F(i, j) —(F(i, j)////s)s and r, =G(j, j) — (G(i,

j)////s)c I:ignrn Z-31 illustrates this process

In casp any of Y,

proces

When

Y * (brightness_change_factor * 0.01 + 1), clipped to the range of [0, 255].

Similafly, the reconstructed value C of the chrominance sample (i, j,) in the currently -decoded VOP shall

as

where
i)His)
IMUE
binary|

The spme method is used for the reconstruction of grayscale alpha and luminance samples. The reco
value A of the grayscale alpha sample (i, j) in the currently decoded VOP shall be defined as

where
pHis),
)—(G
by the

The rg
for thg
sampl
transp)
BY (i,
the co

w Yo Yo and Y, lies outside the sprite luminance binary mask, it shall be obtained Oy thg
s as defined in subclause 7.6.1.

brightness_change_in_sprite == 1, the final reconstructed luminance sample (i, j) is further compute

C = ((S - rj)((s _ri) Coo + ri C01) + rj ((S - ri) C1o + ri Cu)) " SZ!

C, C,, C, C,, represent the sprite chrominance sample at (i, j.)/Is, G (i, j)!Is), (F.(., j)ls
(F G, j)ls, G (i, j)llIs + 1), and (F (i, j)/MIs + 1, G(i, §9//lls + 1) respectively, and r, = F(i_, j
sand r, = G (i, j) — (G.(i, j)/lIs)s. In case any of C,, &;; C,, and C,, lies outside the sprite chrg
mask, it shall be obtained by the padding process as defined in subclause 7.6.1.

A= ((S - rj)((s - ri) Aoo + Ao1) + rj ((S - ri) AlO + An)) n 521

A, A, A, A, represent the spritecgrayscale alpha sample at (F(i, j)////s, G, j)/lls), (F(, j)/s
(F@, piiis, G(, pils + 1), and (F(@ix)llis + 1,G(i, j)/llis + 1) respectively, and r, =F(i, j) —(F(i, j)////s)s ar
i, )/llIs)s. In case any of A, Ay, A, and A, lies outside the sprite luminance binary mask, it shall be

padding process as definedinsubclause 7.6.1.

constructed value of lumihance binary mask sample BY(i,j) shall be computed following the identica]
luminance sample. However, corresponding binary mask sample values shall be used in place of IU
LS Yo, Yo Y. Yo /Assume the binary mask sample opaque is equal to 255 and the binary mas
arent is equal’1ov0. If the computed value is bigger or equal to 128, BY(i, j) is defined as opaque. O
) is definedas transparent. The chrominance binary mask samples shall be reconstructed by deci
rresponding 2 x 2 adjacent luminance binary mask samples as specified in subclause 7.6.1.4.

Yoo 1 Yo1
«—

padding

dasyY =

be define

F 1, G(i,,

- (Fc(ic'
minance

hstructed

+ 1,G(i,
dr, =G,
obtained

process
minance

sample
therwise,
mating of

nosl
—S 5y

YlO Yll
X X

Figure 7-31 -- Pixel value interpolation (it is assumed that sprite samples are located on an integer grid)

7.9 Generalized scalable decoding

This subclause specifies the additional decoding process required for decoding scalable coded video.
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The scalability framework is referred to as generalized scalability which includes the spatial and the temporal
scalabilities. The temporal scalability offers scalability of the temporal resolution, and the spatial scalability offers
scalability of the spatial resolution. Each type of scalability involves more than one layer. In the case of two layers,
consisting of a lower layer and a higher layer; the lower layer is referred to as the base layer and the higher layer is
called the enhancement layer.

In the case of temporal scalability, both rectangular VOPs as well as arbitrary shaped VOPs are supported. In the
case of spatial scalability, only rectangular VOPs are supported. Figure 7-32 shows a high level decoder structure
for generalized scalability.

blt_l_» Enhancement
Cayerl Decoder
T out_1 outp_1
Mid Processorl PoStCSIrab”lty .
— st Processorl | .,
? out_0 outp_O
bit_0
_ .| Baselayer
Decoder

Figure 7-32 -- High level decoder structure for_ generalized scalability

The bas

layer and enhancement layer bitstreams are input for de¢oding by the corresponding base layer d

and enhancement layer decoder.

When spatial scalability is to be performed, mid processor<l. performs spatial up or down sampling of inpu
scalability post processor performs any necessary operations such as spatial up or down sampling of the dg
base laygr for display resulting at outp_0 while the enhancement layer without resolution conversion may be
asoutp_[l.

When te
correspo
spatial re
temporal
layer.

The refe
coding o
recently
VOP of t

In B-VOJ
most red
temporal

poral scalability is to be performed,.the-decoding of base and enhancement layer bitstreams occurs
hding base and enhancement layer decoders as shown. In this case, mid processor 1 does not perfo

y multiplexes the base and enhancement layer VOPs to produce higher temporal resolution enhang

rence VOPs for prediction are selected by ref _select_code as specified in Table 7-13 and Table 7

P-VOPs belonging.te’' an enhancement layer, the forward reference is one of the following four: thg
ecoded VOP of-enhancement layer, the most recent VOP of the reference layer in display order, th
ne reference {ayer in display order, or the temporally coincident VOP in the reference layer.

Ps, the farward reference is one of the following two: the most recently decoded enhancement VOP
ent reference layer VOP in display order. The backward reference is one of the following thre
y,coincident VOP in the reference layer, the most recent reference layer VOP in display order, or th

pcoder

t. The
coded
output

in the
m any

solution conversion. The post processor simply outputs the base layer VOPs without any conversion, but

ement

14. In
e most
e next

or the
e: the
e next

reference [ayer VOP in display order
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Table 7-13 -- Prediction reference choices in enhancement layer P-VOPs for scalability

ref_select_code forward prediction reference
00 Most recently decoded enhancement VOP belonging to the same layer.
01 Most recently VOP in display order belonging to the reference layer.
10 Next VOP in display order belonging to the reference layer.
11 Temporally coincident VOP in the reference layer (no motion vectors)
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Table 7-14 -- Prediction reference choices in enhancement layer B-VOPs for scalability

ref_select_code forward temporal reference backward temporal reference

00 Most recently decoded enhancement | Temporally coincident VOP in the
VOP of the same layer reference layer (no motion vectors)

01 Most recently decoded enhancement | Most recent VOP in display order
VOP of the same layer. belonging to the reference layer.

10 Most recently decoded enhancement | Next VOP in display order belonging
VOP of the same layer. to the reference layer.

11 Most recently VOP in display order | Next VOP in display order belonging
belonging to the reference layer. to the reference layer.

7.9.1 |Temporal scalability

Tempgral scalability involves two layers, a lower layer and an enhancement layer. \Both the lower|and the
enhancement layers process the same spatial resolution. The enhancement layer enhances the temporal fesolution
of the Jower layer and if temporally remultiplexed with the lower layer provides full temporal rate.

7.9.1.1 Base layer and enhancement layer

In the [case of temporal scalability, the decoded VOPs of the enhancementlayer are used to increase the flame rate
of the pase layer. Figure 7-33 shows a simplified diagram of the motion{compensation process for the enhgncement
layer Uysing temporal scalability.
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Figure 7-33 -- Simplified motion compensation process for temporal scalability

Predicted samples p[y][x] aré-formed either from frame stores of base layer or from frame stores of enhandement
layer. The difference data.samples fly][x] are added to p[y][X] to form the decoded samples d[y][X].

There alfe two types,0f enhancement structures indicated by the “enhancement_type” flag. When the value of
enhancement_type is “1”, the enhancement layer increases the temporal resolution of a partial region of th¢ base
layer. When the'value of enhancement_type is “0”, the enhancement layer increases the temporal resolution of an
entire region‘ofithe base layer.

7.9.1.2 BaseTayer
The decoding process of the base layer is the same as non-scalable decoding process.
7.9.1.3 Enhancement layer

The VOP of the enhancement layer is decoded as either I-VOP, P-VOP or B-VOP. The shape of the VOP is either
rectangular (video_object_layer_id is “00”) or arbitrary (video_object_layer_id is “01").

7.9.1.3.1 Decoding of I-VOPs

The decoding process of I-VOPs in enhancement layer is the same as non-scalable decoding process.
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7.9.1.3.2 Decoding of P-VOPs

The reference layer is indicated by ref _layer_id in Video Object Layer class. Other decoding process is the same as
non-scalable P-VOPs except the process specified in subclauses 7.9.1.3.4 and 7.9.1.3.5.

For P-VOPs, the ref _select_code is either “00”, “01” or “10".

When the value of ref_select_code is “00", the prediction reference is set by the most recently decoded VOP
belonging to the same layer.

When the value of ref_select_code is “01", the prediction reference is set by the previous VOP in display order
belonging to the reference layer.

When|the value of ref_select_code is “10", the prediction reference is set by the next VOP in display ordéerhelonging
to the reference layer.

7.9.1.3.3 Decoding of B-VOPs

The rdference layer is indicated by ref _layer_id in Video Object Layer class. Other decoding process is the|same as
non-sg¢alable B-VOPs except the process specified in subclauses 7.9.1.3.4 and 7.9.1.3.5.

For B{VOPs, the ref _select_code is either “01”, “10” or “11".

When|the value of ref_select_code is “01”, the forward prediction reference-is set by the most recently |decoded
VOP helonging to the same layer and the backward prediction reference is-set by the previous VOP in disglay order
belonging to the reference layer.

When|the value of ref_select_code is “10”, the forward prediction‘reference is set by the most recently |decoded
VOP belonging to the same layer, and the backward predictionyreference is set by the next VOP in display order
belonging to the reference layer.

When|the value of ref _select_code is “11”, the forward-prediction reference is set by the previous VOP in display
order pelonging to the reference layer and the backward prediction reference is set by the next VOP in disglay order
belonging to the reference layer. The picture type of the reference VOP shall be either | or P (vop_coding_type =
“00” of “01").

When|the value of ref_select_code is “O1vor “10”, direct mode is not allowed. modb shall always exist in each
macroplock, i.e. the macroblock is not skipped even if the co-located macroblock is skipped.

7.9.1.3.4 Decoding of arbitrary(shaped VOPs

Predigtion for arbitrary shape)in P-VOPs or in B-VOPs is same as the one in the base layer (see subclause
7.5.2.1.2).

For atbitrary shaped VOPs with the value of enhancement_type being “1”, the shape of the referencg VOP is
definef as an all opaque rectangle whose size is the same as the reference layer when the shape of referepce layer
is rectangular (video_object_layer_shape = “00").

When|the“value of ref_select_code is “11” and the value of enhancement_type is “1”, modb shall alway$ exist in
each macroblock, i.e. the macroblock is not skipped even if the co-located macroblock is skipped.

7.9.1.3.5 Decoding of backward and forward shape

Backward shape and forward shape are used in the background composition process specified in subclause 8.1.
The backward shape is the shape of the enhanced object at the next VOP in display order belonging to the
reference layer. The forward shape is the shape of the enhanced object at the previous VOP in display order
belonging to the reference layer.

For the VOPs with the value of enhancement type being “1”, backward shape is decoded when the
load_backward_shape is “1” and forward shape is decoded when load_forward_shape is “1".
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When the value of load_backward_shape is “1” and the value of load_forward_shape is “0”, the backward shape of
the previous VOP is copied to the forward shape for the current VOP. When the value of load_backward_shape is
“0”, the backward shape of the previous VOP is copied to the backward shape for the current VOP and the forward

shape of the previous VOP is copied to the forward shape for the current VOP.

The decoding process of backward and forward shape is the same as the decoding process for the shape of I-VOP
with binary only mode (video_object_layer_shape = “10").

7.9.2 Spatial scalability

7.9.2.1 Base Layer and Enhancement Layer

In the cej‘se of spatial scalability, the enhancement bitstream is used to increase the resolution of the image.
t with lower resolution is required, only the base layer is decoded. When the output with higherres

the outp

is requirgd, both the base layer and the enhancement layer are decoded.

Figure 7434 is a diagram of the video decoding process with spatial scalability.
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Figure 7-34 -- Simplified motion compensation process for spatial scalability
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7.9.2.2 Decoding of Base Layer

The decoding process of the base layer is the same as nonscalable decoding process.

7.9.2.3 Prediction in the enhancement layer

A motion compensated temporal prediction is made from reference VOPs in the enhancement layer. In addition, a
spatial prediction is formed from the lower layer decoded frame (djowerlYl[X])- These predictions are selected

individually or combined to form the actual prediction.

In the enhancement layer, the forward prediction in P-VOP and the backward prediction in B-VOP are used as the
spatial_prediction. The reference VOP is set to the temporally coincident VOP in the base layer. The forward
prediction in B-VOP is used as the temporal prediction from the enhancement layer VOP. The reference” VPP is set
to the most recently decoded VOP of the enhancement layer. The interpolate prediction in B-VOP is the-combination
of thege predictions.

In the| case that a macroblock is not coded, either because the entire macroblock is skigped or thg specific
macroplock is not coded there is no coefficient data. In this case fly][X] is zero, and the decdded samples are simply
the prediction, p[y][x].

7.9.2.4 Formation of spatial prediction

Forming the spatial prediction requires definition of the spatial resampling process. The formation is perfprmed at
the mid-processor. The resampling process is defined for a whole VOP, chowever, for decoding of a makroblock,
only the 16x16 region in the upsampled VOP, which corresponds to the pasition of this macroblock, is needgd.

The spatial prediction is made by resampling the lower layer reconstructed VOP to the same sampling giid as the
enhancement layer. In the first step, the lower layer VOP is subject to vertical resampling. Then, the [vertically
resampled image is subject to horizontal resampling.

7.9.2.% Vertical resampling

The image subject to vertical resampling, d,,,. [YI[X]. is resampled to the enhancement layer vertical sampling

grid using linear interpolation between the sample sites according to the following formula, where vert_pic is the
resulting image:

vert_pic[yp][x] = (16 - phase) * dk,wer [y1][x] + phase * dlow [y2][x]

where
Yh = output sample coordinate in vert_pic
yl = (ypwVvertical_sampling_factor_m) / vertical_sampling_factor_n
y2 =cy¥+1 ifyl<video_object_layer_height - 1
yl otherwise
phase = (16 * ((yp * vertical_sampling_factor_m) %

vertical_sampling_factor_n)) // vertical_sampling_factor_n

where|videq_‘@bject_layer_height is the height of the reference VOL.

Samples-which lie outside the vertically upsampled reconstructed frame which are required for upsampling are
obtained Dy border extension of the vertically upsampled reconstructed frame.

NOTE The calculation of phase assumes that the sample position in the enhancement layer at yh = 0 is spatially coincident
with the first sample position of the lower layer. It is recognised that this is an approximation for the chrominance component if
the chroma_format == 4:2:0.

7.9.2.6 Horizontal resampling

The image subject to horizontal resampling, vert _pict[y][X] , is resampled to the enhancement layer horizontal

sampling grid using linear interpolation between the sample sites according to the following formula, where hor_pic
is the resulting image:
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hor_pic[y][xh]

((16 - phase) * vert_pic[y][x1] + phase * vert_pic[y][x2]) // 256

where
xh = output sample coordinate in hor_pic
x1 = (xh * horizontal_sampling_factor_m) / horizontal_sampling_factor_n
X2 = x1+1 ifxl<video_object layer width -1

x1 otherwise
phase = (16 * (( xh * horizontal_sampling_factor_m) %
horizontal_sampling_factor_n)) // horizontal_sampling_factor_n

where video_object_layer_width is the width of the reference VOL.

Samples

which lie outside the lower laver reconstructed frame which are required for upsampling are obtai
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Selection and combination of spatial and temporal predictions

ial and temporal predictions can be selected or combined to form the actual prediction in B-VO
rediction is referred to as “backward prediction”, while the temporal prediction is referred to as “f
n”. The combination of these predictions can be used as “interpolate prediction”. In\thé case of P-VO
Al prediction (prediction from the reference layer) can be used as the forward prediction. The predig
hcement layer is defined in the following formulae.
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gel_pred[y][x] = pel_pred_temp[y][X] (forward in”B:VOP)

el_pred[y][x] = pel_pred_spat[y][x] = hor_pict[y][X] (forward.in"P-VOP and backward in B-V
el_pred[y][x] = (pel_pred_temp[y][x] + pel_pred_spat[y][x])//2  f(Interpolate in B-VOP)

| temp[y][X] is used to denote the temporal prediction) (formed within the enhancement
| spat[y][x] is used to denote the prediction formed from:the lower layer. pel_pred[y][x] is denot
prediction.

Decoding process of enhancement layer

in the enhancement layer is decoded as either3VOP, P-VOP or B-VOP.

Decoding of I-VOPs

ding process of the I-VOP in the enhancement layer is the same as the non_scalable decoding proce
Decoding of P-VOPs

P, the ref_select_code shallbe “11", i.e., the prediction reference is set to the temporally coincident
layer. The referencellayer is indicated by ref layer_id in VideoObjectLayer class. In the case of
n, the motion vectorshall be set to 0 at the decoding process and is not encoded in the bitstream.

le length codeword giving information about the macroblock type and the coded block patte
nce is mcbpe: The codewords for mcbpc in the enhancement layer are the same as the base lay
Table B<%,/mcbpc shall be included in coded macroblocks.

rableck type gives information about the macroblock and which data elements are present. Mac

types an

P. The
prward
P, only
tion in

DP)

layer).
ed the

OP in
Spatial

rn for
br and

pblock

J included elements in the enhancement layer bitstream are listed in subclause B.1.1.

In the case of the enhancement layer of spatial scalability, INTER4V shall not be used. The macroblock of INTER or
INTER+Q is encoded using the spatial prediction.

7.9.2.11

Decoding of B-VOPs

In B-VOP, the ref_select_code shall be “00”, i.e., the backward prediction reference is set to the temporally
coincident VOP in the base layer, and the forward prediction reference is set to the most recently decoded VOP in
the enhancement layer. In the case of spatial prediction, the motion vector shall be set to 0 at the decoding process
and is not encoded in the bitstream.
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modb shall be present in coded macroblocks belonging to B-VOPs. The codeword is the same as the base layer
and is shown in Table B-3. In case mb_type does not exist the default shall be set to "Forward MC" (prediction from
the last decoded VOP in the same reference layer). modb shall be encoded in all macroblocks. If its value is equal to
‘1’, further information is not transmitted for this macroblock. The decoder treats the prediction of this macroblock as
forward MC with motion vector equal to zero.

mb_type is present only in coded macroblocks belonging to B-VOPs. The mb_type gives information about the
macroblock and which data elements are present. mb_type and included elements in the enhancement layer
bitstream are listed in Table B-5.

In the case of the enhancement layer of spatial scalability, direct mode shall not be used. The decoding process of
the forward-maotion vectors are the same as the base I:\\J/nr

7.10 Btill texture object decoding

The block diagram of the decoder is shown in Figure 7-35.

DC subband Inverse Inverse
Prediction Quantization
Output
Coded Data Arithmetic L Inverse P
Decoding DWT >
ZeroTree Inverse
AC subbands Decoding Quantization

Figure 7-35 -- Block diagram>qf'the decoder

The basic modules of a zero-tree wavelet based decoding scheme are as follows:

1. | Arithmetic decoding of the DC subband using a predictive scheme.
2. | Arithmetic decoding of the bitstream into quantized wavelet coefficients and the significance map for]AC
subbands.

3. | Zero-tree decoding of the higher subband:wavelet coefficients.

4. | Inverse quantization of the wavelet coefficients.

5. | Composition of the texture using inverse discrete wavelet transform (IDWT).

7.10.1f Decoding of the DC subband

The wavelet coefficients of DC(band are decoded independently from the other bands. First the quantizgtion step
size dpcoded, then the maghitude of the minimum value of the differential quantization indices “band_offset” and
the mpximum value of the differential quantization indices “band_max_value” are decoded from bitstrgam. The
parameter “band_offset™ is negative or zero integer and the parameter “band_max” is a positive integer, sq only the
magnifude of these parameters are read from the bitstream.

The grithmetici. model is initialized with a uniform distribution of band_max_value-band_offset+1. Then, the
differential guantization indices are decoded using the arithmetic decoder in a raster scan order, starting|{from the
upper |leftYindex and ending with the lowest right one. The model is updated with the decoding of each hjits of the
predicted.wavelet quantization index to adopt the probability model to the statistics of DC band.

The “band_offset” is added to all the decoded quantization indices, and an inverse predictive scheme is applied.
Each of the current indices w, is predicted from three quantization indices in its neighborhood, i.e. w,, w,, and w,
(see Figure 7-36), and the predicted value is added to the current decoded coefficient. That is,

if (IV\,/\A-WBI) < I WB-WC|)

Wx = Wc
else

Wx = WA
W, = W, + Wk
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If any of nodes A, B or C is not in the image, its value is set to zero for the purpose of the inverse prediction. Finally,
the inverse quantization scheme is applied to all decoded values to obtain the wavelet coefficients of DC band.

. 4 yanY
A\ A\ % V
. Fan) FanY
A\ A\ V
. Fan) FanY
A\ A\ V

Figure 7-36 -- DPCM decoding of DC band coefficients
7.10.2 Z4eroTree Decoding of the Higher Bands

The zerg-tree algorithm is based on the strong correlation between the amplitudes of the wavelet coefficients pcross
scales, and on the idea of partial ordering of the coefficients. The coefficient at the coarse scalé is called the parent,
and all cpefficients at the same spatial location, and of similar orientation, at the next finer-scale are that parent's
children.| Figure 7-37 shows a wavelet tree where the parents and the children afe-indicated by squargs and
connectdd by lines. Since the DC subband (shown at the upper left in Figure 7-37)"is coded separately using a
DPCM s¢heme, the wavelet trees start from the adjacent higher bands.

Figure 7-37 -- Parent-child relationship of wavelet coefficients

In transform-based cading, it is typically true that a large percentage of the transform coefficients are quantized to
zero. A substantial.-number of bits must be spent either encoding these zero-valued quantized coefficients, ¢r else
encoding the location of the non-zero-valued quantized coefficients. ZeroTree Coding uses a data structure chlled a
zerotree| builtton the parent-child relationships described above, and used for encoding the location of non-zero
quantizegl Wavelet coeff|C|ents The zerotree structure takes advantage of the prlnC|pIe that if a wavelet coeffigient at
a coarsels =
spatial locatlon at flner Wavelet scales are also Ilkely to be |nS|gn|f|cant Zerotrees eX|st at any tree node Where the
coefficient is zero and all its descendents are also zero.

The wavelet trees are efficiently represented and coded by scanning each tree from the root in the 3 lowest AC
bands through the children, and assigning one of four symbols to each node encountered: zerotree root (ZTR),
value zerotree root (VZTR), isolated zero (1Z) or value (VAL). A ZTR denotes a coefficient that is the root of a
zerotree. Zerotrees do not need to be scanned further because it is known that all coefficients in such a tree have
amplitude zero. A VZTR is a node where the coefficient has a nonzero amplitude, and all four children are zerotree
roots. The scan of this tree can stop at this symbol. An IZ identifies a coefficient with amplitude zero, but also with
some nonzero descendant. A VAL symbol identifies a coefficient with amplitude nonzero, and with some nonzero
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descendant. The symbols and quantized coefficients are losslessly encoded using an adaptive arithmetic coder.

Table
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7-15 shows the mapping of indices of the arithmetic decoding model into the zerotree symbols:

Table 7-15 -- The indexing of zerotree symbols

index Symbol
0 Iz

1 VAL

2 ZTR

3 VZTR

be scanning and associated inverse quantization methods are employed. The encoding) mode is sp
am with quantization_type field as one of 1) single_quant, 2) multi_quant or 3) bilevel.quant:

Table 7-16 -- The quantization types

code quantization_type
01 single_quant

10 multi _quant

11 bilevel_quant

le_quant mode, the bitstream contains only one_zero-tree map for the wavelet coefficients. After
ng, the inverse quantization is applied to obtain the reconstructed wavelet coefficients and at the
b wavelet transform is applied to those coefficients.

ti_quant mode, a multiscale zerotree deecoding scheme is employed. Figure 7-38 shows the conce
hue.

Zerotree Inverse

| erse o
Decoding Quantization T
L|Buffer !

Figure 7-38 -- Multiscale zerotree decoding

avelet/Coefficients of the first spatial (and/or SNR) layer are read from the bitstream and decoded
eticydecoder. Zerotree scanning is used for decoding the significant maps and quantized coeffici

br to achieve a wide range of scalability levels efficiently as needed by different applications, three| different

eficied in

\rithmetic
end, the

pt of this

Ising the
ents and

locatir

g thenT i their COMmesponding PoSItions 1M Tees.. 1MeESe values are saved 1 the buffer to be

used for

guantization refinement at the next scalability layer. Then, an inverse quantization is applied to these indices to
obtain the quantized wavelet coefficients. An inverse wavelet transform can also be applied to these coefficients to

obtain

the first decoded image. The above procedure is applied for the next spatial/SNR layers.

The bilevel_gquant mode enables fine granular SNR scalability by encoding the wavelet coefficients in a bitplane by
bitplane fashion. This mode uses the same zerotree symbols as the multi_quant mode. In this mode, a zero-tree
map is decoded for each bitplane, indicating which wavelet coefficients are nonzero relative to that bitplane. The
inverse quantization is also performed bitplane by bitplane. After the zero-tree map, additional bits are decoded to
refine the accuracy of the previously decoded coefficients.
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7.10.2.1 Zerotree Scanning

In all the three quantization modes, the wavelet coefficients are scanned either in the tree-depth fashion or in the
band-by-band fashion. In the tree-depth scanning order all coefficients of each tree are decoded before starting
decoding of the next tree. In the band-by-band scanning order, all coefficients are decoded from the lowest to the
highest frequency subbands.

Figure 7-39 shows the scanning order for a 16x16 image, with 3 levels of decomposition. In this figure, the indices
0,1,2,3 represent the DC band coefficients which are decoded separately. The remaining coefficients are decoded
in the order shown in this figure. As an example, indices 4,5,..., 24 represent one tree. At first, coefficients in this tree
are decoded starting from index 4 and ending at index 24. Then, the coefficients in the second tree are decoded
starting fram index 25 and ending at 45 The third tree is decoded starting from index 46 and ending at index 66 and
so on.

0 1 4 67 5 6 68 69 9 10 13 14 72 73 76 77
2 3| 130 193 7 8 70 71 11 12 15 16 74 7S 78 79

25 88 46 109 131 132 194 195 17 18 21 22 80 81 84 85
151 214 172 235 133 134 196 197 19 20 23 24 82 83 86 87

26 27 89 90 a7 48 110 111| 135 136 139 340 198 199 202 203
28 29 91 92 49 50 112 113 137 138 141\~-142 200 201 204| 205
152 |153 215 216| 173 174 236 237| 143 144 ., 147 148 206 207 210 211
154 155 217 218 175 176 238 239| 145 146V 149 150 208 209 212 213

30 31 34 35 93 94 97 98 51 52 55 56 114 115 118 119
32 33 36 37 95 96 99 100 53 54 57 58 116 117 120 121
38 39 42 43 101 102 105 106 59 60 63 64 122 123 126| 127
40 41 44 45 103 104 107 _ 108 61 62 65 66 124 125 128| 129
156 |157 160 161 219 220 228~ 224| 177 178 181 182 240 241 244 245
158 |159 162 163 221 222( ,225 226| 179 180 183 184 242 243 246 247
164 165 168 169 227 228" 231 232| 185 186 189 190 248 249 252 253
166 |167 170 171 229 230 233 234 187 188 191 192 250 251 254 255

Figure 7-39 -- Iree depth scanning order of a wavelet block in the all three modes

Figure 7440 shows that the-wavelet coefficients are scanned in the subband by subband fashion, from the lowest to
the highgst frequency subbands. This figure shows an example of decoding order for a 16x16 image with 3 lepels of
decompgsition for thexsubband by subband scanning. The DC band is located at upper left corner (with indicgs O, 1,
2, 3) and is decoded separately as described in DC band decoding. The remaining coefficients are decoded|in the
order wtifich is~shown in the figure, starting from index 4 and ending at index 255. In multi_quant mode, jt first
scalability layer, the zerotree symbols and the corresponding values are decoded for the wavelet coefficients |of that
scalability layer. For the next scalability layers, the zerotree map is updated along with the corresponding value
refinements. In each scalability layer, a new zerotree symbol is decoded for a coefficient only if it was decoded as
ZTR or IZ in previous scalability layer or it is currently in SKIP mode. A node is said to be in SKIP mode when the
number of quantization refinement levels for the current scalability layer is one. The detailed description of the
refinement of quantization level is found in subclause 7.10.3. If the coefficient was decoded as VAL in previous layer
and it is not currently in SKIP mode, a VAL symbol is also assigned to it at the current layer and only its refinement
value is decoded from bitstream.
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0 1 4 7 16 17 28 29 64 65 68 69 112 113 116 117
2 3 10 13 18 19 30 31 66 67 70 71 114 115 118 119
5 8 6 9 40 41 52 53 72 73 76 77 120 121 124 125
11 14 12 15 42 43 54 55 74 75 78 79 122 123 126 127
20 21 32 33 24 25 36 371 160 161 164 165 208 209 212 213
22 23 34 35 26 27 38 39| 162 163 166 167 210 211 214 215
44 45 56 57 48 49 60 61| 168 169 172 173 216 217 220 221
46 47 58 59 50 51 62 63| 170 171 174 175 218 219 (2p2 223
80 81 84 85 128 129 132 133 96 97 100 101 144 1450 148 149
82 83 86 87 130 131 134 135| 98 99 102 103 146, ,147 150 151
88 89 92 93 136 137 140 141| 104 105 108 109 1627 153 16 157
90 91 94 95 138 139 142 143 106 107 110 111 154 155 158 159
176| 177 180 181 224 225 228 229| 192 193 196 197 240 241 244 245
178| 179 182 183 226 227 230 231| 194 195 198199 242 243 246 247
184 185 188 189 232 233 236 237 200 201 204 205 248 249 252 253
186| 187 190 191 234 235 238 239| 202 203 206 207 250 251 2b4 255
Figure 7-40 -- The band-by-band scanning order for all three modes
In bileyel_guant mode, the band by band scanning is also employed, similar to the multi_quant mode. Wheh bi-level
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ation is applied, the coefficients that are already.found significant are replaced with zero symbo
be of zero-tree forming in later scans.

.2 Entropy Decoding

bro-tree (or type) symbols, quantized “coefficient values (magnitude and sign), and residual valueg
juant mode) are all decoded using:an adaptive arithmetic decoder with a given symbol alphg
etic decoder adaptively tracks the ‘statistics of the zerotree symbols and decoded values. For both t
and multi quant modes the arithmetic decoder is initialized at the beginning of each color loop for
scanning and at the beginqing of the tree-block loop for tree-depth scanning. In order to avoid s
ion, the arithmetic encoder) always starts with stuffing one bit ‘1’ at the beginning of the entropy en
uffs one bit ‘1’ immediately after it encodes every 22 successive ‘0’s. It stuffs one bit ‘1’ to the end of
case in which the last/output bit of arithmetic encoder is ‘0’. Thus, the arithmetic decoder reads and
t before starts entropy decoding. During the decoding, it also reads and discards one bit after receiv
cessive ‘0’s. Ihe’arithmetic decoder reads one bit and discards it if the last input bit to the arithmetig

For bgth.Seanning orders in the single quant and multi_quant modes separate probability models are kept f
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The C{ntext models used for SQ and MQ are identical to the ones used in BQ mode.

nd-wavelet decomposition layer for the type and sign symbols while separate probability models are

ept for

each color, wavelet decomposition layer, and bitplane for the magnitude and residual symbols. All the models are
initialized with a uniform probability distribution.

The models and symbol sets for the non-zerotree type quantities to be decoded are as follows:

Model Possible Values

Sign POSITIVE (0), NEGATIVE (1)
Magnitude 0,1

Residual 0,1
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The possible values of the magnitudes and residuals are only 0 or 1 because each bitplane is being decoded
separately. The non-residual values are decoded in two steps. First, the absolute value is decoded in a bitplane
fashion using the magnitude probability models, then its sign is decoded.

For the decoding of the type symbols different probability models are kept for the leaf and non-leaf coefficients. For
the multi guant mode, context modeling, based on the zerotree type of the coefficient in the previous scalability
layer, is used. The different zerotree type models and their possible values are as follows:

Context and Leaf/Non-Leaf Possible Values

INIT ZTR (2), 1Z (0), VZTR (3), VAL (1)
ZTR ZTR (2), 1Z (0), VZTR (3), VAL (1)
ZTR DESCENDENT ZTR (7), |Z ((\)1 \/ZTR (’2)1 VAl (1)
V4 1Z (0), VAL (1)

LEAH INIT ZTR (0), VZTR (1)

LEAFZTR ZTR (0), VZTR (1)

LEAFZTR DESCENDENT ZTR (0), VZTR (1)

For the gingle quant mode only the INIT and LEAF INIT models are used. For the multi quant.mede for the first
scalability layer only the INIT and LEAF INIT models are used. Subsequent scalability layers.in'the multi quany mode
use the qontext associated with the type. If a new spatial layer is added then the contexts of all previous leaf bpnd
coefficiemts are switched to the corresponding non-leaf contexts. The coefficients in thelnewly added bands uge the
LEAF IN|T context. The residual models are used to decode the coefficient refinements if in the previous layer| a
VZTR or|VAL symbol was assigned. If a node is currently not in SKIP mode (mganing that no refinement is being
done for [the coefficient — see subclause 7.10.3 on inverse quantization for details) only the magnitude of the
refinemepts are decoded as these values are always zero or positive integers:

If a node|is in SKIP mode, then its new zerotree symbol is decoded from bitstream, but no value is decoded fof the
node and its value in the current scalability layer is assumed to be zere;

States in|Previous Bitplane Possibilities in current bitplane
ZTR ZTR, VZTR, 1Z, VAL

VZTR SKIP

1z 1Z, VAL

VAL SKIP

DZTR ZIR, VTRZ, 1Z, VAL

For the hi-level quantization mode,.the zero-tree map is decoded for each bitplane, indicating which wavelet
coefficients are zeros relativelte the current quantization step size. Different probability models for the arithmetic
decoder pre used and updated according to the local contexts. For decoding the zerotree symbols, five conte
models gre used, which‘re dependent on the status of the current wavelet coefficients in the zerotree formed|in the
previous|bitplane decoding. Specifically, the five models correspond to the following contexts of the current wavelet
coefficient:

-1Z: the previous zerotree symbol is Isolated Zero.

- VAL: thelprevious zerotree symbol is Value.

- ZTR: the previous Zerotreg Symbot 1S ZeTotree Root.

- VZTR: the previous zerotree symbol is valued zerotree root.

. DZTR: in previous bitplane, the current coefficient is a descendant of a zerotree root

The additional symbol DZTR is used for switching the models only, where DZTR refers to the descendant of a ZTR
symbol. The context symbols DZTR can be inferred from the decoding process and are not included in the
bitstream. They are used for switching the models only. At the beginning of the decoding the first bitplane, the
contexts of the coefficients are initialized to be DZ. For the highest subband, only 1Z and VAL are possible (no ZTR
and VZTR are possible). Therefore, we initialize the arithmetic model for the last band differently (with zero
probablility for ZTR and VZTR symbols).
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For decoding the sign information, another context model (the sign model) is used and updated. For decoding the
refinement bits, another statistical model (the refinement model) is used.

Each decomposition levels have their own separate arithmetic models. Therefore, the above decoding process
applies to each decomposition levels. All models are initialized at the beginning of coding each bitplane.

After the zero-tree map, additional bits are received to refine the accuracy of the coefficients that are already
marked significant by previously received information at the decoder. For each significant coefficient, the 1-bit bi-
level quantized refinement values are entropy coded using the arithmetic coder.

7.10.3 Inverse Quantization

Differgnt quantization step sizes (one for each color component) are specified for each level of scalability. The
guantiger of the DC band is a uniform mid-step quantizer with a dead zone equal to the quantization step qize. The
guantigation index is a signed integer number and the quantization reconstructed value is obtained dyising the
following equation:

V=id * Qdc,
where|V is the reconstructed value, id is the decoded index and Qdc is the quantization step size.

All the quantizers of the higher bands (in all quantization modes) are uniform mijd-step quantizer with a dedd zone 2
times the quantization step size. For the single quantization mode, the quantization index is an signed intgger. The
reconstructed value is obtained using the following algorithm:

if (id == 0)

V =0;
elseif (id>0)

V =id*Q+Q/2;
else

V =id*Q-Q/2;

wherel|V is the reconstructed value, id is the decoded index and Q is the quantization step size.

In the[multi-quantization mode each SNR:layer within each spatial layer has an associated quantization [step-size
value [(Q value). These different Q ValUes are used for SNR scalability. A lower Q Value will result in a more
accurdte reconstruction.

If a cqefficient is in a given spatial layer it is also in all higher numbered spatial layers. SNR scalability may be
continped on these coefficients in'the higher numbered spatial layers in the same way as is done in the spatial layer
the cogfficient first arises in.Fhus, we can think of all the coefficients which first arise in a particular spatia| layer as
having a corresponding:.sequence of Q Values (call it a Q Sequence). The Q Sequence is made Up of the
guantigation values faf all’'SNR layers in the spatial layer the coefficient first arises in plus the quantization values in
all SNR layers in allkhigher spatial layers. The order is from lower to higher numbered spatial layers and frpm lower
to higher numbered SNR layers within each spatial layer.

EXAMPLE

L tt}ﬁ adantization valua af tha 1 th cnatial lavar and tha 1 th SNID laovar ha danatad hvy OG 1) Acciimao wwa h Vi th
et the-gaantization-value-of-the--th-spatiaHayerand-the--th-SNR-layer-be-deneted-by-O(-j)—Assume-welhave the
following scenario:

Spatial SNR Layer

Layer 0 1 2 .
0 Q(0,0) Q(0,1) Q(0,2)
1 Q(1,0) Q(1,1) Q(1,2)
2 Q(2,0) Q(2,1) Q(2.2)

The Q Sequence which will be used to quantize all coefficients which first arise in spatial layer O is:

<Q(0,0) Q(0,1) Q(0.2) Q(1,0) Q(1,1) Q(1.2) Q(2,0) Q(2.1) Q(2,2)>
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while the sequence for all coefficients first arising in spatial layer 1 is:

and the

<Q(1,0) Q(1.1) Q(1,2) Q(2,0) Q(2,1) Q(2,2)>

sequence for all coefficients first arising in spatial layer 2:

<Q(2,0) Q(2,1) Q(2,2)>.

© ISO/IEC

As in the single-quantization case we would like to have a uniform quantizer for all layers. Due to the manner in
which the Q Values are used to achieve scalability (described below), in order to have a (approximately) uniform
guantizer at each layer, we may have to revise the Q Values extracted from the bitstream before reconstruction.
This revision is necessary if the Q Values within each Q Sequence are not integer multiples of one another

Value is

EXAMP

or if Q

jreater than a Q Value occurring earlier in the Q Sequence.

HES

Q Sequences needing no revision: <24 8 2> and <81 81 27>.

Q Sequences needing revision: <31 9 2> (non-integer multiples) and <81 162 4> (increasing\®@ Value).

If a coefflcient's quantization indices have been zero for all previous scalability layers (spatial and SNR) or if i
first scalpbility layer, then the reconstruction is the similar to the single-quantization~mode described abov
differencg is in that the refined Q Values may be used instead of the onescextracted from the bitstrean
refinement process is described below in steps 1 and 2. If there has been ‘@”non-zero quantization inde
previous|scalability layer then the quantization index specifies a refinement of the previous quantization. The i
are then|called residuals. For every coefficient and scalability layer we know (1) the quantization interval whe
coefficie:l:t occurred in the last scalability layer (both size and location)) (2) the spatial layer the coefficient first

in (and t

us, which Q Sequence to use), (3) the current Q Value and, the previous Q Value in the Q Sequend

(4) the rdfinment (if any) of the previous Q Value.

The reconstruction of the residual is calculated in the followirig-five steps.

Step 1:

Calculation of the Number of Refinement Intérvals

The quaptization interval which was indexed in the previous layer is to be partitioned into disjoint interval

number

Df these "refinement" intervals is calculated based solely on the current Q Value (call it curQ) a

previous|Q Value (call it prevQ). Note that prevQ may have been revised as mentioned above. Letting m

number

¢f refinement intervals we calculate

m = ROUND(prevQ-+curQ)
where ROUND(x) = MAX(n€earest integer of x, 1)).

If m = 1,]no refinement is peeded and no value will have been sent. If, at a certain scalability layer, a node hg
then it is|said to be in SKIR‘mode. Thus, steps 2, 3, and 4 need not be performed for the coefficient.

Step 2:

Calculation 'of the Maximum Refinement Interval Size

Using thé nupiber of refinement intervals, the current Q Value, curQ, is revised (if necessary).

is the
. The
. The
X in a
hdices
re the
arose
e, and

5. The
hd the
be the

curQ = CEI (prn\/Q = m)
where CEIL rounds up to the nearest integer.

curQ represents the maximum size of the intervals in the partition. Since prevQ is the previous layer's curQ (see
step 5), we see that prevQ represents the maximum size of the intervals in the partition used in the previous
scalability layer.

Step 3:

Construction of Refinement Partition

Using the values m and curQ calculated above and the size of quantization interval where the coefficient occurred in
the last scalability layer, we form the refinement partition.
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The previous layer's quantization interval is partitioned into m intervals which are of size curQ or curQ-1. The
residual will be one of the values {0, 1, ..., m-1} which represent an index into this partition. A lower number index
corresponds to an interval in the partition covering lower magnitude values. If the partition is made up of different
size intervals (curQ and curQ-1) then the curQ size intervals correspond to the lower indices. Some combination of
m curQ and curQ-1 interval sizes are sufficient to cover the previous quantization interval. From step 2 we know that
the previous quantization interval is of size prevQ or prevQ-1.

Step 4: Calculation of Reconstructed Value

The interval in the partition indexed by the residual is mapped to the reconstruction value. The reconstruction is just
the middle point of the interval in the partition that the residual indexes. That is, if PartStart is the start of the interval
in the :’\nrtifinn which is indexed h\l/ the residual,PartStartSize is the size of the interval Qign is the Pnrrn“ponding

sign (known from prior scalability layers), and // is integer division then the reconstructed value is:

PartStart + sign*(PartStartSize-1)//2
Step %: Assignment of Maximum Size
If therg is another scalability layer then prevQ is assigned the value of curQ.

Note that since steps 1, 2, and 5 depend entirely on the Q Values found in the Q Sequences they only nged to be
done ¢nce in each scalability layer for each Q Sequence being used in the current spatial layer.

FOUR EXAMPLES
In the pxamples:

1. 1.letthe Q Values be Q1, Q2, and Q3,

2. 2. lettwo sample coefficients to be quantized be C2\and C2,

3. 3.let Cql and Cg2 denote the corresponding guantized coefficients or residuals, and
4. 4.letiC1 and iC2 denote the corresponding reconstructed coefficient values.

1. Q Malues not in need of revision

Q1=24,0Q2=8,Q3=2,
C1=16,and C2 =28.

At firs{ scalability layer we have

Cgl=C1/Q1=0
iCql=0
Cg2=C2/Q1=1
iCg2=35

At second scalabilitydayer we have

prevQ'=Q1 =24

cur@=Q2=8

m = ROUND(prevQ-+curQ) = ROUND(24+8) = 3
cGrQ = CEN (prevQ+m) = CEWL(24+:3) =8
partition sizes = {8, 8, 8}

Cgl=C1l/curQ =2

iCql =19
Cqg2 = 0 (residual)
iCq2 =27

At third scalability layer we have
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prevQ =curQ =8

curQ=Q3=2

m = ROUND(prevQ-+curQ) = ROUND(8+2) = 4
curQ = CEIL(prevQ+m) = CEIL(8+2) = 4
partition sizes ={2, 2, 2, 2}

Cql =0 (residual)

iCql =16

Cg2 = 2 (residual)

iCg2 =28

2. Q Values not in need of revision

D1 =81, Q2 =81, Q3 =27,
€1 =115, and C2 =28.

At first sqalability layer we have

Cql=C1/Q1=1
Cql =121

£g2 = C2/Q1 =0
Cq2=0

—_ o~ —- o~

At seconf scalability layer we have

prevQ = Q1 =81

¢urQ =Q2=281

M = ROUND(prevQ-+curQ) =ROUND(81+81) = 1
¢urQ = CEIL(prevQ+m) = CEIL(81+1) = 81
artition sizes = {81} (no refinement needed)

At third
revQ = curQ =81

urQ =Q3 =27

= ROUND(prevQ-+curQ) #¥ROUND(81+27) = 3

artition sizes = {27, 27,27}

3. Q Vallies in.néed of revision

£=231,0Q02=9,Q3=2,
CI=115,and C2=5.

At first scalability layer we have
Cql=C1/Q1=3
iCql =108
Cg2=C2/Q1=0
iCg2=0

At second scalability layer we have
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prevQ = Q1 =31
curQ=Q2=9

m = ROUND(prevQ-+curQ) = ROUND(31+9) =3
curQ = CEIL(prevQ+m) = CEIL(31+3) = 11
partition sizes = {11, 10, 10}

Cql = 2 (residual)

iCql = 118

Cg2=C2/curQ =0

iCg2=0

At third scalability layer we have

ISO/IEC 14496-2:1999(E)

4.0V

prevQ = curQ =11

curQ=Q3=2

m = ROUND(prevQ-+curQ) = ROUND(11+2) = 6

curQ = CEIL(prevQ+m) = CEIL(11+6) =2

partition sizes = {2, 2, 2, 2, 2,1} if value occurs in level with size 11
partition sizes = {2, 2, 2, 2, 1, 1} if value occurs in level with size 10
Cql = 0 (residual)

iCgl=114

Cg2 =C2/curQ =2

iCg2=4

alues in need of revision

At first

At sec

At thir

Q1=81,Q2=162, Q3 =4,
Cl1=115,and C2=5.

scalability layer we have

Cql=C1/Q1=1
iCql = 121
Cq2=C2/Q1=0
iCq2 =0

pnd scalability layer we have

prevQ = Q1 =81

curQ = Q2 =162

m = ROUND(prevQ-+curQ) = ROUND(81+162) = 1
curQ = CEIL(prevQ+m) = CEIL(81+1) = 81
partition sizes = {81} (no refinement needed)

Cql =0 (not used)

iCql =121

Cg2 = C2{eurQ = 0 (not used)

iCg2 =0

| sealability layer we have

prevQ = curQ = 81

curQ=Q3=14

m = ROUND(prevQ-+curQ) = ROUND(81+4) = 20

curQ = CEIL(prevQ+m) = CEIL(81+20) =5

partition sizes ={5,4,4,4,4,4,4,4,4,4, 4,4, 4,4, 4,4,4,4, 4,4}
Cql = 8 (residual)

iCql =121

Cg2=C2lcurQ =1

iCg2=6
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It is important to note that coefficients which first arose in different spatial layers may use different prevQ and curQ
values. They are basically being quantized from different lists. That is, they have different corresponding Q
Sequences.

7.10.3.1 Shape adaptive zerotree decoding

When the texture_object_layer_shape is not rectangular or texture_object_layer_width!=
integerx"aeedecompositonlevel o texture_object_layer_height!= integer+2"ece-iecomresiiontee " he jnverse shape adaptve
wavelet transform is chosen to reconstructed the arbitrary-shaped image object or rectangular texture object.
Decoding shape adaptive wavelet coefficients is the same as decoding regular wavelet coefficients except keep
track of the locations of where to put the decoded wavelet coefficients according to the shape information. or a
generated mask. The mask is generated with texture object layer width*texture object layer height pixels of
value 255 at the upper-left corner of a frame of size w*2"*e-decompostionevelx prguavsietdecomposiion el g the rest of the| pixels
being value 0, where w is the smallest integer that makes > texture_object_layer_width|and h
is the snfallest integer that makes h*2"eeeemestionieel s taytyre_object_layer_height. Similar to decoding of fegular
wavelet ¢oefficients, the decoded zerotree symbols at a lower subband are used to determine whether decofling is
needed ft higher subbands. The difference is now that some zerotree nodes correspond teythe pixel logations
outside the shape boundary and no bits are to be decoded for these out_nodes. Root layer is\defined as the [lowest
three AQ subbands, leaf layer is defined as the highest three AC subbands. For decompgsition level of one, the
overlappgd root layer and leaf laver shall be treated as leaf layer.

% ~wavelet_decomposition_level
w*2

7.10.3.1.4 DC layer

The DC ¢oefficient decoding is the same as that for rectangular image except¢he following,

1. Only|those DC coefficients inside the shape boundary in the DC layershall be traversed and decoded and DC
coefiicients outside the shape boundary may be set to zeros.

2. For the inverse DC prediction in the DC layer, if a reference coefficient (A, B, C in Fig. (DC prediction figurg)) in
the grediction context is outside the shape boundary, zero shallbe used to form the prediction syntax.

7.10.3.1.2 Root layer

At the ropt layer (the lowest 3 AC bands), the shape information is examined for every node to determine whether a
node is gn out_node.

If it is anjout_node,

* no bits are decoded for this node;
« the fpur children nodes of this node-are marked “to_be_decoded” (TBD);

otherwisg

- azelotree symbol is decoded for this node using an adaptive arithmetic decoder.

If the degoded symbol forthe node is either isolated_zero (1Z) or value (VAL),

e the fpur children nodes of this node are marked TBD;

otherwiseg,

- the gymbol is*either zerotree_root (ZTR) or valued_zerotree_root (VZTR) and the four children nodes of this
nodg are.marked “no_code” (NC).

If the sy hbolis VAL or VZTR,

e anon-zero wavelet coefficient is decoded for this node by root model;
otherwise,
- the symbol is either I1Z or ZTR and the wavelet coefficient is set to zero for this node.

7.10.3.1.3 Between root and leaf layer

At any layer between the root layer and the leaf layer, the shape information is examined for every node to
determine whether a node is an out_node.

If it is an out_node,
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* no bits are decoded for this node;
< the four children nodes of this node are marked as either TBD or NC depending on whether this node itself is
marked TBD or NC respectively;

otherwise, if it is marked NC,
* no bits are decoded for this node;
* the wavelet coefficient is set to zero for this node;

« the four children nodes are marked NC;

otherwise,

. a(kerotree symbol is decoded for this node using an adaptive arithmetic decoder.
If the decoded symbol for the node is either isolated_zero (1Z) or value (VAL),

< the four children nodes of this node are marked TBD;

otherwise,

« the symbol is either zerotree_root (ZTR) or valued_zerotree_root (VZTR) and the four nodes of this node are
marked “no_code” (NC).

If the $ymbol is VAL or VZTR,

« aon-zero wavelet coefficient is decoded for this node by valnz model;

otherwise,

- the symbol is either 1Z or ZTR and the wavelet coefficient is set to zero for this node.
7.10.3.1.4 Leaf layer

At the|leaf layer, the shape information is examined for_every node to determine whether a node is an out_rjode.
If it is @an out_node,

« nq bits are decoded for this node;
otherwise, if it is marked NC,

* nqg bits are decoded for this node;
* the wavelet coefficient is set to zero for this node;

otherwise,

*

p wavelet coefficient is decoded for this node by valz adaptive arithmetic model;

7.10.3,2 Shape€ decomposition

The shape information for both shape adaptive zerotree decoding and the inverse shape adaptive wavelet fransform
is obtiined by decomposing the reconstructed shape from the shape decoder. Assuming binary shape with 0 or 1
indicating a pixel being outside or nside the arbirarlly shaped object, the shape decomposiion procedure can be
described as follows:

1. For each horizontal line, collect all even-indexed shape pixels together as the shape information for the
horizontal low-pass band and collect all odd-indexed shape pixels together as the shape information for the
horizontal high-pass band, except for the special case where the number of consecutive 1's is one.

2. For anisolated 1 in a horizontal line, whether at an even-indexed location or at an odd-indexed location, it is
always put together with the shape pixels for the low-pass band and a 0 is put at the corresponding position
together with the shape pixels for the high-pass band.

3. Perform the above operations for each vertical line after finishing all horizontal lines.

4. Use the above operations to decompose the shape pixels for the horizontal and vertical low-pass band further
until the number of decomposition levels is reached.
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7.11 Mesh object decoding

An overview of the decoding process is show in Figure 7-41.

© ISO/IEC
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Figure 7-41 -- Simplified 2D Mesh Object Decoding-Pracess

length decoding takes the coded data and decodes either node point location data or node point
e point location data is denoted by dx , dy. and node point motion‘data is denoted by ex, ey,, whe
point index (n =0, ..., N-1). Next, either mesh geometry decoding or mesh motion decoding is a
ometry decoding computes the node point locations from_the location data and reconstructs a trig
M the node point locations. Mesh motion decoding computes the node point motion vectors from the

applies these motion vectors to the node points of the previous mesh to reconstruct the current mesh.

nstructed mesh is stored in the mesh data memory, 'so that it may be used by the motion decoding p
ext mesh. Mesh data consists of node point locations (x,, y,) and triangles t_, where m is the triangle
., M-1) and each triangle t_ contains a triplet-<i, j, k> which stores the indices of the node points thg
vertices of that triangle.

object consists of a sequence of mesh object planes. The is_intra flag of the mesh object plane
ps whether the data that follows specifies the initial geometry of a new dynamic mesh, or that it sp
bn of the previous mesh to the_current mesh, in a sequence of meshes. Firstly, the decoding off
is described; then, the decodinig of mesh motion is described. In this part of ISO/IEC 14496, a pixel
e system is assumed, wher€ the x-axis points to the right from the origin, and the y-axis points dow

7.11.1 Mesh geometry décoding

Since th

initial 2D triangular mesh is either a uniform mesh or a Delaunay mesh, the mesh triangular structu

the connlections between node points) is not coded explicitly. Only a few parameters are coded for the U
mesh; ofly the<2D”node point coordinates P, = (X, Y,) are coded for the Delaunay mesh. In each cas

coded information defines the triangular structure of the mesh implicitly, such that it can be computed uniqu
the decofler)The mesh_type_code specifies whether the initial mesh is uniform or Delaunay.
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7.11.1.1

Uniform mesh

A 2D uniform mesh subdivides a rectangular object plane area into a set of rectangles, where each rectangle in turn
is subdivided into two triangles. Adjacent triangles share node points. The node points are spaced equidistant
horizontally as well as vertically. An example of a uniform mesh is given in Figure 7-42.

Five parameters are used to specify a uniform mesh. The first two parameters, nr_mesh_nodes_hor and
nr_mesh_nodes_vert, specify the number of node points of the mesh in the horizontal, resp. vertical direction. In the
example of Figure 7-42, nr_mesh_nodes_hor is equal to 5 and nr_mesh_nodes_vert is equal to 4. The next two
parameters, mesh_rect_size_hor and mesh_rect_size_vert, specify the horizontal, resp. vertical size of each
rectangle in half pixel units. The meaning of these parameters is indicated in Figure 7-42. The last parameter,
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triangle_split_code, specifies how each rectangle is split to form two triangles. The four methods of splitting that are
allowed are indicated in Figure 7-43. The top-left node point of a uniform mesh coincides with the origin of a local
coordinate system.

mesh_rect_size hor

—

mesh_rect_size vert I

Figure 7-42 -- Specification of a uniform 2D mesh

s

triangle split_code == * 00’ triangle split_code == ‘01’

triangle_split>code == * 10’ triangle split_code==*11’

Figumne 7-43 -- lllustration of the types of uniform meshes defined
7.11.1}2 Delaunay mesh

First, fhe total number of node points in the mesh N is decoded; then, the number of node points that afe on the
boundary of the mesh N, is decoded. Note that N is the sum of the number of nodes in the interior of the|mesh, N,

and the number of nodes on the boundary, N,

N:Ni+Nu

Now, the locations of boundary and interior node points are decoded, where we assume the origin of the local
coordinate system is at the top left of the bounding rectangle surrounding the initial mesh. The x-, resp. y-coordinate
of the first node point, P, = (X, Y,). is decoded directly, where X, and Y, are specified w.r.t. to the origin of the

local coordinate system. All the other node point coordinates are computed by adding a dxn, resp. dyn value to,

resp. the x- and y-coordinate of the previously decoded node point. Thus, the coordinates of the initial node point
B, = (X0, Y,) is decoded as is, whereas the coordinates of all other node points, B, =(X,¥,),n=1,..,N-1, are

obtained by adding a decoded value to the previously decoded node point coordinates:

Xn = Xn—l + an and yn = yn—l + dyn .
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The ordering in the sequence of decoded locations is such that the first N, locations correspond to boundary nodes.
Thus, after receiving the first N, locations, the decoder is able to reconstruct the boundary of the mesh by
connecting each pair of successive boundary nodes, as well as the first and the last, by straight-line edge segments.
The next N - N, values in the sequence of decoded locations correspond to interior node points. Thus, after
receiving N nodes, the locations of both the boundary and interior nodes can be reconstructed, in addition to the
polygonal shape of the boundary. This is illustrated with an example in Figure 7-44.
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Figure 7-44 -- Decoded node points and mesh boundary‘edge

h is finally obtained by applying constrained Delaunay triangulation to the set of decoded node
e polygonal mesh boundary is used as a constraint. A constrained triangulation of a set of node poi

the line segments between successive node points on the bodndary as edges and contains triangle
erior of the region defined by the boundary. Each triangle<t, =<f)|, O f)n> of a constrained De
ion furthermore satisfies the property that the circumcitcle of t, does not contain in its interior any
visible from all three vertices of t,. A node point is visible from another node point if a straight line

them falls entirely inside or exactly on the constraihing polygonal boundary. The Delaunay triang
s defined as any algorithm that is equivalent to the following.

rmine any triangulation of the given node points such that all triangles are contained in the interior

bct each interior edge, shared by two opposite triangles, of the triangulation and test if the edge is
Linay. If there is an interior edge ‘that is not locally Delaunay, the two opposite triangles <p_, p,, p
D., P> sharing this edge areyreplaced by triangles <p,, p,, p,> and <p,, p., p;>. Continue until all
s of the triangulation are logally Delaunay.

br edge, shared by“two opposite triangles <p,, p,, p.> and <p_, p., p;>, is locally Delaunay if poin
he circumcircle of-triangle <p,, p,, p.>. If point p, is inside the circumcircle of triangle <p_, p,, p2>, th
ot locally Delaunay. If point p, is exactly on the circumcircle of triangle <p,, p,, p.>, then the edge bq
and p, is deemed locally Delaunay only if point p, or point p, is the point (among these four points) w
N X-coordinate, or, in case there is more than one point with the same maximum x-coordinate, the poi
mum y-eoordinate among these points.An example of a mesh obtained by constrained triangulation
hts/Of Figure 7-44 is shown in Figure 7-45.
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Figure 7-45 -- Decoded triangular mesh obtained by constrained Delaunay triangulation

7.11.2 Decoding of mesh motion vectors

Each hode point f)n of a 2D Mesh Object Plane numbered k in the sequence of Mesh, Object Planes has a 2D

motior) vector V, = (vxn,vyn), defined from Mesh Object Plane k to k+1. By decoding these motion vecto
able t¢ reconstruct the locations of node points in Mesh Object Plane numbered k*1/ The triangular topolg

S, one is
gy of the

mesh femains the same throughout the sequence. Node point motion vectors,are/decoded according to a predictive

metho(, i.e., the components of each motion vector are predicted using the components of already decods
vectorp of other node points.

7.11.211 Motion vector prediction

To defode the motion vector of a node point P, that is part of & triangle t, = (f)l B f)n> where the tw
vectorp vectors V, and V,, of the nodes P, and P, have aliéady been decoded, one can use the values
\7m to |predict \7n and add the prediction vector to a decoded prediction error vector. Starting from an initig
t, of which all three node motion vectors have been:décoded, there must be at least one other, neighboring
t,, thgt has two nodes in common with t,. Sinee the motion vectors of the two nodes that t, and t

commpn have already been decoded, one can.use these two motion vectors to predict the motion vector of
node ih t,,. The actual prediction vector Wn is computed by averaging of the two prediction motion vector

compg@nents of the prediction vector are rounded to half-pixel accuracy, as follows:

Here, &, :(exn,eyn) denotes the prediction error vector, the components of which are decoded from
length|codes. This precedure is repeated while traversing the triangles and nodes of the mesh, as explaing

d motion

0 motion
f V, and
| triangle
, triangle

have in

the third
5 and the

variable
d below.

While visiting all-triangles of the mesh, the motion vector data of each node is decoded from the bitstream one by

one. Note thatno’prediction is used to decode the first motion vector,

and that only the first decoded motion vector is used as a predictor to code the second motion vector,

Vo, =Vo, +6,

Note further that the prediction error vector is specified only for node points with a nonzero motion vector. For all

other node points, the motion vector is simply V, = (0,0).

Finally, the horizontal and vertical components of mesh node motion vectors are processed to lie within
range, equivalent to the processing of video block motion vectors described in subclause 7.6.3.

a certain
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7.11.2.2 Mesh traversal

We use a breadth-first traversal to order all the triangles and nodes in the mesh numbered k, and to decode the
motion vectors defined from mesh k to k+1. The breadth-first traversal is determined uniquely by the topology and
geometry of an intra-coded mesh. That is, the ordering of the triangles and nodes shall be computed on an intra-
coded Mesh Object Plane and remains constant for the following predictive-coded Mesh Object Planes. The
breadth-first traversal of the mesh triangles is defined as follows (see Figure 7-46 for an illustration).

First, define the initial triangle as follows. Define the top left mesh node as the node n with minimum X +VY,,

assuming the origin of the local coordinate system is at the top left. If there is more than one node with the same
value of X +Y,, then choose the node point among these with minimum y. The initial triangle is the triangle that

containsEﬁ_b_Wﬂ_ﬁh_Wﬂ'l_t_l_m_m_F‘e €dge between the top-lelt node of the mesh and the next clockwise node on the boundary. Lapel the
initial triagngle with the number O.

Next, all pother triangles are iteratively labeled with numbers 1, 2, ..., M - 1, where M is the number ofitriangled in the
mesh, aq follows.

Among all labeled triangles that have adjacent triangles which are not yet labeled, find the triangle wjith the
Ipwest number label. This triangle is referred to in the following as the current triangle. Define the bas¢ edge
of this triangle as the edge that connects this triangle to the already labeled-neighboring triangle with the
Ipwest number. In the case of the initial triangle, the base edge is defined as\the edge between the fop-left
mode and the next clockwise node on the boundary. Define the right edge'of the current triangle as the next
g¢ounterclockwise edge of the current triangle with respect to the base edge; and define the left edge[as the
mext clockwise edge of the current triangle with respect to theybase edge. That is, for a tfiangle

i, = (f)l s Brys f)n> where the vertices are in clockwise order, if (f), f)m> is the base edge, then (f), Ton) is the
fight edge and (f)m f)n> is the left edge.
Now, check if there is an unlabeled triangle adjacent tothe current triangle, sharing the right edge. If there is

such a triangle, label it with the next available number,*Then check if there is an unlabeled triangle adjacent
o the current triangle, sharing the left edge. If there is such a triangle, label it with the next avgilable

This progess is continued iteratively until all trianglés-have been labeled with a unique number m.

The ordgring of the triangles according tostheir assigned label numbers implicitly defines the order in which the
motion victor data of each node point is decoded, as described in the following. Initially, motion vector data for the
top-left node of the mesh is retrieved«from the bitstream. No prediction is used for the motion vector of this| node,
hence thjs data specifies the motion_vector itself. Then, motion vector data for the second node, which is the next
clockwis¢ node on the boundary‘w.r.t. the top-left node, is retrieved from the bitstream. This data contaips the
prediction error for the motien._vector of this node, where the motion vector of the top-left node is used as a
prediction. Mark these firsttwe-nodes (that form the base edge of the initial triangle) with the label ‘done’.

Next, prqcess each triangle as determined by the label numbers. For each triangle, the base edge is determined as

5|mp|y| ed_and no data is = - o _t}
nodes on the base edge of a trlangle are guaranteed to be Iabeled ‘done’ When that trlangle is processed signifying
that their motion vectors have already been decoded and may be used as predictors.
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In Figuire 7-46 an example is shown of breadth-first traversal. On the left, the traversal is halfway through th

five tr
(mark

right and left edge are ‘r' and ‘I'. The triangles that will be labeled next are the triangles sharing the right,

edge

next ‘qurrent triangle’ and another motion vector will be decoded. On the right, the traversed 2D triangulal
showr, illustrating the transitions between triangles and final order of node\points according to which r
motion vectors are decoded.

7.12

7.12.1] Frame based face object decoding
This spbclause specifies the additional decoding process required for face object decoding.

The cpded data is decoded by an arithmetic decoding process. The arithmetic decoding process is deg

detail

The FAPs are obtained by a predictive decoding'scheme as shown in Figure 7-47.

The base quantization step size QP for €ach FAP is listed in Table C-1. The quantization parameter fap
appliefl uniformly to all FAPs. The magnitude of the quantization scaling factor ranges from 1 to 8. The

fap_q
The g

if

el

Thed

FAP'(f) =gstep * FAP"(t)

1999(E)

Figure 7-46 -- Breadth-first traversal of a 2D triangular example mesh

angles have been labeled (with numbers) and the motion vectors of six node jpoints have been
bd with a box symbol). The triangle which has been labeled ‘3’ is the ‘current triangle’; the base edge

vith the current triangle. After those triangles are labeled, the triangle which*has been labeled ‘4’ w

Face object decoding

n annex B. Following the arithmetic decoding, the data is de-quantized by an inverse quantization

:tant == 0 has a special meariing; it is used to indicate lossless coding mode, so no dequantization is
antization stepsize is obtained as follows:

(fap_quant)
gstep = QP * fap."quant

5 e
gstep=1
pquantized FAP'(t) is obtained from the decoded coefficient FAP”(t) as follows:

e mesh -
decoded
is ‘b’; the
resp. left
ill be the
mesh is
bspective

cribed in
process.

| quant is
value of
applied.

Coded _ _ .
Data ——tArithmetic|—pp|'NVErE G AR
Decoding Quanti zation
Frame
delay )

Figure 7-47 -- FAP decoding
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7.12.1.1 Decoding of faps
For a given frame FAPs in the decoder assume one of three of the following states:

1. set by a value transmitted by the encoder
2. retain a value previously sent by the encoder
3. interpolated by the decoder

FAP values which have been initialized in an intra coded FAP set are assumed to retain those values if
subsequently masked out unless a special mask mode is used to indicate interpolation by the decoder. FAP values
which have never been initialized must be estimated by the decoder. For example, if only FAP group 2 (inner lip) is
used and_EAP _group 8 (outer lip) is never used. the outer lip points must be estimated by the decoder. In a second
example[the FAP decoder is also expected to enforce symmetry when only the left or right portion of a synjmetric
FAP set |s received (e.g. if the left eye is moved and the right eye is subject to interpolation, it is to be moved in the
same wgy as the left eye).

7.12.2 DCT based face object decoding

The bitstfeam is decoded into segments of FAPs, where each segment is composed of a temporal sequenceg of 16
FAP objgct planes. The block diagram of the decoder is shown in Figure 7-48.

DC FAPs
Huf f man I nverse = I nver se
— Decodi ng Quanti zation [ ocT [
Menmar y
Buff er
AC
Huf f man Run- Lengt h I nverse
—Decodi ng Decodi ng Quanti zation

Figure 7-48 -- Block diagram of the DCT-based decoding process

The DCT]-based decoding process_consists of the following three basic steps:

1. Diffefential decoding the DC coefficient of a segment.

2. Decqding the AC coefficients of the segment

3. Determining the 16 FAPValues of the segment using inverse discrete cosine transform (IDCT).
A uniform quantization step size is used for all AC coefficients. The quantization step size for AC coefficients is
obtained|as follows:

o

stepli},-= fap_scale[fap_quant_inex] * DCTQP]i]

where DCTQPJi] is the base quantization step size and its value is defined in subclause 6.3.10.10. The quanfjzation
step size of the DC coefficient is one-third of the AC coefficients. Different quantization step sizes are used for
different FAPs.

The DCT-based decoding process is applied to all FAP segments except the viseme (FAP #1) and expression (FAP
#2) parameters. The latter two parameters are differential decoded without transform. The decoding of viseme and
expression segments are described at the end of this subclause.

For FAP #3 to FAP #68, the DC coefficient of an intra coded segment is stored as a 16-bit signed integer if its
value is within the 16-bit range. Otherwise, it is stored as a 31-bit signed integer. For an inter coded segment, the
DC coefficient of the previous segment is used as a prediction of the current DC coefficient. The prediction error is
decoded using a Huffman table of 512 symbols. . An "ESC" symbol, if obtained, indicates that the prediction error is
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out of the range [-255, 255]. In this case, the next 16 bits extracted from the bitstream are represented as a signed
16-bit integer for the prediction error. If the value of the integer is equal to -256*128, it means that the value of the
prediction error is over the 16-bit range. Then the following 32 bits from the bitstream are extracted as a signed 32-
bit integer, in twos complement format and the most significant bit first

The AC coefficients, for both inter and intra coded segments, are decoded using Huffman tables. The run-length
code indicates the number of leading zeros before each non-zero AC coefficient. The run-length ranges from 0O to
14 and proceeds the code for the AC coefficient. The symbol 15 in the run length table indicates the end of non-zero
symbols in a segment. Therefore, the Huffman table of the run-length codes contains 16 symbols. The values of
non-zero AC coefficients are decoded in a way similar to the decoding of DC prediction errors but with a different
Huffman table.

The bitstreams corresponding to viseme and expression segments are basically differential decoded withiout IDCT.
For an intra coded segment, the quantized values of the first viseme_selectl, viseme_select2, visemenblenf,
expregsion_selectl, expression_select2, expression_intensityl, and expression_intensity2 within the 'segment are
decodpd using fixed length code. These first values are used as the prediction for the second viseme_sele¢tl,
viseme_select?, ... etc of the segment and the prediction error are differential decoded usingHuffman tables. For
an intger coded segment, the last viseme_selectl, for example, of the previous decoded segment is used to predict
the firgt viseme_selectl of the current segment. In general, the decoded values (before inverse quantization) of
differgntial coded viseme and expression parameter fields are obtained

byviseme_segment_selectlq[k] = viseme_segment_selectlq[k-1] +
viseme_segment_selectlq_diff[k] - 14

viseme_segment_select2q[k] = viseme_segment_select2q[k=1] +
viseme_segment_select2qg_diff[k] - 14

viseme_segment_blendq[K] = viseme_segment_blendqg[k-1] +
viseme_segment_blendq_diff[k] - 63

expression_segment_select1q[k] = expression_segment_selectlq[k-1] +
expression_segment_selectlq_diff[k] - 6

expression_segment_select2qlk] = expressionxsegment_select2q[k-1] +

expression_segment_select2q_diff[k] - 6
expression_segment_intensity1q[k] = expression_segment_intensitylq[k-1] +

expression_segment_intensitylq_diff[k}+ 63
expression_segment_intensity2q[k] = expression_segment_intensity2q[k-1] +

expression_segment_intensity2g-\diff[k] - 63

7.12.3 Decoding of the viseme parameter fap 1

Fourtgen visemes have been defined for selection by the Viseme Parameter FAP 1, the definition is given|in annex
C. The viseme parameter allows two visemes from a standard set to be blended together. The viseme parameter is
compagsed of a set of values@s follows.

Table 7-17 -- Viseme parameter range

viseme () { Range
viseme_selectl 0-14
viseme_select2 0-14
viseme_blend 0-63
viseme_def 0-1

}

Viseme_blend is quantized (step size = 1) and defines the blending of visemel and viseme2 in the decoder by the
following symbolic expression where visemel and 2 are graphical interpretations of the given visemes as
suggested in the non-normative annex.
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final viseme = (viseme 1) * (viseme_blend / 63) + (viseme 2) * (1 - viseme_blend / 63)

The viseme can only have impact on FAPs that are currently allowed to be interpolated.

If the viseme_def bit is set, the current mouth FAPs can be used by the decoder to define the selected viseme in
terms of a table of FAPs. This FAP table can be used when the same viseme is invoked again later for FAPs which

must be i

nterpolated.

7.12.4 Decoding of the viseme parameter fap 2

The expression parameter allows two expressions from a standard set to be blended together.The expression
parameter is composed of a set of values as follows.

Expressi
and 2 in
given ex

f

The decq

The exphession can only have impact.@n FAPs that are currently allowed to be interpolated. If the init_face bit|

the neutr
and heag
define th
expressi

7.12.5 H

The face
bitstream

Table 7-18 -- Expression parameter range

expression () { Range
expression_selectl 0-6
expression_intensityl 0-63
expression_select2 0-6
expression_intensity2 0-63
init_face 0-1
expression_def 0-1

}

DNn_intensityl and expression_intensity2 are quantized (step size = 1) and define excitation of express
the decoder by the following equations whereexpressions 1 and 2 are graphical interpretations
pression as suggested by the non-normative reference:

nal expression = expressionl * (expression_intensityl / 63)+ expression2 * (expression_intensity2 /

der displays the expressions accotding to the above fomula as a superposition of the 2 expressions.

al face may be modified withih the neutral face constraints of mouth closure, eye opening, gaze dir

orientation before FARs 3<68 are applied. If the expression_def bit is set, the current FAPs can be |
e selected expression-in terms of a table of FAPs. This FAP table can then be used when the
bn is invoked again later.

ap masking

is animated by sending a stream of facial animation parameters. FAP masking, as indicated
, is used to select FAPs. FAPs are selected by using a two level mask hierarchy. The first level cqg

two bit che for each group indicating the following options:

ions 1
of the

53)

is set,
bction,
sed to
same

in the
ntains

1. no FAPs are sent in the group.
2. amask is sent indicating which FAPs in the group are sent. FAPs not selected by the group mask retain their

previ

ous value if any previously set value (not interpolated by decoder if previously set)

3. amask is sent indicating which FAPs in the group are sent. FAPs not selected by the group mask retain must

be in

terpolated by the decoder.

4. all FAPs in the group are sent.

7.13 Output of the decoding process

This subclause describes the output of the theoretical model of the decoding process that decodes bitstreams

conformi
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The visual decoding process input is one or more coded visual bitstreams (one for each of the layers). The visual
layers are generally multiplexed by the means of a system stream that also contains timing information.

7.13.1 Video data

The output of the video decoding process is a series of VOPs that are normally the input of a display process. The
order in which fields or VOPs are output by the decoding process is called the display order, and may be different
from the coded order (when B-VOPs are used).

7.13.2 2D Mesh data

The output of the decoding process is a series of one or more mesh object planes. The mesh object planes are
normglly input to a compositor that maps the texture of a related video object or still texture object onto eafh mesh.
The coded order and the composited order of the mesh object planes are identical.

7.13.3] Face animation parameter data

The optput of the decoding process is a sequence of facial animation parameters. They are input to fa display
procegs that uses the parameters to animate a face object.

8 Vispual-Systems Composition Issues
8.1 Tepmporal Scalability Composition

Background composition is used in forming the background region for-Objects at the enhancement layer of ftemporal
scalalgility when the value of both enhancement_type and background_composition is one. This process|is useful
when the enhancement VOP corresponds to the partial region of\the VOP belonging to the reference layéer. In this
process, the background of a current enhancement VOP is composed using the previous and the next[VOPSs in
display order belonging to the reference layer.

Figure¢ 8-1 shows the background composition for thelcurrent frame at the enhancement layer. The dptted line
repregents the shape of the selected object at the previous VOP in the reference layer (called “forward shppe”). As
the object moves, its shape at the next VOP in theyreference layer is represented by a broken line (called “ibackward
shapel).

For the region outside these shapes, the_pixel value from the nearest VOP at the reference layer is usgd for the
compagsed background. For the region oecupied only by the forward shape, the pixel value from the next VOP at the
reference layer is used for the composed frame. This area is shown as lightly shaded in Figure 8-1. On fhe other
hand, [for the region occupied only’by the backward shape, pixel values from the previous VOP in the feference
layer @are used. This is the area shaded dark in Figure 8-1. For the region where the areas enclosed |by these
shapep overlap, the pixel ¥alue is given by padding from the surrounding area. The pixel value which is qutside of
the overlapped area should be filled before the padding operation.
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Figure 8-1 -- Background composition

ving process is a mathematical description of the background composition_method.

If s(x,y,ta)=0 and s(x,y,td)=0

fe(x,y,t) = f(x,y,td)  (|t-ta]>|t-td])
fc(x,y,t) = f(x,y,ta) (otherwise),
s(x,y,ta)=1 and s(x,y,td)=0
fc(x,y,t) = f(x,y,td)
s(x,y,ta)=0 and s(x,y,td)=1
fc(x,y,t) = f(x,y,ta)
s(x,y,ta)=1 and s(x,y,td)=1
The pixel value of fc(x,y,t) is given by repetitive padding from the surrounding area.

fc composed background

f decoded VOP at the referenee layer

s shape information (alpha plane) , O: transparent, 1: opague
(x,y)  the spatial coordinate

t  time of the current VOP

ta time of the previous VOP

td time of the next VOP

Cal to the previous backward shape.

8.2 Spr

te-Gomposition

s of shape infermation, s(x, y, ta) and s(x, y, td), are necessary for the background composition. s+ v, ta)
p “forward shape” and s(x, y, td) is called a “backward shape”. If f(X, y, td) is the last VOP in the bitstr¢am of
bnce layet, it'should be made by copying f(x, y, ta). In this case, two shapes s(x, y, ta) and s(x, y, td) hould

The static sprite technology enables to encode very efficiently video objects which content is expected not to vary in
time along a video sequence. For example, it is particularly well suited to represent backgrounds of scenes (decor,
landscapes) or logos.

A static sprite (sometimes referred as mosaic in the literature) is a frame containing spatial information for a single
object, obtained by gathering information for this object throughout the sequence in which it appears. A static sprite

can be a

very large frame: it can correspond for instance to a wide angle view of a panorama.

The ISO/IEC 14496-2 syntax defines a dedicated coding mode to obtain VOPs from static sprites: the so-called “S-
VOPs”. S-VOPs are extracted from a static sprite using a warping operation consisting in a global spatial
transformation driven by few motion parameters (0,2,4, 6 or 8).
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For composition with other VOPs, there are no special rules for S-VOPs. However, it is classical to use S-VOPs as
background objects over which “classical” objects are superimposed.

8.3 Mesh Object Composition

A Mesh Object represents the geometry of a sequence of 2D triangular meshes. This data can be used along with
separately coded image texture data to render texture-mapped images, e.g., by the composition process as defined
in ISO/IEC 14496-1. A Mesh Object stream may be contained in part of a BIFS animation stream, as defined in
ISO/IEC 14496-1. In terminals implementing mesh animation functionality using both ISO/IEC 14496-1 and this part
of ISO/IEC 14496, the decoded mesh data is used to update the appropriate fields of a BIFS IndexedFaceSet2D
node, defined in ISO/IEC 14496-1, for composition purposes. In this case, the appropriate fields of the
Indexed 2 dese j i

a) The coordinates of the mesh points (vertices) are obtained from the output of the Mesh Object-decdder. The
Mesh Object uses a pixel-based local coordinate system with x-axis pointing to the right and y-axis\pointing down.
Howevyer, ISO/IEC 14496-1 specifies a coordinate system with y-axis pointing up. Therefore, a simple cpordinate
transform shall be applied to the y-coordinates of mesh points to ensure the proper orientation of the oljject after
compgsition. The y-coordinate y, of a decoded mesh node point n shall be transformed as follows:

Yn:-yn'

wherelY, is the y-coordinate of this mesh node point in the coordinate system as specified in ISO/IEC 14496-1. The
origin pf this object is at the top-left point. The same transform shall be applied)to the coordinates of node|points of
each Mesh Object Plane (MOP).

b) Thg coordinate indices are the indices of the mesh points forming faces (triangles) obtained from the output of the
Mesh [Object decoder. All decoded faces are triangles. The topology of a Mesh Object is constant starting from an
intra-coded MOP, throughout a sequence of predictive-coded MORs (until the next intra-coded MOP); thergfore, the
coordipate indices shall be updated only for intra-coded MOPs:

c) Texture coordinates for mapping textures onto the mesh geometry are computed from the decoded ngde point
locatigns of an intra-coded Mesh Object Plane and-its bounding rectangle. Let X ., V.., and X,.. Y... define the
bounding rectangle of all node points of an intra-coded MOP. Then the width w and height h of the texture map shall
be:

w = ceil(x,,,) — floor(x,) .
h = ceil(y,,,) - floor(y,,,) -
A textlire coordinate pair (s, t,) S computed for each node point p, = (x,,y,) as follows:

S, = (x, - floor(x_,.))/w ,

t,=1.0 - (y, - floor(y,,.))/h .

The tdpology of-a,Mesh Object is constant starting from an intra-coded MOP, throughout a sequence of predictive-
coded| MOPs(until the next intra-coded MOP); therefore, the texture coordinates shall be updated only [for intra-
coded|MQOPS:

d Th,- PP v T oot H=v=H © wdant: Lt +ha ot H="=H
(CAWUTT CUUTUNTTIALIT 1TTTUTLT O Arc iuciiiear tu i vouuruniattc miuivTo.

9 Profiles and Levels

NOTE In this part of ISO/IEC 14496 the word “profile” is used as defined below. It should not be confused with
other definitions of “profile” and in particular it does not have the meaning that is defined by ISO/IEC JTC1/SGFS.

Profiles and levels provide a means of defining subsets of the syntax and semantics of this part of ISO/IEC 14496
and thereby the decoder capabilities required to decode a particular bitstream. A profile is a defined sub-set of the
entire bitstream syntax that is defined by this part of ISO/IEC 14496. A level is a defined set of constraints imposed
on parameters in the bitstream. Conformance tests will be carried out against defined profiles at defined levels.
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The purpose of defining conformance points in the form of profiles and levels is to facilitate bitstream interchange
among different applications. Implementers of this part of ISO/IEC 14496 are encouraged to produce decoders and
bitstreams which correspond to those defined conformance regions. The discretely defined profiles and levels are
the means of bitstream interchange between applications of this part of ISO/IEC 14496.

In this clause the constrained parts of the defined profiles and levels are described. All syntactic elements and
parameter values which are not explicitly constrained may take any of the possible values that are allowed by this
part of ISO/IEC 14496. In general, a decoder shall be deemed to be conformant to a given profile at a given level if
it is able to properly decode all allowed values of all syntactic elements as specified by that profile at that level.

9.1 Visual Object Types

The follopving table lists the tools included in each of the Object Types. Bitstreams that represent a particular|object
corresponding to an Object Type shall not use any of the tools for which the table does not have an ‘X'.
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Table 9-1 -- Tools and Visual Object Types

ISO/IEC 14496-2:1999(E)

Visual Tools

Visual Object Types

Simple

Core

Main

Simple
Scalable

N-bit

Animated
2D Mesh

Basic
Animated
Texture

Still
Scalable
Texture

Simple
Face

Basic

- |-VOP, P-VOP

e AC/DC Prediction

MV

e[ 4-MV, Unrestricted

Errorf resilience

| Slice

Reversible VLC

Resynchronization

Data Partitioning

Shornt Header

B-VOP

P-VOP with OBMC
(Texture)

Method 1/Method 2
Quaptization

P-VOP based temporal
scalability

Rectangular

Arbitrary Shape

Binary Shape

Grey Shape

Interjace

Sprite

X [ X | X ] X

Temjporal Scalability
(Regtangular)

Spatial Scalability
(Ret]tangular)

N-Bit

Scalable Still Texture

2D Dynamic Mesh with
uniform topology

2D Dynamic Mesh with
Delaunay topology

Facial Animation
Parameters

201


https://standardsiso.com/api/?name=42e96055e0a857137b291f45b0f3a2a3

ISO/IEC 14496-2:1999(E)

NOTE 1 Binary Shape Coding” includes constant alpha.

© ISO/IEC

NOTE 2 The parameters are restricted as follows for the tool “P-VOP based temporal scalability Arbitrary Shape”:

 ref _select_code shall be either ‘00’ or ‘01"

« reference layer shall be either I-VOP or P-VOP.

e load_backward_shape shall be ‘0’ and background composition is not performed.

9.2 Visual Profiles

Decoder§ that conform to a Profile shall be able 10 decode all objects that comply 1o the Object Types for which the
table list$ an ‘X'.
Table 9-2 -- Visual Profiles
Object Types| Simple |Core [Main| Simple |N-Bit|Animated| Basic | Scalable | Simplg
Rrofil Scalable 2D Mesh |Animated| Texture | Face
rofiies Texture
1. [$imple X
2. |§imple Scaleable X X
3. |Qore X X
4. (Main X X X
5. |N-Bit X X X
6. [Hlybrid X X X
7. |Basic Animated
Texture
8. [Scaleable Texture
9. |§imple FA X
Note tha} the Profiles can be grouped’into three categories: Natural Visual (Profile numbers 1-5), Synthetic|Visual
(Profile numbers 8 and 9), and Synthetic/Natural Hybrid Visual (Profile numbers 6 and 7).
9.3 Visyal Profiles@Levels
9.3.1 Natural Visual
The tabl¢ that descriies the natural visual profiles is given in annex N.
9.3.2 Synthetic-Visual
0.3.2.1 Bcalahle Texture Profile
Table 9-3 -- Scalable texture profile levels
Profile Levels [ Default Download |Maximum Typical Maximum Maximum
Wavelet Filter, number of Visual Qp value number
Filter length Decomposi | Session of pixels/
tion Levels |Size' Session
Scalable |L3 Float, ON, 24 10 8192x8192 |12 bits 67108864
Texture Integer
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Scalable (L2 Integer ON, 18 2048x2048 | 10 bits 4194304
Texture
Scalable (L1 Integer OFF 704x576 8 bits 405504
Texture

(1) This column is for informative use only. It provides an example configuration of the Maximum number of
pixels/Session.

9.3.2

All ISQHEE-HA496=-2-factatanimationdecoders—{forattobject-types)arerequired-togenerate—at-theiroutpy
modellincluding all the feature points defined in this part of ISO/IEC 14496, even if some of the features/y

not b

The S|mple Face object is not required to implement the viseme_def/expression_def functionality.

.2 Simple Face Animation Profile

g affected by any information received from the encoder.

t a facial
oints will

Level IL:
< | number of objects: 1,
< | The total FAP decode frame-rate in the bitstream shall not exceed 72 Hz ,
< | The decoder shall be capable of a face model rendering update of at least 15 Hz, and
* | Maximum bitrate 16 kbit/s.
Level p:
« | maximum number of objects: 4,
« | The FAP decode frame-rate in the bitstream shall not exceed 72 Hz (this means that the FAP decode
framerate is to be shared among the objects),
< | The decoder shall be capable of rendering the face medels with the update rate of at least 60Hz, sharable
between faces, with the constraint that the update rate for each individual face is not required to exceed
30Hz, and
* | Maximum bitrate 32 kbit/s.
9.3.3 |Synthetic/Natural Hybrid Visual

The Levels of the Profiles which support-both Natural Visual Object Types and Synthetic Visual Object T

ypes are

specified by giving bounds for the natural objects and for the synthetic objects. Parameters like bitrat¢ can be
combiped across natural and synthetic.objects.

9.3.3.1 Basic Animated Texture Profile

Level L = Simple Facial Animation Profile @ Level 1 + Scalable Texture @ Level 1 + the following restrigtions on

Basic Animated Texture-object types:

Maximum number of Mesh objects (with uniform topology): 4,

Maximum total number of nodes (vertices) in Mesh objects: 480,

(=4Xxnr. of nodes of a uniform mesh covering a QCIF image with 16x16 pixel elements),
Maximum frame-rate of a Mesh object: 30 Hz, and

Maximum bitrate of Mesh objects: 128 kbit/sec.

Level 2 = Simple Facial Animation Profile @ Level 2 + Scalable Texture @ Level 2 + the following restrictions on
Basic Animated Texture object types:

Maximum number of Mesh objects (with uniform topology): 8,

Maximum total number of nodes (vertices) in Mesh objects: 1748,

(=4 x nr. of nodes of a uniform mesh covering a CIF image with 16x16 pixel elements),
Maximum frame-rate of a Mesh object: 60 Hz, and

Maximum bitrate of Mesh objects: 128 kbit/sec.
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9.3.3.2 Hybrid Profile

Level 1 = Core Visual Profile @ Level 1 + Basic Animated Texture Profile @ Level 1 + the following restrictions on
Animated 2D Mesh object types:

e Maximum number of Mesh objects (with uniform or Delaunay topology): 4
( = maximum number of objects in visual session)
e Maximum total number of nodes (vertices) in Mesh objects: 480
(=4 x nr. of nodes of a uniform mesh covering a QCIF image with 16x16 pixel elements)
e Maximum frame-rate of a Mesh object: 30 Hz
( = maximum frame-rate of video object)
e Maximum bitrate of Mesh objects: 64 kbit/sec

Level 2 3 Core Visual Profile @ Level 2 + Basic Animated Texture Profile @ Level 2 + the following restrictions on
Animated 2D Mesh object types:

e Maximum number of Mesh objects(with uniform or Delaunay topology): 8

( E maximum number of objects in visual session)

Maximum total number of nodes (vertices) in Mesh objects: 1748

(E 4 x nr. of nodes of a uniform mesh covering a CIF image with 16x16 pixel elemients)
Maximum frame-rate of a Mesh object: 60 Hz

( E 2 x the maximum frame-rate of video object)

M

aximum bitrate of Mesh objects: 128 kbit/sec.
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Annex A

(normative)

Coding transforms

A.l Discrete cosine transform for video texture

The NKN two dimensional DCT is defined as:

N-1 N-1
F(uv) = %C(U)C(V) 2 yZ:(:) f(x,y)cos (Zx;\ll)u” COS (Zy;Nl)V”

with u,v,x,y=0,1,2,...N-1
where X, y are spatial coordinates in the sample domain

u, v are coordinates in the transform domain

(L
C(u), C(v) =12

| 1 otherwise

foruv=0

The inverse DCT (IDCT) is defined as:

2 N-1 N-l % + D vt I
F(x Y):NZ ZC(U)C(V)F(U,V)COS( 2N) cos( yZN)
u=0 v=0

If each pixel is represented by n bits per pixel; the input to the forward transform and output from thg
transfgrm is represented with (n+1) bits. The’ coefficients are represented in (n+4) bits. The dynamic ran
DCT qoefficients is [-2"%:+2"-1].

The N[by N inverse discrete transferm shall conform to IEEE Standard Specification for the Implementatior]
8 Invefse Discrete Cosine Trangfarm, Std 1180-1990, December 6, 1990.

NOTE 1 Subclause 2.3-Std 1180-1990 “Considerations of Specifying IDCT Mismatch Errors” req
specification of periodicNintra-picture coding in order to control the accumulation of mismatch errof
lock is required\to’be refreshed before it is coded 132 times as predictive macroblocks. Macroblg
picturgs (and skipped-macroblocks in P-pictures) are excluded from the counting because they do not le
accumulation of miSmatch errors. This requirement is the same as indicated in 1180-1990 for visual t
according to ITY-T"Recommendation H.261.

NOTH 2 , Whilst the IEEE IDCT standard mentioned above is a necessary condition for the sa
implementation of the IDCT function it should be understood that this is not sufficient. In particular attention

e inverse
pe of the

s of 8 by

lires the
s. Every
cks in B-
pd to the
elephony

tisfactory
is drawn

to the ffollewing sentence from subclause 5.4: “Where arithmetic precision is not specified, such as the calc|

llation of

the IDCT, the precision shall be sufficient so that significant errors do not occur in the final integer values.”
A.2 Discrete wavelet transform for still texture

A.2.1 Adding the mean

Before applying the inverse wavelet transform, the mean of each color component (“mean_y”, “mean_u”, and

“mean_v") is added to the all wavelet coefficients of dc band.
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A.2.2 Wavelet filter

A 2-D separable inverse wavelet transfrom is used to synthesize the still texture. The default wavelet composition is
performed using Daubechies (9,3) tap biorthogonal filter bank. The inverse DWT is performed either in floating or

integer operations depending on the field “wavelet_filter_type”, defined in the syntax.

The floating filter coefficients are:

Lowpass gl]=

[ 0.35355339059327 0.70710678118655 0.35355339059327]

Highpas h[]=

[| 0.03314563036812 0.06629126073624 -0.17677669529665

10.41984465132952 0.99436891104360 -0.41984465132952

10.17677669529665 0.06629126073624 0.03314563036812 ]
The integer filter coefficients are:

fowpass g[]= )

32 64 32

Highpass h[]= \ )

K 6 -16 (

438 90 -38.

116 6 3.

The synthesis filtering operation is defined as follows:
y[n] = X L[n+i]*g[i+1] + X H[n+i]*h[i+4]
i=-1 i=-4

where

e n=4(,1,..N-1, and N is the number of output points;
e L[2%] = xI[i] and L[2*i+1] = O for i=0,1,...,N/2-1, and {xI[i]} are the N/2 input wavelet coefficients in the low-ppss
band;
e H[2*+1] = xh[i] and H[2*]] = O for i=Q,1,:..,N/2-1, and {xh[i]} are the N/2 input wavelet coefficients in the high-pass
band.

NOTE 1 |the index range for h[].is from O to 8;

NOTE 2 |the index range forglJis from O to 2;

NOTE 3 |the index range.for L[] is from -1 to N;

NOTE 4 |the indexrange for H[] is from -4 to N+3; and

NOTE 5] the, values of L[] and H[] for indexes less than 0 or greater than N-1 are obtained by symmetric extension
described in“the following subclause.

In the case of integer wavelet, the outputs at each composition level are scaled down with dividing by 8096 with
rounding to the nearest integer.

A.2.3 Symmetric extension

A symmetric extension of the input wavelet coefficients is performed and the up-sampled and extended wavelet
coefficients are generated. Note that the extension process shown below is an example when the extension is
performed before up-sampling and that only the generated coefficients are specified. Two types of symmetric
extensions are needed, both mirror the boundary pixels. Type A replicates the edge pixel and Type B does not
replicate the edge pixel. This is illustrated in Figure A-1 and Figure A-2, where the edge pixel is indicated by z. The
types of extension for the input data to the wavelet filters are shown in Table A-1.
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Type A LVWXYZ|ZYXWV...
TypeB ... VWXY|ZYyXWV...

Figure A-1 -- Symmetrical extensions at leading boundary

Type A LVWXYZ|ZYyXWV...
Type B L VWXYZ|YXWV....

Figure A-2 -- Symmetrical extensions at the trailing boundary

Table A-1 -- Extension method for the input data to the synthesis filters

1999(E)

The g

low|
hig

A.2.4

The n

decompostion levels for the chrominance components is;one level less than that of the luminance comp

texturg
shape

A.2.5
A.2.5.

The 2
to the

boundary Extension
lowpass input xI[] leading TypeB
to 3-tap filter g[] trailing TypeA
highpass input xh[] leading TypeA
to 9-tap filter h[] trailing TypeB

bnerated up-sampled and extended wavelet coefficients L[] and H[] are eventually specified as followg:

-pass band: ...0 L[2] O |L[O] O L[2]0...L[N-4] O L[N-2]0 | LIN-2] O L[N-4] 0 ...

h-pass band: ... H[3] 0 H[1]| O H[1] 0 H[3] ... 0 H[N-3]<0 H[N-1] | 0 H[N-1] 0 H[N-3]...
Decomposition level

imber of decomposition levels of the luminance component is defined in the input bitstream. The n

b _object_layer width or texture_object_layer height cannot be divisible by ( 2 * decomposition_leve
adaptive wavelet is applied.

Shape adaptive wavelet filtering andssymmetric extension
|l Shape adaptive wavelet

D inverse shape adaptive wavelet transform uses the same wavelet filter as specified in Table A-1. A
shape information, segments of consecutive output points are reconstructed and put into the correct

The f
gener

Itering operation of shape adaptive wavelet is a generalization of that for the regular wavg
lization allows the number of output points to be an odd number as well as an even number. Relat

Lmber of
pnents. If
s ), then

ccording
ocations.
tlet. The
ve to the

bounding rectangle, the starting point of the output is also allowed to be an odd number as well as an even humber

according to the shape information. Within the generalized wavelet filtering, the regular wavelet filtering is
case Where the number/of output points is an even number and the starting point is an even number (0) too
specidl case is forsteconstruction of rectangular textures with an arbitrary size where the number of outp
may be even or.odd and the starting point is always even (0).

The sametsynthesis filtering is applied for shape-adaptive wavelet composition, i.e:

A special
Another
ut points

where

y[n] = i L[n+i]*g[i+1] +4 Y Hn+il*h[i+4]

e n=0,1,..N-1, and N is the number of output points;
e L[2*i+s] = xI[i] and L[2*i+1-s] = O for i=0,1,...,(N+1-s)/2-1, and {xI[i]} are the (N+1-s)/2 input wavelet coefficients in
the low-pass band,;
e H[2*i+1-s] = xh[i] and H[2*i+s] = O for i=0,1,...,(N+s)/2-1, and {xh[i]} are the (N+s)/2 input wavelet coefficients in
the high-pass band.
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The only difference from the regular synthesis filtering is to introduce a binary parameter s in up-sampling, where s =
0 if the starting point of the output is an even number and s = 1 if the starting point of the output is an odd number.

The symmetric extension for the generalized synthesis filtering is specified in Table A-2 if N is an even number and
in Table A-3 if N is an odd number.

Table A-2 -- Extension method for the data to the synthesis wavelet filters if N is even

Boundary extension (s=0) extension(s=1)
lowpass input xI[] Leading TypeB TypeA
to 3-tap filter g[] Trailing TypeA TypeB
highpass input xh[] Leading TypeA TypeB
to 9-tap filter h(] Trailing TypeB TypeA

Table A-3 -- Extension method for the data to the synthesis wavelet filters if N is odd

Boundary extension(s=0) extension(s=1)
lowpass input xI[] Leading TypeB ; TypeA
to 3-tap filter g[] Trailing TypeB 17 TypeA
highpass input xh[] Leading TypeA TypeB
to 9-tap filter h[] Trailing TypeA N\ TypeB
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Annex B

(normative)

Variable length codes and arithmetic decoding

B.1 Variable length codes
B.1.1 | Macroblock type
Table B-1 -- Macroblock types and included data elements for I- and P-VOPs in combined-motion-ghape-
texture coding
VOP type mb type Name not_coded | mcbpc | cbpy | dquanty|Vmvd mvd],
P not coded - 1
P 0 inter 1 1 1 1
P 1 inter+q 1 1 1 1 1
P 2 interdv 1 1 1 1 1
P 3 intra 1 1 1
P 4 intra+q 1 1 1 1
P stuffing - 1 1
I 3 intra 1 1
I 4 intra+q 1 1 1
I stuffing - 1
S (update) | not_coded - 1
S (update) 0 inter 1 1 1
S (update) 1 inter+q 1 1 1 1
S (update) 3 intra 1 1 1
S (update) 4 intrafq 1 1 1 1
S (update) stuffing - 1 1
S (piece) 3 intra 1 1
S (piece) 4 intra+q 1 1 1
S (piece) stuffing - 1
NOTH “1" means thatthe item is present in the macroblock
S (piege) indicates;S=VOPs with low_latency_sprite_enable == 1 and sprite_transmit_mode == “piece”
S (update) indicates S-VOPs with low_latency_sprite_enable == 1 and sprite_transmit_mode == “update”
TabIF B-2 -- Macroblock types and included data eIem$nts for a P-VOP (scalability && ref_select_dode ==
11

VOP Type mb_type Name not_coded | mcbpc | cbpy | dquant | MVD MVD,,
P not coded - 1
P 0 INTER 1 1 1
P 1 INTER+Q 1 1 1 1
P 3 INTRA 1 1 1
P 4 INTRA+Q 1 1 1 1
P stuffing - 1 1
NOTE “1” means that the item is present in the macroblock
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Table B-3 -- VLC table for modb in combined motion-shape-texture coding

Code cbpb mb_type
1
01 1
00 1 1

Table B-4 -- mb_type and included data elements in coded macroblocks in B-VOPs (ref_select_code !=
‘00’||scalability=="0") for combined motion-shape-texture coding

Code dquant mvd, mvd, mvdb mb_type
1 1 direct
01 1 1 1 interpolate mc+(q
001 1 1 backward me+q
0001 1 1 forward/mc+q

Table[B-5 -- mb_type and included data elements in coded macroblocks in.B:VOPs (ref_select_codg ==
‘00’&&scalability!="0") for combined motion-shape-texture coding

Code dquant mvd, mvd, mb_type
01 1 1 interpolate mc+q
001 1 backward mc+q
1 1 1 forward mc+q

B.1.2 Macroblock pattern

Table B-6 -- VLC table for mcbpc for I-VOPs inccombined-motion-shape-texture coding and S-VOPs With
low_latence_sprite_enable==1 and sprite_transmit_mode=="piece”

Code mbtype chpc

(56)
1 3 00
001 3 01
010 3 10
011 3 11
0001 4 00
0000 01 4 01
0000 10 4 10
0000 11 4 11
0000 0000 1 Stuffing -

Table B-7 -- VLC table for mcbpc for P-VOPs in combined-motion-shape-texture and S-VOPs with
low_latence_sprite_enable==1 and sprite_transmit_mode=="update”

Code MB type cbpc

(56)

1 0 00
0011 0 01
0010 0 10
0001 01 0 11
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011 1 00
0000 111 1 01
0000 110 1 10
0000 0010 1 1 11
010 2 00
0000 101 2 01
0000 100 2 10
0000 0101 2 11
00011 3 00
00000100 3 01
0000 0011 3 10
0000 011 3 11
0001 00 4 00
0000 00100 4 01
0000 0001 1 4 10
0000 0001 0 4 11
0000 0000 1 Stuffing --

Table B-8 -- VLC table for cbpy in the case of four non-transparent macroblocks

Code cbpy(intra-MB) | cbpy(inter-MB),
(12 (12
34) 34)

0011 00 11
00 11

00101 00 11
01 10

0o100 00 11
10 01

1001 00 11
11 00

0001 1 01 10
00 11

0111 01 10
01 10

0000 10 01 10
10 01

1011 01 10
11 00

00010 10 01
00 11

0000 11 10 01
01 10

0101 10 01
10 01

1010 10 01
11 00

0100 11 00
00 11

1000 11 00
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B.1.3

212

Table B-9 -- VLC table for cbpy in the case of three non transparent blocks

01 10
0110 11 00
10 01
11 11 00
11 00

© ISO/IEC

!

lotion véctor

Code chpy cbpy
(intra-Mb) (inter-Mb)
011 000 111
000001 001 110
00001 010 101
010 011 100
00010 100 011
00011 101 010
001 110 001
1 111 000

Table B-10 -- VLC table for cbpy in the case of tw@™non transparent blocks

Code chpy cbpy
(intra-MB) (inter-MB)
0001 00 11
001 0l 10
01 10 01
1 11 00

Table B-11 -- VLC table for cbpy in the case of one non transparent block

Code

cbpy cbpy
(intra-MB) (inter-MB)

01

1

0

Table B-12 -- VLC table for MVD

Codes Vector differences
0000 0000 0010 1 -16
0000 0000 0011 1 -155
0000 0000 0101 -15
0000 0000 0111 -145
0000 0000 1001 -14
0000 0000 1011 -135
0000 0000 1101 -13
0000 0000 1111 -125
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0000 0001 001 -12
0000 0001 011 -11.5
0000 0001 101 -11
0000 0001 111 -10.5
0000 0010 001 -10
0000 0010 011 -9.5
0000 0010 101 -9
0000 0010 111 -8.5
0000 0011 001 -8
0000-00141-011 -5
0000 0011 101 -7
0000 0011 111 -6.5
0000 0100 001 -6
0000 0100 011 -5.5
0000 0100 11 -5
0000 0101 01 -4.5
0000 0101 11 -4
0000 0111 -3.5
0000 1001 -3
0000 1011 -2.5
0000 111 -2
00011 2.5
0011 -1
011 -0.5
1 0
010 0.5
0010 1
00010 15
0000 110 2
0000 1010 2.5
0000 1000 3
0000 0110 3.5
0000 0101 10 4
0000 0101 00 4.5
0000 0100 10 5
0000 0100 010 55
0000 0100 000 6
0000 0011 110 6.5
0000 0011 100 7
0000 0011 010 7.5
0000 0011000 3
0000 0010 110 8.5
0000 0010 100 9
0000 0010 010 9.5
0000 0010 000 10
0000 0001 110 10.5
0000 0001 100 11
0000 0001 010 115
0000 0001 000 12
0000 0000 1110 125
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0000 0000 1100 13
0000 0000 1010 135
0000 0000 1000 14
0000 0000 0110 145
0000 0000 0100 15
0000 0000 0011 0 155
0000 0000 00100 16

B.1.4 DCT coefficients

© ISO/IEC

Table B-13 -- Variable length codes for dct_dc_size_luminance

Variable length code

dct_dc_size_luminance

011

11

10

010

001

0001

0000 1

0000 01

0000 001

0000 0001

O[N] |O|R]|WIN]|F|O

0000 0000 1

=
o

0000 0000 01

—
[

0000 0000 001

=
N

Table B-14 -- Variable Jength codes for dct_dc_size_chrominance

Variable length code

dct_dc_size_chrominance

11

10

01

00t

0001

0000 1

0000 01

0000 001

0000 0001

0000 0000 1

O[N] |O|R]|WIN|F|O

0000 0000 01

=
o

0000 0000 001

[N
[N

0000 0000 0001

=
N
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ISO/IEC 14496-2:1999(E)

In cas
dct_dd

Additional code Differential DC Size
000000000000 t0 011121112111 * -2048 to -4095 12
00000000000 to 01111111111 * -1024 to -2047 11
0000000000 to 0111111111 * -512 to -1023 10
000000000 to 011111111 * -256 to -511 9
00000000 to 01111111 -255t0 -128 8
0000000 to 0111111 -127 to -64 7
000000.t0011111 83 to .32 28
00000 to 01111 -31to -16 5
0000 to 0111 -151to0 -8 4
000 to 011 -7t0-4 3
00to 01 -3t0-2 2
0 -1 1
0 0
1 1 1
10to 11 2t0 3 2
100 to 111 4t07 3
1000 to 1111 81to 15 4
10000 to 11111 16,0 31 5
100000 to 111111 32to 63 6
1000000 to 1111111 64 to 127 7
10000000 to 11111111 128 to 255 8
100000000 to 111111111 * 256 to 511 9
1000000000 to 1111111111 512 to 1023 10
10000000000 to 11111114411 * 1024 to 2047 11
100000000000 to 111111111111 * 2048 to 4095 12

Table B-16~-< VLC Table for Intra Luminance and Chrominance TCOEF

bs where dct_dc_size is greater than’8, marked *’ in Table B-15, a marker bit is inserted after the
_additional_code to prevent start code emulations.

VLC CODE LAST | RUN | LEVEL VLC CODE LAST | RUN | LEVEL
10s 0 0 1 0l11s 1 0 1
1111s 0 0 3 0000 1100 1s 0 11 1
0101 01s 0 0 6 0000 0000 101s 1 0 6
0010 111s 0 0 9 0011 11s 1 1 1
0001 1111 s 0 0 10 0000 0000 100s 1 0 7
0001 0010 1s 0 0 13 0011 10s 1 2 1
0001 0010 Os 0 0 14 0011 01s 0 5 1
0000 1000 01s 0 0 17 0011 00s 1 0 2
0000 1000 00s 0 0 18 0010 011s 1 5 1
0000 0000 111s 0 0 21 0010 010s 0 6 1
0000 0000 110s 0 0 22 0010 001s 1 3 1
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0000 0100 000s 0 0 23 0010 000s 1 4 1
110s 0 0 2 0001 1010 s 1 9 1
0101 00s 0 1 2 0001 1001 s 0 8 1
0001 1110s 0 0 11 0001 1000 s 0 9 1
0000 0011 11s 0 0 19 00010111 s 0 10 1
0000 0100 001s 0 0 24 0001 0110s 1 0 3
0000 0101 0000s 0 0 25 0001 0101 s 1 6 1
1110s 0 1 1 0001 0100 s 1 7 1
(0001 1101 s 0 0 12 0001 0011 s 1 8 1
(0000 0011 10s 0 0 20 0000 1100 0s 0 12 1
(0000 0101 0001s 0 0 26 0000 1011 1s 1 0 4
(0110 1s 0 0 4 0000 1011 Os 1 1 2
(0001 0001 1s 0 0 15 0000 1010 1s ih 10 1
(0000 0011 0O1s 0 1 7 0000 1010 0s 1 11 1
(0110 0s 0 0 5 0000 1001 1s 1 12 1
(0001 0001 Os 0 4 2 0000 1001 0s 1 13 1
(0000 0101 0010s 0 0 27 0000.1000 1s 1 14 1
(0101 1s 0 2 1 0000 0001 11s 0 13 1
(0000 0011 00s 0 2 4 0000 0001 10s 1 0 5
(0000 0101 0011s 0 1 9 0000 0001 01s 1 1 3
(0100 11s 0 0 7 0000 0001 00s 1 2 2
(0000 0010 11s 0 3 4 0000 0100 100s 1 3 2
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VLC CODE LAST | RUN | LEVEL VLC CODE LAST RUN | LEVEL
0000 0101 0100s 0 6 3 0000 0100 101s 1 4 2
0100 10s 0 0 8 0000 0100 110s 1 15 1
0000 0010 10s 0 4 3 0000 0100 111s 1 16 1
0100 01s 0 3 1 0000 0101 1000s 0 14 1
0000 0010 01s 0 8 2 0000 0101 1001s 1 0 8
0100 00s 0 4 1 0000 0101 1010s 1 5 2
0000 0010 00s 0 5 3 0000 0101 1011s 1 6 2
0010 110s 0 1 3 0000 0101 1100s 1 17 1
0000 0101 0101s 0 1 10 0000 0101 1101s 1 18 1
0010 101s 0 2 2 0000 0101 1110s 1 19 1
0010 100s 0 7 1 0000 0101 1111s 1 20 1
0001 1100 s 0 1 4 0000 011 escape
0001 1011 s 0 3 2
0001 0000 1s 0 0 16
0001 0000 0s 0 1 5
0000 1111 1s 0 1 6
0000 1111 Os 0 2 3
0000 1110 1s 0 3 3
0000 1110 0s 0 5 2
0000 1101 1s 0 6 2
0000 1101 Os 0 7 2
0000 0100 010s 0 1 8
0000 0100 011s 0 9 2
0000 0101 0110s 0 2 5
0000 0101 01I1s 0 7 3
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Table B-17 -- VLC table for Inter Lumimance and Chrominance TCOEF

VLC CODE LAST | RUN | LEVEL VLC CODE LAST RUN | LEVEL
10s 0 0 1 0111 s 1 0 1
1111s 0 0 2 0000 1100 1s 1 0 2
0101 01s 0 0 3 0000 0000 101s 1 0 3
0010 111s 0 0 4 0011 11s 1 1 1
0001 1111s 0 0 5 0000 0000 100s 1 1 2
0001 0010 1s 0 0 6 0011 10s 1 2 1
0001 0010 Os 0 0 7 0011 01s 1 3 1
0000 1000 01s 0 0 8 0011 00s 1 4 1
0000 1000 00s 0 0 9 0010 011s 1 5 1
0000 0000 111s 0 0 10 0010 010s 1 6 1
0000 0000 110s 0 0 11 0010 001s L 7 1
0000 0100 000s 0 0 12 0010 000s 1 8 1
110s 0 1 1 0001 1010s 1 9 1
0101 00s 0 1 2 0001 1Q0Y' s 1 10 1
0001 1110 s 0 1 3 0001+1000 s 1 11 1
0000 0011 11s 0 1 4 0001 0111 s 1 12 1
0000 0100 001s 0 1 5 0001 0110 s 1 13 1
D000 0101 0000s 0 1 6 0001 0101 s 1 14 1
1110s 0 2 1 0001 0100 s 1 15 1
0001 1101 s 0 2 2 0001 0011 s 1 16 1
0000 0011 10s 0 2 3 0000 1100 0s 1 17 1
D000 0101 0001s 0 2 4 0000 1011 1s 1 18 1
0110 1s 0 3 1 0000 1011 Os 1 19 1
0001 0001 1s 0 3 2 0000 1010 1s 1 20 1
0000 001191s 0 3 3 0000 1010 Os 1 21 1
0110:0s 0 4 1 0000 1001 1s 1 22 1
0001 0001 Os 0 4 2 0000 1001 Os 1 23 1
0000 0101 0010s 0 4 3 0000 1000 1s 1 24 1
0101 1s 0 5 1 0000 0001 11s 1 25 1
0000 0011 00s 0 5 2 0000 0001 10s 1 26 1
0000 0101 0011s 0 5 3 0000 0001 01s 1 27 1
0100 11s 0 6 1 0000 0001 00s 1 28 1
0000 0010 11s 0 6 2 0000 0100 100s 1 29 1
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0000 0101 0100s 0 6 3 0000 0100 101s 1 30 1
0100 10s 0 7 1 0000 0100 110s 1 31 1
0000 0010 10s 0 7 2 0000 0100 111s 1 32 1
0100 01s 0 8 1 0000 0101 1000s 1 33 1
0000 0010 01s 0 8 2 0000 0101 1001s 1 34 1
0100 00s 0 9 1 0000 0101 1010s 1 35 1
0000 0010 00s 0 9 2 0000 0101 1011s 1 36 1
0010 110s 0 10 1 0000 0101 1100s 1 37 1
0000 0101 0101s 0 10 2 0000 0101 1101s 1 38 1
0010 101s 0 11 1 0000 0101 1110s 1 39 1
0010 100s 0 12 1 0000 0101 1111s 1 40 1
0001 1100 s 0 13 1 0000 011 escape
0001 1011 s 0 14 1
0001 0000 1s 0 15 1
0001 0000 0s 0 16 1
0000 1111 1s 0 17 1
0000 1111 Os 0 18 1
0000 1110 1s 0 19 1
0000 1110 Os 0 20 1
0000 1101 1s 0 21 1
0000 1101 Os 0 22 1
0000 0100 010s 0 28 1
0000 0100 011s 0 24 1
0000 0101 0110s 0 25 1
0000 0101 0111s 0 26 1
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Table B-18 -- FLC table for RUNS and LEVELS

© ISO/IEC

Code Run Code Level
000000 |O forbidden -2048
000001 |1 1000 0000 0001 | -2047
000010 |2

11111111 1110 | -2
1111 11111111 | -1
111111 | 63 forbidden 0
0000 0000 0001 |1
0000 0000 0010 | 2
0111 1111 1111 | 2047

Table B-19 -- ESCL(a), LMAX values of intra macroblocks

LAST RUN LMAX LAST RUN LMAX
0 0 27 1 0 8
0 1 10 1 1 3
0 2 5 1 2-6 2
0 3 4 1 7-20 1
0 4-7 3 1 others N/A
0 8-9 2
0 10-14 1
0 others N/A
Table B-20 -- ESCL(b), LMAX values of inter macroblocks
LAST RUN LMAX LAST RUN LMAX
0 0 12 1 0 3
0 1 6 1 1 2
v 2 4 T 246 T
0 3-6 3 1 others N/A
0 7-10 2
0 11-26 1
0 others N/A
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Table B-21 -- ESCR(a), RMAX values of intra macroblocks

ESCAPE code is added at the beginning and the end of these fixed-length codes for realizing two-way d
below. A marker bit is\inserted before and after the 11-bit-LEVEL in order to avoid the resyn

showrn
emulafion.

NOTH

LAST LEVEL RMAX LAST LEVEL RMAX
0 1 14 1 1 20
0 2 9 1 2 6
0 3 7 1 3 1
0 4 3 1 4-8 0
0 5 2 1 others N/A
0 6-10 1
0 11-27 0
0 others N/A
Table B-22 -- ESCR(b), RMAX values of inter macroblocks
LAST LEVEL RMAX LAST LEVEL RMAX
0 1 26 1 1 40
0 2 10 1 2 1
0 3 6 1 3 0
0 4 2 1 others N/A
0 5-6 1
0 7-12 0
0 others N/A

Table B-23 -- RVLC table for TCOEF

ESCAPE

LAST

RUN

marker bit

LEVEL

marker bit

ESCAPE

00001

X

XXXXXX

Also, $£0y. LEVEL is positive and S=1 : LEVEL is negative.

XXXXXXXXXXX

1

0000s

Thiere are two types for ESCAPE added at the end of these fixed-length codes, and codewords are

~
”

intra inter
INDEX |LAST | RUN [LEVEL | LAST | RUN [LEVEL|BITS|VLC_CODE
0 0 0 1 0 0 1 4 |110s
1 0 0 2 0 1 1 4 |111s
2 0 1 1 0 0 2 5 |0001s
3 0 0 3 0 2 1 5 [1010s

bcode as

_marker

“0000s".
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4 1 0 1 1 0 1 5 [1011s

5 0 2 1 0 0 3 6 |00100s

6 0 3 1 0 3 1 6 |00101s

7 0 1 2 0 4 1 6 |01000s

8 0 0 4 0 5 1 6 |01001s

9 1 1 1 1 1 1 6 |10010s
10 1 2 1 1 2 1 6 |10011s
11 0 4 1 0 1 2 7 1001100s
12 0 5 1 0 6 1 7 1001101s
13 0 0 5 0 7 1 7 1010100s
14 0 0 6 0 8 1 7 1010101s
15 1 3 1 1 3 1 7 1011000s
16 1 4 1 1 4 1 7 1011001s
17 1 5 1 1 5 1 7 1100010s
18 1 6 1 1 6 1 7, 1100011s
19 0 6 1 0 0 4 8 |0011100s
20 0 7 1 0 2 2 8 |0011101s
21 0 2 2 0 9 1 8 ]0101100s
22 0 1 3 0 10 1 8 ]0101101s
23 0 0 7 0 11 1 8 ]0110100s
24 1 7 1 1 7 1 8 ]0110101s
25 1 8 1 1 8 1 8 ]0111000s
26 1 9 1 1 9 1 8 ]0111001s
27 1 10 1 1 10 1 8 ]1000010s
28 1 11 1 1 11 1 8 |1000011s
29 0 8 1 0 0 5 9 1]00111100s
30 0 9 1 0 0 6 9 ]00111101s
31 0 3 2 0 1 3 9 1]01011100s
32 0 4 2 0 3 2 9 ]01011101s
33 0 1 4 0 4 2 9 1]01101100s
34 0 1 5 0 12 1 9 ]01101101s
35 0 0 8 0 13 1 9 1]01110100s
36 0 0 9 0 14 1 9 ]01110101s
37 1 0 2 1 0 2 9 1]01111000s
38 1 12 1 1 12 1 9 ]01111001s
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39 1 13 1 1 13 1 9 [10000010s

40 1 14 1 1 14 1 9 [10000011s

41 0 10 1 0 0 7 10 (001111100s
42 0 5 2 0 1 4 10 (001111101s
43 0 2 3 0 2 3 10 (010111100s
44 0 3 3 0 5 2 10 (010111101s
45 0 1 6 0 15 1 10 (011011100s
46 0 0 10 0 16 1 10 (011011101s
47 0 0 11 0 17 1 10 (011101100s
48 1 1 2 1 1 2 10 (011101101s
49 1 15 1 1 15 1 10 (011110100s
50 1 16 1 1 16 1 10 |011110201s
51 1 17 1 1 17 1 10 (011111000s
52 1 18 1 1 18 1 10 4011111001s
53 1 19 1 1 19 1 16’ {100000010s
54 1 20 1 1 20 X 10 (100000011s
55 0 11 1 0 0 8 11 (0011111100s
56 0 12 1 0 0 9 11 (0011111101s
57 0 6 2 0 1 5 11 (0101111100s
58 0 7 2 0 3 3 11 (0101111101s
59 0 8 2 0 6 2 11 (0110111100s
60 0 4 8 0 7 2 11 (0110111101s
61 0 2 4 0 8 2 11 (0111011100s
62 0 1 7 0 9 2 11 (0111011101s
63 0 0 12 0 18 1 11 (0111101100s
64 0 0 13 0 19 1 11 (0111101101s
65 0 0 14 0 20 1 11 (0111110100s
66 1 21 1 1 21 1 11 (0111110101s
67 1 22 1 1 22 1 11 (0111111000s
68 1 23 1 1 23 1 11 (0111111001s
69 1 24 1 1 24 1 11 {1000000010s
70 1 25 1 1 25 1 11 {1000000011s
71 0 13 1 0 0 10 12 (00111111100s
72 0 9 2 0 0 11 12 (00111111101s
73 0 5 3 0 1 6 12 (01011111100s
74 0 6 3 0 2 4 12 (01011111101s
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75 0 7 3 0 4 3 12 |01101111100s
76 0 3 4 0 5 3 12 |01101111101s
77 0 2 5 0 10 2 12 |01110111100s
78 0 2 6 0 21 1 12 |01110111101s
79 0 1 8 0 22 1 12 |01111011100s
80 0 1 9 0 23 1 12 |01111011101s
81 0 0 15 0 24 1 12 |01111101100s
82 0 0 16 0 25 1 12 |01111101101s
83 0 0 17 0 26 1 12 |01111110100s
84 1 0 3 1 0 3 12 |01111110101s
85 1 2 2 1 2 2 12 |01111111000s
86 1 26 1 1 26 1 12 |01111111001s
87 1 27 1 1 27 1 12 |10000000010s
88 1 28 1 1 28 1 12 |16000000011s
89 0 10 2 0 0 12 13 1001111111100s
90 0 4 4 0 1 7 13 |001111111101s
91 0 5 4 0 2 5 13 |010111111100s
92 0 6 4 0 3 4 13 |010111111101s
93 0 3 5 0 6 3 13 |011011111100s
94 0 4 5 0 7 3 13 |011011111101s
95 0 1 10 0 11 2 13 |011101111100s
96 0 0 18 0 27 1 13 |011101111101s
97 0 0 19 0 28 1 13 |011110111100s
98 0 0] 22 0 29 1 13 |011110111101s
99 1 1 3 1 1 3 13 |011111011100s
100 1 3 2 1 3 2 13 |011111011101s
10% 1 4 2 1 4 2 13 |011111101100s
102 1 29 1 1 29 1 13 |011111101101s
103 1 30 1 1 30 1 13 |011111110100s
104 1 31 1 1 31 1 13 |011111110101s
105 1 32 1 1 32 1 13 |011111111000s
106 1 33 1 1 33 1 13 |011111111001s
107 1 34 1 1 34 1 13 [100000000010s
108 1 35 1 1 35 1 13 |100000000011s
109 0 14 1 0 0 13 14 |0011111111100s
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110 0 15 1 0 0 14 14 (0011111111101s
111 0 11 2 0 0 15 14 (0101111111100s
112 0 8 3 0 0 16 14 (0101111111101s
113 0 9 3 0 1 8 14 (0110111111100s
114 0 7 4 0 3 5 14 (0110111111101s
115 0 3 6 0 4 4 14 (0111011111100s
116 0 2 7 0 5 4 14 (0111011111101s
117 0 2 8 0 8 3 14 (0111101111100s
118 0 2 9 0 12 2 14 (0111101111101s
119 0 1 11 0 30 1 14 (0111110111100s
120 0 0 20 0 31 1 14 10111110111401s
121 0 0 21 0 32 1 14 10111112011100s
122 0 0 23 0 33 1 14 (0111111011101s
123 1 0 4 1 0 4 14 40111111101100s
124 1 5 2 1 5 2 14’ (0111111101101s
125 1 6 2 1 6 2 14 (0111111110100s
126 1 7 2 1 7 2 14 (0111111110101s
127 1 8 2 1 8 2 14 (0111111111000s
128 1 9 2 1 9 2 14 (0111111111001s
129 1 36 1 1 36 1 14 {1000000000010s
130 1 37 1 1 37 1 14 {1000000000011s
131 0 16 1 0 0 17 15 (00111111111100s
132 0 1% 1 0 0 18 15 (00111111111101s
133 0 18 1 0 1 9 15 (01011111111100s
134 0 8 4 0 1 10 15 (01011111111101s
135 0 5 5 0 2 6 15 (01101111111100s
136 0 4 6 0 2 7 15 (01101111111101s
137 0 5 6 0 3 6 15 (01110111111100s
138 0 3 7 0 6 4 15 (01110111111101s
139 0 3 8 0 9 3 15 (01111011111100s
140 0 2 10 0 13 2 15 (01111011111101s
141 0 2 11 0 14 2 15 (01111101111100s
142 0 1 12 0 15 2 15 (01111101111101s
143 0 1 13 0 16 2 15 (01111110111100s
144 0 0 24 0 34 1 15 (01111110111101s
145 0 0 25 0 35 1 15 (01111111011100s
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146 0 0 26 0 36 1 15 |01111111011101s
147 1 0 5 1 0 5 15 |01111111101100s
148 1 1 4 1 1 4 15 |01111111101101s
149 1 10 2 1 10 2 15 |01111111110100s
150 1 11 2 1 11 2 15 |01111111110101s
151 1 12 2 1 12 2 15 |01111111111000s
152 1 38 1 1 38 1 15 |01111111111001s
153 1 39 1 1 39 1 15 |10000000000010s
154 1 40 1 1 40 1 15 |10000000000011s
155 0 0 27 0 0 19 16 |[001111111111100s
156 0 3 9 0 3 7 16 |001111111111407s
157 0 6 5 0 4 5 16 [010111117111100s
158 0 7 5 0 7 4 16 [010111171111101s
159 0 9 4 0 17 2 16 |011011111111100s
160 0 12 2 0 37 1 16 1011011111111101s
161 0 19 1 0 38 1 16 [011101111111100s
162 1 1 5 1 1 5 16 |011101111111101s
163 1 2 3 1 2 3 16 [011110111111100s
164 1 13 2 1 13 2 16 |011110111111101s
165 1 41 1 1 41 1 16 [011111011111100s
166 1 42 1 1 42 1 16 [011111011111101s
167 1 43 1 1 43 1 16 [011111101111100s
168 1 44 1 1 44 1 16 [011111101111101s
169 ESCAPE 5 ]0000s
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RUN CODE
0 000000

1 000001

2 000010
63 111111
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Table B-25 -- FLC table for LEVEL
LEVEL CODE
0 FORBIDDEN
1 00000000001
2 00000000010
2047 11111111111
B.1.5| Shape Coding

Table B-26 -- Meaning of shape mode

Index | Shape mode

= “MVDs==0 && No Update”

= “MVDs!=0 && No Update”

transparent

“intraCAE"

“interCAE && MVDs==0"

0
1
2
3 opaque
4
5
6

“interCAE‘&& MVDs!=0"

Table B-27 -- bab_type for I-VOP

Index (2) 3) 4) Index (2) 3 (4)
0 i 001 |01 41 001 |01 1

1 001 |01 1 42 1 01 001
2 01 001 |1 43 001 |1 01
3 1 001 |01 44 001 |01 1

4 1 01 001 |45 1 01 001
5 1 01 001 |46 001 |01 1

6 1 001 |01 47 01 001 |1

7 T 0T 00T |48 T 0T 00T
8 01 001 |1 49 001 |01 1

9 001 |01 1 50 01 001 |1
10 1 01 001 |51 1 001 |01
11 1 01 001 |52 001 |1 01
12 001 |01 1 53 01 001 |1
13 1 01 001 |54 1 001 |01
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14 01 1 001 |55 01 001 |1
15 001 (01 1 56 01 001 |1
16 1 01 001 |57 1 01 001
17 1 01 001 |58 1 01 001
18 01 001 (1 59 1 01 001
19 1 01 001 |60 1 01 001
20 001 (01 1 61 1 01 001
21 01 001 (1 62 01 001 |1
22 1 01 001 |63 1 01 001
23 001 (01 1 64 001 |01 1
24 01 001 (1 65 001 (01 1
25 001 (01 1 66 01 001 |1
26 001 (01 1 67 001 |1 01
27 1 01 001 |68 001 |1 01
28 1 01 001 |69 01 001 |1
29 1 01 001 (70 00Y |1 01
30 1 01 001 (71 001 |01 1
31 1 01 001 |72 1 001 |01
32 1 01 001 -[73 001 |01 1
33 1 01 00t |74 01 001 |1
34 1 01 001 (75 01 001 |1
35 001 (Ot 1 76 001 |1 01
36 1 01 001 |77 001 |01 1
37 001 (01 1 78 1 001 |01
38 001 (01 1 79 001 |1 01
39 1 01 001 |80 001 |01 1
40 001 (1 01

228



https://standardsiso.com/api/?name=42e96055e0a857137b291f45b0f3a2a3

© ISO/IEC ISO/IEC 14496-2:1999(E)
Table B-28 -- bab_type for P-VOP and B-VOP
bab_type in current VOP (n)
0 1 2 3 4 5 6
0 1 01 00001 000001 | 0001 0010 0011
bab_type 1 01 1 00001 000001 | 001 0000001 | 0001
in previous |2 0001 001 1 000001 |01 0000001 | 00001
VOP(n-1) 3 1 0001 000001 | 001 01 0000001 | 00001
4 011 001 0001 00001 1 000001 010
5 01 0001 00001 000001 | 001 11 10
6 001 0001 00001 000001 |01 10 11

Table B-29 -- VLC table for MVDs

MVDs Codes

0 0

+1 10s

12 110s

13 1110s

+4 11110s

15 111110s

16 1111110s

+7 11111110s

18 111111110s

+9 1111111110s

+10 11111111110s

+11 111111111110s

+12 1111111111110s
+13 11111111111110s
+14 111111111111110s
+15 1111111111111110s
116 11111111111111110s

Table B-30 -- VLC table for MVDs (Horizontal element is 0)

MVDs Codes
+1 Os

+2 10s

13 110s
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+4 1110s

5 11110s

+6 111110s

+7 1111110s

18 11111110s

19 111111110s

+10 1111111110s

+11 11111111110s

+12 111111111110s

+13 1111111111110s
+14 11111111111110s
+15 111111111111110s
+16 1111111111111110s
s: sign bit (if MVDs is positive s="1", otherwise s="0%):

Table B-31 -- VLC for conv _ftatio

conv_ratio | Code
1 0
2 10
4 11

These taples contain the probabilities for a.binary alpha pixel being equal to 0 for intra and inter shape coding

CAE. All

As an ex

probabilities are normalised.t0:the range [1,65535].

Table B-32 -- Probabilities for arithmetic decoding of shape

pmple, given an INTRA-context number C, the probability that the pixel is zero is given by intra_prob[C].

using

—_—

usSint
65267

ntra_prob[2024] = {
16468,65003,17912,64573,8556,64252,5653,40174,3932,29789,277,45152,1140,32768,2043,

4499,8

54784,
31006,
64999,
16384,
62949,
62405,

30201,58254,9879,54613,3069,32768,58495,32768,32768,32768,2849,58982,54613,32768,12892,
1332,49152,3287,60075,350,32768,712,39322,760,32768,354,52659,432,61854,150,
28362,65323,42521,63572,32768,63677,18319,4910,32768,64238,434,53248,32768,61865,13590,
32768,13107,333,32768,32768,32768,32768,32768,32768,1074,780,25058,5461,6697,233,
30247,63702,24638,59578,32768,32768,42257,32768,32768,49152,546,62557,32768,54613,19258,
32569,64600,865,60495,10923,32768,898,34193,24576,64111,341,47492,5231,55474,591,
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65114,60075,64080,5334,65448,61882,64543,13209,54906,16384,35289,4933,48645,9614,55351,7318,
49807,54613,32768,32768,50972,32768,32768,32768,15159,1928,2048,171,3093,8,6096,74,
32768,60855,32768,32768,32768,32768,32768,32768,32768,32768,32768,32768,32768,55454,32768,57672,
32768,16384,32768,21845,32768,32768,32768,32768,32768,32768,32768,5041,28440,91,32768,45,
65124,10923,64874,5041,65429,57344,63435,48060,61440,32768,63488,24887,59688,3277,63918,14021,
32768,32768,32768,32768,32768,32768,32768,32768,690,32768,32768,1456,32768,32768,8192,728,
32768,32768,58982,17944,65237,54613,32768,2242,32768,32768,32768,42130,49152,57344,58254,16740,

327p8,10923,54613,182,32768,32768,32768,7282,49152,32768,32768,5041,63295,1394,55188,77,
636§2,6554,54613,49152,64558,32768,32768,5461,64142,32768,32768,32768,62415,32768,32768,163B84,
148]1,438,19661,840,33654,3121,64425,6554,4178,2048,32768,2260,5226,1680,32768,565,
600§5,32768,32768,32768,32768,32768,32768,32768,32768,32768,32768,32768,32768;32768,32768,32768,
16384,261,32768,412,16384,636,32768,4369,23406,4328,32768,524,15604,560,32768,676,
49152,32768,49152,32768,32768,32768,64572,32768,32768,32768,54613,32768,32768,32768,32768,32768,
468],32768,5617,851,32768,32768,59578,32768,32768,32768,3121,3121,49152,32768,6554,10923,
327p8,32768,54613,14043,32768,32768,32768,3449,32768,32768,32768,32768,32768,32768,32768,32768,
573114,32768,57344,3449,32768,32768,32768,3855,58982,10923,32768,239,62259,32768,49152,85,
587§8,23831,62888,20922,64311,8192,60075,575,59714,32768,57344,40960,62107,4096,61943,3921,
39862,15338,32768,1524,45123,5958,32768,58982,6669,930,1170,1043,7385,44,8813,5011,
595)8,29789,54613,32768,32768,32768,32768,32768,32768,32768,32768,32768,58254,56174,32768,32768,
64080,25891,49152,22528,32768,2731,32768,10923,10923,3283,32768,1748,17827,77,32768,108,
6285,32768,62013,42612,32768,32768,61681,16384,58982,60075,62313,58982,65279,58982,62694,62174,
327p8,32768,10923,950,32768,32768,32768,32768,5958,32768,38551,1092,11012,39322,13705,2072,
546|13,32768,32768,11398,32768,32768,32768,145,32768,32768,32768,29789,60855,32768,61681,547P2,
327p8,32768,32768,17348,32768;32768,32768,8192,57344,16384,32768,3582,52581,580,24030,303,
626§3,37266,65374,6197,62017,32768,49152,299,54613,32768,32768,32768,35234,119,32768,3855,
319419,32768,32768,49152,16384,32768,32768,32768,24576,32768,49152,32768,17476,32768,32768,5/7445,
512p0,50864,54613,27949,60075,20480,32768,57344,32768,32768,32768,32768,32768,45875,32768,32768,
11498,3244,24576,482,16384,1150,32768,16384,7992,215,32768,1150,23593,927,32768,993,
653p3,32768;65465,46741,41870,32768,64596,59578,62087,32768,12619,23406,11833,32768,47720,117476,
327p8;32768,2621,6554,32768,32768,32768,32768,32768,32768,5041,32768,16384,32768,4096,2731,

63212,43526,65442,47124,65410,35747,60304,55858,60855,58982,60075,19859,35747,63015,64470,25432,
58689,1118,64717,1339,24576,32768,32768,1257,53297,1928,32768,33,52067,3511,62861,453,
64613,32768,32768,32768,64558,32768,32768,2731,49152,32768,32768,32768,61534,32768,32768,35747,
32768,32768,32768,32768,13107,32768,32768,32768,32768,32768,32768,32768,20480,32768,32768,32768,
32768,32768,32768,54613,40960,5041,32768,32768,32768,32768,32768,3277,64263,57592,32768,3121,
32768,32768,32768,32768,32768,10923,32768,32768,32768,8192,32768,32768,5461,6899,32768,1725,
63351,3855,63608,29127,62415,7282,64626,60855,32768,32768,60075,5958,44961,32768,61866,53718,
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32768,32768,32768,32768,32768,32768,6554,32768,32768,32768,32768,32768,2521,978,32768,1489,
58254,32768,58982,61745,21845,32768,54613,58655,60075,32768,49152,16274,50412,64344,61643,43987,
32768,32768,32768,1638,32768,32768,32768,24966,54613,32768,32768,2427,46951,32768,17970,654,
65385,27307,60075,26472,64479,32768,32768,4681,61895,32768,32768,16384,58254,32768,32768,6554,
37630,3277,54613,6554,4965,5958,4681,32768,42765,16384,32768,21845,22827,16384,32768,6554,
65297,64769,60855,12743,63195,16384,32768,37942,32768,32768,32768,32768,60075,32768,62087,54613,
41764,2161,21845,1836,17284,5424,10923,1680,11019,555,32768,431,39819,907,32768,171,

65480(32768,64435,33803,2595,32768,57041,32768,61167,32768,32768,32768,32768,32768,32768,1796
60855(32768,17246,978,32768,32768,8192,32768,32768,32768,14043,2849,32768,2979,6554,6554,
6550762415,65384,61891,65273,58982,65461,55097,32768,32768,32768,55606,32768,2979,3745,16913
61885(13827,60893,12196,60855,53248,51493,11243,56656,783,55563,143,63432,7106,52429,445,
65485(1031,65020,1380,65180,57344,65162,36536,61154,6554,26569,2341,63593,3449,65102,533,
4782712913,57344,3449,35688,1337,32768,22938,25012,910,7944,1008,29319,60%,64466,4202,
64549(57301,49152,20025,63351,61167,32768,45542,58982,14564,32768,9362,61895,44840,32768,2638p,
5966417135,60855,13291,40050,12252,32768,7816,25798,1850,60495,2662,18707,122,52538,231,
6533232768,65210,21693,65113,6554,65141,39667,62259,32768,22258,1337,63636,32768,64255,52429
60362(32768,6780,819,16384,32768,16384,4681,49152,32768,8985,2521,24410,683,21535,16585,
65416/46091,65292,58328,64626,32768,65016,39897,62687,41332,62805,28948,64284,53620,52870,49567,
65032(31174,63022,28312,64299,46811,48009,31453,61207,7077,50299,1514,60047,2634,46488,235

%

USInt inter_prob[512] ={
65532{62970,65148,54613,62470,8192,62577,8937,65480,64335,65195,53248,65322,62518,62891,38312
65075/53405,63980,58982,32768,32768,54613,32768,65238,60009,60075,32768,59294,19661,61203,1317,
63000{9830,62566,58982,11565,32768,25215,3277,53620,50972,63109,43691,54613,32768,39671,17129
59788/6068,43336,27913,6554,32768,12178,1771,56174,49152,60075,43691,58254,16384,49152,9930,
23130{7282,40960,32768;10923,32768,32768,32768,27307,32768,32768,32768,32768,32768,32768,3276B,
36285{12511,10923;32768,45875,16384,32768,32768,16384,23831,4369,32768,8192,10923,32768,32768
10175(2979,18978,10923,54613,32768,6242,6554,1820,10923,32768,32768,32768,32768,32768,5461,
28459]593,11886,2030,3121,4681,1292,112,42130,23831,49152,29127,32768,6554,5461,2048,

65331,64600,63811,63314,42130,19661,49152,32768,65417,64609,62415,64617,64276,44256,61068,36713,
64887,57525,53620,61375,32768,8192,57344,6554,63608,49809,49152,62623,32768,15851,58982,34162,
55454,51739,64406,64047,32768,32768,7282,32768,49152,58756,62805,64990,32768,14895,16384,19418,
57929,24966,58689,31832,32768,16384,10923,6554,54613,42882,57344,64238,58982,10082,20165,20339,
62687,15061,32768,10923,32768,10923,32768,16384,59578,34427,32768,16384,32768,7825,32768,7282,
58052,23400,32768,5041,32768,2849,32768,32768,47663,15073,57344,4096,32768,1176,32768,1320,
24858,410,24576,923,32768,16384,16384,5461,16384,1365,32768,5461,32768,5699,8192,13107,
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46884,2361,23559,424,19661,712,655,182,58637,2094,49152,9362,8192,85,32768,1228,
65486,49152,65186,49152,61320,32768,57088,25206,65352,63047,62623,49152,64641,62165,58986,18304,
64171,16384,60855,54613,42130,32768,61335,32768,58254,58982,49152,32768,60985,35289,64520,31554,
51067,32768,64074,32768,40330,32768,34526,4096,60855,32768,63109,58254,57672,16384,31009,2567,
23406,32768,44620,10923,32768,32768,32099,10923,49152,49152,54613,60075,63422,54613,46388,39719,
58982,32768,54613,32768,14247,32768,22938,5041,32768,49152,32768,32768,25321,6144,29127,10999,
41263,32768,46811,32768,267,4096,426,16384,32768,19275,49152,32768,1008,1437,5767,11275,

559p,5461,37493,6554,4681,32768,6147,1560,38229,10923,32768,40960,35747,2521,5999,312,
170%2,2521,18808,3641,213,2427,574,32,51493,42130,42130,53053,11155,312,2069,106,
644P6,45197,58982,32768,32768,16384,40960,36864,65336,64244,60075,61681,65269,50748,60340,20515,
58982,23406,57344,32768,6554,16384,19661,61564,60855,47480,32768,54613,46811,21701,54909,37B26,
327p8,58982,60855,60855,32768,32768,39322,49152,57344,45875,60855,55706,32768,24576,62313,25038,
54613,8192,49152,10923,32768,32768,32768,32768,32768,19661,16384,51493,32768,14043,40050,44651,
595)8,5174,32768,6554,32768,5461,23593,5461,63608,51825,32768,23831,58887,24032,57170,3298,

393
481
289

5

P2,12971,16384,49152,1872,618,13107,2114,58982,25705,32768,60075,28913,949,18312,1815,
88,114,51493,1542,5461,3855,11360,1163,58982,7215,54613,23487,49152,4590,48430,1421,
14,1319,6868,324,1456,232,820,7,61681,1864,60855,9922,4369,315,6589,14

B.1.6

Sprite Coding

Table B-33 -- Code table for the first trajectory point

dmv value SSS VLC dmv_code
-16383 ... -8192, 8192 ... 16383 14 111112111110 00000000000000...0111111112111211
10000000000000...111112111111111
8191 ... -4096, 4096 .~~8191 13 11111111110 0000000000000...01111111112111,
1000000000000...11111111111211
4095 ... -2048,,2048 ... 4095 12 1111111110 000000000000...011111211111,
100000000000...1111111112111
-2047..£1024, 1024...2047 11 111111110 00000000000...01111121111,
10000000000...111121111111
-1023...-512, 512...1023 10 11111110 0000000000...0111211111,
1000000000 —Ttttitttit
-511...-256, 256...511 9 1111110 000000000...011111111,
100000000...1111111211
-255...-128, 128...255 8 111110 00000000...01111111, 10000000...11111111
-127...-64, 64...127 7 11110 0000000...0111111, 1000000...1111111
-63...-32, 32...63 6 1110 000000...011111, 100000...111111
-31...-16, 16...31 5 110 00000...01111, 10000...1111
-15...-8, 8...15 4 101 0000...0111, 1000...1111
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-7.-4,4..7 3 100 000...011, 100...111
-3..-2,2..3 2 011 00...01, 10...11
-1,1 1 010 0,1
0 0 00 -

Table B-34 -- Code table for scaled brightness change factor

brightness_change | brightness_ brightness_ brightness_change factor
faptor value change_factor_ | change_factor_
length value length VLC

-1p...-1, 1...16 1 0 00000...01111, 10000...1111%

-4B...-17,17...48 2 10 000000...011111, 100000 »2311111

112...-49, 49...112 3 110 0000000...0111111,
1000000...1111121%

113...624 4 1110 000000000... 121911111

645...1648 4 1111 0000000000.-.1111111111

B.1.7

234

[

DCT based facial object decoding

Table B-35 -- Viseme_select_table, 29 symbols

symbol | bits code symbol | bits code symbol | bits code
0 6 001000 | 10 6 010001 | 20 6 010000
1 6 001001 |11 6 011001 |21 6 010010
2 6 001011 |12 5 00001 22 6 011010
3 6 001101 |3 6 011101 | 23 5 00010
4 6 001132 14 1 1 24 6 011110
5 6 010111 | 15 6 010101 | 25 6 010110
6 6 011111 | 16 6 010100 | 26 6 001110
7 5 00011 17 6 011100 | 27 6 001100
8 6 011011 | 18 5 00000 28 6 001010
9 6 010011 | 19 6 011000
Fable-B-36—bExpressien—setect—table43-symbels

symbol code symbol | bits | code | symbol | bits | code

0 01000 |5 4 0011 |10 5 01110

1 01001 | 6 1 1 11 5 01100

2 01011 |7 4 0001 12 5 01010

3 01101 |8 4 0000

4 01111 | 9 4 0010
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symbol | bits | code symbol | bits [code symbol |bits |code

0 17 |10010001101010010 |43 16 |1001000110100111 |86 16 |1001000110100110
1 17 |10010001101010011 |44 8 10011100 87 16 |1001000110100100
2 17 |10010001101010101 |45 11 | 10010001111 88 16 |1001000110100010
3 17 |10010001101010111 |46 9 100100010 89 16 |1001000110100000
4 17 |10010001101011001 |47 10 |1110001011 90 16 |1001000110011110
5 17 |10010001101011011 |48 9 100011011 91 16 |1001000140p11100
6 17 |10010001101011101 |49 10 |1110001001 92 16 |1001000110p11010
7 17 |10010001101011111 |50 9 100011010 93 16 | 200¥000110p11000
8 17 |10010001101100001 |51 9 100111010 94 16_\»1001000110p10110
9 17 |10010001101100011 |52 10 |1110001000 95 16 |1001000110p10100
10 17 |10010001101100101 |53 7 1000111 96 16 |1001000110p10010
11 17 |10010001101100111 |54 7 1000010 97 16 |1001000110p10000
12 17 |10010001101101001 |55 8 10010000 98 16 |1001000110p01110
13 17 |10010001101101011 |56 7 1001111 99 16 |1001000110p01100
14 17 |10010001101101101 |57 7 1110000 100 16 |1001000110p01010
15 17 |10010001101101111 |58 6 100000 101 16 |1001000110p01000
16 17 |10010001101110001 |59 6 100101 102 16 |1001000110p00110
17 17 |10010001101110011 |60 6 111010 103 16 |1001000110p00100
18 17 |10010001101110111 |61 5 11111 104 16 |1001000110p00010
19 17 |10010001101111001 |62 3 101 105 16 |1001000110p00000
20 17 |10010001101111011 63 1 0 106 17 |10010001108111110
21 17 |1001000110111110% | 64 3 110 107 17 |10010001108111100
22 17 |10010001104221111 |65 5 11110 108 17 |10010001108111010
23 16 |1001000110000001 |66 6 111001 109 17 |10010001108111000
24 16 |1001000110000011 |67 6 111011 110 17 |10010001108110110
25 16 {1001000110000101 |68 6 100010 111 17 |10010001108110010
26 16, 1001000110000111 | 69 7 1001100 112 17 |10010001101110000
27 16 | 1I00100011000100T |70 7 1001001 113 17 | 10010001101101110
28 16 |1001000110001011 |71 7 1001101 114 17 |10010001101101100
29 16 |1001000110001101 |72 8 10001100 115 17 |10010001101101010
30 16 |1001000110001111 |73 8 10000111 116 17 |10010001101101000
31 16 |1001000110010001 |74 8 10000110 117 17 |10010001101100110
32 16 |1001000110010011 |75 17 |10010001101110100 | 118 17 |10010001101100100
33 16 |1001000110010101 |76 9 111000110 119 17 |10010001101100010
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34 16 |1001000110010111 |77 11 11100010100 120 17 |10010001101100000
35 16 |1001000110011001 |78 11 10011101111 121 17 |10010001101011110
36 16 |1001000110011011 |79 17 10010001101110101 | 122 17 |10010001101011100
37 16 |1001000110011101 |80 10 1001110110 123 17 |10010001101011010
38 16 |1001000110011111 |81 16 1001000110101000 |124 17 |10010001101011000
39 16 |1001000110100001 |82 11 10010001110 125 17 |10010001101010110
40 16 |1001000110100011 |83 10 1110001111 126 17 |10010001101010100
41 11 | 11100010101 84 11 10011101110

42 16 |1001000110100101 |85 10 1110001110

Table B-38 -- Runlength_table, 16 symbols

syinbol | bits | code symbol | bits | code symbol |/bits | code

0 1 1 6 9 000001011 12 8 00000000

1 2 01 7 9 000001101 13 8 00000010

2 3 001 8 9 000001111 24 9 000001110

3 4 0001 9 8 00000011 15 9 000001100

4 5 00001 10 8 00000001

5 9 000001010 11 8 00000100

Table B-39 -~-DC _table, 512 symbols

symbol |bits |code symbol (bits |code symbol |bits [code
0 17 (11010111001101010 (171 17 (11010111001111001 (342 17 (11010111001111p00
1 17 {11010111001101011~ft72 17 {11010111010000001 (343 17 (11010111001110p00
2 17 (1101011100110110% (173 17 {11010111010001001 (344 17 (11010111001110p10
3 17 (11010111001101111 |174 17 {11010111010010001 (345 17 (11010111001111p10
4 17 {11010111001110101 (175 17 {11010111010011001 (346 17 (11010111010000p10
5 17 (11010711001110111 (176 17 (11010111010101001 (347 17 (11010111010001p10
6 17 {11010111001111101 (177 17 {11010111010110001 (348 17 (11010111010010p10
7 17+ (11010111001111111 (178 17 (11010111010111001 (349 17 (11010111010011p10
8 17 {11010111010000101 (179 17 {11010111011000001 (350 17 (11010111010101010
9 17 {11010111010000111 (180 17 (11010111011001001 (351 17 (11010111010110010
10 17 (11010111010001101 (181 17 {11010111011011001 (352 17 (11010111010111010
11 17 {11010111010001111 (182 17 {11010111011111001 (353 17 (11010111011000010
12 17 {11010111010010101 (183 17 {11010111100000001 (354 17 (11010111011001010
13 17 (11010111010010111 |184 17 {11010111100001001 (355 17 (11010111011011010

236



https://standardsiso.com/api/?name=42e96055e0a857137b291f45b0f3a2a3

© ISO/IEC ISO/IEC 14496-2:1999(E)

14 17 |11010111010011101 |185 17 ]11010111100011001 (356 17 |11010111011111010
15 17 |11010111010011111 |186 17 ]11010111100100001 (357 17 |11010111100000010
16 17 |11010111010101101 |187 17 ]11010111100101001 (358 17 |11010111100001010
17 17 |11010111010101111 |188 17 ]11010111100111001 (359 17 ]11010111100011010
18 17 |11010111010110111 |189 17 ]11010111101000001 (360 17 ]11010111100100010
19 17 |11010111010111101 |190 17 ]11010111101001001 (361 17 ]11010111100101010
20 17 |11010111010111111 |191 17 ]11010111101011001 (362 17 |11010111100111010
21 17 |11010111011000111 |192 17 ]11010111101111001 (363 17 |1101011110%0p0010
22 17 |11010111011001101 |193 17 ]11010111110000001 (364 17 |110101111010p1010
23 17 |11010111011001111 |194 17 ]11010111110001001 (365 17 |110101111010f1010
24 17 |11010111011011101 |195 17 ]11010111110011001 (366 17 |110101111011/11010
25 17 |11010111011011111 |196 17 ]11010111110111001 (367 17 |110101111100p0010
26 17 |11010111011111101 |197 17 ]11010111111100001 (368 17 |110101111100p1010
27 17 |11010111011111111 |198 17 |11010111111101001 1369 17 |110101111100(1010
28 17 |11010111100000111 |199 17 ]1101011111111100% (370 17 |110101111101f1010
29 17 |11010111100001101 |200 16 |1101011100000001 (371 17 ]110101111111p0010
30 17 |11010111100001111 |201 16 |110101%100001001 (372 17 ]110101111111p1010
31 17 |11010111100011101 |202 16 |1101611100011001 (373 17 ]110101111111f1010
32 17 |11010111100011111 |203 17 |11010111111001001 |374 16 |110101110000p010

33 17 |11010111100100101 |204 17 —|11010111111010001 (375 16 |110101110000010

34 17 |11010111100100111 |205 17 ]11010111111011001 (376 16 |110101110001{1010

35 17 (11010111100101101 |206 16 |1101011100101001 (377 17 |110101111110p1010
36 17 |1101011110010111%-\}207 17 ]11010111110100001 (378 17 110101111110'10010
37 17 (11010111100111101 |208 17 ]11010111110101001 (379 17 110101111110|11010
38 17 (11010111100111111 |209 17 ]11010111101101001 (380 16 110101110010'].010

39 17 |11010111101000101 |210 17 ]11010111011100001 (381 17 ]110101111101p0010
40 17 |1102#0111101000111 |211 16 |1101011100100000 (382 17 ]110101111101p1010
41 17 <111010111101001101 |212 16 |1101011100100001 (383 17 ]110101111011p1010
42 17 |11010111101001111 |213 17 ]11010111111000001 (384 17 |110101110111p0010
43 17 |11010111101011101 |214 16 |1101011100010001 (385 17 |11010111011101010
44 17 |11010111101011111 |215 17 ]11010111111110001 (386 17 |11010111011101000
45 17 |11010111101111101 |216 17 ]11010111110110001 (387 16 |1101011100100010

46 17 |11010111101111111 |217 17 ]11010111110010001 (388 17 ]11010111111000010
47 17 |11010111110000101 |218 11 (11101100101 389 16 |1101011100010010

48 17 |11010111110000111 |219 11 j11011111011 390 17 |11010111111110010
49 17 |11010111110001101 |220 11 (11011110001 391 17 |11010111110110010
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50 17 ]11010111110001111 |221 10 |1101110011 392 17 ]11010111110010010
51 17 ]11010111110011101 |222 17 ]11010111101110001 |393 17 ]11010111101110010
52 17 ]11010111110011111 |223 17 ]11010111010100000 |394 17 ]11010111101010010
53 17 |]11010111110111101 |224 17 ]11010111010100001 |395 17 ]11010111101010000
54 17 ]11010111110111111 |225 17 ]11010111011110100 |396 17 ]11010111100010010
55 17 ]11010111111100101 |226 17 ]11010111011110101 |397 17 ]11010111100010000
56 17 ]11010111111100111 |227 17 ]11010111011110001 |398 17 ]11010111011010010
57 17 ]11010111111101101 |228 17 ]11010111100010101 [399 17 ]11010111011030p00
58 17 ]11010111111101111 |229 17 ]11010111100110000 {400 16 (11010111001100[L0

59 17 ]11010111111111101 |230 17 ]11010111100110001 [401 16 |11010411001100p0

60 17 ]11010111111111111 |231 17 ]11010111101010101 |402 17 ]11610111010100{10
61 16 |1101011100000101 |232 11 |11101100111 403 17 ,]11010111010100{00
62 16 |1101011100000111 |233 17 ]11010111101110101 (404 17 ]11010111010100p10
63 16 |1101011100001101 |234 11 11101100110 405 17 ]11010111011010410
64 16 |1101011100001111 |235 17 ]11010111110110101 }406 17 ]11010111011010{00
65 16 |1101011100011101 |236 17 ]11010111111000200 [407 17 ]11010111011110410
66 16 |1101011100011111 |237 8 11010110 408 17 ]11010111011110p10
67 17 ]11010111111001101 |238 11 11011120010 409 17 ]11010111100010{10
68 17 ]11010111111001111 |239 9 110010100 410 17 ]11010111100110f10
69 17 ]11010111111010101 |240 10 . |1101110001 411 17 ]11010111100110{00
70 17 ]11010111111010111 |241 9 110001111 412 17 ]11010111100110p10
71 17 ]11010111111011101 |242 10 1101111100 413 17 ]11010111101010f10
72 17 ]11010111111011111 4243 9 110010101 414 17 ]11010111101110410
73 16 |1101011100101101 ) |244 9 110111111 415 17 ]11010111110010f10
74 16 (11010111001024111 |245 10 1101110100 416 17 ]11010111110010{00
75 17 ]11010114110100101 |246 7 1100100 417 17 ]11010111110110410
76 17 ]11010411110100111 |247 8 11101101 418 17 ]11010111111110410
77 17 |¥1010111110101101 |248 8 11001011 419 17 ]11010111111110{00
78 17.*|11010111110101111 |249 7 1101100 420 16 |11010111000101{0

79 17 ]11010111101101101 |250 7 1101101 421 16 |1101011100010100

80 17 ]11010111101101111 |251 7 1110111 422 17 ]11010111111000110
81 17 ]11010111011100101 |252 6 110100 423 16 |1101011100100110

82 17 ]11010111011100111 |253 6 111001 424 16 |1101011100100100

83 17 |11010111011101101 |254 5 11111 425 17 ]11010111101100110
84 17 ]11010111011101111 |255 3 100 426 17 ]11010111101100100
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85 17 |11010111101100001 |256 1 0 427 17 |11010111101100010
86 17 |11010111101100011 |257 3 101 428 17 ]11010111101100000
87 17 |11010111101100101 |258 5 11110 429 17 |11010111011101110
88 17 |11010111101100111 |259 6 111000 430 17 |11010111011101100
89 16 |1101011100100101 |260 6 111010 431 17 |11010111011100110
90 16 |1101011100100111 |261 6 110000 432 17 ]11010111011100100
91 17 |11010111111000111 |262 7 1100111 433 17 ]11010111101101110
92 16 |1101011100010101 |263 7 1100110 434 17 ]1101011110%21p1100
93 16 |1101011100010111 |264 7 1101010 435 17 ]110101111101p1110
94 17 |11010111111110101 |265 8 11000101 436 17 |110101111101p1100
95 17 |11010111111110111 |266 8 11000110 437 17 |110101111101p0110
96 17 |11010111110110111 |267 8 11000100 438 17 |110101111101p0100
97 17 |11010111110010101 |268 17 ]11010111111000101 (439 16 110101110010'1110

98 17 |11010111110010111 |269 9 111011000 440 16 110101110010|1100

99 17 |11010111101110111 |270 11 |11011111010 441 17 110101111110|11110
100 17 |11010111101010111 |271 11 |1101111010% 442 17 110101111110|11100

101 17 |11010111100110011 |272 17 ]110101%1100000101 (443 17 110101111110|10110

102 17 |11010111100110101 |273 10 (1101211011 444 17 110101111110'10100

103 17 |11010111100110111 |274 17 |11010111011000101 (445 17 |110101111110p1110

104 17 |11010111100010111 |275 11 11011110011 446 17 |110101111110p1100
105 17 |11010111011110011 |276 9 110001110 447 16 |1101011100011110
106 17 |11010111011110111 |27%7 11 (11011110000 448 16 |110101110001{1100
107 17 |1101011101101010%-\278 10 |1101110111 449 16 110101110000'1110

108 17 |11010111011010111 |279 17 ]11010111010110101 (450 16 110101110000'].100

109 17 (11010111016100011 |280 16 |1101011100110100 (451 16 |110101110000p110

110 17 |11010111010100101 |281 10 |1101110010 452 16 |110101110000p100
111 17 |1102#0111010100111 |282 10 |1101110000 453 17 |110101111111f1110
112 16 <1101011100110001 |283 11 (11011101010 454 17 ]110101111111f11100

113 16 |1101011100110011 |284 17 ]11010111010110100 (455 17 |110101111111p1110

114 17 |11010111011010001 |285 17 ]11010111011000100 (456 17 ]11010111111101100

115 17 |11010111011010011 |286 17 ]11010111100000100 (457 17 |11010111111100110

116 17 |11010111100010001 |287 11 (11011101100 458 17 ]11010111111100100

117 17 |11010111100010011 |288 17 ]11010111110110100 (459 17 |11010111110111110

118 17 |11010111101010001 |289 17 ]11010111101110100 (460 17 ]11010111110111100

119 17 |11010111101010011 |290 17 ]11010111101010100 (461 17 |11010111110011110

120 17 |11010111101110011 |291 11 (11101100100 462 17 ]11010111110011100
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121 17 ]11010111110010011 |292 17 ]11010111100010100 |463 17 ]11010111110001110

122 17 ]11010111110110011 |293 17 ]11010111011110000 |464 17 ]11010111110001100

123 17 |11010111111110011 |294 11 11011110100 465 17 ]11010111110000110

124 16 |1101011100010011 |295 11 |11011101011 466 17 ]11010111110000100

125 17 ]11010111111000011 |296 17 ]11010111101110000 |467 17 ]11010111101111110

126 16 |1101011100100011 |297 17 ]11010111110010000 |468 17 ]11010111101111100

127 17 ]11010111011101001 |298 17 ]11010111110110000 [469 17 ]11010111101011110

128 17 ]11010111011101011 |299 17 ]11010111111110000 {470 17 ]110101111010%2{100

129 17 ]11010111011100011 |300 16 |1101011100010000 |471 17 ]11010111101001f10

130 17 ]11010111101101011 |301 17 ]11010111111000000 (472 17 ]11010411101001{00

131 17 ]11010111110101011 |302 11 |11011101101 473 17 ]11610111101000{10

132 17 ]11010111110100011 |303 17 ]11010111011100000 (474 17 ,]11010111101000{00

133 16 |1101011100101011 |304 17 ]11010111101101000 |475 17 ]11010111100111p10

134 17 ]11010111111011011 |305 17 ]11010111110101000 |476 17 ]11010111100111f100

135 17 ]11010111111010011 |306 17 ]11010111110100000 (477 17 ]11010111100101p10

136 17 ]11010111111001011 |307 16 |110101110010x000 (478 17 ]11010111100101{00

137 16 |1101011100011011 |308 17 (11010111%11011000 |479 17 ]11010111100100f10

138 16 |1101011100001011 |309 17 ]11010124¥111010000 |480 17 ]11010111100100{00

139 16 |1101011100000011 |310 17 (11010111111001000 |481 17 ]11010111100011f10

140 17 ]11010111111111011 |311 16 . |1101011100011000 |482 17 ]11010111100011{00

141 17 ]11010111111101011 |312 16 |1101011100001000 (483 17 ]11010111100001f10

142 17 ]11010111111100011 |313 16 |1101011100000000 (484 17 ]11010111100001{00

143 17 ]11010111110111011 4314 17 ]11010111111111000 |485 17 ]11010111100000{10

144 17 ]11010111110011011 |315 17 ]11010111111101000 |486 17 ]11010111011111p10

145 17 (11010111110001011 |316 17 ]11010111111100000 [487 17 ]11010111011111p00

146 17 ]11010114110000011 |317 17 ]11010111110111000 |488 17 ]11010111011011p10

147 17 ]11010411101111011 |318 17 ]11010111110011000 [489 17 ]11010111011011f00

148 17 |¥1010111101011011 |319 17 ]11010111110001000 {490 17 ]11010111011001p10

149 17.*|11010111101001011 |320 17 ]11010111110000000 (491 17 ]11010111011001{00

150 17 ]11010111101000011 |321 17 ]11010111101111000 [492 17 ]11010111011000110

151 17 ]11010111100111011 |322 17 ]11010111101011000 {493 17 ]11010111010111110

152 17 ]11010111100101011 |323 17 ]11010111101001000 |494 17 ]11010111010111100

153 17 ]11010111100100011 |324 17 ]11010111101000000 |495 17 ]11010111010110110

154 17 ]11010111100011011 |325 17 ]11010111100111000 |496 17 ]11010111010101110

155 17 ]11010111100001011 |326 17 ]11010111100101000 (497 17 ]11010111010101100
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156 17 ]11010111100000011 |327 17 {11010111100100000 (498 17 (11010111010011110
157 17 |11010111011111011 |328 17 {11010111100011000 (499 17 (11010111010011100
158 17 |11010111011011011 |329 17 {11010111100001000 (500 17 (11010111010010110
159 17 |11010111011001011 |330 17 {11010111100000000 (501 17 (11010111010010100
160 17 ]11010111011000011 |331 17 {11010111011111000 (502 17 (11010111010001110
161 17 ]11010111010111011 |332 17 {11010111011011000 (503 17 (11010111010001100
162 17 |11010111010110011 |333 17 {11010111011001000 (504 17 (11010111010000110
163 17 |11010111010101011 |334 17 {11010111011000000 (505 17 (110101110160p0100
164 17 |11010111010011011 |335 17 {11010111010111000 (506 17 (110101110011p11110
165 17 |11010111010010011 |336 17 {11010111010110000 (507 17 ]110101110011/11100
166 17 ]11010111010001011 |337 17 {11010111010101000 (508 17 [110101110011[10110
167 17 ]11010111010000011 |338 17 {11010111010011000 (509 17 (110101110011p10100
168 17 |11010111001111011 |339 17 {11010111010010000 (510 17 (110101110011p1110
169 17 |11010111001110011 |340 17 {11010111010001000 1511 17 (110101110011p1100
170 17 ]11010111001110001 |341 17 {11010111010000000
Table B-40 -- AC_tablei512 symbols
symbo [[{no_ code symbo |no_ code symbo |no_ code
| of _ I of ' of_
bits bits bits
0 16 1000011100011000 |171 16 1000011101100001 |342 16 100001110{1100000
1 16 1000011100011001 (172 16 1000011110100001 343 15 100001110p00000
2 16 1000011100011011 (173 16 1000011111000001 (344 16 1000011101101000
3 16 1000011100011101) (174 16 1000011111100001 |345 16 100001111p101000
4 16 1000011100011111 (175 15 100001000100001 346 16 1000011111001000
5 16 100001%100100101 |176 15 100001001100001 347 16 1000011111101000
6 16 1000011100100111 |177 15 100001011000001 348 15 1000010001.01000
7 16 1000011100101101 (178 15 100001011100001 349 15 100001001101000
8 16 1000011100101111 |179 15 100001010100001 350 15 1000010119p01000
9 18 1000011100111101 1180 15 100001010000001 351 15 100001011101000
10 16 1000011100111111 |181 15 100001001000001 352 15 100001010101000
11 16 1000011101111101 |182 15 100001000000001 353 15 100001010001000
12 16 1000011101111111 (183 16 1000011110000001 (354 15 100001001001000
13 16 1000011110111111 |184 16 1000011101000001 |355 15 100001000001000
14 16 1000011111011101 (185 16 1000011101010001 |356 16 1000011110001000
15 16 1000011111011111 (186 16 1000011110010001 |357 16 1000011101001000
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16 16 1000011111111101 |187 15 100001000010001 358 16 1000011101011000
17 16 1000011111111111 |188 15 100001001010001 359 16 1000011110011000
18 15 100001000111101 |189 15 100001010010001 360 15 100001000011000
19 15 100001000111111 |190 15 100001010110001 361 15 100001001011000
20 15 100001001111101 191 15 100001011110001 362 15 100001010011000
21 15 100001001111111 |192 15 100001011010001 363 15 100001010111000
22 15 100001011011101 |193 15 100001001110001 364 15 100001011111000
23 45 100001011011111 |194 15 100001000110001 365 15 100001011621000
24 45 100001011111101 |195 16 1000011111110001 |366 15 100001601111000
25 45 100001011111111 |196 16 1000011111010001 |[367 15 106001000111000
26 45 100001010111111 |197 16 1000011110110001 |368 16 1000011111131000
27 45 100001010011101 |198 16 1000011101110001 |[369 16 1000011111031000
28 45 100001010011111 |199 16 1000011100110001 |370 16 1000011110131000
29 45 100001001011111 |200 15 100001110001001 871 16 1000011101131000
30 45 100001000011111 |201 16 1000011100110101 {372 16 10000111001311000
31 46 1000011110011111 |202 16 1000011101120101 |373 16 10000111001(01000
32 46 1000011101011111 |203 16 1000011110110101 |374 16 1000011100100000
33 46 1000011101001111 |204 16 1000021111010101 |375 16 100001110019p0010
34 46 1000011110001111 |205 16 1000011111110101 |376 16 10000111001901010
35 45 100001000001111 |206 15 100001000110101 377 16 1000011100111010
36 45 100001001001111 |207 15 100001001110101 378 16 1000011101131010
37 45 100001010001111 |208 15 100001011010101 379 16 1000011110131010
38 45 100001010101111 209 15 100001011110101 380 16 1000011111041010
39 45 100001011101111 » | 210 15 100001010110101 381 16 1000011111131010
40 45 100001011001111 211 15 100001010010101 382 15 100001000111010
41 45 100001Q001101111 |212 15 100001001010101 383 15 100001001111010
42 45 100001000101111 |213 15 100001000010101 384 15 100001011011010
43 46 1000011111101111 |214 16 1000011110010101 |385 15 100001011113010
44 46 1000011111001111 |215 16 1000011101010101 |386 15 100001010111010
45 £6 1000011110101111 |216 16 1000011101000101 (387 15 100001010011010
46 16 1000011101101111 |217 16 1000011110000101 |388 15 100001001011010
47 15 100001110000111 |218 15 100001000000101 389 15 100001000011010
48 16 1000011101100111 |219 15 100001001000101 390 16 1000011110011010
49 16 1000011110100111 |220 15 100001010000101 391 16 1000011101011010
50 16 1000011111000111 |221 15 100001010100101 392 16 1000011101001010
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51 16 1000011111100111 |222 15 100001011100101 393 16 1000011110001010
52 15 100001000100111 |223 15 100001011000101 394 15 100001000001010
53 15 100001001100111 |224 15 100001001100101 395 15 100001001001010
54 15 100001011000111 |225 15 100001000100101 396 15 100001010001010
55 15 100001011100111 |226 16 1000011111100101 (397 15 100001010101010
56 15 100001010100111 |227 16 1000011111000101 |398 15 100001011101010
57 15 100001010000111 |228 16 1000011110100101 |399 15 100001011001010
58 15 100001001000111 |229 16 1000011101100101 (400 15 100001002101010
59 15 100001000000111 | 230 15 100001110000101 401 15 100001000101010
60 16 1000011110000111 |231 16 1000011101101101 |402 16 100001111101010
61 16 1000011101000111 |232 16 1000011110101101 |403 16 1000011111001010
62 16 1000011101010111 |233 16 1000011111001101 |404 16 100001111p101010
63 16 1000011110010111 |234 16 1000011111101101 |405 16 1000011101101010
64 15 100001000010111 |235 15 100001000101101 406 15 100001110p00010
65 15 100001001010111 |236 15 100001001101101 407 16 1000011101100010
66 15 100001010010111 | 237 15 100001011001101 408 16 100001111p100010
67 15 100001010110111 |238 15 100001011101101 409 16 1000011111000010
68 15 100001011110111 |239 15 100601010101101 410 16 1000011111100010
69 15 100001011010111 | 240 15 100001010001101 411 15 100001000]00010
70 15 100001001110111 |241 15 100001001001101 412 15 100001001100010
71 15 100001000110111 |242 15 100001000001101 413 15 100001011p00010
72 16 1000011111110111 |243 16 1000011110001101 |414 15 1000010111100010
73 16 1000011111010111x-4244 16 1000011101001101 (415 15 100001010100010
74 16 1000011110110111 |245 16 1000011101011101 (416 15 100001010p00010
75 16 1000011101110111 |246 16 1000011110011101 (417 15 100001001p00010
76 16 1000011100110111 |247 15 100001000011101 418 15 100001000p00010
77 15 100001110001011 | 248 6 100000 419 16 100001111p000010
78 16 1000011100110011 |249 15 100001001011101 420 16 1000011101000010
79 16 1000011101110011 |250 15 100001010111101 421 16 1000011101010010
80 16 1000011110110011 |251 7 1001110 422 16 1000011110010010
81 16 1000011111010011 |252 6 100110 423 15 100001000010010
82 16 1000011111110011 |253 5 10010 424 15 100001001010010
83 15 100001000110011 |254 4 1010 425 15 100001010010010
84 15 100001001110011 |255 2 11 426 15 100001010110010
85 15 100001011010011 |256 16 1000011110111100 (427 15 100001011110010
86 15 100001011110011 |257 1 0 428 15 100001011010010
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87 15 100001010110011 |258 4 1011 429 15 100001001110010
88 15 100001010010011 |259 6 100011 430 15 100001000110010
89 15 100001001010011 |260 6 100010 431 16 1000011111110010
90 15 100001000010011 |261 7 1001111 432 16 1000011111010010
91 16 1000011110010011 |262 16 1000011110111101 |433 16 1000011110110010
92 16 1000011101010011 |263 8 10000110 434 16 1000011101110010
93 16 1000011101000011 |264 15 100001010111100 435 16 1000011100110010
94 46 1000011110000011 |265 15 100001001011100 436 15 100001116001010
95 45 100001000000011 |266 15 100001000011100 437 16 10000111001310110
96 45 100001001000011 |267 16 1000011110011100 |438 16 1000011101110110
97 45 100001010000011 |268 16 1000011101011100 (439 16 1000011110130110
98 45 100001010100011 |269 16 1000011101001100 |440 16 1000011111040110
99 45 100001011100011 |270 16 1000011110001100 |441 16 1000011111130110
100 45 100001011000011 |271 15 100001000001100 442 15 100001000110110
101 45 100001001100011 |272 15 100001001001100 443 15 100001001110110
102 45 100001000100011 |273 15 100001010001100 444 15 100001011010110
103 46 1000011111100011 |274 15 100001010101100 445 15 100001011110110
104 46 1000011111000011 |275 15 100002011101100 446 15 100001010110110
105 46 1000011110100011 |276 15 100001011001100 447 15 100001010010110
106 46 1000011101100011 |277 15 100001001101100 448 15 100001001010110
107 45 100001110000011 |278 15 100001000101100 449 15 100001000010110
108 46 1000011101101011 |279 16 1000011111101100 |450 16 1000011110040110
109 46 1000011110101011 280 16 1000011111001100 (451 16 1000011101030110
110 46 1000011111001011) | 281 16 1000011110101100 (452 16 1000011101000110
111 46 1000011111101011 |282 16 1000011101101100 |453 16 1000011110000110
112 45 100001000101011 |283 15 100001110000100 454 15 100001000000110
113 45 100001001101011 |284 16 1000011101100100 |455 15 100001001000110
114 45 1600001011001011 |285 16 1000011110100100 |456 15 100001010000110
115 45 100001011101011 |286 16 1000011111000100 (457 15 100001010100110
116 £5 100001010101011 |287 16 1000011111100100 |458 15 100001011100110
117 15 100001010001011 |288 15 100001000100100 459 15 100001011000110
118 15 100001001001011 |289 15 100001001100100 460 15 100001001100110
119 15 100001000001011 |290 15 100001011000100 461 15 100001000100110
120 16 1000011110001011 |291 15 100001011100100 462 16 1000011111100110
121 16 1000011101001011 |292 15 100001010100100 463 16 1000011111000110
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122 16 1000011101011011 |293 15 100001010000100 464 16 1000011110100110
123 16 1000011110011011 |294 15 100001001000100 465 16 1000011101100110
124 15 100001000011011 |295 15 100001000000100 466 15 100001110000110
125 15 100001001011011 |296 16 1000011110000100 (467 16 1000011101101110
126 15 100001010011011 |297 16 1000011101000100 |468 16 1000011110101110
127 15 100001010111011 |298 16 1000011101010100 |469 16 1000011111001110
128 15 100001011111011 |299 16 1000011110010100 (470 16 1000011111101110
129 15 100001011011011 | 300 15 100001000010100 471 15 100001.000101110
130 15 100001001111011 |301 15 100001001010100 472 15 100001001101110
131 15 100001000111011 |302 15 100001010010100 473 15 100001011p01110
132 16 1000011111111011 |303 15 100001010110100 474 15 100001011101110
133 16 1000011111011011 |304 15 100001011110100 475 15 100001010101110
134 16 1000011110111011 |305 15 100001011010100 476 15 100001010p01110
135 16 1000011101111011 |306 15 100001001110100 ar7 15 100001001p01110
136 16 1000011100111011 |307 15 100001000110100 478 15 100001000p01110
137 16 1000011100101011 |308 16 1000011112110100 (479 16 100001111p001110
138 16 1000011100100011 |309 16 1000011111010100 (480 16 100001110p001110
139 16 1000011100100001 |310 16 1006011110110100 (481 16 100001110p011110
140 16 1000011100101001 |311 16 1000011101110100 |482 16 100001111p011110
141 16 1000011100111001 |312 16 1000011100110100 (483 15 1000010009P11110
142 16 1000011101111001 |313 15 100001110001000 484 15 1000010019P11110
143 16 1000011110111001 |314 16 1000011100110000 (485 15 1000010109P11110
144 16 1000011111011001+-4815 16 1000011101110000 |486 15 1000010109P11100
145 16 1000011111111001 |316 16 1000011110110000 (487 15 100001010111110
146 15 100001000111001 |317 16 1000011111010000 (488 15 1000010111111110
147 15 1000Q1001111001 |318 16 1000011111110000 (489 15 1000010111111100
148 15 100001011011001 |319 15 100001000110000 490 15 1000010119p11110
149 15 100001011111001 |320 15 100001001110000 491 15 1000010119P11100
150 15 100001010111001 |321 15 100001011010000 492 15 1000010011111110
151 15 100001010011001 |322 15 100001011110000 493 15 100001001111100
152 15 100001001011001 |323 15 100001010110000 494 15 100001000111110
153 15 100001000011001 |324 15 100001010010000 495 15 100001000111100
154 16 1000011110011001 |325 15 100001001010000 496 16 1000011111111110
155 16 1000011101011001 |326 15 100001000010000 497 16 1000011111111100
156 16 1000011101001001 |327 16 1000011110010000 (498 16 1000011111011110
157 16 1000011110001001 |328 16 1000011101010000 |[499 16 1000011111011100
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158 15 100001000001001 329 16 1000011101000000 |500 16 1000011110111110
159 15 100001001001001 330 16 1000011110000000 |501 16 1000011101111110
160 15 100001010001001 331 15 100001000000000 502 16 1000011101111100
161 15 100001010101001 332 15 100001001000000 503 16 1000011100111110
162 15 100001011101001 333 15 100001010000000 504 16 1000011100111100
163 15 100001011001001 334 15 100001010100000 505 16 1000011100101110
164 15 100001001101001 335 15 100001011100000 506 16 1000011100101100
165 1|5 100001000101001 336 15 100001011000000 507 16 1000011166200110
166 1|6 1000011111101001 (337 15 100001001100000 508 16 1000011100100100
167 1|6 1000011111001001 (338 15 100001000100000 509 16 1060011100041110
168 1|6 1000011110101001 (339 16 1000011111100000 |510 16 1000011100041100
169 1|6 1000011101101001 (340 16 1000011111000000 |511 16 1000011100041010
170 15 100001110000001 341 16 1000011110100000

B.2 Arithmetic Decoding

B.2.1 Aritmetic decoding for still texture object

To fully initialize the decoder, the function ac_decoder_init is called*followed by ac_model_init respectively:

void ac_glecoder_init (ac_decoder *acd) {

inti, ;

acd-pbits_to_go =0;

acd-ptotal_bits = 0;

acd-pvalue = 0;

for (iF1; i<=Code_value_bits;.i++) {

acd->value = 2*acd->value + input_bit(acd);
}
acd-plow = 0;

acd-phigh.= Top_value;

return;

void ac_model_init (ac_model *acm, int nsym) {
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acm->nsym = nsym;

acm->freq = (unsigned short *) malloc (nsym*sizeof (unsigned short));

check (lacm->freq, "arithmetic coder model allocation failure");

acm->cfreq = (unsigned short *) calloc (hsym+1, sizeof (unsigned short));

check (lacm->cfreq, "arithmetic coder model allocation failure™);

fof (i=0; i<acm->nsym; i++) {
acm->freq[i] = 1;

acm->cfreq[i] = acm->nsym - i;

agm->cfreglacm->nsym] = 0;

refurn;

}

The a¢d is structures which contains the decoding variables and whose addresses act as handles for the|decoded
symbaql/bitstreams. The fields bits_to_go, buffer, “bitstream, and bitstream_len are used to manage the bits in
memory. The low, high, and fbits fields describe\the scaled range corresponding to the symbols which have been
decoded. The value field contains the curreptly seen code value inside the range. The total_bits field corjtains the
total number of bits encoded or used for decoding so far. The values Code_value_bits and Top_value deqcribe the
maximum number of bits and the maximum size of a coded value respectively. The ac_model structure contains the
variables used for that particular probability model and it's address acts as a handle. The nsym field contains the
number of symbols in the symbal sét, the freq field contains the table of frequency counts for each of fhe nsym
symbaqls, and the cfreq field contains the cumulative frequency count derived from freq.

The bits are read from the hitstream using the function:
static Int input_bit (ac_decoder *acd) {
inf t;

urjsigned int tmp;

if (acd->bits_to_go==0) {
acd->buffer = ace->bitstream[ace->bitstream_len++];

acd->bits_to_go = 8;

247


https://standardsiso.com/api/?name=42e96055e0a857137b291f45b0f3a2a3

ISO/IEC 14496-2:1999(E) © ISO/IEC
t = acd->buffer & 0x080;
acd->buffer <<=1;
acd->buffer &= OxOff;
acd->total_bits +=1;
acd->bits_to_go -=1;

t=t>>7,

returp t;

}

The decgding process has four main steps. The first step is to decode the symbol based onithe current state] of the

probabilify model (frequency counts) and the current code value (value) which is used ‘to represent (and is a

member |of) the current range. The second step is to get the new range. The third steptis to rescale the range and

simultangously load in new code value bits. The fourth step is to update the miodel. To decode symbols, the

following|function is called:

int ac_dgcode_symbol (ac_decoder *acd, ac_model *acm) {
long Jrange;

int cim;

int sym;

rangg = (long)(acd->high-acd->low)+1;

[*--- flecode symbol ---*/

cum = (((long)(acd->value-acd->low)+1)*(int)(acm->cfreq[0])-1)/range;

for (3ym = 0O; (intjacm->cfreg[sym+1]>cum; sym++)

* do nothing */

check (sym<0||sym>=acm->nsym, "symbol out of range");

[*--- Get new range ---*/
acd->high = acd->low + (range*(int)(acm->cfreq[sym]))/(int)(acm->cfreq[0])-1;

acd->low = acd->low + (range*(int)(acm->cfreq[sym+1]))/(int)(acm->cfreq[0]);

[*--- rescale and load new code value bits ---*/
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for () {
if (acd->high<Half) {
/* do nothing */
} else if (acd->low>=Half) {
acd->value -= Half;

acd->low -= Half;

acd->high -= Half;
} else if (acd->low>=First_qtr && acd->high<Third_qtr) {
acd->value -= First_qtr;
acd->low -= First_qtr;
acd->high -= First_qtr;
} else
break;
acd->low = 2*acd->low;
acd->high = 2*acd->high+1;

acd->value = 2*acd->value + input_bit(acd);

[*4- Update probability model ---*/

ugdate_model (acm, sym);

refurn sym;

The bits_plus_fallow function mentioned above calls another function, output_bit. They are:
static yoidcoutput_bit (ac_encoder *ace, int bit) {

loff 1
ace=>purret =TI

if (bit)

ace->buffer |= 0x01;

ace->bits_to_go -=1;

ace->total_bits += 1,
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if (ace->bits_to_go==0) {

if (ace->bitstream) {
if (ace->bitstream_len >= MAX_BUFFER)
if ((ace->bitstream = (uChar *)realloc(ace->bitstream, sizeof(uChar)*

(ace->bitstream_len/MAX_BUFFER+1)*MAX_BUFFER))==NULL) {

fprintf(stderr, "Couldn't reallocate memory for ace->bitstream in
output_bjt.\n");

exit(-1);

ace->bitstream[ace->bitstream_len++] = ace->buffer;

j

ace->bits_to_go = 8;
}
returp;

static void bit_plus_follow (ac_encoder *acey-int bit) {
outplit_bit (ace, bit);
whilg (ace->fbits > 0) {

output_bit (ace, !bif);

ace->fbits -=.1y

return;

}

The update of the probability model used in the decoding of the symbols is shown in the following function:

static void update_model (ac_model *acm, int sym)

{
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inti;

if (acm->cfreq[0]==Max_frequency) {
int cum = 0;
acm->cfreqlacm->nsym] = 0;

for (i = acm->nsym-1; i>=0; i--) {

acm->freq[i] = ((intjacm->freq[i] + 1) / 2;
cum += acm->freq[i];

acm->cfreq[i] = cum;

agm->freg[sym] += 1,
fof (i=sym; i>=0; i--)

acm->cfreq[i] += 1;

refurn;

}

This flinction simply updates the frequency:counts based on the symbol just decoded. It also makes surg

maximum frequency allowed is not exceeded. This is done by rescaling all frequency counts by 2.
B.2.2| Arithmetic decoding forsshape decoding
B.2.2.L Structures and Typedefs

t ypedef void Noid;

t ypedef int<{hnt;

t ypedef unsi-gned short int USInt;

#def i ne~CODE_BI T 32

#def i wes” HALF  ((unsigned) 1 << (CODE_BITS-1))
#def i'lne QUARTER (1 << (CODE_BITS-2))

struct arcodec {

Hnt—t—Ftower—boumnd—f
Uunt R /* code range */
Unt V, /* current code val ue */

Ul nt arpi pe;

Int bits to follow, /* follow bit count */
Int first _bit;

I nt nzeros;

I nt nonzero;

I nt nzerosf;

Int extrabits;

b

typedef struct arcodec ArCoder;

that the
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typedef struct arcodec ArDecoder;
#defi ne MAXHEADI NG 3

#defi ne MAXM DDLE 10

#defi ne MAXTRAI LI NG 2

B.2.2.2 Decoder Source

Voi d Start Ar Decoder (ArDecoder *decoder, Bitstream *bitstream {
Int i,j;
decoder->V = 0;
decoder - >nzerosf = MAXHEADI NG,
decoder->extrabits = 0;

© ISO/IEC

for (I = 1; 1<CODE_BITS; i++) {
j =Bi t streanlookBit (bitstreami +decoder->extrabits);
decoder->V += decoder->V + j;
it (j ==0) {
decoder - >nzer osf - -;
i f (decoder->nzerosf == 0) {
decoder - >ext r abi t s++;
decoder - >nzer osf = MAXM DDLE;
}
}

el se

decoder - >nzer osf = MAXM DDLE;
}
decoder->L 0;
decoder->R = HALF - 1;
decoder->bits to follow = 0;
decoder - >ar pi pe decoder - >V;
decoder - >nzer os MAXHEADI NG,
decoder - >nonzero = 0;

Vdi d St opAr Decoder ( Ar Decoder *decoder; Bitstream *bitstrean) {
Int a = decoder->L >> (CODE_BI TS-3);
Int b = (decoder->R + decoder->L) >> (CODE_BITS-3);

Int nbits,i;

if (b ==0)
b = 8;

if (b-a >4 ]| (b-a-=="3 && a&l))
nbits = 2;

el se
nbits = 3;

for (i = 1; i-<= nbits-1; i++)

AddNext Laput Bi t (bi t stream decoder);
i f (decodefr=>nzeros < MAXM DDLE- MAXTRAI LI NG || decoder->nonzero
Bi t st,eantl ushBits(bitstream1);

Vdi d «AddNext | nput Bit (Bi t stream *bitstream ArDecoder *decoder) ({
Int " i ;

0)

T {(decoder=>arpipe >>(CODE BTS2 )&t)—0)—<
decoder - >nzer os- -;
i f (decoder->nzeros == 0) {
Bi t streanfl ushBits(bitstream1);
decoder->extrabits--;
decoder - >nzeros = NMAXM DDLE;
decoder - >nonzero = 1;
}
}

el se {
decoder - >nzeros = MAXM DDLE;
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decoder - >nonzero = 1,
}
Bi t streantl ushBi t s(bitstream 1);
i = (Int)BitstreanLookBit(bitstream CODE _BITS-1+decoder->extrabits);
decoder->V += decoder->V + i;
decoder - >ar pi pe += decoder->arpipe + i;
if (i ==0) {

decoder - >nzerosf--;

i f (decoder->nzerosf == 0) {
decoder - >nzer osf = MAXM DDLE;
decoder - >ext r abi t s++;

1

}
el se
decoder - >nzer osf = MAXM DDLE;

}
I nt ArDecodeSymbol (USInt cO, ArDecoder *decoder, Bitstream *bitgstiteam) {

Int bit;
Int cl = (1<<16) - cO;
Int LPS = c0 > c1;
Int cLPS = LPS ? cl1 : cO;
unsi gned | ong rLPS;
rLPS = ((decoder->R) >> 16) * cLPS;
if ((decoder->V - decoder->L) >= (decoder->R - riLPS)) {
bit = LPS;
decoder->L += decoder->R - rLPS;
decoder->R = rLPS;
}
el se {
bit = (1-LPS);
decoder->R -= rLPS;
}
DECODE_RENORMALI SE( decoder, bi t stream ;
return(bit);
}
\Voi d DECODE_RENCRMALI SE( Ar.Decoder *decoder, Bitstream *bitstream {
whil e (decoder->R < QUARTER) ({
i f (decoder->L >= HALF) {
decoder->V - = HALF;
decoder->L {=HALF;
decoder->pit's_to _foll ow = 0;
}
el se
i f {decoder->L + decoder->R <= HALF)
decoder->bits_to follow = 0;
el se{
decoder->V -= QUARTER
decoder->L -= QUARTER
(decoder->bits_to_foll ow) ++;

}

decoder->L += decoder->L;
decoder - >R += decoder - >R;
AddNext | nput Bi t (bi tstream decoder);

}
}
. BitstreamLookBit(bitstream,nbits) : Looks nbits ahead in the bitstream beginning from the current position
in the bitstream and returns the bit.
. BitstreamFlushBits(bitstream,nbits) : Moves the current bitstream position forward by nbits.
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The parameter c0 (used in ArDecodeSymbol()) is taken directly from the probability tables of USint inter_prob or
Usint intra_prob in Table B-32. That is, for the pixel to be coded/decoded, cO0 is the probability than this pixel is
equal to zero. The value of cO depends on the context number of the given pixel to be decoded.

B.2.3 Face Object Decoding

In FAP decoder, a symbol is decoded by using a specific model based on the syntax and by calling the following
procedure which is specified in C.

static long low, high, code _value, bit, length, sacindex, cum zerorun=0;

int aa decode(int cumul freq[ 1)

{

length = high - low + 1;

cum= (-1 + (code_value - low + 1) * cunul _freq[0]) / length;

for (sacindex = 1; cumul _freq[saci ndex] > cum saci ndex++);

high =low- 1 + (length * cumul _freq[sacindex-1]) / cumul _freq[0]
low += (length * cumul freq[sacindex]) / cumul _freq[O0];

for (5 ;) {

if (high < qg2) ;

else if (low >= q2) {
code_val ue -= q2;
low -= q2;
hi gh -= q2;

}

else if (low>= ql &k high < q3) {
code_val ue -= ql;
Il ow -= qil;
hi gh -= q1;

}

el se {
br eak;

}

|l ow *= 2;
hi gh = 2*high + 1;
bit_out_psc_layer();
code_val ue = 2*code_value + bit;
used_bi t s++;

}

return (saci ndexg1).;

vdi d bit_out . psc_Il ayer ()
bit = getbits(1);
Again the @model is specified through cumul _freq[ ]. The decoded symbol is returned through its index|in the

model. The decoder 15 Initalized 1o start decoding an arithmetic coded bitstream Dy calling the tollowing
procedure.

voi d decoder _reset( )

{ . .
int i;
zerorun = O; /* clear consecutive zero's counter */
code _val ue = 0;
|l ow = O;
hi gh = top;
for (i = 1; i <= 16; i++) {
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bit_out_psc_layer();

code_value = 2 * code_value + bit;
}
used bits = 0;

}
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Annex C

(normative)

Face object decoding tables and definitions
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FAPs names may contain letters with the following meaning: | = left, r = right, t = top, b = bottom, i = inner, 0 =
outer, nl: middle. The sum of two corresponding top and bottom eyelid FAPs must equal 1024 when the ¢yelids
are closed. Inner lips are closed when the sum of two corresponding top and bottom lip FAPs equals)zeto. For
example| (lower_t_midlip + raise_b_midlip) = 0 when the lips are closed. All directions are defined with-respect to
the face pnd not the image of the face.
Table C-1 -- FAP definitions, group assignments and step sizes
# |FAP name FAP description units |[Uni- [Pos G |FDP |Qua |Min/Max |Min{Max
orBi . r subgint I-Frame |P-Fiame
dir |motion p |rp step |quantize |quahtiz
Aum |size |d values |ed
valyes

1 |vigeme Set of values na na |na 1 |na 1 viseme_b |viseme_
determining the lend: +63 |blend: +-
mixture of two 63
visemes for this
frame (e.g. pbm, fv,
th)

2 |eXpression A set of values na na |na 1 |na 1 expressio | expilessi
determining the n_intensit |on_inten
mixture of two facial yl, sity1,
expression expressio |expiessi

n_intensit |on_inten
y2: +63  |sityd: +-
63

3 |opgen_jaw Vertical jaw MNS |U down 2 |1 4 +1080 +360
displacement (does
not affect mouth
opening)

4 |loyer_t_midlip Vertical top middle |MNS |B down 2 |2 2 +-600 +-180
inner lip
displacement

5 [ralse=b* midlip Vertical bottom MNS (B up 2 13 2 +-1860 +-6(0
Ill;ddit: illllcl :Ip
displacement

6 [stretch_| _cornerlip Horizontal MW B left 2 |4 2 +-600 +-180
displacement of left
inner lip corner

7 |stretch_r_cornerlip Horizontal MW B right 2 |5 2 +-600 +-180
displacement of
right inner lip corner

8 [lower_t lip_Im Vertical MNS (B down 2 |6 2 +-600 +-180
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displacement of
midpoint between
left corner and
middle of top inner

lip

lower_t lip_rm

Vertical
displacement of
midpoint between
right corner and
middle of top inner
lip

MNS

down

2 +-600

+-180

10

raise_b_lip_Im

Vertical
displacement of
midpoint between
left corner and
middle of bottom
inner lip

MNS

up

2 +-1860

+1600

11

raise_b_lip_rm

Vertical
displacement of
midpoint between
right corner and
middle of bottom
inner lip

MNS

up

2 +-1860

+1600

12

raise_|_cornerlip

Vertical
displacement of left
inner lip corner

MNS

up

2 +-600

+1180

13

raise_r_cornerlip

Vertical
displacement of
right inner lip corner

MNS

up

2 +-600

+1180

14

thrust_jaw

Depth displacement
of jaw

MNS

forward

2

1 +600

+{180

15

shift_jaw

Side to side
displacement of jaw

MW

right

1 +-1080

+1360

16

push_b_lip

Depth’displacement
of bottom middle lip

MNS

forward

2

1 +-1080

+1360

17

push_t_lip

Depth displacement
of top middle lip

MNS

forward

2

1 +-1080

+1360

18

depress_chin

Upward and
compressing
movement of the
chin

MNS

up

10

1 +-420

+1180

(lke In sadness)

19

close_t | eyelid

Vertical
displacement of top
left eyelid

IRISD

down

1 +-1080

+-600

20

close_t r_eyelid

Vertical
displacement of top
right eyelid

IRISD

down

1 +-1080

+-600

21

close_b_| eyelid

Vertical
displacement of
bottom left eyelid

IRISD

up

1 +-600

+-240
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22

close_b_r_eyelid

Vertical
displacement of
bottom right eyelid

IRISD

up

+-600

+-240

23

yaw_|_eyeball

Horizontal
orientation of left
eyeball

AU

left

na

128

+-1200

+-420

24

yaw_r_eyeball

Horizontal
orientation of right
eyeball

AU

left

na

128

+-1200

+-420

25

pifch_T_eyeball

Vertical orientation
of left eyeball

AU

daown

na

1Zo

+-90U

+-390

26

pitch_r_eyeball

Vertical orientation
of right eyeball

AU

down

na

128

+-900

+-3Q0

27

thfust_|_eyeball

Depth displacement
of left eyeball

ES

forward

3

na

*+-600

+-180

28

thjust_r_eyeball

Depth displacement
of right eyeball

ES

forward

3

na

+-600

+-180

29

dilate_|_pupil

Dilation of left pupil

IRISD

growing

+-420

+-120

30

dilate_r_pupil

Dilation of right
pupil

IRISD

growing

+-420

+-130

31

rajse_|_i_eyebrow

Vertical
displacement of left
inner eyebrow

ENS

up

+-900

+-360

32

raljse_r_i_eyebrow

Vertical
displacement of
right inner eyebrow

ENS

up

+-900

+-360

33

rajse_|_m_eyebrow

Vertical
displacement of.left
middle eyebrow

ENS

up

+-900

+-360

34

rajse_r_m_eyebrow

Vertical
displacement of
right middle
eyebrow

ENS

up

+-900

+-360

35

rajse_| _o_eyebrow

Vertical
displacement of left
outer eyebrow

ENS

up

+-900

+-360

36

ralse_r_oseyebrow

Vertical
displacement of
right outer eyebrow

ENS

up

+-900

+-360

37

squeeze_| _eyebrow

Horizontal
displacement of left
eyebrow

ES

right

+-900

+-300

38

squeeze_r_eyebrow

Horizontal
displacement of
right eyebrow

ES

left

+-900

+-300

39

puff_|_cheek

Horizontal
displacement of
left cheeck

ES

left

+-900

+-300
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40

puff_r_cheek

Horizontal
displacement of
right cheeck

ES

right

+-900

+

-300

41

lift_|_cheek

Vertical
displacement of left
cheek

ENS

up

+-600

+

-180

42

lift_r_cheek

Vertical
displacement of
right cheek

ENS

up

+-600

+

-180

43

Shift_tongue_tip

Horizontal
displacement of
tongue tip

MW

right

+-1080

420

44

raise_tongue_tip

Vertical
displacement of
tongue tip

MNS

up

+-1080

420

45

thrust_tongue_tip

Depth displacement
of tongue tip

MW

forward

6

+-1080

420

46

raise_tongue

Vertical
displacement of
tongue

MNS

up

+-1080

420

47

tongue_roll

Rolling of the
tongue into U
shape

AU

corcave
upward

6

3,4

512

+300

50

48

head_pitch

Head pitch angle
from top of spine

AU

down

na

170

+-1860

600

49

head_yaw

Head yaw angle
from top of spine

AU

left

na

170

+-1860

600

50

head_roll

Head roll angle
from top of Spine

AU

right

na

170

+-1860

600

51

lower_t_midlip _o

Vertical'top middle
outer lip
displacement

MNS

down

+-600

180

52

raise_b_midlip_o

Vertical bottom
middle outer lip
displacement

MNS

up

+-1860

600

53

stretch_| eornerlip_o

Horizontal
displacement of left
outer lip corner

MW

left

+-600

+

180

54

stretch_r_cornerlip_o

Horizontal

MW

right

+-600

+

180

displacement of
right outer lip
corner

55

lower_t lip_Im _o

Vertical
displacement of
midpoint between
left corner and
middle of top outer

lip

MNS

down

+-600

+-180

56

lower_t lip_ rm _o

Vertical

MNS

down

+-600

+-180
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displacement of
midpoint between
right corner and
middle of top outer

lip

57

raise_b_lip_Im_o

Vertical
displacement of
midpoint between
left corner and
middle of bottom
outer lip

MNS

up

+-1860

+-600

58

ralse_b _lip_rm_o

Vertical
displacement of
midpoint between
right corner and
middle of bottom
outer lip

MNS

up

+-1860

+6Q0

59

ralse_|_cornerlip_o

Vertical
displacement of left
outer lip corner

MNS

up

+-600

+-180

60

ralse_r_cornerlip _o

Vertical
displacement of
right outer lip
corner

MNS

up

+-600

+-180

61

stletch_| nose

Horizontal
displacement of left
side of nose

ENS

left

+-540

+-130

62

stletch_r_nose

Horizontal
displacement of
right side of nose

ENS

right

+540

+-130

63

rajse_nose

Vertical
displacement of
nose tip

ENS

up

+-680

+-180

64

bgnd_nose

Horizontal
displacement of
nase tip

ENS

right

+-900

+-180

65

raljse | ear

Vertical
displacement of left
ear

ENS

up

10

+-900

+-240

66

ralse_r ear

Vertical
displacement of
right ear

ENS

up

10

+-900

+-240

67

pull_|_ear

Horizontal
displacement of left
ear

ENS

left

10

+-900

+-300

68

pull_r_ear

Horizontal
displacement of
right ear

ENS

right

10

+-900

+-300
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Table C-2 -- FAP grouping

In the
page ]

Group Number of FAPs
1: visemes and expressions 2
2: jaw, chin, inner lowerlip, cornerlips, midlip 16
3: eyeballs, pupils, eyelids 12
4: eyebrow 8
5: cheeks 4
6: tongue 5
7: head rotation 3
8: outer lip positions 10
9: nose 4
10: ears 4

following, each facial expression is defined by a textual description and)ja pictorial example. (referg
114.) This reference was also used for the characteristics of the described expressions.

Table C-3 -- Values for expressioh_select

nce [10],

expression_select expression textual description

name

0 na na

1 joy The eyebrows are relaxed. The mouth is open and the mputh
corners pulled back toward the ears.

2 sadness The inner eyebrows are bent upward. The eyes are slightly
closed. The mouth is relaxed.

3 anger The inner eyebrows are pulled downward and together.|The
eyes are wide open. The lips are pressed against each qther
or opened to expose the teeth.

4 fear The eyebrows are raised and pulled together. The ihner
eyebrows are bent upward. The eyes are tense and alert.

5 disgust The eyebrows and eyelids are relaxed. The upper lip is rdised
and curled, often asymmetrically.

6 surprise The eyebrows are raised. The upper eyelids are wide open,
the lower relaxed. The jaw is opened.
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2.14 2.12

3.12

3.10

6.3
6.4 6.2

6.1

* Feature points affected by FAPs
o Other feature points

Figure C-1 -- FDP feature point set

In the following, the notation 2.1.x indicates the x coordinate of feature point 2.1.
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