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Foreword

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

Interngtional Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of the joint technical committee is to prepare International Standards. Draft Inténnationgl
Standards adopted by the joint technical committee are circulated to national bodies for voting. Rublication as
an Intgrnational Standard requires approval by at least 75 % of the national bodies casting a vote:

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

ISO/IEC 14496-10 was prepared by Joint Technical Committee ISO/IEC JTC4Mnformation Technologyy,
Subcommittee SC 29, Coding of Audio, Picture, Multimedia and Hypermedia Information.

This third edition cancels and replaces the second edition (ISO/IEC-14496-10:2004), which has begn
technigally revised.

This part of ISO/IEC 14496 is technically aligned with ITU-T Rec. H:264 but is not published as identical text.

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

— Part 1: Systems

|
T

art 2: Visual

|
T

art 3: Audio

|
T

art 4: Conformance testing

|
v

art 5: Reference software

|
v

art 6: Delivery Multimedia Integration Framework (DMIF)

|
v

art 7: Optimized‘reference software for coding of audio-visual objects [Technical Report]

|
v

art 8: Cartiage of ISO/IEC 14496 contents over IP networks

rt 9:. Reference hardware description [Technical Report]

|
—

— Part 10: Advanced Video Coding

— Part 11: Scene description and application engine

— Part 12: ISO base media file format

— Part 13: Intellectual Property Management and Protection (IPMP) extensions

— Part 14: MP4 file format
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— Part 15: Advanced Video Coding (AVC) file format
— Part 16: Animation Framework eXtension (AFX)
— Part 17: Streaming text format

— Part 18: Font compression and streaming

— Part 19: Synthesized texture stream

1+— Part 20: Lightweight Application Scene Representation (LASeR) and Simple Aggregation Format)(SAF)
he following parts are under preparation:

1+— Part 21: MPEG-J GFX

[his corrected version of ISO/IEC 14496-10:2005(E) incorporates the following corrections:

1+— On the cover, the words “Second edition” have been replaced by the words-“Third edition”.
1+— In6.4.4, Figure 6-11 has been replaced.

1+— The last sentence of 7.1 has been replaced by the following: “When syntax_element appears, it §pecifies
that a syntax element is parsed from the bitstream and the bitstream pointer is advanced to the next
position beyond the syntax element in the bitstream parsing.process.”
1+ In 8.4.1.3, Figure 8-1 has been renumbered as Figure8-3.

1+ In8.4.2.2.1, Figure 8-2 has been renumbered as.Figure 8-4.

+— In D.2.20, Equation D-15, “film.grain_bit depth_luma_minus8” has been changed to
“film_grain_bit_depth_chroma_minus8”,

1+ In Table F-1, the heading “Notices-filed and included in version 1” has been changed to “Notices filed and
included in version 1. Version t corresponds to ISO/IEC 14496-10:2003.”
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0

Introduction

This clause does not form an integral part of this Recommendation | International Standard.

0.1

Prologue

This subclause does not form an integral part of this Recommendation | International Standard.

As the costs for both processing power and memory have reduced, network support for coded video data has diversified,
and advances in v1deo codlng technology have progressed the need has arisen for an 1ndustry standard for compressed
video rEpreser = - . _

Toward
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Rpcommendation | International Standard is designed to coyer a broad range of applications for video conte
including but not limited to the following:

these ends the ITU T Vldeo Codlng Experts Group (VCEG) and the ISO/IEC Movrng Picture Experts Gro

Purpose
bclause does not form an integral part of this Recommendation | International Standard.

commendation | International Standard was developed in response to the growing need forhigher compression

pictures for various applications such as videoconferencing, digital storage media,)television broadcastin
streaming, and communication. It is also designed to enable the use of the codéd video representation in
manner for a wide variety of network environments. The use of this Recomniendation | International Standal
motion video to be manipulated as a form of computer data and to be stored on‘yarious storage media, transmitt
pived over existing and future networks and distributed on existing and future broadcasting channels.

Applications

bclause does not form an integral part of this Recommendation [International Standard.

CATV  Cable TV on optical networks, copper, ete.

DBS Direct broadcast satellite video services

DSL Digital subscriber line video serviees

DTTB Digital terrestrial television.broadcasting

ISM Interactive storage media (eptical disks, etc.)

MMM  Multimedia mailing

MSPN  Multimedia seryices over packet networks

RTC Real-time cOnyérsational services (videoconferencing, videophone, etc.)
RVS Remote-video surveillance

SSM Serial storage media (digital VTR, etc.)

Publication and versions of this International Standard

bclause does not form an integral part of this Recommendation | International Standard.

) formed a Joint Video Team (JVT) in 2001 for development of a new Recommendation | International Standard.

2,
a
rd
ed

ernational Standard has been jointly developed by ITU-T Video Coding Experts Group (VCEG) and the ISO/I

C

Moving Picture Experts Group. It is published as technically-aligned twin text in both organizations ITU-T and ISO/IEC.

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 1 refers to the first (2003) approved version of this Recommendation |
International Standard.

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 2 refers to the integrated text containing the corrections specified in the
first technical corrigendum.

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 3 refers to the integrated text containing both the first technical
corrigendum (2004) and the first amendment, which is referred to as the "Fidelity range extensions".

XVi
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ITU-T Rec. H.264 | ISO/IEC 14496-10 version 4 (the current specification) refers to the integrated text containing the
first technical corrigendum (2004), the first amendment (the "Fidelity range extensions"), and an additional technical
corrigendum (2005). In the ITU-T, the next published version after version 2 was version 4 (due to the completion of the
drafting work for version 4 prior to the approval opportunity for a final version 3 text).

0.5 Profiles and levels
This subclause does not form an integral part of this Recommendation | International Standard.

This Recommendation | International Standard is designed to be generic in the sense that it serves a wide range of
hpplications, bit rates, resolutions, qualities, and services. Applications should cover, among other things, digitdl storage
media, television broadcasting and real-time communications. In the course of creating this Internatiofial”$tandard,
barious requirements from typical applications have been considered, necessary algorithmic elements hgve been
eveloped, and these have been integrated into a single syntax. Hence, this International Standard will“facilitate video
Jata interchange among different applications.

Considering the practicality of implementing the full syntax of this International Standard, howeyer, a limited nhmber of
subsets of the syntax are also stipulated by means of "profiles" and "levels". These and other'related terms are|formally
efined in clause 3.

A "profile" is a subset of the entire bitstream syntax that is specified by this Recoimmendation | International $tandard.
Within the bounds imposed by the syntax of a given profile it is still possible-to\tequire a very large variatipn in the
performance of encoders and decoders depending upon the values taken by syntax elements in the bitstream such as the
specified size of the decoded pictures. In many applications, it is currently neither practical nor economic to imglement a
lecoder capable of dealing with all hypothetical uses of the syntax within 4 particular profile.

n order to deal with this problem, "levels" are specified within each profile. A level is a specified set of c@nstraints
mposed on values of the syntax elements in the bitstream. These constraints may be simple limits of values.
Alternatively they may take the form of constraints on arithmetie combinations of values (e.g. picture width mulfiplied by
picture height multiplied by number of pictures decoded per-second).

Coded video content conforming to this Recommendation | International Standard uses a common syntax. Inforder to
hichieve a subset of the complete syntax, flags, paramegters, and other syntax elements are included in the bitstdeam that
ignal the presence or absence of syntactic elements.that occur later in the bitstream.

).6 Overview of the design characteristics
[his subclause does not form an integtalypart of this Recommendation | International Standard.

[he coded representation specified\in the syntax is designed to enable a high compression capability for a desirpd image
uality. With the exception of the transform bypass mode of operation for lossless coding in the High 4:4:4 profile and
he I PCM mode of operationjin all profiles, the algorithm is typically not lossless, as the exact source sample values are
ypically not preserved through the encoding and decoding processes. A number of techniques may be used tq achieve
highly efficient compression. Encoding algorithms (not specified in this Recommendation | International Standprd) may
select between intér-and intra coding for block-shaped regions of each picture. Inter coding uses motion vdctors for
block-based inter\prediction to exploit temporal statistical dependencies between different pictures. Intra coding uses
yarious spatial ‘prediction modes to exploit spatial statistical dependencies in the source signal for a singlg picture.
Motion vectors and intra prediction modes may be specified for a variety of block sizes in the picture. The prediction
residualSis-then further compressed using a transform to remove spatial correlation inside the transform block bgfore it is
uantised, producing an irreversible process that typically discards less important visual information while fprming a
L10se approximation to the source samples. Finally, the motion vectors or intra prediction modes are combined| with the
qUantised wans{orm coelfiCient Information and encoded USINg Citier variabie [engtil codes of arithmetic coding.

0.6.1 Predictive coding
This subclause does not form an integral part of this Recommendation | International Standard.

Because of the conflicting requirements of random access and highly efficient compression, two main coding types are
specified. Intra coding is done without reference to other pictures. Intra coding may provide access points to the coded
sequence where decoding can begin and continue correctly, but typically also shows only moderate compression
efficiency. Inter coding (predictive or bi-predictive) is more efficient using inter prediction of each block of sample
values from some previously decoded picture selected by the encoder. In contrast to some other video coding standards,
pictures coded using bi-predictive inter prediction may also be used as references for inter coding of other pictures.
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The application of the three coding types to pictures in a sequence is flexible, and the order of the decoding process is
generally not the same as the order of the source picture capture process in the encoder or the output order from the
decoder for display. The choice is left to the encoder and will depend on the requirements of the application. The
decoding order is specified such that the decoding of pictures that use inter-picture prediction follows later in decoding
order than other pictures that are referenced in the decoding process.

0.6.2 Coding of progressive and interlaced video

This subclause does not form an integral part of this Recommendation | International Standard.

Each fipld may be coded separately or the two fields may be coded together as a frame. Progressive frames ar€ typically
coded gs a frame. For interlaced video, the encoder can choose between frame coding and field coding. Frameg coding pr
field cqding can be adaptively selected on a picture-by-picture basis and also on a more localized basis within a codg¢d
frame. Frame coding is typically preferred when the video scene contains significant detail with limiited motion. Fiefld

As in previous video coding Recommendations and International Standards, a macrgblock, consisting of a 16x16 blogk
of lumg samples and two corresponding blocks of chroma samples, is used as thevbasic processing unit of the vidgo
decoding process.

A macioblock can be further partitioned for inter prediction. The selectior of the size of inter prediction partitions is| a
result ¢f a trade-off between the coding gain provided by using matiofi compensation with smaller blocks and the
quantity of data needed to represent the data for motion compensation.\\In this Recommendation | International Standayd
the inter prediction process can form segmentations for motion representation as small as 4x4 luma samples in size, usifg
motion|vector accuracy of one-quarter of the luma sample grid spacing displacement. The process for inter prediction pf
a sample block can also involve the selection of the picture te be used as the reference picture from a number of stor¢d
previoysly-decoded pictures. Motion vectors are encoded-differentially with respect to predicted values formed from
nearby fencoded motion vectors.

Typically, the encoder calculates appropriate motion vectors and other data elements represented in the video ddta
stream.| This motion estimation process in the encoder and the selection of whether to use inter prediction for the
represeptation of each region of the video content is not specified in this Recommendation | International Standard.

0.6.4 | Spatial redundancy reduction
This supclause does not form an integral part of this Recommendation | International Standard.

Both spurce pictures and prediction residuals have high spatial redundancy. This Recommendation | International
Standagd is based on the use of a block-based transform method for spatial redundancy removal. After inter predictipn
from pfeviously-decoded-samples in other pictures or spatial-based prediction from previously-decoded samples within
the curfent picture, the resulting prediction residual is split into 4x4 blocks. These are converted into the transform
domain| where they are*quantised. After quantisation many of the transform coefficients are zero or have low amplitugle
and can thus be.fepresented with a small amount of encoded data. The processes of transformation and quantisation in
the encpder are not specified in this Recommendation | International Standard.

0.7 How to read this specification

This subclause does not form an integral part of this Recommendation | International Standard.

It is suggested that the reader start with Clause 1 (Scope) and moves on to clause 3 (Definitions). Clause 6 should be read
for the geometrical relationship of the source, input, and output of the decoder. Clause 7 (Syntax and semantics) specifies
the order to parse syntax elements from the bitstream. See subclauses 7.1-7.3 for syntactical order and see subclause 7.4
for semantics; i.e., the scope, restrictions, and conditions that are imposed on the syntax elements. The actual parsing for
most syntax elements is specified in Clause 9 (Parsing process). Finally, Clause 8 (Decoding process) specifies how the
syntax elements are mapped into decoded samples. Throughout reading this specification, the reader should refer to
Clauses 2 (Normative references), 4 (Abbreviations), and 5 (Conventions) as needed. Annexes A through E also form an
integral part of this Recommendation | International Standard.
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Annex A specifies seven profiles (Baseline, Main, Extended, High, High 10, High 4:2:2 and High 4:4:4), each being
tailored to certain application domains, and defines the so-called levels of the profiles. Annex B specifies syntax and
semantics of a byte stream format for delivery of coded video as an ordered stream of bytes. Annex C specifies the
hypothetical reference decoder and its use to check bitstream and decoder conformance. Annex D specifies syntax and
semantics for supplemental enhancement information message payloads. Finally, Annex E specifies syntax and semantics
of the video usability information parameters of the sequence parameter set.

Throughout this specification, statements appearing with the preamble "NOTE -" are informative and are not an integral
part of this Recommendation | International Standard.
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INTERNATIONAL STANDARD ISO/IEC 14496-10:2005(E)

Information technology — Coding of audio-visual objects —

Part 10:

Advanced-VideoCoding
U WUUI Iy

vere valid. All Recommendations and Standards are subject to revision, and parties to agreements baseq
Recommendation | International Standard are encouraged to investigate the possibility of applying the most rece
bf the Recommendations and Standards listed below. Members\of IEC and ISO maintain registers of currer
nternational Standards. The Telecommunication Standardisation Bureau of the ITU maintains a list of curreq

| Scope

[his document specifies ITU-T Recommendation H.264 | ISO/IEC International Standard“ISO/IEC 14496-]10 video
coding.

D Normative references

[he following Recommendations and International Standards contain provisions that, through reference in fhis text,
Constitute provisions of this Recommendation | International Standard. At\the time of publication, the editions jndicated

on this
it edition
tly valid
tly valid

B

8.1

TU-T Recommendations.

For the purposes of this Recommendation | International Standard, the following definitions apply.

— ITU-T Recommendation T.35 (2000), \Procedure for the allocation of ITU-T defined codes |for non-
standard facilities

— ISO/IEC 11578:1996, Information~technology — Open Systems Interconnection — Remote Pyocedure
Call (RPC)

— ISO/CIE 10527:1991, CIE Standard colorimetric observers

Definitions

access unitCA set of NAL units always containing exactly one primary coded picture. In additign to the
primary _éoded picture, an access unit may also contain one or more redundant coded pictures or other NAL
units mot containing slices or slice data partitions of a coded picture. The decoding of an access unjt always
resultS. in a decoded picture.

AC transform coefficient: Any transform coefficient for which the frequency index in one or both dijnensions
iS non-zero.

adaptive binary arithmetic decoding process: An entropy decoding process that derives the values of bins

from a bitstream produced by an adaptive binary arithmefic encoding process.

adaptive binary arithmetic encoding process: An entropy encoding process, not normatively specified in this
Recommendation | International Standard, that codes a sequence of bins and produces a bitstream that can be
decoded using the adaptive binary arithmetic decoding process.

alpha blending: A process not specified by this Recommendation | International Standard, in which an
auxiliary coded picture is used in combination with a primary coded picture and with other data not specified
by this Recommendation | International Standard in the display process. In an alpha blending process, the
samples of an auxiliary coded picture are interpreted as indications of the degree of opacity (or, equivalently,
the degrees of transparency) associated with the corresponding /uma samples of the primary coded picture.

© ISO/IEC 2005 — All rights reserved 1


https://standardsiso.com/api/?name=b449ef14175ac39adc75a917dddf783d

ISO/IEC 14496-10:2005(E)

3.6

3.7

3.8

3.9
3.10
3.11

3.12

3.13

3.14

3.15

3.16

3.17

3.18

3.19

3.20

3.21

3.22
3.23

3.24

arbitrary slice order: A decoding order of slices in which the macroblock address of the first macroblock of
some slice of a picture may be less than the macroblock address of the first macroblock of some other
preceding slice of the same coded picture.

auxiliary coded picture: A picture that supplements the primary coded picture that may be used in
combination with other data not specified by this Recommendation | International Standard in the display
process. An auxiliary coded picture has the same syntactic and semantic restrictions as a monochrome
redundant coded picture. An auxiliary coded picture must contain the same number of macroblocks as the
primary coded picture. Auxiliary coded pictures have no normative effect on the decoding process. See also
primary coded picture and redundant coded picture.

B slice: A slice that may be decoded using intra prediction from decoded samples within the same slice or‘inger
prediction from previously-decoded reference pictures, using at most two motion vectors and referenceindics
to predict the sample values of each block.

bin: One bit of a bin string.
binarization: A set of bin strings for all possible values of a syntax element.

binarization process: A unique mapping process of all possible values of a syntax elemnent onto a set of hjn
Strings.

bin string: A string of bins. A bin string is an intermediate binary representation.of values of syntax elemerts
from the binarization of the syntax element.

bi-predictive slice: See B slice.

bitstream: A sequence of bits that forms the representation of coded pictures and associated data forming ohe
or more coded video sequences. Bitstream is a collective termused to refer either to a NAL unit stream o1l a
byte stream.

block: An MxN (M-column by N-row) array of samples, or'an MxN array of transform coefficients.

bottom field: One of two fields that comprise a_frame. Each row of a bottom field is spatially locat¢d
immediately below a corresponding row of a top fiéld.

bottom macroblock (of a macroblock pair): The macroblock within a macroblock pair that contains the
samples in the bottom row of samples for-the macroblock pair. For a field macroblock pair, the bottom
macroblock represents the samples from'the region of the bottom field of the frame that lie within the spatial
region of the macroblock pair. For-ayiame macroblock pair, the bottom macroblock represents the samples pf
the frame that lie within the bottom*half of the spatial region of the macroblock pair.

broken link: A location in a.bifstream at which it is indicated that some subsequent pictures in decoding order
may contain serious visual-artefacts due to unspecified operations performed in the generation of the bitstreany.

byte: A sequence of 8 bits, written and read with the most significant bit on the left and the least significant it
on the right. When'r€presented in a sequence of data bits, the most significant bit of a byte is first.

byte-aligned:¢A\position in a bitstream is byte-aligned when the position is an integer multiple of 8 bits frojm
the position‘gf-the first bit in the bitstream. A bit or byte or syntax element is said to be byte-aligned when the
position-at\which it appears in a bitstream is byte-aligned.

byte_stream: An encapsulation of a NAL unit stream containing start code prefixes and NAL units as specifi¢d
imAnnex B.

At q 4 £, 4o laal M tloot o 1 q 1 4 4 +] M q
tall. AU USCLU U ITIVE U ULld VIUUL HIat 1S5 allUWUU, UUL HUL TICUUSSAalll y TUHUITTU.

category: A number associated with each syntax element. The category is used to specify the allocation of
syntax elements to NAL units for slice data partitioning. It may also be used in a manner determined by the
application to refer to classes of syntax elements in a manner not specified in this
Recommendation | International Standard.

chroma: An adjective specifying that a sample array or single sample is representing one of the two colour
difference signals related to the primary colours. The symbols used for a chroma array or sample are Cb and
Cr.

NOTE - The term chroma is used rather than the term chrominance in order to avoid the implication of the use of linear
light transfer characteristics that is often associated with the term chrominance.
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3.26
3.27

3.28

8.30

8.31

8.32

8.33

8.34

B.35

B.36
B.37

8.38

8.39
8.40
B.41

B.42

8.43
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coded field: A coded representation of a field.
coded frame: A coded representation of a frame.

coded picture: A coded representation of a picture. A coded picture may be either a coded field or a coded
frame. Coded picture is a collective term referring to a primary coded picture or a redundant coded picture, but
not to both together.

coded picture buffer (CPB): A first-in first-out buffer containing access units in decoding order specified in
the hypothetical reference decoder in Annex C.

coded video sequence: A sequence of access units that consists, in decoding order, of an IPR access unit
followed by zero or more non-IDR access units including all subsequent access units up to but-not Including
any subsequent /DR access unit.

component: An array or single sample from one of the three arrays (luma and two chrdma) that make fip a field
or frame.

complementary field pair: A collective term for a complementary reference field pair or a complgmentary
non-reference field pair.

complementary non-reference field pair: Two non-reference fields-that are in consecutive accesy units in
decoding order as two coded fields of opposite parity where the firstfield is not already a paired field.

complementary reference field pair: Two reference fields thatare in consecutive access units in fecoding
order as two coded fields and share the same value of the framhe hum syntax element, where the second field in
decoding order is not an IDR picture and does not include a 'memory management control operatign syntax
element equal to 5.

context variable: A variable specified for the adaptive binary arithmetic decoding process of a Hin by an
equation containing recently decoded bins.

DC transform coefficient: A transform coefficient for which the frequency index is zero in all dimensjons.

decoded picture: A decoded picture is\derived by decoding a coded picture. A decoded picture i{ either a
decoded frame, or a decoded field. Adecoded field is either a decoded top field or a decoded bottom fidld.

decoded picture buffer (DPB)~A-buffer holding decoded pictures for reference, output reordering, pr output
delay specified for the hypothetical reference decoder in Annex C.

decoder: An embodiment of a decoding process.
decoding order: The order in which syntax elements are processed by the decoding process.

decoding process: The process specified in this Recommendation | International Standard that| reads a
bitstream and-derives decoded pictures from it.

direct prediction: An inter prediction for a block for which no motion vector is decoded. Two direct pyediction
modéstare specified that are referred to as spatial direct prediction and temporal prediction mode.

display process: A process not specified in this Recommendation | International Standard having, as fits input,
the cropped decoded pictures that are the output of the decoding process.

decoder under test (DUT): A decoder that is tested for conformance to this Recommendation | Intgrnational
Standard by operating the hypothetical stream scheduler to deliver a conforming bitstreqm to the dedoder and

3.45

3.46
3.47

to the hypothetical reference decoder and comparing the values and timing of the output of the two decoders.

emulation prevention byte: A byte equal to 0x03 that may be present within a NAL unit. The presence of
emulation prevention bytes ensures that no sequence of consecutive byte-aligned bytes in the NAL unit contains
a start code prefix.

encoder: An embodiment of an encoding process.

encoding process: A process, not specified in this Recommendation | International Standard, that produces a
bitstream conforming to this Recommendation | International Standard.
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3.48

3.49

3.50

3.51

3.52
3.53

3.54

3.55
3.56

3.57

3.58

3.59

3.60

3.61

3.62

3.63
3.64

3.65

3.66
3.67
3.68
3.69

field: An assembly of alternate rows of a frame. A frame is composed of two fields, a top field and a bottom
field.

field macroblock: A macroblock containing samples from a single field. All macroblocks of a coded field are
field macroblocks. When macroblock-adaptive frame/field decoding is in use, some macroblocks of a coded
frame may be field macroblocks.

field macroblock pair: A macroblock pair decoded as two field macroblocks.

field scan: A specific sequential ordering of transform coefficients that differs from the zig-zag scan by
scanning columns more rapidly than rows. Field scan is used for transform coefficients in field macroblocks.

flag: A variable that can take one of the two possible values 0 and 1.

frame: A frame contains an array of luma samples and two corresponding arrays of chroma sample$.) A’ frame
consists of two fields, a top field and a bottom field.

frame macroblock: A macroblock representing samples from the two fields of a coddd~frame. Wh¢n
macroblock-adaptive frame/field decoding is not in use, all macroblocks of a coded “frame are frame
macroblocks. When macroblock-adaptive frame/field decoding is in use, some macrobloeks of a coded frame
may be frame macroblocks.

frame macroblock pair: A macroblock pair decoded as two frame macroblocks:

frequency index: A one-dimensional or two-dimensional index associated (with’'a transform coefficient prior o
an inverse transform part of the decoding process.

hypothetical reference decoder (HRD): A hypothetical decodef, model that specifies constraints on the
variability of conforming NAL unit streams or conforming byte stfeams that an encoding process may producg.

hypothetical stream scheduler (HSS): A hypothetical delivery mechanism for the timing and data flow of the
input of a bitstream into the hypothetical reference decodér>The HSS is used for checking the conformance pf
a bitstream or a decoder-.

I slice: A slice that is not an S/ slice that is decodéd using prediction only from decoded samples within the
same slice.

informative: A term used to refer to content\provided in this Recommendation | International Standard that [is
not an integral part of this Recommendation | International Standard. Informative content does not establifh
any mandatory requirements for conforinance to this Recommendation | International Standard.

instantaneous decoding refresh. (IDR) access unit: An access unit in which the primary coded picture is fin
IDR picture.

instantaneous decoding refresh (IDR) picture: A coded picture in which all slices are I or SI slices that
causes the decoding ,process to mark all reference pictures as "unused for reference" immediately after
decoding the IDR picture. After the decoding of an IDR picture all following coded pictures in decoding ordpr
can be decoded without inter prediction from any picture decoded prior to the IDR picture. The first picture pf
each coded video Sequence is an IDR picture.

inter coding: Coding of a block, macroblock, slice, or picture that uses inter prediction.

inter<prédiction: A prediction derived from decoded samples of reference pictures other than the currept
decoded picture.

interpretation sample value: A possibly-altered value corresponding to a decoded sample value of §n

auxiliary coded picture that may be generated for use in the display process. Interpretation sample values are
not used in the decoding process and have no normative effect on the decoding process.

intra coding: Coding of a block, macroblock, slice, or picture that uses intra prediction.
intra prediction: A prediction derived from the decoded samples of the same decoded s/ice.
intra slice: See / slice.

inverse transform: A part of the decoding process by which a set of transform coefficients are converted into
spatial-domain values, or by which a set of transform coefficients are converted into DC transform coefficients.
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layer: One of a set of syntactical structures in a non-branching hierarchical relationship. Higher layers contain
lower layers. The coding layers are the coded video sequence, picture, slice, and macroblock layers.

level: A defined set of constraints on the values that may be taken by the syntax elements and variables of this
Recommendation | International Standard. The same set of levels is defined for all profiles, with most aspects
of the definition of each level being in common across different profiles. Individual implementations may,
within specified constraints, support a different level for each supported profile. In a different context, level is
the value of a transform coefficient prior to scaling.

list 0 (list 1) motion vector: A motion vector associated with a reference index pointing into reference picture
Lict O (lict TN
G-t

B.73

B.74

B.75

B.76

B.77

B.78

B.79

8.80

8.81

B.82

12z

list 0 (list 1) prediction: Inter prediction of the content of a slice using a reference index pointing into
reference picture list 0 (list 1).

luma: An adjective specifying that a sample array or single sample is representing thésxmonochrorhe signal
related to the primary colours. The symbol or subscript used for luma is Y or L.
NOTE — The term luma is used rather than the term luminance in order to avoid the impligation of the use of l|near light

transfer characteristics that is often associated with the term luminance. The symbol L is¢<sometimes used insfead of the
symbol Y to avoid confusion with the symbol y as used for vertical location.

macroblock: A 16x16 block of luma samples and two corresponding bloc¢ks ,of chroma samples. Thd division
of a slice or a macroblock pair into macroblocks is a partitioning.

macroblock-adaptive frame/field decoding: A decoding process for coded frames in whi¢h some
macroblocks may be decoded as frame macroblocks and others may be decoded as field macroblocks.

macroblock address: When macroblock-adaptive frame/field. decoding is not in use, a macroblock gddress is
the index of a macroblock in a macroblock raster scan“of the picture starting with zero for th¢ top-left
macroblock in a picture. When macroblock-adaptive frame/field decoding is in use, the macroblock afddress of
the top macroblock of a macroblock pair is two times the index of the macroblock pair in a macrobfock pair
raster scan of the picture, and the macroblock address of the bottom macroblock of a macroblock plir is the
macroblock address of the corresponding fop macroblock plus 1. The macroblock address of] the fop
macroblock of each macroblock pair is an_eyen number and the macroblock address of the bottom mdcroblock
of each macroblock pair is an odd numbegr.

macroblock location: The two-dimensional coordinates of a macroblock in a picture denoted by (¥, y ). For
the top left macroblock of the picture (x,y) is equal to (0,0 ). x is incremented by 1 for each mdcroblock
column from left to right. When-macroblock-adaptive frame/field decoding is not in use, y is incremefted by 1
for each macroblock row from top to bottom. When macroblock-adaptive frame/field decoding is in|use, y is
incremented by 2 for eaeh ‘macroblock pair row from top to bottom, and is incremented by an additional 1
when a macroblock {5°a bottom macroblock.

macroblock pair;~A pair of vertically contiguous macroblocks in a frame that is coupled for use in
macroblock-adaptive frame/field decoding. The division of a slice into macroblock pairs is a partition{ng.

macroblock partition: A block of luma samples and two corresponding blocks of chroma samples [resulting
fromaypartitioning of a macroblock for inter prediction.

macroblock to slice group map: A means of mapping macroblocks of a picture into slice gropps. The
midcroblock to slice group map consists of a list of numbers, one for each coded macroblock, specifying the
slice group to which each coded macroblock belongs.

map unit to slice group map: A means of mapping slice group map units of a picture into slice grdups. The

3.83

3.84
3.85

map unit to slice group map consists of a list of numbers, one for each slice group map unit, specifying the
slice group to which each coded slice group map unit belongs.

may: A term used to refer to behaviour that is allowed, but not necessarily required. In some places where the
optional nature of the described behaviour is intended to be emphasized, the phrase "may or may not" is used to
provide emphasis.

memory management control operation: Seven operations that control reference picture marking.

motion vector: A two-dimensional vector used for infer prediction that provides an offset from the coordinates
in the decoded picture to the coordinates in a reference picture.
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3.86

3.87

3.88
3.89
3.90

3.91
3.92
3.93
3.94

3.95
3.96
3.97
3.98

3.99

3.100
3.101
3.102
3.103

3.104

3.105
3.106

3.107
3.108

3.109

3.110
3.111

must: A term used in expressing an observation about a requirement or an implication of a requirement that is
specified elsewhere in this Recommendation | International Standard. This term is used exclusively in an
informative context.

NAL unit: A syntax structure containing an indication of the type of data to follow and byfes containing that
data in the form of an RBSP interspersed as necessary with emulation prevention bytes.

NAL unit stream: A sequence of NAL units.

non-paired field: A collective term for a non-paired reference field or a non-paired non-reference field.

reference eld air.
non-paired reference field: A decoded reference field that is not part of a complementary reference fiéld paif.
non-reference field: A field coded with nal_ref idc equal to 0.

non-reference frame: A frame coded with nal_ref idc equal to 0.

non-reference picture: A picture coded with nal ref idc equal to 0. A non-reference picture is not used fpr
inter prediction of any other pictures.

note: A term used to prefix informative remarks. This term is used exclusively itnan informative context.
opposite parity: The opposite parity of top is bottom, and vice versa.
output order: The order in which the decoded pictures are output from¢the decoded picture buffer.

P slice: A slice that may be decoded using intra prediction from d€coded samples within the same slice or infer
prediction from previously-decoded reference pictures, using at.most one motion vector and reference index fo
predict the sample values of each block.

parameter: A syntax element of a sequence parameter set,or a picture parameter set. Parameter is also used ps
part of the defined term quantisation parameter.

parity: The parity of a field can be top or bottom;
partitioning: The division of a set into subsets such that each element of the set is in exactly one of the subsefs.
picture: A collective term for a field or alframe.

picture parameter set: A syntax structure containing syntax elements that apply to zero or more entire codgd
pictures as determined by the pic ‘parameter set id syntax element found in each slice header.

picture order count: A varidble having a value that is non-decreasing with increasing picture position fin
output order relative tol the previous IDR picture in decoding order or relative to the previous pictufe
containing the memdry) management control operation that marks all reference pictures as “unused fpr
reference”.

prediction: Ad embodiment of the prediction process.

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

predictive slice: See P slice.

predictor: A combination of specified values or previously decoded sample values or data elements used in the

decoding process of subsequent sample values or data elements.

primary coded picture: The coded representation of a picture to be used by the decoding process for a
bitstream conforming to this Recommendation | International Standard. The primary coded picture contains all
macroblocks of the picture. The only pictures that have a normative effect on the decoding process are primary
coded pictures. See also redundant coded picture.

profile: A specified subset of the syntax of this Recommendation | International Standard.

quantisation parameter: A variable used by the decoding process for scaling of transform coefficient levels.
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random access: The act of starting the decoding process for a bitstream at a point other than the beginning of
the stream.

raster scan: A mapping of a rectangular two-dimensional pattern to a one-dimensional pattern such that the
first entries in the one-dimensional pattern are from the first top row of the two-dimensional pattern scanned
from left to right, followed similarly by the second, third, etc. rows of the pattern (going down) each scanned
from left to right.

raw byte sequence payload (RBSP): A syntax structure containing an integer number of byfes that is
encapsulated in a NAL unit. An RBSP is either empty or has the form of a string of data bits containing syntax

B.115

8.116

8.117

8.118

8.119

8.120
8.121

8.122

8.123

8.124

8.125

B.126

alamonic follovuod b an PRCD oo By and follavyod by Zora or snoro cnbcaayont hate oayal t0 ()
vvvvvvvvvvvvvvvvvvvv Y-S5 OPp-OHaRe10T0WeaBY-£e+ —Here-SHosequentoits-eqtar—+o-v-

raw byte sequence payload (RBSP) stop bit: A bit equal to 1 present within a raw byte sequencd payload
(RBSP) after a string of data bits. The location of the end of the string of data bits withincan-RBSPP can be
identified by searching from the end of the RBSP for the RBSP stop bit, which is the last non-zero bit in the
RBSP.

recovery point: A point in the bitstream at which the recovery of an exact or an approximate representation of
the decoded pictures represented by the bitstream is achieved after a random accessor broken link.

redundant coded picture: A coded representation of a picture or a patt of a picture. The confent of a
redundant coded picture shall not be used by the decoding process-¥ov a bitstream conforming to this
Recommendation | International Standard. A redundant coded pigtire is not required to coftain all
macroblocks in the primary coded picture. Redundant coded pietiures have no normative effedt on the
decoding process. See also primary coded picture.

reference field: A reference field may be used for inter prediction when P, SP, and B slices of a codeld field or
field macroblocks of a coded frame are decoded. See also-reference picture.

reference frame: A reference frame may be used forvinter prediction when P, SP, and B slices of a coded
frame are decoded. See also reference picture.

reference index: An index into a reference picture list.

reference picture: A picture with nal_refade not equal to 0. A reference picture contains samples thgt may be
used for inter prediction in the decodingprocess of subsequent pictures in decoding order.

reference picture list: A list of reference pictures that is used for inter prediction of a P, B, or SP sfice. For
the decoding process of a P or(SP slice, there is one reference picture list. For the decoding proceks of a B
slice, there are two referencg picture lists.

reference picture list 0: A reference picture list used for inter prediction of a P, B, or SP slice. |All inter
prediction used for P-and SP slices uses reference picture list 0. Reference picture list 0 is one of two feference
picture lists used foryinter prediction for a B slice, with the other being reference picture list 1.

reference pieture list 1: A reference picture list used for inter prediction of a B slice. Reference picfure list 1
is one of two, lists of reference picture lists used for inter prediction for a B slice, with the other being feference
picturedist-0.

referénce picture marking: Specifies, in the bitstream, how the decoded pictures are marked [for inter
prediction.

reserved: The term reserved, when used in the clauses specifying some values of a particular syntax|element,
are for future use by ITU-T | ISO/IEC. These values shall not be used in bitstreams conforming to this

Recommendation ! International Qtahﬂm‘dj but may be used in future extensions f th]s

3.127
3.128

3.129

Recommendation | International Standard by ITU-T | ISO/IEC.
residual: The decoded difference between a prediction of a sample or data element and its decoded value.

run: A number of consecutive data elements represented in the decoding process. In one context, the number
of zero-valued transform coefficient levels preceding a non-zero transform coefficient level in the list of
transform coefficient levels generated by a zig-zag scan or a field scan. In other contexts, run refers to a number
of macroblocks.

sample aspect ratio: Specifies, for assisting the display process, which is not specified in this
Recommendation | International Standard, the ratio between the intended horizontal distance between the
columns and the intended vertical distance between the rows of the luma sample array in a frame. Sample
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3.130
3.131

3.132

3.133

3.134

3.135

3.136

3.137

3.138

3.139
3.140

3.141
3.142

3.143

3.144

3.145

3.146

aspect ratio is expressed as /:v, where / is horizontal width and v is vertical height (in arbitrary units of spatial
distance).

scaling: The process of multiplying transform coefficient levels by a factor, resulting in transform coefficients.

sequence parameter set: A syntax structure containing syntax elements that apply to zero or more entire coded
video sequences as determined by the content of a seq_parameter set id synfax element found in the picture
parameter set referred to by the pic_parameter set id syntax element found in each slice header.

shall: A term used to express mandatory requirements for conformance to this Recommendation | International
Standard. When used to express a mandatory constraint on the values of syntax elements or on the results

obtained by operation of the specified decoding process, it is the responsibility of the encoder to ensure that the
constraint is fulfilled. When used in reference to operations performed by the decoding process, any decodipg
process that produces identical results to the decoding process described herein conforms to the decoding
process requirements of this Recommendation | International Standard.

should: A term used to refer to behaviour of an implementation that is encouraged to be~followed under
anticipated ordinary circumstances, but is not a mandatory requirement for conformance to tHis
Recommendation | International Standard.

SI slice: A slice that is coded using prediction only from decoded samples withifi the same slice and usifg
quantisation of the prediction samples. An SI slice can be coded such thatlifs decoded samples can be
constructed identically to an SP slice.

skipped macroblock: A macroblock for which no data is coded other thaman indication that the macroblocklis
to be decoded as "skipped". This indication may be common to several macroblocks.

slice: An integer number of macroblocks or macroblock pairs ordéred consecutively in the raster scan within a
particular slice group. For the primary coded picture, the<division of each slice group into slices is|a
partitioning. Although a slice contains macroblocks or macrablock pairs that are consecutive in the raster scgn
within a slice group, these macroblocks or macroblock pairs are not necessarily consecutive in the raster scg¢n
within the picture. The addresses of the macroblocks arederived from the address of the first macroblock inj a
slice (as represented in the slice header) and the macroblock to slice group map.

slice data partitioning: A method of partitioning selected syntax elements into syntax structures based on|a
category associated with each syntax element.

slice group: A subset of the macroblocks. or macroblock pairs of a picture. The division of the picture info
slice groups is a partitioning of the picture. The partitioning is specified by the macroblock to slice group map.

slice group map units: The units‘of the map unit to slice group map.

slice header: A part of a ¢oded slice containing the data elements pertaining to the first or all macroblocks
represented in the s/ice.

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

SP slice: A slice-that is coded using inter prediction from previously-decoded reference pictures, using at mqst
one motion yeetor and reference index to predict the sample values of each block. An SP slice can be cod¢d
such that its.decoded samples can be constructed identically to another SP slice or an S/ slice.

start.code prefix: A unique sequence of three byfes equal to 0x000001 embedded in the byte stream as a prefix
to, éach NAL unit. The location of a start code prefix can be used by a decoder to identify the beginning off a
new NAL unit and the end of a previous NAL unit. Emulation of start code prefixes is prevented within NAL

units by the inclusion of emulation prﬂ\wnﬁnn hytac

string of data bits (SODB): A sequence of some number of bits representing syntax elements present within a
raw byte sequence payload prior to the raw byte sequence payload stop bit. Within an SODB, the left-most bit
is considered to be the first and most significant bit, and the right-most bit is considered to be the last and least
significant bit.

sub-macroblock: One quarter of the samples of a macroblock, i.e., an 8x8 luma block and two corresponding
chroma blocks of which one corner is located at a corner of the macroblock.

sub-macroblock partition: A block of luma samples and two corresponding blocks of chroma samples
resulting from a partitioning of a sub-macroblock for inter prediction.

© ISO/IEC 2005 — All rights reserved


https://standardsiso.com/api/?name=b449ef14175ac39adc75a917dddf783d

3.147
3.148
3.149
3.150
3.151

ISO/IEC 14496-10:2005(E)

switching I slice: See S/ slice.

switching P slice: See SP slice.

syntax element: An element of data represented in the bitstream.

syntax structure: Zero or more syntax elements present together in the bitstream in a specified order.

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

acroblo ] ¢ samples

in the top row of samples for the macroblock pair. For a field macroblock pair, the top macroblock-rppresents
the samples from the region of the fop field of the frame that lie within the spatial region of the mdcroblock
pair. For a frame macroblock pair, the top macroblock represents the samples of the frame that-lie within the
top half of the spatial region of the macroblock pair.

B.153  transform coefficient: A scalar quantity, considered to be in a frequency domain, flat is associatqd with a
particular one-dimensional or two-dimensional frequency index in an inverse transform part of the Hecoding
process.

B.154  transform coefficient level: An integer quantity representing the value @asgociated with a particylar two-
dimensional frequency index in the decoding process prior to scaling for.e0mputation of a transform cpefficient
value.

B.155  universal unique identifier (UUID): An identifier that is unique\with respect to the space of all pniversal
unique identifiers.

B.156  unspecified: The term unspecified, when used in the clduses specifying some values of a particulpr syntax
element, indicates that the values have no specified meaning in this Recommendation | International [Standard
and will not have a specified meaning in the future as.an integral part of this Recommendation | Intgrnational
Standard.

B.157  variable length coding (VLC): A reversible*procedure for entropy coding that assigns shorter bit §trings to
symbols expected to be more frequent and leniger bit strings to symbols expected to be less frequent.

B.158  zig-zag scan: A specific sequential ordering of transform coefficient levels from (approximately) tHe lowest
spatial frequency to the highest. Zig<zag scan is used for transform coefficient levels in frame macroblgcks.

4 Abbreviations

1.1 CABAC: Context-based ‘Adaptive Binary Arithmetic Coding

4.2 CAVLC: Context=based Adaptive Variable Length Coding

t.3 CBR: Constan Bit Rate

1.4 CPB: Coded Picture Buffer

4.5 DPB:Decoded Picture Buffer

4.6 DUT: Decoder under test

1.7 FIFO: First-In, First-Out

48 HRDHypotheticat Referemce Becoder

4.9 HSS: Hypothetical Stream Scheduler

4.10 IDR: Instantaneous Decoding Refresh

4.11 LSB: Least Significant Bit

4.12 MB: Macroblock

4.13 MBAFF: Macroblock-Adaptive Frame-Field Coding

4.14 MSB: Most Significant Bit
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4.15 NAL: Network Abstraction Layer

4.16 RBSP: Raw Byte Sequence Payload

4.17 SEI: Supplemental Enhancement Information
4.18 SODB: String Of Data Bits

4.19 UUID: Universal Unique Identifier

4.20 VBR: Variable Bit Rate

4.21 VCL: Video Coding Layer
4.22 VLC: Variable Length Coding
4.23 VUI: Video Usability Information

5 Conventions

NOTE - The mathematical operators used in this Specification are similar to those used in the C programming language. Howev¢
integer division and arithmetic shift operations are specifically defined. Numbering and counting conventions generally begin frqm
0.

—

5.1 Arithmetic operators

The following arithmetic operators are defined as follows.

- Addition

- Subtraction (as a two-argument operator) or negation(as a unary prefix operator)
i Multiplication

Exponentiation. Specifies x to the power, ef*y. In other contexts, such notation is used fpr
superscripting not intended for interpretation\as exponentiation.

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

= Used to denote division in mathetnatical equations where no truncation or rounding is intended.

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

y

v
Z f (i) The summation of f{ i ) with i taking all integer values from x up to and including y.
i=x

K %y ModulussRemainder of x divided by y, defined only for integers x and y with x >=0 and y > 0.

When grder of precedence’is not indicated explicitly by use of parenthesis, the following rules apply
—  multiplication and division operations are considered to take place before addition and subtraction
— _multiplication and division operations in sequence are evaluated sequentially from left to right

<%\ ‘addition and subtraction operations in sequence are evaluated sequentially from left to right

5.2 Logical operators

The following logical operators are defined as follows
x && y Boolean logical "and" of x and y
x || y Boolean logical "or" of x and y
! Boolean logical "not"

x ?y:z Ifxis TRUE or not equal to 0, evaluates to the value of y; otherwise, evaluates to the value of z
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Relational operators

The following relational operators are defined as follows

5.4

5.5

> Greater than

>= Greater than or equal to
< Less than

<= Less than or equal to
== Equal to

1= Not equal to

When a relational operator is applied to a syntax element or variable that has been assigned the( yalue
hpplicable), the value "na" is treated as a distinct value for the syntax element or variable. The valug™{na" is ¢
hot to be equal to any other value.

Bit-wise operators

[he following bit-wise operators are defined as follows

&

x>>y

x<<y

Assignment operators

[he following arithmetic operators are defined as follows

++

Bit-wise "and". When operating on integer arguments, operates\onva two's complement repre
of the integer value. When operating on a binary argument that contains fewer bits thar
argument, the shorter argument is extended by adding moressignificant bits equal to 0.

Bit-wise "or". When operating on integer arguments, opetates on a two's complement represef
the integer value. When operating on a binary argument that contains fewer bits than another a
the shorter argument is extended by adding moresignificant bits equal to 0.

Arithmetic right shift of a two’s complementyinteger representation of x by y binary digi
function is defined only for positive integer‘values of y. Bits shifted into the MSBs as a res
right shift shall have a value equal to the-MSB of x prior to the shift operation.

Arithmetic left shift of a two’s complement integer representation of x by y binary digits. This
is defined only for positive integefvalues of y. Bits shifted into the LSBs as a result of the
have a value equal to 0.

Assignment operator.

Increment(i.¢7; x++ is equivalent to x = x + 1; when used in an array index, evaluates to the va
variableprior to the increment operation.

Dectément, i.e., x—— is equivalent to x = x — 1; when used in an array index, evaluates to the va
vatiable prior to the decrement operation.

Increment by amount specified, i.e., x += 3 is equivalent tox = x + 3, and x += (-3) is e
to x =x + (-3).

Decrement by amount specified, i.e., x — 3 is equivalent tox = x — 3, and x — (-3) is e
tox=x-—(-3).

na" (not
nsidered

Sentation
another

itation of
rgument,

ts. This
b1t of the

function
left shift

ue of the
ue of the
fuivalent

uivalent

5.6

Range notation

The following notation is used to specify a range of values

5.7

x =y ..z x takes on integer values starting from y to z inclusive, with x, y, and z being integer numbers.

Mathematical functions

The following mathematical functions are defined as follows
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Abs(x)=) X 3 x>=0 (5-1)
-x ; x<0

Ceil(x ) the smallest integer greater than or equal to x. (5-2)

Cliply(x )= Clip3( 0, ( 1 <<BitDepthy )~ 1, x) (5-3)

Cliple( x ) = Clip3( 0, ( 1 <<BitDepthc )~ 1, x ) (5-4)
X 5 z<Xx

Clip3(x,y,2)=1{y ; z>y -3
z ; otherwise

Floor( x ) the greatest integer less than or equal to x. (5-9)

(a%(d /b)) *b; e==
nverseRasterScan( a, b, c,d, e )= oé-P
(a/(d/b)*c; e==1

[0og2( x ) returns the base-2 logarithm of x. (5-9)
[ .0og10( x ) returns the base-10 logarithm of x. 59
Median( X, y, z) =x+y+z—Min( x, Min(y, z) ) — Max( x, Max(y,z)) (5-10)
Min(x,y)=J% * XY (5-11)
y 5 X>Y
. >
Max(x,y)=4 > 77 (5-12)
y 5 X<Yy
Round( x ) = Sign( x ) * Floor( Abs(.x )%+ 0.5) (5-13)
Bign( x ) = L x>=0 (5-14)
-1 ; xg0
Bqrt( x ) = /x (5-19)

5.8 Variables;syntax elements, and tables

Syntax |elements. in the bitstream are represented in bold type. Each syntax element is described by its name (all lower
case lefters“with underscore characters), its one or two syntax categories, and one or two descriptors for its method pf
coded teptesentation. The decoding process behaves according to the value of the syntax element and to the values pf
previously decoded syntax elements. When a value of a syntax element is used in the syntax tables or the text, it appears
in regular (i.e., not bold) type.

In some cases the syntax tables may use the values of other variables derived from syntax elements values. Such
variables appear in the syntax tables, or text, named by a mixture of lower case and upper case letter and without any
underscore characters. Variables starting with an upper case letter are derived for the decoding of the current syntax
structure and all depending syntax structures. Variables starting with an upper case letter may be used in the decoding
process for later syntax structures mentioning the originating syntax structure of the variable. Variables starting with a
lower case letter are only used within the subclause in which they are derived.
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In some cases, "mnemonic" names for syntax element values or variable values are used interchangeably with their
numerical values. Sometimes "mnemonic" names are used without any associated numerical values. The association of
values and names is specified in the text. The names are constructed from one or more groups of letters separated by an
underscore character. Each group starts with an upper case letter and may contain more upper case letters.

NOTE - The syntax is described in a manner that closely follows the C-language syntactic constructs.
Functions are described by their names, which are constructed as syntax element names, with left and right round

parentheses including zero or more variable names (for definition) or values (for usage), separated by commas (if more
than one variable).

UllU'dilllUllDiUlla} alla_)’ iD lcfcllcd tU dad a 1ibt. A tWU’dilllUllDiUlla} Cllla_y ib lcfcllcd tU ad d lllatliA. Aua_yo vall Uither be
yntax elements or variables. Subscripts or square parentheses are used for the indexing of arrays. In ref€pgnce to a
isual depiction of a matrix, the first subscript is used as a row (vertical) index and the second subscript is fised as a
Column (horizontal) index. The indexing order is reversed when using square parentheses rather thatr subs¢ripts for
ndexing. Thus, an element of a matrix s at horizontal position x and vertical position y may be denoted either ap s x, y |
DI’ aS Syx.

Binary notation is indicated by enclosing the string of bit values by single quote marks.\»*For example, '0[l000001'
fepresents an eight-bit string having only its second and its last bits equal to 1.

Hexadecimal notation, indicated by prefixing the hexadecimal number by "0x", may,be’used instead of binary| notation
vhen the number of bits is an integer multiple of 4. For example, 0x41 represents“an eight-bit string having only its
second and its last bits equal to 1.

Numerical values not enclosed in single quotes and not prefixed by "0x" aré«decimal values.

A value equal to O represents a FALSE condition in a test statement, Tlie value TRUE is represented by any other value
Jifferent than zero.

5.9 Text description of logical operations

n the text, a statement of logical operations as would berdescribed in pseudo-code as

if( condition 0)
statement 0

else if ( condition 1)
statement 1

else /* informative remark on‘témaining condition */
statement n

may be described in the following manner:
... as follows,/ \.._the following applies.
—  If condition 0, statement 0

—  Otherwise, if condition 1, statement 1

~"  Otherwise (informative remark on remaining condition), statement n

Fach\!'If...Otherwise, if...Otherwise, ..." statement in the text is introduced with "... as follows" or "... the following
ppplies" immediately followed by "If ... ". The last condition of the "If...Otherwise. if...Otherwise, ..." is ajways an
"Otherwise, ...". Interleaved "If...Otherwise, if...Otherwise, ..." statements can be identified by matching "... as follows"
or "... the following applies" with the ending "Otherwise, ...".

In the text, a statement of logical operations as would be described in pseudo-code as

if( condition 0a && condition Ob )
statement 0

else if ( condition la || condition 1b)
statement 1

© ISO/IEC 2005 — Al rights reserved 13
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may be

else
statement n

described in the following manner:

... as follows / ... the following applies.

If all of the following conditions are true, statement 0
—  condition Oa

—  condition Ob

In the t

may be

5.10

Procesq
syntax
availab
specifig
either b

The ass

- If
Sp4
- Ot

In the s
the add|

re

Otherwise, if any of the following conditions are true, statement 1
—  condition la

—  condition 1b

—  Otherwise, statement n

bxt, a statement of logical operations as would be described in pseudo-code as

if( condition 0 )
statement 0

if ( condition 1)
statement 1

described in the following manner:
When condition 0, statement 0

When condition 1, statement 1

Processes

es are used to describe the decoding of syntax elemients. A process has a separate specification and invoking. A
elements and upper case variables that pertain to the current syntax structure and depending syntax structures a

d as the input. Each process specificatioh,has explicitly specified an output. The output is a variable that ¢
e an upper case variable or a lower case variable.

ignment of variables is specified as follows.

invoking a process, variables.are explicitly assigned to lower case input or output variables of the proce
cification in case these do not’have the same name.

nerwise (when the variables at the invoking and specification have the same name), assignment is implied.

pecification of a{process, a specific macroblock may be referred to by the variable name having a value equal
Fess of the spetific macroblock.

Seurce, coded, decoded and output data formats, scanning processes, and neighbouring

e in the process specification and invoking. A'process specification may also have a lower case variable explicifly

(11
re

in

SS

to

ationships

6.1

Bitstream formats

This subclause specifies the relationship between the NAL unit stream and byte stream, either of which are referred to as
the bitstream.

The bitstream can be in one of two formats: the NAL unit stream format or the byte stream format. The NAL unit stream
format is conceptually the more "basic" type. It consists of a sequence of syntax structures called NAL units. This
sequence is ordered in decoding order. There are constraints imposed on the decoding order (and contents) of the NAL
units in the NAL unit stream.

14
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The byte stream format can be constructed from the NAL unit stream format by ordering the NAL units in decoding
order and prefixing each NAL unit with a start code prefix and zero or more zero-valued bytes to form a stream of bytes.
The NAL unit stream format can be extracted from the byte stream format by searching for the location of the unique
start code prefix pattern within this stream of bytes. Methods of framing the NAL units in a manner other than use of the
byte stream format are outside the scope of this Recommendation | International Standard. The byte stream format is
specified in Annex 0.

6.2 Source, decoded, and output picture formats

This subclause Q}’\Pr‘iﬁPQ the rP]minnqhip hetween sonrce and decoded frames and fields that is gi\ en via the bitstream.

[he video source that is represented by the bitstream is a sequence of either or both frames or fields (called cellectively
bictures) in decoding order.

[he source and decoded pictures (frames or fields) are each comprised of one or more sample arrays:
—  Luma (Y) only (monochrome), with or without an auxiliary array
—  Luma and two Chroma (YCbCr or YCgCo), with or without an auxiliary array
—  Green, Blue and Red (GBR, also known as RGB), with or without an auxiliaty array

—  Arrays representing other unspecified monochrome or tri-stimulus célouir samplings (for example, YZX,
also known as XYZ), with or without an auxiliary array

For convenience of notation and terminology in this specification, the variables and terms associated with thefe arrays
hre referred to as luma (or L or Y) and chroma, where the two chroma arpdys are referred to as Cb and Cr; regdrdless of
he actual colour representation method in use. The actual colour repreSentation method in use can be indicated in syntax
hat is specified in Annex E. The (monochrome) auxiliary arrays, whi¢ch may or may not be present as auxiliary pictures
n a coded video sequence, are optional for decoding and can be used for such purposes as alpha blending.

[he variables SubWidthC, and SubHeightC are specified Gi~Table 6-1, depending on the chroma format pampling
tructure, which is specified through chroma format idc. @An entry marked as "-" in Table 6-1 denotes an yndefined
yalue for SubWidthC or SubHeightC. Other values *of chroma format idc, SubWidthC, and SubHeightC| may be
specified in the future by ITU-T | ISO/IEC.

Table 6-1 —-SubWidthC, and SubHeightC values derived from chroma_format_idc

chroma format.ide” [Chroma Format |[SubWidthC |SubHeightC
0 monochrome - -
1 4:2:0 2 2
2 4:2:2 2 1
3 4:4:4 1 1

n monochrenie sampling there is only one sample array, which shall nominally be considered the luma array.
n 4:2:0,sampling, each of the two chroma arrays has half the height and half the width of the luma array.

n4:2:2 sampling, each of the two chroma arrays has the same height and half the width of the luma array.

In 4:4:4 sampling, each of the two chroma arrays has the same height and width as the luma array.

The width and height of the luma sample arrays are each an integer multiple of 16. In bitstreams using 4:2:0 chroma
sampling, the width and height of chroma sample arrays are each an integer multiple of 8. In bitstreams using 4:2:2
sampling, the width of the chroma sample arrays is an integer multiple of 8 and the height is an integer multiple of 16.
The height of a luma array that is coded as two separate fields or in macroblock-adaptive frame-field coding (see below)
is an integer multiple of 32. In bitstreams using 4:2:0 chroma sampling, the height of each chroma array that is coded as
two separate fields or in macroblock-adaptive frame-field coding (see below) is an integer multiple of 16. The width or
height of pictures output from the decoding process need not be an integer multiple of 16 and can be specified using a
cropping rectangle.
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The syntax for the luma and (when present) chroma arrays are ordered such when data for all three colour components is
present, the data for the luma array is first, followed by any data for the Cb array, followed by any data for the Cr array,
unless otherwise specified.

The width of fields coded referring to a specific sequence parameter set is the same as that of frames coded referring to
the same sequence parameter set (see below). The height of fields coded referring to a specific sequence parameter set is
half that of frames coded referring to the same sequence parameter set (see below).

The number of bits necessary for the representation of each of the samples in the luma and chroma arrays in a video
sequence is in the range of 8 to 12, and the number of bits used in the luma array may differ from the number of bits used

in the il;‘ircma BEFAYS-

When the value of chroma_format idc is equal to 1, the nominal vertical and horizontal relative locations of lurha,apd
chromal samples in frames are shown in Figure 6-1. Alternative chroma sample relative locations may be indieated [in
video ukability information (see Annex E).

X

X

X X o o0

OX

X

O O

X X X X X X

X X X X X X

O O O Frame
X X X X X X

X X X X X X

O O O

X X X X X X

Guide:
X — Location of luma sample
O — Loeation of chroma sample

Figure 6-1 — Nominal vertical and horizontal locations of 4:2:0 luma and chroma samples in a frame

A framp consists of two fields asdescribed below. A coded picture may represent a coded frame or an individual cod¢d
field. [A coded video sequéng€ conforming to this Recommendation | International Standard may contain arbitrafy
combinations of coded frames and coded fields. The decoding process is also specified in a manner that allows smaller
regions|of a coded framg.to be coded either as a frame or field region, by use of macroblock-adaptive frame-field coding.

Sourceland decoded\fields are one of two types: top field or bottom field. When two fields are output at the same time, pr
are coipbined to.be used as a reference frame (see below), the two fields (which shall be of opposite parity) afe
interleaved. Thefirst (i.e., top), third, fifth, etc. rows of a decoded frame are the top field rows. The second, fourth, Si);]h’

etc. rows,of'a decoded frame are the bottom field rows. A top field consists of only the top field rows of a decoded franie.
When thetop field or bottom field of a decoded frame is used as a reference field (see below) only the even rows (for a
top field) or the odd rows (for a bottom field) of the decoded frame are used.

When the value of chroma format idc is equal to 1, the nominal vertical and horizontal relative locations of luma and
chroma samples in top and bottom fields are shown in Figure 6-2. The nominal vertical sampling relative locations of the
chroma samples in a top field are specified as shifted up by one-quarter luma sample height relative to the field-sampling
grid. The vertical sampling locations of the chroma samples in a bottom field are specified as shifted down by one-
quarter luma sample height relative to the field-sampling grid. Alternative chroma sample relative locations may be
indicated in the video usability information (see Annex E).

NOTE — The shifting of the chroma samples is in order for these samples to align vertically to the usual location relative to the
full-frame sampling grid as shown in Figure 6-1.
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0 Fole

OX
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OX

Guide
X — Location of luma sample
O — Location of chroma sample

X X X X X

Guide
X — Location of luma.sample
O — Location ofichroma sample

Figure 6-2 — Nominal vertical and horizontal sampling locations of 4:2:0 samples in top and bottom fi

When the value of chroma format idc is equal to 2, the chroma<samples are co-sited with the correspond
samples and the nominal locations in a frame and in fields are as shown in Figure 6-3 and Figure 6-4, respectivel

e1ds.

ng luma

© ISO/IEC 2005 — All rights reserved

17


https://standardsiso.com/api/?name=b449ef14175ac39adc75a917dddf783d

ISO/IEC 14496-10:2005(E)

R OX B X & X e
R X & X 8 X
R X & X 8 X
B X B X ® X
B X 8 X 8 X
B X ® X & X

Guide
X — Location of luma sample
O - Location of chroma sample

Figure 6-3 — Nominal vertical and horizontal locations of 4:2:2 luma and chroma samples in a frame

B X & X & X -
K, X & X & X
B X & X & X

Top Bottom
Field Field

KX K& X & X
B X & X & X
X K& X & X

L] .. [ ] .’
(] ° ° [ )
[ ] ° [ ]
Guide Guide
X — Location)of luma sample X — Location of luma sample
O — Locatien of chroma sample O — Location of chroma sample

oot

igure 6-4:="Nominal vertical and horizontal sampling locations of 4:2:2 samples top and bottom fields

When the value of chroma format idc is equal to 3, all array samples are co-sited for all cases of frames and fields and
the nominal locations in a frame and in fields are as shown in Figure 6-5 and Figure 6-6, respectively.
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Guide
X — Location of luma sample
O - Location of chroma sample

Figure 6-5 — Nominal vertical and horizontal locations of 4:4:4 lumia-and chroma samples in a frame
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X £ Location of luma sample X — Location of luma sample
Q’=Location of chroma sample O — Location of chroma sample

Figure 6-6 — Nominal vertical and horizontal sampling locations of 4:4:4 samples top and bottom fields

The samples are processed in units of macroblocks. The luma array for each macroblock is 16 samples in both width and
height. The variables MbWidthC and MbHeightC, which specify the width and height, respectively, of the chroma
arrays for each macroblock, are derived as follows.

— If chroma_format idc is equal to 0 (monochrome), MbWidthC and MbHeightC are both equal to 0 (as no chroma
arrays are specified for monochrome video).

—  Otherwise, MbWidthC and MbHeightC are derived as

MbWidthC = 16 / SubWidthC (6-1)
MbHeightC = 16 / SubHeightC (6-2)
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6.3 Spatial subdivision of pictures and slices

This subclause specifies how a picture is partitioned into slices and macroblocks. Pictures are divided into slices. A slice
is a sequence of macroblocks, or, when macroblock-adaptive frame/field decoding is in use, a sequence of macroblock
pairs.

Each macroblock is comprised of one 16x16 luma array and, when the video format is not monochrome, two
corresponding chroma sample arrays. When macroblock-adaptive frame/field decoding is not in use, each macroblock
represents a spatial rectangular region of the picture. For example, a picture may be divided into two slices as shown in
Figure 6-7.

Figure 6-7 — A picture with 11 by 9 macroblocks that is_partitioned into two slices

When macroblock-adaptive frame/field decoding is in use, the(picture is partitioned into slices containing an integer
numbei of macroblock pairs as shown in Figure 6-8. Each macroblock pair consists of two macroblocks.

>

A macroblock pair

Figure 6-8 — Partitioning of the decoded frame into macroblock pairs

6.4 Inverse scanning processes and derivation processes for neighbours

This subclause specifies inverse scanning processes; i.e., the mapping of indices to locations, and derivation processes for
neighbours.
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6.4.1 Inverse macroblock scanning process
Input to this process is a macroblock address mbAddr.

Output of this process is the location (X, y ) of the upper-left luma sample for the macroblock with address
relative to the upper-left sample of the picture.

The inverse macroblock scanning process is specified as follows.

- If MbaffFrameFlag is equal to 0,

See—=Taaxs 3 3 nlac

TAY
——Jnv —6—16- aples50-
y = InverseRasterScan( mbAddr, 16, 16, PicWidthInSamples;, 1)

Otherwise (MbaffFrameFlag is equal to 1), the following applies.

x0O = InverseRasterScan( mbAddr / 2, 16, 32, PicWidthInSamples;, 0 )
yO = InverseRasterScan( mbAddr / 2, 16, 32, PicWidthInSamples;, 1)
Depending on the current macroblock the following applies.
- If the current macroblock is a frame macroblock

x=x0

y=yO0 + ( mbAddr %2 ) * 16
- Otherwise (the current macroblock is a field macroblock),

x =x0

y=yO + ( mbAddr % 2)

b.4.2  Inverse macroblock partition and-sub-macroblock partition scanning process

Macroblocks or sub-macroblocks may be partitioned, and the partitions are scanned for inter prediction as

Figure 6-9. The outer rectangles refer to the samples in a macroblock or sub-macroblock, respectively. The r
fefer to the partitions. The number in each rectangle specifies the index of the inverse macroblock partitior
nverse sub-macroblock partitien’scan.

[he functions MbPartWidth( ), MbPartHeight( ), SubMbPartWidth( ), and SubMbPartHeight( ) describing the
neight of macroblock partitions and sub-macroblock partitions are specified in Table 7-13, Table 7-14, Table ]
[able 7-18. MbPartWidth( ) and MbPartHeight( ) are set to appropriate values for each macroblock, dependin
macroblock type."SubMbPartWidth( ) and SubMbPartHeight( ) are set to appropriate values for each sub-macrob
macroblock with mb_type equal to P_8x8, P_8x8ref0, or B_8x8, depending on the sub-macroblock type.

mbAddr

6-3)

(6-4)

(6-5)

(6-6)

(6-7)

(6-8)

(6-9)

(6-10)

hown in
pctangles
scan or

idth and
-17, and
g on the
lock of a
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Macroblock
partitions

1 macroblock partition of
16*16 luma samples and
associated chroma samples

2 macroblock partitions of
16*8 luma samples and
associated chroma samples

2 macroblock partitions of
8*16 luma samples and
associated chroma samples

4 sub-macroblocks of
8*8 luma samples and
associated chroma samples

Sub-macroblock
partitions

Figur¢

6.4.2.1
Input tq
Output

1 sub-macroblock partition
of 8*8 luma samples and
associated chroma samples

2 sub-macroblock partitions
of 8*4 luma samples and
associated chroma samples

2 sub-macroblock partitions
of 4*8 luma samples and
associated chroma samples

partition scans

Inverse macroblock partition scanning process

relative to the upper-left sample of the macroblock.

The inyerse macroblock partition scanning process is specified by

6.4.2.2

Inputs
subMbPartldx.

Output

Inverse sub-macroblock partition scanning process

this process is the index of a macroblock partition mbPartldx.

subMbPartldx relative to the-upper-left sample of the sub-macroblock.

The inylerse sub-macrgblock partition scanning process is specified as follows.

- Ifnjb_type is€qual to P_8x8, P_8x8ref0, or B_8x8,

4 sub-macroblock partitions
of 4*4 luma samples and
associated chroma samples

6-9 — Macroblock partitions, sub-macroblock partitions, macroblock partition.seans, and sub-macroblock

of this process is the location (X, y) of the upper-left luma sample for the macroblock partition mbPartlglx

x = InverseRasterScan( mbPartldx, MbPartWidth( mb_type ), MbPartHeight( mb_type ), 16, 0)

y = InverseRasterScan( mbPartldx, MbPartWidth( mb_type ), MbPartHeight( mb_type ), 16, 1)

o this process are the index (0f)a macroblock partition mbPartldx and the index of a sub-macroblock partitign

of this process is_the—location (x,y) of the upper-left luma sample for the sub-macroblock partitipn

kK = InverseRasterScan( subMbPartldx, SubMbPartWidth( sub_mb_type[ mbPartldx ] ),

(6-11)

(6-17)

- Otherwise,

SubMbPartHeight( sub_mb_type[ mbPartldx ]), 8, 0) (6-13)
y = InverseRasterScan( subMbPartldx, SubMbPartWidth( sub_mb_type[ mbPartldx ] ),

SubMbPartHeight( sub_mb_type[ mbPartldx ]), 8, 1) (6-14)
x = InverseRasterScan( subMbPartldx, 4, 4, 8,0 ) (6-15)
y = InverseRasterScan( subMbPartldx, 4,4, 8, 1) (6-16)

22
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6.4.3 Inverse 4x4 luma block scanning process
Input to this process is the index of a 4x4 luma block luma4x4BIkIdx.

Output of this process is the location (x,y) of the upper-left luma sample for the 4x4 luma block with index
luma4x4BIlkldx relative to the upper-left luma sample of the macroblock.

Figure 6-10 shows the scan for the 4x4 luma blocks.

|

819 ([12(13

10111415

Figure 6-10 — Scan for 4x4 luma blocks

[he inverse 4x4 luma block scanning process is specified by

k = InverseRasterScan( luma4x4Blkldx / 4, 8, 8, 16, 0 ) + InverseRasterScan( lumad¢x4Blkldx % 4, 4,4, 8,0) (6-17)
y = InverseRasterScan( luma4x4Blkldx / 4, &, 8, 16, 1 ) + InverseRasterScan( luma4x4BlkIdx % 4, 4, 4, 8, 1) (6-18)

b.4.4  Inverse 8x8 luma block scanning process
nput to this process is the index of an 8x8 luma block luma8x8BikIdx.

Dutput of this process is the location (x,y) of the uppet-left luma sample for the 8x8 luma block with index
uma8x8Blkldx relative to the upper-left luma sample of the macroblock.

Figure 6-11 shows the scan for the 8x8 luma blocks,

Figure 6-11 — Scan for 8x8 luma blocks

The inverse 8x8 luma block scanning process is specified by
x = InverseRasterScan( luma8x8BIkIdx, 8, 8, 16, 0) (6-19)

y = InverseRasterScan( luma8x8BIkldx, 8, 8, 16, 1) (6-20)

6.4.5 Derivation process of the availability for macroblock addresses
Input to this process is a macroblock address mbAddr.

Output of this process is the availability of the macroblock mbAddr.
NOTE — The meaning of availability is determined when this process is invoked.
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The macroblock is marked as available, unless one of the following conditions is true in which case the macroblock shall
be marked as not available:

- mbAddr<0
- mbAddr > CurrMbAddr
- the macroblock with address mbAddr belongs to a different slice than the macroblock with address CurrMbAddr

6.4.6  Derivation process for neighbouring macroblock addresses and their availability

This process can only be invoked when MbaffFrameFlag is equal to O

The oufputs of this process are

- mbAddrA: the address and availability status of the macroblock to the left of the current macroblock.

- mbAddrB: the address and availability status of the macroblock above the current macroblock.

- mBAddrC: the address and availability status of the macroblock above-right of the current macroblock.
- mbAddrD: the address and availability status of the macroblock above-left of the current macéroblock.

Figure p-12 shows the relative spatial locations of the macroblocks with mbAddrA, mbAddfB;-mbAddrC, and mbAdd{D
relative to the current macroblock with CurrMbAddr.

mbAddrD | mbAddrB mbAddrC

mbAddrA | CurrMbAddr

Figure 6-12 — Neighbouring macroblocks for a given macroblock

Input tp the process in subclause 6.4:5%is mbAddrA = CurrMbAddr— 1 and the output is whether the macroblo¢k
mbAddrA is available. In addition,mbAddrA is marked as not available when CurrMbAddr % PicWidthInMbs is equal
to 0.

Input tp the process in subclanse 6.4.5 is mbAddrB = CurrMbAddr — PicWidthInMbs and the output is whether the
macroblock mbAddrB is available.

Input t¢ the process_in/subclause 6.4.5 is mbAddrC = CurrMbAddr — PicWidthInMbs + 1 and the output is whether the
macroblock mbAddrC is available. In addition, mbAddrC is marked as not available wh¢n
( CurrMibAddr.+:Y % PicWidthInMbs is equal to 0.

Input t¢ thé\process in subclause 6.4.5 is mbAddrD = CurrMbAddr — PicWidthInMbs - 1 and the output is whether the
macroblock mbAddrD is available. In addition, mbAddrD is marked as not available wh¢n
CurrMbAddr % PicWidthInMbs is equal to 0.

6.4.7  Derivation process for neighbouring macroblock addresses and their availability in MBAFF frames
This process can only be invoked when MbaffFrameFlag is equal to 1.
The outputs of this process are

- mbAddrA: the address and availability status of the top macroblock of the macroblock pair to the left of the current
macroblock pair.

- mbAddrB: the address and availability status of the top macroblock of the macroblock pair above the current
macroblock pair.
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- mbAddrC: the address and availability status of the top macroblock of the macroblock pair above-right of the current

macroblock pair.

- mbAddrD: the address and availability status of the top macroblock of the macroblock pair above-left of the current

macroblock pair.

Figure 6-13 shows the relative spatial locations of the macroblocks with mbAddrA, mbAddrB, mbAddrC, and mbAddrD

relative to the current macroblock with CurrMbAddr.

mbAddrA, mbAddrB, mbAddrC, and mbAddrD have identical values regardless whether the current macroblock is the

top or the bottom macroblock of a macroblock pair.

mbAddrD mbAddrB mbAddrC

CurrMbAddr

Figure 6-13 — Neighbouring macroblocks for a givendimacroblock in MBAFF frames

nput to the process in subclause 6.4.5 is mbAddrA =2 *( CurrMbAddr/2—-1) and the output is wh
macroblock mbAddrA is available. In addition,” mbAddrA is marked as not availablg
CurrMbAddr / 2 ) % PicWidthInMbs is equal to 0.

nput to the process in subclause 6.4.5 is mbAddrB.=2 * ( CurrMbAddr / 2 — PicWidthInMbs ) and the output is
he macroblock mbAddrB is available.

nput to the process in subclause 6.4.5 is\mbAddrC =2 * ( CurrMbAddr / 2 — PicWidthInMbs + 1) and the
whether the macroblock mbAddrC-Nis:~available. In addition, mbAddrC is marked as not availab
CurrMbAddr / 2 + 1) % PicWidthInMbs is equal to 0.

nput to the process in subclause 6.4.5 is mbAddrD =2 * ( CurrMbAddr / 2 — PicWidthInMbs - 1 ) and the
Wwhether the macroblock ,mbAddrD is available. In addition, mbAddrD is marked as not availab
CurrMbAddr / 2 ) % PicWidthInMbs is equal to 0.

p.4.8  Derivation processes for neighbouring macroblocks, blocks, and partitions
Bubclause 6.4.8. 1 specifies the derivation process for neighbouring macroblocks.
Bubclause 6.4.8:2 specifies the derivation process for neighbouring 8x8 luma blocks.

Bubclause-6.4.8.3 specifies the derivation process for neighbouring 4x4 luma blocks.

ther the
when

whether

putput is
e when

butput is
e when

Subclause 6.4.8.4 specifies the derivation process for neighbouring 4x4 chroma blocks.

Subclause 6.4.8.5 specifies the derivation process for neighbouring partitions.

Table 6-2 specifies the values for the difference of luma location ( XD, yD ) for the input and the replacement for N in
mbAddrN, mbPartldxN, subMbPartldxN, luma8x8BlkIdxN, luma4x4BlkIdxN, and chroma4x4BIlkIdxN for the output.

These input and output assignments are used in subclauses 6.4.8.1 to 6.4.8.5. The variable predPartWidth is
when Table 6-2 is referred to.
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Table 6-2 — Specification of input and output assignments for subclauses 6.4.8.1 to 6.4.8.5

N xD yD
A -1 0
B 0 -1
C | predPartWidth -1
D -1 -1

Figure p-14 illustrates the relative location of the neighbouring macroblocks, blocks, or partitions A, B, C, and)D’to the
current|/macroblock, partition, or block, when the current macroblock, partition, or block is in frame coding mode.

D B C
A Current
Macroblock
or Partition
or Block

Figure 6-14 — Determination of the neighbouring macroblock, blocks, and partitions (informative)

6.4.8.1| Derivation process for neighbouring macroblocks

Outputs of this process are

- mbAddrA: the address of the macroblock-te the left of the current macroblock and its availability status and
- mbAddrB: the address of the macroblock above the current macroblock and its availability status.
mbAddrN (with N being A or B) is dériyed as follows.

- Th difference of luma location™( xD, yD ) is set according to Table 6-2.

- The derivation process. forneighbouring locations as specified in subclause 6.4.9 is invoked for luma locations with
(xN, yN) equal to (xD/yD ), and the output is assigned to mbAddrN.

6.4.8.2| Derivation,process for neighbouring 8x8 luma block
Input tq this process is an 8x8 luma block index luma8x8BlkIdx.

The lurha8%8Blkldx specifies the 8x8 luma blocks of a macroblock in a raster scan.
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Outputs of this process are

mbAddrA: either equal to CurrMbAddr or the address of the macroblock to the left of the current macroblock and its
availability status,

luma8x8BIlkIdxA: the index of the 8x8 luma block to the left of the 8x8 block with index luma8x8Blkldx and its
availability status,

mbAddrB: either equal to CurrMbAddr or the address of the macroblock above the current macroblock and its
availability status,

MbAddrN and luma8x8BIlkIdxN (with N being A or B) are derived as follows.

h.4.8.3 Derivation process for neighbouring 4x4 luma blocks
nput to this process is a 4x4 luma block index luniadx4BlkIdx.

Dutputs of this process are

mbAddrN‘and luma4x4BlkIdxN (with N being A or B) are derived as follows.

e e PP PP P .
TUIIIdO A0 DIKIUXD. UIC IMIUCX Ol UICT O0X0 1TUIlld UIUOCK dDOVC UIC O0X0 UIOCK WIUL IIUCX  TUITIdOXODIKIU and ltS
availability status.

The difference of luma location ( xD, yD ) is set according to Table 6-2.

The luma location ( XN, yN ) is specified by

xN = (luma8x8Blkldx % 2 ) * 8 + xD (6-21)

yN = (luma8x8Blkldx /2 ) * 8 + yD (6-22)
The derivation process for neighbouring locations as specified in subclause)6.4.9 is invoked for luma locatjons with
( xN, yN ) as the input and the output is assigned to mbAddrN and ( xW;, yW ).
The variable luma8x8BIkIdxN is derived as follows.

- If mbAddrN is not available, luma8x8BIlkIdxN is marked/as not available.

- Otherwise (mbAddrN is available), the 8x8 lumfasblock in the macroblock mbAddrN covering the luma
location ( xW, yW ) shall be assigned to luma8x8BlkIdxN.

mbAddrA: either equal to CurrMbAddr or the address of the macroblock to the left of the current macroblogk and its
availability status,

lumadx4BlkIdxA: the index:of the 4x4 luma block to the left of the 4x4 block with index luma4x4BlklIdix and its
availability status,

mbAddrB: either equal* to CurrMbAddr or the address of the macroblock above the current macroblock and its
availability status

luma4x4B1kIdxB: the index of the 4x4 luma block above the 4x4 block with index luma4x4BlkIdy and its
availabilitystatus.

The-difference of luma location ( xD, yD ) is set according to Table 6-2.

The inverse 4x4 luma block scanning process as specified in subclause 6.4.3 is invoked with luma4x4BIkIfix as the

input and ( x, y ) as the output.

The luma location ( XN, yN ) is specified by
xN =x+ xD (6-23)
yN=y+yD (6-24)

The derivation process for neighbouring locations as specified in subclause 6.4.9 is invoked for luma locations with
( xN, yN ) as the input and the output is assigned to mbAddrN and ( xW, yW ).

The variable luma4x4BIkIdxN is derived as follows.
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If mbAddrN is not available, luma4x4BlkIdxN is marked as not available.

Otherwise (mbAddrN is available), the 4x4 luma block in the macroblock mbAddrN covering the luma

location ( xW, yW ) shall be assigned to luma4x4BIlkIdxN.

6.4.8.4 Derivation process for neighbouring 4x4 chroma blocks

Input to this process is a 4x4 chroma block index chroma4x4BlkIdx.

Outputs of this process are

mbAdd

mh
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chi
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avd

chi
an

Th

Deg
chi
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ith ( XN, ylN.))as the input and the output is assigned to mbAddrN and ( xW, yW ).

availability status,
oma4x4BIkIdxA (the index of the 4x4 chroma block to the left of the 4x4 chroma block with-ind
oma4x4BlklIdx) and its availability status,

AddrB (either equal to CurrMbAddr or the address of the macroblock above the current macegblock) and
ilability status,

oma4x4BlkIdxB (the index of the 4x4 chroma block above the 4x4 chroma block with indéx chroma4x4BlkId
| its availability status.

rN and chroma4x4BIlkIdxN (with N being A or B) are derived as follows.
e difference of chroma location ( xD, yD ) is set according to Table 6-2.

pending on chroma_format idc, the position ( X, y ) of the upper-left sample of the 4x4 chroma block with ind

oma4x4BIkIdx is derived as follows
If chroma_format idc is equal to 1 or 2, the following applies
x = InverseRasterScan( chroma4x4Blkldx, 4, 4, 8, 0) (6-25
y = InverseRasterScan( chroma4x4Blkldx, 4,4, 8, 1) (6-26

Otherwise (chroma_format idc is equal to 3), the following applies

x = InverseRasterScan( chroma4x4Blkldx /48, 8, 16,0 ) +

InverseRasterScan( chroma4x4BIKkIdx % 4, 4, 4, 8,0) (6-27
y = InverseRasterScan( chroma4x4Blkldx / 4, 8, 8, 16, 1 ) +
InverseRasterScan( chroma4x4Blkldx % 4, 4,4, 8, 1) (6-29
e chroma location ( XN, yN Jris-specified by
xN =x+xD (6-29
yN=y+yD (6-3(

e derivation precess for neighbouring locations as specified in subclause 6.4.9 is invoked for chroma locatio

e variable chroma4x4BlkIdxN is derived as follows.

EX

ts

X

1S

If mbAddrN is not available, chroma4x4BIkIdxN is marked as not available.

Otherwise (mbAddrN is available), the 4x4 chroma block in the macroblock mbAddrN covering the chroma

location ( xW, yW ) is assigned to chroma4x4BIkIdxN.

6.4.8.5 Derivation process for neighbouring partitions

Inputs to this process are

28

a macroblock partition index mbPartldx

ac

urrent sub-macroblock type currSubMbType

a sub-macroblock partition index subMbPartldx
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Outputs of this process are

mbAddrA\mbPartldxA\subMbPartldxA: specifying the macroblock or sub-macroblock partition to the left of the
current macroblock and its availability status, or the sub-macroblock partition
CurrMbAddr\mbPartldx\subMbPartldx and its availability status,

mbAddrB\mbPartldxB\subMbPartldxB: specifying the macroblock or sub-macroblock partition above the current
macroblock and its availability status, or the sub-macroblock partition CurrMbAddr\mbPartldx\subMbPartldx and its
availability status,

mbAddrC\mbPartldxC\subMbPartldxC: specifying the macroblock or sub-macroblock partition to the right-above of

MbAddrN, mbPartldxN, and subMbPartldx (with N being A, B, C, or D) are derived as follows.

the current  macroblock  and  1ts _ availability  status, _ or _ the  sub-macroblock , |partition
CurrMbAddr\mbPartldx\subMbPartldx and its availability status,

mbAddrD\mbPartldxD\subMbPartldxD: specifying the macroblock or sub-macroblock partition to‘the left{above of
the  current  macroblock and its  availability = status, or the  sub-macroblock [partition
CurrMbAddr\mbPartldx\subMbPartldx and its availability status.

The inverse macroblock partition scanning process as described in subclause 6.4.2.1%s invoked with mbPartldx as
the input and ( x, y ) as the output.

The location of the upper-left luma sample inside a macroblock partition ( xS;.3S ) is derived as follows.

— If mb_type is equal to P_8x8, P 8x8ref0 or B_8x8, the inverse sub-macroblock partition scanning pfocess as
described in subclause 6.4.2.2 is invoked with subMbPartldx as the’input and ( xS, yS ) as the output.

— Otherwise, ( xS, yS)are setto (0, 0).
The variable predPartWidth in Table 6-2 is specified as follows
— Ifmb_type is equal to P_Skip, B_Skip, or B_Direct 16x16, predPartWidth = 16.
— Otherwise, if mb_type is equal to B_8x8, the following applies.
— If currSubMbType is equal to B_Direct 8x8y predPartWidth = 16.

NOTE — When currSubMbType is equal\to B_Direct 8x8 and direct_spatial mv_pred_flag is equal to 1, the] predicted
motion vector is the predicted motionvector for the complete macroblock.

— Otherwise, predPartWidth = SubMbPartWidth( sub_mb_type[ mbPartldx ] ).

— Otherwise, if mb jtype is equal to P _8x8 or P | 8x8refl,
predPartWidth = SubMbPartWidth( sub_mb_type[ mbPartldx ] ).

— Otherwise, predPartWidth = MbPartWidth( mb_type ).
The difference of luma location ( xD, yD ) is set according to Table 6-2.
The neighbouring‘tima location ( XN, yN ) is specified by

xN = x + XSy+xD (6-31)

yN =¥+ yS + yD (6-32)

The-derivation process for neighbouring locations as specified in subclause 6.4.9 is invoked for luma locatjons with
("xN, yN ) as the input and the output is assigned to mbAddrN and ( xW, yW ).

Depending on mbAddrN, the following applies.

- If mbAddrN is not available, the macroblock or sub-macroblock partition
mbAddrN\mbPartIdxN\subMbPartIdxN is marked as not available.

- Otherwise (mbAddrN is available), the following applies.

- The macroblock partition in the macroblock mbAddrN covering the luma location ( xW, yW ) shall be
assigned to mbPartldxN and the sub-macroblock partition inside the macroblock partition mbPartldxN
covering the sample ( xW, yW ) in the macroblock mbAddrN shall be assigned to subMbPartIdxN.

- When the partition given by mbPartldxN and subMbPartIdxN is not yet decoded, the macroblock partition
mbPartIdxN and the sub-macroblock partition subMbPartldxN are marked as not available.
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6.4.9

NOTE - The latter condition is, for example, the case when mbPartldx = 2, subMbPartldx = 3, xD =4, yD = -1, i.e., when

neighbour C of the last 4x4 luma block of the third sub-macroblock is requested.

Derivation process for neighbouring locations

Input to this process is a luma or chroma location ( XN, yN ) expressed relative to the upper left corner of the current

macrob

lock

Outputs of this process are

- mbAddrN: either equal to CurrMbAddr or to the address of neighbouring macroblock that contains (xN, yN) and its

il aladide s cdot
avaraotty-status;

- (X
th

Let maxW and maxH be variables specifying maximum values of the location components xN, xW,rand yN, yV
respectfvely. maxW and maxH are derived as follows.

, YW ): the location (xN, yN) expressed relative to the upper-left corner of the macroblock mbAddriN.(rath|
relative to the upper-left corner of the current macroblock).

- Ifthis process is invoked for neighbouring luma locations,
maxW = maxH = 16 (6-33)
- Otherwise (this process is invoked for neighbouring chroma locations),
maxW = MbWidthC (6-34)
maxH = MbHeightC (6-39)
Depending on the variable MbaffFrameFlag, the neighbouring locations are derived as follows.
- If MbaffFrameFlag is equal to 0, the specification for neighbouring locations in fields and non-MBAFF frames ps
degcribed in subclause 6.4.9.1 is applied.
- Otherwise (MbaffFrameFlag is equal to 1), the specification for neighbouring locations in MBAFF frames ps

de

6.4.9.1
The spq

The de
mbAdd

Table §

cribed in subclause 6.4.9.2 is applied.

Specification for neighbouring locations in fields and non-MBAFF frames
cifications in this subclause are applied\when MbaffFrameFlag is equal to 0.

fivation process for neighbouring, macroblock addresses and their availability in subclause 6.4.6 is invoked wi
rA, mbAddrB, mbAddrC, and nibAddrD as well as their availability status as the output.

-3 specifies mbAddrN depending on ( XN, yN ).

Table 6-3 — Specification of mbAddrN

th

xN yN mbAddrN

<0 <0 mbAddrD

<0 0. maxH-1 mbAddrA

0 .. maxW -1 <0 mbAddrB

0..maxW -1 0. maxH-1 CurrMbAddr

> maxW - 1 <0 mbAddrC

> maxW - 1 0. maxH-1 not available
>maxH - 1 not available

30
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The neighbouring location ( xW, yW ) relative to the upper-left corner of the macroblock mbAddrN is derived as

xW = (xN + maxW ) % maxW (6-36)
yW = ( yN + maxH ) % maxH (6-37)

6.4.9.2 Specification for neighbouring locations in MBAFF frames

The specifications in this subclause are applied when MbaffFrameFlag is equal to 1.

gked with

nbAdrA, bdrB Addr, d mAder as well s ti avalability statu as the utut. -
[able 6-4 specifies the macroblock addresses mbAddrN and yM in two ordered steps:
[. Specification of a macroblock address mbAddrX depending on ( xN, yN ) and the following vaniables:
- The variable currMbFrameFlag is derived as follows.

- If the macroblock with address CurrMbAddr is a frame macroblock, currMbFrameFlag is set equaljto 1,

- Otherwise (the macroblock with address CurrMbAddr is a field macroblock), currMbFrameFlag is[set equal
to 0.

- The variable mbIsTopMbFlag is derived as follows.

- If the macroblock with address CurrMbAddr is a top macrtoblock (CurrMbAddr % 2 is eqgal to 0),
mblsTopMbFlag is set equal to 1;

- Otherwise (the macroblock with address CurrMbAddp is’a bottom macroblock, CurrMbAddr % 3 is equal
to 1), mbIsTopMbFlag is set equal to 0.

P.  Depending on the availability of mbAddrX, the following applies.
- If mbAddrX is not available, mbAddrN is marked as not available.

- Otherwise (mbAddrX is available), mbAddrN is marked as available and Table 6-4 specifies mbAddrN and yM
depending on ( XN, yN ), currMbFrameFlag, mblsTopMbFlag, and the variable mbAddrXFrameFlag,|which is
derived as follows.

- If the macroblock mbAddrX.s-a frame macroblock, mbAddrXFrameFlag is set equal to 1,
- Otherwise (the macrobleck mbAddrX is a field macroblock), mbAddrXFrameFlag is set equal to 0.

Unspecified values (na) of the above flags in Table 6-4 indicate that the value of the corresponding flag is not relevant for
he current table rows.
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Table 6-4 - Specification of mbAddrN and yM

g =
= o 5 £
S =
HE :|E
s = S
HE E z
2| 9 =
ST = = = =
N ., |E|E| % |32 i 2 =
= > g|E = g k= £ >
1 |mbAddrD mbAddrD+1 |yN
1 mbAddrA yN
0 0 Lo [mbAddra 0 mbAddrA+1 [(yN +maxH )>> 1
< < 1 mbAddrD + 1  [2*yN
o || [mAdD mbAddD  |yN
0 |mbAddrD mbAddrD + I/, {yN
1 mbAddrA yN
1 |mbAddrA 0 yN %2 == mbAddrA: yN >> 1
yN%2!1=0 mbAddrA +1 [yN>>1
1 1 mbAddrA + 1 |[yN
0 |mbAddrA yN %2 == mbAddrA (yN + maxH ) >> 1
0 [yN%21=0 mbAddrA + 1 |( yN + maxH ) >> |
<0 0. maxH -1 | N < (maxH72) |mbAddrA yN <<1
1 |mbAddrA yN >= (maxH /2 )|mbAddrA + 1 |(yN <<1) - maxH
0 mbAddrA yN
0 yN'=(maxH/2) |mbAddrA (yN<<1)+1
0 |mbAddrA |l [yN>=(maxH/2)[mbAddrA +1 [(yN<<I )+ 1—maxH
0 mbAddrA+1 |yN
1 |mbAddrB mbAddrB+1 |yN
1 1o [CurrMbAddr CurrMbAddr - 1|yN
tnaxW — 1l< mbAddrB+1 |2 *yN
0.. paxW —11<0 . 1 |mbAddrB W N
0( JmbAddrB mbAddrB+1 |yN
0 .. maxW —1{0 .. maxH - 1 CurrMbAddr CurrMbAddr  [yN
1 |mbAddrC mbAddrC+1 |yN
1 10" [not available not available  |na
>mhxW -1 |< mbAddrC+1 (2 *yN
I =0 . 1 {mbAddrC AGdC N
0 |mbAddrC mbAddrC+1 |yN
> mpxW = I510 .. maxH - 1 not available not available  |na
>maxH - 1 not available not available  |na

The neighbouring luma location ( xW, yW ) relative to the upper-left corner of the macroblock mbAddrN is derived as
xW = (xN + maxW ) % maxW (6-38)

yW = ( yM + maxH ) % maxH (6-39)
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7 Syntax and semantics

7.1 Method of describing syntax in tabular form

The syntax tables describe a superset of the syntax of all allowed input bitstreams. Additional constraints on the syntax
may be specified in other clauses.

NOTE - An actual decoder should implement means for identifying entry points into the bitstream and to identify and handle non-
conforming bitstreams. The methods for identifying and handling errors and other such situations are not described here.

The following table lists examples of pseudo code used to describe the syntax. When syntax_element appears, it specifies
hat a syntax element is parsed irom the bitstream and the bitstream pointer 1s advanced to the next position,bgyond the
yntax element in the bitstream parsing process.
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C | Descriptor

/* A statement can be a syntax element with an associated syntax category and
descriptor or can be an expression used to specify conditions for the existence,
type, and quantity of syntax elements, as in the following two examples */

syntax_element 3 | ue(v)

conditioning statement

/* A group of statements enclosed in curly brackets is a compound statement and
is-treated-funetionathy-as-a-sinsle-staternent—:
{

statement

statement

/* A “while” structure specifies a test of whether a condition is true, and if true,
specifies evaluation of a statement (or compound statement) repeatedly until the
condition is no longer true */

while( condition )

statement

/* A “do ... while” structure specifies evaluation of a statementonee, followed by
a test of whether a condition is true, and if true, specifies repeated evaluation of
the statement until the condition is no longer true */

do

statement

while( condition )

/* An “if ... else” structure specifies a test of whether a condition is true, and if
the condition is true, specifies evaluationyof a primary statement, otherwise,
specifies evaluation of an alternative statement. The “else” part of the structure
and the associated alternative statement is omitted if no alternative statement
evaluation is needed */

if( condition )

primary statement

else

alternative stat€ment

/* A “for® structure specifies evaluation of an initial statement, followed by a test
of a eendition, and if the condition is true, specifies repeated evaluation of a
primary statement followed by a subsequent statement until the condition is no
loniger true. */

VAW AR PO TP | e aaditi o, o ag aat ctot 4+ )
O tTRT-STatCR R - CoORGHO SHOSCquCHTStatCmct

primary statement

7.2 Specification of syntax functions, categories, and descriptors

The functions presented here are used in the syntactical description. These functions assume the existence of a bitstream
pointer with an indication of the position of the next bit to be read by the decoding process from the bitstream.
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byte aligned( ) is specified as follows.

- If the current position in the bitstream is on a byte boundary, i.e., the next bit in the bitstream is the first bit in a

byte, the return value of byte aligned( ) is equal to TRUE.
- Otherwise, the return value of byte aligned( ) is equal to FALSE.

more_data_in_byte stream( ), which is used only in the byte stream NAL unit syntax structure specified in Annex B, is

specified as follows.

- If more data follow in the byte stream, the return value of more data_in_byte stream( ) is equal to TRUE.

- Otherwise, the return value of more data in byte stream( ) is equal to FALSE.
more_rbsp_data( ) is specified as follows.

- If there is more data in an RBSP before rbsp_trailing bits( ), the return value of more rbsp._data( ) is
TRUE.

- Otherwise, the return value of more_rbsp_data( ) is equal to FALSE.

The method for enabling determination of whether there is more data in the RBSP is specified by the applig
in Annex B for applications that use the byte stream format).

more_rbsp_trailing_data( ) is specified as follows.
- Ifthere is more data in an RBSP, the return value of more rbsp_trailing” data( ) is equal to TRUE.
- Otherwise, the return value of more rbsp_trailing data( ) is equal'to FALSE.

next bits( n) provides the next bits in the bitstream for comparisen‘\purposes, without advancing the bitstrean
Provides a look at the next n bits in the bitstream with n being its argument. When used within the byte s
pecified in Annex B, next_bits( n ) returns a value of 0 if fewer than n bits remain within the byte stream.

read bits( n ) reads the next n bits from the bitstream and advances the bitstream pointer by n bit positions. W
pqual to 0, read_bits( n ) is specified to return a value equal to 0 and to not advance the bitstream pointer.

Categories (labelled in the table as C) specify thepartitioning of slice data into at most three slice data partitio
Jata partition A contains all syntax elements-of category 2. Slice data partition B contains all syntax ele
category 3. Slice data partition C contains all syntax elements of category 4. The meaning of other category val
pecified. For some syntax elements, two ,category values, separated by a vertical bar, are used. In these g
category value to be applied is furthen’Specified in the text. For syntax structures used within other syntax struc
categories of all syntax elements found within the included syntax structure are listed, separated by a vertic
byntax element or syntax structuge\with category marked as "All" is present within all syntax structures that ing
syntax element or syntax structure. For syntax structures used within other syntax structures, a numeric categ
provided in a syntax table at.the location of the inclusion of a syntax structure containing a syntax element with
fnarked as "All" is considered to apply to the syntax elements with category "All".

[he following descfiptors specify the parsing process of each syntax element. For some syntax elements, two de
separated by a yvertical bar, are used. In these cases, the left descriptors apply when entropy coding mode_flag
o 0 and the right descriptor applies when entropy coding_mode flag is equal to 1.

- _ag(y): context-adaptive arithmetic entropy-coded syntax element. The parsing process for this des
specified in subclause 9.3.

»  b(8): byte having any pattern of bit string (8 bits). The parsing process for this descriptor is specifig

equal to

ation (or

pointer.
tream as

Vhen n is

hs. Slice
ments of
ies is not
ases, the
ures, the
il bar. A
lude that
ry value
category

scriptors,
is equal

riptor is

d by the

return valuc of the Tunction read_Dbi1ts( & ).

- ce(v): context-adaptive variable-length entropy-coded syntax element with the left bit first. The parsing process

for this descriptor is specified in subclause 9.2.

- f(n): fixed-pattern bit string using n bits written (from left to right) with the left bit first. The parsing pr
this descriptor is specified by the return value of the function read bits( n ).

nen

ocess for

- i(n): signed integer using n bits. When n is "v" in the syntax table, the number of bits varies in a manner
dependent on the value of other syntax elements. The parsing process for this descriptor is specified by the
return value of the function read bits( n) interpreted as a two’s complement integer representation with most

significant bit written first.
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7.3

7.3.1

36

me(v): mapped Exp-Golomb-coded syntax element with the left bit first. The parsing process for this descriptor
is specified in subclause 9.1.

se(v): signed integer Exp-Golomb-coded syntax element with the left bit first. The parsing process for this
descriptor is specified in subclause 9.1.

te(v): truncated Exp-Golomb-coded syntax element with left bit first. The parsing process for this descriptor is
specified in subclause 9.1.

u(n): unsigned integer using n bits. When n is "v" in the syntax table, the number of bits varies in a manner
dependent on the value of other syntax elements. The parsing process for this descriptor is specified by the

return value of the function read bits( n ) interpreted as a binary representation of an unsigned integer with mdst
significant bit written first.

ue(v): unsigned integer Exp-Golomb-coded syntax element with the left bit first. The parsing process/for tHis
descriptor is specified in subclause 9.1.

Syntax in tabular form

NAL unit syntax

nal_unit( NumBytesInNALunit ) { C | Descriptor
forbidden_zero_bit All | f(1)
nal_ref_idc All | u(2)
nal_unit_type All | u(d)

NumBytesInRBSP = 0

for(i=1; 1 <NumBytesInNALunit; i++ ) {

if( 1+ 2 <NumBytesInNALunit && next_bits( 24-)&= = 0x000003 ) {

rbsp_byte[ NumBytesInRBSP++ | All | b(8)

rbsp_byte[ NumBytesInRBSP++ | All | b(8)

it=2

emulation_prevention_three_byte /* equal to 0x03 */ All | f(8)
} else

rbsp_byte[ NumBytesInRBSP++ | All | b(8)
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seq_parameter_set_rbsp( ) { C | Descriptor
profile_idc 0 [ u®
constraint_set0_flag 0 | ul)
constraint_setl flag 0 [ ul)
constraint_set2_flag 0 [ u(l)
constraint_set3 flag 0 | ul)
reserved_zero_4bits /* equal to 0 */ 0 | u4)
level idc 0 | u®
seq_parameter_set_id O Pue(v)
if( profile idc == 100 || profile idc == 110 ||
profile idc == 122 || profile idc == 144) {
chroma_format_idc 0 | ue(v)
if( chroma_format_idc == 3)
residual_colour_transform_flag 0 [ ul)
bit_depth_luma_minus8 0 | ue(v)
bit_depth_chroma_minus8 0 | ue(v)
qpprime_y_zero_transform_bypass_flag 0 | ul)
seq_scaling_matrix_present_flag 0 [ ul)
if( seq_scaling_matrix_present flag)
for(1=0;1<8;it++) {
seq_scaling_list present flag| i] 0 | ul)
if( seq_scaling_list present flag[i])
if(i<6)
scaling_list( ScalingList4x4[ 1], 16, 0
UseDefaultScalingMatrix4x4Flag[ i ])
else
scaling-list( ScalingList8x8[ i — 6 ], 64, 0
UseDefaultScalingMatrix8x8Flag[ i— 6 ] )
H
i
log2 max_frame num_minus4 ue(v)
pic/order_cnt_type ue(v)
if( pic_order cnt type == 0)
log2_max_pic_order_cnt_Isb_minus4 0 | ue(v)
else if( pic_order cnt type == 1) {
delta—pie—order—always—zere_flag O—uth
offset_for non_ref pic 0 | se(v)
offset_for top_to_bottom_field 0 | se(v)
num_ref frames in_pic_order_cnt_cycle 0 | ue(v)
for(i=0;1i<num_ref frames in pic order cnt cycle;i++ )
offset_for_ref frame|i|] 0 | se(v)
H
num_ref frames ue(v)
gaps_in_frame_num_value_allowed_flag u(l)
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pic_width_in_mbs_minusl 0 | ue(v)
pic_height_in_map_units minusl 0 | ue(v)
frame_mbs_only_flag 0 | ul)
if( frame mbs_only flag)
mb_adaptive frame_field_flag 0 | ul)
direct_8x8 inference_flag 0 [ u)
frame_cropping_flag 0 | ul)
Hfframe—ecroppinag—Haa)-{
frame_crop_left offset 0 | ue(v)
frame_crop_right offset 0 | ue(v)
frame_crop_top_offset 0 | ue(v)
frame_crop_bottom_offset 0 | ue(v)
H
vui_parameters_present_flag 0 NJu(l)
if( vui_parameters_present flag)
vui_parameters( )
rbsp_trailing_bits( )
}

1 Scaling list syntax

scaling_list( scalingList, sizeOfScalingList, useDefaultScalingMatrixFlag ) {

C | Descriptor

lastScale = 8

nextScale = 8

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

if( nextScale !=0) {

delta_scale

0|1 | se(v)

nextScale = (' lastScale # delta_scale + 256 ) % 256

useDefaultScalingMatrixFlag = (j == 0 && nextScale == 0)

}

scalingList[ j J=nextScale == 0) ? lastScale : nextScale

lastScale =&calingList[ j ]
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seq_parameter set extension rbsp( ) { C Descriptor
seq_parameter_set_id 10 | ue(v)
aux_format_idc 10 | ue(v)
if( aux_format idc != 0) {
bit_depth_aux_minus8 10 | ue(v)
alpha_iner—{lag TN BT
alpha_opaque_value 10 | u(v)
alpha_transparent_value 10 | u(v)
}
additional_extension_flag 10 GAvu(l)
rbsp_trailing_bits() 10
H
7.3.2.2 Picture parameter set RBSP syntax
pic_parameter_set rbsp( ) { C | Descriptor
pic_parameter_set_id 1 | ue(v)
seq_parameter_set_id 1 | ue(v)
entropy_coding_mode_flag 1 | ul)
pic_order_present_flag 1 | u(l)
num_slice_groups_minusl 1 | ue(v)
if( num_slice_groups_minusl >0) {
slice_group_map_type 1 | ue(v)
if( slice_group_map type == 0)
for( iGroup = 0; iGrOup'<= num_slice_groups_minus1; iGroup++ )
run_length minus1|[ iGroup | 1 | ue(v)
else if( slice_group map type == 2)
for( iGroup-= 0; iGroup < num_slice groups_minusl; iGroup++) {
top-left[ iGroup | 1 | ue(v)
bottom_right[ iGroup | 1 | ue(v)
¥
else if( slice group map type == 3 ||
slice_group_map _type == 4 ||
slice_group map type == 5) {
slice_group_change_direction_flag 1 | ul)
stice_group clange Tate_minmust ety
} else if( slice_group map type == 6) {
pic_size_in_map_units_minusl 1 | ue(v)
for(1=0;1<=pic_size in_map units_minusl; i++)
slice_group_id[ 1| 1| uv)
H
}
num_ref idx_10_active_minusl 1 | ue(v)
num_ref idx_I1_active_minusl 1 | ue(v)
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weighted_pred_flag 1| uwl)
weighted_bipred_idc 1 | u®?)
pic_init_qp_minus26 /* relative to 26 */ 1 | se(v)
pic_init_qs_minus26 /* relative to 26 */ 1 | se(v)
chroma_qp_index_offset 1 | se(v)
deblocking_filter control_present_flag 1 | u(l)
constrained_intra_pred_flag 1 | ul)
Fedundant—pie—ent—present—fag ——uch
if( more_rbsp data()) {

transform_8x8 mode_flag 1 | u(l)

pic_scaling_matrix_present_flag 1 | ul)

if( pic_scaling matrix_present flag)

for(i=0;1<6 + 2* transform_8x8 mode flag; i++) {
pic_scaling_list_present_flag| i ] 1™ (1)
if( pic_scaling_list present flag[i])
if(1i<6)
scaling_list( ScalingList4x4[ 1], 16, 1
UseDefaultScalingMatrix4x4Flag[i])
else
scaling_list( ScalingList8x8[ i—6 ], 64, 1
UseDefaultScalingMatrix8x8Flag[‘i- 6 ] )
H

second_chroma_qp_index_offset 1 | se(v)
H
rbsp_trailing bits( ) 1

H

Supplemental enhancement information RBSP syntax

sei_rbsp() {

C | Descriptor

do

sei_message( ) 5
while( moretbsp data( ) )
rbsp_trailing“bits( ) 5
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sei_message( ) { C | Descriptor
payloadType =0
while( next_bits( 8 ) == 0xFF) {
ff_byte /* equal to OxFF */ 5 f(8)
payloadType += 255
7
last_payload_type byte 5 u(8)
payloadType += last_payload type byte
payloadSize =0
while( next_bits( 8 ) == OxFF) {
ff_byte /* equal to OxFF */ S f(8)
payloadSize += 255
}
last_payload_size byte 5 u(8)
payloadSize += last_payload_size byte
sei_payload( payloadType, payloadSize ) 5
H
[.3.2.4 Access unit delimiter RBSP syntax
access_unit_delimiter_rbsp( ) { C | Descriptor
primary_pic_type 6 | u@®3)
rbsp_trailing bits( ) 6
H
[.3.2.5 End of sequence RBSP-syntax
end of seq s#bsp() { C | Descriptor
H
/.3.2.6 _“End of stream RBSP syntax
end of stream rbsp() { C | Descriptor

}
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Filler data RBSP syntax

filler_data_rbsp() {

C | Descriptor

while( next_bits( 8 ) == OxFF)

ff_byte /* equal to OxFF */

9 [ f(8)

rbsp_trailing_bits( )

Slice layer without partitioning RBSP syntax

slice layer without partitioning_rbsp( ) {

C Deseriptor

slice_header( ) 2
slice_data( ) /* all categories of slice data( ) syntax */ 2134
rbsp_slice trailing bits( ) 2

1

Slice data partition RBSP syntax

Slice data partition A RBSP syntax

slice_data_partition_a layer rbsp() {

C | Descriptor

slice_header( ) 2
slice_id All | ue(v)
slice_data( ) /* only category 2 parts of slice\data( ) syntax */ 2
rbsp_slice_trailing_bits( ) 2

}

2 Slice data partition B RBSP)syntax

slice_data_partitionCb,tayer rbsp( ) { C | Descriptor
slice_id All | ue(v)
if( redundant“pic_cnt present flag )

redundant_pic_cnt All | ue(v)

slice~data( ) /* only category 3 parts of slice_data( ) syntax */ 3
rbsp_slice trailing bits( ) 3

4
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7.3.2.9.3 Slice data partition C RBSP syntax
slice_data_partition c layer rbsp() { C | Descriptor
slice_id All | ue(v)
if( redundant_pic_cnt present flag)
redundant_pic_cnt All | ue(v)
slice_data( ) /* only category 4 parts of slice_data( ) syntax */ 4
rbsp—slice—trailing bits() 4
i
7.3.2.10 RBSP slice trailing bits syntax
tbsp_slice_trailing bits( ) { C | Descriptor
rbsp_trailing_bits( ) All
if( entropy_coding_mode flag )
while( more rbsp_trailing_data( ) )
cabac_zero_word /* equal to 0x0000 */ All | f(16)
i
7.3.2.11 RBSP trailing bits syntax
rbsp_trailing_bits( ) { C | Descriptor
rbsp_stop_one_bit /* equal to 1 */ All | f(1)
while( !byte aligned( ) )
rbsp_alignment_zero_bit /*equal to 0 */ All | f(1)
H
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Slice header syntax

slice_header( ) { C | Descriptor
first_ mb_in_slice 2 | ue(v)
slice_type 2 | ue(v)
pic_parameter_set_id 2 | ue(v)
frame_num 2 u(v)
if(Lframe—mbs—only flag ) |
field_pic_flag 2 u(l)
if( field pic_flag)
bottom_field_flag 2 u(l)
}
if( nal_unit type == 5)
idr_pic_id 2 N ue(v)
if( pic_order_cnt _type == 0) {
pic_order_cnt_Isb 2 | uv)
if( pic_order present flag && !field pic flag)
delta_pic_order_cnt_bottom 2 | se(v)
}
if( pic_order _cnt_type == 1 && !delta_pic_order always zero “Mlag) {
delta_pic_order_cnt[ 0 ] 2 se(v)
if( pic_order present flag && !field pic flag)
delta_pic_order_cnt[ 1 ] 2 se(v)
}
if( redundant_pic_cnt present flag)
redundant_pic_cnt 2 | ue(v)
if( slice_type == B)
direct_spatial mv_pred_flag 2 | u(l)
if( slice_type ==P || slice _type’== SP || slice type==B) {
num_ref_idx_active ‘override_flag 2 | u(l)
if( num_ref idx active_override flag) {
num_ref idx,10 active_minusl 2 | ue(v)
if( slice_type == B)
num ref idx_I1_active_minusl 2 | ue(v)
}
}
tef pic_list reordering( ) 2
i (weiohted pred flac && (slice tyne==P || glice tyne==SP ) ||
\(\ weighted:giprea_igc == \1 && ;lrice_type = B )_)Jr T
pred_weight table( ) 2
if( nal ref idc!=0)
dec ref pic_marking( ) 2
if( entropy_coding mode flag && slice type != I && slice type != SI)
cabac_init_idc 2 | ue(v)
slice_qp_delta 2 | se(v)
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if( slice type == SP || slice type == SI) {
if( slice_type == SP)
sp_for_switch_flag u(l)
slice_qs_delta se(v)
}
if( deblocking_filter control present flag) {
disable_deblocking_filter_idc 2 | ue(v)
Hidisable—deblockine fter ide 11— 131
slice_alpha_c0_offset_div2 se(v)
slice_beta_offset _div2 se(V)
}
}
if( num_slice_groups_minusl >0 &&
slice group map type >=3 && slice group map type <=5)
slice_group_change_cycle 2 | uv)
}

7.3.3.1 Reference picture list reordering syntax

ref pic_list_reordering( ) { C | Descriptor
if( slice_type != I && slice type != SI) {
ref _pic_list reordering_flag 10 2 | u)
if( ref pic_list_reordering_flag 10 )
do {
reordering of pic_nums idc 2 | ue(v)
if( reordering_of pic nums idc == 0 ||
reordering of pioinums idc == 1)
abs_diff pic_hum_minusl 2 | ue(v)
else if( reordéring of pic nums idc == 2)
long_term pic_num 2 | ue(v)
} while(reotdering of pic nums idc != 3)
}
if( sliceZtype == B) {
ref pic_list reordering_flag 11 2 u(l)
if( ref pic_list reordering flag 11)
do {
reordering of pic_nums_idc 2 | ue(v)
if( reordering of pic nums ide == Q ||
\reordering:of__;ic:nums:idc == 1 )‘ |
abs_diff pic_num_minusl 2 | ue(v)
else if( reordering of pic nums idc == 2)
long_term_pic_num 2 | ue(v)
} while( reordering_of pic nums idc != 3)
H
}
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7.3.3.2 Prediction weight table syntax

pred_weight table( ) { Descriptor
luma_log2 weight_denom 2 | ue(v)
if( chroma format idc != 0)
chroma_log2 weight_denom 2 | ue(v)
for(1=0;1<=num ref idx 10 active minusl;i++) {
luma_weight 10 flag 2 | u(l)
if( luma_weight 10 flag) {
luma_weight 10[ i ] se(v)
luma_offset _10[ 1] se(v)
}
if (chroma format idec != 0) {
chroma_weight 10 flag 2 u(D)
if( chroma_weight 10 flag)
for(j=0;j<2;j++){
chroma_weight 10[i][j ] se(v)
chroma_offset 10[i][]] se(v)
§
H
}
if( slice_type == B)
for(1=0; 1 <=num_ref idx 11 _active minusl; i+’ {
luma_weight 11 _flag 2 | u(l)
if( luma_weight 11 _flag) {
luma_weight 11 1] 2 | se(v)
luma_offset 11]1] 2 | se(v)
H
if( chroma_format idc != 0) {
chroma_weight A flag 2 | u(l)
if( chroma_weight 11_flag)
for(j =0, )<2;j++) {
chroma_weight I11[i][j] se(v)
chroma_offset 11[i][j] se(v)
i
3
h
¥
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dec_ref pic_marking( ) { C | Descriptor
if( nal_unit_type == 5) {
no_output_of _prior_pics_flag 215 {ul)
long_term_reference flag 215 | u(l)
} else {
asbapis s pis e e o i
if( adaptive ref pic_marking mode flag)
do {
memory_management_control_operation 215 | ue(¥)
if( memory management control _operation == 1 ||
memory _management control operation == 3)
difference_of pic_nums_minusl 2715 | ue(v)
if(memory management control operation == 2 )
long_term_pic_num 2|5 | ue(v)
if( memory management control operation == 3 ||
memory_management control operation == 6)
long_term_frame idx 215 | ue(v)
if( memory management control operation ==-%)
max_long_term_frame idx_plusl 215 | ue(v)
} while( memory management control operation != 0)
i
H
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7.3.4  Slice data syntax

slice_data() { C Descriptor

if( entropy_coding_mode flag )
while( !byte aligned( ) )
cabac_alignment_one_bit 2 f(1)
CurrMbAddr = first mb_in_slice * ( 1 + MbaftfFrameFlag )
moreDataFlag =
prevMbSkipped = 0
do {
if( slice type != I && slice type != SI)

if( lentropy_coding_mode flag) {

mb_skip_run 2 ue(y)
prevMbSkipped = ( mb_skip run>0)
for( i=0; i<mb_skip run; i++)
CurrMbAddr = NextMbAddress( CurrMbAddr )
moreDataFlag = more_rbsp_data( )
}else {
mb_skip_flag 2 ae(v)

moreDataFlag = !mb_skip flag
H
if( moreDataFlag ) {

if( MbaffFrameFlag && ( CurrMbAddr % 2 == 0 ||
( CurrMbAddr % 2 == 1 && prevMbSkipped ) ))
mb_field_decoding flag 2 u(l) | ae(v)
macroblock layer( ) 2|13|4

i
if( lentropy_coding_mode_flag)

moreDataFlag = more_rbsp data()

else {
if( slice_type !=(I && slice type != SI)
prevMbSkipped = mb_skip flag
if( MbaffframeFlag && CurrMbAddr %2 == 0)
mofteDataFlag = 1

else~{

end_of slice _flag 2 ae(v)

moreDataFlag = lend of slice flag

H
CurrMbAddr = NextMbAddress( CurrMbAddr )

} while( moreDataFlag )
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7.3.5 Macroblock layer syntax
macroblock layer( ) { C | Descriptor
mb_type 2 ue(v) | ae(v)
ifl mb_type == 1 PCM) {
while( !byte aligned( ) )
pem_alignment_zero_bit 2 f(1)
for(i=0;i<256; it
pcm_sample lumal i | 2 u(v)
for(i=0;1<2 * MbWidthC * MbHeightC; i++)
pcm_sample_chromal i | 2 u(wv),
} else {
noSubMbPartSizeLessThan8x8Flag = 1
if( mb_type != 1 NxN &&
MbPartPredMode( mb_type, 0) != Intra 16x16 &&
NumMbPart( mb _type) == 4) {
sub_mb_pred( mb_type ) 2
for( mbPartldx = 0; mbPartldx < 4; mbPartldx++ )
if( sub_mb_type[ mbPartldx ] = B_Direct 8x8) {
if NumSubMbPart( sub_mb_type[ mbPartldx{). > 1)
noSubMbPartSizeLessThan8x8Flag = 0
} else if( !direct 8x8 inference flag)
noSubMbPartSizeLessThan8x8Flag®)0
}else {
if( transform 8x8 mode flag && mb type == I NxN)
transform_size 8x8 flag u(l) | ae(v)
mb_pred( mb_type )
}
if( MbPartPredMode( mb_type, 0) != Intra 16x16) {
coded_block_pattern 2 me(v) | ae(v)
if( CodedBloekPatternLuma > 0 &&
transform 8x8 mode flag && mb type != I NxN &&
noSubMbPartSizeLessThan8x8Flag &&
(mb type != B Direct 16x16 || direct 8x8 inference flag))
transform_size 8x8 flag 2 u(l) | ae(v)
h
if( CodedBlockPatternLuma > 0 || CodedBlockPatternChroma >0 | |
MbPartPredMode( mb type, 0) == Intra 16x16) {
mb_qp_delta 2 se(v) | ae(v)
rpcidnnl{) 3 14
H
}
H
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Macroblock prediction syntax

mb_pred( mb_type) {

C | Descriptor

if( MbPartPredMode( mb_type, 0 ) == Intra 4x4 ||
MbPartPredMode( mb_type, 0 ) == Intra 8x8 ||
MbPartPredMode( mb_type, 0) == Intra 16x16) {

if( MbPartPredMode( mb_type, 0 ) == Intra 4x4)

for( luma4x4Blkldx=0; luma4x4BlkIldx<16; luma4x4BlkIdx++ ) {

prev_intradx4_pred_mode_flag| lumadx4BIKIAX |

Z W) ae(v)

if( !prev_intra4x4 pred mode flag[ luma4x4Blkldx ] )

rem_intrad4x4 pred_mode[ luma4x4BlkIdx |

2 | u@3)|ae(v)

}

if( MbPartPredMode( mb_type, 0 ) == Intra_8x8)

for( luma8x8Blkldx=0; luma8x8Blkldx<4; luma8x8BlkIdx++ ) {

prev_intra8x8 pred _mode flag| luma8x8BIkIdx |

2 [Ma(l) | ae(v)

if( !prev_intra8x8 pred mode flag[ luma8x8BlkIdx ] )

rem_intra8x8 pred_mode| luma8x8BlkIdx ]

2 | u@)|ae(v)

}

if( chroma_format idc != 0)

intra_chroma_pred_mode

2 | ue(v)|ae(v)

} else if( MbPartPredMode( mb_type, 0 ) != Direct) {

for( mbPartldx = 0; mbPartldx < NumMbPart( mb_type));smbPartldx-++)

if( (num_ref idx 10 active minusl >0 ||
mb_field decoding flag ) &&
MbPartPredMode( mb_type, mbPartldx )\!= Pred L1)

ref_idx_l10[ mbPartldx |

2 | te(v) | ae(v)

for( mbPartldx = 0; mbPartldx < NumMbPart( mb_type ); mbPartldx++)

if( (num_ref idx 11 active minusl*> 0 ||
mb_field decoding flag ) &&
MbPartPredMode( mb_type; mbPartldx ) != Pred LO)

ref_idx_l1[ mbPartIdx’]

2 | te(v) | ae(v)

for( mbPartldx = 0; mpRartldx < NumMbPart( mb_type ); mbPartldx-++)

if( MbPartPredMode ( mb_type, mbPartldx ) != Pred L1)

for( compldx= 0; compldx < 2; compldx++)

mvd_10[ mbPartldx ][ 0 ][ compldx ]

2 | se(v) | ae(v)

for( mbPartldx = 0; mbPartldx < NumMbPart( mb_type ); mbPartldx-++)

if(MbPartPredMode( mb_type, mbPartldx ) != Pred LO)

for( compldx = 0; compldx < 2; compldx++)

mvd_11[ mbPartldx ][ 0 ][ compldx ]

2 | se(v)|ae(v)

© ISO/IEC 2005 — All rights reserved


https://standardsiso.com/api/?name=b449ef14175ac39adc75a917dddf783d

ISO/IEC 14496-10:2005(E)

7.3.5.2 Sub-macroblock prediction syntax

sub_mb_pred( mb_type) { C | Descriptor
for( mbPartldx = 0; mbPartldx < 4; mbPartldx++)
sub_mb_type[ mbPartldx | 2 | ue(v) | ae(v)

for( mbPartldx = 0; mbPartldx < 4; mbPartldx++ )
if( (num_ref idx 10 active minusl > 0 || mb_field decoding flag) &&
mb_type != P 8x8ref0 &&
sub mb type[ mbPartldx ] != B Direct 8x8 &&
SubMbPredMode( sub_mb_type[ mbPartldx ] ) != Pred L1)
ref_idx 10[ mbPartldx ] 2 | te(v) | ae(w)
for( mbPartldx = 0; mbPartldx < 4; mbPartldx++ )
if( (num_ref idx 11 _active minusl > 0 || mb_field decoding flag) &&
sub_ mb_type[ mbPartldx | != B_Direct 8x8 &&
SubMbPredMode( sub_mb_type[ mbPartldx ]) != Pred L0)
ref_idx 11[ mbPartldx ] 24| te(v) | ae(v)
for( mbPartldx = 0; mbPartldx < 4; mbPartldx++ )
if( sub_mb_type[ mbPartldx ] != B_Direct 8x8 &&
SubMbPredMode( sub_mb_type[ mbPartldx ]) != Pred L1)
for( subMbPartldx = 0;
subMbPartldx < NumSubMbPart( sub mb_type[ mbPartldx ] );
subMbPartldx++)
for( compldx = 0; compldx < 2; compldx++)
mvd_10[ mbPartldx ][ subMbPartldx ][ compldx,] 2 | se(v)|ae(v)
for( mbPartldx = 0; mbPartldx < 4; mbPartldx++ )
if( sub_mb_type[ mbPartldx ] != B_Direct 8x8 «&&
SubMbPredMode( sub_mb_type[ mbPartldx}) != Pred LO)
for( subMbPartldx = 0;
subMbPartldx < NumSubMbPart( sib_mb_type[ mbPartldx ] );
subMbPartldx++)
for( compldx = 0; compldx <<2;"compldx++)
mvd_11[ mbPartldx ][ subMbPartldx ][ compldx ] 2 | se(v)|ae(v)
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7.3.5.3 Residual data syntax

residual( ) { C Descriptor

if( !lentropy coding mode flag)

residual_block = residual block cavlc

else

residual_block = residual block cabac

AN P ot AN AL adal | - TAYAY
I Vo artr TottvIoGoTTo—ty pCo—)

residual block( Intral6x16DCLevel, 16 ) 3
for(18x8 = 0; 18x8 < 4; 18x8++ ) /* each luma 8x8 block */
if( Itransform_size 8x8 flag || !entropy coding mode flag)
for( 14x4 = 0; 14x4 < 4; i4x4++) { /* each 4x4 sub-block of block */
if( CodedBlockPatternLuma & ( 1 << i8x8))
if( MbPartPredMode( mb_type, 0 ) == Intra_16x16)
residual_block( Intral6x16ACLevel[ i8x8 * 4 +i4x4 ], 15) 3
else
residual_block( LumaLevel[ i8x8 * 4 + i4x4 ], 16) 3|4
else if( MbPartPredMode( mb_type, 0 ) == Intra 16x16)
for(i=0;1<15;i++)
Intral6x16ACLevel[ i8x8 *4 +i4x4 J[1]=0

—_— 1460
TU)

Tat 16
HHa—ToX

else
for(i=0;1<16;i++)
LumaLevel[ i8x8 * 4 +14x4 ][1]=0.
if( lentropy_coding_mode flag && transform size 8x8 flag)
for(i=0;1<16;i++)
LumaLevel8x8[ i8x8 ][ 4 i+ i4x4 | =
LumdLevel[ i8x8 * 4 +i4x4 ][ 1]

}
else if( CodedBlockPatternLuma & (1 <<i8x8))

residual_block( Lumalevel8x8[ i8x8 ], 64 ) 3|4
else
for(i=0;1</64; it++)
LumaLevel8x8[ i8x8 ][1]=0
if( chroma format_idc != 0) {
NumC8x8 =4 / ( SubWidthC * SubHeightC )
fof(NCbCr = 0; iICbCr < 2; iCbCr++)
if( CodedBlockPatternChroma & 3 ) /* chroma DC residual present */
residual block( ChromaDCLevel[ iCbCr ], 4 * NumC8x8 ) 314
for(1=10;1<4* NumC8xS8; i++)
ChromaDCLevel[ iCbCr ][1]=0
for( iCbCr = 0; iCbCr < 2; iCbCr++)
for(18x8 = 0; 18x8 < NumC8x8; i8x8++ )
for( 14x4 = 0; 14x4 < 4; i4x4++)

if( CodedBlockPatternChroma & 2 )
/* chroma AC residual present */
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residual_block( ChromaACLevel[ iCbCr ][ i18x8*4+i4x4 ], 15)

314

else

for(i=0;1<15;i++)

ChromaACLevel[ iCbCr ][ i8x8*4+i4x4 J[1]=0

7.3.5.3.1 Residual block CAVLC syntax

residual_block cavlc( coeffLevel, maxNumCoeff) {

Descriiptor

for( 1= 0; i < maxNumCoeff; i++)

coeffLevel[i1]=0

coeff_token

3

ce(v)

if( TotalCoeff( coeff token)>0) {

if( TotalCoeff( coeff token)> 10 && TrailingOnes( coeff token ) <3")

suffixLength = 1

else

suffixLength =0

for(i=0; 1< TotalCoeff( coeff token ); it++)

if( i < TrailingOnes( coeff token ) ) {

trailing ones_sign_flag

314

u(l)

level[ 1] =1 -2 * trailing_ones_sign_flag

} else {

level prefix

314

ce(v)

levelCode = ( Min( 15, level prefix ) << suffixLength )

if( suffixLength >0 || levyel prefix >=14) {

level_suffix

314

u(v)

levelCode += level suffix

}

if( level préfix>= 15 && suffixLength == 0)

levelCode += 15

if( 1ével® prefix >= 16)

levelCode += (1 << ( level prefix —3))—4096

if(i == TrailingOnes( coeff token) &&
TrailingOnes( coeff token ) <3)

levelCode +=2

if( levelCode % 2 == 0)

level[ 1] = (levelCode +2)>>1

else

level[ 1] = (-levelCode —1)>>1

if( suffixLength == 0)

suffixLength = 1

if( Abs(level[1]) > (3 <<(suffixLength—1)) &&
suffixLength <6 )

suffixLength++

}

if( TotalCoeff( coeff token ) < maxNumCoeff) {
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54

total_zeros

314 | ce(v)

zerosLeft = total zeros

} else

zerosLeft =0

for(1=0; 1< TotalCoeff( coeff token)—1;i++) {

if( zerosLeft>0) {

run_before

314 | ce(v)

run[i]=run before

} else
run[i]=0
zerosLeft = zerosLeft —run[ i |

}

run[ TotalCoeff( coeff token )— 1] = zerosLeft

coeffNum = -1

for( 1= TotalCoeff( coeff token)—1;1>=0;i--) {

coeffNum +=run[i]+ 1

coeffLevel] coeffNum ] = level[ i ]
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residual_block cabac( coeffLevel, maxNumCoeff') { C | Descriptor
if( maxNumCoeff == 64)
coded block flag=1
else
coded_block flag 314 | ae(v)
if( coded block flag) {
numCoeff = maxNumCoeff
i=0
do {
significant_coeff flag| i ] 314 fae(Vv)
if( significant coeff flag[i]) {
last_significant_coeff flag[i] 3t4 | ae(v)
if( last_significant coeff flag[i]) {
numCoeff=1i+1
for( j = numCoeff; j < maxNumCoeff; j++)
coeffLevel[ j]=0
i
H
it++
} while(1 < numCoeff- 1)
coeff abs_level minusl|[ numCoeff- 1 ] 314 | ae(v)
coeff sign_flag] numCoeff - 1 | 314 | ae(v)
coeffLevel[ numCoeff-1]=
(coeff abs_level minusl[ numCoeff—1]+1)*
(1 -2 * coeff sign flag] numCoeff—11])
for( 1 =numCoeff - 2; i >=0;i--)
if( significant coeffl flag[i]) {
coeff abs level ‘minusl|i ] 314 | ae(v)
coeff sigh flag[i] 314 | ae(v)
coeffLevel[ i | = ( coeff _abs level minusl[i]+1)*
(1-=2 * coeff sign flag[i])
} else
CoefflLevel[1]=0
helse
for( 1= 0; i < maxNumCoeff; i++)
coeffLevel[1]=0
H
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7.4 Semantics

7.4.1  NAL unit semantics
NOTE - The VCL is specified to efficiently represent the content of the video data. The NAL is specified to format that data and
provide header information in a manner appropriate for conveyance on a variety of communication channels or storage media. All
data are contained in NAL units, each of which contains an integer number of bytes. A NAL unit specifies a generic format for use
in both packet-oriented and bitstream systems. The format of NAL units for both packet-oriented transport and byte stream is
identical except that each NAL unit can be preceded by a start code prefix and extra padding bytes in the byte stream format.

NumBytesInNALunit specifies the size of the NAL unit in bytes. This value is required for decoding of the NAL unit.
Some form of demarcation of NAT unit boundaries is necessary ta enable inference of NumBvtesInNAT unit_Qne such
demarcption method is specified in Annex B for the byte stream format. Other methods of demarcation may be specifigd
outside|of this Recommendation | International Standard.

forbidden_zero_bit shall be equal to 0.

nal_ref idc not equal to 0 specifies that the content of the NAL unit contains a sequence parameter;sét or a pictupe
paramefer set or a slice of a reference picture or a slice data partition of a reference picture.

nal ref] idc equal to 0 for a NAL unit containing a slice or slice data partition indicates that\the slice or slice ddta
partitioh is part of a non-reference picture.

nal_ref] idc shall not be equal to 0 for sequence parameter set or sequence parameter set\extension or picture parameter
set NAL units. When nal_ref idc is equal to O for one slice or slice data partition NAL unit of a particular picture, it shall
be equdl to O for all slice and slice data partition NAL units of the picture.

nal_ref] idc shall not be equal to 0 for IDR NAL units, i.e., NAL units with nal, unit_type equal to 5.
nal_ref] idc shall be equal to 0 for all NAL units having nal unit type equalto’6, 9, 10, 11, or 12.

nal_unjit_type specifies the type of RBSP data structure contained in the’NAL unit as specified in Table 7-1. VCL NAL
units are specified as those NAL units having nal unit_type equal to '\to 5, inclusive. All remaining NAL units are call¢d
non-V{L NAL units.

The column marked "C" in Table 7-1 lists the categories of the syntax elements that may be present in the NAL unit. [n
addition, syntax elements with syntax category "All" may.be present, as determined by the syntax and semantics of the
RBSP dlata structure. The presence or absence of any.syntax elements of a particular listed category is determined from
the synfax and semantics of the associated RBSP datastructure. nal unit type shall not be equal to 3 or 4 unless at leqst
one syitax element is present in the RBSP data striicture having a syntax element category value equal to the value pf
nal_unit type and not categorized as "All".
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Table 7-1 — NAL unit type codes

nal_unit_type Content of NAL unit and RBSP syntax structure C

0 Unspecified

1 Coded slice of a non-IDR picture 2,3,4
slice layer without partitioning rbsp( )

2 Coded slice data partition A 2
Qli(‘P_dﬂm_p:arﬁ'rinn_n_]:aVPr_rhsp(\

3 Coded slice data partition B 3
slice data partition b layer rbsp()

4 Coded slice data partition C 4
slice data_partition ¢ layer rbsp()

5 Coded slice of an IDR picture 2,3
slice_layer without partitioning rbsp()

6 Supplemental enhancement information (SEI) 5
sei rbsp()

7 Sequence parameter set 0

seq parameter set rbsp()

8 Picture parameter set 1
pic_parameter set rbsp( )

9 Access unit delimiter 6
access_unit_delimiter rbsp()

10 End of sequence 7
end of seq rbsp()

11 End of stream 8
end of stréam rbsp()

12 Filler'data ’
filler_data_rbsp()

13 Sequence parameter set extension 10
seq_parameter set extension rbsp()

14.48 Reserved

19 Coded slice of an auxiliary coded picture without partitioning | 2, 3, 4
slice_layer without partitioning rbsp()

20..23 Reserved

24.31 Unspecified

T AT - 1 . 1 et 14 12 110 1 4 1 11 1 | R | 4 £L6. fr 4] 1 1.

NZYL OIS TavITg al_uit_type equal to 10 alld 17 1Idy 0T dlstarducd Uy UeCUUTTS WItToOUtT alICTITg tIT UtTUUNIE Process
for NAL wunits having nal unit type not equal to 13 or 19 and without affecting conformance to this
Recommendation | International Standard.

NAL units that use nal unit type equal to O or in the range of 24..31, inclusive, shall not affect the decoding process
specified in this Recommendation | International Standard.

NOTE — NAL unit types 0 and 24..31 may be used as determined by the application. No decoding process for these values of
nal unit type is specified in this Recommendation | International Standard.
Decoders shall ignore (remove from the bitstream and discard) the contents of all NAL units that use reserved values of
nal_unit type.

NOTE - This requirement allows future definition of compatible extensions to this Recommendation | International Standard.
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In the text, coded slice NAL unit collectively refers to a coded slice of a non-IDR picture NAL unit or to a coded slice of
an IDR picture NAL unit.

When the value of nal unit _type is equal to 5 for a NAL unit containing a slice of a coded picture, the value of
nal_unit_type shall be 5 in all other VCL NAL units of the same coded picture. Such a picture is referred to as an IDR
picture.

NOTE - Slice data partitioning cannot be used for IDR pictures.
rbsp_byte| i] is the i-th byte of an RBSP. An RBSP is specified as an ordered sequence of bytes as follows.
The RBSP contains an SODB as follows.
- If \tne SODB is empty (i.e., zero bits in length), the RBSP is also empty.
- Otherwise, the RBSP contains the SODB as follows.

1)| The first byte of the RBSP contains the (most significant, left-most) eight bits of the SODB; the‘next byte pf
the RBSP shall contain the next eight bits of the SODB, etc., until fewer than eight bits of the SODB remain.

2)| rbsp_trailing bits( ) are present after the SODB as follows:

i)  The first (most significant, left-most) bits of the final RBSP byte contains the remaining bits of the SODB,
(if any)

i) The next bit consists of a single rbsp_stop_one_bit equal to 1, and

iii) When the rbsp stop one bit is not the last bit of a byte-aligned byte, one or moye
rbsp_alignment zero bit is present to result in byte alignment.

3)| One or more cabac_zero word 16-bit syntax elements equal to 0x0000 may be present in some RBSPs after the
rbsp_trailing_bits( ) at the end of the RBSP.

Syntax |structures having these RBSP properties are denoted in the syntax tables using an " _rbsp" suffix. These structurps
shall b¢ carried within NAL units as the content of the rbsp byte[ di.J\data bytes. The association of the RBSP syntgx
structutes to the NAL units shall be as specified in Table 7-1.

NOTE - When the boundaries of the RBSP are known, the decodercan extract the SODB from the RBSP by concatenating the bjts
of the bytes of the RBSP and discarding the rbsp_stop_one_bitswhich is the last (least significant, right-most) bit equal to 1, apd
discprding any following (less significant, farther to the right)bits that follow it, which are equal to 0. The data necessary for the
decqding process is contained in the SODB part of the RBSR.

emulation_prevention_three byte is a byte equal t0.0x03. When an emulation_prevention_three byte is present in the
NAL uhit, it shall be discarded by the decoding.progeéss.

The last byte of the NAL unit shall not be equal’'to 0x00.

Within[the NAL unit, the following thrée-byte sequences shall not occur at any byte-aligned position:
- 0x000000

- 0x000001

- 0x000002

Within|the NAL unit-any four-byte sequence that starts with 0x000003 other than the following sequences shall njot
occur af any byte-aligned position:

- 0x00000300
- 0x00000301
- 0x006000302
- 0x00000303

NOTE — When nal_unit_type is equal to 0, particular care must be exercised in the design of encoders to avoid the presence of the
above-listed three-byte and four-byte patterns at the beginning of the NAL unit syntax structure, as the syntax element
emulation_prevention_three byte cannot be the third byte of a NAL unit.

7.4.1.1 Encapsulation of an SODB within an RBSP (informative)

This subclause does not form an integral part of this Recommendation | International Standard.
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The form of encapsulation of an SODB within an RBSP and the use of the emulation prevention three byte for
encapsulation of an RBSP within a NAL unit is specified for the following purposes:

—  to prevent the emulation of start codes within NAL units while allowing any arbitrary SODB to be represented
within a NAL unit,

— to enable identification of the end of the SODB within the NAL unit by searching the RBSP for the
rbsp_stop_one_bit starting at the end of the RBSP, and

—  to enable a NAL unit to have a size larger than that of the SODB under some circumstances (using one or more
cabac_zero_word).

[he encoder can produce a NAL unit from an RBSP by the following procedure:
he RBSP data is searched for byte-aligned bits of the following binary patterns:
'00000000 00000000 000000xx' (where xx represents any 2 bit pattern: 00, 01, 10, or 11),

hind a byte equal to 0x03 is inserted to replace these bit patterns with the patterns
'00000000 00000000 00000011 000000xx’,

ind finally, when the last byte of the RBSP data is equal to 0x00 (which can only occur when the RBSP ¢nds in a
cabac_zero word), a final byte equal to 0x03 is appended to the end of the data.

[he resulting sequence of bytes is then prefixed with the first byte of the NAL unit containing the indication of the type
bf RBSP data structure it contains. This results in the construction of the entir€ NAL unit.

[his process can allow any SODB to be represented in a NAL unit while enSuring that
- no byte-aligned start code prefix is emulated within the NAL unit,and

- no sequence of 8 zero-valued bits followed by a start code ptefixX, regardless of byte-alignment, is emulat¢d within
the NAL unit.

[.4.1.2  Order of NAL units and association to coded pictures, access units, and video sequences

[his subclause specifies constraints on the order of NAL units in the bitstream. Any order of NAL units in the pitstream
bbeying these constraints is referred to in the text-ag’the decoding order of NAL units. Within a NAL unit, the fyntax in
subclauses 7.3, D.1, and E.l1 specifies the decoding order of syntax elements. Decoders conforming to this
Recommendation | International Standard shall\be capable of receiving NAL units and their syntax elements in decoding
brder.

7.4.1.2.1 Order of sequence and picture parameter set RBSPs and their activation

NOTE — The sequence and pictire parameter set mechanism decouples the transmission of infrequently changing infformation
from the transmission of coded.macroblock data. Sequence and picture parameter sets may, in some applications, be|conveyed
"out-of-band" using a reliable'transport mechanism.

A picture parameter set RBSP includes parameters that can be referred to by the coded slice NAL units or coded slice
Jata partition A NAL‘units of one or more coded pictures. Each picture parameter set RBSP is initially considlered not
ctive at the start ofthe operation of the decoding process. At most one picture parameter set RBSP is considered active
it any given meinent during the operation of the decoding process, and the activation of any particular picture farameter
et RBSP results in the deactivation of the previously-active picture parameter set RBSP (if any).

When a_picture parameter set RBSP (with a particular value of pic_parameter set id) is not active and it is refeqred to by
h codéd~slice NAL unit or coded slice data partition A NAL unit (using that value of pic_parameter set [id), it is
hctivated. This picture parameter set RBSP is called the active picture parameter set RBSP until it is deactivat¢d by the
ctivation of another picture parameter set RBSP. A picture parameter set RBSP, with that particular lvalue of
pic_parameter set id, shall be available to the decoding process prior to its activation.

Any picture parameter set NAL unit containing the value of pic_parameter set id for the active picture parameter set
RBSP shall have the same content as that of the active picture parameter set RBSP unless it follows the last VCL NAL
unit of a coded picture and precedes the first VCL NAL unit of another coded picture.

A sequence parameter set RBSP includes parameters that can be referred to by one or more picture parameter set RBSPs
or one or more SEI NAL units containing a buffering period SEI message. Each sequence parameter set RBSP is initially
considered not active at the start of the operation of the decoding process. At most one sequence parameter set RBSP is
considered active at any given moment during the operation of the decoding process, and the activation of any particular
sequence parameter set RBSP results in the deactivation of the previously-active sequence parameter set RBSP (if any).
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When a sequence parameter set RBSP (with a particular value of seq parameter set id) is not already active and it is
referred to by activation of a picture parameter set RBSP (using that value of seq_parameter_set _id) or is referred to by
an SEI NAL unit containing a buffering period SEI message (using that value of seq parameter_set id), it is activated.
This sequence parameter set RBSP is called the active sequence parameter set RBSP until it is deactivated by the
activation of another sequence parameter set RBSP. A sequence parameter set RBSP, with that particular value of
seq_parameter_set_id, shall be available to the decoding process prior to its activation. An activated sequence parameter
set RBSP shall remain active for the entire coded video sequence.

NOTE — Because an IDR access unit begins a new coded video sequence and an activated sequence parameter set RBSP must

remain active for the entire coded video sequence, a sequence parameter set RBSP can only be activated by a buffering period SEI
message when the buffering period SEI message is part of an IDR access unit.

Any sefjuence parameter set NAL unit containing the value of seq parameter set id for the active sequence parameter
set RB$P shall have the same content as that of the active sequence parameter set RBSP unless it follows the last'access
unit of fa coded video sequence and precedes the first VCL NAL unit and the first SEI NAL unit containing.a bufferifg
period BEI message (when present) of another coded video sequence.
NOTE - If picture parameter set RBSP or sequence parameter set RBSP are conveyed within the bitstream( these constrairjts
impgse an order constraint on the NAL units that contain the picture parameter set RBSP or sequence\parameter set RBYP,
resppctively. Otherwise (picture parameter set RBSP or sequence parameter set RBSP are conveyed by othér means not specifipd
in this Recommendation | International Standard), they must be available to the decoding process in a“timely fashion such tHat
thesf constraints are obeyed.

When present, a sequence parameter set extension RBSP includes parameters having-a\similar function to those of|a
sequenge parameter set RBSP. For purposes of establishing constraints on the syntax.elements of the sequence parameter
set extgnsion RBSP and for purposes of determining activation of a sequence parameter set extension RBSP, the

same vilue of seq_parameter_set id. When a sequence parameter set RBSP_i{s¢present that is not followed by a sequenge
paramefer set extension RBSP with the same value of seq parameter set. id prior to the activation of the sequenge
paramefer set RBSP, the sequence parameter set extension RBSP and its syntax elements shall be considered not presejnt
for the pctive sequence parameter set RBSP.

All copstraints that are expressed on the relationship betweenthé values of the syntax elements (and the values pf
variablgs derived from those syntax elements) in sequence parameter sets and picture parameter sets and other syntyx
elemenfs are expressions of constraints that apply only to~the active sequence parameter set and the active pictupe
parameter set. If any sequence parameter set RBSP is present that is not activated in the bitstream, its syntax elemer]ts
shall hjive values that would conform to the specified constraints if it were activated by reference in an otherwise-
conforrhing bitstream. If any picture parameter set RBSP is present that is not ever activated in the bitstream, its syntfix
elements shall have values that would confotm-to the specified constraints if it were activated by reference in fn
otherwise-conforming bitstream.

During|operation of the decoding process\(see clause 8), the values of parameters of the active picture parameter set apd
the actjve sequence parameter set sHall be considered in effect. For interpretation of SEI messages, the values of the
paramefers of the picture parameter/set and sequence parameter set that are active for the operation of the decodipg
procesq for the VCL NAL units of the primary coded picture in the same access unit shall be considered in effect unlegs
otherwise specified in the SEl'message semantics.

7.4.1.222 Order of aceess/units and association to coded video sequences
A Dbitstifeam conformiing to this Recommendation | International Standard consists of one or more coded video sequences.

A coddd video“sequence consists of one or more access units. The order of NAL units and coded pictures and thdir
associafion‘to ‘access units is described in subclause 7.4.1.2.3.

The first-aeeessunit-ofeach i
sequence are non-IDR access units.

The values of picture order count for the coded pictures in consecutive access units in decoding order containing non-
reference pictures shall be non-decreasing.

When present, an access unit following an access unit that contains an end of sequence NAL unit shall be an IDR access
unit.

When an SEI NAL unit contains data that pertain to more than one access unit (for example, when the SEI NAL unit has
a coded video sequence as its scope), it shall be contained in the first access unit to which it applies.
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When an end of stream NAL unit is present in an access unit, this access unit shall be the last access unit in the bitstream
and the end of stream NAL unit shall be the last NAL unit in that access unit.

7.4.1.2.3 Order of NAL units and coded pictures and association to access units

An access unit consists of one primary coded picture, zero or more corresponding redundant coded pictures, and zero or
more non-VCL NAL units. The association of VCL NAL units to primary or redundant coded pictures is described in
subclause 7.4.1.2.5.

The first access unit in the bitstream starts with the first NAL unit of the bitstream.

[he Tirst of any of the following NAL units after the last VCL NAL unit of a primary coded picture specifies. the start of
h new access unit.

access unit delimiter NAL unit (when present)

sequence parameter set NAL unit (when present)

picture parameter set NAL unit (when present)

SEI NAL unit (when present)

NAL units with nal unit type in the range of 14 to 18, inclusive
first VCL NAL unit of a primary coded picture (always present)

[he constraints for the detection of the first VCL NAL unit of a primaryscoded picture are specified in qubclause
j.4.1.2.4.

[he following constraints shall be obeyed by the order of the coded pictures and non-VCL NAL units within an access
hnit.

When an access unit delimiter NAL unit is present, it shall-be the first NAL unit. There shall be at most ofie access
unit delimiter NAL unit in any access unit.

When any SEI NAL units are present, they shall precede the primary coded picture.

When an SEI NAL unit containing a buffering period SEI message is present, the buffering period SEI mesdage shall
be the first SEI message payload of the first\SEI NAL unit in the access unit

The primary coded picture shall precede:the corresponding redundant coded pictures.

When redundant coded pictureés Jare present, they shall be ordered in ascending order of the palue of
redundant_pic_cnt.

When a sequence parameter set extension NAL unit is present, it shall be the next NAL unit after a pequence
parameter set NAL unit.having the same value of seq parameter set id as in the sequence parameter set ¢xtension
NAL unit.

When one or mere coded slice of an auxiliary coded picture without partitioning NAL units is present, they shall
follow the pfimary coded picture and all redundant coded pictures (if any).

When an‘end of sequence NAL unit is present, it shall follow the primary coded picture and all redundgnt coded
pictures/if any) and all coded slice of an auxiliary coded picture without partitioning NAL units (if any).

When an end of stream NAL unit is present, it shall be the last NAL unit.

NAT nnits having na]_lmi‘r_tva Pqnn] t0 0 12 orin the range of 20 to 31 inclusive shall not pre(‘ede the flirst VCL
NAL unit of the primary coded picture.

NOTE - Sequence parameter set NAL units or picture parameter set NAL units may be present in an access unit, but cannot follow
the last VCL NAL unit of the primary coded picture within the access unit, as this condition would specify the start of a new
access unit.

NOTE — When a NAL unit having nal unit type equal to 7 or 8 is present in an access unit, it may or may not be referred to in the
coded pictures of the access unit in which it is present, and may be referred to in coded pictures of subsequent access units.

The structure of access units not containing any NAL units with nal_unit _type equal to 0, 7, 8, or in the range of 12 to 18,
inclusive, or in the range of 20 to 31, inclusive, is shown in Figure 7-1.
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Figure| 7-1 — Structure of an access unit not containing any NAL units with nal_unit_type equal to 0, 7, 8, or in the
range of 12 to 18, inclusive, or in the range of 20 to 31, inclusive.

7.4.1.24 Detection)of the first VCL NAL unit of a primary coded picture

This supclauserspecifies constraints on VCL NAL unit syntax that are sufficient to enable the detection of the first V(L
NAL upit-of'each primary coded picture.

Any coded slice NAL unit or coded slice dafa partifion A NAL unif of the primary coded picture of the current access
unit shall be different from any coded slice NAL unit or coded slice data partition A NAL unit of the primary coded
picture of the previous access unit in one or more of the following ways.

- frame num differs in value. The value of frame num used to test this condition is the value of frame num that
appears in the syntax of the slice header, regardless of whether that value is inferred to have been equal to 0 for
subsequent use in the decoding process due to the presence of memory management control operation equal to 5.

NOTE : A consequence of the above statement is that a primary coded picture having frame num equal to 1 cannot
contain a memory_management control_operation equal to 5 unless some other condition listed below is fulfilled for
the next primary coded picture that follows after it (if any).

- pic_parameter set id differs in value.

62 © ISO/IEC 2005 — All rights reserved


https://standardsiso.com/api/?name=b449ef14175ac39adc75a917dddf783d

ISO/IEC 14496-10:2005(E)

- field pic_flag differs in value.
- Dbottom_field flag is present in both and differs in value.
- nal ref idc differs in value with one of the nal ref idc values being equal to 0.

- pic order cnt type is equal to0 for both and either pic order cnt Isb differs in value, or
delta_pic order cnt bottom differs in value.

- pic order cnt type is equal tol for both and either delta pic order cnt[ 0] differs in value, or
delta pic order cnt[ 1] differs in value.

nal_unit_type differs in value with one of the nal_unit_type values being equal to 5.

nal_unit_type is equal to 5 for both and idr_pic_id differs in value.

NOTE — Some of the VCL NAL units in redundant coded pictures or some non-VCL NAL units (eg~4an access uniff delimiter
NAL unit) may also be used for the detection of the boundary between access units, and may therefore,aid in the detecfion of the
start of a new primary coded picture.

/.4.1.2.5 Order of VCL NAL units and association to coded pictures
Fach VCL NAL unit is part of a coded picture.
[he order of the VCL NAL units within a coded IDR picture is constrained as follows.

If arbitrary slice order is allowed as specified in Annex A, coded slice,of an IDR picture NAL units may have any
order relative to each other.

Otherwise (arbitrary slice order is not allowed), the order of ¢eded slice of an IDR picture NAL units shall |be in the
order of increasing macroblock address for the first macroblock of each coded slice of an IDR picture NAL fnit.

[he order of the VCL NAL units within a coded non-IDR pieture is constrained as follows.

If arbitrary slice order is allowed as specified in Annex A, coded slice of a non-IDR picture NAL units or cqded slice
data partition A NAL units may have any ordergelative to each other. A coded slice data partition A NAL ufit with a
particular value of slice id shall precede any.present coded slice data partition B NAL unit with the same| value of
slice_id. A coded slice data partition A NAL unit with a particular value of slice_id shall precede any presgnt coded
slice data partition C NAL unit with the.same value of slice_id. When a coded slice data partition B NAL upit with a
particular value of slice id is present;“it shall precede any present coded slice data partition C NAL unit| with the
same value of slice id.

Otherwise (arbitrary slice order is not allowed), the order of coded slice of a non-IDR picture NAL units jor coded
slice data partition A NAL units shall be in the order of increasing macroblock address for the first macrgblock of
each coded slice of a non-IDR picture NAL unit or coded slice data partition A NAL unit. A coded dlice data
partition A NAL unit/with a particular value of slice id shall immediately precede any present coded glice data
partition B NAL‘unit with the same value of slice id. A coded slice data partition A NAL unit with a particylar value
of slice id shalllimmediately precede any present coded slice data partition C NAL unit with the same|value of
slice_id, wheira coded slice data partition B NAL unit with the same value of slice _id is not present. When a coded
slice dataspartition B NAL unit with a particular value of slice id is present, it shall immediately precede anly present
coded'slice data partition C NAL unit with the same value of slice id.

NAL units having nal _unit type equal to 12 may be present in the access unit but shall not precede the first VICL NAL
hiit-of the primary coded picture within the access unit.

NAL units having nal unit_type equal to 0 or in the range of 24 to 31, inclusive, which are unspecified, may be present
in the access unit but shall not precede the first VCL NAL unit of the primary coded picture within the access unit.

NAL units having nal unit type in the range of 20 to 23, inclusive, which are reserved, shall not precede the first VCL
NAL unit of the primary coded picture within the access unit (when specified in the future by ITU-T | ISO/IEC).

7.4.2  Raw byte sequence payloads and RBSP trailing bits semantics

7.4.2.1 Sequence parameter set RBSP semantics

profile_idc and level_idc indicate the profile and level to which the bitstream conforms, as specified in Annex A.
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constraint_set0 flag equal to 1 indicates that the bitstream obeys all constraints specified in subclause A.2.1
constraint_set0 flag equal to 0 indicates that the bitstream may or may not obey all constraints specified in subclause
A2.1.

constraint_setl flag equal to 1 indicates that the bitstream obeys all constraints specified in subclause A.2.2
constraint_setl flag equal to 0 indicates that the bitstream may or may not obey all constraints specified in subclause
A2.2.

constraint_set2 flag equal to 1 indicates that the bitstream obeys all constraints specified in subclause A.2.3
constraint_set2 flag equal to 0 indicates that the bitstream may or may not obey all constraints specified in subclause
A23.

NOTE — When more than one of constraint set0 flag, constraint setl flag, or constraint set2 flag are equal to 1, the bitstreJm
obeys the constraints of all of the indicated subclauses of subclause A.2.

constrgint_set3_flag indicates the following.

—  Iffprofile idc is equal to 66, 77, or 88 and level idc is equal to 11, constraint_set3 flag equal to 1indicates that the
bifstream obeys all constraints specified in Annex A for level 1b and constraint_set3 flag equal’to-0 indicates that
the bitstream may or may not obey all constraints specified in Annex A for level 1b.

—  Ofherwise (profile idc is equal to 100, 110, 122, or 144 or level idc is not equal te-11), the value of 1 fpr
cqnstraint_set3 flag is reserved for future use by ITU-T | ISO/IEC. constraint set3, flag shall be equal to 0 fin
bifstreams conforming to this Recommendation | International Standard \when profile idc is equal
to]100, 110, 122, or 144 or level idc is not equal to 11. Decoders conforming to this Recommendation
International Standard shall ignore the value of constraint set3, flag” when profile idc is equal
to[100, 110, 122, or 144 or level_idc is not equal to 11.

reserve¢d_zero_4bits shall be equal to 0. Other values of reserved zero 4bits'may be specified in the future by ITU-T |
ISO/IELC. Decoders shall ignore the value of reserved_zero 4bits.

seq_pagrameter_set_id identifies the sequence parameter set that is teferred to by the picture parameter set. The value pf
seq_parameter set_id shall be in the range of 0 to 31, inclusive.

NOTE — When feasible, encoders should use distinct values of seqparameter set _id when the values of other sequence paramefer
set pyntax elements differ rather than changing the valuesvof the syntax elements associated with a specific value fof
seq |parameter_set_id.

chromj_format_idc specifies the chroma samplingrelative to the luma sampling as specified in subclause 6.2. The
value of chroma_format idc shall be in the range of 0*to 3, inclusive. When chroma_format idc is not present, it shall be
inferred to be equal to 1 (4:2:0 chroma format).

residugl_colour_transform_flag equal to INspecifies that the residual colour transform is applied as specified fin
subclayse 8.5. residual_colour_transformiflag equal to 0 specifies that the residual colour transform is not applied. When
residual colour_transform flag is not'present, it shall be inferred to be equal to 0.

bit_depth_luma_minus8 specifies\the bit depth of the samples of the luma array and the value of the luma quantisatign
paramefer range offset QpBdOffsety, as specified by

BitDepthy = 8 + bitydepth luma minus8 7-D

QpBdOffsety'S 6 * bit_depth_luma_minus8 (7D

When Bit_depth—luma minus8 is not present, it shall be inferred to be equal to 0. bit_depth luma minus8 shall be in the
range 1{ 0 t0 4; inclusive.

bit_depthchroma_minus8 specifies the bit depth of the samples of the chroma arrays and the value of the chroma
quantisation parameter range offset QpBdOffsetc, as specified by

BitDepthc = 8 + bit_depth chroma minus8 (7-3)
QpBdOffsetc = 6 * ( bit_depth_chroma minus8 + residual_colour_transform flag) (7-4)

When bit_depth chroma_minus8 is not present, it shall be inferred to be equal to 0. bit_depth chroma minus8 shall be
in the range of 0 to 4, inclusive.

The variable RawMbBits is derived as

RawMbBits = 256 * BitDepthy + 2 * MbWidthC * MbHeightC * BitDepthc (7-5)

64 © ISO/IEC 2005 — All rights reserved


https://standardsiso.com/api/?name=b449ef14175ac39adc75a917dddf783d

ISO/IEC 14496-10:2005(E)

gpprime_y_zero_transform_bypass_flag equal to 1 specifies that, when QP'y is equal to 0, a transform bypass
operation for the transform coefficient decoding process and picture construction process prior to deblocking filter
process as specified in subclause 8.5 shall be applied. qpprime_y zero transform bypass_flag equal to 0 specifies that
the transform coefficient decoding process and picture construction process prior to deblocking filter process shall not
use the transform bypass operation. When qpprime_y zero transform bypass_flag is not present, it shall be inferred to
be equal to 0.

seq_scaling_matrix_present_flag equal to 1 specifies that the flags seq scaling list present flag[i] for i = 0..7 are
present. seq_scaling matrix_present flag equal to O specifies that these flags are not present and the sequence-level
scaling list specified by Flat 4x4 16 shall be inferred for i = 0..5 and the sequence-level scaling list specified by
FTat 8x8 106 shall be inferred for 1 = 6..7. When seq_scaling_mafrix_present flag is not present, it shall be infefred to be
pqual to 0.

[he scaling lists Flat 4x4 16 and Flat 8x8 16 are specified as follows:
Flat 4x4 16[i]=16, withi=0..15, (7-6)
Flat 8x8 16[i]=16, withi=0..63. 7-7
beq_scaling_list present flag| i | equal to 1 specifies that the syntax structure for scaling list i is present in the pequence
parameter set. seq_scaling list present flag[ i ] equal to O specifies that the syntaX/structure for scaling lisf i1 is not

present in the sequence parameter set and the scaling list fall-back rule set A spécified in Table 7-2 shall be usefl to infer
he sequence-level scaling list for index i.

Table 7-2 — Assignment of mnemonic names to scaling list indices and specification of fall-back rulp

Value of Mnemonic name | Block MB Component Scaling list Scaling list Defaplt
scaling list size prediction fall-back rule | fall-back rule scaling list
index type set A set B
0 S1 4x4 Intra Y 4x4 Intra Y default sequence-level | Default 4x4 Intra
scaling list scaling list
1 Sl 4x4 Intra Cb 4x4 Intra Cb scaling list scaling list Default 434 Intra
fori=0 fori=0
2 Sl 4x4 Intra Cr 4x4 Intra Cr scaling list scaling list Default 434 Intra
fori=1 fori=1
3 Sl 4x4 Inter Y 4x4 Inter Y default sequence-level | Default 4%4 Inter
scaling list scaling list
4 S1_4x4 Inter\Cb 4x4 Inter Cb scaling list scaling list Default 434 Inter
fori=3 fori=3
5 Sl 4x4>Inter Cr 4x4 Inter Cr scaling list scaling list Default 434 Inter
fori=4 fori=4
6 Sl 8x8 Intra Y 8x8 Intra Y default sequence-level | Default 8%8 Intra
scaling list scaling list
7 Sl 8x8 Inter Y 8x8 Inter Y default sequence-level | Default 8%8 Inter
scaling list scaling list

Table 7-3 specfies the default scaling lists Default 4x4 Intra and Default 4x4 Inter. Table 7-4 specifies the default
scaling lists Default 8x8 Intra and Default 8x8 Inter.
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Table 7-3 — Specification of default scaling lists Default 4x4 Intra and Default_4x4_Inter

idx 0|12 |3 |4 |56 |7 8|9 |10][11]12/13 14|15

Default 4x4 Intrafidx] | 6 | 13 |13 |20 |20 |20 |28 |28 |28 |28 |32 |32 |32 |37 |37 |42

Default 4x4 Inter[idx] | 10 | 14 | 14 |20 | 20|20 | 24 |24 |24 |24 |27 |27 |27 30|30 34

idx 0|12 3|4 |5|6[|7 8|9 [10|11)12]13 |14 ] a8

Default 8x8 Intralidx] | 6|10 |10 | 13 |11 |13 16|16 |16 |16 | 18| 18 | 18 | 18 | I8y[]-23

Default 8x8 Inter[idx] |9 | 13 | 13 [ 15|13 | 15|17 [ 17|17 1719119119 ]19+4719]21

[able 7-4 (continued) — Specification of default scaling lists Default_8x8 Intra and Default 8x8 Inter

idx 16 | 17 [ 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 2627128 |29 |30 |31

Default 8x8 Intralidx] | 23 | 23 | 23 |23 |23 |25 |25 |25 |25 |25 [Q5]25 |27 |27 |27 |27

]Lefault 8x8 Imter[idx] |21 |21 |21 |21 |21 |22 |22 |22 |22 |22Y22 |22 |24 (24|24 |24

[able 7-4 (continued) — Specification of default scaling lists Default, 8x8 Intra and Default_8x8 Inter

idx 32 133 343536373839 40|41 |42 43 |44 (45|46 | 47

Default 8x8 Intralidx] |27 [ 27 |27 |27 {2929 |29 129129292931 |31 )31]31]3lI

IIlefault 8x8 Inter[idx] |24 |24 |24 |24 |25 |257125 |25 |25 25|25 |27 |27 |27 |27 |27

Table 7-4 (concluded) — Specification of default-scaling lists Default_8x8 Intra and Default 8x8 Inter

idx 48 149 | 50,451 |52 | S3 |54 | 55|56 |57 |58 |59 |60 61|62 63

IPefault 8x8 Intralidx] | 31 [ 33 [\33 |33 |33 |33 [36|36|36]|36|38 |38 |38|40]40]42

]Lefault 8x8 Inter[idx] | 27 28 | 28 | 28 |28 |28 303030 |30|32|32]32[33[33]35

log2 m
derivat

The va

pic_order<nt_type specifies the method to decode picture order count (as specified in subclause 8.2.1). The value pf

ax_frame_num_minus4-specifies the value of the variable MaxFrameNum that is used in frame num relat¢d
ons as follows:

MaxFrameNum = 2( log2 _max_frame_num_minus4 + 4 ) (7-E )
ue of log2\max_frame num_minus4 shall be in the range of 0 to 12, inclusive.

pic_ord

ef-ont_type shall be in the range of 0 to 2, inclusive.

pic_order cnt_type shall not be equal to 2 in a coded video sequence that contains any of the following

66

an access unit containing a non-reference frame followed immediately by an access unit containing a non-
reference picture

two access units each containing a field with the two fields together forming a complementary non-reference
field pair followed immediately by an access unit containing a non-reference picture

an access unit containing a non-reference field followed immediately by an access unit containing another non-
reference picture that does not form a complementary non-reference field pair with the first of the two access
units
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log2_max_pic_order_cnt_Isb_minus4 specifies the value of the variable MaxPicOrderCntLsb that is used in the
decoding process for picture order count as specified in subclause 8.2.1 as follows:

MaxPicOrderCntLsb = 2( log2_max_pic_order_cnt Isb_minus4 +4) (7_9)

The value of log2 max pic_order cnt Isb minus4 shall be in the range of 0 to 12, inclusive.

delta_pic_order_always_zero_flag equal to 1 specifies that delta pic_order cnt[ 0] and delta pic order cnt[ 1 | are
not present in the slice headers of the sequence and shall be inferred to be equal to 0. delta_pic_order always zero flag
equal to O specifies that delta pic order cnt[ 0] is present in the slice headers of the sequence and
¢lta _pic_order _cmi| 1 | May be preseit in the stice headers of e Sequence.

hffset for_non_ref pic is used to calculate the picture order count of a non-reference picture as specifiedin'8.p.1. The
alue of offset_for non_ref pic shall be in the range of -2*' to 2°' - 1, inclusive.

hffset_for top_to_bottom_field is used to calculate the picture order count of the bottom field in a"frame as sp¢cified in
R.2.1. The value of offset_for_top to_bottom_field shall be in the range of -2°' to 2°! - 1, inclusiVe;

hum_ref frames in_pic_order_cnt_cycle is used in the decoding process for picture forder count as specified in
ubclause 8.2.1. The value of num_ref frames in_pic_order cnt cycle shall be in the range of 0 to 255, inclusiye.

hffset_for ref frame[i] is an element of a list of num_ref frames in pic order ofit cycle values used in the Hecoding
brocess for picture order count as specified in subclause 8.2.1. The value of effset for ref frame[ i] shall pe in the
range of -2°! to 2*' - 1, inclusive.

hum_ref frames specifies the maximum number of short-term and long-term reference frames, complgmentary
reference field pairs, and non-paired reference fields that may be used by the decoding process for inter predictipn of any
bicture in the sequence. num_ref frames also determines the siz€ of the sliding window operation as spdcified in
ubclause 8.2.5.3. The value of num_ref frames shall be in the Tange of 0 to MaxDpbSize (as specified in qubclause
A.3.1 or A.3.2), inclusive.

baps_in_frame num_value_allowed_flag specifies the allowed values of frame num as specified in subclapse 7.4.3
hind the decoding process in case of an inferred gap between values of frame num as specified in subclause 8.2.5|2.

pic_width_in_mbs_minus] plus 1 specifies the width*of each decoded picture in units of macroblocks.
[he variable for the picture width in units of macroblocks is derived as follows

PicWidthInMbs = pic_width _in_mbslminusl + 1 (7-10)
[he variable for picture width for the luma component is derived as follows

PicWidthInSamples; = PieWidthInMbs * 16 (7-11)

[he variable for picture width-for the chroma components is derived as follows

PicWidthInSaniplesc = PicWidthInMbs * MbWidthC (7-12)

pic_height_in_map units_minusl plus 1 specifies the height in slice group map units of a decoded frame or figld.
[he variables PicHeightiInMapUnits and PicSizeInMapUnits are derived as follows
PieHeightInMapUnits = pic_height in_map units minusl + 1 (7-13)

PicSizeInMapUnits = PicWidthInMbs * PicHeightInMapUnits (7-14)

frame_mbs_only_flag equal to 0 specifies that coded pictures of the coded video sequence may either be coded fields or
coded frames. frame mbs_only flag equal to 1 specifies that every coded picture of the coded video sequence is a coded
frame containing only frame macroblocks.

The allowed range of values for pic_width in mbs minusl, pic_height in map units minusl, and
frame mbs_only flag is specified by constraints in Annex A.

Depending on frame _mbs_only flag, semantics are assigned to pic_height in_map_units minusl as follows.

- If frame mbs only flag is equal to 0, pic_height in map units minusl plus 1 is the height of a field in units of
macroblocks.
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- Otherwise (frame_mbs_only flag is equal to 1), pic_height in map units minusl plus 1 is the height of a frame in
units of macroblocks.

The variable FrameHeightInMbs is derived as follows

FrameHeightInMbs = ( 2 — frame _mbs_only flag ) * PicHeightInMapUnits (7-15)

mb_adaptive frame_field flag equal to 0 specifies no switching between frame and field macroblocks within a picture.
mb_adaptive frame field flag equal to 1 specifies the possible use of switching between frame and field macroblocks
within frames. When mb_adaptive frame field flag is not present, it shall be inferred to be equal to 0.

direct_[8x8 inference_flag specifies the method used in the derivation process for luma motion vectors for B_Skip,
B Direct 16x16 and B_Direct 8x8 as specified in subclause 8.4.1.2. When frame mbs_only flag is equal to|0,
direct $x8 inference flag shall be equal to 1.

frame |cropping flag equal to | specifies that the frame cropping offset parameters follow next in'the sequenfe
paramefer set. frame cropping_flag equal to 0 specifies that the frame cropping offset parameters are not present.

frame |crop_left offset, frame crop_right offset, frame crop top_offset, frame crop_bottom offset specify the
sample$ of the pictures in the coded video sequence that are output from the decoding process, in\terms of a rectangulpar
region $pecified in frame coordinates for output.

The vatiables CropUnitX and CropUnitY are derived as follows:
— Iffhroma format idc is equal to 0, CropUnitX and CropUnitY are derived as

CropUnitX =1 (7-14
CropUnitY =2 — frame mbs_only flag (7-17

~— —

—  Otherwise (chroma_format idc is equal to 1, 2, or 3), CropUnitX and CropUnitY are derived as

CropUnitX = SubWidthC (7-18
CropUnitY = SubHeightC * ( 2 — frame_mbs*only flag) (7-19

~— —

The frame cropping rectangle contains luma\\“-samples with horizontal frame coordinates from
CropUnitX * frame crop left offset to PicWidthInSamples; — ( CropUnitX * frame crop_right offset + 1 ) and vertidal
frame coordinates from CropUnitY *Mrame crop top_offset to ( 16 * FrameHeightInMbs ) —
( CropUnitY * frame crop_bottom_offset + 1 );.inclusive. The value of frame crop_left offset shall be in the range off 0
to  (|PicWidthInSamples; / CropUnitX ) ( frame crop right offset+ 1), inclusive; and the value pf
frame ¢rop top offset shall be in*, the range of 0 to (16 * FrameHeightInMbs/ CropUnitY
( frame| crop_bottom_offset + 1), inclusive.

When | frame cropping flag is (equal to 0, the wvalues of frame crop left offset, frame crop right offs¢t,
frame ¢rop top offset, and frame) crop bottom offset shall be inferred to be equal to 0.

When ¢hroma format idc~is\tiot equal to 0, the corresponding specified samples of the two chroma arrays are the
sample$ having frame ecoordinates ( x / SubWidthC, y / SubHeightC ), where ( x, y ) are the frame coordinates of the
specifigd luma samplés:

For deqoded fields, the specified samples of the decoded field are the samples that fall within the rectangle specified fin
frame doordinates.

vui_pafameters_present_flag equal to 1 specifies that the vui_parameters( ) syntax structure as specified in Annex E|is
presentiauiparameters—presentflag equa e . L i 5 meta - o nifin
Annex E is not present.

7.4.2.1.1 Scaling list semantics

delta_scale is used to derive the j-th element of the scaling list for j in the range of 0 to sizeOfScalingList - 1, inclusive.
The value of delta_scale shall be in the range of -128 to +127, inclusive.

When useDefaultScalingMatrixFlag is derived to be equal to 1, the scaling list shall be inferred to be equal to the default
scaling list as specified in Table 7-2.
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7.4.2.1.2 Sequence parameter set extension RBSP semantics

seq_parameter_set_id identifies the sequence parameter set associated with the sequence parameter set extension. The
value of seq_parameter_set id shall be in the range of 0 to 31, inclusive.

aux_format_idc equal to O indicates that there are no auxiliary coded pictures in the coded video sequence.
aux_format idc equal to 1 indicates that exactly one auxiliary coded picture is present in each access unit of the coded
video sequence, and that for alpha blending purposes the decoded samples of the associated primary coded picture in
each access unit should be multiplied by the interpretation sample values of the auxiliary coded picture in the access unit
aux_format idc equal to 2 indicates that exactly one
e ste—H-each-aceess—uni-o —and-that-for-alpha-blendingpwposes the
lecoded samples of the associated primary coded picture in each access unit should not be multiplied by the
nterpretation sample values of the auxiliary coded picture in the access unit in the display process after output|from the
Hecoding process. aux_format idc equal to 3 indicates that exactly one auxiliary coded picture exists it ¢ach adcess unit
bt the coded video sequence, and that the usage of the auxiliary coded pictures is unspecified.” The [value of
hux_format idc shall be in the range of 0 to 3, inclusive. Values greater than 3 for aux foymat idc are regerved to
ndicate the presence of exactly one auxiliary coded picture in each access unit of the coded vidéo’sequence for [purposes
o be specified in the future by ITU-T | ISO/IEC. When aux_format_idc is not present, it shall*be inferred to bg equal to
D.

NOTE - Decoders conforming to this Recommendation | International Standard are mot.required to decode auxilipry coded
pictures.

bit_depth_aux_minus8 specifies the bit depth of the samples of the sample~array of the auxiliary coded picture.
bit depth_aux_minus8 shall be in the range of 0 to 4, inclusive.

hlpha_incr_flag equal to 0 indicates that the interpretation sample valug for each decoded auxiliary coded pictufe sample
yalue is equal to the decoded auxiliary coded picture sample value for purposes of alpha blending. alpha incr flag equal
o 1 indicates that, for purposes of alpha blending, after decoding the auxiliary coded picture samples, any fauxiliary
toded picture sample value that is greater than Min(alpha opaque value, alpha_transparent value) should be ncreased
by one to obtain the interpretation sample value for the auxiliary coded picture sample, and any auxiliary coded picture
ample value that is less than or equal to Min(alpha opaque value, alpha transparent value) should be used without
hlteration as the interpretation sample value for the decedeéd auxiliary coded picture sample value.

hlpha_opaque_value specifies the interpretation’sample value of an auxiliary coded picture sample for which the
hssociated luma and chroma samples of the same access unit are considered opaque for purposes of alpha blending. The
humber of bits used for the representation of the alpha opaque value syntax element is bit_depth_aux _minus8 H9 bits.

hlpha_transparent_value specifies the\interpretation sample value of an auxiliary coded picture sample for which the
hssociated luma and chroma samples of the same access unit are considered transparent for purposes of alpha plending.
[he number of bits used_Sfor the representation of the alpha transparent value syntax element is
bit_depth_aux_minus8 + 9 bits:

When alpha_incr flag is_‘equal to 1, alpha transparent value shall not be equal to alpha opaque value and
[0og2( Abs( alpha_opaque-value — alpha_transparent value )) shall have an integer value. A value of
hlpha transparent yalue’that is equal to alpha_opaque value indicates that the auxiliary coded picture is not int¢nded for
hlpha blending putposes.
NOTE — Fordlpha blending purposes, alpha opaque value may be greater than alpha transparent value, or it may bd less than
alpha_transparent_value. Interpretation sample values should be clipped to the range of alpha opaque [value to
alpha ‘transparent_value, inclusive.

[hedecoding of the sequence parameter set extension and the decoding of auxiliary coded pictures is not required for
conformance with this Recommendation | International Standard.

The syntax of each coded slice of an auxiliary coded picture shall obey the same constraints as a coded slice of a
redundant picture, with the following differences of constraints.

—  The following applies in regard to whether the primary coded picture is an IDR picture.

—  If the primary coded picture is an IDR picture, the auxiliary coded slice syntax shall correspond to that of a
slice having nal unit_type equal to 5 (a slice of an IDR picture)

—  Otherwise (the primary coded picture is not an IDR picture), the auxiliary coded slice syntax shall correspond
to that of a slice having nal unit_type equal to 1 (a slice of a non-IDR picture).
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—  The slices of an auxiliary coded picture (when present) shall contain all macroblocks corresponding to those of the
primary coded picture.

—  redundant pic_cnt shall be equal to 0 in all auxiliary coded slices.

The (optional) decoding process for the decoding of auxiliary coded pictures is the same as if the auxiliary coded pictures
were primary coded pictures in a separate coded video stream that differs from the primary coded pictures in the current
coded video stream in the following ways.

—  The IDR or non-IDR status of each auxiliary coded picture shall be inferred to be the same as the IDR or non-IDR
status of the primary picture in the same access unit, rather than being inferred from the value of nal ref idc.

—  The value of chroma_format idc shall be inferred to be equal to 0 for the decoding of the auxiliary coded picturés.

—  The value of bit_depth_luma_minus8 shall be inferred to be equal to bit_depth _aux minus8 for the decoding of the
ayxiliary coded pictures.

NOTE —Alpha blending composition is normally performed with a background picture B, a foreground pictuge F, and a decodpd
auxilliary coded picture A, all of the same size. Assume for purposes of example illustration that the chroma téselution of B and F
hav¢ been upsampled to the same resolution as the luma. Denote corresponding samples of B, F and A by b€ and a, respectively.
Denpte luma and chroma samples by subscripts Y, Cb and Cr.

Define the variables alphaRange, alphaFwt and alphaBwt as follows:

alphaRange = Abs( alpha_opaque value - alpha_transparent_value )

alphaFwt = Abs( a - alpha_transparent value )

alphaBwt = Abs( a - alpha opaque value )

Thep, in alpha blending composition, samples d of the displayed picture D may be calculated as
dy = (alphaFwt*fy + alphaBwt*by + alphaRange/2 ) / alphaRange

dcg = (alphaFwt*fcp + alphaBwt*bcp + alphaRange/2 ) / alphaRange

dcr = (alphaFwt*fcg + alphaBwt*bcr + alphaRange/2 ) / alphaRange

The|samples of pictures D, F and B could also represent red, green, anid“blue component values (see subclause E.2.1). Here ye
havg assumed Y, Cb and Cr component values. Each component, e.g¥, is assumed for purposes of example illustration above |to
havg the same bit depth in each of the pictures D, F and B. However, different components, e.g. Y and Cb, need not have the sathe
bit depth in this example.

Whgn aux_format idc is equal to 1, F would be the decoded, picture obtained from the decoded luma and chroma, and A would pe
the [decoded picture obtained from the decoded auxiliary’coded picture. In this case, the indicated example alpha blendipg
composition involves multiplying the samples of F by fdctors obtained from the samples of A.

A picture format that is useful for editing or direct viewing, and that is commonly used, is called pre-multiplied-black video. If the
forepround picture was F, then the pre-multiplied=black video S is given by

sy = (alphaFwt*fy )/ alphaRange
scg = ( alphaFwt*f-p) / alphaRange
scr = (alphaFwt*fcg) / alphaRange

Pre-multiplied-black video has the‘characteristic that the picture S will appear correct if displayed against a black background. For
a nop-black background B, the composition of the displayed picture D may be calculated as

dy = sy + (alphaBwt*by/+ alphaRange/2 ) / alphaRange

dcg = scp + (alphaBwt*bep + alphaRange/2 ) / alphaRange
dcr = scr + (alphaBwt*ber + alphaRange/2 ) / alphaRange

ld
ot

Recommendation | International Standard shall ignore all data that follows the value of 1 for additional extension flag in
a sequence parameter set extension NAL unit.

7.4.2.2 Picture parameter set RBSP semantics

pic_parameter_set_id identifies the picture parameter set that is referred to in the slice header. The value of
pic_parameter set id shall be in the range of 0 to 255, inclusive.

seq_parameter_set_id refers to the active sequence parameter set. The value of seq parameter_set id shall be in the
range of 0 to 31, inclusive.
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entropy_coding_mode_flag selects the entropy decoding method to be applied for the syntax elements for which two

descriptors appear in the syntax tables as follows.

- Ifentropy coding mode flag is equal to 0, the method specified by the left descriptor in the syntax table is applied

(Exp-Golomb coded, see subclause 9.1 or CAVLC, see subclause 9.2).

- Otherwise (entropy_coding mode_flag is equal to 1), the method specified by the right descriptor in the syntax table

is applied (CABAC, see subclause 9.3).

pic_order_present_flag equal to 1 specifies that the picture order count related syntax elements are present in

the slice

headers as specified in subclause 7.3.3. pic order present flag equal to 0 specifies that the picture order count related

yntax elements are not present in the slice headers.

pqual to 0, all slices of the picture belong to the same slice group. The allowed range of num_slice. groups 1
pecified in Annex A.

slice_group_map_type specifies how the mapping of slice group map units to slice groupsiis’ coded. The
slice_group _map_type shall be in the range of 0 to 6, inclusive.

slice_group _map_type equal to 0 specifies interleaved slice groups.
lice_group_map_type equal to 1 specifies a dispersed slice group mapping.
lice group map_type equal to 2 specifies one or more “foreground” slice groups-and a “leftover” slice group.

flice_group map_type values equal to 3, 4, and 5 specify changing slice groups. When num_slice _groups_mint
pqual to 1, slice_group _map_type shall not be equal to 3, 4, or 5.

slice_group map_type equal to 6 specifies an explicit assignment gPaslice group to each slice group map unit.

Blice group map units are specified as follows.

- If frame mbs_only flag is equal to 0 and mb_adaptive frame field flag is equal to 1 and the coded pid
frame, the slice group map units are macroblock paitunits.

- Otherwise, if frame_mbs_only flag is equal to - or a coded picture is a field, the slice group map units ar
macroblocks.

- Otherwise (frame mbs_only flag is equal to 0 and mb_adaptive frame field flag is equal to 0 and f{I
picture is a frame), the slice group map units are units of two macroblocks that are vertically contiguoy
frame macroblock pair of an MBAFFE frame.

run_length_minusl1] i | is used to.specify the number of consecutive slice group map units to be assigned to the
broup in raster scan order of slice’ group map units. The value of run_length minusl1[ i ] shall be in the rang]
PicSizeInMapUnits - 1, inclusive.

op_left[ i ] and bottom{ right| i ] specify the top-left and bottom-right corners of a rectangle, respectively. to
hind bottom_right[ i ] \ate’slice group map unit positions in a raster scan of the picture for the slice group map 1
bottom_right[ i]

top_leftfi] shall be less than or equal to bottom right{i] and bottom right[i] shall be 1
PicSizeInMapUnits.

(\top_left[ i ] % PicWidthInMbs ) shall be less than or equal to the value of ( bottom_right[ i ] % PicWidthIn

hum_slice_groups_minusl1 plus | specifies the number of slice groups for a picture. When num_slice_groups_minusl is

hinusl is

value of

1s1 is not

ture is a
units of

e coded
S as in a

i-th slice
e of 0 to

p left[ 1]
nits. For

pach rectangle i, all7of the following constraints shall be obeyed by the values of the syntax elements top left[ i ] and

bss  than

Mbs ).

stice_group_cirange _direction flag s used —witlt Stice_group _Imap_type to Specity e Tefined Tmap ¢
slice_group map type is 3, 4, or 5.

e when

slice_group_change_rate minusl is used to specify the variable SliceGroupChangeRate. SliceGroupChangeRate
specifies the multiple in number of slice group map units by which the size of a slice group can change from one picture
to the next. The value of slice_group change rate minusl shall be in the range of 0 to PicSizeInMapUnits — 1, inclusive.

The SliceGroupChangeRate variable is specified as follows:

SliceGroupChangeRate = slice_group change rate minusl + 1
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pic_size_in_map_units_minusl is used to specify the number of slice group map units in the picture.
pic_size in_map units_minusl shall be equal to PicSizeInMapUnits - 1.

slice_group_id[ i] identifies a slice group of the i-th slice group map unit in raster scan order. The size of the
slice_group id[ i ] syntax element is Ceil( Log2( num_slice_groups minusl + 1)) bits. The value of slice _group id[ i ]
shall be in the range of 0 to num_slice groups minusl, inclusive.

num_ref idx 10 _active_minusl specifies the maximum reference index for reference picture list O that shall be used to
decode each slice of the picture in which list O prediction is used when num_ref idx_active override flag is equal to 0

for the slice. When MbaffFrameFlag is equal to 1, num ref idx 10 active minusl is the maximum index value for the
L A ki ot A 1A et ot R o for_the

decoding of field macroblocks. The value of nurn__ ref_idx__ 10__ active__ minus] shall be in the range of 0 to 31, inclusive:

num_ref idx 11 _active_minusl has the same semantics as num_ref idx 10 active minusl with 10 and list Oyreplacg¢d
by 11 and list 1, respectively.

weighted_pred_flag equal to O specifies that weighted prediction shall not be applied to PGand SP slicgs.
weight¢d pred flag equal to 1 specifies that weighted prediction shall be applied to P and SP slices.

weighted bipred_idc equal to O specifies that the default weighted prediction shall be\applied to B slicgs.
weight¢d bipred idc equal to1 specifies that explicit weighted prediction shall A be) applied to B slicgs.
weight¢d bipred idc equal to 2 specifies that implicit weighted prediction shall be appliedto B slices. The value pf
weight¢d bipred_idc shall be in the range of 0 to 2, inclusive.

pic_inif_qp_minus26 specifies the initial value minus 26 of SliceQPy for each slicex “The initial value is modified at the
slice layer when a non-zero value of slice gp delta is decoded, and is modifted further when a non-zero value pf
mb_qp|delta is decoded at the macroblock layer. The value of picnit qp minus26 shall be in the range
of -(26 + QpBdOffsety ) to +25, inclusive.

pic_inif_qs_minus26 specifies the initial value minus 26 of SliceQSy-for all macroblocks in SP or SI slices. The initfal
value i modified at the slice layer when a non-zero value of slice_gs“delta is decoded. The value of pic_init qs_minus26
shall bq in the range of -26 to +25, inclusive.

chroma_qp_index_offset specifies the offset that shall be added to QPy and QSy for addressing the table of QP valul
for the Cb chroma component. The value of chroma qp_index offset shall be in the range of -12 to +12, inclusive.

19%
w

deblocking_filter_control_present_flag equal to 1.specifies that a set of syntax elements controlling the characteristifs
of the deblocking filter is present in the slice headér. deblocking filter control present flag equal to O specifies that the
set of slyntax elements controlling the characteristics of the deblocking filter is not present in the slice headers and thgir
inferred values are in effect.

constrgined_intra_pred_flag equal te.0“specifies that intra prediction allows usage of residual data and decod¢d
samplep of neighbouring macroblocks coded using Inter macroblock prediction modes for the prediction of macroblocks
coded psing Intra macroblock prediction modes. constrained intra pred flag equal to 1 specifies constrained intra
predictfon, in which case prediction of macroblocks coded using Intra macroblock prediction modes only uses resid
data anfl decoded samples from-I or SI macroblock types.

redundant_pic_cnt_present_flag equal to 0 specifies that the redundant pic_cnt syntax element is not present in slige
headerd, data partition§ B, and data partitions C that refer (either directly or by association with a corresponding data
partitioh A) to the¢ picture parameter set. redundant pic_cnt_present _flag equal to 1 specifies that the redundant pic_cnt
syntax felement:is present in all slice headers, data partitions B, and data partitions C that refer (either directly or by
associafionwith a corresponding data partition A) to the picture parameter set.

transfdrm-8x8 mode flag equal to | specifies that the 8x8 transform decoding process may be in use (s¢e
subclause 8.5). transform 8x8 mode flag equal to 0 specifies that the 8x8 transform decoding process is not in use.
When transform 8x8 mode flag is not present, it shall be inferred to be 0.

pic_scaling_matrix_present_flag equal to 1 specifies that parameters are present to modify the scaling lists specified in
the sequence parameter set. pic_scaling matrix_present_flag equal to 0 specifies that the scaling lists used for the picture
shall be inferred to be equal to those specified by the sequence parameter set. When pic_scaling matrix_present flag is
not present, it shall be inferred to be equal to 0.

pic_scaling_list_present_flag[ i] equal to 1 specifies that the scaling list syntax structure is present to specify the
scaling list for index i. pic_scaling_list present flag[ i ] equal to O specifies that the syntax structure for scaling list i is
not present in the picture parameter set and that depending on the value of seq scaling matrix_present flag, the
following applies.
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— If seq_scaling matrix_present flag is equal to 0, the scaling list fall-back rule set A as specified in Table 7-2 shall

be used to derive the picture-level scaling list for index i.

—  Otherwise (seq_scaling matrix_present flag is equal to 1), the scaling list fall-back rule set B as specified in

Table 7-2 shall be used to derive the picture-level scaling list for index i.

second_chroma_qp_index_offset specifies the offset that shall be added to QPy and QSy for addressing the table of

QP¢ values for the Cr chroma component. The value of second chroma qp_index offset shall be in the range
+12, inclusive.

of -12 to

When second chroma gp index offset is not present, it shall be inferred to be equal to chroma gp index offset.

[.4.2.3 Supplemental enhancement information RBSP semantics

Bupplemental Enhancement Information (SEI) contains information that is not necessary to decode the.samples
bictures from VCL NAL units.

/.4.2.3.1 Supplemental enhancement information message semantics

bayloadType and size payloadSize of the SEI payload. SEI payloads are specified in Annex D. The derived SE
size payloadSize is specified in bytes and shall be equal to the number of bytes in the’SE¥ payload.

ff byte is a byte equal to OxFF identifying a need for a longer representation of the)syntax structure that it is use
ast_payload_type byte is the last byte of the payload type of an SEI message.

ast_payload_size byte is the last byte of the size of an SEI message.

7.4.2.4 Access unit delimiter RBSP semantics

Helimiter.

primary_pic_type indicates that the slice type values for all slices of the primary coded picture are members
isted in Table 7-5 for the given value of primary-pic_type.

Tablé.7-5 — Meaning of primary_pic_type

of coded

An SEI NAL unit contains one or more SEI messages. Each SEI message consists of the variables specifying| the type

payload

| within.

[he access unit delimiter may be used to indicate the type of slices present in a primary coded picture and to sinplify the
etection of the boundary between access units. There is noonormative decoding process associated with the adcess unit

f the set

primary_pic_type [\slice_type values that may be present in the primary coded picture
0 I

1 I,P

2 I,P,B

3 SI

4 SI, SP

5 I, SI

6 I, SI, P, SP

7 I, SI, P, SP, B

7.4.2.5 End of sequence RBSP semantics

The end of sequence RBSP specifies that the next subsequent access unit in the bitstream in decoding order (if any) shall
be an IDR access unit. The syntax content of the SODB and RBSP for the end of sequence RBSP are empty. No

normative decoding process is specified for an end of sequence RBSP.

© ISO/IEC 2005 — All rights reserved

73


https://standardsiso.com/api/?name=b449ef14175ac39adc75a917dddf783d

ISO/IEC 14496-10:2005(E)

7.4.2.6 End of stream RBSP semantics

The end of stream RBSP indicates that no additional NAL units shall be present in the bitstream that are subsequent to
the end of stream RBSP in decoding order. The syntax content of the SODB and RBSP for the end of stream RBSP are
empty. No normative decoding process is specified for an end of stream RBSP.

7.4.2.7 Filler data RBSP semantics

The filler data RBSP contains bytes whose value shall be equal to 0xFF. No normative decoding process is specified for
a filler data RBSP.

ff bytdisa byfe equal to OXFF.

7.4.2.8| Slice layer without partitioning RBSP semantics

The slige layer without partitioning RBSP consists of a slice header and slice data.
7.4.2.9| Slice data partition RBSP semantics

7.4.2.9]1 Slice data partition A RBSP semantics

When dlice data partitioning is in use, the coded data for a single slice is divided into three separate partitions. Partition |A
containg all syntax elements of category 2.

Categoty 2 syntax elements include all syntax elements in the slice header and slice data-Syntax structures other than the
syntax glements in the residual( ) syntax structure.

slice_id identifies the slice associated with the data partition. Each slice shall have a unique slice id value within the
coded picture that contains the slice. When arbitrary slice order is not allow&d)as specified in Annex A, the first slice of a
coded picture, in decoding order, shall have slice id equal to 0 and the value of slice_id shall be incremented by one fpr
each subsequent slice of the coded picture in decoding order.

The rarjge of slice id is specified as follows.
—  If MbaffFrameFlag is equal to 0, slice id shall be in the range of 0 to PicSizeInMbs - 1, inclusive.
—  Otherwise (MbaffFrameFlag is equal to 1), slice_id_shall be in the range of 0 to PicSizeInMbs / 2 - 1, inclusive.

7.4.2.922 Slice data partition B RBSP semantics

©»

When {lice data partitioning is in use, the codéd-data for a single slice is divided into one to three separate partitior]
Slice data partition B contains all syntax elements of category 3.

Categoty 3 syntax elements include allssyntax elements in the residual( ) syntax structure and in syntax structures us¢d
within that syntax structure for collective macroblock types I and SI as specified in Table 7-10.

slice_id has the same semantics(as)specified in subclause 7.4.2.9.1.

redundant_pic_cnt shall be équal to 0 for slices and slice data partitions belonging to the primary coded picture. The
redundgnt pic_cnt shall(be-greater than 0 for coded slices and coded slice data partitions in redundant coded picturgs.
When fedundant pic ‘ont-is not present, its value shall be inferred to be equal to 0. The value of redundant pic_cnt shgll
be in thie range of 0.to 127, inclusive.

redundant _pic_ cnt as in the slice data partltlon A RB SP.

- Otherwise (the syntax elements of a slice data partition A RBSP do not indicate the presence of any syntax elements
of category 3 in the slice data for a slice), no slice data partition B RBSP shall be present having the same value of
slice_id and redundant_pic_cnt as in the slice data partition A RBSP.

7.4.2.9.3 Slice data partition C RBSP semantics

When slice data partitioning is in use, the coded data for a single slice is divided into three separate partitions. Slice data
partition C contains all syntax elements of category 4.
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Category 4 syntax elements include all syntax elements in the residual( ) syntax structure and in syntax structures used

within that syntax structure for collective macroblock types P and B as specified in Table 7-10.
slice_id has the same semantics as specified in subclause 7.4.2.9.1.

redundant_pic_cnt has the same semantics as specified in subclause 7.4.2.9.2.

The presence of a slice data partition C RBSP is specified as follows.

- If the syntax elements of a slice data partition A RBSP indicate the presence of any syntax elements of cate

gory 4 in

the slice data for a slice, a slice data partition C RBSP shall be present having the same value of slice id and

AP IRCD.

Otherwise (the syntax elements of a slice data partition A RBSP do not indicate the presence of any syntax

slice_id and redundant _pic_cnt as in the slice data partition A RBSP.

7.4.2.10 RBSP slice trailing bits semantics

tabac_zero_word is a byte-aligned sequence of two bytes equal to 0x0000.

picture.

et BinCountsInNALunits be the number of times that the parsing progess’ function DecodeBin( ), spe
subclause 9.3.3.2, is invoked to decode the contents of all VCL NAE units of a coded picture.
entropy_coding mode_flag is equal to 1, BinCountsInNALunits shall not-¢xceed ( 32 +3 ) * NumBytesInVcl)
- ( RawMbBits * PicSizeInMbs ) + 32.
NOTE — The constraint on the maximum number of bins resulting from decoding the contents of the slice layer NAL ur
met by inserting a number of cabac zero word syntax elements, to- increase the value of NumBytesInVcINALun

cabac_zero_word is represented in a NAL unit by the three-byte.sequence 0x000003 (as a result of the constraints on
contents that result in requiring inclusion of an emulation_prevention_three byte for each cabac_zero word).

/.4.2.11 RBSP trailing bits semantics
'bsp_stop_one_bit shall be equal to 1.

rbsp_alignment_zero_bit shall be equal to 0,

7.4.3 Slice header semantics

When present, the value of the .slice header syntax elements pic _parameter set id, frame num, field |
pottom_field flag, idr_pic_id, pic_order cnt_lsb, delta_pic_order cnt bottom, delta_pic_order
lelta pic_order cnt[ 1], sp_for\switch flag, and slice group change cycle shall be the same in all slice hea
coded picture.

specified in Annex(A\the value of first mb_in_slice shall not be less than the value of first mb_in_slice for
lice of the currert picture that precedes the current slice in decoding order.

[he first macreblock address of the slice is derived as follows.

- If MbaffFrameFlag is equal to 0, first mb_in_slice is the macroblock address of the first macroblock in
andfirst mb_in_slice shall be in the range of 0 to PicSizeInMbs - 1, inclusive.

- /Otherwise (MbaffFrameFlag is equal to 1), first mb in slice * 2 is the macroblock address of the first mg

elements

of category 4 in the slice data for a slice), no slice data partition C RBSP shall be present having the same| value of

et NumBytesInVcINALunits be the sum of the values of NumBytesInNALunit fof all VCL NAL units off a coded

cified in
When
U ALunits

its can be
ts. Each
INAL unit

pic_flag,
[ ent[ 01,
Hers of a

first mb_in_slice specifies the address of the first macroblock in the slice. When arbitrary slice order is not allowed as

iny other

he slice,

croblock

in the slice, which is the top macroblock of the first macroblock pair in the slice, and first mb_in_slice shall be in

the range of 0 to PicSizeInMbs / 2 - 1, inclusive.

slice_type specifies the coding type of the slice according to Table 7-6.
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Table 7-6 — Name association to slice_type

slice_type Name of slice_type
P (P slice)

B (B slice)

I (I slice)

SP (SP slice)

SI (SI slice)

P (P slice)

B (B slice)

I (I slice)

SP (SP slice)
SI (SI slice)

NeN el LN Ro i iV, I IR VS I (O Bl el

slice_type values in the range 5..9 specify, in addition to the coding type of the current slice; that all other slices of t

current|coded picture shall have a value of slice type equal to the current value of slice type/or equal to the current valyie

of slice| type — 5.

When njal_unit_type is equal to 5 (IDR picture), slice_type shall be equal to 2, 4, 7, 6t 9

When fjum_ref frames is equal to 0, slice_type shall be equal to 2, 4, 7, or 9.

pic_pafameter_set_id specifies the picture parameter set in use. The value'of pic_parameter set id shall be in the ran
of 0 to P55, inclusive.

frame |num is used as an identifier for pictures and shall be represented by log2 max_frame num_minus4 + 4 bits in the

bitstreajm

. frame num is constrained as follows:

The vagiable PrevRefFrameNum is derived as follows.

- If f]tne current picture is an IDR picture, PrevRefFrameNum is set equal to 0.

- Othe

rwise (the current picture is not an IDR picture), PrevRefFrameNum is set as follows.

If the decoding process for gaps in‘frame num specified in subclause 8.2.5.2 was invoked by the decodit
process for an access unit that contained a non-reference picture that followed the previous access unit
decoding order that contained ‘a, réference picture, PrevRefFrameNum is set equal to the value of frame nu
for the last of the "non-existing" reference frames inferred by the decoding process for gaps in frame nul
specified in subclause 8.2.5.2.

Otherwise, PrevRefFrameNum is set equal to the value of frame num for the previous access unit in decodifg

order that containeda reference picture.

The value of frame numvis constrained as follows.

- If t]tne currentpicture is an IDR picture, frame num shall be equal to 0.

- Othe

rwise.(the current picture is not an IDR picture), referring to the primary coded picture in the previous acce]

unft i’ decoding order that contains a reference picture as the preceding reference picture, the value of frame nul
for] the‘current picture shall not be equal to PrevRefFrameNum unless all of the following three conditions are true.

1§

=]

\g
in
m
m

m
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the current picture and the preceding reference picture belong to consecutive access units in decoding order
the current picture and the preceding reference picture are reference fields having opposite parity

one or more of the following conditions is true

— the preceding reference picture is an IDR picture

— the preceding reference picture includes a memory management_control_operation syntax element equal

to 5

NOTE — When the preceding reference picture includes a memory management control operation syntax

element equal to 5, PrevRefFrameNum is equal to 0.
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— there is a primary coded picture that precedes the preceding reference picture and the primary coded
picture that precedes the preceding reference picture does not have frame num equal to

PrevRefFrameNum

— there is a primary coded picture that precedes the preceding reference picture and the primary coded

picture that precedes the preceding reference picture is not a reference picture

When the value of frame num is not equal to PrevRefFrameNum, the following applies.

—  There shall not be any previous field or frame in decoding order that is currently marked as "used for short-term
reference" that has a value of frame num equal to any value taken on by the variable UnusedShortTermFrameNum

LA | £ 11 .
HI'UIC TUITOWILTE.

UnusedShortTermFrameNum = ( PrevRefFrameNum + 1 ) % MaxFrameNum
while( UnusedShortTermFrameNum != frame num )
UnusedShortTermFrameNum = ( UnusedShortTermFrameNum + 1 ) % MaxFrameNum

- The value of frame_num is constrained as follows.

— If gaps_in frame num value allowed flag is equal to 0, the value of frame num for the current pic
be equal to ( PrevRefFrameNum + 1 ) % MaxFrameNum.

—  Otherwise (gaps_in_frame num_value allowed flag is equal to 1), the following applies.

— If frame num is greater than PrevRefFrameNum, there shall net\b¢ any non-reference pictur
bitstream that follow the previous reference picture and precede-the current picture in decoding
which either of the following conditions is true.

—  The value of frame num for the non-reference pictute is'less than PrevRefFrameNum.

—  The value of frame num for the non-reference picture is greater than the value of frame nu
current picture.

—  Otherwise (frame num is less than PrevRefFrameNum), there shall not be any non-reference p
the bitstream that follow the previous refereice picture and precede the current picture in decod|
in which both of the following conditions*are true.

—  The value of frame num for themon-reference picture is less than PrevRefFrameNum.
—  The value of frame num for the non-reference picture is greater than the value of frame nu

current picture.

A picture including a memory management control operation equal to 5 shall have frame num constraints as
hbove and, after the decoding of the cusrent picture and the processing of the memory management control of
he picture shall be inferred to haye had frame num equal to 0 for all subsequent use in the decoding process,
pecified in subclause 7.4.1.2.4-

NOTE — When the primagy coded picture is not an IDR picture and does not contain memory management control |
syntax element equal te-3,.,the value of frame num of a corresponding redundant coded picture is the same as thg
frame num in  thew primary coded picture.  Alternatively, the redundant coded picture inc

picture.

field_pic_flag‘equal to 1 specifies that the slice is a slice of a coded field. field pic_flag equal to 0 specifies that
s a slice ofa ¢oded frame. When field pic_flag is not present it shall be inferred to be equal to 0.

[he variable MbaffFrameFlag is derived as follows.
MbaftfFrameFlag = ( mb_adaptive frame field flag && !field pic flag)

(7-21)
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memory managemeént—control operation syntax element equal to 5 and the corresponding primary coded picture i an IDR

the slice

(7-22)

The variable for the picture height in units of macroblocks is derived as follows

PicHeightInMbs = FrameHeightInMbs / ( 1 + field pic_flag)

The variable for picture height for the luma component is derived as follows

PicHeightInSamples; = PicHeightInMbs * 16

The variable for picture height for the chroma component is derived as follows

PicHeightInSamplesc = PicHeightiInMbs * MbHeightC

© ISO/IEC 2005 — All rights reserved
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The variable PicSizeInMbs for the current picture is derived according to:

PicSizeInMbs = PicWidthInMbs * PicHeightInMbs (7-26)

The variable MaxPicNum is derived as follows.
- Iffield pic flag is equal to 0, MaxPicNum is set equal to MaxFrameNum.
- Otherwise (field pic_flag is equal to 1), MaxPicNum is set equal to 2*MaxFrameNum.

The variable CurrPicNum is derived as follows.

- If teld | pic_flag is equal to 0, CurrPicNum is set equal to frame num.
- Otherwise (field pic_flag is equal to 1), CurrPicNum is set equal to 2 * frame num + 1.

botton] field_flag equal to 1 specifies that the slice is part of a coded bottom field. bottom field flag-equal to 0
specifigs that the picture is a coded top field. When this syntax element is not present for the current slice, it shall be
inferred to be equal to 0.

idr_piq _id identifies an IDR picture. The values of idr_pic_id in all the slices of an IDR picture shall remain unchanged.
When fwo consecutive access units in decoding order are both IDR access units, the value of idr pic_id in the slices pf
the firsf such IDR access unit shall differ from the idr pic_id in the second such IDR access*anit. The value of idr pic fid
shall bq in the range of 0 to 65535, inclusive.

pic_order_cnt_Isb specifies the picture order count modulo MaxPicOrderCntLsb fotthe top field of a coded frame or fpr
a coded field. The size of the pic order cnt Isb syntax element is log2 max pic order cnt Isb minus4 + 4 bits. The
value of the pic_order cnt Isb shall be in the range of 0 to MaxPicOrderCntLsb'— 1, inclusive.

delta_pic_order_cnt_bottom specifies the picture order count differencébetween the bottom field and the top field of a
coded firame as follows.

- If | the current picture includes a memory management control operation equal to 5, the wvalue pf
delta_pic_order cnt bottom shall be in the range of ( 1 — MdxPicOrderCntLsb ) to 2°' - 1, inclusive.

- Otherwise (the current picture does not include a memory management control operation equal to 5), the value pf
delta_pic_order cnt bottom shall be in the range of<2°" to 2°! - 1, inclusive.

When this syntax element is not present in the bitstream for the current slice, it shall be inferred to be equal to 0.

delta_pic_order_cnt[ O | specifies the picture order count difference from the expected picture order count for the tpp
field ofla coded frame or for a coded field as‘specified in subclause 8.2.1. The value of delta_pic_order cnt[ 0 ] shall be
in the fange of -2*' to 2*' - 1, inclusive. Whén this syntax element is not present in the bitstream for the current slice,|it
shall bq inferred to be equal to 0.

delta_pic_order_cnt[ 1 | specifiesthe picture order count difference from the expected picture order count for the
bottoml|field of a coded frame-specified in subclause 8.2.1. The value of delta_pic_order cnt[ 1 ] shall be in the range of
2% to 2" - 1, inclusive. When.this syntax element is not present in the bitstream for the current slice, it shall be inferr¢d
to be equal to 0.

redundant_pic_cnt;shall be equal to 0 for slices and slice data partitions belonging to the primary coded picture. The
value df redundant )pic_cnt shall be greater than 0 for coded slices or coded slice data partitions of a redundant cod¢d
picture] Whenfeédundant pic_cnt is not present in the bitstream, its value shall be inferred to be equal to 0. The value pf
redundgnt pict cnt shall be in the range of 0 to 127, inclusive.

NOTE=/Any area of the decoded primary picture and the corresponding area that would result from application of the decodiphg
process specified in clause 8 for any redundant picture in the same access unit should be visually similar in appearance.

The value of pic_parameter set id in a coded slice or coded slice data partition of a redundant coded picture shall be
such that the value of pic_order present flag in the picture parameter set in use in a redundant coded picture is equal to
the value of pic_order present flag in the picture parameter set in use in the corresponding primary coded picture.

When present in the primary coded picture and any redundant coded picture, the following syntax elements shall have the
same value: field pic flag, bottom field flag, and idr pic_id.

When the value of nal ref idc in one VCL NAL unit of an access unit is equal to 0, the value of nal ref idc in all other
VCL NAL units of the same access unit shall be equal to 0.
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NOTE — The above constraint also has the following implications. If the value of nal ref idc for the VCL NAL units of the
primary coded picture is equal to 0, the value of nal ref idc for the VCL NAL units of any corresponding redundant coded picture
are equal to 0; otherwise (the value of nal ref idc for the VCL NAL units of the primary coded picture is greater than 0), the value
ofnal ref idc for the VCL NAL units of any corresponding redundant coded picture are also greater than 0.

The marking status of reference pictures and the value of frame num after the decoded reference picture marking process
as specified in subclause 8.2.5 is invoked for the primary coded picture or any redundant coded picture of the same
access unit shall be identical regardless whether the primary coded picture or any redundant coded picture (instead of the
primary coded picture) of the access unit would be decoded.
NOTE - The above constraint also has the following implications.

> = o i fjentical in
all slice headers of the primary coded picture and all redundant coded pictures corresponding to the primary coded pictusg.
Otherwise (a primary coded picture is an IDR picture), the following applies.
If a redundant coded picture corresponding to the primary coded picture is an IDR picture, the Contenfs of the
dec_ref pic_marking( ) syntax structure must be identical in all slice headers of the primary coded picture and-the redundant coded
picture corresponding to the primary coded picture.
Otherwise (a redundant picture corresponding to the primary coded picture is not an IDR picture), all slice head¢rs of the
redundant picture must contain a dec ref pic marking syntax() structure including a memorymanagement control |operation
syntax element equal to 5, and the following applies.
If the value of long term reference flag in the primary coded picture is equal to 0, the dee_ref pic marking syntax sfructure of
the redundant coded picture must not include a memory management control operation'syntax element equal to 6.
Otherwise (the value of long term reference flag in the primary coded picture is fequal to 1), the dec ref pic_marking syntax
structure of the redundant coded picture must include memory management contfel)operation syntax elements equal t¢ 5, 4, and
6 in decoding order, and the value of max_long term frame idx plusl must béequal to 1, and the value of long term frame idx
must be equal to 0.

[he values of TopFieldOrderCnt and BottomFieldOrderCnt (if applicable) that result after completion of the Hecoding
process for any redundant coded picture or the primary coded pictuce of the same access unit shall be identical rggardless
vhether the primary coded picture or any redundant coded picture (instead of the primary coded picture) of the access
init would be decoded.

[here is no required decoding process for a coded slice dr coded slice data partition of a redundant coded picture. When
he redundant pic_cnt in the slice header of a codedislice is greater than 0, the decoder may discard the coded slice.
However, a coded slice or coded slice data partition“of any redundant coded picture shall obey the same constrints as a
toded slice or coded slice data partition of a primary picture.
NOTE — When some of the samples in the décoded primary picture cannot be correctly decoded due to errors orf losses in
transmission of the sequence and a coded, fedundant slice can be correctly decoded, the decoder should replace the samples of the

decoded primary picture with the cornrfésponding samples of the decoded redundant slice. When more than one redurjdant slice
covers the relevant region of the primary picture, the redundant slice having the lowest value of redundant pic_cnt should be used.

Redundant slices and slice data’partitions having the same value of redundant pic_cnt belong to the same rpdundant
picture. Decoded slices within the same redundant picture need not cover the entire picture area and shall not ovgrlap.

Hirect_spatial_mv_pred_flag specifies the method used in the decoding process to derive motion vectors and feference
ndices for inter prediction as follows.

If direct spatial mv_pred flag is equal to 1, the derivation process for luma motion vectors for|B_Skip,
B_Direct_16x16, and B_Direct 8x8 in subclause 8.4.1.2 shall use spatial direct mode prediction as spdcified in
subclause 8.4.1.2.2.

Otherwise (direct_spatial mv_pred flag is equal to 0), the derivation process for luma motion vectors for| B_Skip,
B, Direct_16x16, and B_Direct 8x8 in subclause 8.4.1.2 shall use temporal direct mode prediction as spg¢cified in
subclause 8.4.1.2.3.

num_ref idx_active_override flag equal to0O specifies that the values of the syntax elements
num_ref idx 10 active minusl and num_ref idx 11 active _minus] specified in the referred picture parameter set are in
effect. num ref idx active override flag equal to 1 specifies that the num ref idx 10 active minusl and
num_ref idx 11 _active minusl specified in the referred picture parameter set are overridden for the current slice (and
only for the current slice) by the following values in the slice header.

When the current slice is a P, SP, or B slice and field pic flag is equal to0 and the value of
num_ref idx 10 active minusl in the picture parameter set exceeds 15, num ref idx_active override flag shall be
equal to 1.
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When the current slice is a B slice and field pic_flag is equal to 0 and the value of num_ref idx 11 active_minusl] in the
picture parameter set exceeds 15, num_ref idx active override flag shall be equal to 1.

num_ref idx 10 _active_minusl specifies the maximum reference index for reference picture list O that shall be used to
decode the slice.

The range of num_ref idx 10_active_minusl is specified as follows.

— If field pic flag is equal to 0, num ref idx 10 active minusl shall be in the range of 0 to 15, inclusive. When
MbaffFrameFlag is equal to 1, num ref idx 10 active minusl is the maximum index value for the decoding of
frame macroblocks and 2 * num ref idx 10 active minusl + 1 is the maximum index value for the decoding of
figld macroblocks.

—  Otherwise (field pic flagis equal to 1), num_ref idx 10 active _minus] shall be in the range of 0 to 31, inclusjve.

num_ref idx 11 _active_minusl has the same semantics as num_ref idx 10 active minusl with 10 and list\0 replac¢d
by 11 anpd list 1, respectively.

cabac_jnit_idc specifies the index for determining the initialisation table used in the initialisation\process for context
variablgs. The value of cabac_init_idc shall be in the range of 0 to 2, inclusive.

slice_qp_delta specifies the initial value of QPy to be used for all the macroblocks in the ‘slice until modified by the
value of mb_qp_delta in the macroblock layer. The initial QPy quantisation parameter for thé.slice is computed as:

BliceQPy =26 + pic_init qp_minus26 + slice qp_delta (727

The value of slice_qp_delta shall be limited such that SliceQPy is in the range of ~-QpBdOffsety to +51, inclusive.
sp_for | switch_flag specifies the decoding process to be used to decode P-magroblocks in an SP slice as follows.

- If4p_for switch flagis equal to 0, the P macroblocks in the SP sli¢€'shall be decoded using the SP decoding procegs
forl non-switching pictures as specified in subclause 8.6.1.

- Otherwise (sp_for_switch_flag is equal to 1), the P macroblocks in the SP slice shall be decoded using the SP and BI
de¢oding process for switching pictures as specified in subclause 8.6.2.

slice_qp_delta specifies the value of QSy for all the macroblocks in SP and SI slices. The QSy quantisation parameter fpr
the slicg is computed as:

DSy =26 + pic_init_gs_minus26 + slice»qs’ delta (7-29)

The value of slice_qs_delta shall be limited such that QSy is in the range of 0 to 51, inclusive. This value of QSy is us¢d
for the fecoding of all macroblocks in-SEslices with mb_type equal to ST and all macroblocks in SP slices with predicti¢n
mode efjual to inter.

disablg deblocking_filter_idc'specifies whether the operation of the deblocking filter shall be disabled across some
block efdges of the slice and specifies for which edges the filtering is disabled. When disable deblocking_filter idc is njot
present|in the slice header, the value of disable deblocking_filter idc shall be inferred to be equal to 0.

The value of disable._déblocking_filter idc shall be in the range of 0 to 2, inclusive.

slice_alpha_c(_‘effset_div2 specifies the offset used in accessing the a and tcy deblocking filter tables for filterimg
operatipns captrolled by the macroblocks within the slice. From this value, the offset that shall be applied wh¢n
addresging these tables shall be computed as:

FilterOffsetA = slice_alpha c0_offset div2 <<1 (7-29)

The value of slice_alpha c0 offset div2 shall be in the range of -6 to +6, inclusive. When slice alpha c0 offset div2 is
not present in the slice header, the value of slice_alpha c0_offset div2 shall be inferred to be equal to 0.

slice_beta_offset_div2 specifies the offset used in accessing the [ deblocking filter table for filtering operations
controlled by the macroblocks within the slice. From this value, the offset that is applied when addressing the [ table of
the deblocking filter shall be computed as:

FilterOffsetB = slice_beta_offset div2 <<'1 (7-30)
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The value of slice_beta offset div2 shall be in the range of -6 to +6, inclusive. When slice beta offset div2 is not

present in the slice header the value of slice_beta offset div2 shall be inferred to be equal to 0.

slice_group_change cycle is used to derive the number of slice group map units in slice group
slice_group _map _type is equal to 3, 4, or 5, as specified by

MapUnitsInSliceGroup0 = Min( slice_group change cycle * SliceGroupChangeRate, PicSizeInMapUnits )

The value of slice_group change cycle is represented in the bitstream by the following number of bits

0 when

(7-31)
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nclusive.

.4.3.1 Reference picture list reordering semantics

[he syntax elements reordering of pic nums idc, abs diff pic num minusl, and long term pic_num sp
thange from the initial reference picture lists to the reference picture lists to be used for deeoding the slice.

bresent.
o 3 following ref__pic_list_reordering_ﬂag_lO shall not exceed num_ref idx 10 active minusl + 1.

ubclause 8.2.4.2 is equal to "no reference picture", refipic list reordering flag 10 shall be equal

ist produced as specified in subclause 8.2.4.3 is not equal tg>''no reference picture".

present.

o 3 following ref pic list reordering flag 1 shall not exceed num ref idx 11 active minusl + 1.

When decoding a B slice and RefPiclist1[ num ref idx I1 active minusl ] in the initial reference picture list
s specified in subclause 8.2.4.2 isiequal to "no reference picture"”, ref pic list reordering flag 11 shall be equa

ist produced as specified insubclause 8.2.4.3 is not equal to "no reference picture".

reordering_of pic_nums idc together with abs diff pic num minusl or long term pic num specifies whi

(7-32)

[he value of slice_group change cycle shall be in the range of 0 to Ceil( PicSizeInMapUnits+SliceGroupChanjgeRate ),

peify the

Fef pic_list_reordering_flag 10 equal to 1 specifies that the syntax element reordering’ of pic nums_idc is pijesent for
pecifying reference picture list 0. ref pic list reordering flag 10 equal to 0 specifies that this syntax elemdnt is not

When ref pic_list_reordering flag 10 is equal to 1, the number of times that'reordering of pic nums idc is fiot equal

When RefPicListO[ num_ref idx 10 active minusl ] in the initiahteference picture list produced as spefified in

ol and

reordering_of pic_nums_idc shall not be equal to 3 until RefPiclistO] num_ref idx 10 active _minusl ] in the feordered

Fef pic_list reordering_flag 11 equal to 1 specifies that-the syntax element reordering_of pic nums_idc is pijesent for
pecifying reference picture list 1. ref pic list reordering flag 11 equal to O specifies that this syntax elemdnt is not

When ref pic list reordering flag 11 is equalto 1, the number of times that reordering of pic nums_idc is fot equal

broduced
to 1 and

reordering_of pic_nums_idc shall'hot be equal to 3 until RefPicList][ num_ref idx 11 active _minusl ] in the feordered

h of the

reference pictures aresce<smapped. The values of reordering_of pic_nums_idc are specified in Table 7-7. The value of the

first  reordering~of’ pic nums_idc  that follows immediately after ref pic list reordering flag| 10  or
ref pic_list regrdefing flag 11 shall not be equal to 3.
Table 7-7 — Reordering_of pic_nums_idc operations for reordering of reference picture lists
reordering_of pic_nums_idc Reordering specified
0 abs_diff pic_num_ minusl is present and corresponds to a difference to
subtract from a picture number prediction value
1 abs_diff pic num minusl is present and corresponds to a difference to
add to a picture number prediction value
2 long term pic_num is present and specifies the long-term picture number
for a reference picture
3 End loop for reordering of the initial reference picture list
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abs_diff pic_ num_minusl plus | specifies the absolute difference between the picture number of the picture being
moved to the current index in the list and the picture number prediction value. abs diff pic num minus] shall be in the
range of 0 to MaxPicNum — 1. The allowed values of abs_diff pic num minusl are further restricted as specified in
subclause 8.2.4.3.1.

long_term_pic_num specifies the long-term picture number of the picture being moved to the current index in the list.
When decoding a coded frame, long_term pic_num shall be equal to a LongTermPicNum assigned to one of the
reference frames or complementary reference field pairs marked as "used for long-term reference". When decoding a
coded field, long_term pic_num shall be equal to a LongTermPicNum assigned to one of the reference fields marked as
"used for long-term reference".

7.4.3.2| Prediction weight table semantics

luma_lpbg2 weight denom is the base 2 logarithm of the denominator for all luma weighting factors. Thé Jvalue pf
luma 1pg2 weight denom shall be in the range of 0 to 7, inclusive.

chroma_log2 weight_denom is the base 2 logarithm of the denominator for all chroma weighting factors. The value pf
chromal log2 weight denom shall be in the range of 0 to 7, inclusive.

luma_weight 10_flag equal to 1 specifies that weighting factors for the luma component of list O\prediction are preset.
luma weight 10 flag equal to O specifies that these weighting factors are not present.

luma_weight 10[i] is the weighting factor applied to the luma prediction value\ for list 0 prediction usifg
RefPicListO] i ]. When luma weight 10 flag is equal to 1, the value of luma_weight 104 ] shall be in the range of —128
to 127,| inclusive. = When luma weight 10 flag is equal to 0, luma weight I0["\] shall be inferred to be equal
to 2]uma log2_weight_denom for RefPlCLlStO[ i ]

luma_qffset_10[ i ] is the additive offset applied to the luma prediction value)for list 0 prediction using RefPicListO] i
The value of luma_offset 10[ i ] shall be in the range of —128 to 127, inclusive. When luma_weight 10 flag is equal to
luma_offset 10[ i ] shall be inferred as equal to 0 for RefPicListO[ i ],

]

chroma_weight_10_flag equal to 1 specifies that weighting factofssfor the chroma prediction values of list 0 predictipn
are pregent. chroma_weight 10 flag equal to 0 specifies that these weighting factors are not present.

chroma_weight 10[i][j] is the weighting factor applied’to the chroma prediction values for list 0 prediction usifg
RefPicListO[ i | with j equal to 0 for Cb and j equal to 1-for Cr. When chroma_weight 10 flag is equal to 1, the value pf
chromal weight 10[ i ][ j ] shall be in the range of <128 to 127, inclusive. When chroma weight 10 flag is equal to 0,
chromd weight 10[ i ][ j ] shall be inferred to be equal to 2°hm-teg2weight denom g1 R o fPicListO[ i ].

chromj_offset 10[i][j] is the additive offset applied to the chroma prediction values for list O prediction usipg
RefPicListO[ i ] with j equal to 0 for Cb,and j equal to 1 for Cr. The value of chroma offset 10[ i ][] ] shall be in the

_weight_11_flag, luma_weight 11, luma_offset_I1, chroma_weight_I1_flag, chroma_weight 1,
chromj_offset 11 have <th® same semantics as luma weight 10 flag, luma weight 10, luma offset 10,

tax, elements no_output_of prior pics flag, long term reference flag, adaptive ref pic_marking mode flag,
management_control operation, difference of pic_nums_minusl, long term frame idx, long term pic nuin,
_leng_term frame idx_plusl specify marking of the reference pictures.

The marking of a reference picture can be "unused for reference", "used for short-term reference", or "used for long-term
reference", but only one among these three. When a reference picture is referred to as being marked as "used for
reference", this collectively refers to the picture being marked as "used for short-term reference" or "used for long-term
reference" (but not both). A reference picture that is marked as "used for short-term reference" is referred to as a short-
term reference picture. A reference picture that is marked as "used for long-term reference" is referred to as a long-term
reference picture”.

The syntax element adaptive ref pic_marking mode flag and the content of the decoded reference picture marking
syntax structure shall be identical for all coded slices of a coded picture.

The syntax category of the decoded reference picture marking syntax structure shall be inferred as follows.
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- If the decoded reference picture marking syntax structure is in a slice header, the syntax category of the decoded
reference picture marking syntax structure shall be inferred to be equal to 2.

- Otherwise (the decoded reference picture marking syntax structure is in a decoded reference picture marking
repetition SEI message as specified in Annex D), the syntax category of the decoded reference picture marking
syntax structure shall be inferred to be equal to 5.

no_output_of prior_pics_flag specifies how the previously-decoded pictures in the decoded picture buffer are treated
after decoding of an IDR picture. See Annex C. When the IDR picture is the first IDR picture in the bitstream, the value
of no output of _pr10r _prcs ﬂag has 1no effect on the decodmg process When the IDR prcture is not the ﬁrst IDR picture
: d-from the
ictive  sequence parameter set is drfferent from the value of P1cW1dthIans FrameHelghtIans, or
max_dec frame buffering derived from the sequence parameter set active for the preceding’ dequence,
ho output of prior pics flag equal to 1 may be inferred by the decoder, regardless of the .'actual palue of
no_output of prior pics_flag.

ong_term_reference_flag equal to 0 specifies that the MaxLongTermFrameldx variable is set{€qual to “no lpng-term
frame indices” and that the IDR picture is marked as “used for short-term reference”. long|term reference flag equal
o 1 specifies that the MaxLongTermFrameldx variable is set equal to 0 and that the currentIDR picture is marl1ed “used
for long-term reference” and is assigned LongTermFrameldx equal to 0. When num ref frames is eqyal to 0,
ong term reference flag shall be equal to 0.

hdaptive_ref pic_marking _mode_flag selects the reference picture marking.mode of the currently decoded picture as
pecified in Table 7-8. adaptive ref pic_marking mode flag shall be equal to 1 when the number off frames,
complementary field pairs, and non-paired fields that are currently marked\as "used for long-term reference" i equal to
Max( num_ref frames, 1).

Table 7-8 — Interpretation of adaptive_ref pic_marking mode_flag

adaptive_ref pic_marking mode_flag | Reference picture marking mode specified

0 Sliding window reference picture marking mode: A marking ode
providing a first-in first-out mechanism for short-term refeqence
pictures.

1 Adaptive reference picture marking mode: A reference pifture

marking mode providing syntax elements to specify marking of
reference pictures as “unused for reference” and to assign longterm
frame indices.

memory_management_control_operation specifies a control operation to be applied to affect the referencp picture
marking. The memory anagement control operation syntax element is followed by data necessary for the pperation
specified by the valuglof memory management control operation. The values and control operations associjted with
memory managemént “control_operation are specified in Table 7-9. The memory management control ¢peration
yntax elements.are processed by the decoding process in the order in which they appear in the slice header| and the
emantics constraints expressed for each memory management control operation apply at the specific positidn in that
prder at which that individual memory management control operation is processed.

For interpretation of memory management _control operation, the term reference picture is interpreted as followg.

- CIf the current picture is a frame, the term reference picture refers either to a reference frame or a complgmentary
Teference tield pait.

— Otherwise (the current picture is a field), the term reference picture refers either to a reference field or a field of a
reference frame.

memory_management_control_operation shall not be equal to 1 in a slice header unless the specified reference picture is
marked as "used for short-term reference" when the memory management control operation is processed by the
decoding process.

memory_management _control_operation shall not be equal to 2 in a slice header unless the specified long-term picture
number refers to a reference picture that is marked as "used for long-term reference" when the
memory_management_control operation is processed by the decoding process.
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memory management control operation shall not be equal to 3 in a slice header unless the specified reference picture is
marked as "used for short-term reference" when the memory management control operation is processed by the
decoding process.

memory_management_control_operation shall not be equal to 3 or 6 if the value of the variable MaxLongTermFrameldx
is equal to "no long-term frame indices" when the memory management_control operation is processed by the decoding
process.

Not more than one memory _management control operation equal to 4 shall be present in a slice header.

Not more than one memory_management control operation equal to 5 shall be present in a slice header.

Not mdre than one memory _management control operation equal to 6 shall be present in a slice header.

memory management control operation shall not be equal to 5 in a slice header upless fo
memory management _control_operation in the range of 1 to 3 is present in the same decoded reference picture'marking
syntax ptructure.

A memory_management_control operation equal to 5 shall not follow a memory management contfol -operation equal
to 6 in the same slice header.

When § memory management control operation equal to 6 is present, any memory management control operati¢pn
equal t¢ 2, 3, or 4 that follows the memory management_control operation equal to 6 within the same slice header shall
not spefify the current picture to be marked as "unused for reference".

NOTE — These constraints prohibit any combination of multiple memory management (Cofittol operation syntax elements tHat
woulld specify the current picture to be marked as "unused for reference". (HoWever, some other combinations fof
memory management control operation syntax elements are permitted that may affect the marking status of other referenge
pictyires more than once in the same slice header. In particular, it is permitted for 8 memory management control operation eqyal
to 3|that specifies a long-term frame index to be assigned to a particular shortéterm reference picture to be followed in the sarhe
slicg header by a memory management control operation equal to 2, 3, 4/or 6 that specifies the same reference picture [to
subdequently be marked as "unused for reference".

Table 7-9 — Memory management control operation (memory management_control_operation) values

memory_management_control_operation | Memory Management Control Operation

0 End memory management control operation
syntax element loop

1 Mark a short-term reference picture as
“unused for reference”

2 Mark a long-term reference picture as
“unused for reference”

3 Mark a short-term reference picture as
"used for long-term reference" and assign a
long-term frame index to it

4 Specify the maximum long-term frame index
and mark all long-term reference pictures
having long-term frame indices greater than
the maximum value as "unused for reference"

5 Mark all reference pictures as
"unused for reference" and set the
MaxLongTermFrameldx variable to

1 1 al LI L I
U TOIIZ=1CT T ITAIIIT IIIUICTS

6 Mark the current picture as
"used for long-term reference" and sssign a
long-term frame index to it

When decoding a field and a memory management_control_operation command equal to 3 is present that assigns a long-
term frame index to a field that is part of a short-term reference frame or part of a short-term complementary reference
field pair, another memory management control operation command to assign the same long-term frame index to the
other field of the same frame or complementary reference field pair shall be present in the same decoded reference
picture marking syntax structure.
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NOTE — The above requirement must be fulfilled even when the field referred to by the memory management control operation
equal to 3 is subsequently marked as "unused for reference" (for example when a memory management control operation equal
to 2 is present in the same slice header that causes the field to be marked as "unused for reference").

When the first field (in decoding order) of a complementary reference field pair includes a long term reference flag
equal to 1 or a memory management control operation command equal to 6, the decoded reference picture marking
syntax structure for the other field of the complementary reference field pair shall contain a
memory_management _control operation command equal to 6 that assigns the same long-term frame index to the other
field.

NOTE — The above requirement must be fulfilled even when the first field of the complementary reference field pair is
stthseqterth—trarked—s—titsed—tor—referepee™Hor—example—wher—a—trer ofy—afageren eontrol-operation—eqyal to 2 is
present in the slice header of the second field that causes the first field to be marked as "unused for reference").

Hifference_of pic_nums_minusl is used (with memory management control operation equal to 3 er\l) to|assign a
ong-term frame index to a short-term reference picture or to mark a short-term reference picture.'as “urjused for
reference”. When the associated memory management control operation is processed by the décoding process, the
Fesulting picture number derived from difference of pic_ nums_minusl shall be a picture numbérassigned to one of the
reference pictures marked as "used for reference" and not previously assigned to a long-term fiame index.

[he resulting picture number is constrained as follows.

If field pic flag is equal to 0, the resulting picture number shall be one of thé/et of picture numbers assigned to
reference frames or complementary reference field pairs.
NOTE — When field pic flag is equal to 0, the resulting picture number must be a picture number assigned to a
complementary reference field pair in which both fields are marked.as\"used for reference" or a frame in which both
fields are marked as "used for reference". In particular, when field pic flag is equal to 0, the marking of a rjon-paired
field or a frame in which a single field is marked ¢ "used for reference" cannot be affecfed by a
memory management control operation equal to 1.

Otherwise (field pic_flag is equal to 1), the resulting picture number shall be one of the set of picture [numbers
assigned to reference fields.

ong_term_pic_num is used (with memory managemeiit “control operation equal to 2) to mark a long-term feference
bicture as "unused for reference". When the associafed memory management control operation is processed by the
lecoding process, long term pic_num shall be eq@al to a long-term picture number assigned to one of the teference
pictures that is currently marked as "used for long=term reference".

[he resulting long-term picture number is eonstrained as follows.

If field pic flag is equal to 0, the resulting long-term picture number shall be one of the set of long-terth picture
numbers assigned to reference frames or complementary reference field pairs.
NOTE — When field epic* flag is equal to 0, the resulting long-term picture number must be a long-term pictufe number
assigned to a complementary reference field pair in which both fields are marked as "used for reference" or § frame in
which both fields are marked as "used for reference". In particular, when field pic flag is equal to 0, the marking of a
non-paired field* or a frame in which a single field is marked as "used for reference" cannot be affefted by a
memory_fanagement control operation equal to 2.

Otherwise (field-pic_flag is equal to 1), the resulting long-term picture number shall be one of the set of lpng-term
picture numhbers assigned to reference fields.

ong_term frame idx is used (with memory management control operation equal to 3 or 6) to assign a lpng-term
[rame index to a picture. When the associated memory management control operation is processed by the fHecoding
process; the value of long term_frame idx shall be in the range of 0 to MaxLongTermFrameldx, inclusive.

max long term frame idx plusl minus | specifies the maximum value of long-term frame index allowed [for long-
term reference pictures (until receipt of another value of max long term frame idx plusl). The value of
max_long term frame idx plusl shall be in the range of 0 to num_ref frames, inclusive.

7.4.4  Slice data semantics
cabac_alignment_one_bit is a bit equal to 1.

mb_skip_run specifies the number of consecutive skipped macroblocks for which, when decoding a P or SP slice,
mb_type shall be inferred to be P_Skip and the macroblock type is collectively referred to as a P macroblock type, or for
which, when decoding a B slice, mb_type shall be inferred to be B_Skip and the macroblock type is collectively referred
to as a B macroblock type. The value of mb_skip run shall be in the range of 0 to PicSizeInMbs — CurrMbAddr,
inclusive.
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mb_skip_flag equal to | specifies that for the current macroblock, when decoding a P or SP slice, mb_type shall be
inferred to be P_Skip and the macroblock type is collectively referred to as P macroblock type, or for which, when
decoding a B slice, mb_type shall be inferred to be B_Skip and the macroblock type is collectively referred to as B
macroblock type. mb_skip flag equal to 0 specifies that the current macroblock is not skipped.

mb_field_decoding flag equal to O specifies that the current macroblock pair is a frame macroblock pair.
mb_field decoding flag equal to 1 specifies that the macroblock pair is a field macroblock pair. Both macroblocks of a
frame macroblock pair are referred to in the text as frame macroblocks, whereas both macroblocks of a field macroblock
pair are referred to in the text as field macroblocks.

When of

mb_fie d_d;:codiﬁg_ﬂag i aeried as follows.

—  Ifthere is a neighbouring macroblock pair immediately to the left of the current macroblock pair in the same slige,
th¢ value of mb_field decoding flag shall be inferred to be equal to the value of mb_field decoding~flag for the
nejghbouring macroblock pair immediately to the left of the current macroblock pair,

—  Otherwise, if there is no neighbouring macroblock pair immediately to the left of the current macrgblock pair in the
same slice and there is a neighbouring macroblock pair immediately above the current macrobloek pair in the sare
slice, the value of mb_field decoding flag shall be inferred to be equal to the value of mb Mi€¢ld decoding flag fpr
th¢ neighbouring macroblock pair immediately above the current macroblock pair,

—  Oftherwise (there is no neighbouring macroblock pair either immediately to the left orlitmediately above the currepnt
mdcroblock pair in the same slice), the value of mb_field decoding_flag shall be infertred to be equal to 0.

—_

end_of] slice_flag equal to 0 specifies that another macroblock is following in the“slice. end of slice flag equal to
specifigs the end of the slice and that no further macroblock follows.

The furjction NextMbAddress( ) used in the slice data syntax table is specified)in subclause 8.2.2.

7.4.5 | Macroblock layer semantics

mb_type specifies the macroblock type. The semantics of mb_typédepend on the slice type.

Tables pnd semantics are specified for the various macroblockitypes for I, SI, P, SP, and B slices. Each table presents the
value of mb_type, the name of mb_type, the number of mactoblock partitions used (given by the NumMbPart( mb_typd )
function), the prediction mode of the macroblock (when it is not partitioned) or the first partition (given by the
MbPar{PredMode( mb_type, 0 ) function) and the\Jprediction mode of the second partition (given by the
MbPar{PredMode( mb_type, 1 ) function). When alvalue is not applicable it is designated by “na”. In the text, the valpe
of mb_type may be referred to as the macroblock.type and a value X of MbPartPredMode( ) may be referred to in the tejxt
by "X thacroblock (partition) prediction mode'or as “X prediction macroblocks”.

Table 7-10 shows the allowed collectiv&mmacroblock types for each slice_type.
NOTE - There are some macroblogk types with Pred L0 prediction mode that are classified as B macroblock types.

Table-7-10 — Allowed collective macroblock types for slice_type

slice-type allowed collective macroblock types

I (slice) I (see Table 7-11) (macroblock types)

P (slice) P (see Table 7-13) and I (see Table 7-11) (macroblock types)
B (slice) B (see Table 7-14) and I (see Table 7-11) (macroblock types)
SI (slice) SI (see Table 7-12) and I (see Table 7-11) (macroblock types)
SP (slice) P (see Table 7-13) and I (see Table 7-11) (macroblock types)

transform_size 8x8 flag equal to 1 specifies that for the current macroblock the transform coefficient decoding process
and picture construction process prior to deblocking filter process for residual 8x8 blocks shall be invoked for luma
samples. transform_size 8x8 flag equal to 0 specifies that for the current macroblock the transform coefficient decoding
process and picture construction process prior to deblocking filter process for residual 4x4 blocks shall be invoked for
luma samples. When transform_size 8x8 flag is not present in the bitstream, it shall be inferred to be equal to 0.
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NOTE — When the current macroblock prediction mode MbPartPredMode( mb type,0) is equal to Intra 16x16,
transform_size 8x8 flag is not present in the bitstream and then inferred to be equal to 0.

When sub_mb_type[ mbPartldx ] (see subclause 7.4.5.2) is present in the bitstream for all 8x8 blocks indexed by
mbPartldx = 0..3, the variable noSubMbPartSizeLessThan8x8Flag indicates whether for each of the four 8x8 blocks the
corresponding SubMbPartWidth( sub_mb_type[ mbPartldx ] ) and SubMbPartHeight( sub_mb_type[ mbPartldx ]) are
both equal to 8.

NOTE —When noSubMbPartSizeLessThan8x8Flag is equal to 0 and the current macroblock type is not equal to I NxN,
transform_size 8x8 flag is not present in the bitstream and then inferred to be equal to 0.

Macroblock types that may be collectively referred to as I macroblock types are specified in Table 7-11.

[he macroblock types for I slices are all I macroblock types.
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Table 7-11 — Macroblock types for I slices
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0 I NxN 0 Intra_4x4 na Equation 7-33 | Equatipn7-33
0 I NxN 1 Intra_8x8 na Equation 7-33 | Equation 7-33
1 I 16x16_0 0 0 na Intra_16x16 0 0 0
2 I 16x16_1 0 0 na Intra_16x16 1 0 0
3 I 16x16 2 0 0 na Intra_16x16 2 0 0
4 I 16x16 3 0 0 na Intra_16x16 3 0 0
5 I 16x16_ 0 10 na Intra_16x16 0 1 0
6 I 16x16 1 1 0 na Intra_16x16 1 1 0
7 [ 16x16 2 1 0 na Intra_16x16 2 1 0
8 I 16x16 3 10 na Intra_16x16 3 1 0
9 I 16x16_0 2 0 na Intra_16x16 0 2 0
10 [ 16x16 120 na Intra_16x16 1 2 0
11 I 16x16.2 2 0 na Intra_l6x%16 2 2 0
12 I 16x16 3 2 0 na Intra’ 16x16 3 2 0
13 I 16x16 0 01 na Intra 16x16 0 0 15
14 I 16x16 1 01 na Intra_16x16 1 0 15
15 I 16x16 2 0 1 na Intra_16x16 2 0 15
16 I 16x16 3 0 1 na Intra_16x16 3 0 15
17 [ 16x16 0 1 1 na Intra_16x16 0 1 15
18 I 16x16_1 41 na Intra_16x16 1 1 15
19 I 16x16(241 1 na Intra_16x16 2 1 15
20 [ 16x16°3 1 1 na Intra_16x16 3 1 15
21 K16x16 0 2 1 na Intra_16x16 0 2 15
22 I 16x16.1 2 1 na Intra_16x16 1 2 15
23 [ 16x16 2 2 1 na Intra_16x16 2 2 15
% T—tox1t6 321 TTa Tmra—T6x16 3 5
25 I PCM na na na na na
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The following semantics are assigned to the macroblock types in Table 7-11.
I NxN: A mnemonic name for mb_type equal to 0 with MbPartPredMode( mb_type, 0 ) equal to Intra_4x4 or Intra_8x8.

I 16x16 0 0 0,1 16x16 1 0 0,1 16x16 2 0 0,1 16x16 3 0 0,1 16x16 0 1 0,1 16x16 1 1 0,1 16x16 2 1 0,
I 16x16 3 1 0,1 16x16 0 2 0,1 16x16 1 2 0,1 16x16 2 2 0,1 16x16 3 2 0,1 16x16 0 0 1,1 16x16 1 0 1,
I 16x16 2 0 1,1 16x16 3 0 1,1 16x16 0 1 1,1 16x16 1 1 1,1 16x16 2 1 1,1 16x16 3 1 1,1 16x16 0 2 1,
I 16x16 1 2 1,1 16x16 2 2 1,1 16x16 3 2 1:the macroblock is coded as an Intra_16x16 prediction mode
macroblock.

>

To each Intra 16x16 prediction macroblock, an Intral6x16PredMode is assigned, which specifies the Intra 16x16
prediction mode. CodedBlockPatternChroma contains the coded block pattern value for chroma as spefified in
[able 7-15. When chroma format idc is equal to0, CodedBlockPatternChroma shall be_(equpl to 0.
CodedBlockPatternLuma specifies whether, for the luma component, non-zero AC transform coefficient l¢vels are
present. CodedBlockPatternLuma equal to 0 specifies that all AC transform coefficient levels in thedtuma component of
he macroblock are equal to 0. CodedBlockPatternLuma equal to 15 specifies that at least one of the AC fransform
toefficient levels in the luma component of the macroblock is non-zero, requiring scanning of-AC transform cefficient
evels for all 16 of the 4x4 blocks in the 16x16 block.

ntra_4x4 specifies the macroblock prediction mode and specifies that the Intra_4x4 prediction process is inyoked as
specified in subclause 8.3.1. Intra_4x4 is an Intra macroblock prediction mode.

ntra_8x8 specifies the macroblock prediction mode and specifies that the Intray8x8 prediction process is inyoked as
specified in subclause 8.3.2. Intra_8x8 is an Intra macroblock prediction mode(

ntra_16x16 specifies the macroblock prediction mode and specifies that the,Intra_16x16 prediction process is invoked as
specified in subclause 8.3.3. Intra_16x16 is an Intra macroblock prediction mode.

For a macroblock coded with mb_type equal to I PCM, the Intra macroblock prediction mode shall be inferred.
A macroblock type that may be referred to as SI macroblock type is specified in Table 7-12.

[he macroblock types for SI slices are specified in Tabl€7-12 and Table 7-11. The mb_type value 0 is spqcified in
[Cable 7-12 and the mb_type values 1 to 26 are specified in Table 7-11, indexed by subtracting 1 from the|value of
mb_type.

Table 7-12 — Macroblock type with value 0 for SI slices

mb_type
Name of mb_type
MbPartPredMode
(mb_type, 0)
Intral6x16PredMode

CodedBlockPatternChroma
CodedBlockPatternLuma

0 SI Intra_4x4 na Equation 7-33 | Equation 7-33

The following semantics are assigned to the macroblock type in Table 7-12. The SI macroblock is coded as Intra_4x4
prediction macroblock.

Macroblock types that may be collectively referred to as P macroblock types are specified in Table 7-13.

The macroblock types for P and SP slices are specified in Table 7-13 and Table 7-11. mb_type values 0 to 4 are specified
in Table 7-13 and mb_type values 5 to 30 are specified in Table 7-11, indexed by subtracting 5 from the value of
mb_type.
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Table 7-13 — Macroblock type values 0 to 4 for P and SP slices

The following semantics are assigned to the macroblock types in Table 7-13¢

— P [LO_16x16: the samples of the macroblock are predicted with one luma macroblock partition of size 16x16 lun

sa

- P

ch|
- P
Sp
- P
th{
md
- P
The fol
—  Pr

Macrobjlock types thatimay be collectively referred to as B macroblock types are specified in Table 7-14.
The m4croblock-types for B slices are specified in Table 7-14 and Table 7-11. The mb_type values 0 to 22 are specifi

in Tabl
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0 P L0 16x16 1 Pred LO na 16 16
1 P LO LO 16x8 2 Pred LO Pred LO 16 8
2 P_LO_LO_8x16 2 Pred_LO Pred_LO 8 16
3 P 8x8 4 na na 8 8
4 P_8x8ref0 4 na na 8 8
inferred P_Skip 1 Pred LO na 16 16

mples and associated chroma samples.

LO LO MxN, with MxN being replaced by 16x8 or 8x16~the samples of the macroblock are predicted using tv

lufna partitions of size MxN equal to 16x8, or two luma-partitions of size MxN equal to 8x16, and associat¢

Foma samples, respectively.
peifies the type of the corresponding sub-macroblock (see subclause 7.4.5.2).
8x8ref0: has the same semantics as P_8xX8but no syntax element for the reference index (ref idx 10) is present

croblock (with indices mbPartldxiequal to 0..3).
Skip: no further data is present.for the macroblock in the bitstream.

lowing semantics are assighed to the macroblock prediction modes (MbPartPredMode( )) in Table 7-13.

e 7-J4\and the mb_type values 23 to 48 are specified in Table 7-11, indexed by subtracting 23 from the value of

8x8: for each sub-macroblock an additional syntax element (sub_mb_type) is present in the bitstream th

bitstream and ref idx 10[ mbPartldx’] shall be inferred to be equal to O for all sub-macroblocks of the

pd _LO: specifies that\the inter prediction process is invoked using list 0 prediction. Pred LO is an Inter
mgacroblock prediction mode.
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Table 7-14 — Macroblock type values 0 to 22 for B slices

@ @ @
o > 5 > < = - = A=
=9 = [-va=9 =2 =2 = Qo
z E z z £ £ zZz| 2
I = = a2 o =it £
) S g2 v v =2 =2
£ =) s £ =5 =5 = E ~E
=] N = 2 2
z = =
0 B _Direct_16x16 na Direct na 8 8
1 B L0 16x16 1 Pred LO na 16 16
2 B_L1_16x16 1 Pred_L1 na 16 16
3 B_Bi_16x16 1 BiPred na 16 16
4 B L0 LO 16x8 2 Pred LO Pred LO 16 8
5 B_LO_LO_8x16 2 Pred_LO Préd L0 8 16
6 B_L1 L1 16x8 2 Pred_L1 Pred_L1 16 8
7 B L1 L1 816 2 Pred L1 Pred L1 8 16
8 B_LO_L1_16x8 2 Pred_LO Pred_L1 16 8
9 B_LO_L1_8x16 2 Pred\EO Pred_L1 8 16
10 B L1 LO 16x8 2 Pred L1 Pred LO 16 8
11 B_L1_LO_8x16 2 Pred_L1 Pred_LO 8 16
12 B_L0_Bi_16x8 2 Pred_LO BiPred 16 8
13 B L0 Bi 8x16 2 Pred LO BiPred 8 16
14 B_L1 Bi_16x8 2 Pred_L1 BiPred 16 8
15 B _LI(Bi*8x16 2 Pred_L1 BiPred 8 16
16 B\Bi L0 16x8 2 BiPred Pred LO 16 8
17 B_Bi_L0_8x16 2 BiPred Pred_LO 8 16
18 B_Bi_L1_16x8 2 BiPred Pred_L1 16 8
19 B Bi L1 8x16 2 BiPred Pred L1 8 16
20 B_Bi_Bi_16x8 2 BiPred BiPred 16 8
21 B Bi Bi 8x16 2 BiPred BiPred 8 16
22 B 8x8 4 na na 8 8
inferred B_Skip na Direct na 8 8

© ISO/IEC 2005 — All rights reserved 91


https://standardsiso.com/api/?name=b449ef14175ac39adc75a917dddf783d

ISO/IEC 14496-10:2005(E)

The following semantics are assigned to the macroblock types in Table 7-14:

— B _Direct_16x16: no motion vector differences or reference indices are present for the macroblock in the bitstream.
The functions MbPartWidth( B_Direct 16x16 ), and MbPartHeight( B_Direct 16x16 ) are used in the derivation
process for motion vectors and reference frame indices in subclause 8.4.1 for direct mode prediction.

— B X 16x16 with X being replaced by L0, L1, or Bi: the samples of the macroblock are predicted with one luma
macroblock partition of size 16x16 luma samples and associated chroma samples. For a macroblock with type
B X 16x16 with X being replaced by either LO or L1, one motion vector difference and one reference index is
present 1n the b1tstream for the macroblock For a macroblock w1th type B X 16x16 w1th X be1ng replaced by Bi,

— B [X0 X1 MxN, with X0, X1 referring to the first and second macroblock partition and being replaced by LO;11,
or|Bi, and MxN being replaced by 16x8 or 8x16: the samples of the macroblock are predicted using(two lurha
paftitions of size MxN equal to 16x8, or two luma partitions of size MxN equal to 8x16, and associated chroma
samples, respectively. For a macroblock partition X0 or X1 with X0 or X1 being replaced by either T°0 or L1, ohe
mdtion vector difference and one reference index is present in the bitstream. For a macroblock pattition X0 or X1
with X0 or X1 being replaced by Bi, two motion vector differences and two reference indices.are present in the
bifstream for the macroblock partition.

— B [8x8: for each sub-macroblock an additional syntax element (sub_mb_type) is present in the bitstream that
spgcifies the type of the corresponding sub-macroblock (see subclause 7.4.5.2).

— B [Skip: no further data is present for the macroblock in the bitstream. The furictions MbPartWidth( B_Skip ), and
MpPartHeight( B_Skip ) are used in the derivation process for motion véctors and reference frame indices fin
supclause 8.4.1 for direct mode prediction.

The following semantics are assigned to the macroblock prediction modes{MbPartPredMode( )) in Table 7-14.

—  Difect: no motion vector differences or reference indices are present for the macroblock (in case of B_Skip pr
B |Direct 16x16) in the bitstream. Direct is an Inter macroblock ‘prediction mode.

—  Prpd LO: see semantics for Table 7-13.

— Prpd L1: specifies that the Inter prediction process,is invoked using list 1 prediction. Pred L1 is an Inter
mgcroblock prediction mode.

—  BiPred: specifies that the Inter prediction process is invoked using list 0 and list 1 prediction. BiPred is an Inter
mgacroblock prediction mode.

pem_alignment_zero_bit is a bit equal to 0.

pem_sample luma[ i] is a sample value.” The first pcm_sample luma[ i | values represent luma sample values in the
raster scan within the macroblock,~ The number of bits used to represent each of these samples is BitDepthy. Wh¢n
profile |idc is not equal to 100, 110,422, or 144, pcm_sample luma] i ]| shall not be equal to 0.

pem_sample chromal i] is~@ sample value. The first MbWidthC * MbHeightC pcm sample chroma[i] valups
represefit Cb sample valued in the raster scan within the macroblock and the remaining MbWidthC * MbHeigh{C
pcm_sgmple chromal[ 4 \values represent Cr sample values in the raster scan within the macroblock. The number of bits
used t¢ represent each of these samples is BitDepthc. When profile idc is not equal to 100, 110, 122, or 144,
pcm_sgmple chréma i | shall not be equal to 0.

[
IS

CodedBlockPatternLuma = coded_block pattern % 16
CodedBlockPatternChroma = coded block pattern/ 16 (7-33)

When coded block pattern is present, CodedBlockPatternLuma specifies, for each of the four 8x8 luma blocks of the
macroblock, one of the following cases.

- All transform coefficient levels of the four 4x4 luma blocks in the 8x8 luma block are equal to zero

- One or more transform coefficient levels of one or more of the 4x4 luma blocks in the 8x8 luma block shall be non-
zero valued.
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The meaning of CodedBlockPatternChroma is specified in Table 7-15.

Table 7-15 — Specification of CodedBlockPatternChroma values

CodedBlockPatternChroma | Description

0 All chroma transform coefficient levels are equal to 0.

All chroma AC transform coefficient levels are equal to 0.

1 One or more chroma DC transform coefficient levels shall be non-zero valued.

2 Zero or more chroma DC transform coefficient levels are non-zero valuéd
One or more chroma AC transform coefficient levels shall be non-zero valued.

mb_qp_delta can change the value of QPy in the macroblock layer. The decoded value of mb\p delta shall
range of —( 26 + QpBdOffsety / 2) to +( 25 + QpBdOffsety / 2 ), inclusive. mb_qp_delta shall|be-inferred to be d
vhen it is not present for any macroblock (including P_Skip and B_Skip macroblock types).

[he value of QPy is derived as
QPy = (( QPyprgy + mb_gp delta + 52 +2 * QpBdOffsety ) % ( 52 + QpBdOffsety ) ) - QpBdOffsety

where QPvy prey is the luma quantisation parameter, QPy, of the previous macroblock in decoding order in th
lice. For the first macroblock in the slice QPy pggy is initially set equat to-SliceQPy derived in Equation 7-27 a
bf each slice.

[he value of QP'y is derived as
QP'y = QPy + QpBdOffsety

[.4.5.1 Macroblock prediction semantics
All samples of the macroblock are predicted. Theprediction modes are derived using the following syntax eleme

prev_intrad4x4 pred_mode flag| luma4x4Blkldx | and rem_intra4x4 pred_mode[ luma4x4Blkldx ] spe
ntra_4x4 prediction of the 4x4 luma block With index luma4x4BlkIdx = 0..15.

prev_intra8x8 pred_mode_flag[ luma8x8Blkldx ] and rem_intra8x8 pred_mode[ luma8x8Blkldx ] spe
ntra_8x8 prediction of the 8x8 luma block with index luma8x8BlkIdx = 0..3.

ntra_chroma_pred_mode specifies the type of spatial prediction used for chroma in macroblocks using Inty
ntra_16x16 prediction, as shown in Table 7-16. The value of intra_chroma pred mode shall be in the range
nclusive.

Table-7-16 — Relationship between intra_chroma_pred_mode and spatial prediction modes

be in the
qual to 0

(7-34)

£ current
the start

(7-35)

nts.

Cify  the

bify  the

b 4x4 or
foto 3,

intra_chroma_pred_mode Intra Chroma Prediction Mode
0 DC
1 Horizontal
2 Vertical
3 Plane

ref_idx_l0[ mbPartldx | when present, specifies the index in reference picture list 0 of the reference picture to be used for

prediction.

The range of ref idx_10[ mbPartldx ], the index in list O of the reference picture, and, if applicable, the parity of the field

within the reference picture used for prediction are specified as follows.
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If MbaffFrameFlag is equal to 0 or mb_field decoding flag is equal to 0, the value of ref idx 10[ mbPartldx ] shall
be in the range of 0 to num_ref idx 10 active minusl, inclusive.

Otherwise (MbaftFrameFlag is equal tol and mb field decoding flag is equal to 1), the wvalue of
ref idx_10[ mbPartldx ] shall be in the range of 0 to 2 * num_ref idx 10 active minusl + 1, inclusive.

When only one reference picture is used for inter prediction, the values of ref idx 10[ mbPartldx ] shall be inferred to be
equal to 0.

ref _idx_11[ mbPartldx ] has the same semantics as ref _idx_10, with 10 and list O replaced by 11 and list 1, respectively.

The index mbPartldx specifies to which macroblock partition mvd_10 is assigned. The partitioning of the macrobleckis
specifigd by mb_type. The horizontal motion vector component difference is decoded first in decoding ordér™and [is
assignefd Compldx = 0. The vertical motion vector component is decoded second in decoding order and.is lassign¢d
Complglx = 1. The range of the components of mvd_10[ mbPartldx ][ 0 ][ compldx ] is specified by constraints on the
motion|vector variable values derived from it as specified in Annex A.

mvd_11[ mbPartldx ][ O ][ compldx ] has the same semantics as mvd 10, with 10 and LO replaced by 11 and LI,
respect{vely.

7.4.5.2] Sub-macroblock prediction semantics
sub_mp_type[ mbPartldx ] specifies the sub-macroblock types.

Tables land semantics are specified for the various sub-macroblock types for P&and B macroblock types. Each table
presentp the value of sub_mb_type, the name of sub_mb_type, the number of sub*macroblock partitions used (given by

the

SubMbPredMode( sub_mb_type ) function). In the text, the value of sub mb type may be referred to by “sup-
macrobllock type”. In the text, the value of SubMbPredMode( ) may be teferred to by “sub-macroblock prediction mode|’.

The inferpretation of sub_mb_type[ mbPartldx ] for P macroblock types is specified in Table 7-17, where the row fpr
"inferrdd" specifies values inferred when sub_mb_type[ mbPartldx ] is not present.

NymSubMbPart( sub_mb_type ) function), and the prediction mode “of the sub-macroblock (given by the

Table 7-17 — Sub-macroblock types in P macroblocks

= - - - - P
< = <) < <) <)
= = ! u'e =% =%
5 5 £k 5 £k 55

A A A A 2 A Heall =" o A
) w2 =2 ) 3] 2
g o & S E TE T E t &

) g0 = T ey S
=" < B = 2 = = 2= =

z z ez %’ z sz sz sz
2 2 =P = 2 2 2 = 2
EI El z El @ EI 7 El % El

2 ) ) ° ) )
= = = = = =

w» » w2 ] w2 w2

inferred na na na na na
0 P_LO_8x8 1 Pred_LO 8 8

1 P_LO_8x4 2 Pred _LO 8 4

2 P_LO_4x8 2 Pred _LO 4 8

3 P_LO_4x4 4 Pred_LO 4 4

The following semantics are assigned to the sub-macroblock types in Table 7-17.
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P L0 MxN, with MxN being replaced by 8x8, 8x4, 4x8, or 4x4: the samples of the sub-macroblock are predicted
using one luma partition of size MxN equal to 8x8, two luma partitions of size MxN equal to 8x4, or two luma
partitions of size MxN equal to 4x8, or four luma partitions of size MxN equal to 4x4, and associated chroma
samples, respectively.
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The following semantics are assigned to the sub-macroblock prediction modes (SubMbPredMode( )) in Table 7-17.
—  Pred LO: see semantics for Table 7-13.

The interpretation of sub_mb_type[ mbPartldx ] for B macroblock types is specified in Table 7-18, where the row for
"inferred" specifies values inferred when sub_mb_type[ mbPartldx ] is not present, and the inferred value "mb_type"
specifies that the name of sub_mb_type[ mbPartldx ] is the same as the name of mb_type for this case.

Table 7-18 — Sub-macroblock types in B macroblocks

P P P P P P

< = = = = =

= = -7 o= =< =%

s s 5 TS S 3 S 5

A& A A A s A =T D R

= 52 == = 22 =2

E S E S E TE L E t E

T ES =3 ol iy £3

=) < 2 22 = = == B &

2 Z & 2z Sz Sz | £=

QI _QI 5 _QI _g _nl _g _nl = -QI

EI El z El 7] EI 7] EI ) EI

) ) = 2 2 2

Z H 2 H 2 H
inferred mb_type 4 Direct 4 4

0 B_Direct_8x8 4 Direct 4 4

1 B LO_8x8 1 Pred)LO 8 8

2 B L1 8x8 1 Pred L1 8 8

3 B Bi 8x8 1 BiPred 8 8

4 B L0 8x4 2 Pred LO 8 4

5 B L0 4x8 2 Pred LO 4 8

6 B L1 8x4 2 Pred L1 8 4

7 B L1 4x8 2 Pred LI 4 8

8 B Bi 8x4 2 BiPred 8 4

9 B Bi 4x8 2 BiPred 4 8

10 B _LO_4x4 4 Pred LO 4 4

11 B L1 4x4 4 Pred L1 4 4

12 B Bi 4x4 4 BiPred 4 4
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The following semantics are assigned to the sub-macroblock types in Table 7-18:

The following semantics are assigned to the sub-macroblock prediction modes (SubMbPredMode( )) in Table 7-18.

ref id¥ 10[ mbPartldx | has the same semantics as ref idx 10 in subclause 7.4.5.1.
ref id¥ 11[ mbPartldx ] has the same semantics as ref idx 11 in subclause 7.4.5.1.

mvd_I
is applikd to the sub-macroblock partition index with subMbPartldx. The indices mbPartldx and subMbPartldx specify
which

mvd_11[ mbPartldx ][ subMbPartldx ][ compldx ] has‘the same semantics as mvd_11 in subclause 7.4.5.1.

7.4.5.3] Residual data semantics

The syntax structure residual block( ), which is used for parsing the transform coefficient levels, is assigned as follows.

Depending on _‘mb type, Iluma or chroma, and chroma format, the syntax structyl
residual_block( coefflLevel, maxNumCoeff) is used with the arguments coefflLevel, which is a list containing t
maxNumCoeff.transform coefficient levels that are parsed in residual block( ) and maxNumCoeff as follows.

96

B_Skip and B_Direct 16x16: no motion vector differences or reference indices are present for the sub-macroblock
in the bitstream. The functions SubMbPartWidth( ) and SubMbPartHeight( ) are used in the derivation process for
motion vectors and reference frame indices in subclause 8.4.1 for direct mode prediction.

B_Direct 8x8: no motion vector differences or reference indices are present for the sub-macroblock in the bitstream.
The functions SubMbPartWidth( B_Direct 8x8 ) and SubMbPartHeight( B_Direct 8x8 ) are used in the derivation
process for motion vectors and reference frame indices in subclause 8.4.1 for direct mode prediction.

B_ X MxN, with X being replaced by L0, L1, or Bi, and MxN being replaced by 8x8, 8x4, 4x8 or 4x4: the samples

of|the sub-macroblock are predicted using one luma partition of size MxN equal to 8x8, or the samples of thesu
mgcroblock are predicted using two luma partitions of size MxN equal to 8x4, or the samples of the sub-macroblo
ar¢ predicted using two luma partitions of size MxN equal to 4x8, or the samples of the sub-macrebleck aj
pre¢dicted using four luma partitions of size MxN equal to 4x4, and associated chroma samples, respectively. A
sup-macroblock partitions share the same reference index. For an MxN sub-macroblock partition in a syl
mgcroblock with sub_mb type being B X MxN with X being replaced by either LO or L1, ene) motion vect
difference is present in the bitstream. For an MxN sub-macroblock partition in a sub-macroblock«with sub_mb_ty
bejng B_Bi_ MxN, two motion vector difference are present in the bitstream.

Difrect: see semantics for Table 7-14.
Prgd LO: see semantics for Table 7-13.
Prgd L1: see semantics for Table 7-14.

BiPred: see semantics for Table 7-14.

patsing the syntax elements fortransform coefficient levels.

Otherwise (entropy_coding) mode flag is equal to 1), residual block is set equal to residual block cabac, which
usdd for parsing the syntax elements for transform coefficient levels.

Dgpending on MbPartPredMode( mb_type, 0 ), the following applies.
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:E mbPartldx ][ subMbPartldx ][ compldx | has the same semantics as mvd_10 in subclause 7.4.5.1, except that]i

acroblock partition and sub-macroblock partitionmvd_10 is assigned.

entropy _coding_mode_flag is‘\equal to 0, residual block is set equal to residual _block cavle, which is used f]

3_
k
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list Intral6x16DCLevel and into the 16 lists Intral6x16ACLevel[ i ]. Intral6x16DCLevel contains the 16
transform coefficient levels of the DC transform coefficient levels for each 4x4 luma block. For each of the 16

4x4 luma blocks indexed by i =0..15, the 15 AC transform coefficients levels of the i-th block are parsed in
the i-th list Intral6x16ACLevel[ 1 ].

—  Otherwise (MbPartPredMode( mb_type, 0 ) is not equal to Intra_16x16), the following applies.

to

—  If transform_size 8x8 flag is equal to 0, for each of the 16 4x4 luma blocks indexed by i = 0..15, the 16

transform coefficient levels of the i-th block are parsed into the i-th list LumaLevel[ i ].

—  Otherwise (transform size 8x8 flag is equal to 1), for each of the 4 8x8 luma blocks indexed by

i8x8 = 0..3, the following applies.
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—  If entropy_coding mode flag is equal to O, first for each of the 4 4x4 luma blocks indexed by
i4x4 =0..3, the 16 transform coefficient levels of the i4x4-th block are parsed into the
(18x8 * 4 + 14x4)-th list LumaLevel[ i8x8 * 4 + i4x4 ]. Then, the 64 transform coefficient levels of

the 18x8-th 8x8 luma block which are indexed by 4 * i + i4x4, where i =0..15 and 14x4 =
derived as LumaLevel8x8[ i8x8 |[ 4 * 1 + i4x4 | = LumaLevel[ i8x8 * 4 + i4x4 ][ i ].

0..3, are

NOTE — The 4x4 luma blocks with luma4x4Blkldx =i8x8 * 4 +14x4 containing every fourth transform
coefficient level of the corresponding i8x8-th 8x8 luma block with offset i4x4 are assumed to represent spatial

locations given by the inverse 4x4 luma block scanning process in subclause 6.4.3.

—  Otherwise (entropy coding mode flag is equal to 1), the 64 transform coefficient levels of the

T8X8-TiT biock are parsed {mo the 18X8-T 15T Cumalcvel8X8 18X8 |-

- For each chroma component, indexed by iCbCr = 0..1, the DC transform coefficient levels of the 4 ¥Num
chroma blocks are parsed into the iCbCr-th list ChromaDCLevel[ iCbCr ].

indexed by iCbCr=0..1, the 15 AC transform coefficient levels are parsed into the (i8x8*4 + i4x4)-th 1
iCbCr-th chroma component ChromaACLevel[ iCbCr ][ i8x8*4 + i4x4 ].

7.4.5.3.1 Residual block CAVLC semantics

toefficient levels derived from coeff token.

[he function TrailingOnes( coeff token ) that is used in subclause 7.3.5.3ul" returns the trailing ones deriy
coeff token.

toefficient levels in a transform coefficient level scan. A trailing«One transform coefficient level is one of up
tonsecutive non-zero transform coefficient levels having an absolute value equal to 1 at the end of a scan of
ransform coefficient levels. The range of coeff token is specified in subclause 9.2.1.

railing_ones_sign_flag specifies the sign of a trailing one transform coefficient level as follows.
If trailing_ones_sign_flag is equal to 0, the corresponding transform coefficient level is decoded as +1.
Otherwise (trailing_ones_sign_flag equal toyl), the corresponding transform coefficient level is decoded as -

evel prefix and level_suffix specify the value of a non-zero transform coefficient level. The range of level p
evel suffix is specified in subclause 9:2:2.

otal_zeros specifies the total number of zero-valued transform coefficient levels that are located before the p
he last non-zero transform coefficient level in a scan of transform coefficient levels. The range of total zeros is
n subclause 9.2.3.

Fun_before specifies the number of consecutive transform coefficient levels in the scan with zero value befo
vero valued transform.coefficient level. The range of run_before is specified in subclause 9.2.3.

/.4.5.3.2 Residual block CABAC semantics
toded_block flag specifies whether the block contains non-zero transform coefficient levels as follows.

If coded block flag is equal to 0, the block contains no non-zero transform coefficient levels.

toeffLevel contains maxNumCoeff transform coefficient levels for the current list of transform coefficient leveld.

8x8 4x4

- For each of the 4x4 chroma blocks, indexed by i4x4 = 0..3 and i8x8 = 0..NumC8x8 — 1, of each‘chroma component,

st of the

[he function TotalCoeff( coeff token ) that is used in subclause 7.3.5.3.1 returns‘the number of non-zero fransform

ed from

Poeff token specifies the total number of non-zero transform coefficient levels and the number of trailing one transform

to three
non-zero

1.

refix and

sition of
specified

€ a non-

- Otherwise (coded block flag is equal to 1), the block contains at least one non-zero transform coefficient level.

significant_coeff_flag| i | specifies whether the transform coefficient level at scanning position i is non-zero as follows.

- Ifsignificant _coeff flag[ i]is equal to 0, the transform coefficient level at scanning position i is set equal to 0;

- Otherwise (significant coeff flag[ i] is equal to 1), the transform coefficient level at scanning position i has a non-

zero value.

last_significant_coeff flag|i] specifies for the scanning position i whether there are non-zero transform coefficient

levels for subsequent scanning positions i + 1 to maxNumCoeff — 1 as follows.

© ISO/IEC 2005 — All rights reserved

97


https://standardsiso.com/api/?name=b449ef14175ac39adc75a917dddf783d

ISO/IEC 14496-10:2005(E)

- If last_significant coeff flag[i] is equal to 1, all following transform coefficient levels (in scanning order) of the
block have value equal to 0..

- Otherwise (last_significant coeff flag[ i] is equal to 0), there are further non-zero transform coefficient levels along
the scanning path.

coeff_abs level minusl[i] is the absolute value of a transform coefficient level minus 1. The wvalue of
coeff abs level minusl is constrained by the limits in subclause 8.5.

coeff s

ign_flag| i ] specifies the sign of a transform coefficient level as follows.

- If

oY 1 . 1 O] 1 £ P 1 11 . 1
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- Otherwise (coeff sign flag is equal to 1), the corresponding transform coefficient level has a negative value.

coefflg
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vel contains maxNumCoeff transform coefficient levels for the current list of transform coefficient levelst

Decoding process
of this process are decoded samples of the current picture (sometimes referred to by the variable CurrPic).

tuse describes the decoding process, given syntax elements and upper-case variables from clause 7.

that produces identical results to the process described here conforms to.the-decoding process requirements
fommendation | International Standard.

cture referred to in this clause is a primary picture. Each slice reféried to in this clause is a slice of a primal
Each slice data partition referred to in this clause is a slice data pdstition of a primary picture.

[view of the decoding process is given as follows.
e decoding of NAL units is specified in subclause 8.1.
e processes in subclause 8.2 specify decoding processes*using syntax elements in the slice layer and above.

Variables and functions relating to picture ofrder count are derived in subclause 8.2.1. (only needed to
invoked for one slice of a picture)

Variables and functions relating to thie‘macroblock to slice group map are derived in subclause 8.2.2. (on|
needed to be invoked for one slice of apicture)

The method of combining the.various partitions when slice data partitioning is used is described in subclay|
8.2.3.

When the frame num~of the current picture is not equal to PrevRefFrameNum and is not equal
( PrevRefFrameNum 1" ) % MaxFrameNum, the decoding process for gaps in frame num is perform
according to subctause 8.2.5.2 prior to the decoding of any slices of the current picture.

At the begining’of the decoding process for each P, SP, or B slice, the decoding process for reference pictu
lists construetion specified in subclause 8.2.4 performed for derivation of reference picture list 0 (RefPicList
and when decoding a B slice, reference picture list 1 (RefPicListl).

coding process is specified such that all decoders shall produce numerically~identical results. Any decodihg

b
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decoded reference picture marking process in subclause 8.2.5 specifies how the current picture is used in t

When the current picture is a reference picture and after all slices of the current picture have been decoded, t‘:e

(&
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- The processes in subclauses 8.3, 8.4, 8.5, 8.6, and 8.7 specify decoding processes using syntax elements in the
macroblock layer and above.

98

The intra prediction process for I and SI macroblocks, except for I PCM macroblocks as specified in
subclause 8.3, has intra prediction samples as its output. For I PCM macroblocks subclause 8.3 directly
specifies a picture construction process. The output are the constructed samples prior to the deblocking filter

process.

The inter prediction process for P and B macroblocks is specified in subclause 8.4 with inter prediction samples

being the output.
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The transform coefficient decoding process and picture construction process prior to deblocking filter process
are specified in subclause 8.5. That process derives samples for I and B macroblocks and for P macroblocks in P
slices. The output are constructed samples prior to the deblocking filter process.

The decoding process for P macroblocks in SP slices or SI macroblocks is specified in subclause 8.6. That
process derives samples for P macroblocks in SP slices and for SI macroblocks. The output are constructed
samples prior to the deblocking filter process.

The constructed samples prior to the deblocking filter process that are next to the edges of blocks and
macroblocks are processed by a deblocking filter as specified in subclause 8.7 with the output being the decoded

samnles

ST pPTosT

8.1 NAL unit decoding process
nputs to this process are NAL units.
Dutputs of this process are the RBSP syntax structures encapsulated within the NAL units.

[he decoding process for each NAL unit extracts the RBSP syntax structure from the NAL unit and then opg
ecoding processes specified for the RBSP syntax structure in the NAL unit as follows,

Subclause 8.2 describes the decoding process for NAL units with nal_unit_type equalde 1 through 5.

Subclauses 8.3 describes the decoding process for a macroblock or part of-a-macroblock coded in NAL u|
hal unit_type equal to 1, 2, and 5.

Bubclause 8.4 describes the decoding process for a macroblock or part”of a macroblock coded in NAL u|
hal unit_type equal to 1 and 2.

Bubclause 8.5 describes the decoding process for a macroblegk ‘or part of a macroblock coded in NAL u|
hal unit type equal to 1 and 3 to 5.

Bubclause 8.6 describes the decoding process for a macroblock or part of a macroblock coded in NAL u|
hal unit type equal to 1 and 3 to 5.

Bubclause 8.7 describes the decoding process for‘a macroblock or part of a macroblock coded in NAL u|
hal unit type equal to 1 to 5.

NAL units with nal unit type equal to 7 ahd-8 contain sequence parameter sets and picture parameter sets, resf
Picture parameter sets are used in the-deécoding processes of other NAL units as determined by reference to
parameter set within the slice headers-ef each picture. Sequence parameter sets are used in the decoding pro
bther NAL units as determined by feference to a sequence parameter set within the picture parameter sets
bequence.

No normative decoding process is specified for NAL units with nal unit type equal to 6, 9, 10, 11, and 12.

8.2 Slice decoding process

B.2.1  Decoding process for picture order count
Dutputs of'this process are TopFieldOrderCnt (if applicable) and BottomFieldOrderCnt (if applicable).

Picture{order counts are used to determine initial picture orderings for reference pictures in the decoding of B s

rates the

hits with

hits with

hits with

hits with

hits with

ectively.
A picture
besses of
of each

ices (see
n vector

subelauses 8.2.4.2.3 and 8.2.4.2.4), to represent picture order differences between frames or fields for moti

derTvation i temporal direct mode (Seesubciause 8.4-1:2-3), for fmpiicit Tmode weighted prediction im B3
subclause 8.4.2.3.2), and for decoder conformance checking (see subclause C.4).

Picture order count information is derived for every frame, field (whether decoded from a coded field or as a
decoded frame), or complementary field pair as follows:

ices (see

part of a

- Each coded frame is associated with two picture order counts, called TopFieldOrderCnt and BottomFieldOrderCnt

for its top field and bottom field, respectively.

- Each coded field is associated with a picture order count, called TopFieldOrderCnt for a coded top field and

BottomFieldOrderCnt for a bottom field.
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- Each complementary field pair is associated with two picture order counts, which are the TopFieldOrderCnt for its
coded top field and the BottomFieldOrderCnt for its coded bottom field, respectively.

TopFieldOrderCnt and BottomFieldOrderCnt indicate the picture order of the corresponding top field or bottom field
relative to the first output field of the previous IDR picture or the previous reference picture including a
memory_management_control operation equal to 5 in decoding order.

TopFieldOrderCnt and BottomFieldOrderCnt are derived by invoking one of the decoding processes for picture order
count type 0, 1, and 2 in subclauses 8.2.1.1, 8.2.1.2, and 8.2.1.3, respectively. When the current picture includes a
memory management control operatlon equal to 5, after the decodlng of the current plcture tempPlcOrderCnt is set equal

TopFie
Botto

The bit

dOrderCnt - tempPlcOrderCnt and BottomFleldOrderCnt of the current plcture @if any) is set equal
FieldOrderCnt - tempPicOrderCnt.

stream shall not contain data that results in Min( TopFieldOrderCnt, BottomFieldOrderCnt ) not equal 0 0 for

coded IDR frame, TopFieldOrderCnt not equal to 0 for a coded IDR top field, or BottomFieldOrderCnt not equal to O f

a codeq
fields o

When t

- Cor
ass(

- Cor
any

IDR bottom field. Thus, at least one of TopFieldOrderCnt and BottomFieldOrderCnt shall be,équal to O for t
f a coded IDR frame.

he current picture is not an IDR picture, the following applies.

sider the list variable listD containing as elements the TopFieldOrderCnt and\‘BottomFieldOrderCnt valul
ciated with the list of pictures including all of the following

he first picture in the list is the previous picture of any of the following types
an IDR picture
a picture containing a memory management control operation equal to 5

he following additional pictures.

If pic_order cnt type is equal to 0, all other pictures that follow in decoding order after the first picture in t
list and are not "non-existing" frames inferred by the.décoding process for gaps in frame num specified

subclause 8.2.5.2 and either precede the current picture in decoding order or are the current picture. Wh
pic_order cnt type is equal to 0 and the current piefure is not a "non-existing" frame inferred by the decodi
process for gaps in frame num specified in subclause 8.2.5.2, the current picture is included in listD prior to t
invoking of the decoded reference picture marking process.

Otherwise (pic_order_cnt_type is not equal to 0), all other pictures that follow in decoding order after the fifst

picture in the list and either precede‘the current picture in decoding order or are the current picture. Wh
pic_order cnt_type is not equal to.0, the current picture is included in listD prior to the invoking of the decod
reference picture marking process.

sider the list variable listO whieh contains the elements of listD sorted in ascending order. 1istO shall not contajin

of the following.

a pair of TopField®rderCnt and BottomFieldOrderCnt for a frame or complementary field pair that are not
consecutive positions in listO.

a TopFieldOrderCnt that has a value equal to another TopFieldOrderCnt.
a BottomEieldOrderCnt that has a value equal to another BottomFieldOrderCnt.

a BottomFieldOrderCnt that has a value equal to a TopFieldOrderCnt unless the BottomFieldOrderCnt amd

IS

3

CS

N

n
g
nc

7211
ed

at

TopFieldOrderCnt belong to the same coded frame or complementary field pair.

The bitstream shall not contain data that results in values of TopFieldOrderCnt, BottomFieldOrderCnt, PicOrderCntMsb,
or FrameNumOffset used in the decoding process as specified in subclauses 8.2.1.1 to 8.2.1.3 that exceed the range of
values from -2°' to 2*'-1, inclusive.
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The function PicOrderCnt( picX ) is specified as follows:

if( picX is a frame or a complementary field pair )

PicOrderCnt( picX ) = Min( TopFieldOrderCnt, BottomFieldOrderCnt ) of the frame or complementary field

pair picX
else if( picX is a top field )

PicOrderCnt( picX ) = TopFieldOrderCnt of field picX
else if( picX is a bottom field )

PicOrderCnt( picX ) = BottomFieldOrderCnt of field picX

(8-1)

[hen DiffPicOrderCnt( picA, picB ) is specified as follows:
DiffPicOrderCnt( picA, picB ) = PicOrderCnt( picA ) - PicOrderCnt( picB )

[he bitstream shall not contain data that results in values of DiffPicOrderCnt( picA, picB ) used in/the’decodin,
hat exceed the range of -2"° to 2'° - 1, inclusive.

NOTE — Let X be the current picture and Y and Z be two other pictures in the same sequence, Y and*Z are considered t
same output order direction from X when both DiffPicOrderCnt( X, Y ) and DiffPicOrderCnt(\X, Z ) are positive o
negative.

NOTE — Many applications assign PicOrderCnt( X ) proportional to the sampling time.of the picture X relative to the
time of an IDR picture.

When the current picture includes a memory management control operation.&qual to 5, PicOrderCnt( CurrPic
breater than PicOrderCnt( any other picture in listD ).

B.2.1.1 Decoding process for picture order count type 0

[his process is invoked when pic_order cnt_type is equal to 0.

Dutputs of this process are either or both TopFieldOrderCfit-or BottomFieldOrderCnt.
[he variables prevPicOrderCntMsb and prevPicOrderCntLsb are derived as follows.

If the current picture is an IDR picture, prevRicOrderCntMsb is set equal to 0 and prevPicOrderCntLsb is
to 0.

Otherwise (the current picture is not aiyIDR picture), the following applies.

- If the previous reference picture in decoding order included a memory management control operat
to 5, the following applics.

- If the previousseference picture in decoding order is not a bottom field, prevPicOrderCntMsb is
to 0 and preyPieOrderCntLsb is set equal to the value of TopFieldOrderCnt for the previous
picture in-decoding order.

- Othertwise (the previous reference picture in decoding order is a bottom field), prevPicOrderCntM
equal to 0 and prevPicOrderCntLsb is set equal to 0.

- Otherwise  (the previous reference picture in  decoding order did not inc
memory management control operation equal to 5), prevPicOrderCntMsb is set equal to PicOrderC
the previous reference picture in decoding order and prevPicOrderCntLsb is set equal to the
pic_order cnt_Isb of the previous reference picture in decoding order.

(8-2)

b process

be in the
I both are

sampling

shall be

nput to this process is PicOrderCntMsb of the previous referéiiee picture in decoding order as specified in this syibclause.

set equal

on equal

set equal
eference

[sb is set

ude a
htMsb of
value of

PTCOTderCmivisb of The CUITent picture 15 derived as {o1iows:

if( ( pic_order cnt Isb < prevPicOrderCntLsb ) &&
( ( prevPicOrderCntLsb — pic_order cnt 1Isb ) >= ( MaxPicOrderCntLsb/2)))
PicOrderCntMsb = prevPicOrderCntMsb + MaxPicOrderCntLsb
else if( ( pic_order cnt Isb > prevPicOrderCntLsb ) &&
( (pic_order _cnt Isb — prevPicOrderCntLsb ) > ( MaxPicOrderCntLsb/2)))
PicOrderCntMsb = prevPicOrderCntMsb — MaxPicOrderCntLsb
else
PicOrderCntMsb = prevPicOrderCntMsb
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When the current picture is not a bottom field, TopFieldOrderCnt is derived as follows:

if( !field_pic_flag || !'bottom_field flag)
TopFieldOrderCnt = PicOrderCntMsb + pic_order cnt Isb (8-4)

When the current picture is not a top field, BottomFieldOrderCnt is derived as follows:

if( field pic_flag)

BottomFieldOrderCnt = TopFieldOrderCnt + delta_pic_order _cnt_bottom
else if( bottom_field flag) (8-5)
BottomFieldOrderCnt = PicOrderCntMsb + pic_order cnt Isb

8.2.1.2] Decoding process for picture order count type 1

This prpcess is invoked when pic_order cnt_type is equal to 1.

Input tq this process is FrameNumOffset of the previous picture in decoding order as specified in this subelause.
Outputs of this process are either or both TopFieldOrderCnt or BottomFieldOrderCnt.

The vialues of TopFieldOrderCnt and BottomFieldOrderCnt are derived as specified Jin this subclause. Ljet
prevFrgmeNum be equal to the frame num of the previous picture in decoding order.

When the current picture is not an IDR picture, the variable prevFrameNumOffset is derived as follows.

- If |the previous picture in decoding order included a memory manage€ment control operation equal to |5,
prgvFrameNumOffset is set equal to 0.

- Otherwise (the previous picture in decoding order did not include admémory management control _operation equal
to p), prevFrameNumOffset is set equal to the value of FrameNumO{fset of the previous picture in decoding order.

NOTE — When gaps_in_frame num_ value allowed flag is equal to 13\the previous picture in decoding order may be a "non-
exisfing" frame inferred by the decoding process for gaps in frame nutisspecified in subclause 8.2.5.2.

The degivation proceeds in the following ordered steps.

1. Th variable FrameNumOffset is derived as follows;

f( nal_unit_type == 5)
FrameNumOffset = 0

lse if( prevFrameNum > frame num | (8-9)
FrameNumOffset = prevFrameNumOffset + MaxFrameNum
lse

FrameNumOffset = prevErameNumOffset

2. ThE variable absFrameNum.is derived as follows:

f( num_ref frames-in pic order cnt cycle != 0)
absFrameNum= FrameNumOffset + frame num
lse 8-
absFrameNum = 0

f( nalref idc == 0 && absFrameNum > 0)
dbsFrameNum = absFrameNum — 1

3. When absFrameNum > 0, picOrderCntCycleCnt and frameNumInPicOrderCntCycle are derived as follows:

if( absFrameNum > 0) {
picOrderCntCycleCnt = ( absFrameNum — 1 ) / num_ref frames_in_pic_order cnt cycle
frameNumlInPicOrderCntCycle = ( absFrameNum — 1 ) % num_ref frames in_pic_order cnt cycle (8-8)

}
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4. The variable expectedDeltaPerPicOrderCntCycle is derived as follows:

expectedDeltaPerPicOrderCntCycle = 0
for(1=0; i<num ref frames in pic order cnt cycle; i++)
expectedDeltaPerPicOrderCntCycle += offset for ref frame[ i ] (8-9)

5. The variable expectedPicOrderCnt is derived as follows:

if( absFrameNum > 0 ){
expectedPicOrderCnt = picOrderCntCycleCnt * expectedDeltaPerPicOrderCntCycle
for( 1= 0; 1 <= frameNumlInPicOrderCntCycle; i++ )
expectedPicOrderCnt = expectedPicOrderCnt + offset for ref frame[ i ]

} else
expectedPicOrderCnt = 0
if( nal_ref idc == 0) (8-10)

expectedPicOrderCnt = expectedPicOrderCnt + offset for non_ref pic

h. The variables TopFieldOrderCnt or BottomFieldOrderCnt are derived as follows:

if( !field pic flag) {

TopFieldOrderCnt = expectedPicOrderCnt + delta_pic_order cnt[ 0 ]

BottomFieldOrderCnt = TopFieldOrderCnt +

offset for top to bottom field + delta_pic_order cnt[ 14 (8-11)

} else if( !bottom _field flag)

TopFieldOrderCnt = expectedPicOrderCnt + delta_pic_order’cnt] 0 ]
else

BottomFieldOrderCnt = expectedPicOrderCnt + offset for top to bottom field + delta_pic_order cit[ O ]

8.2.1.3 Decoding process for picture order count type 2

[his process is invoked when pic_order cnt_type is equalto 2.

Dutputs of this process are either or both TopFieldOrderCnt or BottomFieldOrderCnt.
et prevFrameNum be equal to the frame num,ef the previous picture in decoding order.

When the current picture is not an IDR picture, the variable prevFrameNumOffset is derived as follows.

If the previous picture in decoding order included a memory management control operation equal to 5,
prevFrameNumOffset is set equal to 0.

Otherwise (the previous picture in decoding order did not include a memory management_control _operatjon equal
to 5), prevFrameNumOffset'is set equal to the value of FrameNumOffset of the previous picture in decoding order.

NOTE — When gaps.in_frame num value allowed flag is equal to 1, the previous picture in decoding order may He a "non-
existing" frame infetréd' by the decoding process for gaps in frame num specified in subclause 8.2.5.2.

[he variable FrameNumOffset is derived as follows.

if( nalgunit_type == 5)
FrameNumOffset = 0

else'if( prevFrameNum > frame num ) (8-12)
FrameNumOffset = prevFrameNumOffset + MaxFrameNum
else

FrameNumOtiset = prevFrameNumOftitset

The variable tempPicOrderCnt is derived as follows:

if( nal_unit_type == 5)
tempPicOrderCnt = 0

else if( nal_ref ide == 0) (8-13)
tempPicOrderCnt = 2 * ( FrameNumOffset + frame num ) — 1
else

tempPicOrderCnt =2 * ( FrameNumOffset + frame num )
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The variables TopFieldOrderCnt or BottomFieldOrderCnt are derived as follows:

if( field pic_flag) {

TopFieldOrderCnt = tempPicOrderCnt

BottomFieldOrderCnt = tempPicOrderCnt (8-14)
} else if( bottom_field flag)

BottomFieldOrderCnt = tempPicOrderCnt
else

TopFieldOrderCnt = tempPicOrderCnt

NOTE - Picture order count type 2 cannot be used in a coded video sequence that contains consecutive non-reference pictures tj?t
woulld result in more than one of these pictures having the same value of TopFieldOrderCnt or more than one of these pictutes
having the same value of BottomFieldOrderCnt.

NOTE —Picture order count type 2 results in an output order that is the same as the decoding order.

8.2.2 | Decoding process for macroblock to slice group map
Inputs fo this process are the active picture parameter set and the slice header of the slice to be decoded.
Output of this process is a macroblock to slice group map MbToSliceGroupMap.

This prpcess is invoked at the start of every slice.
NOTE — The output of this process is equal for all slices of a picture.
When fjum_slice _groups_minusl is equal to 1 and slice_group map_type is equalito3, 4, or 5, slice groups 0 and 1 haye

a size and shape determined by slice_group change direction flag as shown inTable 8-1 and specified in subclausgs
8.2.2.4[t0 8.2.2.6.

Table 8-1 — Refined slice group.map type

slice_group_map_type slice_group_change_direction_flag | refined slice group map type
3 0 Box-out clockwise
3 I Box-out counter-clockwise
4 0 Raster scan
4 1 Reverse raster scan
5 0 Wipe right
5 1 Wipe left

In such| a case, MapUnitsInSliceGroupO slice group map units in the specified growth order are allocated for slice groyip
0 and the remaining PicSizeInMapUnits — MapUnitsInSliceGroup0 slice group map units of the picture are allocated fpr
slice grpup 1.

When |[num_slice groups)minusl is equal to 1l and slice group map type is equal to4 or 5, the variable
sizeOfpperLeftGroup!is defined as follows:

izeOfUpperLeftGroup = ( slice_group change direction_flag ?
( PicSizeInMapUnits — MapUnitsInSliceGroup0 ) : MapUnitsInSliceGroup0 ) (8-14

~—

The va 1able mapT TnifT(\QH(‘annnp]\/pr 1s derived as follows

- If num slice groups minusl is equal to 0, the map unit to slice group map is generated for all i ranging from 0 to
PicSizeInMapUnits — 1, inclusive, as specified by:

mapUnitToSliceGroupMap[i]=0 (8-16)

- Otherwise (num_slice_groups minusl is not equal to 0), mapUnitToSliceGroupMap is derived as follows.

— If slice group map type is equal to 0, the derivation of mapUnitToSliceGroupMap as specified in
subclause 8.2.2.1 applies.
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—  Otherwise, if slice _group map type is equal to 1, the derivation of mapUnitToSliceGroupMap as

specified in subclause 8.2.2.2 applies.

—  Otherwise, if slice_group map type is equal to2, the derivation of mapUnitToSliceGroupMap as

specified in subclause 8.2.2.3 applies.

—  Otherwise, if slice _group map type is equal to3, the derivation of mapUnitToSliceGroupMap as

specified in subclause 8.2.2.4 applies.

—  Otherwise, if slice _group map type is equal to4, the derivation of mapUnitToSliceGroupMap as

specified in subclause 8.2.2.5 applies.

= Otherwise, 1T slice_group_map_type is equal to 5, the derivation of mapUmnitloSHceGIou]
specified in subclause 8.2.2.6 applies.

—  Otherwise (slice_group map_type is equal to 6), the derivation of mapUnitToSliceGroupMap as
in subclause 8.2.2.7 applies.

After derivation of the mapUnitToSliceGroupMap, the process specified in subclause 8.2.2.8 i§qfivoked to co

After derivation of the macroblock to slice group map as specified in subclause 8.2.2.8, the function NextMbAd
s defined as the value of the variable nextMbAddress derived as specified by:

i=n+1
while( i < PicSizeInMbs && MbToSliceGroupMap[ i ] = MbToSliceGroupMap[ n |)
it+;

nextMbAddress = i

B.2.2.1 Specification for interleaved slice group map type
[he specifications in this subclause apply when slice_group mapxtype is equal to 0.

[he map unit to slice group map is generated as specified by;

i=0
do
for( iGroup = 0; iGroup <= num_slice ~groups_minus1 && i < PicSizeInMapUnits;
i+=run_length minusl[ iGroup$+]+1)
for(j =0;j <=run_length mifusl[ iGroup ] && i+ j < PicSizeInMapUnits; j++ )
mapUnitToSliceGroupMapl[ i +j ] = iGroup
while( 1 < PicSizeInMapUnits )

B.2.2.2  Specification for dispersed slice group map type

[he specifications in this subelause apply when slice_group map_type is equal to 1.

[he map unit to slice.group map is generated as specified by:

for( 1= 0;9 < PicSizeInMapUnits; i++ )
mapWnitToSliceGroupMap[ i ] = ( (1 % PicWidthInMbs ) +
(((1/PicWidthInMbs ) * (num_slice groups minusl +1))/2)
% (num_slice_groups minusl + 1)

bMap as

specified

hvert the

map unit to slice group map mapUnitToSliceGroupMap to the macroblock to slice group map MbToSliceGoupMap.

ress( n )

(8-17)

(8-18)

(8-19)

B.2.2.3  Specification for foreground with left-over slice group map type

The specifications in this subclause apply when slice _group map_type is equal to 2.

The map unit to slice group map is generated as specified by:

for( 1= 0; i < PicSizeInMapUnits; i++ )
mapUnitToSliceGroupMap[ i ] = num_slice_groups_minusl

for( iGroup = num_slice groups minusl — 1; iGroup >= 0; iGroup-- ) {
yTopLeft = top_left[ iGroup ] / PicWidthInMbs
xTopLeft = top_left[ iGroup ] % PicWidthInMbs
yBottomRight = bottom_right[ iGroup ] / PicWidthInMbs
xBottomRight = bottom_right[ iGroup ] % PicWidthInMbs
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for( y = yTopLeft; y <= yBottomRight; y++)
for( x = xTopLeft; x <= xBottomRight; x++)
mapUnitToSliceGroupMap[ y * PicWidthInMbs + x | = iGroup (8-20)
}

NOTE - The rectangles may overlap. Slice group 0 contains the macroblocks that are within the rectangle specified by top left[ 0 ]
and bottom_right[ 0 ]. A slice group having slice group ID greater than 0 and less than num_slice groups minusl contains the
macroblocks that are within the specified rectangle for that slice group that are not within the rectangle specified for any slice
group having a smaller slice group ID. The slice group with slice group ID equal to num_slice groups minusl contains the
macroblocks that are not in the other slice groups.

8.2.2.4] Specification for box-out slice group map types
The spgcifications in this subclause apply when slice_group map_type is equal to 3.

The map unit to slice group map is generated as specified by:

for( 1= 0; i < PicSizeInMapUnits; i++ )

mapUnitToSliceGroupMap[ 1] =1

k = ( PicWidthInMbs — slice _group change direction flag)/2

= ( PicHeightInMapUnits — slice_group change direction flag) /2

leftBound, topBound ) = (x,y)

rightBound, bottomBound ) =(X,y)

xDir, yDir ) = ( slice_group_change direction flag — 1, slice_group change, ‘direction flag)
for( k = 0; k < MapUnitsInSliceGroup0; k += mapUnitVacant ) {

mapUnitVacant = ( mapUnitToSliceGroupMap[ y * PicWidthInMbs +x] == 1)

if( mapUnitVacant )
mapUnitToSliceGroupMap[ y * PicWidthInMbs + x ] =0 (821
if( xDir == -1 && x == leftBound ) {

leftBound = Max( leftBound — 1, 0)

x = leftBound

( xDir, yDir ) = (0, 2 * slice_group change direction flag—1)
} else if( xDir == 1 && x == rightBound ) {

rightBound = Min( rightBound + 1, PicWidthInMbs — 1 )

x = rightBound

( xDir, yDir ) = (0, 1 —2 * slice_greup change direction_ flag )

}else if( yDir == -1 && y == topBound ) {
topBound = Max( topBound — {1, 0")
y = topBound

( xDir, yDir ) = (1 — 2 *sliée_group change direction flag, 0)
} else if( yDir == 1 && /== bottomBound ) {
bottomBound = Min(bottomBound + 1, PicHeightInMapUnits — 1)
y = bottomBound
( xDir, yDir )»=(2 * slice_group change direction flag—1,0)
} else
(x,y)SAX+ xDir, y + yDir )

8.2.2.5| Spécification for raster scan slice group map types

The spgcifications in this subclause apply when slice_group map_type is equal to 4.

The map unit to slice group map is generated as specified by:

for( 1= 0; i < PicSizeInMapUnits; i++ )
if( 1 < sizeOfUpperLeftGroup )
mapUnitToSliceGroupMap| i ] = slice_group change direction flag
else (8-22)
mapUnitToSliceGroupMap[ i ] = 1 —slice_group change direction flag

8.2.2.6 Specification for wipe slice group map types

The specifications in this subclause apply when slice_group map_type is equal to 5.
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The map unit to slice group map is generated as specified by:

k=0;
for(j = 0; j < PicWidthInMbs; j++)
for( 1= 0; i <PicHeightInMapUnits; i++ )
if( k++ < sizeOfUpperLeftGroup )
mapUnitToSliceGroupMap[ i * PicWidthInMbs + j ] = slice_group change direction flag
else (8-23)
mapUnitToSliceGroupMap| i * PicWidthInMbs + j ] = 1 —slice_group change direction_flag

B.2.2.7  Specification for explicit slice group map type
[he specifications in this subclause apply when slice_group map_type is equal to 6.

[he map unit to slice group map is generated as specified by:
mapUnitToSliceGroupMap| i ] = slice_group id[ i ] (8-24)
for all i ranging from 0 to PicSizeInMapUnits — 1, inclusive.

B.2.2.8 Specification for conversion of map unit to slice group map to macroblocKto slice group map
For each value of i ranging from 0 to PicSizeInMbs — 1, inclusive, the macroblock to slice group map is spdcified as
follows.
- If frame_mbs_only flag is equal to 1 or field pic flag is equal to I, the macroblock to slice group map is ppecified
by:

MbToSliceGroupMap| i ] = mapUnitToSliceGroupMap| 1] (8-25)

- Otherwise, if MbaffFrameFlag is equal to 1, the macroblock to slice group map is specified by:

MbToSliceGroupMap| i | = mapUnitToSliceGroupMap[i/2 ] (8-26)

- Otherwise (frame_mbs_only flag is equal to-0 and mb_adaptive frame field flag is equal to 0 and field p]c flag is
equal to 0), the macroblock to slice group, map is specified by:

MbToSliceGroupMap| i | = mapUnitToSliceGroupMap[ (i/( 2 * PicWidthInMbs ) ) * PicWidthInMbs
+ (1% PicWidthInMbs ) ] (8-27)

B.2.3  Decoding process for-slice data partitioning

nputs to this process are
- aslice data partitionX layer RBSP,

- when syntax eletnents of category 3 are present in the slice data, a slice data partition B layer RBSP having[the same

slice_id as-nthe slice data partition A layer RBSP, and

- when syntax elements of category 4 are present in the slice data, a slice data partition C layer RBSP having|the same
slicexid/as in the slice data partition A layer RBSP.

NOTE— The slice data partition B layer RBSP and slice data partition C layer RBSP need not be present.

Dutput of this process is a coded slice.

When slice data partitioning is not used, coded slices are represented by a slice layer without partitioning RBSP that
contains a slice header followed by a slice data syntax structure that contains all the syntax elements of categories 2, 3,
and 4 (see category column in subclause 7.3) of the macroblock data for the macroblocks of the slice.
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When slice data partitioning is used, the macroblock data of a slice is partitioned into one to three partitions contained in
separate NAL units. Partition A contains a slice data partition A header, and all syntax elements of category 2.
Partition B, when present, contains a slice data partition B header and all syntax elements of category 3. Partition C,
when present, contains a slice data partition C header and all syntax elements of category 4.

When slice data partitioning is used, the syntax elements of each category are parsed from a separate NAL unit, which
need not be present when no symbols of the respective category exist. The decoding process shall process the slice data
partitions of a coded slice in a manner equivalent to processing a corresponding slice layer without partitioning RBSP by
extracting each syntax element from the slice data partition in which the syntax element appears depending on the slice
data partition assignment in the syntax tables in subclause 7.3.

NOTE - Syntax elements of category 3 are relevant to the decoding of residual data of I and SI macroblock types. Syntax eleme]ts
of category 4 are relevant to the decoding of residual data of P and B macroblock types. Category 2 encompasses all other synthx
elenpents related to the decoding of macroblocks, and their information is often denoted as header information. The-slice ddta
partftion A header contains all the syntax elements of the slice header, and additionally a slice_id that are used to associate’the slice
data] partitions B and C with the slice data partition A. The slice data partition B and C headers contain thepslice id synthx
element that establishes their association with the slice data partition A of the slice.

8.2.4 | Decoding process for reference picture lists construction
This prpcess is invoked at the beginning of decoding of each P, SP, or B slice.

Decoddd reference pictures are marked as "used for short-term reference" or "used for longéterm reference" as specifigd
by the bitstream and specified in subclause 8.2.5. Short-term reference pictures are identified by the value of frame nuin.
Long-t¢rm reference pictures are assigned a long-term frame index as specifiedCby the bitstream and specified [in
subclayse 8.2.5.

Subclayse 8.2.4.1 is invoked to specify

- the jassignment of variables FrameNum, FrameNumWrap, and PicNum to each of the short-term reference picturg
andl

>

- the pssignment of variable LongTermPicNum to each of the long;term reference pictures.

Referenpce pictures are addressed through reference indices as Specified in subclause 8.4.2.1. A reference index is §n
index ipto a reference picture list. When decoding a P or¢SP slice, there is a single reference picture list RefPicList0.
When decoding a B slice, there is a second independent reference picture list RefPicList] in addition to RefPicList0.

At the beginning of decoding of each slice, reference picture list RefPicList0, and for B slices RefPicListl1, are derived ps
follows.

- An|nitial reference picture list RefPicList0-and for B slices RefPicList] are derived as specified in subclause 8.2.4.3.

- Thq initial reference picture list RefPicList0 and for B slices RefPicList] are modified as specified in subclauke
8.24.3.

The number of entries in the médified reference picture list RefPicList0 is num_ref idx 10_active _minusl + 1, and for|B
slices the number of entries\if_the modified reference picture list RefPicListl is num_ref idx 11 active minusl + 1. [A
referenge picture may appedrat more than one index in the modified reference picture lists RefPicList0 or RefPicListl.

8.2.4.1] Decodingprocess for picture numbers

This prpcess is_invoked when the decoding process for reference picture lists construction specified in subclause 8.2.4 pr
the decpded, reference picture marking process specified in subclause 8.2.5 is invoked.

The variables FrameNum, FrameNumWrap, PicNum, LongTermFrameldx, and LongTermPicNum are used for t]le
initialisafion process for reference picture lists in subclause 8.2.4.2, the modification process for reference picture [ists in
subclause 8.2.4.3, and for the decoded reference picture marking process in subclause 8.2.5.

To each short-term reference picture the variables FrameNum and FrameNumWrap are assigned as follows. First,
FrameNum is set equal to the syntax element frame num that has been decoded in the slice header(s) of the
corresponding short-term reference picture. Then the variable FrameNumWrap is derived as

if( FrameNum > frame num )

FrameNumWrap = FrameNum — MaxFrameNum (8-28)
else

FrameNumWrap = FrameNum
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where the value of frame num used in Equation 8-28 is the frame num in the slice header(s) for the current picture.

Each long-term reference picture has an associated value of LongTermFrameldx (that was assigned to it as specified in
subclause 8.2.5).

To each short-term reference picture a variable PicNum is assigned, and to each long-term reference picture a variable
LongTermPicNum is assigned. The values of these variables depend on the value of field pic_flag and bottom field flag
for the current picture and they are set as follows.

- Iffield pic flag is equal to 0, the following applies.

= 1 £ £ 1 £ el .
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PicNum = FrameNumWrap (8-29)

- For each long-term reference frame or long-term complementary reference field pair:

LongTermPicNum = LongTermFrameldx (8-30)

NOTE — When decoding a frame the value of MbaffFrameFlag has no influence“on the derivations in gubclauses
8.24.2,8.2.4.3,and 8.2.5.

Otherwise (field pic flag is equal to 1), the following applies.
- For each short-term reference field the following applies.

- If'the reference field has the same parity as the current field

PicNum = 2 * FrameNumWTrap + 1 (8-31)

- Otherwise (the reference field has the oppositeparity of the current field),

PicNum = 2 * FrameNumWrap (8-32)

- For each long-term reference field the following applies.

- Ifthe reference field has the same-parity as the current field

LongTermPicNum = 2 * LongT ¢rmFrameldx + 1 (8-33)

- Otherwise (the reference field has the opposite parity of the current field),

LongTermPicNum(=2 * LongTermFrameldx (8-34)

B.2.4.2  Initialisation process for reference picture lists
[his initialisation process is invoked when decoding a P, SP, or B slice header.
RefPicList0 and)RefPicList] have initial entries as specified in subclauses 8.2.4.2.1 through 8.2.4.2.5.

When the(number of entries in the initial RefPicList0 or RefPicListl produced as specified in subclauses [8.2.4.2.1
hrough§:2.4.2.5 is greater than num_ref idx 10 active minusl + 1 or num_ref idx 11 active minusl + 1, resgectively,
he extraentries past position num_ref idx 10 active minusl or num_ref idx 1l active minusl are discarded|from the
nitial reference picture list.

When the number of entries in the initial RefPicList0 or RefPicListl produced as specified in subclauses 8.2.4.2.1
through 8.2.4.2.5 is less than num ref idx 10 active minusl + 1 or num_ref idx 11 _active minusl + 1, respectively,
the remaining entries in the initial reference picture list are set equal to "no reference picture".

8.2.4.2.1 Initialisation process for the reference picture list for P and SP slices in frames
This initialisation process is invoked when decoding a P or SP slice in a coded frame.

When this process is invoked, there shall be at least one reference frame or complementary reference field pair that is
currently marked as "used for short-term reference" or "used for long-term reference".
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The reference picture list RefPicListO is ordered so that short-term reference frames and short-term complementary
reference field pairs have lower indices than long-term reference frames and long-term complementary reference field
pairs.

The short-term reference frames and complementary reference field pairs are ordered starting with the frame or
complementary field pair with the highest PicNum value and proceeding through in descending order to the frame or
complementary field pair with the lowest PicNum value.

The long-term reference frames and complementary reference field pairs are ordered starting with the frame or
complementary field pair with the lowest LongTermPicNum value and proceeding through in ascending order to the
frame qreomplementary-feld-pairwith-the-hishestonsTermPicNum-value-
NOTE — A non-paired reference field is not used for inter prediction for decoding a frame, regardless of the value)jof
MbdftfFrameFlag.

N

For exdgmple, when three reference frames are marked as "used for short-term reference" with PicNum equal’to 300, 30
and 303 and two reference frames are marked as "used for long-term reference" with LongTermPicNum equal to 0 and
the initjal index order is:

|99

- RefPicList0[0] is set equal to the short-term reference picture with PicNum = 303,
- RefPicList0[1] is set equal to the short-term reference picture with PicNum = 302,
- RefPicList0[2] is set equal to the short-term reference picture with PicNum = 300,
- RefPicList0[3] is set equal to the long-term reference picture with LongTermPieNum = 0, and

- RefPicList0[4] is set equal to the long-term reference picture with LongTermPicNum = 3.

8.2.4.22 Initialisation process for the reference picture list for P and SP.slices in fields
This inftialisation process is invoked when decoding a P or SP slice in a-coded field.

Each figld included in the reference picture list RefPicList0 has a separate index in the reference picture list RefPicList().

NOTE - When decoding a field, there are effectively at least twi¢eas many pictures available for referencing as there would pe
wheh decoding a frame at the same position in decoding order.

@

Two otdered lists of reference frames, refFrameListOShortTerm and refFrameListOLongTerm, are derived as follow
For pu:lposes of the formation of this list of frames, décoded reference frames, complementary reference field pairs, nop-
paired feference fields and reference frames in whi¢h a single field is marked "used for short-term reference" or "used fpr
long-term reference" are all considered reference ffames.

- Allframes having one or more fields marked "used for short-term reference" are included in the list of short-tefm

reference frames refFrameListOShortTerm. When the current field is the second field (in decoding order) of|a
corrtolementary reference field pair Jand the first field is marked as "used for short-term reference", the first field |is
inclpded in the list of short-termi reference frames refFrameListOShortTerm. refFrameListOShortTerm is ordergd
starfing with the reference ftame with the highest FrameNumWrap value and proceeding through in descending order
to the reference frame withthe lowest FrameNumWrap value.

- All[frames having.one) or more fields marked "used for long-term reference" are included in the list of long-term

reference frames_réfFrameListOLongTerm. When the current field is the second field (in decoding order) off a
corrE)lementary reference field pair and the first field is marked as "used for long-term reference, the first field |is
inclpded incthe” list of long-term reference frames refFrameList0LongTerm. refFrameListOLongTerm is orderg¢d
starfing«with the reference frame with the lowest LongTermFrameldx value and proceeding through in ascendipg
ord¢rdo,the reference frame with the highest LongTermFrameldx value.

The process specified in subclause 8.2.4.2.5 is invoked with refFrameListOShortTerm and refFrameListOLongTerm given
as input and the output is assigned to RefPicList0.

8.2.4.2.3 Initialisation process for reference picture lists for B slices in frames
This initialisation process is invoked when decoding a B slice in a coded frame.

For purposes of the formation of the reference picture lists RefPicList0 and RefPicList] the term reference entry refers in
the following to decoded reference frames or complementary reference field pairs.

When this process is invoked, there shall be at least one reference entry that is currently marked as "used for short-term
reference" or "used for long-term reference".
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For B slices, the order of short-term reference entries in the reference picture lists RefPicList0 and RefPicList] depends
on output order, as given by PicOrderCnt( ). When pic_order cnt type is equal to 0, reference pictures that are marked
as "non-existing" as specified in subclause 8.2.5.2 are not included in either RefPicList0 or RefPicListl.

NOTE — When gaps_in_frame num value allowed flag is equal to 1, encoders should use reference picture list reordering to
ensure proper operation of the decoding process (particularly when pic_order cnt type is equal to 0, in which case PicOrderCnt( )
is not inferred for "non-existing" frames).

The reference picture list RefPicList0 is ordered such that short-term reference entries have lower indices than long-term
reference entries. It is ordered as follows.

B.2.4.2.4 Initialisation process for referénce picture lists for B slices in fields

[his initialisation process is invoked when decoding a B slice in a coded field.

L et entryShortTerm be a variable r;mging over all reference entries that are currently marked as "nsed for short-term
reference". When some values of entryShortTerm are present having PicOrderCnt( entryShortTerm{-|ess than
PicOrderCnt( CurrPic ), these values of entryShortTerm are placed at the beginning of refPicListO~in)dgscending
order of PicOrderCnt( entryShortTerm ). All of the remaining values of entryShortTerm (when picsent)|are then
appended to refPicList0 in ascending order of PicOrderCnt( entryShortTerm ).

The long-term reference entries are ordered starting with the long-term reference eptny) that has the lowest
LongTermPicNum value and proceeding through in ascending order to the long-term reference entry thaf has the
highest LongTermPicNum value.

[he reference picture list RefPicList] is ordered so that short-term reference entries have lower indices than lpng-term
reference entries. It is ordered as follows.

Let entryShortTerm be a variable ranging over all reference entries that ar€-cutrently marked as "used for short-term
reference". When some values of entryShortTerm are present having, PicOrderCnt( entryShortTerm ) grepter than
PicOrderCnt( CurrPic ), these values of entryShortTerm are placed at the beginning of refPicListl in ascendjng order
of PicOrderCnt( entryShortTerm ). All of the remaining values ofeftryShortTerm (when present) are then gppended
to refPicListl in descending order of PicOrderCnt( entryShortTeriw).

Long-term reference entries are ordered starting with the long-term reference frame or complementary referdnce field
pair that has the lowest LongTermPicNum value and, proceeding through in ascending order to the lpng-term
reference entry that has the highest LongTermPicNum(value.

When the reference picture list RefPicList] has:more than one entry and RefPicListl is identical to the feference
picture list RefPicList0, the first two entries RefPicList1[ 0 ] and RefPicListl[ 1 ] are switched.

NOTE — A non-paired reference field is not used for inter prediction of frames (independent of the value of MbaffFrameHlag).

When decoding a field, each field\of a stored reference frame is identified as a separate reference picture with
ndex. The order of short-term.reference pictures in the reference picture lists RefPicList0 and RefPicList]l d

'non-existing" as specified/in subclause 8.2.5.2 are not included in either RefPicList0 or RefPicListl.

is not inferredfor "non-existing" frames).

NOTE —~-When decoding a field, there are effectively at least twice as many pictures available for referencing as there
when decoding a frame at the same position in decoding order.

Chree erdered lists of reference frames, refFrameListOShortTerm, refFrameList]1 ShortTerm and refFrameListL

a unique
epend on

butput order, as given by.PicOrderCnt( ). When pic_order cnt type is equal to 0, reference pictures that are njarked as

NOTE — When gapsvin frame num value allowed flag is equal to 1, encoders should use reference picture list reopdering to
ensure proper @peration of the decoding process (particularly when pic_order cnt type is equal to 0, in which case PicOfderCnt( )

would be

ngTerm,

hre-derived as follows. For purposes of the formation of these lists of frames the term reference entry refdrs in the
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s. When

pic_order cnt type is equal to 0, the term reference entry does not refer to frames that are marked as "non-existing" as

specified in subclause 8.2.5.2.

- Let entryShortTerm be a variable ranging over all reference entries that are currently marked as "used for short-term
reference". When some values of entryShortTerm are present having PicOrderCnt( entryShortTerm ) less than or
equal to PicOrderCnt( CurrPic), these values of entryShortTerm are placed at the beginning of
refFrameListOShortTerm in descending order of PicOrderCnt( entryShortTerm ). All of the remaining values of
entryShortTerm (when present) are then appended to refFrameListOShortTerm in ascending order of

PicOrderCnt( entryShortTerm ).

© ISO/IEC 2005 — All rights reserved

111


https://standardsiso.com/api/?name=b449ef14175ac39adc75a917dddf783d

ISO/IEC 14496-10:2005(E)

NOTE - When the current field follows in decoding order a coded field fldPrev with which together it forms a
complementary reference field pair, fldPrev is included into the list refFrameListOShortTerm using PicOrderCnt( fldPrev )
and the ordering method described in the previous sentence is applied.

Let entryShortTerm be a variable ranging over all reference entries that are currently marked as "used for short-term
reference". When some values of entryShortTerm are present having PicOrderCnt( entryShortTerm ) greater than
PicOrderCnt( CurrPic ), these values of entryShortTerm are placed at the beginning of refFrameList]ShortTerm in
ascending order of PicOrderCnt( entryShortTerm ). All of the remaining values of entryShortTerm (when present)

are then appended to refFrameList] ShortTerm in descending order of PicOrderCnt( entryShortTerm ).
NOTE - When the current field follows in decoding order a coded field fldPrev with which together it forms

and the ordering method described in the previous sentence is applied.

- refHrameListLongTerm is ordered starting with the reference entry having the lowest LongTermFrameldx value apd

pro¢eeding through in ascending order to the reference entry having highest LongTermFrameldx value.

NOTE - When the complementary field of the current picture is marked "used for long-term reference" it is included into the 1
refFfameListLongTerm. A reference entry in which only one field is marked as “used for long-term reference? i included into t
list fefFrameListLongTerm.

The process specified in subclause 8.2.4.2.5 is invoked with refFrameListOShortTerm and refFrameListLongTerm giv
as inpuf and the output is assigned to RefPicList0.

The prgcess specified in subclause 8.2.4.2.5 is invoked with refFrameList] ShortTerm and, tefFrameListLongTerm giv
as inpuf and the output is assigned to RefPicList1.

When the reference picture list RefPicList] has more than one entry and RefPicListl is identical to the reference pictul
list RefPicList0, the first two entries RefPicList1[0] and RefPicList1[1] are switched.

8.2.4.215 Initialisation process for reference picture lists in fields

Inputs |of this process are the reference frame lists refFramel:istXShortTerm (with X may be 0 or 1) ai
eListLongTerm.

- Shopt-term reference fields are ordered by “selecting reference fields from the ordered list of fram
refHrameListXShortTerm by alternating between fields of differing parity, starting with a field that has the san
parity as the current field (when present)/ When one field of a reference frame was not decoded or is not marked
“us¢d for short-term reference”, the missing field is ignored and instead the next available stored reference field of t
chopen parity from the ordered list of\frames refFrameListXShortTerm is inserted into RefPicListX. When there a
no fnore short-term reference fields of the alternate parity in the ordered list of frames refFrameListXShortTerm, t
nexf not yet indexed fields of the available parity are inserted into RefPicListX in the order in which they occur in t
ordg¢red list of frames refFrameListXShortTerm.

- Long-term reference (ficlds are ordered by selecting reference fields from the ordered list of fram
refHrameListLongTérm by alternating between fields of differing parity, starting with a field that has the same pari
as the current field{(when present). When one field of a reference frame was not decoded or is not marked as “us
for [long-term¢teference”, the missing field is ignored and instead the next available stored reference field of t
chopen parity-from the ordered list of frames refFrameListLongTerm is inserted into RefPicListX. When there are 1
moie long-term reference fields of the alternate parity in the ordered list of frames refFrameListLongTerm, the ne
not |yet-indexed fields of the available parity are inserted into RefPicListX in the order in which they occur in tl
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8.2.4.3 Reordering process for reference picture lists
When ref pic_list reordering flag 10 is equal to 1, the following applies.
- Let refldxL0 be an index into the reference picture list RefPicList0. It is initially set equal to 0.

- The corresponding syntax elements reordering of pic_nums_idc are processed in the order they occur in the
bitstream. For each of these syntax elements, the following applies.

- Ifreordering of pic nums_idc is equal to 0 or equal to 1, the process specified in subclause 8.2.4.3.1 is invoked
with refldxL0 as input, and the output is assigned to refldxLO0.

- Otherwise, if reordering of pic nums idc is equal to 2, the process specified in subclause 8.2.4.3.2/44 invoked
with refldxL0 as input, and the output is assigned to refldxLO0.

- Otherwise (reordering of pic nums idc is equal to3), the reordering process for reference pidture list
RefPicList0 is finished.

When ref pic_list reordering flag 11 is equal to 1, the following applies.
Let refldxL1 be an index into the reference picture list RefPicListl. It is initially set equal’to 0.

The corresponding syntax elements reordering of pic nums idc are processed\in the order they occyr in the
bitstream. For each of these syntax elements, the following applies.

- Ifreordering of pic nums_idc is equal to 0 or equal to 1, the process(specified in subclause 8.2.4.3.1 i invoked
with refldxL1 as input, and the output is assigned to refldxL1.

- Otherwise, if reordering of pic nums idc is equal to 2, the pfocess specified in subclause 8.2.4.3.2 if invoked
with refldxL1 as input, and the output is assigned to refldxL1;

- Otherwise (reordering of pic nums_idc is equal to 3)) the reordering process for reference pidture list
RefPicListl is finished.

B.2.4.3.1 Reordering process of reference picture lists‘for short-term reference pictures
nput to this process is an index refldxLX (with X being 0 or 1).

Dutput of this process is an incremented index refldxLX.

[he variable picNumLXNoWrap is derivedas follows.

If reordering of pic nums idc is équal to 0

if( picNumLXPred — ( abs diff pic num minusl +1)<0)
picNumLXNoWrapy=picNumLXPred — ( abs_diff pic num_ minusl + 1 ) + MaxPicNum (8-35)
else
picNumLXNoWrap = picNumLXPred — ( abs_diff pic num_ minusl + 1)

Otherwise (reordering of pic nums idc is equal to 1),

if( picNumLXPred + (‘abs_diff pic num minusl + 1) >= MaxPicNum )
picNumLXNoWrap = picNumLXPred + ( abs_diff pic num minusl + 1 ) — MaxPicNum (8-36)
else
picNumLXNoWrap = picNumLXPred + ( abs_diff pic num_ minusl + 1)

bicNumLXPred is the prediction value for the variable picNumLXNoWrap. When the process specified in this qubclause
s invoked the first time for a slice (that is, for the first occurrence of reordering_of pic_nums_idc equal to 0 of 1 in the
ref pic list reordering( ) syntax), picNumLOPred and picNumL1Pred are initially set equal to CurrPicNum. After each
assignment of picNumLXNoWrap, the value of picNumLXNoWTrap is assigned to picNumLXPred.

The variable picNumLX is derived as follows

if( picNumLXNoWrap > CurrPicNum )

picNumLX = picNumLXNoWrap — MaxPicNum (8-37)
else

picNumLX = picNumLXNoWrap

picNumLX shall be equal to the PicNum of a reference picture that is marked as “used for short-term reference” and shall
not be equal to the PicNum of a short-term reference picture that is marked as "non-existing".
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The following procedure shall be conducted to place the picture with short-term picture number picNumLX into the
index position refldxLX, shift the position of any other remaining pictures to later in the list, and increment the value of
refldxLX.

for( cIdx = num_ref idx 1X active minusl + 1; cIdx > refldxLX; cldx--)
RefPicListX[ cldx ] = RefPicListX][ cldx — 1]
RefPicListX[ refldxLX-++ | = short-term reference picture with PicNum equal to picNumLX
nldx = refldxLX
for( cldx = refldxLX; cldx <= num_ref idx 1X active_minusl + 1; cldx++) (8-38)
if( PicNumF( RefPicListX] cldx 1) != picNumLX)
RefPicListX[ nldx++ ] = RefPicListX][ cldx ]

where the function PicNumF( RefPicListX][ cldx ] ) is derived as follows:

—  Ifthe picture RefPicListX[ cldx ] is marked as "used for short-term reference", PicNumF( RefPicListX] cldx ])
th¢ PicNum of the picture RefPicListX[ cldx ].

—  Otherwise (the picture RefPicListX[cldx] is not marked as '"used for shortsterm referencell)
PigNumF( RefPicListX[ cldx ] ) is equal to MaxPicNum.

NOTE — A value of MaxPicNum can never be equal to picNumLX.

——

S

NOTE — Within this pseudo-code procedure, the length of the list RefPicListX is temporarily made one element longer than the
length needed for the final list. After the execution of this procedure, only elements 0 through-num_ref idx 1X active minusl fof
the Jist need to be retained.

8.2.4.312 Reordering process of reference picture lists for long-term reference-pictures
Input tq this process is an index refldxLX (with X being 0 or 1).
Output|of this process is an incremented index refldxLX.

The following procedure shall be conducted to place the picture with\long-term picture number long_term pic_num into
the ind¢x position refldxLX, shift the position of any other remaining pictures to later in the list, and increment the valyie
of refldxLX.

for( cldx = num_ref idx 1X active minusl + 1; cldx™> refldxLX; cldx--)

RefPicListX[ cldx ] = RefPicListX][ cldx — H

RefPicListX[ refldxLX++ ] = long-term reference picture with LongTermPicNum equal to long_term pic_num

h[dx = refldxLX

For( cldx = refldxLX; cldx <= num ref idx X active minusl + 1; cldx++) (8-39)

if( LongTermPicNumF( RefPicListX[ cldx | ) !=long_term pic _num )
RefPicListX[ nldx++ ] =RefPicListX][ cldx ]

where the function LongTermPicNumF( RefPicListX][ cldx ] ) is derived as follows:

— If| the  picture RefPicListX[ cldx ] is marked  as "used for  long-term  referencq",
LdngTermPicNumF(RefPicListX][ cldx ] ) is the LongTermPicNum of the picture RefPicListX[ cldx ].

—  Otherwise (then) picture RefPicListX[cldx] is not marked as "used for long-term reference]
LdngTermPicNumF( RefPicListX[ cldx ] ) is equal to 2 * ( MaxLongTermFrameldx + 1 ).

NOTEA A value of 2 * ( MaxLongTermFrameldx + 1 ) can never be equal to long_term pic_num.

—

NOTE — Within this pseudo-code procedure, the length of the list RefPicListX is temporarily made one element longer than the
length needed for the final list. After the execution of this procedure, only elements 0 through num ref idx IX active minus] fof
the listheed to be retained.

8.2.5 Decoded reference picture marking process

This process is invoked for decoded pictures when nal_ref idc is not equal to 0.

NOTE — The decoding process for gaps in frame num that is specified in subclause 8.2.5.2 may also be invoked when nal _ref idc
is equal to 0, as specified in clause 8.

A decoded picture with nal_ref idc not equal to 0, referred to as a reference picture, is marked as “used for short-term
reference” or "used for long-term reference". For a decoded reference frame, both of its fields are marked the same as
the frame. For a complementary reference field pair, the pair is marked the same as both of its fields. A picture that is
marked as "used for short-term reference" is identified by its FrameNum and, when it is a field, by its parity. A picture
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that is marked as "used for long-term reference" is identified by its LongTermFrameldx and, when it is a field, by its
parity.

Frames or complementary field pairs marked as “used for short-term reference” or as "used for long-term reference" can
be used as a reference for inter prediction when decoding a frame until the frame, the complementary field pair, or one of
its constituent fields is marked as “unused for reference”. A field marked as “used for short-term reference” or as "used
for long-term reference" can be used as a reference for inter prediction when decoding a field until marked as “unused for
reference”.

A picture can be marked as "unused for reference" by the sliding window reference picture marking process, a first-in,

frct out snachanicay cpanifiod 100 cbolatca Q9 8 2 ar by tha adantiva ooy oanteal coforonoon niotira paarel i
= H S =o2—0F e+

Het-ou-m +speeified-in-subel by-the-adaptive-memory—conts rence-pieture-marking process,

h customised adaptive marking operation specified in subclause 8.2.5.4.

A short-term reference picture is identified for use in the decoding process by its variables (FrameNum and
FrameNumWrap and its picture number PicNum, and a long-term reference picture is identified for@se in the decoding
process by its long-term picture number LongTermPicNum. When the current picture is not an IDR] picture,
subclause 8.2.4.1 is invoked to specify the assignment of the variables FrameNum, FrameNumWrap, PiclNum and
LongTermPicNum.

B.2.5.1 Sequence of operations for decoded reference picture marking process
Decoded reference picture marking proceeds in the following ordered steps.
. All slices of the current picture are decoded.
p. Depending on whether the current picture is an IDR picture, the following applies.
- Ifthe current picture is an IDR picture, the following applies.

- All reference pictures shall be marked as "unused for reférence"

- Depending on long_term_reference flag, the followihg applies.

- If long_term reference flag is equal to:0} the IDR picture shall be marked as "used for short-term
reference" and MaxLongTermFrameldxsshall be set equal to “no long-term frame indices”.

- Otherwise (long_term_reference flag's equal to 1), the IDR picture shall be marked as "used for lpng-term
reference", the LongTermFrameldx for the IDR picture shall be set equal tq0, and
MaxLongTermFrameldx shall.be set equal to 0.

- Otherwise (the current picture iSnet an IDR picture), the following applies.
- Ifadaptive ref pic maiking mode flag is equal to 0, the process specified in subclause 8.2.5.3 is invpked.

- Otherwise (adaptive_ref pic_marking mode flag is equal to 1), the process specified in subclause $.2.5.4 is
invoked.

B. When the current“picture is not an IDR picture and it was not marked as "used for long-term referg¢nce" by
memory management control operation equal to 6, it is marked as "used for short-term reference".

After marking‘the current decoded reference picture, the total number of frames with at least one field marked|as “used
for referenee’, plus the number of complementary field pairs with at least one field marked as “used for reference”, plus
he number of non-paired fields marked as “used for reference” shall not be greater than Max( num_ref frames, | ).

B.2.5:2" Decoding process for gaps in frame_num

This process 15 invoked wien iframe num iS 10l equal 10 PrevRelrrameNum and 15 not equal to
( PrevRefFrameNum + 1 ) % MaxFrameNum.
NOTE — Although this process is specified as a subclause within subclause 8.2.5 (which defines a process that is invoked only

when nal _ref idc is not equal to 0), this process may also be invoked when nal ref idc is equal to 0 (as specified in clause 8). The
reasons for the location of this subclause within the structure of this Recommendation | International Standard are historical.

NOTE — This process can only be invoked for a conforming bitstream when gaps_in_frame num value allowed flag is equal
to 1. When gaps_in frame num value allowed flag is equal to 0 and frame num is not equal to PrevRefFrameNum and is not
equal to ( PrevRefFrameNum + 1) % MaxFrameNum, the decoding process should infer an unintentional loss of pictures.

When this process is invoked, a set of values of frame num pertaining to “non-existing” pictures is derived as all values
taken on by UnusedShortTermFrameNum in Equation 7-21 except the value of frame num for the current picture.
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The decoding process shall generate and mark a frame for each of the values of frame num pertaining to “non-existing”
pictures, in the order in which the values of UnusedShortTermFrameNum are generated by Equation 7-21, using the
“sliding window” picture marking process as specified in subclause 8.2.5.3. The generated frames shall also be marked as
“non-existing” and “used for short-term reference”. The sample values of the generated frames may be set to any value.
These generated frames which are marked as “non-existing” shall not be referred to in the inter prediction process, shall
not be referred to in the reordering commands for reference picture lists for short-term reference pictures (subclause
8.2.4.3.1), and shall not be referred to in the assignment process of a LongTermFrameldx to a short-term reference
picture (subclause 8.2.5.4.3).

When pic_order cnt type is not equal to 0, TopFieldOrderCnt and BottomFieldOrderCnt are derived for each of the
"non-e¥isting” frames by invoking the decoding process for picture order count in subclause 8.2.1." When ivoking the
procesy in subclause 8.2.1 for a particular "non-existing" frame, the current picture is considered to be a pictufe
considdred having frame num inferred to be equal to UnusedShortTermFrameNum, nal ref idc inferred to be-iob equal
to 0,| nal unit type inferred to be not equal to 5, field pic flag inferred to be equal” to [0,
adaptive_ref pic_marking mode_ flag inferred to be equal to 0, delta_pic_order cnt[ 0 ] (if needed) inferredto be equal
to 0, and delta pic order cnt[ 1 ] (if needed) inferred to be equal to 0.

NOTE - The decoding process should infer an unintentional picture loss when any of these values of frame” num pertaining |to

“non-existing” pictures is referred to in the inter prediction process, is referred to in the reordering commands for reference pictyre

lists|for short-term reference pictures (subclause 8.2.4.3.1), or is referred to in the assignment process-of a LongTermFrameldx tq a

short-term reference picture (subclause 8.2.5.4.3). The decoding process should not infer an unintentional picture loss wher| a
menhory management control operation not equal to 3 is applied to a frame marked as “non-existing’”.

8.2.5.3] Sliding window decoded reference picture marking process
This prpcess is invoked when adaptive ref pic_marking mode flag is equal to 0.
Depending on the properties of the current picture as specified below, the following applies.

- If the current picture is a coded field that is the second field in decoding order of a complementary reference field
pair, and the first field has been marked as “used for short-term-reference”, the current picture is also marked ps
“uged for short-term reference”.

- Otherwise, the following applies.

- Let numShortTerm be the total number of reference>frames, complementary reference field pairs and non-pair¢d
reference fields for which at least one field is matked as “used for short-term reference”. Let numLongTerm be
he total number of reference frames, complémentary reference field pairs and non-paired reference fields fpr
hich at least one field is marked as “used‘for long-term reference”.

- When numShortTerm + numLongTernt is'equal to Max( num_ref frames, 1), the condition that numShortTermf[is
breater than 0 shall be fulfilled, and the short-term reference frame, complementary reference field pair or nop-
paired reference field that has the.smallest value of FrameNumWrap is marked as “unused for reference”. Whenlit
s a frame or a complementary. field pair, both of its fields are also marked as “unused for reference”.

8.2.5.4| Adaptive memory control decoded reference picture marking process
This prpcess is invoked when adaptive ref pic_marking mode flag is equal to 1.

The mgmory management control operation commands with values of 1 to 6 are processed in the order they occur fin
the bit§tream after the_ current picture has been decoded. For each of these memory management control operati¢n
commapnds, one gf\the processes specified in subclauses 8.2.5.4.1 to 8.2.5.4.6 is invoked depending on the value pf
memory management control operation. The memory management control operation command with value of [0
specifigs the end of memory management control_operation commands.

Memorly hanagement control operations are applied to pictures as follows.

- If field pic_flag is equal to 0, memory management control operation commands are applied to the frames or
complementary reference field pairs specified.

- Otherwise (field pic flag is equal to 1), memory management control operation commands are applied to the
individual reference fields specified.

8.2.5.4.1 Marking process of a short-term reference picture as “unused for reference”
This process is invoked when memory _management_control operation is equal to 1.
Let picNumX be specified by
picNumX = CurrPicNum — ( difference_of pic nums minusl + 1). (8-40)
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Depending on field pic flag the value of picNumX is used to mark a short-term reference picture as “unused for
reference” as follows.

- If field pic_flag is equal to 0, the short-term reference frame or short-term complementary reference field pair
specified by picNumX and both of its fields are marked as “unused for reference”.

- Otherwise (field pic flag is equal to 1), the short-term reference field specified by picNumX is marked as “unused
for reference”. When that reference field is part of a reference frame or a complementary reference field pair, the
frame or complementary field pair is also marked as "unused for reference", but the marking of the other field is not
changed.

B.2.5.4.2 Marking process of a long-term reference picture as “unused for reference”
[his process is invoked when memory management control operation is equal to 2.

Depending on field pic flag the value of LongTermPicNum is used to mark a long-term reference picture as “upused for
Feference” as follows.

If field pic flag is equal to 0, the long-term reference frame or long-term complementary xreference field palir having
LongTermPicNum equal to long_term pic_num and both of its fields are marked as “unused for reference”.

Otherwise (field pic flag is equal to 1), the long-term reference field specified-by LongTermPicNum |equal to
long term pic_num is marked as “unused for reference”. When that reference field is part of a reference fifame or a
complementary reference field pair, the frame or complementary field pair is also marked as "unused for reference",
but the marking of the other field is not changed.

B.2.5.4.3 Assignment process of a LongTermFrameldx to a short-term reference picture
[his process is invoked when memory management control operation’is equal to 3.

Given the syntax element difference of pic nums minusl, the variable picNumX is obtained as specified in qubclause
B.2.5.4.1. picNumX shall refer to a frame or complementary reference field pair or non-paired reference field nparked as
'used for short-term reference" and not marked as "non-existing".

When LongTermFrameldx equal to long_term framelidx is already assigned to a long-term reference frame gr a long-
erm complementary reference field pair, that framie’ or complementary field pair and both of its fields are njarked as
'unused for reference". When LongTermFrameldx is already assigned to a non-paired reference field, and the figld is not
he complementary field of the picture specified by picNumX, that field is marked as “unused for reference”.

Depending on field pic flag the valué\ef LongTermFrameldx is used to mark a picture from "used for short-term

feference" to "used for long-term reference" as follows.

If field pic flag is equal to0;\the marking of the short-term reference frame or short-term complementary feference
field pair specified by pieNumX and both of its fields are changed from "used for short-term reference" to ['used for
long-term reference".and-assigned LongTermFrameldx equal to long_term_frame idx.

Otherwise (field\pic flag is equal to 1), the marking of the short-term reference field specified by picNumX is
changed from “used for short-term reference”" to "used for long-term reference" and assigned LongTermlframeldx
equal to long\term frame idx. When the field is part of a reference frame or a complementary reference flield pair,
and the other field of the same reference frame or complementary reference field pair is also marked as |'used for
long-term reference"”, the reference frame or complementary reference field pair is also marked as "used [for long-
terimreference” and assigned LongTermFrameldx equal to long_term_frame idx.

B.2.5.4.4 Decoding process for MaxLongTermFrameldx

This process is invoked when memory management_control operation is equal to 4.

All pictures for which LongTermFrameldx is greater than max long_term frame idx plusl — 1 and that are marked as
"used for long-term reference" shall be marked as “unused for reference”.

The variable MaxLongTermFrameldx is derived as follows.

- Ifmax_long term frame idx plusl is equal to 0, MaxLongTermFrameldx shall be set equal to “no long-term frame
indices”.

- Otherwise (max long term frame idx_plusl is greater than 0), MaxLongTermFrameldx shall be set equal to
max_long term frame idx plusl — 1.
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NOTE — The memory _management control operation command equal to 4 can be used to mark long-term reference pictures as
“unused for reference”. The frequency of transmitting max long term frame idx plusl is not specified by this
Recommendation | International Standard. However, the encoder should send a memory management control operation
command equal to 4 upon receiving an error message, such as an intra refresh request message.

8.2.5.4.5 Marking process of all reference pictures as “unused for reference” and setting MaxLongTermFrameldx
to “no long-term frame indices”

This process is invoked when memory _management_control operation is equal to 5.

All reference pictures are marked as “unused for reference” and the variable MaxLongTermFrameldx is set equal to “no
long-tefT frame fndices ™

8.2.5.4)6 Process for assigning a long-term frame index to the current picture
This prpcess is invoked when memory _management_control operation is equal to 6.

When g variable LongTermFrameldx equal to long_term frame idx is already assigned to a long-term réference frame pr
a long-ferm complementary reference field pair, that frame or complementary field pair and both of its‘fields are markgd
as "unused for reference". When LongTermFrameldx is already assigned to a non-paired referencejfield, and the field [is
not the complementary field of the current picture, that field is marked as “unused for reference”.

The cyrrent picture is marked as "used for long-term reference" and assigned LengTermFrameldx equal fo
long_tgrm_ frame idx.

When field pic flag is equal to 0, both its fields are also marked as
LongT¢rmFrameldx equal to long_term frame idx.

'used for\lohg-term reference" and assigngd

When field pic flag is equal to 1 and the current picture is the second fi€ld“(in decoding order) of a complementaly
referenge field pair, and the first field of the complementary reference field pair is also currently marked as "used fpr
long-term reference), the complementary reference field pair is alsexmarked as "used for long-term reference" apd
assignefd LongTermFrameldx equal to long_term frame idx.

for refdgrence”, plus the number of complementary field pairstwith at least one field marked as “used for reference”, plps

After I%arking the current decoded reference picture, the total number of frames with at least one field marked as “us¢d
the numpber of non-paired fields marked as “used for referefice” shall not be greater than Max( num_ref frames, 1 ).

NOTE - Under some circumstances, the above,statement may impose a constraint on the order in which |a

menfory _management_control operation syntax element equal to 6 can appear in the decoded reference picture marking synthx

relafive to a memory management_control operationisyntax element equal to 1, 2, or 4.
8.3 Intra prediction process

This prpcess is invoked for I and SI macroblock types.

Inputs {o this process are construeted samples prior to the deblocking filter process and, for Intra NxN prediction mods
(where|NxN is equal to 4x4 or:8x8), the values of IntraNxNPredMode from neighbouring macroblocks.

Outputs of this process are Specified as follows.

—  Ifthe macroblocké{prediction mode is Intra_4x4 or Intra_8x8, the outputs are constructed luma samples prior to the
deplocking filtet process and (when chroma format_idc is not equal to 0) chroma prediction samples of the
mgcrobloek-predc, where C is equal to Cb and Cr.

—  Otherwise, if mb_type is not equal to I PCM, the outputs are luma prediction samples of the macroblock pred; and
(whenchroma_format_idc is not equal to 0) chroma prediction samples of the macroblock predc, where C is equal
to Cb and Cr.

—  Otherwise (mb_type is equal to I PCM), the outputs are constructed luma and (when chroma format idc is not
equal to 0) chroma samples prior to the deblocking filter process.

The variable MvCant is set equal to 0.

Depending on the value of mb_type the following applies.

— Ifmb_type is equal to I PCM, the process specified in subclause 8.3.5 is invoked.
—  Otherwise (mb_type is not equal to I PCM), the following applies.
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—  The decoding processes for Intra prediction modes are described for the luma component as follows.

—  If the macroblock prediction mode is equal to Intra_4x4, the specification in subclause 8.3.1 applies.

—  Otherwise, if the macroblock prediction mode is equal to Intra_8x8, the specification in subclaus
applies.

e8.3.2

—  Otherwise (the macroblock prediction mode is equal to Intra_16x16), the specification in subclause 8.3.3

applies.

—  The decoding processes for Intra prediction modes for the chroma components are described in subcla

use
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Samples used in the Intra prediction process shall be sample values prior to alteration by any deblocking filter)op

8.3.1 Intra_4x4 prediction process for luma samples
[his process is invoked when the macroblock prediction mode is equal to Intra_4x4.

nputs to this process are the values of Intra4dx4PredMode (if available) or Intra8x8PredMode (if availab
heighbouring macroblocks or macroblock pairs.

he 4x4 luma block inverse scanning process as specified in subclause 6.4.3.

For all 4x4 luma blocks of the luma component of a macroblock with luma4x4Blkldx = 0..15, the derivation py
he Intra4x4PredMode as specified in subclause 8.3.1.1 is invoked with luma4x4BlkIdx as well as Intra4x4PredN
ntra8x8PredMode that are previously (in decoding order) derived for adjaeent macroblocks as the input and the
ntra4x4PredMode[ lumad4x4BlkIdx ] as the output.

For each luma block of 4x4 samples indexed using luma4x4Blkldx = 0..15,

[. The Intra 4x4 sample prediction process in subclause €.3.1.2 is invoked with luma4x4Blkldx and co
samples prior (in decoding order) to the deblockingfilter process from adjacent luma blocks as the inpu|
output are the Intra_4x4 luma prediction samples pred4x4,[ x, y ] with x, y=0..3.

154

The position of the upper-left sample of a 4x4\luma block with index luma4x4BlklIdx inside the current mg
is derived by invoking the inverse 4x4 luma block scanning process in subclause 6.4.3 with luma4x4BIkI
input and the output being assigned to ( xO,yO ) and x, y =0..3.

pred[ xO + x, yO +y | = pred4x4y| x, v |

B.  The transform coefficient decoding process and picture construction process prior to deblocking filter p
subclause 8.5 is invoked with' pred; and luma4x4BlkIdx as the input and the constructed samples for the cu|
luma block S’ as the output.

8.3.1.1 Derivation process for the Intra4dx4PredMode

nputs to this prgcess are the index of the 4x4 luma block luma4x4Blkldx and variable arrays Intra4x4Pred
hvailable) and dntra8x8PredMode (if available) that are previously (in decoding order) derived for adjacent macr

Dutput of this'process is the variable Intra4x4PredMode[ luma4x4BlkIdx ].

Cable 822 specifies the values for Intra4x4PredMode[ luma4x4BIkIdx ] and the associated names.

eration.

le) from

[he luma component of a macroblock consists of 16 blocks of 4x4 luma samples. Thése-blocks are inverse scanied using

ocess for
Hode and
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Table 8-2 — Specification of Intra4dx4PredMode| luma4x4BIlkIdx | and associated names

B-1.

Intra4x4PredMode| luma4x4BIkIdx | Name of Intra4x4PredMode| luma4x4BIklIdx ]
0 Intra_4x4 Vertical (prediction mode)
1 Intra_4x4 Horizontal (prediction mode)
2 Intra_4x4 DC (prediction mode)
3 Intra 4x4 Diagonal Down Left (prediction mode)
4 Intra_4x4 Diagonal Down_Right (prediction mode)
5 Intra_4x4 Vertical Right (prediction mode)
6 Intra_4x4 Horizontal Down (prediction mode)
7 Intra_4x4 Vertical Left (prediction mode)
8 Intra_4x4 Horizontal Up (prediction mode)

HPredMode[ luma4x4Blkldx ] labelled 0, 1, 3, 4, 5, 6, 7, and 8 represent directions, of predictions as illustrated [in

Figure 8-1— Intra_4x4 prediction mode directions (informative)

I PredMode[ luma4x4BIklIdx ] is derived as follows.

e process spetified in subclause 6.4.8.3 is invoked with luma4x4BlklIdx given as input and the output is assignefl
mbAddrAsJduma4x4BlkIdxA, mbAddrB, and luma4x4BlkIdxB.

e variable dcPredModePredictedFlag is derived as follows.

If any of the following conditions are true, dcPredModePredictedFlag is set equal to 1

v
-

<

the macroblock with address mbAddrA is not available

the macroblock with address mbAddrB is not available

the macroblock with address mbAddrA is available and coded in Inter prediction mode and

constrained _intra_pred_flag is equal to 1

the macroblock with address mbAddrB is available and coded in Inter prediction mode and

constrained _intra_pred_flag is equal to 1

Otherwise, dcPredModePredictedFlag is set equal to 0.
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—  For N being either replaced by A or B, the variables intraMxMPredModeN are derived as follows.

—  If dcPredModePredictedFlag is equal to 1 or the macroblock with address mbAddrN is not coded in Intra_4x4
or Intra_8x8 macroblock prediction mode, intraMxMPredModeN is set equal to 2 (Intra_4x4 DC prediction

mode).

—  Otherwise (dcPredModePredictedFlag is equal to 0 and (the macroblock with address mbAddrN is

coded in

Intra_4x4 macroblock prediction mode or the macroblock with address mbAddrN is coded in Intra 8x8

macroblock prediction mode)), the following applies.

—  If the macroblock with address mbAddrN is coded in Intra_4x4 macroblock mode, intraMxMPredModeN

18 set equal to Intradx4PredMode| luma4x4BIkIdxN [, where Intradx4PredMode 18 the varia
assigned to the macroblock mbAddrN.

intraMxMPredModeN is set equal to Intra8x8PredMode[ luma4x4BIkIdxN >>2 ],
Intra8x8PredMode is the variable array assigned to the macroblock mbAddrN.

- Intra4x4PredMode[ luma4x4BIlkldx ] is derived by applying the following procedure.

predIntra4x4PredMode = Min( intraMxMPredModeA, intraMxMPredModeB )
if( prev_intrad4x4 pred mode flag[ luma4x4BIklIdx ])
Intra4x4PredMode[ luma4x4Blkldx | = predIntra4x4PredMode
else
if( rem_intra4x4 pred mode[ luma4x4Blkldx ] < predIntra4x4PredMode )
Intradx4PredMode[ luma4x4Blkldx | =rem_intra4x4 pred mode[ luma4x4Blkldx ]
else
Intra4x4PredMode[ luma4x4Blkldx | = rem_intra4x4 gpred mode[ luma4x4Blkldx ] + 1

8.3.1.2 Intra_4x4 sample prediction

[his process is invoked for each 4x4 luma block of a macroeblock with prediction mode equal to Intra_4x4 fol
he transform decoding process and picture construction'process prior to deblocking for each 4x4 luma block.

nput to this process is the index of a 4x4 luma block;tuma4x4BlkIdx.

Dutput of this process are the prediction samples pred4x4;[ x, y ], with x, y = 0..3 for the 4x4 luma block w|
uma4x4BIkIdx.

[he position of the upper-left sample of\a-4x4 luma block with index luma4x4BlklIdx inside the current macr
Jerived by invoking the inverse 4x4 luma block scanning process in subclause 6.4.3 with luma4x4BlkIdx as the
he output being assigned to ( xO,y0O-).

[he 13 neighbouring samples p['x, y | that are constructed luma samples prior to the deblocking filter proc
k=-1,y=-1..3 and x =0..Ay= -1, are derived as follows.

- The luma location (-xN, yN ) is specified by
xN = x04X

yN S5O +y

- The\derivation process for neighbouring locations in subclause 6.4.9 is invoked for luma locations with ( xN
input and mbAddrN and ( xW, yW ) as output.

ble array

—  Otherwise (the macroblock with address mbAddrN is coded in Intra 8x8 mactoblocd mode),

where

(8-42)

owed by

th index

bblock is
nput and

Ess, with

(8-43)
(8-44)
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— If any of the following conditions is true, the sample p[ X,y ] is marked as “not available for Intra 4x4

prediction”

-  mbAddrN is not available,

- the macroblock mbAddrN is coded in Inter prediction mode and constrained intra_pred_flag is equal to 1.

- the macroblock mbAddrN has mb_type equal to SI and constrained intra_pred flag is equal to 1 and the

current macroblock does not have mb_type equal to SI.

- x is greater than 3 and luma4x4BIkIdx is equal to 3 or 11
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Otherwise, the sample p[ X, y ] is marked as “available for Intra_4x4 prediction” and the luma sample at luma

location ( xW, yW ) inside the macroblock mbAddrN is assigned to p[ X, y |.

When samples p[ x, -1 ], with x = 4..7 are marked as “not available for Intra_4x4 prediction,” and the sample p[ 3, -1 ] is
marked as “available for Intra_4x4 prediction,” the sample value of p[ 3, -1 ] is substituted for sample values p[ x, -1 ],
with x = 4..7 and samples p[ x, -1 ], with x = 4..7 are marked as “available for Intra_4x4 prediction”.

NOTE — Each block is assumed to be constructed into a picture array prior to decoding of the next block.

Depending on Intra4x4PredMode[ luma4x4BIkldx ], one of the Intra 4x4 prediction modes specified in subclauses

8.3.1.2.

8.3.1.2
This In

This m
predict

The va

8.3.1.2
This In|

This m
predict

The val

8.3.1.2
This In

1 to 8.3.1.2.9 shall be used.
1 Specification of Intra_4x4_ Vertical prediction mode
ra_4x4 prediction mode shall be used when Intra4x4PredMode[ luma4x4BlkIdx ] is equal to 0.
ode shall be used only when the samples p[x,-1] with x = 0..3 are marked as “available ,for) Intra_4x
on”.
ues of the prediction samples pred4x4;[ x, y ], with x, y = 0..3 are derived by
preddx4; [ x,y]=p[ x, -1 ], withx, y=0..3 (8-45

2 Specification of Intra_4x4 Horizontal prediction mode
ra_4x4 prediction mode shall be used when Intra4x4PredMode[ luma4x4BIlkldx)] is equal to 1.

ode shall be used only when the samples p[ -1,y ], with y = 0..3, af¢) marked as “available for Intra 4

on”.
ues of the prediction samples pred4x4,[ x, y ], with x, y = 0..3 are'derived by
pred4x4. [ x,y ] =p[-1,y], withx,y=0..3 (8-44

3 Specification of Intra_4x4_DC prediction mode
ra_4x4 prediction mode shall be used when Intra4x4PredMode[ luma4x4Blkldx ] is equal to 2.

K4

The values of the prediction samples pred4x4;[ x, y } ‘with x, y = 0..3 are derived as follows.
- Ifall samples p[ x, -1 ], with x = 0..3 and p[ €1,y ], with y = 0..3 are marked as “available for Intra_4x4 predictior}”,
thq values of the prediction samples pred4x# [ x, y |, with x, y = 0..3 are derived by
pred4x4[ X,y ]=(p[0,-1 ]+ pfly-1]+p[2,-1]+p[3,-1]+
p[-1,0 1 &p[-1,1 ] +p[-1,2]+p[-1,3]+4)>>3 (8-47]
- Otlllerwise, if any samples'p['x, -1 ], with x = 0..3 are marked as “not available for Intra 4x4 prediction” and 4ll
samples p[ -1, y ], withny—= 0..3 are marked as “available for Intra 4x4 prediction”, the values of the predictipn
saipples pred4x4, [ x-y-}, with x, y = 0..3 are derived by
pred4x4.[ X, yod= (p[-1,0]+p[-1,1]+p[-1,2]+p[-1,3]+2)>>2 (8-49)
- Otherwise,~if*any samples p[ -1,y |, with y = 0..3 are marked as “not available for Intra_4x4 prediction” and gll
sapples p[ x, -1 ], with x =0 .. 3 are marked as “available for Intra 4x4 prediction”, the values of the predictipn
saipples pred4x4,[ x, y ], with x, y =0 .. 3 are derived by
pred4x4[ X,y =(p[0,-1 J+p[1,-1]+p[2,-1 ]+p[3,-1]+2)>>2 (8-49)

- Otherwise (some samples p[ x, -1 ], with x = 0..3 and some samples p[ -1, y ], with y = 0..3 are marked as “not
available for Intra 4x4 prediction”), the values of the prediction samples pred4x4;[ x,y ], with x, y = 0..3 are
derived by

pred4x4;[ x,y ] = (1 <<(BitDepthy — 1))

NOTE — A 4x4 luma block can always be predicted using this mode.
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8.3.1.2.4 Specification of Intra_4x4 Diagonal Down_Left prediction mode
This Intra_4x4 prediction mode shall be used when Intra4x4PredMode[ luma4x4BlkIdx ] is equal to 3.

This mode shall be used only when the samples p[x,-1] with x = 0..7 are marked as “available for Intra 4x4
prediction”.

The values of the prediction samples pred4x4;[ x, y ], with x, y = 0..3 are derived as follows.
- Ifxisequal to 3 and y is equal to 3,

vreddsdtse—pd=fnl 6 11 L2 ka7 171 .9\ o} (8_51)
PreeT TSy 1 CPr o> T+ 1 Pr 7> 1 7

Otherwise (x is not equal to 3 or y is not equal to 3),
preddx4 [ X,y ]=(p[x+y,-1]+2*p[x+y+1,-1]+p[x+y+2,-1]+2)>>2 (8-52)
B.3.1.2.5 Specification of Intra_4x4_Diagonal Down_Right prediction mode

[his Intra 4x4 prediction mode shall be used when Intra4dx4PredMode[ luma4x4BIkIdx ] is equal to 4.

[his mode shall be used only when the samples p[ x, -1 ] with x = 0..3 and p[ -},'y] with y = -1..3 are njarked as
‘available for Intra_4x4 prediction”.

[he values of the prediction samples pred4x4,[ X, y ], with x, y = 0..3 are derived as follows.

If x is greater than y,
preddx4 [ x,y]=(p[x-y-2,-1]+2*p[x-y-1,-1 ] +p[X3y,-1]+2)>>2 (8-53)
Otherwise if x is less than y,
preddx4d [ x,y]=(p[-1,y-x-2]+2*p[-l,y~x&l [+p[-l,y-x]+2)>>2 (8-54)
Otherwise (x is equal to y),
preddx4 [ x,y]=(p[0,-1 ]+2*p[-lg3l | +p[-1,0]+2)>>2 (8-55)
B.3.1.2.6 Specification of Intra_4x4 Vertical Right prediction mode

[his Intra 4x4 prediction mode shall be’'used when Intra4dx4PredMode[ luma4x4Blkldx ] is equal to 5.

[his mode shall be used only-when the samples p[ x,-1] with x = 0..3 and p[ -1,y ] with y = -1..3 are njarked as
‘available for Intra_4x4 prediction”.

et the variable zZVR be set/equal to 2 * x —y.

[he values of the pfediction samples pred4x4,[ X, y ], with x, y = 0..3 are derived as follows.

IfzVR is équal to 0, 2, 4, or 6,
preddx4r[x,y]=(p[x-(y>>1)-1,-1]+p[x-(y>>1),-1]+1)>>1 (8-56)

Otherwise, if zZVR is equal to 1, 3, or 5,

preddxdi[ X,y = (p[x - (y>> 1) -2 ]+ 2% p[x-(y>> - LI TFp[x-(y>> 1), 1T+ 2)>>2 (8-57)
- Otherwise, if zZVR is equal to -1,

pred4x4 [ X,y ]=(p[-1,0]+2*p[-1,-1]+p[0,-1]+2)>>2 (8-58)
- Otherwise (zVR is equal to -2 or -3),

preddx4 [ x,y]=(p[-l,y-1]1+2*p[-1,y-2]+p[-1,y-3]+2)>>2 (8-59)
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8.3.1.2.7 Specification of Intra_4x4_Horizontal Down prediction mode
This Intra_4x4 prediction mode shall be used when Intra4x4PredMode[ luma4x4BlkIdx ] is equal to 6.

This mode shall be used only when the samples p[ x, -1 ] with x = 0..3 and p[ -1,y ] with y = -1..3 are marked as
“available for Intra_4x4 prediction”.

Let the variable zZHD be set equal to 2 * y — x.
The values of the prediction samples pred4x4;[ x, y ], with x, y = 0..3 are derived as follows.

- IfzHDisequalto0,2,4,0r6

breddxdr[ x, y 1= (pl-1,y-(x>> 1) - 11+p[-L,y-(x>>1)]+1)>>1 ®:6(})
- Otherwise, if zHD is equal to 1, 3, or 5,
predax4, [ X,y [=(p[-1,y-(x>>1)-2]+2*p[-L,y-(x>>1)-1]+p[-I,y-(x>>1)F¥2)>>2(8-61)
- Otherwise, if zHD is equal to -1,
pred4x4 [ X,y | =(p[-1,0]+2*p[-1,-1 ]+p[0,-1]+2)>>2 (8-62)
- Otherwise (zHD is equal to -2 or -3),
pred4x4 [ X,y =(p[x-1,-1]1+2*p[x-2,-1]+p[x-3,-1]+2)>>2 (8-63)
8.3.1.2)8 Specification of Intra_4x4 Vertical_Left prediction mode

This Infra_4x4 prediction mode shall be used when Intra4x4PredMode[Numa4x4Blkldx ] is equal to 7.

This njode shall be used only when the samples p[x,-1] with, x = 0..7 are marked as “available for Intra 4%4

2

predictjon”.
The values of the prediction samples pred4x4,[ x, y ], witha,y = 0..3 are derived as follows.
- Ifyisequal to 0 or 2,

breddxd [ x, y 1= (pLx+ (y>> 1), -1 J+P0x +(y>> 1)+ 1, -1 ]+ 1)>> 1 (8-64)
- Otherwise (y is equal to 1 or 3),

breddxdr[ x, y 1= (p[x+ (y ¥1), -1 1+ 2% p[x+ (y>> 1)+ 1,-1 [+ p[x+(y>>1)+2,-1]+2)>>2
(8-69)

8.3.1.2)9 Specification of Intra_4x4_Horizontal Up prediction mode
This Infra_4x4 prediction mode shall be used when Intra4x4PredMode[ luma4x4BlkIdx ] is equal to 8.

This njode shall/belused only when the samples p[ -1,y ] with y = 0..3 are marked as “available for Intra 4%4

2

predictjon”.

Let the|variable zHU be set equal to x +2 * y.

The values of the prediction samples pred4x4;[ x, y ], with x, y = 0..3 are derived as follows:
- IfzHU isequal to 0, 2, or 4

preddxd [ x,y 1= (p[-Ly+(x>>1)]+p[-Ly+(x>>1)+1]+1)>>1 (8-66)
- Otherwise, if zZHU is equal to 1 or 3

preddx4i [ x,y |=(p[-1,y +(x>1)]+2*p[ -1,y +(x>1)+1]+p[-l,y+(x>>1)+2]+2)>>2
(8-67)
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- Otherwise, if zZHU is equal to 5,
preddx4 [ x,y]1=(p[-1,2]+3 *p[-1,3]+2)>>2
- Otherwise (zHU is greater than 5),
pred4x4 [ x,y ]=p[-1,3]

8.3.2  Intra_8x8 prediction process for luma samples

2005(E)

(8-68)

(8-69)

Fhisprocess s mvoked whern the Tmacrobtock prediction mode Tsequat to fmtra—8x8:

nputs to this process are the values of Intra4x4PredMode (if available) or Intra8x8PredMode (if available)
heighbouring macroblocks or macroblock pairs.

Dutputs of this process are 8x8 luma sample arrays as part of the 16x16 luma array of prediCtion sampl
macroblock pred; .

he inverse 8x8 luma block scanning process as specified in subclause 6.4.4.

ntra8x8PredMode[ luma8x8BIlkIdx ] as the output.

For the each luma block of 8x8 samples indexed using luma8x8Blkldx< 0.3, the following applies.

output are the Intra_8x8 luma prediction samples pred8x8;Px, y ] with x, y=10..7.

input and the output being assigned to ( xO, yOJyand x, y =0..7.

pred; [ xO + x, yO +y | = pred8x8, [ x,¥.]

luma block S’y as the output.

8.3.2.1 Derivation process for Intra8x8PredMode

hvailable) and Intra8x8PredMode (if available) that are previously (in decoding order) derived for adjacent macr
Dutput of this process is the variable Intra8x8PredMode[ luma8x8BlkIdx ].

[able 8-3 spegifies the values for Intra8x8PredMode[ luma8x8Blkldx ] and the associated mnemonic names.

from the

bs of the

[he luma component of a macroblock consists of 4 blocks of 8x8 luma samples. These blo¢ks are inverse scanged using

For all 8x8 luma blocks of the luma component of a macroblock with luma8x8Blkddx = 0..3, the derivation prpcess for
ntra8x8PredMode as specified in subclause 8.3.2.1 is invoked with luma8x8Blkldx as well as Intra4x4PredMode and
ntra8x8PredMode that are previously (in decoding order) derived for adjacent'macroblocks as the input and thg variable

- The Intra 8x8 sample prediction process in subclause 8.32)2Vis invoked with luma8x8Blkldx and copstructed
samples prior (in decoding order) to the deblocking filter\process from adjacent luma blocks as the inpuf and the

- The position of the upper-left sample of an 8x8 luma®block with index luma8x8BlkIdx inside the current mgcroblock
is derived by invoking the inverse 8x8 luma blogk scanning process in subclause 6.4.4 with luma8x8BlkIfix as the

(8-70)

- The transform coefficient decoding process and picture construction process prior to deblocking filter pfocess in
subclause 8.5 is invoked with predy/and luma8x8BIkldx as the input and the constructed samples for the cufrent 8x8

nputs to this process ate the index of the 8x8 luma block luma8x8Blkldx and variable arrays Intra4x4PredMode (if

blocks.
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Intra8x

126

TH
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Table 8-3 — Specification of Intra8x8PredMode| luma8x8BlkIdx | and associated names

Intra8x8PredMode| luma8x8BIlkIdx ] Name of Intra8x8PredMode[ luma8x8BIlkIdx |
0 Intra_8x8 Vertical (prediction mode)
1 Intra_8x8 Horizontal (prediction mode)
2 Intra_8x8 DC (prediction mode)
3 Intra—8x8 Diagonal Down Lefi (prediction-mode)
4 Intra_8x8 Diagonal Down_Right (prediction mode)
5 Intra 8x8 Vertical Right (prediction mode)
6 Intra_8x8 Horizontal Down (prediction mode)
7 Intra_8x8 Vertical Left (prediction mode)
8 Intra_8x8 Horizontal Up (prediction mode)

constrained_intra_pred_flag is equal to'1

constrained _intra_pred_flag 1s-equal to 1

BPredMode[ luma8x8BIkldx ] is derived as follows.

e process specified in subclause 6.4.8.2 is invoked with luma8x8BlkIdx given as input and the output is assign
mbAddrA, luma8x8BlkIdxA, mbAddrB, and luma8x8BlkIdxB.

e variable dcPredModePredictedFlag is derived as follows.
If any of the following conditions are true, dcPredModePredictedFlag is set equal to 1
—  the macroblock with address mbAddrA is not available
—  the macroblock with address mbAddrB is.not available

—  the macroblock with address mbAddrA is available and coded in Inter prediction mode afd

—  the macroblock with address.\mbAddrB is available and coded in Inter prediction mode apd

Otherwise, dcPredModePredictedFlag is set equal to 0.
r N being either replaced by Al or B, the variables intraMxMPredModeN are derived as follows.

If dcPredModePredictedFlag is equal to 1 or (the macroblock with address mbAddrN is not coded in Intra_4;
macroblock prediction mode and the macroblock with address mbAddrN is not coded in Intra_8x8 macroblo
prediction made), intraMxMPredModeN is set equal to 2 (Intra_8x8 DC prediction mode).

Otherwiseé AdcPredModePredictedFlag is equal to 0 and (the macroblock with address mbAddrN is coded
Intra 4x4 macroblock prediction mode or the macroblock with address mbAddrN is coded in Intra 8%
mageroblock prediction mode)), the following applies.

~ " If the macroblock with address mbAddrN is coded in Intra_8x8 macroblock mode, intraMxMPredModg

ed

(4
k

in

N

assigned to the macroblock mbAddrN.

—  Otherwise (the macroblock with address mbAddrN is coded in Intra_4x4 macroblock mode),
intraMxMPredModeN is derived by the following procedure, where Intra4x4PredMode is the variable

. 1 I Q QD I At QoQII1T T 1 AT 1 1 I Qo QD I A . 1 -l
IS ST CUUAD 10 TIIUI A0S AS T ITUIVIOUTT TUITIdAO XS D IKIUXIN |, WIICIT  TIIITdS XS ' TTUIVIOUC 1S - UIC VAl IdDIT dIl

array assigned to the macroblock mbAddrN.

intraMxMPredModeN = Intra4x4PredMode[ luma8x8BIkIdxN * 4 +n ]

ay

(8-71)
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where the variable n is derived as follows

— If N is equal to A, depending on the variable MbaffFrameFlag, the variable luma8x8BI
current macroblock, and the macroblock mbAddrN, the following applies.

kldx, the

—  If MbaffFrameFlag is equal to 1, the current macroblock is a frame coded macroblock, the
macroblock mbAddrN is a field coded macroblock, and luma8x8BlkIdx is equal to 2, n is set

equal to 3.

—  Otherwise (MbaffFrameFlag is equal to 0 or the current macroblock is a field coded
macroblock or the macroblock mbAddrN is a frame coded macroblock or luma8x8BIkIdx is

not equal to 2), n is set equal to 1.
—  Otherwise (N is equal to B), n is set equal to 2.

- Finally, given intraMxMPredModeA and intraMxMPredModeB, the variable Intra8x8PredModefy luma8x
is derived by applying the following procedure.

predIntra8x8PredMode = Min( intraMxMPredModeA, intraMxMPredModeB )
if( prev_intra8x8 pred mode flag[ luma8x8BIkldx ] )
Intra8x8PredMode[ luma8x8Blkldx | = predIntra8x8PredMode
else
if( rem_intra8x8 pred mode[ luma8x8Blkldx ]| < predIntra8x8PredMode)
Intra8x8PredMode[ luma8x8BlkIdx | =rem_intra8x8 pred mode[Nluma8x8BlkIdx ]
else
Intra8x8PredMode[ luma8x8BlkIdx | = rem_intra8x8 pred mode[ luma8x8Blkldx ]+ 1

8.3.2.2 Intra_8x8 sample prediction

[his process is invoked for each 8x8 luma block of a macroblock with prediction mode equal to Intra_8x8 fol
he transform decoding process and picture construction procéss-prior to deblocking for each 8x8 luma block.

nput to this process is the index of an 8x8 luma block luma8x8BlkIdx.

Dutput of this process are the prediction samples pred8x8;[ x, y ], with x, y=0..7 for the 8x8 luma block w|
uma8x8BIkIdx.

[he position of the upper-left sample of an 8%8“luma block with index luma8x8Blkldx inside the current macr
Jerived by invoking the inverse 8x8 luma plock scanning process in subclause 6.4.4 with luma8x8BIkldx as the
he output being assigned to ( xO, yO ):

[he 25 neighbouring samples p[«, y ] that are constructed luma samples prior to the deblocking filter proc
k=-1,y=-1..7 and x =0..15, y~==1, are derived as follows.

- The luma location ( xNy.yN ) is specified by

xN =x0 + x

YN=yO+y

- The derivation process for neighbouring locations in subclause 6.4.9 is invoked for luma locations with ( xN
input and mbAddrN and ( xW, yW ) as output.

- (- Each sample p[ x, y ] withx =-1, y=-1..7 and x = 0..15, y = -1 is derived as follows.

BlkIdx ]

(8-72)

owed by

th index

bblock is
nput and

bss, with

(8-73)
(8-74)

, YN ) as

—  Ifany of the following conditions is true, the sample p[ X, y ] is marked as “not available for Intra_8x8

prediction”

—  mbAddrN is not available,

—  the macroblock mbAddrN is coded in Inter prediction mode and constrained_intra_pred flag is equal

tol,

—  Otherwise, the sample p[ x, y ] is marked as “available for Intra_8x8 prediction” and the luma sample
location ( xW, yW ) inside the macroblock mbAddrN is assigned to p[ x, y |.
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When samples p[ X, -1 ], with x =8..15 are marked as “not available for Intra_8x8 prediction,” and the sample p[ 7, -1 ]
is marked as “available for Intra_8x8 prediction,” the sample value of p[ 7, -1 ] is substituted for sample values p[ x, -1 ],
with x = 8..15 and samples p[ x, -1 ], with x = 8..15 are marked as “available for Intra_8x8 prediction”.

NOTE — Each block is assumed to be constructed into a picture array prior to decoding of the next block.

The reference sample filtering process for Intra_8x8 sample prediction in subclause 8.3.2.2.1 is invoked with the samples
p[x,y]withx=-1,y=-1..7 and x=0..15, y = -1 (if available) as input and p'[ x, y ] withx=-1, y=-1..7 and x =0..15,
y =-1 as output.

Depending on Intra8x8PredMode[ luma8x8Blkldx ], one of the Intra 8x8 prediction modes specified in subclauses

8.3.2.2

8.3.2.2

Inputs
Intra_8

Output
Intra_8

When g1l samples p[ x, -1 ] with x = 0..7 are marked as “available for Intra_8x8 prediction”, thie following applies.

—  THe value of p'[ 0, -1 ] is derived as follows.

—  THe values of p'[ x, -1 ], with x = 1..7 are derived by

When g1l samples p[ x, -1 ] with x = 7..15 are marked as “available for Intra_8x8 prediction”, the following applies.

—  THe values of p'[ x, -1 ], with x = 8..14 are detived by

— TH

When

followd.

- If

113

=]

N Q23319 10 1111 1
W o0.J.4.4. 1TU 31141l UL USUU.

1 Reference sample filtering process for Intra_8x8 sample prediction
k8 sample prediction.

k8 sample prediction.

Ifp[ -1, -1 ] is marked as “available for Intra_8x8 prediction”, p'[ 0, -1 ] is derived by

Otherwise (p[ -1, -1 ] is marked as “not available for Intra_8x8 prediction”), p'[ 0, -1 ] is derived by
B[ 0,-1]=(3*p[0,-1]+p[1,-1]+2)>>2 (8-7¢

p'[x, -1 ]=(p[x-1,-1]+2*p[x,-1]+p[x+],-1]+2)>>2 (8-71

p'[x, -1 ]=(p[x-1,-1]+2*p[x, -1q4p[ x+1,-1 ] +2)>>2 (8-74
e value of p'[ 15, -1 ] is derived by
p'[15,-1 ]=(p[14,-1 ]+ 3 *p[15,-1]+2)>>2 (8-79
he sample p[ -1, -1 ]Gsymarked as “available for Intra 8x8 prediction”, the value of p'[ -1, -1] is derived
he sample p[ 0;=1] is marked as “not available for Intra_8x8 prediction” or the sample p[ -1, 0 ] is marked as
bt available forIntra 8x8 prediction”, the following applies.

If the-sample p[ 0, -1 ] is marked as “available for Intra_8x8 prediction”, p'[ -1, -1 ] is derived by
'[N ]=(3*p[-1,-1]+p[0,-1]+2)>>2 (8-8(

o this process are the reference samples p[ x, y ] with x=-1, y=-1..7 and x=0..15, y=-1 (if available) fpr

of this process are the filtered reference samples p'[ x,y] with x=-1, y=-1..7 and x'=\0..15, y=-1 fpr

b0, -1]=(p[-1,-1]+2%p[0,-1]+p[1,-1]+2)>>2 (8-79)

S

)

Otherwise (the sample p[ 0, -1 ] is marked as “not available for Intra_8x8 prediction” and the sample p[ -1, 0
is marked as “available for Intra_8x8 prediction”), p'[ -1, -1 ] is derived by

]

p[-1,-11=(3*p[-1,-1]+p[-1,0]+2)>>2 (8-81)

—  Otherwise (the sample p[ 0, -1 ] is marked as “available for Intra_8x8 prediction” and the sample p[ -1, 0 ] is marked

as

pl-1,-11=(p[O0,-1]+2*p[-1,-1 ]+ p[-1,0]+2)>>2

128

“available for Intra_8x8 prediction”), p'[ -1, -1 ] is derived by

(8-82)
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When all samples p[ -1, y ] with y =0..7 are marked as “available for Intra_8x8 prediction”, the following applies.
—  The value of p'[ -1, 0 ] is derived as follows.
— Ifp[-1,-1]is marked as “available for Intra_8x8 prediction”, p'[ -1, 0 ] is derived by
p[-1,0]=(p[-1,-1]+2*p[-1,0]+p[-1,1]+2)>>2 (8-83)
—  Otherwise (if p[ -1, -1 ] is marked as “not available for Intra_8x8 prediction”), p'[ -1, 0 ] is derived by

p[-1.0]=(3*p[-1.0]+p[-1.1]+2)>>2 (8-84)

- The values of p'[ -1, y ], with y = 1..6 are derived by
p[-1,yI=(p[-1,y-11+2*p[-1,y]+p[-1,y+1]+2)>>2 (8-85)
- The value of p'[ -1, 7 ] is derived by
pl-1,71=(p[-1,6]1+3*p[-1,7]+2)>>2 (8-86)

B.3.2.2.2 Specification of Intra_8x8 Vertical prediction mode
[his Intra 8x8 prediction mode shall be used when Intra8x8PredMode[ luma8x8BIkIdx ] is equal to 0.

[his mode shall be used only when the samples p[x,-1] with x =07 are marked as “available for Intra 8x8
prediction”.

[he values of the prediction samples pred8x8;[ x, y ], with x, y = 0. are derived by
pred8x8.[ X,y | =p'[ %, -1 ], with x, y=10..7 (8-87)

B.3.2.2.3 Specification of Intra_8x8_ Horizontal prediction mode
[his Intra_8x8 prediction mode shall be used when Intra8x8PredMode[ luma8x8Blkldx ] is equal to 1.

[his mode shall be used only when the samples p[-1,y], with y=0..7 are marked as “available for Intra 8x8
prediction”.

[he values of the prediction samples pred8x8,[ X, y ], with x, y = 0..7 are derived by
pred8x8. [ x, y ]=p[ -1,y ], withx, y=10..7 (8-88)

B.3.2.2.4 Specification of Intra’ 8x8 DC prediction mode
[his Intra 8x8 prediction mode shall be used when Intra8x8PredMode[ luma8x8BIkIdx ] is equal to 2.
[he values of the prediction samples pred8x8;[ x, y ], with x, y =0..7 are derived as follows.

- If all samplesyp[ x, -1 ], withx =0..7 and p[ -1, y ], with y = 0..7 are marked as “available for Intra_8x8 prediction,”
the valugs-of the prediction samples pred8x8;[ x, y ], with x, y = 0..7 are derived by

predsxs8, [x,y]= (27: p'[x',—1]+ 27: p[-1y']1+8)>> 4 (8-89)

x'=0 »'=0

—  Otherwise, if any samples p[ x, -1 ], with x = 0..7 are marked as “not available for Intra_8x8 prediction” and all
samples p[ -1, y ], with y = 0..7 are marked as “available for Intra_8x8 prediction”, the values of the prediction
samples pred8x8,[ x, y ], with x, y =0..7 are derived by

pred8x8, [ x,y]= (ip’[—l, Y'1+4)>>3 (8-90)

»'=0
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Otherwise, if any samples p[ -1, y |, with y = 0..7 are marked as “not available for Intra_8x8 prediction” and all
samples p[ x, -1 ], with x = 0..7 are marked as “available for Intra_8x8 prediction”, the values of the prediction
samples pred8x8, [ x, y ], with x, y = 0..7 are derived by

pred8x8, [ x, y]:(ip'[x',—1]+4) >>3 (8-91)

x'=0

Otherwise (some samples p[ x, -1 ], with x = 0..7 and some samples p[ -1, y ], with y = 0..7 are marked as “not

available for Intra_8x8 prediction”), the values of the prediction samples pred8x8,[ x, y |, with x, y = 0..7 are

de

NOT
8.3.2.2
This In|

This
predict

The va
- If

—  Otherwise (x is not equal to 7 or y is not equal to 7),

pred8x8. [ X, y ]| =(p[x+ty,-1]+2*p[x+y+1,-1]+p[xty+2,-1]+2)>>2 (8-94
8.3.2.2)6 Specification of Intra_8x8 Diagonal Down_Right prediction mode
This Infra_8x8 prediction mode shall be used when Intra8x8PredMode[ luma8x8BIkIdx ] is equal to 4.
This mode shall be used only when the samples p[ x;+1 | with x=0..7 and p[ -1,y ] with y=-1..7 are marked
“availaple for Intra 8x8 prediction”.
The values of the prediction samples pred8x8; [x{.y'], with x, y =0..7 are derived as follows.
— Ifkis greater than y,

pred8x8 [ X, y | =(p[X-y-2,5p*+ 2 *p[x-y-1,-1]+p[x-y,-1]+2)>>2 (8-95
—  Oftherwise if x is less than ys

bred8x8 [ X, y | =(p <D, y-x-2]+2*p[-l,y-x-1]+p[-l,y-x]+2)>>2 (8-94
—  Otherwise (x is equalto y),

bred8x8, [ 6 T= (P[0, -1 1+2* p[-1,-11+p[-1,0]+2)>>2 (8-97

8.3.2.2
This In

- 1.1
VO Uy

hred8x8,[ x, y ] = (1 << ( BitDepthy — 1)) (897

[E — An 8x8 luma block can always be predicted using this mode.
S Specification of Intra_8x8 Diagonal_Down_Left prediction mode
ra_8x8 prediction mode shall be used when Intra8x8PredMode[ luma8x8BlkIdx ] is equal to 3:

ode shall be used only when the samples p[x,-1] with x=0..15 are marked as. “available for Intra &;

ER)

on”.
ues of the prediction samples pred8x8;[ x, y ], with x, y =0..7 are derived as follows.
k is equal to 7 and y is equal to 7,

hred8x8 [ x, y]=(p[ 14, -1]1+3 *p[15,-1]+2)>>2 (8-93

7 Specification of Intra_8x8_Vertical Right prediction mode

(8

ra_8x8 prediction mode shall be used when Intra8x8PredMode[ luma8x8Blkldx ] is equal to 5.

This mode shall be used only when the samples p[ x, -1 | with x=0..7 and p[ -1,y ] with y=-1..7 are marked as
“available for Intra_8x8 prediction”.

Let the

variable zZVR be set equal to 2 * x —y.

The values of the prediction samples pred8x8;[ x, y ], with x, y =0..7 are derived as follows.

— IfzVRisequalto0,2,4,6,8,10, 12, or 14

predsx8i[x,y 1= (p[x-(y>>1)-1,-1]1+p[x-(y>>1),-1]+1)>>1
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—  Otherwise, if zVR isequal to 1, 3,5,7,9, 11, or 13

pred8x8.[ X,y | =(p[x-(y>>1)-2,-1]+2*p[x-(y>>1)-L-1J+p[x-(y>>1),-1]+2)>>2

(8-99)
—  Otherwise, if zZVR is equal to -1,
pred8x8. [ X,y ]=(p[-1,0]+2*p'[-1,-1]+p[0,-1]+2)>>2 (8-100)
—  Otherwise (zVR is equal to -2, -3, -4, -5, -6, or -7),
pred8x8 [ X,y |=(p[-1,y-2*x-1]+2*p[-1,y-2*x-2]+p[-1,y-2*x-3]+2)>>2 (8-101)

B.3.2.2.8 Specification of Intra_8x8_ Horizontal Down prediction mode
[his Intra_8x8 prediction mode shall be used when Intra8x8PredMode[ luma8x8Blkldx ] is equal;te’ 6.

[his mode shall be used only when the samples p[ x, -1 ] with x=0..7 and p[-1,y] with"y=-1..7 are nfarked as
‘available for Intra_8x8 prediction”.

et the variable zZHD be set equal to 2 * y — x.
[he values of the prediction samples pred8x8;[ x, y ], with x, y =0..7 are derived as\follows.

- IfzHD is equal to 0, 2, 4, 6, 8, 10, 12, or 14
pred8x8i[x,y ] =(p'[-Ly-(x>>1)-1]+p[-L,y-(x>>1)]+1)>>1 (8-102)
- Otherwise, if zHD is equal to 1, 3,5, 7,9, 11, or 13

predsx8u[x, y 1= (p[-Ly-(x>>1)-2]+2*p[I3y- (x>> 1)- 11+ p[-L,y-(x>>1)]+2)>}2

(8-103)
- Otherwise, if zZHD is equal to -1,
pred8x8: [ X,y ]1=(p[-1,0]+2 *p =1 ]1+p[0,-1]+2)>>2 (8-104)
- Otherwise (zHD is equal to -2, -3, <4,-75, -6, -7),
pred8x8 [ X,y | =(p[x-2*y-1,-1 ] +2*p[x-2%y-2,-1]+p[x-2%y-3,-1]+2)>>2 (8-105)

B.3.2.2.9 Specification of Intra’ 8x8 Vertical_Left prediction mode
[his Intra 8x8 predictiofi mode shall be used when Intra8x8PredMode[ luma8x8BIkldx ] is equal to 7.

[his mode shall be-used only when the samples p[ x, -1 ] with x=0..15 are marked as “available for Intra 8x8
prediction”.

[he values ofithe prediction samples pred8x8;[ X, y ], with x, y = 0..7 are derived as follows.

- If yisséqual to 0, 2,4 or 6

pred8x8.[ X,y [=(p[x+(y>>1),-1J+p[x+(y>>1)+1L-1]+1)>>1 (8-106)

—  Otherwise (y is equal to 1, 3, 5, 7),

pred8x8.[ X, y [=(p[x+(y>>1),-1]+2*p[x+(y>> 1)+ 1L-1]+p[x+(y>>1)+2,-1]+2)>>2
(8-107)
8.3.2.2.10 Specification of Intra_8x8 Horizontal Up prediction mode
This Intra_8x8 prediction mode shall be used when Intra8x8PredMode[ luma8x8Blkldx ] is equal to 8.

This mode shall be used only when the samples p[-1,y] with y=0..7 are marked as “available for Intra 8x8
prediction”.
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Let the variable zHU be set equal to x +2 * y.

The values of the prediction samples pred8x8,[ x, y ], with x, y = 0..7 are derived as follows:

— IfzHUisequalto 0, 2,4, 6,8, 10, or 12

pred8x8.[x, y 1= (p[-Ly+(x>>1)]+p[-Ly+(x>>1)+1]+1)>>1 (8-108

—  Otherwise, if zZHU is equal to 1,3,5,7,9, or 11

red8x8 [ X. y]=(p[-1.y+(x>>1)]+2*p[-1.y+ (x> 1)+ 1]+p[-1.y+(x>>1)+2]+2)>>D

(8-109

—  Oftherwise, if zHU is equal to 13,

pred8x8 [ X,y = (p[-1,6]+3 *p[-1,7]+2)>>2 (8-11d
—  Otherwise (zHU is greater than 13),

pred8x8 [ X,y [=p[-1,7] (8-111
8.3.3 | Intra_16x16 prediction process for luma samples
This pfocess is invoked when the macroblock prediction mode is equal to Intra 16x16. It specifies how the Infra
predictfon luma samples for the current macroblock are derived.
Outputs of this process are Intra prediction luma samples for the current magreblock pred;[ x, y ].
The 33| neighbouring samples p[ x, y | that are constructed luma samplés prior to the deblocking filter process, wi
x=-1,y=-1..15 and with x = 0..15, y = -1, are derived as follows.
—  THe derivation process for neighbouring locations in subgclatse 6.4.9 is invoked for luma locations with ( x, y

asgigned to ( XN, yN ) as input and mbAddrN and ( xW, yW&) as output.

—  Edch sample p[ x, y | with x = -1, y =-1..15 and with& 0..15, y = -1 is derived as follows.

Let pre

Intra 1

If any of the following conditions is true,(the sample p[ x, y ] is marked as “not available for Intra 16x
prediction”

- mbAddrN is not available,
- the macroblock mbAddrN is coded in Inter prediction mode and constrained_intra_pred_flag is equal to 1
- the macroblock mbAddtlN has mb_type equal to SI and constrained_intra_pred flag is equal to 1.

Otherwise, the sample 'p[ X, y ] is marked as “available for Intra 16x16 prediction” and the luma sample
luma location ( xW5yW ) inside the macroblock mbAddrN is assigned to p[ x, y ].

1 [ x, y | with X, 5°0..15 denote the prediction samples for the 16x16 luma block samples.

bx 16 prediction'modes are specified in Table 8-4.

Table 8-4 — Specification of Intral6x16PredMode and associated names

Depending on Intral6x16PredMode, one of the Intra_16x16 prediction modes specified in subclauses 8.3.3.1 to 8.3.3.4

)

th

Intral6x16PredMode Name of Intral6x16PredMode
0 Intra_16x16_Vertical (prediction mode)
1 Intra_16x16_Horizontal (prediction mode)
2 Intra_16x16_DC (prediction mode)
3 Intra_16x16_Plane (prediction mode)

shall be used.
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8.3.3.1 Specification of Intra_16x16_Vertical prediction mode

This Intra_16x16 prediction mode shall be used only when the samples p[ x, -1 ] with x = 0..15 are marked as “available
for Intra_16x16 prediction”.

predi [ x,y]=p[ x, -1 ], withx, y=0..15 (8-112)

8.3.3.2 Specification of Intra_16x16_Horizontal prediction mode

This Intra_16x16 prediction mode shall be used only when the samples p[-1, y] with y = 0..15 are marked as “available

for Intra 16x16 Prp{‘]i{‘ﬁnn”

pred [ x,y]=p[ -1,y ], withx, y=0..15 (8-113)

B.3.3.3 Specification of Intra_16x16_DC prediction mode

[his Intra 16x16 prediction mode shall be used depending on whether the neighbouring Samples are mlarked as
‘available for Intra_16x16 prediction” as follows.

If all neighbouring samples p[ x, -1 ], with x = 0..15 and p[ -1,y ], with y = 0..15%are marked as “available for
Intra_16x16 prediction”, the prediction for all luma samples in the macroblock is,given by:

15 15
predi[ X, y 1= (3 p[x',~1]+ > p[- 1, y]+16) >> 5. with x, y =0..15 (8-114)

x'=0 y'=0

Otherwise, if any of the neighbouring samples p[ X, -1 ], with x =015 are marked as "not available for Intfa_16x16
prediction”" and all of the neighbouring samples p[ -1, y ], with'y,= 0..15 are marked as “available for Intfa 16x16
prediction”, the prediction for all luma samples in the macrobloek is given by:

15 .
predi[ X,y ]= (Zp[_lj},V]jL 8) >> 4, withx, y = 0..15 (8-115)
y'=0

Otherwise, if any of the neighbouring samples'p[ -1, y ], with y = 0..15 are marked as "not available for Intfa 16x16
prediction” and all of the neighbouring samples p[ x, -1 ], with x = 0..15 are marked as “available for Intfa 16x16
prediction”, the prediction for all luma.samples in the macroblock is given by:

15

predL[ X, Y] = (Zp[x',—l]-i- 8) >>4, with X,y= 0..15 (8_1 16)

x'=0

Otherwise (some of the neighbouring samples p[ x, -1 ], with x = 0..15 and some of the neighbouring sanpples p[ -
1,y ], with y = 0..15are- marked as “not available for Intra 16x16 prediction”), the prediction for all luma sgmples in
the macroblock is(giyen by:

predi[ x, ¥ |57 ( 1 <<(BitDepthy — 1)), with x, y=0..15 (8-117)

B.3.3.4  Specification of Intra_16x16_Plane prediction mode

[his Intra 16x16 prediction mode shall be used only when the samples p[ x, -1 ] with x = -1..15 and p[ -1, y ]|with y =
.. 15vare marked as “available for Intra_16x16 prediction”.

pred [ x,y [=Cliply((a+b*(x-7)+c*(y-7)+16)>>5), withx, y=0..15, (8-118)
where:

a=16*(p[-1,15]+p[15,-1]) (8-119)

b=(5*H+32)>>6 (8-120)

c=(5*V+32)>>6 (8-121)

and H and V are specified in Equations 8-122 and 8-123.
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8.34

H=Z7‘,(X'+1)*(p[8+><',—l]-p[6-X',-1]) (8-122)
V=i(y'ﬂ)*(p[-1,8+Y']-p[-1,6-Y']) (8-123)

y'=0

Intra prediction process for chroma samples

This process is invoked for I and SI macroblock types. It specifies how the Intra prediction chroma samples for the

current

Output

Both cljroma blocks (Cb and Cr) of the macroblock shall use the same prediction mode. The prediction mods is appli
of the chroma blocks separately. The process specified in this subclause is invoked for each chroma block. In the

to each
remain
replace

The ne
x=-1,

— TH
as

— EAq

Let prg
sample

Intra ch

macroblock are derived.

of this process are Intra prediction chroma samples for the current macroblock predcy[ X, y | and predc,[.X,'y].

ler of this subclause, chroma block refers to one of the two chroma blocks and the subscript-C is used as
ment of the subscript Cb or Cr.

ighbouring samples p[ x, y ] that are constructed chroma samples prior to the deblecking filter process, wil
= -1..MbHeightC - 1 and with x = 0..MbWidthC - 1, y = -1, are derived as follows:

e derivation process for neighbouring locations in subclause 6.4.9 is invoked fof)‘chroma locations with ( X, 3
igned to ( xN, yN ) as input and mbAddrN and ( xW, yW ) as output.

ch sample p[ x, y | is derived as follows.

If any of the following conditions is true, the sample p[ x, y .is marked as “not available for Intra chron
prediction”

-  mbAddrN is not available,

- the macroblock mbAddrN is coded in Inter prediction mode and constrained_intra_pred_ flag is equal to 1

current macroblock does not have mb_type‘equal to SI.

Otherwise, the sample p[ x, y ] is marked ‘as-"available for Intra chroma prediction” and the chroma sample
component C at chroma location ( xWyW) inside the macroblock mbAddrN is assigned to p[ X, y ].

dc[ x, y ] with x =0.MbWidthC - 1, 'y.* 0..MbHeightC - 1 denote the prediction samples for the chroma blo

p.

roma prediction modes are specified in Table 8-5.

Table 8-5 — Specification of Intra chroma prediction modes and associated names

- the macroblock mbAddrN has mb_type equalto SI and constrained intra_pred flag is equal to 1 and the

ed

a

th

na

bf

k

infra_chroma_pred_mode Name of intra_chroma_pred_mode
0 Intra_Chroma_DC (prediction mode)
1 Intra_Chroma_Horizontal (prediction mode)
2 Intra_Chroma_Vertical (prediction mode)
3 Intra_Chroma_Plane (prediction mode)

Depending on intra_chroma pred mode, one of the Intra chroma prediction modes specified in subclauses 8.3.4.1
to 8.3.4.4 shall be used.

8.3.4.1

Specification of Intra_Chroma_DC prediction mode

This Intra chroma prediction mode shall be used when intra_chroma_pred_mode is equal to 0.

134
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For each chroma block of 4x4 samples indexed by chroma4x4Blkldx =0..( 1 << ( chroma_format idc +1))—1, the
following applies.

Depending on chroma format idc, the position of the upper-left sample of a 4x4 chroma block with index

chroma4x4BIklIdx is derived as follows

—  Ifchroma format idc is equal to 1 or 2, the following applies
xO = InverseRasterScan( chroma4x4BIkldx, 4, 4, 8, 0 )

vQ = InverseRasterScan( chromadx4BIkIdx 4 4 K 1)

(8-124)

(8-125)

—  Otherwise (chroma_format_idc is equal to 3), the following applies

x0O = InverseRasterScan( chroma4x4Blkldx / 4, 8, 8, 16,0 ) +
InverseRasterScan( chroma4x4BlkIdx % 4, 4,4, 8,0 )

yO = InverseRasterScan( chroma4x4Blkldx / 4, 8, 8, 16,1 ) +
InverseRasterScan( chroma4x4Blkldx % 4, 4,4, 8, 1)

If (xO, yO ) is equal to ( 0, 0 ) or xO and yO are greater than 0, the values of thedprediction samples
predc[ x + xO, y + yO ] with x, y = 0..3 are derived as follows.

—  Ifall samples p[ x + xO, -1 ], with x=0..3 and p[ -1, y +yO ], with\y’= 0..3 are marked as “available
chroma prediction”, the values of the prediction samples predd[ X + xO, y + yO ], with x, y=0..3 ar
as

3 3
pred.[x +x0,y +yO] :(Zp[x'+x0,—l] + Y pl-1,y'+yO}+ 4J >> 3, withx, y=0..3.

x'=0 y'=0

—  Otherwise, if any samples p[ x+xO, -1 ],, with x =0..3 are marked as “not available for Intrg
prediction” and all samples p[ -1, y +yO Jpwith y = 0..3 are marked as “available for Intra chroma prg
the values of the prediction samples prede[ x + xO, y + yO ], with x, y = 0..3 are derived as

3
pred. [ x+x0,y+ yO]:(Zp[—l,y'+yO] + 2] >> 2, withx, y=0..3.
y'=0

—  Otherwise, if any samples p[-1,y+yO], with y=0.3 are marked as “not available for Intra
prediction” and all s§amples p[ x + xO, -1 ], with x = 0..3 are marked as “available for Intra chroma prg
the values of the prédiction samples predc[ x + xO, y + yO ], with x, y = 0..3 are derived as

3
pred [ x +xQ,y+yO] =(Zp[x’+x0,—l] + 2) >> 2, withx, y=0..3.

x'=0

—  Otherwise (some samples p[ x + xO, -1 ], with x =0..3 and some samples p[ -1, y +yO ], with y 3
marked as “not available for Intra chroma prediction”), the values of the prediction
predc[ x + xO, y + yO ], with x, y = 0..3 are derived as

(8-126)

(8-127)

for Intra
b derived

(8-128)

chroma
diction”,

(8-129)

chroma
diction”,

(8-130)

0..3 are
samples

predc[ x + X0,y + yvO ]= (1 << (BitDepthc — 1)), with x, y=0..3.

(8-131)

Otherwise, if xO is greater than 0 and yO is equal to 0, the values of the prediction samples pred¢[ x + xO, y + yO ]

with x, y = 0..3 are derived as follows.

— Ifall samples p[ x + xO, -1 ], with x = 0..3 are marked as “available for Intra chroma prediction”, the values of

the prediction samples predc[ x + xO, y + yO ], with x, y = 0..3 are derived as

3
pred.[x+x0,y+yO] :(Zp[x’+x0,—l] + 2) >>2, withx, y=0.3.
x'=0
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—  Otherwise (xO is equal to 0 and yO is greater than 0), the values of the prediction samples predc[ x + xQ,.y #yO ]
with x, y = 0..3 are derived as follows.

8.3.4.2
This In

This m|
chroma

The val

8.3.4.3
This In

This m|
chroma

Otherwise, if all samples p[ -1, y +yO ], with y=0..3 are marked as “available for Intra chroma prediction”,

the values of the prediction samples predc[ x + xO, y + yO ], with x, y = 0..3 are derived as

3
pred.[x+x0,y+ yO]z(Zp[—l,y‘+yO] + 2] >> 2, withx, y=0..3. (8-133)
y'=0

Otherwise (some samples p[ x +xO, -1 ], with x=0..3 and some samples p[ -1, y +yO ], with y=0..3 are
marked as “not available for Intra chroma prediction”), the values of the prediction samples

predc[ x + xO, y + yO ], with x, y = 0..3 are derived as

predc[ x + xO, y + yO ] = (1 << (BitDepthc — 1)), with x, y =0..3. (8-134

If all samples p[ -1, y +yO ], with y = 0..3 are marked as “available for Intra chroma predicfion”, the values
the prediction samples predc[ x + xO, y + yO ], with x, y = 0..3 are derived as

3
pred.[x + X0,y + yO]z(Zp[—l,y%yO] + 2] >> 2, withx, y=0..3. (8-1315
y'=0

Otherwise, if all samples p[ x + xO, -1 ], with x =0..3 are marked as “available for Intra chroma prediction
the values of the prediction samples predc[ x + xO, y + yO ], with x, y £\0..3 are derived as

3
pred [ x + X0,y +yO] :(Zp[x’+x0,—l] + 2) >>2  withx, y = 043. (8-134

x'=0

Otherwise (some samples p[ x +xO, -1 ], with x=0,.37and some samples p[ -1,y +yO ], with y=0..3 a
marked as “not available for Intra chroma _prediction”), the values of the prediction sampl
predc[ x + xO, y + yO ], with x, y = 0..3 are deriyed-as

bredc[ x +x0, y+yO ] = (1 << ( BitDepth¢ — 1) ), with x, y =0..3. (8-137%

Specification of Intra_Chroma_Horizontal prediction mode

ra chroma prediction mode shall be used when intra_chroma_pred _mode is equal to 1.

prediction".
ues of the prediction samples predc[ x, y ] are derived as follows.

bredc[ x, v 1= pl -L-3J-Avith x = 0..MbWidthC - 1 and y = 0..MbHeightC - 1 (8-139

Specification-of Intra_Chroma_Vertical prediction mode

ra chroma prediction mode shall be used when intra_chroma_pred _mode is equal to 2.

prédiction".

bde shall be used only when theéssamples p[ -1, y ] with y = 0..MbHeightC - 1 are marked as "available for Intra

bde shall*be used only when the samples p[ x, -1 ] with x = 0..MbWidthC - 1 are marked as "available for Infra

b

5>

rc
CS

The va

predc x, y 1=p[ X, -1 ], with x = 0. MbWidthC - 1 and y = 0..MbHeightC - 1

8.3.44

Tcs of the prediction samplies prede] X, y | arc derived as 1011ows.

Specification of Intra_Chroma_Plane prediction mode

This Intra chroma prediction mode shall be used when intra_chroma_pred_mode is equal to 3.

(8-139)

This mode shall be used only when the samples p[x,-1], with x = 0.MbWidthC-1 and p[-1,y], with
y = -1..MbHeightC - 1 are marked as "available for Intra chroma prediction".

The values of the prediction samples predc[ x, y ] are derived as follows.

136
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Let the variable xCF be set equal to4 * (chroma format idc == 3) and let the variable yCF be set equal
to 4 * (chroma format idc != 1).

predc[ x,y ]=Cliplc((a+b*(x—3—-xCF)+c*(y—-3-yCF)+16)>>5),

with x = 0..MbWidthC - 1 and y = 0..MbHeightC - 1 (8-140)

where:

a=16 *(p[ -1, MbHeightC - 1 ] + p[ MbWidthC - 1, -11]) (8-141)

b= ( ( 34 2Q * ( 0]«rnma_f‘nvmqf_€/‘]r‘ ==3 ) ) * H -+t 392 ) 6 (8_142)

c=((34-29 *(chroma format idc != 1))*V+32)>>6 (8-143)

hind H and V are specified as

3+ xCF

H= Y (x+1)*(p[4+xCF +x',~1]-p[2 + xCF - x', - 1]) (8-144)
x'=0
3+yCF

V= > (y+D*(p[-1,4+yCF+y']-p[-1,2+yCF-y']) (8-143)
y'=0

B.3.5  Sample construction process for I PCM macroblocks

[his process is invoked when mb_type is equal to I PCM.

[he variable dy is derived as follows.
If MbaftFrameFlag is equal to 1 and the current macroblock1s-a field macroblock, dy is set equal to 2.
Otherwise (MbaffFrameFlag is equal to 0 or the current macroblock is a frame macroblock), dy is set equal t¢ 1.

[he position of the upper-left luma sample of the cufrent macroblock is derived by invoking the inverse mgcroblock
canning process in subclause 6.4.1 with CurrMbAddy as input and the output being assigned to ( xP, yP ).

[he constructed luma samples prior to the deblecking process are generated as specified by:

for(1=0;1<256;it++)
S [xP+(1%16),yP+dy*(1716))]=pcm sample luma[i ] (8-146)

When chroma format idc is notlequal to 0 (monochrome), the constructed chroma samples prior to the dgblocking
brocess are generated as specified by:

for(1=0; 1 < MbWidthC * MbHeightC; i++) {
S'cy[ (xP / SGbWidthC ) + (i % MbWidthC ),
C6YyP + SubHeightC — 1) / SubHeightC ) + dy * (i/ MbWidthC ) ] =
pcm_sample chroma[ i ] (8-147)
S'c[ (&P / SubWidthC ) + (i % MbWidthC ),
( (yP + SubHeightC — 1 ) / SubHeightC ) + dy * (i/ MbWidthC ) | =
pem_sample chroma[ i + MbWidthC * MbHeightC ]

3.4 Inter prediction process
This process is invoked when decoding P and B macroblock types.

Outputs of this process are Inter prediction samples for the current macroblock that are a 16x16 array pred; of luma
samples and when chroma format idc is not equal to 0 (monochrome) two 8x8 arrays predc, and predc, of chroma
samples, one for each of the chroma components Cb and Cr.

The partitioning of a macroblock is specified by mb_type. Each macroblock partition is referred to by mbPartldx. When
the macroblock partitioning consists of partitions that are equal to sub-macroblocks, each sub-macroblock can be further
partitioned into sub-macroblock partitions as specified by sub_mb_type. Each sub-macroblock partition is referred to by
subMbPartldx. When the macroblock partitioning does not consist of sub-macroblocks, subMbPartldx is set equal to 0.
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The following steps are specified for each macroblock partition or for each sub-macroblock partition.

The functions MbPartWidth( ), MbPartHeight( ), SubMbPartWidth( ), and SubMbPartHeight( ) describing the width and
height of macroblock partitions and sub-macroblock partitions are specified in Table 7-13, Table 7-14, Table 7-17, and
Table 7-18.

The range of the macroblock partition index mbPartldx is derived as follows.
- Ifmb_typeis equal to B_Skip or B_Direct 16x16, mbPartldx proceeds over values 0..3.

- Otherwise (mb type is not equal to B Skip or B Direct 16x16), mbPartldx proceeds over values

I Adde- 1 1
0.. NUILIVIDT Al IO _TypC ) —"1.

For eadh value of mbPartldx, the variables partWidth and partHeight for each macroblock partition or sub-maereblogk
partitioh in the macroblock are derived as follows.

- If mb_type is not equal to P_8x8, P_8x8ref0, B_Skip, B Direct 16x16, or B_8x8, subMbPartldx is Setequal to 0,
andl partWidth and partHeight are derived as

bartWidth = MbPartWidth( mb_type ) (8-14%)

partHeight = MbPartHeight( mb_type ) (8-149)

- Otherwise, if mb_type is equal to P_8x8 or P_8x8ref0, or mb_type is equal to B 8x8/and sub_mb_type[ mbPartldy ]
is [not equal to B Direct 8x8, subMbPartldx proceeds over values 0.NumSubMbPart( sub_mb type )— 1, and
paftWidth and partHeight are derived as

partWidth = SubMbPartWidth( sub_mb_type[ mbPartldx ] ) (8-150)
partHeight = SubMbPartHeight( sub_mb_type[ mbPartldx ] ). (8-151
- Otherwise (mb type is equal to B Skip or B Direet’16x16, or mb type is equal to B 8x8 and

sulp mb_type[ mbPartldx ] is equal to B_Direct 8x8), subMbPartldx proceeds over values 0..3, and partWidth apd
paitHeight are derived as

bartWidth = 4 (8-152)
partHeight = 4 (8-153)
When dhroma_format idc is not equal totQ (monochrome) the variables partWidthC and partHeightC are derived as

partWidthC = paptWidth / SubWidthC (8-154
partHeightC =-partHeight / SubHeightC (8-151

—

Let the|variable MvCnt be/nitially set equal to 0 before any invocation of subclause 8.4.1 for the macroblock.

The Inter prediction process for a macroblock partition mbPartldx and a sub-macroblock partition subMbPartldx consigts
of the fpllowing ordered steps

1. Derivationsgprocess for motion vector components and reference indices as specified in subclause 8.4.1.

Inputs’te, this process are

- T TACTO DIOCK partition mbPartidx;
- a sub-macroblock partition subMbPartIdx.
Outputs of this process are

- luma motion vectors mvL0 and mvL1 and when chroma format idc is not equal to O (monochrome) the
chroma motion vectors mvCL0O and mvCL1

- reference indices refldxL0 and refldxL1
- prediction list utilization flags predFlagL.0 and predFlagl1

- the sub-macroblock partition motion vector count subMvCnt.
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2. The variable MvCnt is incremented by subMvCnt.

3. Decoding process for Inter prediction samples as specified in subclause 8.4.2.
Inputs to this process are
- a macroblock partition mbPartldx,

- a sub-macroblock partition subMbPartIdx.

- variables specifying partition width and height for luma and chroma (if available), partWidth, partHeight,

partWidthC (if available), and partHeightC (if available)

- luma motion vectors mvL0O and mvL1 and when chroma_format idc is not equal to 0 (monochrome) tH
chroma motion vectors mvCL0O and mvCL1

- reference indices refldxL0 and refldxL1
- prediction list utilization flags predFlagL.0 and predFlagl1
Outputs of this process are

- inter prediction samples (pred); which are a (partWidth)x(partHeight) array predPart; of predict

predPartc,, and predPartcy, of prediction chroma samples, one for each of the*‘Chroma components Cb ar
For use in derivation processes of variables invoked later in the decoding procéss, the following assignments are

MvLO[ mbPartldx ][ subMbPartldx ] = mvLO
MvLI1[ mbPartldx ][ subMbPartldx ] = mvL1
RefldxLO[ mbPartldx | = refldxL0
RefldxL1[ mbPartldx ] = refldxL1
PredFlagL0[ mbPartldx | = predFlagl.0
PredFlagL1[ mbPartldx ] = predFlagL1

[he location of the upper-left sample ofithe partition relative to the upper-left sample of the macroblock is ds
nvoking the inverse macroblock partition scanning process as described in subclause 6.4.2.1 with mbPartldx as
ind ( xP, yP ) as the output.

[he location of the upper-left sample of the macroblock sub-partition relative to the upper-left sample of the m3
partition is derived by inveking the inverse sub-macroblock partition scanning process as described in subclaus
vith subMbPartldx asdhe-mput and ( xS, yS ) as the output.

[he macroblock prediction is formed by placing the partition or sub-macroblock partition prediction sample
Correct relative/positions in the macroblock, as follows.

[he variable\pred; [ xP + xS + x, yP + yS+y ] with x =0 .. partWidth — 1, y = 0 .. partHeight — 1 is derived by
pred; [ xP + xS + x, yP + yS + y ] = predPart, [ X, y ]

o

on luma

samples and when chroma_format_idc is not equal to 0 (monochrome) twe’(partWidthC)x(partHeight{") arrays

dCr.
made:

(8-156)
(8-157)
(8-158)
(8-159)
(8-160)
(8-161)

rived by
the input

croblock
e 6.4.2.2

in their

(8-162)

When chroma format idc is not equal to O (monochrome) the variable predc with x=0..partWidth

Cc - 1,

y = 0..partHeightC — 1, and C in predc and predPartc being replaced by Cb or Cr is derived by
predc[ xP / SubWidthC + xS / SubWidthC + x, yP / SubHeightC + yS / SubHeightC + y | = predPartc|[ x,

8.4.1  Derivation process for motion vector components and reference indices
Inputs to this process are
- a macroblock partition mbPartldx,

- a sub-macroblock partition subMbPartldx.
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Outputs of this process are

- luma motion vectors mvLO0 and mvL1 as well as the chroma motion vectors mvCL0 and mvCL1

- reference indices refldxL0 and refldxL1

- prediction list utilization flags predFlagl.0 and predFlagL1

- a sub-partition macroblock motion vector count variable subMvCnt

For the

derivation of the variables mvL0 and mvL1 as well as refldxL0 and refldxL1, the following applies.

- If mb
slic
refl
equ

- Other
the
sub
vec
the

- Other
the

1.

1x1.0, and predFlagl0 is set equal to 1. mvL1 and refldxL1 are marked as not available and predFlagkl)is
il to 0. The sub-partition motion vector count variable subMvCnt is set equal to 1.

wise, if mb_type is equal to B_Skip or B_Direct 16x16 or sub_mb_type[ mbPartldx ] is equal to B Direct 8

ors mvL0, mvL1, the reference indices refldxL0, refldxL1, the sub-partition motion vector. count subMvCnt, a
brediction utilization flags predFlagl0 and predFlagL1.

syntax elements ref idx _1X and mvd_1X, the following applies.

The variables refldxLLX and predFlagl.X are derived as follows.

The variable subMvCnt for subspastition motion vector count is set equal to predFlagL0 + predFlagL1.
The variable currSubMbType;is derived as follows.
- If the macroblock-type is equal to B_8x8, currSubMbType is set equal to sub_mb_type[ mbPartldx ].

- Otherwise (the-macroblock type is not equal to B_8x8), currSubMbType is set equal to "na".

mvpLX. \The luma motion vectors are derived by

mVLX[ 0 ] =mvpLX][ 0 ]+ mvd_IX[ mbPartldx ][ subMbPartldx ][ 0 ] (8-168

wise, for X being replaced by either 0 or 1 in the variables predFlagL X, mvLX, refldxLX, and in Pred LX and fin

When predFldgkX is equal to 1, the derivation process for luma motion vector prediction in subclause 8.4.1.3[i
invoked with™mbPartldx subMbPartldx, refldxLX, and currSubMbType as the inputs and the output being

[ Type 15 equal to P_SKkip, the derivaiion process for [uma motion veciors 1or skipped macroblocks in P and 3P
s in subclause 8.4.1.1 is invoked with the output being the luma motion vectors mvL0O and reference indicgs

t

>

derivation process for luma motion vectors for B_Skip, B Direct 16x16, and B Direct, 8%8”in B slices [in
lause 8.4.1.2 is invoked with mbPartldx and subMbPartldx as the input and the output being the luma moti¢n

d

—  If MbPartPredMode( mb_type, mbPartldx ) or SubMbPredMede( sub_mb_type[ mbPartldx ] ) is equal fo
Pred LX or to BiPred,
refldxLX = ref idx_1X[ mbPartldx ] (8-164)
predFlagLX =1 (8-169)
—  Otherwise, the variables refldxLLX and predFlaglX are specified by
refldxLX = -1 (8-164)
predFlagLX =0 (8-167)

)

mvLX[ 1 ]=mvpLX][ 1]+ mvd_IX[ mbPartldx ][ subMbPartldx ][ 1 ] (8-169)

For the derivation of the variables for the chroma motion vectors, the following applies. When predFlagL. X (with X being
either 0 or 1) is equal to 1, the derivation process for chroma motion vectors in subclause 8.4.1.4 is invoked with mvLX
and refldxLX as input and the output being mvCLX.

8.4.1.1

Derivation process for luma motion vectors for skipped macroblocks in P and SP slices

This process is invoked when mb_type is equal to P_Skip.

Output

140

s of this process are the motion vector mvL0 and the reference index refldxL0.
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The reference index refldxLO0 for a skipped macroblock is derived as follows.
refldxL0O = 0. (8-170)
For the derivation of the motion vector mvLO0 of a P_Skip macroblock type, the following applies.

- The process specified in subclause 8.4.1.3.2 is invoked with mbPartldx set equal to 0, subMbPartldx set equal to 0,
currSubMbType set equal to "na", and listSuffixFlag set equal to 0 as input and the output is assigned to mbAddrA,
mbAddrB, mvLOA, mvLOB, refldxLOA, and refldxLOB.

The variable mvLO is specified as follows.

- Ifany of the following conditions are true, both components of the motion vector mvLO0 are set equal tg.0
-  mbAddrA is not available
- mbAddrB is not available
- refldxLOA is equal to 0 and both components of mvLOA are equal to 0
- refldxLOB is equal to 0 and both components of mvLOB are equal to 0

- Otherwise, the derivation process for luma motion vector prediction as specified,in subclause 8.4.1.3 i invoked
with mbPartldx = 0, subMbPartldx = 0, refldxL0, and currSubMbType = "na'/as inputs and the output is[assigned
to mvLO.

NOTE — The output is directly assigned to mvLO0, since the predictor is equal to thelactual motion vector.

B.4.1.2 Derivation process for luma motion vectors for B_Skip, B_Direct_16x16, and B_Direct_8x8

[his process is invoked when mb_type is equal to B_Skip or B_Diteeti16x16, or sub_mb_type[ mbPartldx ] i equal to
B Direct 8x8.

nputs to this process are mbPartldx and subMbPartldx.

Dutputs of this process are the reference indices refldx[0; refldxL1, the motion vectors mvLO and mvL1,]|the sub-
partition motion vector count subMvCnt, and the prediction list utilization flags, predFlagl.0 and predFlagL1.

[he derivation process depends on the value of direct, spatial mv_pred flag, which is present in the bitstream in] the slice
header syntax as specified in subclause 7.3.3, and-s specified as follows.

If direct_spatial mv_pred flag is equal to-I, the mode in which the outputs of this process are derived is r¢ferred to
as spatial direct prediction mode.

Otherwise (direct spatial mv_pred) flag is equal to 0), mode in which the outputs of this process are derived is
referred to as temporal direct prediction mode.

Both spatial and temporal diréct)prediction mode use the co-located motion vectors and reference indices as sp¢cified in
subclause 8.4.1.2.1.

he motion vectors and-reference indices are derived as follows.

If spatial direct-prediction mode is used, the direct motion vector and reference index prediction mode sp¢cified in
subclause 8:4.1.2.2 is used, with subMvCnt being an output.

Otherwise (temporal direct prediction mode is used), the direct motion vector and reference index predictjon mode
specified in subclause 8.4.1.2.3 is used and the variable subMvCnt is derived as follows.

= \f'subMbPartldx is equal to 0, subMvCnt is set equal to 2.

2 Otherwise (subMbPartldx is not equal to 0), subMvCnt is set equal to 0.

8.4.1.2.1 Derivation process for the co-located 4x4 sub-macroblock partitions
Inputs to this process are mbPartldx and subMbPartIdx.

Outputs of this process are the picture colPic, the co-located macroblock mbAddrCol, the motion vector mvCol, the
reference index refldxCol, and the variable vertMvScale (which can be One To One, Frm To Fld or FId To Frm).

When RefPicListl[ 0 ] is a frame or a complementary field pair, let firstRefPicL1Top and firstRefPicL1Bottom be the
top and bottom fields of RefPicListl[ 0 ], respectively, and let the following variables be specified as

topAbsDiffPOC = Abs( DiffPicOrderCnt( firstRefPicL1Top, CurrPic ) ) (8-171)

bottomAbsDiffPOC = Abs( DiffPicOrderCnt( firstRefPicL1Bottom, CurrPic ) ) (8-172)
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The var

iable colPic specifies the picture that contains the co-located macroblock as specified in Table 8-6.

Table 8-6 — Specification of the variable colPic

field pic flag | RefPicListl[ 0] | mb_field decoding flag | additional condition colPic
is ...
a field of a the frame containing
1 decoded frame RefPicListl[ 0 ]
7 decoded fieid RefPicisti{ 01
a decoded frame RefPicList1[ 0
topAbsDiffPOC < .
bottomAbsDiffPOC firstRefPieLI Top
0
0 a topAbsDiffPOC >= .
complementary bottomAbsDiffPOC fgpsRefPicL1 Bottom
field pair
(CurrMbAddr & 1) == firstRefPicL1Top
1
( CurrMbAddr & 1) =0 firstRefPicL1Bottom

When (

sub

Let Pic

With Il
subclay

Table &

1. Sp
Pig

2. Sp

irect 8x8 inference flag is equal to 1, subMbPartldx is set as follows.
MbPartldx = mbPartldx (8-173
CodingStruct( X ) be a function with the argument X being eitheér'CurrPic or colPic. It is specified in Table 8-7.

Table 8-7 — Specification of:RicCodingStruct( X )

X is coded with field pic flag equal to ... | mbadaptive frame field flag | PicCodingStruct( X )

1 FLD
0 0 FRM
0 1 AFRM

se 6.4.3 is invoked with luma4x4BlkIdx as the input and ( x, y ) assigned to ( xCol, yCol ) as the output.

-8 specifies the co-legated macroblock address mbAddrCol, yM, and the variable vertMvScale in two steps:

CodingStruct(-colPic ).

NOTFE- It is not possible for CurrPic and colPic picture coding types to be either (FRM, AFRM) or (AFRM, FRN
because these picture coding types must be separated by an IDR picture.

péification of mbAddrCol, yM, and vertMvScale depending on mb_field decoding flag and the variab

fie

dDecodingFlagX, which is derived as 10110ws.
If the macroblock mbAddrX in the picture colPic is a field macroblock, fieldDecodingFlagX is set equal to 1

Otherwise (the macroblock mbAddrX in the picture colPic is a frame macroblock), fieldDecodingFlagX is s
equal to 0.

ma4x4Blkldx = mbPartldx.* 4 + subMbPartldx, the inverse 4x4 luma block scanning process as specified [in

peification  of /<2 macroblock address mbAddrX depending on PicCodingStruct( CurrPic ), and

le

et

Unspecified values in Table 8-8 indicate that the value of the corresponding variable is not relevant for the current table

TOwW.

mbAddrCol is set equal to CurrMbAddr or to one of the following values.

142
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mbAddrColl =2 * PicWidthInMbs * ( CurrMbAddr / PicWidthInMbs ) +

( CurrMbAddr % PicWidthInMbs ) + PicWidthInMbs * ( yCol / 8) (8-174)
mbAddrCol2 =2 * CurrMbAddr + (yCol / 8) (8-175)
mbAddrCol3 =2 * CurrMbAddr + bottom_field flag (8-176)
mbAddrCol4 = PicWidthInMbs * ( CurrMbAddr / ( 2 * PicWidthInMbs ) ) +
( CurrMbAddr % PicWidthInMbs ) (8-177)
mbAddrCol5 = CurrMbAddr / 2 (8-178)
mbAddrCol6 =2 * ( CurrMbAddr / 2 ) + ( ( topAbsDiffPOC < bottomAbsDiffPOC ) ? 0: 1) (8-179)
mbAddrCol7 =2 * ( CurrMbAddr /2 ) + (yCol / 8) (8-180)
Table 8-8 — Specification of mbAddrCol, yM, and vertMvScale
2 | -
rl 2 )
| & :
| 5 g%
3] 3] = | —-
A e, :
w w v o p— E —
=] =] | O
] = ]
S | ¢ 25 2 . g
A A E E|& E - 2
FLD CurrMbAddr |yCol One To One
FRM mbAddrColl |(2 *yCol) % 16 Frm To Fid
FLD
0 }mbAddrCol2 |(2 * yCol) % 16 Frm To FlId
AFRM | 2*CurrMbAddr
I mbAddrCol3 | yCol One To One
* 1 1 [
FLD mbAddrCol4 8 (* (CurrMbAddr / PicWidthInMbs ) % 2) Fld Tb Frm
FRM CurrMbAddr |yCol One To One
0 mbAddrCol5 |8 * ( CurrMbAddr % 2 ) +4 * (yCol / 8) Fld Tp Frm
FLD
1 mbAddrCol5 |yCol One To One
0 |CurrMbAddr |yCol One To One
AFRM CurrMbAddr 0
A 1 |mbAddrCol6 |8 * (CurrMbAddr % 2)+4* (yCol/8) |Fld Tp Frm
FRM
0 |mbAddrCol7 |(2*yCol) % 16 Frm To FId
CurrMbAddr 1
1 |CurrMbAddr |yCol One To One

Let mbPartldxCol be the macroblock partition index of the co-located partition and subMbPartldxCol the sub-
macroblock partition index of the co-located sub-macroblock partition. The partition in the macroblock mbAddrCol
inside the picture colPic covering the sample ( xCol, yM ) shall be assigned to mbPartldxCol and the sub-macroblock
partition inside the partition mbPartldxCol covering the sample ( xCol, yM ) in the macroblock mbAddrCol inside the
picture colPic shall be assigned to subMbPartldxCol.

© ISO/IEC 2005 — All rights reserved 143


https://standardsiso.com/api/?name=b449ef14175ac39adc75a917dddf783d

ISO/IEC 14496-10:2005(E)

The prediction utilization flags predFlaglL0Col and predFlagl.1Col are set equal to PredFlagl.O[ mbPartldxCol ] and
PredFlagL1[ mbPartldxCol ], respectively, which are the prediction utilization flags that have been assigned to the

macrob

lock partition mbAddrCol\mbPartldxCol inside the picture colPic.

The motion vector mvCol and the reference index refldxCol are derived as follows.

- If the macroblock mbAddrCol is coded in Intra macroblock prediction mode or both prediction utilization flags,
predFlaglL0Col and predFlagl.1Col are equal to 0, both components of mvCol are set equal to 0 and refldxCol is set
equal to —1.

- Otherwise, the following applies.

8.4.1.2
This pr

Inputs {

Output
partitio

The re
followi

1. Le

2. Th
list
ref]

3. Th
list
ref

NO7
mag|

)

f predFlaglL0Col is equal to 1, the motion vector mvCol and the reference index refldxCol are set equdl
MvLO[ mbPartldxCol ][ subMbPartldxCol ] and RefldxLO[ mbPartldxCol ], respectively, which are the moti
vector mvLO and the reference index refldxLO that have been assigned to the (sub-)macroblock (partiti
mbAddrCol\mbPartldxCol\subMbPartldxCol inside the picture colPic.

=H=]

Dtherwise (predFlaglL0Col is equal to 0 and predFlaglL1Col is equal to 1), the motion vectot-mvCol and the
feference  index refldxCol are set equal to MvLI1[ mbPartldxCol ][ subMbRartldxCol ]  apd
RefldxL1[ mbPartldxCol ], respectively, which are the motion vector mvL1 and the referénce index refldxL1 thiat
have been assigned to the (sub-)macroblock partition mbAddrCol\mbPartldxCol\subMbPartldxCol inside the
bicture colPic.

2 Derivation process for spatial direct luma motion vector and reference index prediction mode

beess is invoked when direct_spatial mv_pred_flag is equal to 1 and any ofthe following conditions is true.
mb_type is equal to B_Skip
mb_type is equal to B_Direct 16x16
sub_mb_type[ mbPartldx ] is equal to B_Direct 8x8.

o this process are mbPartldx, subMbPartldx.

of this process are the reference indices refldxL0,*refldxL.1, the motion vectors mvLO and mvL1, the sup-
h motion vector count subMvCnt, and the prediction list utilization flags, predFlagL0 and predFlagL1.

ference indices refldxL0 and refldxL1 and the variable directZeroPredictionFlag are derived by applying the
hg ordered steps.

the variable currSubMbType be set equal to sub_mb_type[ mbPartldx ].

e process specified in subclause8:4:1.3.2 is invoked with mbPartldx = 0, subMbPartldx = 0, currSubMbType, afd
SuffixFlag = 0 as inputs and.the output is assigned to the motion vectors mvLON and the reference indicps
[dxLON with N being replaced by A, B, or C.

e process specified in subclause 8.4.1.3.2 is invoked with mbPartldx = 0, subMbPartldx = 0, currSubMbType, and
SuffixFlag = 1 as“niputs and the output is assigned to the motion vectors mvLIN and the reference indicps
[dxL 1N with N-being replaced by A, B, or C.

[E — The mofion* vectors mvLON, mvLIN and the reference indices refldxLON, refldxL1N are identical for all 4x4 sup-
Foblock partitions of a macroblock.

4. Thp reference indices refldxL0, refldxL1, and directZeroPredictionFlag are derived by
refldxI.0 = MinPositive( refldxI.0A, MinPositive( refldx[.OB, refldxI.0C ) ) (8-181)
refldxLL1 = MinPositive( refldxL.1A, MinPositive( refldxL1B, refldxL1C ) ) (8-182)
directZeroPredictionFlag = 0 (8-183)
where
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Min(x, if x>=0andy>=0
MinPositive( X,y ) = in(x,y) if x ] ancy (8-184)
Max(x,y) otherwise

© ISO/IEC 2005 — All rights reserved


https://standardsiso.com/api/?name=b449ef14175ac39adc75a917dddf783d

ISO/IEC 14496-10:2005(E)

5. When both reference indices refldxL0 and refldxL1 are less than 0,

refldxLO = 0 (8-185)
refldxLL1 =0 (8-186)
directZeroPredictionFlag = 1 (8-187)
The process specified in subclause 8.4.1.2.1 is invoked with mbPartldx, subMbPartldx given as input and the output is

assigned to refldxCol and mvCol.

The variable colZeroFlag is derived as follows.

If all of the following conditions are true, colZeroFlag is set equal to 1.
- RefPicListl[ 0 ] is currently marked as "used for short-term reference".

- refldxCol is equal to 0
follows.

quarter luma frame samples.

- Otherwise (the colocated macroblock is a field macroblock), the units'of mvCol[ 0 ] and mvCol[ 1 ]
of quarter luma field samples.

NOTE — For purposes of determining the condition above, the value mvCol[ 1 ]:is not scaled to use the units of a motion
the current macroblock in cases when the current macroblock is a framg maeroblock and the colocated macroblock
macroblock or when the current macroblock is a field macroblock and-~the colocated macroblock is a frame macrobl
aspect differs from the use of mvCol[ 1] in the temporal direct mode/as‘specified in subclause 8.4.1.2.3, which applies
the motion vector of the colocated macroblock to use the same units as the units of a motion vector for the current m:
using Equation 8-190 or Equation 8-191 in these cases.

Otherwise, colZeroFlag is set equal to 0.

[he motion vectors mvLX (with X being 0 or 1) are detived as follows.

If any of the following conditions is true, both.components of the motion vector mvLX are set equal to 0.
- directZeroPredictionFlag is equal to_1

- refldxLX is less than 0

- refldxLX is equal to 0 and colZeroFlag is equal to 1

Otherwise, the process specified in subclause 8.4.1.3 is invoked with mbPartldx = 0, subMbPartldx = 0, 1
and currSubMbType as inputs and the output is assigned to mvLX.

a macroblock for which the process is invoked.

['he prediction utilization flags predFlagl.0 and predFlagL1 shall be derived as specified using Table 8-9.

Table 8-9 — Assignment of prediction utilization flags

- both motion vector components mvCol[ 0 ] and mvCol[ 1] lie in the range of -1 to'l in units spdcified as

- If the colocated macroblock is a frame macroblock, the units of mvColf 0 [*and mvCol[ 1 ] arel units of

are units

vector for
is a field
ck. This
scaling to
icroblock,

pIdxLX,

NOTE — Thé motion vector mvLX returned from subclause 8.4.1.3 is identical for all 4x4 sub-macroblock partitions of

refldxL0 refldxL1 predFlagL0 predFlagl1
>=0 >=0 1 1
>=() <0 1 0
<0 >=() 0 1

The variable subMvCnt is derived as follows.

- If subMbPartldx is not equal to 0 or direct 8x8 inference flag is equal to 0, subMvCnt is set equal to 0.

- Otherwise (subMbPartldx is equal to 0 and direct 8x8 inference flag is equal to 1), subMvCnt is set equal to

predFlagl0 + predFLagL1.
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8.4.1.2.

3 Derivation process for temporal direct luma motion vector and reference index prediction mode

This process is invoked when direct_spatial mv_pred flag is equal to 0 and any of the following conditions is true.

mb_type is equal to B_Skip
mb_type is equal to B_Direct 16x16
sub_mb_type[ mbPartldx ] is equal to B_Direct 8x8.

Inputs to this process are mbPartldx and subMbPartIdx.

Output
predict

The pr
assigne

The ref

NO/
mac|

Let refl

of this process are the motion vectors mvLU and mvL1, the reierence indices retldxLU and retldxL1, and the

on list utilization flags, predFlaglL0 and predFlagL1.
cess specified in subclause 8.4.1.2.1 is invoked with mbPartldx, subMbPartldx given as input and the output

d to colPic, mbAddrCol, mvCol, refldxCol, and vertMvScale.

erence indices refldxL0 and refldxL1 are derived as follows.

FefldxL0 = (( refldxCol <0) ? 0 : MapColToListO( refldxCol ) ) (8-184
refldxL1 =0 (8-189
[E - If the current macroblock is a field macroblock, refldxL0 and refldxL1 index allist'of fields; otherwise (the currd

Foblock is a frame macroblock), refldxL0 and refldxL1 index a list of frames or complethentary reference field pairs.

icCol be a frame, a field, or a complementary field pair that was referred by the reference index refldxCol wh

decoding the co-located macroblock mbAddrCol inside the picture colPic. The function MapColToList0( refldxCol )

specifig

- Ifv

- Oth|

d as follows.

ertMvScale is equal to One_To_One, the following applies.
If field pic_flag is equal to 0 and the current macroblock is»a field macroblock, the following applies.

- Let refldxLOFrm be the lowest valued reference index in the current reference picture list RefPicList0 th
references the frame or complementary field\pair that contains the field refPicCol. RefPicList0 sh
contain a frame or complementary field\‘pair that contains the field refPicCol. The return value
MapColToList0( ) is specified as follows,

- If the field referred to Bby-refldxCol has the same parity as the current macroblodk,

MapColToList0( refldxCol\)teturns the reference index ( refldxLOFrm << 1).

- Otherwise (the field refefred by refldxCol has the opposite parity of the current macrobloch
MapColToList0( refldxCol) returns the reference index ( ( refldxLOFrm <<1)+1).

Otherwise (field pic_flag ssequal to 1 or the current macroblock is a frame macroblock), MapColToList
refldxCol ) returns the lewest valued reference index refldxLO in the current reference picture list RefPicLis|
that references refPic€ol-/RefPicList0 shall contain refPicCol.

erwise, if vertMvScale is equal to Frm_To_Fld, the following applies.

If field pic flagis equal to 0, let refldxLOFrm be the lowest valued reference index in the current refereng

picture list \RefPicList0 that references refPicCol. MapColToListO( refldxCol ) returns the reference ind
( refldxBOFrm << 1 ). RefPicList0 shall contain refPicCol.

Otherwise (field pic_flag is equal to 1), MapColToListO( refldxCol ) returns the lowest valued reference ind

is

2l
is

at
11
O

N—

D(
L0

EX

X

refldxL0 in the current reference picture list RefPicList0O that references the field of refPicCol with the sanhe
. l . P re—RefProbistishaft e fretdofrefPreCot it . ]e

current picture CurrPic.

- Otherwise (vertMvScale is equal to Fld To Frm), MapColToList0( refldxCol ) returns the lowest valued reference
index refldxL0 in the current reference picture list RefPicList0 that references the frame or complementary field pair
that contains refPicCol. RefPicList0 shall contain a frame or complementary field pair that contains the field
refPicCol.

NOTE — A decoded reference picture that was marked as "used for short-term reference" when it was referenced in the

decoding process of the picture containing the co-located macroblock may have been modified to be marked as "used
for long-term reference" before being used for reference for inter prediction using the direct prediction mode for the
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Depending on the value of vertMvScale the vertical component of mvCol is modified as follows.

- IfvertMvScale is equal to Frm_To FId
mvCol[ 1 ]=mvCol[ 1]/2 (8-190)
- Otherwise, if vertMvScale is equal to Fld_To Frm

mvCol[ 1 ]=mvCol[ 1]*2 (8-191)

OLilCl WibC \VCI LIVIVdelC ib cqual [19) OllC_TU_OIlC}, lllVCUI[ ‘1 ] lUlllaillb uubhaugcd.
[he variables currPicOrField, pic0, and picl, are derived as follows.

- If field pic flag is equal to 0 and the current macroblock is a field macroblock, the following applies.
—  currPicOrField is the field of the current picture CurrPic that has the same parity as the current macrobldck.
—  picl is the field of RefPicList1[ 0 ] that has the same parity as the current macroblock
—  The variable pic0 is derived as follows.

—If refldxL.0O % 2 is equal to 0, picO is the field of RefPicListO[ refldxL0 /,2 ] jthat has the same parity as the
current macroblock.

—Otherwise (refldxL0 % 2 is not equal to 0), picO is the field of RefPjcListO[ refldxL0 / 2 ] that has the{opposite
parity of the current macroblock.

- Otherwise (field pic flag is equal to 1 or the current macroblock is-“a frame macroblock), currPicOrFidld is the
current picture CurrPic, picl is the decoded reference picture RefRicListl[ O ], and picO is the decoded teference
picture RefPicListO[ refldxL0 ].

[he two motion vectors mvL0O and mvL1 for each 4x4 sub-macreblock partition of the current macroblock are derived as
follows:

NOTE - It is often the case that many of the\4x4 sub-macroblock partitions share the same motion vgctors and
reference pictures. In these cases, temporal ditect mode motion compensation can calculate the inter predictipn sample
values in larger units than 4x4 luma samplé&’blocks. For example, when direct 8x8 inference flag is equal to|1, at least
each 8x8 luma sample quadrant of the mactoblock shares the same motion vectors and reference pictures.

- If the reference index refldxL0 refers to along-term reference picture, or DiffPicOrderCnt( picl, pic0 ) is equal to 0,
the motion vectors mvL0, mvL1 for thewdirect mode partition are derived by

mvL0 = mvCol (8-192)
mvL1 =0 (8-193)

- Otherwise, the motion vectors mvL0, mvL1 are derived as scaled versions of the motion vector mvCol df the co-
located sub-macroblock partition as specified below (see Figure 8-2)

tx=( 16384 + Abs(td/2))/td (8-194)
DistScaleFactor = Clip3( -1024, 1023, (tb *tx +32)>>6) (8-195)
mvL0 = ( DistScaleFactor * mvCol + 128 ) >> 8 (8-196)
mvE T =TmvEo—=TmvCot (8-197)

where tb and td are derived as follows.

tb = Clip3( -128, 127, DiffPicOrderCnt( currPicOrField, pic0 ) ) (8-198)
td = Clip3( -128, 127, DiffPicOrderCnt( picl, pic0 ) ) (8-199)

NOTE - mvLO0 and mvL1 cannot exceed the ranges specified in Annex A.

The prediction utilization flags predFlagl.0 and predFlagL1 are both set equal to 1.
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Figure 8-2 illustrates the temporal direct-mode motion vector inference when the current picture is temporally between
the reference picture from reference picture list 0 and the reference picture from reference picture list 1.

List 0 Reference Current B List 1 Reference

co-located partition
N]

time

Figure 8-2 —_Example for temporal direct-mode motion vector inferenee (informative)

8.4.1.3| Derivation process for luma motion vector prediction

Inputs fo this process are

- thg macroblock partition index mbPartldx,

- thg sub-macroblock partition index subMbPartldx,

- thgreference index of the current partition refldxLX (with X being 0 or 1),

- thg variable currSubMbType.

Output fof this process is the prediction mvpLX ofthe motion vector mvLX (with X being 0 or 1).

The defivation process for the neighbouring blocks for motion data in subclause 8.4.1.3.2 is invoked with mbPartIdx
subMbPartldx, currSubMbType, and listSuffixFlag = X (with X being 0 or 1 for refldxLX being refldxL0 or refldxL
respectjvely) as the input and with mbAddrN\mbPartldxN\subMbPartIdxN, reference indices refldxLXN and the moti¢n
vectorsimvLXN with N being replaced by A, B, or C as the output.

—

The dgrivation process fot~median luma motion vector prediction in subclause 8.4.1.3.1 is invoked with
mbAddrN\mbPartIldxN\subMbPartIldxN, mvLXN, refldxLXN with N being replaced by A, B, or C and refldxLLX as the
input apd mvpLX as the'output, unless one of the following is true.

- MbPartWidth(mb™type ) is equal to 16, MbPartHeight( mb_type ) is equal to 8, mbPartldx is equal to 0, and
reflixLXB is\equal to refldxLX,

mvpLX = mvLXB (8-200Q)

- MbPartWidth( mb_type ) is equal to 16, MbPartHeight( mb_type ) is equal to 8, mbPartldx is equal to 1, and
refldxLXA is equal to refldxLX,

mvpLX = mvLXA (8-201)

- MbPartWidth( mb_type ) is equal to 8, MbPartHeight( mb_type ) is equal to 16, mbPartldx is equal to 0, and
refldxLXA is equal to refldxLX,

mvpLX = mvLXA (8-202)
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- MbPartWidth( mb_type ) is equal to 8, MbPartHeight( mb type ) is equal to 16, mbPartldx is equal to 1, and

refldxLXC is equal to refldxLX,

mvpLX = mvLXC

Figure 8-3 illustrates the non-median prediction as described above.

8*16 16*8

I IR Ry v

Figure 8-3 — Directional segmentation prediction (informative)

8.4.1.3.1 Derivation process for median luma motion vector prediction

nputs to this process are
the neighbouring partitions mbAddrN\mbPartIdxN\subMbPartldxN/(with N being replaced by A, B, or C),
the motion vectors mvLXN (with N being replaced by A, B,+01*C) of the neighbouring partitions,
the reference indices refldxLXN (with N being replaced®y A, B, or C) of the neighbouring partitions, and
the reference index refldxLX of the current partition.

Dutput of this process is the motion vector predictionm mvpLX.

[he variable mvpLX is derived as follows:

When both partitions mbAddrB\mbPattldxB\subMbPartldxB and mbAddrC\mbPartldxC\subMbPartldx(
available and mbAddrA\mbPartldxA\subMbPartIdxA is available,

mvLXB = mvLXA
mvLXC = mvLXA
refldxLXB zreffdxLXA
refldxLXE = refldxLXA

Depending on reference indices refldxLXA, refldxLXB, or refldxLXC, the following applies.

4\_If one and only one of the reference indices refldxLXA, refldxLXB, or refldxLXC is equal to the refere

(8-203)

are not

(8-204)
(8-205)
(8-206)

(8-207)

ice index

refldxLX of the current partition, the following applies. Let refldxLXN be the reference index that is

equal to

refldxLX, the motion vector mvLXN is assigned to the motion vector prediction mvpLX:

mvpLX = mvLXN

(8-208)

- Otherwise, each component of the motion vector prediction mvpLX is given by the median of the corresponding

vector components of the motion vector mvLXA, mvLXB, and mvLXC:
mvpLX][ 0 ] =Median( mvLXA[ 0 ], mvLXB[ 0 ], mvLXC[0])

mvpLX][ 1 ]=Median( mvLXA[ 1 ], mvLXB[ 1 ], mvLXC[ 1])
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8.4.1.3.2 Derivation process for motion data of neighbouring partitions

Inputs to this process are

the macroblock partition index mbPartldx,

the sub-macroblock partition index subMbPartIdx,

the current sub-macroblock type currSubMbType,

the list suffix flag listSuffixFlag

Output§ of tThis process are (with N being replaced by A, B, or C)

- mbAddrN\mbPartldxN\subMbPartldxN specifying neighbouring partitions,

- the motion vectors mvLXN of the neighbouring partitions, and

- the feference indices refldxLXN of the neighbouring partitions.

Variable names that include the string "LX" are are interpreted with the X being equal to listSuffixElag.

The pafttitions mbAddrN\mbPartldxN\subMbPartldxN with N being either A, B, or C are deriyed in the following

ordere( steps.

1. LetjmbAddrD\mbPartldxD\subMbPartldxD be variables specifying an additional neighbouring partition.

2. Theprocess in subclause 6.4.8.5 is invoked with mbPartldx, currSubMbType, and\subMbPartldx as input and the
output is assigned to mbAddrN\mbPartIdxN\subMbPartIdxN with N being replaced by A, B, C, or D.

3. When the partition mbAddrC\mbPartldxC\subMbPartldxC is not available) the following applies

mbAddrC = mbAddrD (8-211)
mbPartldxC = mbPartldxD (8-21%)
subMbPartldxC = subMbPartIdxD (8-213)

The mdtion vectors mvLXN and reference indices refldxLXN (with N being A, B, or C) are derived as follows.

- If the macroblock partition or sub-macroblock"partition mbAddrN\mbPartIldxN\subMbPartldxN is not available pr
mbAddrN is coded in Intra prediction mgderor predFlagl.X of mbAddrN\mbPartldxN\subMbPartIdxN is equal to [0,
bothh components of mvLXN are set equal to 0 and refldxLXN is set equal to —1.

- Othprwise, the following applies.

- TThe motion vector. “mvLXN and reference index  refldxLXN are set equal [o

MvLX[ mbPartldxN ][-subMbPartIdxN ] and RefldxLX[ mbPartIldxN ], respectively, which are the motion vectpr

mMvLX and referenee” index refldxLX that have been assigned to the (sub-)macroblock partitipn

mbAddrN\mbPaptldxN\subMbPartIdxN.

- [The variablessmivLXN] 1 ] and refldxLXN are further processed as follows.

- If the'current macroblock is a field macroblock and the macroblock mbAddrN is a frame macroblock
MvLXN[ 1 ]=mvLXN[1]/2 (8-214)
refldxLXN = refldxLXN * 2 (8-215)

- Otherwise, if the current macroblock is a frame macroblock and the macroblock mbAddrN is a field

macroblock
mvLXN[ 1 ]=mvLXN[1]*2 (8-216)
refldxLXN = refldxLXN / 2 (8-217)

- Otherwise, the vertical motion vector component mvLXN[ 1 ] and the reference index refldxLXN remain

unchanged.
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8.4.1.4 Derivation process for chroma motion vectors

This process shall only be invoked when chroma format_idc is not equal to 0 (monochrome).
Inputs to this process are a luma motion vector mvLX and a reference index refldxLX.
Output of this process is a chroma motion vector mvCLX.

A chroma motion vector is derived from the corresponding luma motion vector.

The precision of the chroma motion vector components is 1 + (4 * SubWidthC ) horizontally and 1 + ( 4 * SubHeightC )

vertically

NOTE - For example, when using the 4:2:0 chroma format, since the units of luma motion vectors are one-quarter<luy
units and chroma has half horizontal and vertical resolution compared to luma, the units of chroma motion vectors ate
chroma sample units, i.e., a value of 1 for the chroma motion vector refers to a one-eighth chroma sample displacer]
example, when the luma vector applies to 8x16 luma samples, the corresponding chroma vector in 4:2:0 ¢hroma fornj
to 4x8 chroma samples and when the luma vector applies to 4x4 luma samples, the corresponding chroma' vector in 4:2
format applies to 2x2 chroma samples.

For the derivation of the motion vector mvCLX, the following applies.

If chroma_format_idc is not equal to 1 or the current macroblock is a frame macreblock, the horizontal an
components of the chroma motion vector mvCLX are derived as

mvCLX[ 0 ]=mvLX[ 0]
mvCLX[ 1 ]=mvLX[ 1]

Otherwise (chroma_format idc is equal to 1 and the current macroblock is a field macroblock), only the h
component of the chroma motion vector mvCLX[ 0 ] is derived using Equation 8-218. The vertical compon
chroma motion vector mvCLX] 1 ] is dependent on the parity ‘of the current field or the current macrobloc
reference picture, which is referred by the reference index refldxLX. mvCLX[ 1] is derived from m
according to Table 8-10.

Table 8-10 — Derivation of the vertical component of the chroma vector in field coding mode

Parity conditions mvCLX][ 1]
Reference picture (refldxLX) Current field (picture/macroblock)

Top field Bottom field mvLX[1]+2
Bottom field Top field mvLX[1]-2
Otherwise mvLX[ 1]

B.4.2  Decoding process for Inter prediction samples
nputs to thig/process are

a maeroblock partition mbPartldx,

ha sample
ne-eighth
hent. For
at applies
0 chroma

| vertical

(8-218)
(8-219)

orizontal
ent of the
k and the
vLX[ 1]

a-sub-macroblock partition subMbPartldx.

- variables specifying partition width and height for luma and chroma (if available), partWidth, partHeight, partWidthC

(if available) and partHeightC (if available)

- luma motion vectors mvL0 and mvL1 and when chroma format idc is not equal to 0 (monochrome) chroma motion

vectors mvCLO0 and mvCL1
- reference indices refldxL0 and refldxL1

- prediction list utilization flags, predFlagl.0 and predFlagL1
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Outputs of this process are

the Inter prediction samples predPart, which are a (partWidth)x(partHeight) array predPart; of prediction luma
samples, and when chroma format idc is not equal to 0 (monochrome) two (partWidthC)x(partHeightC) arrays
predPartcy,, predPartc, of prediction chroma samples, one for each of the chroma components Cb and Cr.

Let predPartLO; and predPartL1; be (partWidth)x(partHeight) arrays of predicted luma sample values and when
chroma_format idc is not equal to 0 (monochrome) predPartLOcp, predPartL1c,, predPartLOc,, and predPartLlc, be
(partWidthC)x(partHeightC) arrays of predicted chroma sample values.

For LX being replaced by either LO or L1 in the variables predFlagl.X, RefPicListX, refldxLX, refPicL.X, predPartLX,

the foll
When {

For C
compoment C is derived by invoking the process specified in subclause 8.4.2,3“with the current partition specified 1

mbPart{dx and subMbPartldx and the array predPartLO¢c and predPartL1- ag'well as predFlagl.0 and predFlagl.1 given ps

input.
8.4.2.1
Input tq

Output
two-dif

Depend
subclay

If fi

For the
If fi

Th
chi
of
giy
Th|

pre
by
ref]

—_

Otherwise (field pic_flag is equal te-0), each entry of RefPicListX is a reference frame or a complementary refereng

fiel

Othprwise (field pic_flag is equal to 0), the following applies.

bwing is specified.
redFlagl. X is equal to 1, the following applies.

e reference picture consisting of an ordered two-dimensional array refPicLX; of luma samplésyand wh

en as input.

dPartL X, are derived by invoking the process specified in subclause 8.4.2.2 with the-current partition specifi

PicLX,, refPicLX, (if available), and refPicLX¢, (if available) given as input,

being replaced by L, Cb (if available), or Cr (if available), the array predPartc of the prediction samples pf

Reference picture selection process
this process is a reference index refldxLX.

of this process is a reference picture consisting of a~two-dimensional array of luma samples refPicLX; and t
hensional arrays of chroma samples refPicLX¢, anduefPicLX,.

se 8.2.4) consists of the following.

eld pic_flag is equal to 1, each entry ef RefPicListX is a reference field or a field of a reference frame.

] pair.

derivation of the reference\picture, the following applies.

fthes current macroblock is a frame macroblock, the reference frame or complementary reference field p4

152

RefPicl iqfY[ refldxI.X ] is the output The output reference frame or {‘nmplpmpnfnrv reference field pnir consi

e array predPartLX; and when chroma format _idc is not equal to 0 (monochrome) the arrays predPartLXc, apd
bd
mbPartldx\subMbPartldx, the motion vectors mvLX, mvCLX (if available), and the reference arrays with

ing on field pic flag, the reference picture’ list RefPicListX (which has been derived as specified f[in

eld pic flag is equalto”l, the reference field or field of a reference frame RefPicListX[ refldxLX ] is the outpyt.
The output reference~field or field of a reference frame consists of a (PicWidthInSamplesy )x(PicHeightInSamples )
array of luma <amples refPicLX; and, when chroma format idc is not equal to O (monochrome), two
(PiqWidthInSamptesc)x(PicHeightInSamplesc) arrays of chroma samples refPicL Xy, and refPicLXc,.

51}
oma_format_idc is not equal to 0 (monochrome) two ordered two-dimensional arrays refPicLX¢, and refPicL X,
Chroma samples is derived by invoking the process specified in subclause 8.4.2.1 with refldx[.\and RefPicLis{X

y

ir
ts

of a (PicWidthInSamples; )x(PicHeightInSamples;) array of luma samples refPicLX; and, when
chroma_format idc is not equal to 0 (monochrome), two (PicWidthInSamplesc)x(PicHeightInSamplesc) arrays of

chroma samples refPicL. X, and refPicL.Xc;.

Otherwise (the current macroblock is a field macroblock), the following applies.

- Let refFrame be the reference frame or complementary reference field pair RefPicListX[ refldxLX /2 ].
- The field of refFrame is selected as follows.

- If refldxLLX % 2 is equal to 0, the field of refFrame that has the same parity as the current macroblock
the output.

is
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- Otherwise (refldxLX % 2 is equal to 1), the field of refFrame that has the opposite parity as the current
macroblock is the output.

- The  output reference field or field of a  reference frame  consists of a
(PicWidthInSamples; )x(PicHeightInSamples; /2) array of Iluma samples refPicLX; and, when
chroma_format _idc is not equal to 0 (monochrome), two (PicWidthInSamplesc)x(PicHeightInSamplesc / 2)
arrays of chroma samples refPicLX¢, and refPicLXc,.

The reference picture sample arrays refPicLX;, refPicLX, (if available), and refPicLXc, (if available) correspond to
decoded sample arrays S;, Sc, (if available), S, (if available) derived in subclause 8.7 for a previously-decoded reference

B.4.2.2  Fractional sample interpolation process
nputs to this process are
the current partition given by its partition index mbPartldx and its sub-macroblock partition index subMbPaftldx,
the width and height partWidth, partHeight of this partition in luma-sample units,
a luma motion vector mvLX given in quarter-luma-sample units,
a chroma motion vector mvCLX given in eighth-chroma-sample units, and
the selected reference picture sample arrays refPicL.X, refPicL Xy, and refPicl X,
Dutputs of this process are
a (partWidth)x(partHeight) array predPartL X of prediction luma-Saimple values and

when chroma format idc is not equal to 0 (monochrome) two (partWidthC)x(partHeightC) arrays predRartLXcy,
and predPartL X, of prediction chroma sample values.

et ( XAy, YA ) be the location given in full-sample units ¢fthe upper-left luma sample of the current partition|given by
mbPartldx\subMbPartldx relative to the upper-left luma sample location of the given two-dimensional array| of luma
amples.

et (xInt;, yInt; ) be a luma location given in full-sample units and ( xFrac;, yFrac; ) be an offset given in quarter-
sample units. These variables are used only inside this subclause for specifying general fractional-sample locatigns inside
he reference sample arrays refPicLX, refPieLX(, (if available), and refPicL X, (if available).

For each luma sample location (0 <& xp < partWidth, 0 <=y < partHeight) inside the prediction luma sample array
predPartL. X, the corresponding prediction luma sample value predPartLX [ x;, yi ] is derived as follows:

- The variables xInt;, yInt;( XFrac;, and yFrac are derived by

xIntp = xAp + (MmvLX[0]>>2) +x. (8-220)
yintp = yAL&(mvLX[ 1 | >>2)+yL (8-221)
xFracp=mvLX[ 0] & 3 (8-222)
yFraci, =mvLX[ 1] &3 (8-223)

- Theprediction luma sample value predPartLX; [ x;, y ] is derived by invoking the process specified in
subclause 8.4.2.2.1 with ( xInt;, yInty ), ( xFracy, yFracy ) and refPicLX; given as input.

When chroma format idc is not equal to 0 (monochrome), the following applies

Let ( xIntc, yIntc ) be a chroma location given in full-sample units and ( xFracc, yFracc ) be an offset given in one-eighth
sample units. These variables are used only inside this subclause for specifying general fractional-sample locations inside
the reference sample arrays refPicL Xy, and refPicL.X,.

For each chroma sample location (0 <=x¢ < partWidthC, 0 <=y < partHeightC) inside the prediction chroma sample
arrays predPartLXc, and predPartLXc,, the corresponding prediction chroma sample values predPartLXcy[ Xc, yc ] and
predPartL X[ Xc, yc ] are derived as follows:

—  Depending on chroma_format_idc, the variables xIntc, yIntc, xFracc, and yFracc are derived as follows.

— Ifchroma format idc is equal to 1,
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- Th
8.4

- Th
8.4

8.4.2.2

Inputs {

xIntc = ( xAr / SubWidthC ) + (mvCLX[ 0 ]>>3) + xc (8-224)
yInte = (yAr / SubHeightC ) + (mvCLX[ 1 ] >>3 )+ yc (8-225)
xFracc =mvCLX[ 0] & 7 (8-226)
yFracc=mvCLX[ 1] & 7 (8-227)
Otherwise, if chroma format idc is equal to 2,
xInte = (xAr / SubWidthC ) + (mvCLX[ 0 ] >>3 ) + xc (8-228)
yintc = (vA; / SubHeightC ) + (mvCLX[ 1 ]>>2 )+ yc (8-229)
xFracc=mvCLX[0] & 7 (8<230)
yFracc=(mvCLX[ 1] & 3)<<1 (8-231)
Otherwise (chroma_format idc is equal to 3),
xIntc = ( xAr / SubWidthC ) + (mvCLX[ 0 ]>>2) + xc (8-232)
yIntc = ( yAr / SubHeightC ) + (mvCLX[ 1 ]>>2) +yc (8-233)
xFracc = (mvCLX[ 0] & 3)<<1 (8-234)
yFracc=(mvCLX[ 1] & 3)<<1 (8-233)

e prediction sample value predPartLXcy[ Xc, yc ] is derived by invoking the process specified in subclauge

.2.2.2 with ( xIntc, yIntc ), ( xFracc, yFracc ) and refPicL Xy, given as inpt.

e prediction sample value predPartLXc[ Xc yc] is derived byinyoking the process specified in subclauge

.2.2.2 with ( xIntc, yIntc ), ( xFracc, yFracc ) and refPicL X, given'as input.

1 Luma sample interpolation process

o this process are

- a lIrna location in full-sample units ( xInt;, yInty ),

- al
- the

Output

ma location offset in fractional-sample units (xFrac, yFrac, ), and
luma sample array of the selected referene¢picture refPicLXy

of this process is a predicted luma sample value predPartLX, [ x;, y. ]
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blocks with lower-case letters)*for quarter sample luma interpolation

xZy = Clip3( 0, PicWidthInSamples; — 1, xInt; + xDZ; )

Figure 8-4 — Integer samples (shaded blocks with upper=case letters) and fractional sample positions (un-{shaded

[he variable refPicHeightEffective;, which 1s-the height of the effective reference picture luma array, is derived as

- If MbaffFrameFlag is equal to 0.or mb_field decoding flag is equal to 0, refPicHeightEffective, is set|equal to
PicHeightInSamples; .

- Otherwise (MbaffFrameKlag'is equal to 1 and mb_field decoding_flag is equal to 1), refPicHeightEffectiye, is set
equal to PicHeightInSamples; / 2.

n Figure 8-4, the positions labelled with upper-case letters within shaded blocks represent luma samples at full-sample
ocations inside the/given two-dimensional array refPicLX; of luma samples. These samples may be used for ggnerating
he predicted lumay)sample value predPartLX;[ x, y |. The locations ( xZ;, yZ; ) for each of the correspondjng luma
amples Z, where-Z may be A,B,C,D,E, F,G,H, [, J, K, L, M, N, P, Q, R, S, T, or U, inside the given array r¢fPicL X
bf luma samples are derived as follows:

yZ;, = Clip3( 0, refPicHeightEffective, — 1, yInt; + yDZ; ) (8-236)
Table 8-11 specifies ( xDZ, yDZ, ) for different replacements of Z.
Table 8-11 — Differential full-sample luma locations
Z A |B |C |D J|E |F |G |H |I J K |L N [P |Q T |U
xDZ; | 0 1 1 2 |1-1 10 1 2 |3 2 |- 1 2 |3 1
yDZ |2 |2 |[-1 |-1 |O |O |O |O |O |O 1 1 1 1 1 3 3
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Given the luma samples ‘A’ to ‘U’ at full-sample locations ( XA, yAr ) to (xUy, yUy ), the luma samples ‘a’ to ‘s’ at

fraction

al sample positions are derived by the following rules. The luma prediction values at half sample positions shall

be derived by applying a 6-tap filter with tap values ( 1, -5, 20, 20, -5, 1). The luma prediction values at quarter sample
positions shall be derived by averaging samples at full and half sample positions. The process for each fractional position
is described below.

— The

samples at half sample positions labelled b shall be derived by first calculating intermediate values denoted as b,

by applying the 6-tap filter to the nearest integer position samples in the horizontal direction. The samples at half
sample positions labelled h shall be derived by first calculating intermediate values denoted as h; by applying the 6-
tap filter to the nearest integer position samples in the vertical direction:

b =(E-5*F+20*G+20*H-5*1+17]) (823
 =(A-5*C+20*G+20*M-5*R+T) (8-239)
The| final prediction values b and h shall be derived using:
b =Cliply((b;+16)>>5) (8-239)
h=Cliply((h; +16)>>5) (8-24(0)
— The samples at half sample position labelled as j shall be derived by first calculating intermédiate value denoted as|j;
by 4pplying the 6-tap filter to the intermediate values of the closest half sample positiofis in either the horizontal pr
vertiical direction because these yield an equal result.
li=cc—5*dd+20*h; +20*m; —5 *ee + ff, or (8-241)
li=aa—5*bb+20*b; +20*s, —5*gg+hh (8-242)

whe

the pame manner as the derivation of b; and intermediate values dénoted as cc, dd, ee, m; and ff shall be derived 1

in
Py

re intermediate values denoted as aa, bb, gg, s; and hh shall be detived by applying the 6-tap filter horizontally

applying the 6-tap filter vertically in the same manner as the detivation of h;. The final prediction value j shall be
derived using:
1= Cliply((j; +512)>>10) (8-243)
— Thd final prediction values s and m shall be derived from s; and m; in the same manner as the derivation of b and |,
as giiven by:
=Cliply((s; +16)>>5) (8-244)
m = Cliply((m; +16)>>5) (8-24%)
— Thefsamples at quarter sample positions labelled as a, ¢, d, n, f, 1, k, and q shall be derived by averaging with upwafrd
rounding of the two nearest samples at integer and half sample positions using:
h=(G+b+1)>>1 (8-244)
E=(H+b+1)>*1 (8-247)
1=(G+h+1)>>1 (8-24%)
n=(M+h+1H>>1 (8-249)
F=(b+j€1)>>1 (8-25()
=(htg+1)>1 (8-251)
k=(j¥m+1)>>1 (8-253)
N&60)+s+1)>>1. (8-253)
— The samples at quarter sample positions labelled as e, g, p, and r shall be derived by averaging with upward rounding
of the two nearest samples at half sample positions in the diagonal direction using
e=(b+h+1)>1 (8-254)
g=(b+m+1)>>1 (8-255)
p=(h+s+1)>1 (8-256)
r=(m+s+1)>1. (8-257)
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The luma location offset in fractional-sample units ( xFrac, yFrac; ) specifies which of the generated luma samples at
full-sample and fractional-sample locations is assigned to the predicted luma sample value predPartLX;[ x;, yp ]. This
assignment is done according to Table 8-12. The value of predPartLX; [ x;, y ] shall be the output.

Table 8-12 — Assignment of the luma prediction sample predPartLX, [ x, y. |

xFrac, 0 0 0 0 1 1 1 1 2 2 2 2 3 3 3 3

yFracp 0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3

predPartLX [ x;,y.] | G | d h n a e i p b f j q c g k r

B.4.2.2.2 Chroma sample interpolation process

[his process shall only be invoked when chroma_format_idc is not equal to 0 (monochrome).
nputs to this process are

a chroma location in full-sample units ( xIntc, ylntc ),

a chroma location offset in fractional-sample units ( xFracc, yFracc ), and

chroma component samples from the selected reference picture refPicL. X

Dutput of this process is a predicted chroma sample value predPartL X[ x&)yc 1.

n Figure 8-5, the positions labelled with A, B, C, and D represent.chroma samples at full-sample locations ihside the
biven two-dimensional array refPicLXc of chroma samples.

xFrac;| 8-xFrac,

8-yFrac,

Figure 8-5 — Fractional sample position dependent variables in chroma interpolation and surrounding integer
position samples A, B, C, and D

[he variable,refPicHeightEffectivec, which is the height of the effective reference picture chroma array, is dprived as
follows:

- Alf \MbaffFrameFlag is equal to 0 or mb_field decoding flag is equal to 0, refPicHeightEffectivec is set|equal to
PicHeightInSamplesc.

—  Otherwise (MbaffFrameFlag is equal to 1 and mb_field decoding flag is equal to 1), refPicHeightEffectivec is set
equal to PicHeightInSamplesc / 2.

The sample coordinates specified in Equations 8-258 through 8-265 are used for generating the predicted chroma sample
value predPartLX[ x¢, yc |-

xAc = Clip3( 0, PicWidthInSamplesc — 1, xInt ) (8-258)
xB¢ = Clip3( 0, PicWidthInSamplesc — 1, xIntc + 1) (8-259)
xCc = Clip3( 0, PicWidthInSamplesc — 1, xIntc ) (8-260)
xD¢ = Clip3( 0, PicWidthInSamplesc — 1, xIntc + 1) (8-261)
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yAc = Clip3( 0, refPicHeightEffectivec — 1, yIntc ) (8-262)
yBc = Clip3( 0, refPicHeightEffectivec — 1, yIntc ) (8-263)
yCc = Clip3( 0, refPicHeightEffectivec — 1, ylntc + 1) (8-264)
yD¢ = Clip3( 0, refPicHeightEffectivec — 1, yIntc + 1) (8-265)

Given the chroma samples A, B, C, and D at full-sample locations specified in Equations 8-258 through 8-265, the
predicted chroma sample value predPartLX[ X¢, yc | is derived as follows:

predPartL X[ x¢, yc ] = (( 8 —xFracc ) * ( 8 — yFracc ) * A + xFracc * ( 8 — yFracc ) *B +
(8 —xFracc ) * yFracc * C + xFracc * yFracc * D +32)>>6_ (8-266)

8.4.2.3] Weighted sample prediction process

Inputs fo this process are

- mYPartldx: the current partition given by the partition index
- subMbPartldx: the sub-macroblock partition index

- prddFlagl0 and predFlagL1: prediction list utilization flags

—_—

- prddPartLX;: a (partWidth)x(partHeight) array of prediction luma samples (with LX\being replaced by LO or 1L
depending on predFlagl0 and predFlagl1)

- when chroma format idc is not equal to0O (monochrome),  predPartLXc, and predPartLX¢,:
(pqrtWidthC)x(partHeightC) arrays of prediction chroma samples, one for gach of the chroma components Cb and
Cr|(with LX being replaced by LO or L1 depending on predFlagL0 and prédFlagL.1)

Outputs of this process are
- prqdPart;: a (partWidth)x(partHeight) array of prediction luma samiples and

- when chroma format idc is not equal to 0 (monochrome); predPartc,, and predPartc,: (partWidthC)x(partHeight(")
arrpys of prediction chroma samples, one for each of the chroma components Cb and Cr.

<

For magroblocks or partitions with predFlagl0 equal to 1:in“P and SP slices, the following applies.

- If weighted pred flag is equal to 0, the defaultweighted sample prediction process as described in subclaupe
8.4.2.3.1 is invoked with the same inputs and ‘eutputs as the process described in this subclause.

- Otherwise (weighted pred flag is equal te'l), the explicit weighted prediction process as described in subclaupe
8.4.2.3.2 is invoked with the same inputs and outputs as the process described in this subclause.

For magroblocks or partitions with prédFlagl.0 or predFlagl.1 equal to 1 in B slices, the following applies.

- If weighted bipred idc is ,equal to 0, the default weighted sample prediction process as described in subclaupe
8.4.2.3.1 is invoked withthe-same inputs and outputs as the process described in this subclause.

- Otherwise, if weighted bipred idc is equal to 1, the explicit weighted sample prediction process as described fin
subclause 8.4.2.3:2,for macroblocks or partitions with predFlagL0 or predFlagl1 equal to 1 with the same inpyts
andl outputs as the.process described in this subclause.

- Otherwise«weighted bipred idc is equal to 2), the following applies.

- | IfpredFlagl0 is equal to 1 and predFlagL1 is equal to 1, the implicit weighted sample prediction as described [in
subclause 8.4.2.3.2 is invoked with the same inputs and outputs as the process described in this subclause.

- Otherwise (predFlagl0 or predFlagl.1 are equal to 1 but not both), the default weighted sample prediction
process as described in subclause 8.4.2.3.1 is invoked with the same inputs and outputs as the process described
in this subclause.

8.4.2.3.1 Default weighted sample prediction process
Input to this process are the same as specified in subclause 8.4.2.3.
Output of this process are the same as specified in subclause 8.4.2.3.

Depending on the available component for which the prediction block is derived, the following applies.
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- If the luma sample prediction values predPart, [ x, y ] are derived, the following applies with C set equal to L, x set

equal to 0 .. partWidth - 1, and y set equal to O .. partHeight - 1.

- Otherwise, if the chroma Cb component sample prediction values predPartc,[ x,y ] are derived, the following

applies with C set equal to Cb, x set equal to 0 .. partWidthC - 1, and y set equal to 0 .. partHeightC - 1.

- Otherwise (the chroma Cr component sample prediction values predPartc,[ x, y | are derived), the following applies

with C set equal to Cr, x set equal to 0 .. partWidthC - 1, and y set equal to O .. partHeightC - 1.

The prediction sample values are derived as follows.

ifplchidgLG ib cqual o 1 dlld PlUdFldng ib cqual [48) G fUl l}lC CUIicIt par liliUll
predPartc[ x, y ] = predPartLO[ X, y ]

- Otherwise, if predFlagl0 is equal to 0 and predFlagL1 is equal to 1 for the current partition

predPartc[ x, y |= predPartL1¢[ X, y ]

- Otherwise (predFlaglL0 and predFlagL1 are equal to 1 for the current partition),

predPartc[ x, y ] = ( predPartLOc[ x, y ] + predPartL1c[ x,y ]+ 1)>> 1.

B.4.2.3.2 Weighted sample prediction process

nput to this process are the same as specified in subclause 8.4.2.3.

Dutput of this process are the same as specified in subclause 8.4.2.3.

Depending on the available component for which the prediction-block is derived, the following applies.

If the luma sample prediction values predPart; [ x, y | are derived, the following applies with C set equal t
equal to 0 .. partWidth - 1, and y set equal to O .. partHeight - 1.

Otherwise, if the chroma Cb component sample® prediction values predPartc,[ X,y ] are derived, the f{
applies with C set equal to Cb, x set equal to O partWidthC - 1, and y set equal to O .. partHeightC - 1.

Otherwise (the chroma Cr component sample prediction values predPartc,[ X, y | are derived), the followin|
with C set equal to Cr, x set equal to 0-xrpartWidthC - 1, and y set equal to O .. partHeightC - 1.

[he prediction sample values are derived as follows

(8-267)

(8-268)

(8-269)

L, x set

ollowing

o applies

If the partition mbPartldx\subMbPartldx has predFlagl.0 equal to 1 and predFlagl.1 equal to 0, the final predicted
sample values predPartc[ X, y'] are derived by
if( logWD>=1)
predPartc[ xoy)] = Clipl( ( ( predPartLOc[ x, y ] * wo + 2°°¢VP 1) >> logWD ) + 0 )
else (8-270)
predPartg| x, y ] = Cliplc( predPartLOc[ X, y ] * wo + 0p )
Otherwise, if the partition mbPartldx\subMbPartldx has predFlagL0 equal to 0 and predFlagL1 equal to 1,|the final
predicted sample values predPartc[ x, y | are derived by
if( logWD >=1)
. logWD - 1 \ 1o oDt AN
A > J==IOg WO OT)
else (8-271)
predPartc[ x, y ] = Cliplc( predPartL1c[ X,y | * wy + 0y )
- Otherwise (the partition mbPartldx\subMbPartldx has both predFlagl.0 and predFlagll equal to 1), the final
predicted sample values predPart([ x, y | are derived by
predPartc[ x, y ] = Cliplc( ( ( predPartLOc[ X, y ] * wo + predPartL1c[ x, y ] * wy +2"%8%P ) >>
(logWD+ 1))+ ((0p+o;+1)>>1)) (8-272)
The variables in the above derivation for the prediction samples are derived as follows.
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- If weighted bipred_idc is equal to 2 and the slice_type is equal to B, implicit mode weighted prediction is used as

follows.
logWD =5 (8-273)
0=0 (8-274)
0,=0 (8-275)
and wy and wy are derived as follows

- Othprwise (weighted pred flag is equal to 1 in P or SP slices or weighted bipred_idc equal to 1 in B slices), expli¢i
mode weighted prediction is used as follows.

160

[he variables currPicOrField, pic0, and picl are derived as follows:

—  Iffield pic flagis equal to 0 and the current macroblock is a field macroblock, the following @pplies.

—  currPicOrField is the field of the current picture CurrPic that has the same parity-as the curre
macroblock.

—  The variable pic0 is derived as follows.

—  If refldxL0 % 2 is equal to 0, picO is the field of RefPicListO[ refldxL,0 / 2 ] that has the san
parity as the current macroblock.

—  Otherwise (refldxL0 % 2 is not equal to 0), picO is the field 6f RefPicListO[ refldxL0 /2 ] th
has the opposite parity of the current macroblock.

—  The variable picl is derived as follows.

—  IfrefldxLL1 % 2 is equal to 0, picl is the field of RetPicListl[ refldxL1 /2 ] that has the san
parity as the current macroblock.

—  Otherwise (refldxL1 % 2 is not equal to 0), piel is the field of RefPicListl[ refldxLL1/2 ] th
has the opposite parity of the current macroblock.

- Otherwise (field pic_flag is equal to 1 or the curctent macroblock is a frame macroblock), currPicOrFig)
is the current picture CurrPic, picl is RefPicListl[ refldxL1 ], and picO is RefPicListO[ refldxLoO ].

[Che variables tb, td, tx, and DistScaleFactor are*derived from the values of currPicOrField, pic0O, picl usii
Fquations 8-198, 8-199, 8-194, and 8-195, respectively.

f DiffPicOrderCnt( picl, pic0 ) is equal<to’0 or one or both of picl and picO is marked as "used for long-teq
reference" or ( DistScaleFactor >> 2 )< 264 or ( DistScaleFactor >> 2 ) > 128, w, and w; are derived as

wo =32 (8-274

w; =32 (8-277
Dtherwise,

Wy = 64 — (DistScaleFactor >> 2) (8-279

w, = DistScaleFactor >> 2 (8-2794

nt

1C

1C

Id

)

m

The variables refldxLOWP and refldxL.1 WP are derived as follows.

- If MbaffFrameFlag is equal to 1 and the current macroblock is a field macroblock

refldxLOWP = refldxLL.0 >> 1 (8-280)

refldxL1WP = refldxL1 >> 1 (8-281)

- Otherwise (MbaftFrameFlag is equal to 0 or the current macroblock is a frame macroblock),

refldxLOWP = refldxLO (8-282)
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refldxL1WP = refldxL1 (8-283)

- The variables logWD, wg, w1, 0y, and 0, are derived as follows.

- If Cin predPart([ x, y ] is replaced by L for luma samples

logWD = luma_log2 weight denom (8-284)
wo = luma_weight 10[ refldxLOWP ] (8-285)
w1 = luma_weight_I1] refl[dxCTWP | (8-286)
09 = luma_offset 10[ refldxLOWP ] * (1 << ( BitDepthy —8)) (8-287)
07 =luma_offset 11[ refldxL1WP ] * ( 1 << ( BitDepthy —8)) (8-288)

- Otherwise (C in predPartc[ x,y] is replaced by Cb or Cr for chroma samples, -with iCbCr= (| for Cb,
iCbCr =1 for Cr),

logWD = chroma log2 weight denom (8-289)
wo = chroma_weight 10[ refldxLOWP ][ iCbCr ] (8-290)
w; = chroma_weight 11[ refldxL1WP ][ iCbCr ] (8-291)
09 = chroma_offset 10[ refldxLOWP ][ iCbCr | * ( 1 &¢BitDepthc —8)) (8-292)
0, = chroma_offset 11[ refldxL1WP ][ iCbCr ] &\l << ( BitDepthc —8)) (8-293)

When explicit mode weighted prediction is used and the. partition mbPartldx\subMbPartldx has both predFldgl.0 and
predFlagl.1 equal to 1, the following constraint shall be‘obeyed

128 <= wp + w; <= ((logWD == 7)? 127 : 128) (8-294)

NOTE —For implicit mode weighted prediction, weights w, and w; are each guaranteed to be in the range of -64..128 and the
constraint expressed in Equation 8-294.\although not explicitly imposed, will always be met. For explicit mode|weighted
prediction with logWD equal to 7, when one of the two weights wy or w; is inferred to be equal to 128 (as a consefjuence of
luma_weight 10 flag, luma weight 11 _flag, chroma weight 10 flag, or chroma weight 11 flag equal to 0), the other Weight (w;
or wp) must have a negative value in order for the constraint expressed in Equation 8-294 to hold (and therefore the fother flag
luma_weight 10 flag, luma_weight 11 flag, chroma weight 10 flag, or chroma_weight 11 flag must be equal to 1).

B.S Transform coefficient decoding process and picture construction process prior to dehlocking
filter process

nputs to this pfocess are Intral 6x16DCLevel (if available), Intral6x16ACLevel (if available), LumaLevel (if ayailable),
_umalevel8x8+(if available), ChromaDCLevel (if available), ChromaACLevel (if available), and available Intef or Intra
prediction sample arrays for the current macroblock for the applicable components pred;, predcy, or predc;.

NOTE'— When decoding a macroblock in Intra 4x4 (or Intra_8x8) prediction mode, the luma component of the l:Fcroblock

prediction array may not be complete, since for each 4x4 (or 8x8) luma block, the Intra_4x4 (or Intra_8x8) prediction process for
Iuma samples as specified in subclause 8.3.1 (or 8.3.2) and the process specified in this subclause are iterated.

Outputs of this process are the constructed sample arrays prior to the deblocking filter process for the applicable
components Sy, S’cp, OF S’

NOTE — When decoding a macroblock in Intra 4x4 (or Intra 8x8) prediction mode, the luma component of the macroblock
constructed sample arrays prior to the deblocking filter process may not be complete, since for each 4x4 (or 8x8) luma block, the
Intra_4x4 (or Intra_8x8) prediction process for luma samples as specified in subclause 8.3.1 (or 8.3.2) and the process specified in
this subclause are iterated.

This subclause specifies transform coefficient decoding and picture construction prior to the deblocking filter process.

When the current macroblock is coded as P_Skip or B_Skip, all values of LumaLevel, LumaLevel8x8, ChromaDCLevel,
ChromaACLevel are set equal to 0 for the current macroblock.
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When residual_colour_transform_flag is equal to 1, the residual colour transform process as specified in subclause 8.5.13
is invoked.

8.5.1

Specification of transform decoding process for 4x4 luma residual blocks

This specification applies when transform_size 8x8 flag is equal to 0.

When the current macroblock prediction mode is not equal to Intra 16x16, the variable Lumalevel contains the levels
for the luma transform coefficients. For a 4x4 luma block indexed by luma4x4Blkldx = 0..15, the following ordered steps
are specified.

1.

8.5.2

When
Intral6
in the fi

1.

[he inverse transform coellicient scanning process as described in_subclause 8.50.5 1s invoked _wi
[ umalevel[ luma4x4BlkIdx ] as the input and the two-dimensional array c as the output.

[he scaling and transformation process for residual 4x4 blocks as specified in subclause 8.5.10 is invoked with
s the input and r as the output.

process is suspended until after completion of the residual colour transform process~as specified
ubclause 8.5.13, after the completion of which, the variable r; is set equal to Rgj; with 1,15, 70..3 and this proce
s continued.

erived by invoking the inverse 4x4 luma block scanning process in subclause'6.4.3 with luma4x4Blkldx as t
nput and the output being assigned to ( xO, yO ).

[he 4x4 array u with elements uy; for i, j = 0..3 is derived as

;; = Cliply( pred [ xO +j,yO +i]+13) (8-294

Hata that result in a value of u;; as computed by Equation 8-295 that is not equal to pred; [ XO +j, yO +1 ] + rj.

[he picture construction process prior to deblocking filter process in subclause 8.5.12 is invoked wi
uma4x4Blkldx and u as the inputs.

Specification of transform decoding process for luma samples of Intra_16x16 macroblock predictig
mode

k16ACLevel contain the levels for the Tuma transform coefficients. The transform coefficient decoding procee
bllowing ordered steps:

[he 4x4 luma DC transform ceefficients of all 4x4 luma blocks of the macroblock are decoded.

. The inverse transforml coefficient scanning process as described in subclause 8.5.5 is invoked wil
Intral6x16DCLevel-as the input and the two-dimensional array c as the output.

b. The scaling-and transformation process for luma DC transform coefficients for Intra 16x16 macroblock ty]
as specifiedin subclause 8.5.8 is invoked with c as the input and dcY as the output.

For a 4x4 lima block indexed by luma4x4Blkldx = 0..15, the following ordered steps are specified.

h. The variable lumaList, which is a list of 16 entries, is derived. The first entry of lumalList is the correspondir

When residual_colour_transform_flag is equal to 1, the variable Ry is set equal to r;; with~i,g>=0..3 and thi

[he position of the upper-left sample of a 4x4 luma block with index luma4x4Blkldx inside the macroblock [i

When gpprime_y zero_transform_bypass flag is equal to 1 and’QP'y is equal to 0, the bitstream shall not contajin

the current macroblock prediction (mode is equal to Intra 16x16, the variables Intral6x16DCLevel apd

h

C

)

th

n

s

th

DC

&

value from the array dcY. Figure 8-6 shows the assignment of the indices of the array dcY to t

NC

162

luma4x4Blkldx. The two numbers in the small squares refer to indices 1 and j in dcYj;, and the numbers
large squares refer to luma4x4BlkIdx.

m
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B.5.3

. The scaling and transformation process for residual 4x4 blocks as‘specified in subclause 8.5.10 is invg

. When residual_colour_transform_flag is equal to 1, the/variable Ry j is set equal to 1;; with i, j = 0..3

. The position of the upper-left sample of a 4x4 luma block with index luma4x4BIkIdx inside the macrj

. The picture ¢onstruction process prior to deblocking filter process in subclause 8.5.12 is invo

[his specification applies when transform_size 8x8 flag is equal to 1.

Foran 8x8 luma block indexed by luma8x8BlkIdx = 0..3, the following ordered steps are specified.

Figure 8-6 — Assignment of the indices of dcY to luma4x4BlkIdx

The elements in lumaList with index k = 1..15 are specified as

lumaList[ k ] = Intral6x16ACLevel[ luma4x4BIkIdx J[ k-1 ]

the input and the two-dimensional array ¢ as the output.
c as the input and r as the output.

process is suspended until after completion of the tesidual colour transform process as spe
subclause 8.5.13, after the completion of which, the)variable rj is set equal to Rgj with i,j=0..3
process is continued.

(8-296)

. The inverse transform coefficient scanning process as described in subelause 8.5.5 is invoked with lufnaList as

ked with

and this
bified in
and this

bblock is

derived by invoking the inverse 4x4 lum@,block scanning process in subclause 6.4.3 with luma4x4Blkldx as

the input and the output being assigned-to'( xO, yO ).

The 4x4 array u with elements u;; for1, j = 0..3 is derived as
u;j = Cliply( pred [ XO +j,gO+i] +13)

When qpprime_y_zere\transform bypass_flag is equal to 1 and QP'y is equal to 0, the bitstream
contain data that resulf in a value of u;; as computed by 8-297 that is not equal to pred;[ xO +j, yO + i

luma4x4BIKldx and u as the inputs.

Specification of transform decoding process for 8x8 luma residual blocks

(8-297)

Shall not
]+

ked with

[he variablé Lumalevel8x8[ luma8x8BIlkIdx | with luma8x8Blkldx = 0..3 contains the levels for the luma transform
Coefficients for the luma 8x8 block with index luma8x8BIkIdx.

1. The inverse scanning process for 8x8 luma transform coefficients as described in subclause 8.5.6 is invoked with
LumaLevel8x8[ luma8x8BlklIdx ] as the input and the two-dimensional array c as the output.

2. The scaling and transformation process for residual 8x8 blocks as specified in subclause 8.5.11 is invoked with ¢ as
the input and r as the output.

3. When residual_colour_transform_flag is equal to 1, the variable Ry is set equal to r;; with i, j = 0..7 and this process
is suspended until after completion of the residual colour transform process as specified in subclause 8.5.13, after the
completion of which, the variable t;; is set equal to Rg; with i, j = 0..7 and this process is continued.
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8.5.4 | Specification of transform decoding process for chroma samples
This prpcess is invoked for each chroma component Cb and Cr seperately.

For ea¢gh chroma component, the variables ChromaDCLevel[ iCbCr ] and ChromaACLevel[ iCbCt'], with iCbCr det
equal tp 0 for Cb and iCbCr set equal to 1 for Cr, contain the levels for both components of\the chroma transform
coefficients.

Let the|variable numChroma4x4Blks be set equal to (MbWidthC / 4) * (MbHeightC / 4)-
For eadh chroma component, the transform decoding proceeds separately in the following ordered steps:

1.

The position of the upper-left sample of an 8x8 luma block with index luma8x8Blkldx inside the macroblock is
derived by invoking the inverse 8x8 luma block scanning process in subclause 6.4.4 with luma8x8BlkIdx as the
input and the output being assigned to ( xO, yO ).

The 8x8 array u with elements u;; for i, j = 0..7 is derived as
ujj = Cliply( pred [ xO +j,yO +i]+1;) (8-298)

When gpprime_y zero_transform_bypass _flag is equal to 1 and QP'y is equal to 0, the bitstream shall not contain
data that result in a value of u;; as computed by Equation 8-298 that is not equal to pred; [ xO +j, yO +1i ] + 1.

The picture construction process prior to deblocking filter process in subclause 8.5.12 is invoked ‘with
lurha8x8BlkIdx and u as the inputs.

The numChroma4x4Blks chroma DC transform coefficients of the 4x4 chroma blocks of the component indexed by
iChCr of the macroblock are decoded.

a. | Depending on the variable chroma_format _idc, the following applies.

—| Ifchroma format idc is equal to 1, the 2x2 array c is derived using the inverse raster scanning process appligd
to ChromaDCLevel as follows

ChromaDCLevel [iCbCr [0 ] ChromaDCLevelfiiCbCr | 1]

Cc = ) ) (8-299
ChromaDCLevel[ iCbCr ][ 2 ] ChromaDCLevel[ iCbCr ][ 3 ]

~

—| Otherwise, if chroma format idc is equal to 2, the 2x4 array c is derived using the inverse raster scannipg
process applied to ChromaDCLevel-as-follows

ChromaDCLevel[iCbCr[0]. \ChromaDCLevel[iCbCr]2
ChromaDCLevel[iCbCe[N] ChromaDCLevel[iCbCr]5
- ChromaDCLevel[iCbCrT3] ChromaDCLevel[iCbCr6
ChromaDCLevelfiCbCr[4] ChromaDCLevel[iCbCr]7

~

]
]
: (8-30(
]

—| Otherwise {¢hroma format idc is equal to 3), the inverse scanning process for transform coefficients ps
specified ‘ur-subclause 8.5.5 is invoked with ChromaDCLevel[ iCbCr ] as the input and the two-dimensional
4x4 array c as the output.

b. | The scaling and transformation process for chroma DC transform coefficients as specified in subclause 8.5.9[is
inyoked with ¢ as the input and dcC as the output.

For each 4x4 chroma block indexed by chroma4x4Blkldx = 0..numChroma4x4Blks — 1 of the component indexed by
iCbCr, the following ordered steps are specified.

a. The variable chromalist, which is a list of 16 entries, is derived. The first entry of chromaList is the
corresponding value from the array dcC. Figure 8-7 shows the assignment of the indices of the array dcC to the
chroma4x4BlkIdx. The two numbers in the small squares refer to indices i and j in dcC;;, and the numbers in
large squares refer to chroma4x4BlkIdx.
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Figure 8-7 — Assignment of the indices of dcC to chroma4x4BIlkIdx:
(a) chroma_format_idc equal to 1, (b) chroma_format_idc equal to 2, (c) chroma_format idc equal tp 3

The elements in chromaList with index k = 1..15 are specified as

chromaList[ k ] = ChromaACLevel[ chroma4x4BlkIdx J[k—1] (8-301)

b. The inverse scanning process for transform coefficients as specified in subclause 8.5.9 is invoked with
chromalL ist as the input and the two-dimensional array ¢ as the.output.

c. The scaling and transformation process for residual 4x4 blocks as specified in subclause 8.5.10 is invokpd with ¢
as the input and r as the output.

d. Depending on the variable chroma format_idec, the position of the upper-left sample of a 4x4 chroma block with
index chroma4x4BlkIdx inside the macroblock is-détived as follows.

— Ifchroma format idc is equal to 1 or 25the following applies.

xO = InverseRasterScan( chroma4x4Blkldx, 4, 4, 8, 0) (8-302)
yO = InverseRasterScan( chroma4x4Blkldx, 4, 4, 8, 1) (8-303)

—  Otherwise (chroma_format_idc is equal to 3), the following applies.

xO = InverseRasterSCan( chroma4x4Blkldx / 4, 8, 8, 16,0 ) +
InverseRasterScan( chroma4x4Blkldx % 4, 4, 4, 8,0 ) (8-304)

yO =Invers¢RasterScan( chroma4x4Blkldx / 4, 8, 8, 16, 1 ) +
InverseRasterScan( chroma4x4Blkldx % 4, 4,4, 8, 1) (8-305)

e. When' residual colour transform flag is equal tol, the wvariable xO' is set equal to
xO % (4 << transform_size 8x8 flag ), the variable yO' is set equal to yO % ( 4 << transform_size 838 flag),
and the following applies.

— If this process is invoked for the chroma component Cb, the variable Reppmy is set equal tg r; with
i j:ﬂ A m=x0'"+1n :Vﬂ'+j and this process is QHQ}‘\F‘I"I{‘]P(‘I until after (‘nmp]P‘rinn of thel residual
colour transform process as specified in subclause 8.5.13, after which the variable 1; is set equal to Ry,
with i, j =0..3, m=x0'+1, n = yO' + j and this process is continued.

—  Otherwise (this process is invoked for the chroma component Cr), the variable R¢, m, is set equal to r; with
1,j=0.3, m=x0"'+1,n=y0'+j and this process is suspended until after the completion of the residual
colour transform process as specified in subclause 8.5.13, after which the variable 1; is set equal to Rg iy
with i, j =0..3, m=x0'+1, n = yO'+ j and this process is continued.

f.  The 4x4 array u with elements u; for i, j = 0..3 is derived as

u;j = Clipl¢( predc[ xO +j, yO +i] + 1) (8-306)
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8.5.5

When gpprime_y zero_transform bypass_flag is equal to 1 and QP'y is equal to 0, the bitstream shall not
contain data that result in a value of u; as computed by Equation 8-306 that is not equal to
prede[ xO +j, yO +1i ] + 1.

The picture construction process prior to deblocking filter process in subclause 8.5.12 is invoked with
chroma4x4Blkldx and u as the inputs.

Inverse scanning process for transform coefficients

Input to this process is a list of 16 values.

Output
coeffic
inverse
scaling

The in
transfos
The iny
used fo

The inperse scanning process for scaling lists maps the sequence of scaling list entries” to the positions in the
pnding scaling matrix. For this mapping, the inverse zig-zag scan shall be used.

COrresp,

Figure

Table §
array ¢

ents, these 4x4 values represent levels assigned to locations in the transform block. In the case of applying-the

matrix.

m coefficient level positions. Table 8-13 specifies the two mappings: inverse zig-zag scan and.inverse field scan.
erse zig-zag scan shall be used for transform coefficients in frame macroblocks and the inverse field scan shall be

R-8 illustrates the scans.

-13 provides thie.mmapping from the index idx of input list of 16 elements to indices i and j of the two-dimensionfal

of this process 1S a variable ¢ containing a two-dimensional array of 4x4 values. In the case of transiofm

scanning process to a scaling list, the output variable ¢ contains a two-dimensional array representing)a 4x4

erse scanning process for transform coefficients maps the sequence of transform coefficient levels to the

transform coefficients in field macroblocks.

A
e
l

9 —»10 14 ~<5»15

<« — 0 ¢
«

N<e—o «—on
2e—23
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Figure 8-8 — 4x4 block scans. (a) Zig-zag scan. (b) Field scan (informative)

Table 8-13 — Specification of mapping of idx to ¢; for zig-zag and field scan

idx 0 1 2 | 3 | 4 S | 6 | 7 [ 8 |9 |10 11 12 [13 |14 |15

166

Zig-zag | Coo | Coi | C1o [ €20 | €11 | Co2 | Co3 | Ci2 | Car | C30 | €31 | Co2 | €13 | €23 | €32 | €33

field | coo | Cio | Co1 | €20 | €30 | €11 | €21 | €31 | Co2 | Ci2 | €22 | €32 | Co3 | €13 | €23 | C33
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8.5.6 Inverse scanning process for 8x8 luma transform coefficients
Input to this process is a list of 64 values.

Output of this process is a variable ¢ containing a two-dimensional array of 8x8 values. In the case of transform
coefficients, these 8x8 values represent levels assigned to locations in the transform block. In the case of applying the
inverse scanning process to a scaling list, the output variable ¢ contains a two-dimensional array representing an 8x8
scaling matrix.

The inverse scanning process for transform coefficients maps the sequence of transform coefficient levels to the
transform coefficient level positions. Table 8-14 specifies the two mappings: inverse 8x8 zig-zag scan and inverse 8x8
field scan. The inverse 8x8 zig-zag scan shall be used for transform coefficients in frame macroblocks and/thg inverse
Rx8 field scan shall be used for transform coefficients in field macroblocks.

[he inverse scanning process for scaling lists maps the sequence of scaling list entries to the- positiorfs in the
torresponding scaling matrix. For this mapping, the inverse zig-zag scan shall be used.

Figure 8-9 illustrates the scans.

0O+»1 5+»6 14>»15 27»28 0
Y AN A K AN \
4 7 13 16 26 29 42 1

\

2

2
VA ¥ A KA K AN
3 8 12 17 25 30 41 43

y A ¥ 72 ¥ 2K J/
9 11 18 24 31 40 44 53 5 /9
VA X A KA AN i? /
6 /13

10 19 23 32 39 45 52 54
y A ¥ A ¥ 7 ¥

20 22 33 38 46 51 55 60 10
YA ¥ A KA AN \
21 34 37 47 50 56 (59 61 11
Ky A ¥ A ¥oA ¥ \
35»36 48+»49 57»58 62-»63 12 19 27 35 43 50 57 (63

a b

Figure 8-9 — 8x8 block scans. (a) 8x8 zig-zag scan. (b) 8x8 field scan (informative)

[able 8-14-provides the mapping from the index idx of the input list of 64 elements to indices i and j of [the two-
limensighalarray c.
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Table 8-14 — Specification of mapping of idx to ¢;; for 8x8 zig-zag and 8x8 field scan

idx 0|1 |23 4|56 |7 |89 1011|1213 )14 |15

zig-zag Co0 | Co1 | €10 | €20 | €11 | Co2 [ Co3 [ C12 | Co1 | C30 | C40 | C31 | C22 | €13 | Co4 | Cos

field Coo | €10 | €20 | Co1 | Ci1 | €30 | Ca0 | Ca1 | Co2 | €31 | C50 | €60 | C70 | Ca1 | C12 | Co3

Table 8-14 (continued) — Specification of mapping of idx to cij for 8x8 zig-zag and 8x8 field scan

1dx 16 [ 17 [ 18 | 19 [ 20 [ 21 [ 22 [ 23 |24 [ 25 (26 |27 [28 [ 29|30 [ 31

Zig-zag | Ci4 | Cp3 | C3p | Ca1 | C50 | Ce0 | Cs1 | Cap | €33 | Coa | €15 | Cos | Co7 | €16 | C25 | C34

field C2 [ Cs1 | Ce1 | C71 | €32 | €13 | Co4 | C23 | Ca2 | C52 | C2 | C72 | C33 | C1a | Cos5 | Co4

Table 8-14 (continued) — Specification of mapping of idx to cij for 8x8 zig-zag and 8x8 field’'scan

idx 32 133 134 |35[36 |37 383940 |41 |42 | 43 | 44 | 45 46 | 47

Zig-zag | C43 | Cso | Cg1 | C70 | C71 | Ce2 | Cs53 | Caq | C35 | Co6 | €17 | Co7 | C46/|,Cas | Cs4 | Ce3

field C43 | C53 | Co3 | €73 | C34 | C15 | Co6 | Co5 | Caq | C54 | Coa | €74 €35 | Ci6 | Co6 | Ca4s

Table 8-14 (concluded) — Specification of mapping of idx to cij for 8x8 zig-zag and 8x8 field scan

idx 48 |49 |50 | 51 |52 |53 |54 [ 55|56 | 57\/S58 |59 | 60 | 61 | 62 | 63

21g-7a8 | C7p | C73 | Co4 | C55 | Ca6 | C37 | Ca7 | Cs6 | Co5[N€74 | C75 | Co6 | C57 | Co7 | C76 | C77

field Css | Ce5 | €75 | C36 | Co7 | C17 | Ca6 | C56.[7866 | C76 | C27 | C37 | Ca7 | C57 | Co7 | C77
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8.5.7  Derivation process for the chroma quantisation parameters and scaling function

Outputs of this process are:
—  QP¢: the chroma quantisation parameter for each chroma component Cb and Cr
—  QSc: the additional chroma quantisation parameter for each chroma component Cb and Cr required for decoding SP
and SI slices (if applicable)
NOTE — QP quantisation parameter values QPy and QSy are always in the range of —QpBdOffsety to 51, inclusive. QP
quantisation parameter values QP and QS are always in the range of —QpBdOffsetc to 51, inclusive..

he value of QP. for a chroma component is determined from the current value of QPy and the value of
throma_qp_index_offset (for Cb) or second chroma qp_index_offset (for Cr).
NOTE — The scaling equations are specified such that the equivalent transform coefficient level scaling factor doubles| for every

increment of 6 in QPy. Thus, there is an increase in the factor used for scaling of approximately 12 % for each ncrease pf 1 in the
value of QPy.

[he value of QP for each chroma component is determined as specified in Table 8-15 based on the’index denotg¢d as qP;.

[he variable qP oy for each chroma component is derived as follows.

- If the chroma component is the Cb component, qPosss; is specified as

qPoriset = chroma_qp_index offset (8-307)

- Otherwise (the chroma component is the Cr component), qPog i specified as
qPorret = second_chroma qp_index offset (8-308)
[he value of qP; for each chroma component is derived as
qP; = Clip3( —QpBdOfisetc, 51, QPy + qPosret ) (8-309)
[he value of QP'c for the chroma components is derived’as
QP'c = QP¢ + QpBdOffsetc (8-310)
[he value of BitDepth'c for the chroma components is derived as
BitDepth'c = BitDepth¢ + residual'colour transform flag (8-311)

Table 8-15 — Specification of QP as a function of qP,

qP; | <30 [ 30|31 |32 3334 |35]|36|37|38[39140 |41 |42 |43 |44 45|46 |47 |48 49 ||50] 51

QPc | =qP; | 29 | 30 31| 32|32 |33 34|34 |35|35|36/|36|37 373738 [38[38[39]39]]39]39

When the cugrent slice is an SP or SI slice, QS¢ is derived using the above process, substituting QPy with QSyland QPc
vith QSc.

[he funetion LevelScale( m, i, j ) is specified as follows.

- & The 4x4 matrix weightScale( 1, j ) is specified as follows.

—  The variable mblsInterFlag is derived as follows.

—  If the current macroblock is coded using Inter macroblock prediction modes, mblsInterFlag is set equal
to 1.

—  Otherwise (the current macroblock is coded using Intra macroblock prediction modes), mblsInterFlag is
set equal to 0.

—  The variable iYCbCr derived as follows.

—  If the input array c relates to a luma residual block, iYCbCer is set equal to 0.
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Otherwise, if the input array c relates to a chroma residual block and the chroma component is equal
to Cb, iYCDCr is set equal to 1.

Otherwise (the input array c relates to a chroma residual block and the chroma component is equal to Cr),
1YCbCer is set equal to 2.

—  The inverse scanning process for transform coefficients as specified in subclause 8.5.5 is invoked with
ScalingList4x4[ iYCbCr + ( (mblsInterFlag == 1) ? 3 : 0)] as the input and the output is assigned to the 4x4
matrix weightScale.

LevelScale(m,i,j) = weightScale(i,j) *normAdjust(m,i,j) (8-312)
where
Vo for(i%2,j%2)equalto(0,0),
normAdjust(m,i,j)=1v,, for(i%2,j%?2)equalto(1,1), (8-319)
% otherwise;

where the first and second subscripts of v are row and column indices, respectively, of the matrix specified as:

The furjction LevelScale8x8( m, i, j ) is specified as follows:
—  THe 8x8 matrix weightScale8x8( 1, j ) is specified as follows.

—| The variable mblsInterFlag is derived as follows:

where

10
11
13
14
16
18

16
18
20
23
25
29

If the current macroblock is coded, using Inter macroblock prediction modes, mblsInterFlag is set equal

to 1.

Otherwise (the current macroblock is coded using Intra macroblock prediction modes), mblsInterFlag|is
set equal to 0.

13]

14
16

18]

20
23

m2

—| The inverse scanning precess for 8x8 luma transform coefficients as specified in subclause 8.5.6 is invoked
with ScalingList8x8[ mblsinterFlag ] as the input and the output is assigned to the 8x8 matrix weightScale8xB.

LevelScal&x8(m,i,§)=weightScab8x&(, j) * normAdjus8x8(m,1i, ) (8-319)

(8-314)

Vo Tor(i%4,j% 4)equalto (0,0),
v, for(i%2,j% 2)equalto(1,1),
, v v, for(i%4,j%4)equalto(2,2),
NOTMAd)USTEX3\m, 1, )= - - - - (8-310)
Vs for(1%4,j% 2)equalto (0,1)or (1% 2,]j% 4) equalto (1,0),
v, for(i%4,j%4)equalto (0,2)or (i%4,]% 4)equal to (2,0),
v,.s otherwise;

where the first and second subscripts of v are row and column indices, respectively, of the matrix specified as:
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[20 18 32 19 25 24]
22 19 35 21 28 26
26 23 42 24 33 31
VTl28 25 45 26 35 33
32 28 51 30 40 38
136 32 58 34 46 43|

nputs to this process are transform coefficient level values for luma DC transform coefficients of-Int
macroblocks as a 4x4 array ¢ with elements c;;, where i and j form a two-dimensional frequency index.

Dutputs of this process are 16 scaled DC values for luma 4x4 blocks of Intra_16x16 macroblocks as a@x4 array
plements dc Y.

Depending on the values of qpprime_y_zero_transform_bypass_flag and QP'y, the following applies.

If gqpprime_y zero_transform bypass flag is equal to 1 and QP'y is equal to 0, the outptt dcY is derived as

dCYij = Gjj with 1,] =0..3

Otherwise (qpprime_y zero_transform bypass flag is equal to 0 or QP’y~is"not equal to 0), the followin
this process specifies the output.

[he inverse transform for the 4x4 luma DC transform coefficients is speeified by:

I 1 1 1fcep € Cu Cufl 1 I¢ 1
1 1 -1 -1fc, ¢y ¢, cp5fl ITo+1 -1
1o o1 ey oy oy oy lcd -1 1)
I =1 1 —=1Ifcy c5 €3 cCyudpd -1 1 -1

[he bitstream shall not contain data that resultSyin any element f;; of f with i, j = 0..3 that exceeds the range ¢
Values from —27 * BitDepthy) ¢ 7+ BitDepthy) 1. in cusive.

After the inverse transform, scaling is performed as follows.

If QP'y is greater than or equal to 36, the scaled result shall be derived as

deY; = (f, * LevelSealetQP', %6,0,0) ) << (QP'y /6-6), with i,j=0..3.

Otherwise (QP'v 1s7Jess than 36), the scaled result shall be derived as

deY, =37 LevelScale(QP'y %6,0,0) + 27 )>> (6-QP', /6), with i,j=0.3

[he bitstréam shall not contain data that results in any element dcYj; of dcY with i, j = 0..3 that exceeds the
nteger-yalues from —207 " BiPePhy) 4o o7+ BitDepthy)_ i clysive.

NOTE — When entropy coding mode flag is equal to 0 and QP'y is less than 10 and profile idc is equal to 66, 77, or 88

(8-317)

ck type
a 16x16

HcY with

(8-318)

o text of

(8-319)

f integer

(8-320)

(8-321)
range of

the range

of values that can be represented for the elements ¢;; of ¢ is not sufficient to represent the full range of values of the elem

ents dcY;

of dcY that could be necessary to form a close approximation of the content of any possible source picture by use of the

Intra_16x16 macroblock type.

NOTE - Since the range limit imposed on the elements dcYj; of dcY is imposed after the right shift in Equation 8-321, a larger

range of values must be supported in the decoder prior to the right shift.

8.5.9  Scaling and transformation process for chroma DC transform coefficients

Inputs to this process are transform coefficient level values for chroma DC transform coefficients of one chroma

component of the macroblock as an (MbWidthC / 4)x(MbHeightC / 4) array ¢ with elements c;, where i and
two-dimensional frequency index.

j form a

Outputs of this process are the scaled DC values as an (MbWidthC / 4)x(MbHeightC / 4) array dcC with elements dcC;.
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Depending on the values of qpprime_y zero transform_bypass_flag and QP'y, the following applies.
— Ifgpprime_y zero transform bypass flag is equal to 1 and QP'y is equal to 0, the output dcC is derived as

dcCy; = ¢; with i=0..( MbWidthC/4 ) — 1 and j = 0..( MbHeightC /4 ) — 1. (8-322)

—  Otherwise (gpprime_y zero_transform_bypass_flag is equal to 0 or QP'y is not equal to 0), the following text of this
process specifies the output.

Depending on the variable chroma_format idc, the inverse transform is specified as follows.

— If chroma format idc is Pn‘]ml ta 1 _the inverse transform for the 2x2 chroma DC transform coefficients is QI‘\P{‘iﬁ d

le Icp € Il 1 (8-329)
I =1fc, c |1 -1

—  Otherwise, if chroma format idc is equal to 2, the inverse transform for the 2x4 chroma DC transform coefficients
is|specified as

as

I 1 1fcy ¢y

1
le 1 -1 —1flc, ¢ {1 1} (8324
1
1

~

-1 =1 1jc, cy

-1 1 =1|cy cy

—  Otherwise (chroma format idc is equal to 3), the inverse transform for the 4x4 chroma DC transform coefficients|is
splecified as follows.

—| If residual colour transform flag is equal to 1,and the current macroblock prediction mogle
MbPartPredMode( mb_type, 0 ) is Intra 4x4 or Intida “8x8, the inverse transform for the 4x4 chroma DC
transform coefficients is specified as

= cj<<2 with i,j=0.3 (8-329)

—| Otherwise, the inverse transform for th¢\4x4 chroma DC transform coefficients is specified as

1 1 1 LlCoy Coi Con €03 |1 1 1 1

P R e et RTINS R St (8-324)
I =1 =1 ljecy egpde, ol -1 =1 1
I -1 I —1fcgyey €3 cy 1 -1 I -1

The bitstream shall not confain data that results in any element f; of f with i, j = 0..3 that exceeds the range of integer
values from —27 *BitDep) d o7+ BitDepth'c) 1 ¢ lusive.

After tle inverse transform, scaling is performed depending on the variable chroma_format idc as follows.

—  Iflchromasformat idc is equal to 1, the scaled result is derived as

deC,'= ((f; * LevelScale(QP'c %6,0,0)) << (QP'c/6))>>5, with 1i,j=0,1 (8-321)

- If chroma_format idc is equal to 2, the following applies.

—  The variable QP'c pc is derived as
QP'cpc=QP'c+3 (8-328)

—  Depending on the value of QP'c pc, the following applies.

—  If QP'cpc is greater than or equal to 36, the scaled result shall be derived as
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deC; = (f;; *LevelScald QP'¢ 1, %6,0,0) ) <<(QP'cp. /6—6), with i=0.3,j=0,1
—  Otherwise (QP'cpc is less than 36), the scaled result shall be derived as
deC; = (f; *LevelScale (QP'¢ e %6,0,0)+2" 7> )55 (6 QP e /6), with i=0..3,j=0,1

—  Otherwise (chroma_format_idc is equal to 3), the following applies.

—  IfQP'c is greater than or equal to 36, the scaled result shall be derived as

deC; = (f; * LevelScale( QP'.%6,0,0)) << (QP'c /6-6), with i,j=0.3.
—  Otherwise (QP'c is less than 36), the scaled result shall be derived as
deC; = (f} * LevelScal¢ QP'. %6,0,0)+2" <" )>> (6 QP /6), with i,j=0..3.

[he bitstream shall not contain data that results in any element dcCj of dcC with i, ] =0..3 that exceeds the
nteger values from —27 " BiPNe) 4o 7+ BitDepth'e)_1 “inclysive.

NOTE — When entropy_coding_mode_flag is equal to 0 and QP'c is less than 4 and profilevidc is equal to 66, 77, or 88
of values that can be represented for the elements cij of ¢ may not be sufficient to reptesent the full range of values of thd
dcCij of dcC that could be necessary to form a close approximation of the content.0fany possible source picture.

NOTE - Since the range limit imposed on the elements dcCij of dcC is imposed after the right shift in Equation 8-327,
8-332, a larger range of values must be supported in the decoder prior to thesright shift.

B.5.10 Scaling and transformation process for residual 4x4 bloeks

nput to this process is a 4x4 array ¢ with elements c;; which is\either an array relating to a residual block of
fomponent or an array relating to a residual block of a chroma‘component.

Dutputs of this process are residual sample values as 4x4<array r with elements rj;.

Depending on the values of gqpprime_y zero transfopm bypass flag and QP'y, the following applies.

- Ifgpprime y zero transform bypass flag\s equal to 1 and QP'y is equal to 0, the output r is derived as
rj = ¢ with 1,j=0..3

- Otherwise (qpprime_y zero transform bypass_flag is equal to 0 or QP'y is not equal to 0), the following te
process specifies the outputs

[he variable bitDepth is denived as follows.

- If the input array g-relates to a luma residual block, bitDepth is set equal to BitDepthy.

- Otherwise (thé-nput array c relates to a chroma residual block), bitDepth is set equal to BitDepth'c.

[he bitstream $hall not contain data that results in any element c;; of ¢ with i, j = 0..3 that exceeds the range ¢
Ualues from 20 PP o 27 #0IDP_1 i clusive.

[he variable sMbFlag is derived as follows.

If mb_type is equal to SI or the macroblock prediction mode is equal to Inter in an SP slice, sMbFlag is

005(E)

(8-329)

(8-330)

(8-331)

(8-332)
range of

the range
elements

8-330, or

the luma

(8-333)

xt of this

f integer

set equal

fo 1

- Otherwise (mb_type not equal to SI and the macroblock prediction mode is not equal to Inter in an SP slice),

sMbFlag is set equal to 0.
The variable gP is derived as follows.

- If'the input array c relates to a luma residual block and sMbFlag is equal to 0

qP = QP'y

© ISO/IEC 2005 — All rights reserved
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- Otherwise, if the input array c relates to a luma residual block and sMbFlag is equal to 1

qP = QSy (8-335

- Otherwise, if the input array c relates to a chroma residual block and sMbFlag is equal to 0

)

qP =QP'c (8-336)
- Otherwise (the input array c relates to a chroma residual block and sMbFlag is equal to 1),
P = QS5c¢ (8-331)

Scaling
- If§

the

do

—  Otherwise, the following applies.

The bitstream shall not contain data that resglts in any element d;; of d with i, j = 0..3 that exceeds the range of integ

values

The trapsform process shall convert the 'block of scaled transform coefficients to a block of output samples in a mann
mathenpatically equivalent to the following.

of 4x4 block transform coefficient levels c;; proceeds as follows.
11 of the following conditions are true

iis equal to 0

jisequalto 0

c relates to a luma residual block coded using Intra_16x16 prediction mode or ¢ ré¢lates to a chroma residu
block

ariable d is derived by

= Coo (8-335

If qP is greater than or equal to 24, the scaled result shall be derived as follows

=(c; *LevelScal¢ qP % 6,1, ) ) <<(qP/6—4), withi,j=0..3 exceptas notedabove (8-339

Otherwise (qP is less than 24), the scaled result shall be derived as follows

= (c; *LevelScale(qP % 6,1, j) + 270y 55 (4L qP / 6), withi,j=0..3 except as noted above (8-34(

From _2(7 + bitDepth) to 2(7 + bitDepth) 1 , inclusive.

First, ejich (horizontal) row of.scaled transform coefficients is transformed using a one-dimensional inverse transform ps

follows.

A set of intermediate values is computed as follows.
Ci0 — diO + diZ, with 1=0..3 (8-34])
Ci1 = diO = di2: with 1=0.3 (8-342)

=(4d 1) A 41 ——n 2 LQ 2 4

CT TOT T 73, wiar 1 o O J-r..)
ey=dy +(dz>>1), with 1=0.3 (8-344)

The bitstream shall not contain data that results in any element ¢; of e with i, j = 0..3 that exceeds the range of integer

values

Then, t

174

from —207 7 PitDepth) 4 H(7+bitDepth) _ i olusive.

he transformed result is computed from these intermediate values as follows.

fio=eio T e, with 1=0.3 (8-345)
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fii=ej tep, with 1=0.3 (8-346)
fo=ej—ep, with i=0.3 (8-347)
fiz=ejp—ej3, with i=0.3 (8-348)

The bitstream shall not contain data that results in any element f; of f with i, j = 0..3 that exceeds the range of integer
values from —2(7 *bitDepth) 4 H(7+bitDepth) 1 4 clusive.

Then, each (vertical) column of the resulting matrix is transformed using the same one-dimensional inverse transform as
OITOWS.

A set of intermediate values is computed as follows.

g = foj+ f, with j=0.3 (8-349)
gy =fo—fy, with j=0.3 (8-350)
&= (f;>>1)—-1fy, with j=0.3 (8-351)
g =f;+(f5>>1), with j=0.3 (8-352)

[he bitstream shall not contain data that results in any element g; of g with {,-4,= 0..3 that exceeds the range ¢f integer
Ualues from —20 7P o 27 I _ 1 Hinclysive.

[hen, the transformed result is computed from these intermediate valuessas follows.

hoj = goj + g3, with j=0.3 (8-353)
hjj=gij+ gy, with j=0.3 (8-354)
hyj = gij— g, with j=0.3 (8-355)
hsj = goj — g3, with j=0.3 (8-356)

[he bitstream shall not contain data that results in any element h;; of h with i, j = 0..3 that exceeds the range qf integer
Values from —27 *bitDepth) y H(7+bitDepth) 3371 clusive.

After performing both the one-dimehsional horizontal and the one-dimensional vertical inverse transforms to prpduce an
irray of transformed samples, theifinal constructed residual sample values shall be derived as

r; =(h; +27)>>6-with i,j=0.3 (8-357)

B.5.11 Scaling andtransformation process for residual 8x8 luma blocks

nput to this process is an 8x8 array ¢ with elements c;; which is an array relating to an 8x8 residual block of [the luma
Component.

Dutputswofithis process are residual sample values as 8x8 array r with elements rj;.

Depending on the values of gpprime_y zero transform bypass_flag and QP'y, the following applies.

— 1T qpprime_y zero_ftransiorm_bypass_ilag is equal to I and QF'y 1S equal to U, the output r 1S derived as
I = Gjj with I,J =0..7 (8-358)

—  Otherwise (gpprime_y zero_transform_bypass_flag is equal to 0 or QP'y is not equal to 0), the following text of this
process specifies the output.

The bitstream shall not contain data that results in any element ¢; of ¢ with i, j = 0..7 that exceeds the range of integer
values from —2U7 7 BitDepthy) ¢ 77+ BitDepthy) 1 pcusive.
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The scaling process for 8x8 block transform coefficient levels c;j proceeds as follows.

— IfQP'y is greater than or equal to 36, the scaled result shall be derived as

d;; = (¢; *LevelScal8x8( QP'y %6,1, j) ) << (QP'y /6-6), with 1i,j=0..7. (8-359)
—  Otherwise (QP'y is less than 36), the scaled result shall be derived as

d;; = (c; *LevelScal®x8(QP', %6,i, j) +27Y'*) >> (6 —QP'y /6), with i,j=0..7. (8-360)

The bitstream shall not contain data that results in any element d;; of d with i, j = 0..7 that exceeds the range of integer
values from -207 7 BiPepthy) ¢ 57+ BitDepthy) 1 inclusive.

The trapsform process shall convert the block of scaled transform coefficients to a block of output samples(in @ manner
mathenpatically equivalent to the following.

First, efich (horizontal) row of scaled transform coefficients is transformed using a one-dimensional inverse transform ps
follows.

—  Ajset of intermediate values e;; is derived by

o= dio + dyg, with i=0.7 (8-361)
= — diy + dis — dyy — (dy >> 1), with i=0.7 (8-361)
b, = dig — diy, With i=0..7 (8-363)
b= diy + diy — diy — (di >> 1), with i=0..7 (8-364)
b= (dip>> 1) —d, with i=0..7 (8-369)
s =— diy + diy + dis + (dis>> 1), with i=0.7 (8-364)
o= dip + (dig>> 1), with i=0..7 (8-367)
b= diy + dis + iy + (dyy >> 1), with =027 (8-36)

—  Alsecond set of intermediate results f;-is computed from the intermediate values ¢;; as

[0 = €jo T €6, With 1=0..7 (8-369)
= e + (67 >>2), with 1=10..7 (8-37()
) = ep + ey, Withi=0..7 (8-371)
3 = e3 + (es5>=>2), with 1=0..7 (8-371)
= ep—Ciy, With 1=0..7 (8-379)
s =)(e; >>2) —ej5, with 1=0..7 (8-3749)
fis = €0 — €5, With 1=10..7 (8-375)
fi;=e;n— (e >>2), with i=0..7 (8-376)

—  Then, the transformed result g;; is computed from these intermediate values f; as
gio = fio + fi7, with i=0..7 (8-377)

g1 =fio + fi5, with i=0..7 (8-378)
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g = fiu + £, with i=0..7 (8-379)
gy = fig + £y, with i=0.7 (8-380)
gu=fis— £, with i=0..7 (8-381)
gis = fi4 — fi3, with 1=0..7 (8-382)
gic = fi2 - fis, with 1=0..7 (8-383)
gi7 = in - fi7, with 1=0..7 (8-384)

[hen, each (vertical) column of the resulting matrix is transformed using the same one-dimensional invetse trarfjsform as
follows.

- A set of intermediate values h;; is computed from the horizontally transformed value g;; as

hoj = g + g4, With j=0..7 (8-385)
hjj=— g3+ g5i — g7 — (g7 >> 1), with j=0..7 (8-386)
hyj = goj — g4, With j=0.7 (8-387)
hsj =g+ g7 — & — (& >> 1), with j=0..7 (8-388)
hy= (g >>1)—gq, with j=0..7 (8-389)
hsj=— g+ g5+ g5 + (g5 >> 1), with j=0.7 (8-390)
hei = g5+ (g6 >> 1), with j=0..7 (8-391)
hyj = g3+ gsj + g + (g; >> 1), with j=0.7 (8-392)

- A second set of intermediate results k;; is‘computed from the intermediate values hy; as

koj = ho; + hgj, with j=0..7 (8-393)
kyj = hyj + (hyy >> 2), with §=0..7 (8-394)
kyj = hoj + hy;, with §=10..7 (8-395)
ky = hy + (hg3=2), with j=0..7 (8-396)
k= hoys g, with j=0..7 (8-397)
kep & (hy; >> 2) —hg, with j=0.7 (8-398)
ke; = hoj — hg, with j=0.7 (8-399)
Ky = hy — (hy; >> 2), with j = 0.7 (8-400)

—  Then, the transformed result m;; is computed from these intermediate values k;; as

m; = ko + ky;, with j=0.7 (8-401)
my; =k + ks, with j=0.7 (8-402)
mzj = k4] + k3j, with _] =0..7 (8-403)
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mg; = kg + kyj, with j=0..7 (8-404)
my; = ke — kyj, with j=0..7 (8-405)
ms; = kg — ksj, with j=0..7 (8-406)
mg; = kyj — ksj, with j=0..7 (8-407)
my; = koj — kg, with j=0..7 (8-408)

The bifstream shall not contain data that results in any element e, fjj, g, hy, or k; for i and j in the range of 07,
inclusiye, that exceeds the range of integer values from —2 * BitPPthy) 4o 27+ BiDepthy) _ ] Hinclysive.

The bitstream shall not contain data that results in any element m;; for i and j in the range of 0..7, inclusive,that’exceefls
the range of integer values from —2 " BiPPthy) 4o (7 *+ Bitberthy) _ 33 " clusive.

After pprforming both the one-dimensional horizontal and the one-dimensional vertical inverse transforms to produce gn
array of transformed samples, the final constructed residual sample values shall be derived as

i = (Mg + 2°)>>6 with i,j=0.7 (8-409)

8.5.12 | Picture construction process prior to deblocking filter process

Inputs fo this process are

—  luma4x4BlkIdx or chroma4x4BlkIdx or luma8x8BlkIdx

— agample array u with elements u;; which is either a 4x4 luma block or a4x4 chroma block or an 8x8 luma block

The popition of the upper-left luma sample of the current macroblock, is+derived by invoking the inverse macroblogk
scannirjg process in subclause 6.4.1 with CurrMbAddr as input and the putput being assigned to ( xP, yP ).

When { is a luma block, for each sample u;; of the luma block, the.following applies.
—  Dgpending on the size of the block u, the following appligs.

—| If u is an 4x4 luma block, the position of\the upper-left sample of the 4x4 luma block with indgx
luma4x4BlkIdx inside the macroblock is derived by invoking the inverse 4x4 luma block scanning process [in
subclause 6.4.3 with luma4x4Blkldx as_the'input and the output being assigned to ( xO, yO ), and the variable
nE is set equal to 4.

—| Otherwise (u is an 8x8 luma block); the position of the upper-left sample of the 8x8 luma block with ind¢x
luma8x8BIlkldx inside the madroblock is derived by invoking the inverse 8x8 luma block scanning process [in
subclause 6.4.4 with luma8x8BlkIdx as the input and the output being assigned to ( xO, yO ), and the variabjle
nE is set equal to 8.

—  Dgpending on the variable\MbaffFrameFlag and the current macroblock, the following applies.
—| If MbaffFrameFlag'is equal to 1 and the current macroblock is a field macroblock

St [xP+x04),yP+2*(yO+i)]=u; withi,j=0.nE—-1 (8-410)

—| Otherwise (MbaffFrameFlag is equal to 0 or the current macroblock is a frame macroblock),

S1[XP+x0+j,yP+yO +i]=u; withi,j=0.nE 1 (8-411)

When uis a chroma bIoCK, 1or €ach sample Ujj oI the 4xX4 chroma block, the Tollowing applies.

—  The subscript C in the variable S'c is replaced with Cb for the Cb chroma component and with Cr for the Cr chroma
component.

—  Depending on the variable chroma_format idc, the position of the upper-left sample of a 4x4 chroma block with
index chroma4x4BlkIdx inside the macroblock is derived as follows.

— Ifchroma_ format idc is equal to 1 or 2, the following applies.
xO = InverseRasterScan( chroma4x4BIklIdx, 4, 4, 8, 0 ) (8-412)

yO = InverseRasterScan( chroma4x4Blkldx, 4, 4, 8, 1) (8-413)
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— Otherwise (chroma_format_idc is equal to 3), the following applies.

x0 = InverseRasterScan( chroma4x4Blkldx / 4, 8, 8, 16, 0 ) +
InverseRasterScan( chroma4x4BlkIdx % 4, 4,4, 8,0 )

yO =InverseRasterScan( chroma4x4Blkldx / 4, 8, 8, 16, 1 ) +
InverseRasterScan( chroma4x4BlkIdx % 4, 4,4, 8, 1)

—  Depending on the variable MbaffFrameFlag and the current macroblock , the following applies.

— 1T MbaillFrameFlag 1s equal to 1 and the current macroblock 1s a 1ield macrobloCck

S'c[ (xP /subWidthC ) + xO +j, ( (yP + SubHeightC — 1) / SubHeightC )+ 2 * (yO +1i) ] =uj
withi,j=0..3

— Otherwise (MbaffFrameFlag is equal to 0 or the current macroblock is a frame macroblgek),

S'c[ ( xP/ subWidthC ) +xO + j, (yP / SubHeightC ) + yO +i ] =u; with i, j = 0.3

B.5.13 Residual colour transform process
[his process is invoked when residual colour transform_flag is equal to 1.

After invoking, this process is suspended until the derivation of Ry, “Repj, and R has been comp
, ] = 0..jMax, where ijjMax is specified as follows.

- Iftransform_size 8x8 flag is equal to 0, the variable ijMax is setequal to 3.
- Otherwise (transform_size 8x8 flag is equal to 1), the variable-ijMax is set equal to 7.

At the resumption of this process, all values Ry, Reyj, and\Reyj with i, j = 0..ijMax shall be available thro
nvocations of the relevant processes specified in subclauses<8.5.1, 8.5.2, 0, or 8.5.4

For each i, j = 0..ijMax, the residual colour transform.is‘computed as
t=Ryi— Repjj>>1)

Rg,ij =t + Repjj

Rpjj=t—(Rerj>>1)

Ry jj = Ry jj + Ry

NOTE — The residual( colour transform is similar to the YCgCo transformation specified in Equations E-30 thro
However, the residual”¢olour transform operates on the decoded residual difference data within the decoding process 1
operating as a post-processing step that is outside the decoding process specified in this Recommendation | International
B.6 Decoding process for P macroblocks in SP slices or SI macroblocks

[his proeess is invoked when decoding P macroblock types in an SP slice type or an SI macroblock type in SI sl

npits. to this process are the prediction residual transform coefficient levels and the predicted samples for th

(8-414)

(8-415)

(8-416)

(8-417)

eted for

igh prior

(8-418)
(8-419)
(8-420)
(8-421)

hoh E-33.
hther than
btandard.

CCS.

£ current

macroblock.

Outputs of this process are the decoded samples of the current macroblock prior to the deblocking filter process.

This subclause specifies the transform coefficient decoding process and picture construction process for P macroblock

types in SP slices and SI macroblock type in SI slices.

NOTE — SP slices make use of Inter predictive coding to exploit temporal redundancy in the sequence, in a similar manner to P
slice coding. Unlike P slice coding, however, SP slice coding allows identical reconstruction of a slice even when different
reference pictures are being used. SI slices make use of spatial prediction, in a similar manner to I slices. SI slice coding allows
identical reconstruction to a corresponding SP slice. The properties of SP and SI slices aid in providing functionalities for

bitstream switching, splicing, random access, fast-forward, fast reverse, and error resilience/recovery.

An SP slice consists of macroblocks coded either as I macroblock types or P macroblock types.
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An Sl slice consists of macroblocks coded either as I macroblock types or SI macroblock type.

The transform coefficient decoding process and picture construction process prior to deblocking filter process for I
macroblock types in SI slices shall be invoked as specified in subclause 8.5. SI macroblock type shall be decoded as

described below.

When the current macroblock is coded as P_Skip, all values of LumaLevel, ChromaDCLevel, ChromaACLevel are set

equal to 0 for the current macroblock.

8.6.1  SP decoding process for non-switching pictures

This prpcess 1s invoked, when decoding P macroblock types in SP slices in which sp_tor_switch_tlag 1s equal to 0.

Inputs
residual transform coefficient levels.

Outputs of this process are the decoded samples of the current macroblock prior to the deblocking filter process.

This sybclause applies to all macroblocks in SP slices in which sp_for switch flag is equal to Q,“except those with
macrobllock prediction mode equal to Intra_4x4 or Intra_16x16. It does not apply to SI slices.

8.6.1.1| Luma transform coefficient decoding process

Inputs

The popition of the upper-left sample of the 4x4 luma block with index luma4x4BlkIdx inside the current macroblock [is
derived by invoking the inverse 4x4 luma block scanning process in subclause/6.4:3 with luma4x4BlkIdx as the input and

the output being assigned to ( X, y ).

Let the|variable p be a 4x4 array of prediction samples with element p;;being derived as follows.

p;j = pred [ x +j,y+i] withi,j=0.3

The vatiable p is transformed producing transform coefficients\c’ according to:

1 1 Ll Po Por P Pos !
o 2 I -1 =2)p, py PP |!
I -1 -1 LIpe Pau( P Pyl

I =2 2 —1]py ®su+ Pn Pxu |l

The ipverse transform coefficient

The prgdiction residual transform coefficients ¢ are scaled using quantisation parameter QPy, and added to the transform

coefficlents of the predigtion’block ¢” with i, j = 0..3 as follows.

o this process are Inter prediction samples for the current macroblock from subclause 8.4 and the predictigpn

o this process are Inter prediction luma samples for the current macroblock pred;> from subclause 8.4 and the
predictfon residual transform coefficient levels, LumaLevel, and the index of the 4x4 luma block luma4x4BlkIdx.

-1
-2

scanning process as
LumaLgvel[ luma4x4BlkIdx ] aS the input and the two-dimensional array ¢' with elements c;j" as the output.

(8-422)
1 1
-1 -2 (8-423)
-1 2
1 -1

described in subclause 8.5.5 is invoked with

:ijs = Cijp + ( ( ( Cijr * LCVCISC&IC( QPY % 6, 1,] ) * Aij ) << ( QPY /6 ) ) >> 10 ) (8-424)
where ILevelSeale( m, i, j ) is specified in Equation 8-312, and where Aj; is specified as:
(16 for (i,1)e{(0,0),(0,2),(2,0),(2,2)}
Ay =425 for (1,))€{(L1),(1,3),3.1),(3.3)}, (8-425)

20 otherwise;

The function LevelScale2( m, i, j ), used in the formulas below, is specified as:
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me for (19 J) € {(070)9 (072)7 (270)7 (272)}9
LevelScale2(m,i,j) =<w,_, for (i,j)e{(1,1),(1,3),(3,1),(3.,3)},
w,_, otherwise;

where the first and second subscripts of w are row and column indices, respectively, of the matrix specified as:

(13107 5243 8066 |
11916 4660 749(0)

(8-426)

10082 4194 6554
9362 3647 5825
8192 3355 5243

| 7282 2893 4559

[he resulting sum, ¢, is quantised with a quantisation parameter QSy and with i, j = 0..3.as follows.

c; = Sign( i’ ) * ( (Abs( c; ) * LevelScale2( QSy % 6,1,j ) + (1 << (14 +QSy/6)))>> ( 15+ QSy /

nput and r as the output.

[he 4x4 array u with elements u;; is derived as follows.
u;; = Cliply( r; ) with 1,j =0..3

[he picture construction process prior to deblocking filter*process in subclause 8.5.12 is invoked with luma4
ind u as the inputs.

B.6.1.2 Chroma transform coefficient decoding process

nputs to this process are Inter prediction chroma samples for the current macroblock from subclause 8.4
brediction residual transform coefficient-l€vels, ChromaDCLevel and ChromaACLevel.

[his process is invoked twice: once .for-the Cb component and once for the Cr component. The component is rg
by replacing C with Cb for the Cbcomponent and C with Cr for the Cr component. Let iCbCr select the curren
Component.

For each 4x4 block of the current chroma component indexed using chroma4x4Blkldx with chroma4x4BIk]
0 0..3, the following applies.

The position,efthe upper-left sample of a 4x4 chroma block with index chroma4x4BlklIdx inside the macr|
derived as/follows.

x =InyerseRasterScan( chroma4x4Blkldx, 4, 4, 8,0 )

¥ = InverseRasterScan( chroma4x4Blkldx, 4, 4, 8, 1)

(8-427)

b))
(8-428)

[he scaling and transformation process for residual 4x4 blocks as specified.in subclause 8.5.10 is invoked with c as the

(8-429)

k4Bl1kIdx

and the

ferred to
t chroma

dx equal

bblock is

(8-430)

(8-431)

- Letp be a 4x4 array of prediction samples with elements p; being derived as tollows.

pij=predc[ x +j,y+i] withi,j=0.3

(8-432)

- The 4x4 array p is transformed producing transform coefficients ¢”( chroma4x4BIkIdx ) using Equation 8-423.

- The variable chromaList, which is a list of 16 entries, is derived. chromaList[ 0 ] is set equal to 0. chromaList[ k ]

with index k = 1..15 are specified as follows.

chromalList[ k ] = ChromaACLevel[ iCbCr ][ chroma4x4Blkldx [ k-1 ]
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- The inverse transform coefficient scanning process as described in subclause 8.5.5 is invoked with chromalList as the
input and the 4x4 array ¢' as the output.

- The prediction residual transform coefficients ¢' are scaled using quantisation parameter QPc, and added to the
transform coefficients of the prediction block ¢® with i, j = 0..3 except for the combination i = 0, j = 0 as follows.

¢;i” = ¢;’( chroma4x4BIkIdx ) + ( ( (¢ * LevelScale( QPc % 6,1,j) * A; ) <<(QPc/6))>>10) (8-434)

- The resulting sum, ¢*, is quantised with a quantisation parameter QS¢ and with i, j = 0..3 except for the combination i
=0, j = 0 as follows. The derivation of cyo( chroma4x4Blkldx ) is described below in this subclause.

i chroma4x4BIkIdx ) = ( Sign( ¢;* ) * ( Abs( ¢;° ) * LevelScale2( QS¢ % 6,1,j) + (1 <<(14+QSc/6))))>
(15+QSc/6) (8435

~—

- The scaling and transformation process for residual 4x4 blocks as specified in 8.5.10 is havoked with
c( hroma4x4BlkIdx ) as the input and r as the output.

- Thg 4x4 array u with elements v is derived as follows.
ij = Cllplc( T ) with 1,] =0.3 (8-43()
- The picture construction process prior to deblocking filter process in subclause 8.5.12 is invoked with

chfoma4x4Blkldx and u as the inputs.

The defivation of the DC transform coefficient level cyo( chroma4x4BIkIdx ) is specified as follows. The DC transform
coefficfents of the 4 prediction chroma 4x4 blocks of the current component ¢f the macroblock are assembled into a 2x2
matrix with elements cy,"(chroma4x4BIkIdx) and a 2x2 transform is appliedto the DC transform coefficients as follows

IR CA RO R (8-437)
I =1jcf(2) 5 I —1
The chtoma DC prediction residual transform coefficient l¢vels, ChromaDCLevel[ iCbCr ][ k ] with k =0..3 are scal¢d

using qpantisation parameter QP, and added to the prediction DC transform coefficients as follows.

ic;* = dc;” + ((( ChromaDCLevel[ iCbCr ][ j *2 +i ] * LevelScale( QPc % 6, 0, 0) * Agy ) << (QPc/6))>>9
withi,j=0,1 (8-438

~ —

The 2xP array dc’, is quantised using the quantisation parameter QS as follows.

ic;" = ( Sign( dc;i® ) * ( Abs(d¢;;)) * LevelScale2( QSc % 6,0,0) + (1 <<(15+QSc/6))))>>(16+QSc/6
withi,j=0,1 (8-439

~— —

The 2xP array f with elements £ and i, j = 0..1 is derived as follows.

le 1] deg,” deg, |1 1 . (8-44()
1<afder, de, |1 -1

Scaling of the ‘elements f;; of f'is performed as follows.

Coo( J *2+1)=( (1 * LevelScale( QSc % 6,0,0) ) << (QSc/6))>>5 withi, 1=0, 1 (8-441)

8.6.2  SP and SI slice decoding process for switching pictures

This process is invoked, when decoding P macroblock types in SP slices in which sp_for switch flag is equal to 1 and
when decoding SI macroblock type in SI slices.

Inputs to this process are the prediction residual transform coefficient levels and the prediction sample arrays pred,
predcy, and predc; for the current macroblock.
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8.6.2.1 Luma transform coefficient decoding process

Inputs to this process are prediction luma samples pred; and the luma prediction residual transform coefficient levels,
LumaLevel.

The 4x4 array p with elements p; with i, j = 0..3 is derived as in subclause 8.6.1.1, is transformed according to
Equation 8-423 to produce transform coefficients c. These transform coefficients are then quantised with the
quantisation parameter QSy, as follows:

¢i” = Sign( c;” ) * ((Abs( ¢’ ) * LevelScale2( QSy % 6,1,j )+ (1 <<(14+QSy/6)))>>(15+QSy/6))
withi =03 (8-442)

[he inverse transform coefficient scanning process as described in subclause 8.5.5 is cinvokpd with
_umaLevel[ luma4x4BIkIdx ] as the input and the two-dimensional array c¢' with elements ¢;;" as the outpult.

[he 4x4 array ¢ with elements ¢;; with i, j = 0..3 is derived as follows.
Cj = Cijr + Cijs with 1,] =0.3 (8-443)
[he scaling and transformation process for residual 4x4 blocks as specified in subclause 8.5.10 is invoked with c as the
nput and r as the output.

[he 4x4 array u with elements u;; is derived as follows.
u; = Cllply( I ) with I,J =0.3 (8-444)

[he picture construction process prior to deblocking filter process imsubclause 8.5.12 is invoked with luma4k4BlkIdx
ind u as the inputs.

B.6.2.2 Chroma transform coefficient decoding process

nputs to this process are predicted chroma samples foruthe” current macroblock from subclause 8.4 and the prediction
residual transform coefficient levels, ChromaDCLevel and ChromaACLevel.

[his process is invoked twice: once for the Cb component and once for the Cr component. The component is r¢ferred to
by replacing C with Cb for the Cb component and C with Cr for the Cr component. Let iCbCr select the currenft chroma
Component.

For each 4x4 block of the current chroma component indexed using chroma4x4Blkldx with chroma4x4Blklldx equal
0 0..3, the following applies.

|.  The 4x4 array p with elements p; with i, j = 0..3 is derived as in subclause 8.6.1.2, is transformed acc¢rding to
Equation 8-423 to produee’ transform coefficients c( chroma4x4BIlkIdx ). These transform coefficients [are then
quantised with the quantisation parameter QSc, with i, j = 0..3 except for the combination i = 0, j = 0 as follpws. The
processing of ¢y’ (‘chromadx4BIlkIdx ) is described below in this subclause.

¢ = ( Sign(\¢;’( chroma4x4BlkIdx ) ) * (8-445)
( Abs{c;( chroma4x4BIkldx ) ) * LevelScale2( QSc % 6,1,j )+ (1 <<(14+QSc/6))))>>(15+[QSc/6)

The variable chromaList, which is a list of 16 entries, is derived. chromaList[ 0 ] is set equal to 0. chromhList[ k ]
withiindex k = 1..15 are specified as follows.

chromaList[ k ] = ChromaACLevel[ iCbCr ][ chroma4x4BIkldx ][ k-1 ] (8-446)

- The inverse transform coefficient scanning process as described in subclause 8.5.5 is invoked with chromalList as the
input and the two-dimensional array c'( chroma4x4BIkIdx ) with elements c;;'( chroma4x4BlklIdx ) as the output.

- The 4x4 array c( chroma4x4Blkldx ) with elements c;( chroma4x4Blkldx ) with i, j = 0..3 except for the
combination i = 0, j = 0 is derived as follows. The derivation of ¢y chroma4x4BlkIdx ) is described below.

¢;j( chroma4x4BlkIdx ) = ¢;'( chroma4x4BlkIdx ) + c;° (8-447)

- The scaling and transformation process for residual 4x4 blocks as specified in subclause 8.5.10 is invoked with
c( chroma4x4BlklIdx ) as the input and r as the output.
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- The 4x4 array u with elements uj is derived as follows.

W = Cllplc( rij ) with 1,_] =0.3 (8-448)

- The picture construction process prior to deblocking filter process in subclause 8.5.12 is invoked with
chroma4x4BlkIdx and u as the inputs.

The derivation of the DC transform coefficient level cyo( chroma4x4Blkldx ) is specified as follows. The DC transform
coefficients of the 4 prediction 4x4 chroma blocks of the current component of the macroblock, ¢y’( chroma4x4BIkIdx ),

are assembled into a 2x2 matrix, and a 2x2 transform is applied to the DC transform coefficients of these blocks
accordi g to Fr}lmﬁnn -437 qunlfing in DC transform coefficients HP;J-p

These IDC transform coefficients are then quantised with the quantisation parameter QSc, as given by:

ic;® = ( Sign( de;” ) * (Abs(dc; ) * LevelScale2( QS¢ % 6,0,0) + (1 <<(15+QSc/6))))>>
(16 +QSc/6) withi,j=0, 1 (8-449)
The parsed chroma DC prediction residual transform coefficients, ChromaDCLevel[ iCbCr ][ k ] withk= 0..3 are add¢d

to thesqd quantised DC transform coefficients of the prediction block, as given by:

ic;" = dc;® + ChromaDCLevel[ iCbCr ][ j *2 +1i] withi,j=0, 1 (8-450)

The 2x2 array f with elements fjj and i, j = 0..1 is derived using Equation 8-440.

The 2xP array f with elements fj; and i, j = 0..1 is copied as follows.

Coo(J * 2 +1) =1 withi,j=0, 1 (8-451)

8.7 Deblocking filter process

A condjtional filtering shall be applied to all NxN (where N =4 or N'="8 for luma, and N = 4 for chroma) block edges pf
a pictutle, except edges at the boundary of the picture and any edges-for which the deblocking filter process is disabled by
disable| deblocking_filter idc, as specified below. This filtering process is performed on a macroblock basis after the
completion of the picture construction process prior to debloeking filter process (as specified in subclauses 8.5 and 8.p)
for the pntire decoded picture, with all macroblocks in a picture processed in order of increasing macroblock addresses.

NOTE — Prior to the operation of the deblocking filter process for each macroblock, the deblocked samples of the macroblock for
macfoblock pair above (if any) and the macroblock for macroblock pair to the left (if any) of the current macroblock are alwalys
avaijable because the deblocking filter process dis.performed after the completion of the picture construction process prior [to
deblocking filter process for the entire decoded picture. However, for purposes of determining which edges are to be filtered when
disaple deblocking_filter idc is equal to 2,*macroblocks in different slices are considered not available during specified steps fof
the ¢peration of the deblocking filter process.

The deblocking filter process is inyoked for the luma and chroma components separately. For each macroblock and ea¢h
component, vertical edges are filtered first, starting with the edge on the left-hand side of the macroblock proceedifg
through} the edges towards the right-hand side of the macroblock in their geometrical order, and then horizontal edges afe
filtered| starting with the edge on the top of the macroblock proceeding through the edges towards the bottom of the
macrobjlock in their geemegtrical order. Figure 8-10 shows edges of a macroblock which can be interpreted as luma pr
chromal edges.

When [nterpreting the edges in Figure 8-10 as luma edges, depending on the transform size 8x8 flag, the followinpg
applies

— Ifpransform size 8x8 flag is equal to 0, both types, the solid bold and dashed bold luma edges are filtered.

—  Otherwise (transform_size 8x8 flag is equal to 1), only the solid bold luma edges are filtered.
When interpreting the edges in Figure 8-10 as chroma edges, depending on chroma_format idc, the following applies.
— Ifchroma format idc is equal to 1 (4:2:0 format), only the solid bold chroma edges are filtered.

—  Otherwise, if chroma_format idc is equal to 2 (4:2:2 format), the solid bold vertical chroma edges are filtered and
both types, the solid bold and dashed bold horizontal chroma edges are filtered

—  Otherwise, if chroma format idc is equal to 3 (4:4:4 format), both types, the solid bold and dashed bold chroma
edges are filtered.

—  Otherwise (chroma format idc is equal to 0 (monochrome)), no chroma edges are filtered.
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bttt
Horizontal Edges

Vertical Edges

Figure 8-10 — Boundaries in a macroblock to be filtered

For the current macroblock address CurrMbAddr proceeding over values 0..PicSizeluMbs — 1, the following applies.

[.  The derivation process for neighbouring macroblocks specified in subclatis¢‘6.4.8.1 is invoked and the putput is
assigned to mbAddrA and mbAddrB.

The variables fieldModeMbFlag, filterInternalEdgesFlag, filterLeftMbEdgeFlag and filterTopMbEdgdFlag are
derived as follows.

—  The variable fieldModeMbFlag is derived as follows.

154

—  If any of the following conditions is true, fieldModeMbFlag is set equal to 1.
—  field pic_flagisequalto 1
—  MbaffFrameFlag is equal to 1 and the macroblock CurrMbAddr is a field macroblock
—  Otherwise, fieldModeMbFlag is.set equal to 0.
—  The variable filterInternalEdgesFlag is derived as follows.

—  If disable deblocking(filtér idc for the slice that contains the macroblock CurrMbAddr is equal to 1, the
variable filterInternalEdgesFlag is set equal to O;

—  Otherwise (disable deblocking filter idc for the slice that contains the macroblock CurrMbAddr is not
equal to 1), the Variable filterInternalEdgesFlag is set equal to 1.

—  The variable-filterLeftMbEdgeFlag is derived as follows.
—  Ifanyof the following conditions is true, the variable filterLeftMbEdgeFlag is set equal to 0.
&~ MbaffFrameFlag is equal to 0 and CurrMbAddr % PicWidthInMbs is equal to 0.
—  MbaffFrameFlag is equal to 1 and ( CurrMbAddr >> 1) % PicWidthInMbs is equal to 0

—  disable_deblocking_filter idc for the slice that contains the macroblock CurrMbAddr is qu:l to 1

— _ disable deblocking filter idc for the slice that contains the macroblock CurrMbAddr is gqual to 2

and the macroblock mbAddrA is not available

—  Otherwise, the variable filterLeftMbEdgeFlag is set equal to 1.
—  The variable filterTopMbEdgeFlag is derived as follows.
—  If any of the following conditions is true, the variable filterTopMbEdgeFlag is set equal to 0.
—  MbaffFrameFlag is equal to 0 and CurrMbAddr is less than PicWidthInMbs.

—  MbaffFrameFlag is equal to 1, (CurrMbAddr>>1) is less than PicWidthInMbs, and the
macroblock CurrMbAddr is a field macroblock.
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—  MbaffFrameFlag is equal to 1, ( CurrMbAddr >> 1) is less than PicWidthInMbs, the macroblock
CurrMbAddr is a frame macroblock, and CurrMbAddr % 2 is equal to 0.

—  disable_deblocking_filter idc for the slice that contains the macroblock CurrMbAddr is equal to 1

—  disable_deblocking_filter idc for the slice that contains the macroblock CurrMbAddr is equal to 2
and the macroblock mbAddrB is not available

Otherwise, the variable filterTopMbEdgeFlag is set equal to 1.

3. Given the variables fieldModeMbFlag, filterInternalEdgesFlag, filterLeftMbEdgeFlag and filterTopMbEdgeFlag the

de

1 1 £ - - 1t FANET]
T0UKIITE THCTIITE 1S COIUTOIICU a5 TOIIOWS.

When filterLeftMbEdgeFlag is equal to 1, the filtering of the left vertical luma edge is specified as follews!

When filterInternalEdgesFlag is equal to 1, the filtering of the internal vertical lumapedges is specified ps
follows.

When filterTopMbEdgeFlag is equal to 1, the filtering of the top horizontal luma edge is specified as follows

When-filterInternalEdgesFlag is equal to 1, the filtering of the internal horizontal luma edges is specified ps
follows.

The process specified in subclause 8.7.1 is invoked with chromaEdgeFlag =0, verticalEdgeFlag =
fieldModeFilteringFlag = fieldModeMbFlag, and (xEj, yE,) = (0, k) with k=0..15 as input-and S'. ps
output.

—

When transform_size 8x8 flag is equal to 0, the process specified in subclause 8.7.1 is invoked with
chromaEdgeFlag = 0, verticalEdgeFlag = 1, fieldModeFilteringFlag'= fieldModeMbFlag, and
(xEy, YE) = (4, k) with k= 0..15 as input and S'; as output.

The process specified in subclause 8.7.1 is invoked with chromaEdgeFlag =0, verticalEdgeFlag =|l,
fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, yE,) <(8,k) with k=0..15 as input and S'. ps
output.

When transform_size 8x8 flag is equal to 0, the process specified in subclause 8.7.1 is invoked with
chromaEdgeFlag = 0, verticalEdgeFlag = 1, fieldModeFilteringFlag = fieldModeMbFlag, and
(xEy, YEy) = (12, k) with k = 0..15 as input and S'y, @$ output.

If MbaffFrameFlag is equal to 1, (CurrMbAddr % 2) is equal to 0, CurrMbAddr is greater than or equal
to 2 * PicWidthInMbs, the macroblock CurrMbAddr is a frame macroblock, and the macroblog¢k
(CurrMbAddr - 2 * PicWidthInMbs +1) is a field macroblock, the following applies.

— The process specified\ in  subclause 8.7.1 is invoked with chromaEdgeFlag=|0,
verticalEdgeFlag = 0, fiekdModeFilteringFlag = 1, and (xEy, YEy) = (k, 0) with k = 0..15 as input apd
S'y as output.

— The process™ ~specified in subclause 8.7.1 is invoked with chromaEdgeFlag=1,
verticalEdgeFlag = 0, fieldModeFilteringFlag = 1, and (xEj, YEy) = (k, 1) with k =0..15 as input apd
S'y as outpirt:

Otherwise, _the process specified in subclause 8.7.1 is invoked with chromaEdgeFlag=p,
verticalEdgeFlag = 0, fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, yEi) = (k, 0) with k=0..15
as input and S'; as output.

When transform_size 8x8 flag is equal to 0, the process specified in subclause 8.7.1 is invoked wikh

186

chromaEdgeFlag = 0, verticalEdgeFlag = 0, fieldModeFilteringFlag = fieldModeMbFlag, and
(xEy, YEy) = (k, 4) with k= 0..15 as input and S'; as output.

The process specified in subclause 8.7.1 is invoked with chromaEdgeFlag =0, verticalEdgeFlag =0,
fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, yEy) = (k, 8) with k=0..15 as input and S', as
output.

When transform_size 8x8 flag is equal to 0, the process specified in subclause 8.7.1 is invoked with
chromaEdgeFlag = 0, verticalEdgeFlag = 0, fieldModeFilteringFlag = fieldModeMbFlag, and
(xEy, YEy) = (k, 12) with k = 0..15 as input and S'; as output.

© ISO/IEC 2005 — All rights reserved


https://standardsiso.com/api/?name=b449ef14175ac39adc75a917dddf783d

ISO/IEC 14496-10:2005(E)

—  For the filtering of both chroma components with iCbCr =0 for Cb and iCbCr=1 for Cr, the following
applies.

—  When filterLeftMbEdgeFlag is equal to 1, the filtering of the left vertical chroma edge is specified as
follows.

—  The process specified in subclause 8.7.1 is invoked with chromaEdgeFlag=1, iCbCer,
verticalEdgeFlag =1, fieldModeFilteringFlag = fieldModeMbFlag, and (xE,, yEy) =(0,k) with
k = 0..MbHeightC - 1 as input and S'c with C being replaced by Cb for iCbCr =0 and C being replaced
by Cr for iCbCr = 1 as output.

—  When filterInternalEdgesFlag is equal to 1, the filtering of the internal vertical chroma edges ppecified
as follows.

—  The process specified in subclause 8.7.1 is invoked with chromaEdgeFlag=1] iCbCer,
verticalEdgeFlag = 1, fieldModeFilteringFlag = fieldModeMbFlag, and (xBy,'YEi) = (4,k) with
k =0..MbHeightC - 1 as input and S'c with C being replaced by Cb for(iCbCr =0 and|C being
replaced by Cr for iCbCr = 1 as output.

—  When chroma_format idc is equal to 3, the process specified in stbclause 8.7.1 is invoked with
chromaEdgeFlag =1, iCbCr, verticalEdgeFlag=1, fieldModeFilteringFlag = fieldMod¢MbFlag,
and (xEy, yEy) = (8, k) with k = 0..MbHeightC - 1 as input and'S'¢ with C being replaced By Cb for
iCbCr = 0 and C being replaced by Cr for iCbCr = 1 as outptt,

—  When chroma_format idc is equal to 3, the process speeified in subclause 8.7.1 is invoked with
chromaEdgeFlag =1, iCbCr, verticalEdgeFlag = 1, fieldModeFilteringFlag = fieldMod¢MbFlag,
and (xEy, yEx) = (12, k) with k = 0..MbHeightC -4ras input and S'c with C being replaced by Cb for
iCbCr = 0 and C being replaced by Cr for iCbE€r=1 as output.

—  When filterTopMbEdgeFlag is equal to 1, the filtering of the top horizontal chroma edge is spgcified as
follows.

—  If MbaftFrameFlag is equal to 1, (CurrMbAddr % 2) is equal to 0, CurrMbAddr is greatdr than or
equal to 2 * PicWidthInMbs, thes macroblock CurrMbAddr is a frame macroblock, [and the
macroblock (CurrMbAddr — 2 *PicWidthInMbs + 1) is a field macroblock, the following applies.

—  The process specified in subclause 8.7.1 is invoked with chromaEdgeFlag=1, iCbCr,
verticalEdgeFlag =0,  fieldModeFilteringFlag = 1, and  (xEy, yEy) = (k, 0 with
k=0..MbWidth€ - 1 as input and S'c with C being replaced by Cb for iCbCr = 0 and C being
replaced by Ct for iCbCr = 1 as output.

—  The process specified in subclause 8.7.1 is invoked with chromaEdgeFlag= 1, iCbCr,
verticalEdgeFlag =0,  fieldModeFilteringFlag = 1, and  (xEy, yEy) = (k, 1 with
k'=0..MbWidthC - 1 as input and S'c with C being replaced by Cb for iCbCr = 0 and C being
replaced by Cr for iCbCr = 1 as output.

— COtherwise, the process specified in subclause 8.7.1 is invoked with chromaEdgeFlag = |, iCbCr,
verticalEdgeFlag = 0, fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, yEy) = (k,|0) with
k =0..MbWidthC - 1 as input and S'c with C being replaced by Cb for iCbCr=0 and|C being
replaced by Cr for iCbCr = 1 as output.

—  When filterInternalEdgesFlag is equal to 1, the filtering of the internal horizontal chroma| edge is
specified as follows.

— The process specilied insubclause 8.7.1 1s invoked with chromakEdgeFlag= 1, iCbCr,
verticalEdgeFlag = 0, fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, yEy) = (k, 4) with
k =0..MbWidthC - 1 as input and S'c with C being replaced by Cb for iCbCr=0 and C being
replaced by Cr for iCbCr = 1 as output.

—  When chroma_format_idc is not equal to 1, the process specified in subclause 8.7.1 is invoked with
chromaEdgeFlag =1, iCbCr, verticalEdgeFlag=0, fieldModeFilteringFlag = fieldModeMbFlag,
and (xEy, yEy) = (k, 8) with k = 0..MbWidthC - 1 as input and S'c with C being replaced by Cb for
iCbCr = 0 and C being replaced by Cr for iCbCr = 1 as output.
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—  When chroma format_idc is not equal to 1, the process specified in subclause 8.7.1 is invoked with
chromaEdgeFlag =1, iCbCr, verticalEdgeFlag=0, fieldModeFilteringFlag = fieldModeMbFlag,
and (xEy, yEy) = (k, 12) with k = 0..MbWidthC - 1 as input and S'c with C being replaced by Cb for

iCbCr = 0 and C being replaced by Cr for iCbCr = 1 as output.

NOTE — When field mode filtering (fieldModeFilteringFlag is equal to 1) is applied across the top horizontal
edges of a frame macroblock, this vertical filtering across the top or bottom macroblock boundary may involve

some samples that extend across an internal block edge that is also filtered internally in frame mode.

NOTE - For example, in 4:2:0 chroma format when transform_size 8x8 flag is equal to 0, the following applies.
3 horizontal luma edges, 1 horizontal chroma edge for Cb, and 1 horizontal chroma edge for Cr are filtered that
are internal to a macroblock. When field mode filtering (fieldModeFilteringFlag is equal to 1) is applied to the top

Finally
respect

8.7.1

Inputs

verticalEdgeFlag, fieldModeFilteringFlag, and a set of nE sample locations (XE,,yEy), with k=0..nE - 1, express

relative
sample
horizor

The var
- If

—  Otherwise (chromaEdgeFlag is equal to 1), nE is set equal 0.( verticalEdgeFlag == 1) ? MbHeightC : MbWidth

Lets'b

- If chromaEdgeFlag is equal to 0, s' represents the luma sample array S'. of the current picture.

- Oth|
chr

- Oth|
chr

The vat
- Iffi
- Oth

The pd
macrob

(xI, yI).

The var

edges of a frame macroblock, 2 horizontal luma, 2 horizontal chroma edges for Cb, and 2 horizontal chroma gdg
for Cr between the frame macroblock and the above macroblock pair are filtered using field mode filtering; fo
total of up to 5 horizontal luma edges, 3 horizontal chroma edges for Cb, and 3 horizontal chroma edges, for
filtered that are considered to be controlled by the frame macroblock. In all other cases, at most 4 horizontal lunj
2 horizontal chroma edges for Cb, and 2 horizontal chroma edges for Cr are filtered that are considered to
controlled by a particular macroblock.

the arrays S’;, S’cy,, S’c, are assigned to the arrays S;, Scy, Scr (Which represent the decoded picturs
vely.

Filtering process for block edges

o this process are chromaEdgeFlag, the chroma component index iCbCr (whenchtomaEdgeFlag is equal to

to the upper left corner of the macroblock CurrMbAddr. The set of sample locations (XEj, yEy) represent t
locations immediately to the right of a vertical edge (when verticalEdgeFlag is equal to 1) or immediately below
tal edge (when verticalEdgeFlag is equal to 0).

iable nE is derived as follows.

chromaEdgeFlag is equal to 0, nE is set equal to 16.

e a variable specifying a luma or chroma sample array;'be derived as follows.

erwise, if chromaEdgeFlag is equal to 1 and-iCbCr is equal to 0, s' represents the chroma sample array S'c, of' t
ma component Cb of the current picture.

erwise (chromaEdgeFlag is equal to' | and iCbCr is equal to 1), s’ represents the chroma sample array S'c; of t
ma component Cr of the currentpicture.

iable dy is derived as follows.
eldModeFilteringFlaggds-equal to 1 and MbaffFrameFlag is equal to 1, dy is set equal to 2.
erwise (fieldModeFilteringFlag is equal to 0 or MbaffFrameFlag is equal to 0), dy is set equal to 1.

sition of the “dpper-left luma sample of the macroblock CurrMbAddr is derived by invoking the inver
lock scanning process in subclause 6.4.1 with mbAddr = CurrMbAddr as input and the output being assigned

iables XP and yP are derived as follows.

s
a
Cr
a,
be

—

ed
ne

P!

RC
to

- Ifc

romatdgeftag s equalto 0, xP s setequat to xtamd yP issetequat to vt

- Otherwise (chromaEdgeFlag is equal to 1), xP is set equal to xI / SubWidthC and yP is set equal to

(yl
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+ SubHeightC — 1) / SubHeightC.
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Figure 8-11 — Convention for describing samples across a 4x4 block horizontal or vertical boundary

For each sample location ( XEy, yEi ), k=0 .. nE - 1, the following applies.

- The filtering process is applied to a set of eight samples across a 4x4 block horizontal or vertical edge denoted as p;

and q; with i = 0..3 as shown in Figure 8-11 with the edge lying between p, and qo. p; and q; with i =0..3 are
as follows.

- IfverticalEdgeFlag is equal to 1,
Qi =8’[ xP + xEy +1i, yP + dy * yEj ]
pi=s[xP+xE—i—1,yP+dy * yEy ]

- Otherwise (verticalEdgeFlag is equal to 0),
qi=s[xP+xE, yP+dy * (yEx+1)—(YEx % 2) ]
pi=s[xP+xE, yP+dy * (yEx—i—1)—(yEx % 2) ]

The process specified in subclause 8.7.2 is invoked with the sample values p; and q; (i = 0..3), chromaH
verticalEdgeFlag, and fieldModeFilteringFlag as input, and theutput is assigned to the filtered result samp)
p'iand q; withi=0..2.

The input sample values p; and q; with i = 0..2 are replaced by the corresponding filtered result sample valu
q'i with i =0..2 inside the sample array s’ as follows.

- IfverticalEdgeFlag is equal to 1,
s’[ xP +xEx +1, yP +dy * yE« ] = ¢
s’[ xP + xEy—i-1, yP +dy * yEi] =p',
- Otherwise (verticalEdgeFlag is equal to 0),
s'[ xP +xEy, yP + dy *(yEx +1) - (yEc % 2) 1=
s’[ xP + xEy, yP+dy * (yEx—i—1)—(yEx%2)]=p"

B.7.2  Filtering process for a set of samples across a horizontal or vertical block edge

nputs to this\process are the input sample values p; and q; with i in the range of 0..3 of a single set of samples
pdge that«is,to be filtered, chromaEdgeFlag, verticalEdgeFlag, and fieldModeFilteringFlag.

Dutputs of this process are the filtered result sample values p'; and q'; with i in the range of 0..2.

specified

(8-452)

(8-453)

(8-454)
(8-455)

dgeFlag,
le values

s p'; and

(8-456)

(8-457)

(8-458)

(8-459)

LCTOSS an

[hecontent dependent boundary filtering strength variable bS is derived as follows.

- If chromaEdgeFlag is equal to 0, the derivation process for the content dependent boundary filtering

strength

specified in subclause 8.7.2.1 is invoked with py, qo, and verticalEdgeFlag as input, and the output is assigned to bS.

- Otherwise (chromaEdgeFlag is equal to 1), the bS used for filtering a set of samples of a horizontal or vertical
chroma edge shall be set equal to the value of bS for filtering the set of samples of a horizontal or vertical luma edge,
respectively, that contains the luma sample at location ( SubWidthC * x, SubHeightC * y ) inside the luma array of

the same field, where ( X, y ) is the location of the chroma sample q, inside the chroma array for that field.

The process specified in subclause 8.7.2.2 is invoked with py, qo, p1, q1, chromaEdgeFlag, and bS as input, and t
is assigned to filterSamplesFlag, indexA, o, and f3.
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Depending on the variable filterSamplesFlag, the following applies.

- IffilterSamplesFlag is equal to 1, the following applies.

- IfbS is less than 4, the process specified in subclause 8.7.2.3 is invoked with p; and q; (i = 0..2), chromaEdgeFlag,
bS, B, and indexA given as input, and the output is assigned to p'; and ¢'; (i = 0..2).

- Otherwise (bS is equal to 4), the process specified in subclause 8.7.2.4 is invoked with p; and q; (i = 0..3),
chromaEdgeFlag, a, and B given as input, and the output is assigned to p'; and q'; (i =0..2).

- Otherwise (filterSamplesFlag is equal to 0), the filtered result samples p'; and q'; (i = 0..2) are replaced by the

CO1

8.7.2.1

Inputs {
and ver

Output
Let the

- If]
ma

fresponding input samples p; and ;.

for 1 =10..2, pP'i=Dpi (846

for1=0..2, qi=q; (8-461
Derivation process for the luma content dependent boundary filtering strength

o0 this process are the input sample values py and q, of a single set of samples across an edge that is to be filter
ticalEdgeFlag.

of this process is the variable bS.
variable mixedModeEdgeFlag be derived as follows.

MbaffFrameFlag is equal to 1 and the samples py and qo are in different niacroblock pairs, one of which is a fie
croblock pair and the other is a frame macroblock pair, mixedModeEdgéFlag is set equal to 1

- Otherwise, mixedModeEdgeFlag is set equal to 0.

The vat

- If
sha

1able bS is derived as follows.

he block edge is also a macroblock edge and any of the~féllowing conditions are true, a value of bS equal to
11 be the output:

the samples py and qo are both in frame magreblocks and either or both of the samples p, or qo is in
macroblock coded using an Intra macroblock prediction mode

the samples py and qo are both in frame macroblocks and either or both of the samples p, or qo is in
macroblock that is in a slice with slicé\type equal to SP or SI

MbaftFrameFlag is equal to 1 or-field pic_flag is equal to 1, and verticalEdgeFlag is equal to 1, and either
both of the samples p, or q issifta macroblock coded using an Intra macroblock prediction mode.

MbaftFrameFlag is equalto- or field pic_flag is equal to 1, and verticalEdgeFlag is equal to 1, and either
both of the samples py-or ([ is in a macroblock that is in a slice with slice_type equal to SP or SI

- Otherwise, if any of the\following conditions are true, a value of bS equal to 3 shall be the output:

mixedModeEdgéFlag is equal to 0 and either or both of the samples p, or q is in a macroblock coded using
Intra macroblock prediction mode

mixedModeEdgeFlag is equal to 0 and either or both of the samples p, or q is in a macroblock that is in a sli
with.slice_type equal to SP or SI

ed

Id

us

us

i

CC

1 - Toten aonraln] lesnradio

mixedModeEdgeFlag is equal to 1, verticalEdgeFlag is equal to 0, and either or both of the samples py or qy|i

o ool ool c o dad Hno-ao 1 o133 a
T CTro oot CoaCa g it a Hacro oot ProaicHoRmoac

mixedModeEdgeFlag is equal to 1, verticalEdgeFlag is equal to 0, and either or both of the samples p, or q,
in a macroblock that is in a slice with slice_type equal to SP or SI

- Otherwise, if the following condition is true, a value of bS equal to 2 shall be the output:

is

the luma block containing sample py or the luma block containing sample qo contains non-zero transform

coefficient levels

- Otherwise, if any of the following conditions are true, a value of bS equal to 1 shall be the output:

190

mixedModeEdgeFlag is equal to 1
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- mixedModeEdgeFlag is equal to 0 and for the prediction of the macroblock/sub-macroblock partition
containing the sample p, different reference pictures or a different number of motion vectors are used than for
the prediction of the macroblock/sub-macroblock partition containing the sample q.
NOTE - The determination of whether the reference pictures used for the two macroblock/sub-macroblock partitions are
the same or different is based only on which pictures are referenced, without regard to whether a prediction is formed using
an index into reference picture list 0 or an index into reference picture list 1, and also without regard to whether or not the
index position within a reference picture list is different or not.

- mixedModeEdgeFlag is equal to 0 and one motion vector is used to predict the macroblock/sub-macroblock
partition containing the sample p, and one motion vector is used to predict the macroblock/sub-macroblock

g et 41 1 14l 1 ) R 1. L, 1 - 41 1 - . | e 1
Pal UIUIUIT \./UllLalllllls LU Dallll,llc Lio AdllU UIC aUSUTULL UITIVIUIICU UULWUUIT UIV TTUTIZUIILAal Ul viItivalr \.«Ulll} Onent Of

the motion vectors used is greater than or equal to 4 in units of quarter luma frame samples.

- mixedModeEdgeFlag is equal to 0 and two motion vectors and two different reference pictures ar¢ used to
predict the macroblock/sub-macroblock partition containing the sample p, and two motion Vectors for fthe same
two reference pictures are used to predict the macroblock/sub-macroblock partition containing the spmple q,
and the absolute difference between the horizontal or vertical component of the two motion vectors uged in the
prediction of the two macroblock/sub-macroblock partitions for the same reference<picture is greatef than or
equal to 4 in units of quarter luma frame samples.

- mixedModeEdgeFlag is equal to 0 and two motion vectors for the same reférence picture are used to pfedict the
macroblock/sub-macroblock partition containing the sample p, and two_‘motion vectors for the same teference
picture are used to predict the macroblock/sub-macroblock partition-containing the sample qo and bdth of the
following conditions are true:

- The absolute difference between the horizontal or vertical component of list 0 motion vectors used in the
prediction of the two macroblock/sub-macroblock partitions is greater than or equal to 4 in quarter luma
frame samples or the absolute difference between th@ horizontal or vertical component of the list [l motion
vectors used in the prediction of the two macroblock/sub-macroblock partitions is greater than|or equal
to 4 in units of quarter luma frame samples.

- The absolute difference between the horizental or vertical component of list 0 motion vector used in the
prediction of the macroblock/sub-macroblock partition containing the sample p, and the list | motion
vector used in the prediction of the>macroblock/sub-macroblock partition containing the sample q is
greater than or equal to 4 in units.9f quarter luma frame samples or the absolute difference betfveen the
horizontal or vertical component of the list 1 motion vector used in the prediction of the macrobjock/sub-
macroblock partition contairing the sample p, and list 0 motion vector used in the predictign of the
macroblock/sub-macrobloek/partition containing the sample qo is greater than or equal to 4 in{ units of
quarter luma frame samples.

NOTE — A vertical difference of 4 in units of quarter luma frame samples is a difference of 2 in units jof quarter
luma field samples

Otherwise, a value of bS_equal to 0 shall be the output.

B.7.2.2  Derivation.process for the thresholds for each block edge

nputs to this pracess are the input sample values po, qo, p1 and q; of a single set of samples across an edge thaft is to be
iltered, chromaFEdgeFlag, and bS, for the set of input samples, as specified in 8.7.2.

Dutputs of this process are the variable filterSamplesFlag, which indicates whether the input samples are filtered, the
balue of indexA, and the values of the threshold variables o and B.

_et.qP, and P, be variables specifying quantisation parameter values for the macroblocks containing the samplgs p, and

4 1 Tl salal D _, 141 1 . 1 A1 AN q . d £-11
.10, l\/DlJL/\leVbl)’. 1TTIV VAariduvils \.11 z \Wltll Z Ubllls lb})la\/\/u U)’ P Ul \.1} alv Uelivida as TUITU WS,
- If chromaEdgeFlag is equal to 0, the following applies.
- If the macroblock containing the sample z, is an I PCM macroblock, P, is set to 0.

- Otherwise (the macroblock containing the sample z, is not an I PCM macroblock), qP, is set to the value of QPy
of the macroblock containing the sample z.

- Otherwise (chromaEdgeFlag is equal to 1), the following applies.

- If the macroblock containing the sample z, is an I PCM macroblock, qP, is set to the value of QP¢ that
corresponds to a value of 0 for QPy as specified in subclause 8.5.7.
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Otherwise (the macroblock containing the sample z, is not an I PCM macroblock), qP, is set to the value of QPc
that corresponds to the value QPy of the macroblock containing the sample z, as specified in subclause 8.5.7.

Let qP,, be a variable specifying an average quantisation parameter. It is derived as follows.

qP,y

—(qPp+qPy+1)>>1

(8-462)

NOTE - In SP and SI slices, qP,, is derived in the same way as in other slice types. QSy from Equation 7-28 is not used in the

deblocking filter.

Let indexA be a variable that is used to access the a table (Table 8-16) as well as the tc table (Table 8-17), which is used
efing of edges with bS less than 4 as specified in subclause 8.7.2.3, and let indexB be a variable that is used [to
the B table (Table 8-16). The variables indexA and indexB are derived as follows, where the values pf
ffsetA and FilterOffsetB are the values of those variables specified in subclause 7.4.3 for the slice that)contaips
roblock containing sample q..

in filt

access
FilterO
the mag

The va

ndexA = Clip3( 0, 51, qP,, + FilterOffsetA )

ndexB = Clip3( 0, 51, gP,, + FilterOffsetB )

chromaEdgeFlag, the corresponding threshold variables o and [ are derived as follows.

!

o= o' * (1 << ( BitDepthy — 8 ) )

B=p"*(1<<(BitDepthy —8))

f thromaEdgeFlag is equal to 0,

—  Otherwise (chromaEdgeFlag is equal to 1),

The v

a=a' * (1 <<(BitDepthc-8))

B=PB'"* (1 <<(BitDepthc —8))

atiable filterSamplesFlag is derived by

riables o' and PB' depending on the values of indexA and indexB are specified i Table §-16. Depending ¢n

FilterSamplesFlag = (bS =0 && Abs(py—qo) <o && Abs(p;—po) <P && Abs(qi—qo)<P)

Table 8-16 — Derivation of offset dependent threshold variables o' and B' from indexA and indexB

(8-463)

(8-464)

(8-469)

(8-464)

(8-467)

(8-469)

(8-469)

indexA (for o) or indexB (for (")
o1 |23 |4%5 6|7 |8 |9 |1011|12(13|14|15|16[17[18[19[20|21|22|23|24]|2p
o |Ofj]OjO|OO]|]O|O|O|O|O|O|O|O|O|O|O|4|4|5|]6]|7|8|9]|10]|12|1B
B 10| O[O |O0O|O0O]|]O]O]O]|]O|]O|O|O|O|O|O|2|223[3[3]|3]|4]4]1
Tablg 816 (concluded) — Derivation of indexA and indexB from offset dependent threshold variables o' and B’
indexA (for ') or indexB (for )
262712829 |30 |31 (32(33(34(35[36|37|38[39|40|41|42|43|44|45|46|47 |48 495051
o |15]17]20({22]|25]|28|32|36|40 45|50 (56|63 |71|80]90|101|113|127|144|162|182|203|226|255|255
Br1oe(6|7 7|8 |8|9|9|10|10|IL |11 |12|12|13|13|14|14[15|15|16|16|17|17|18]18
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8.7.2.3 Filtering process for edges with bS less than 4

Inputs to this process are the input sample values p; and q; (i = 0..2) of a single set of samples across an edge that is to be
filtered, chromaEdgeFlag, bS, B, and indexA, for the set of input samples, as specified in 8.7.2.

Outputs of this process are the filtered result sample values p'; and ¢'; (i = 0..2) for the set of input sample values.

The filtered result samples p'y and q'y are derived by

A= Clip3(—tc, te, ((((qo—Po) <<2)+(pi—q1)+4)>>3)) (8-470)
p'o=Clipl(po+A) (8-471)
q'o=Clipl(qo—A4) (8-472)

Where the threshold tc is determined as follows.

If chromaEdgeFlag is equal to 0,
tc=tot ((a,<P)?1:0)+((ag<P)?1:0) (8-473)
Otherwise (chromaEdgeFlag is equal to 1),
tc=tcot1 (8-474)

Depending on the values of indexA and bS the variable t'c is specifiéd in Table 8-17. Depending on chromaHdgeFlag,
he corresponding threshold variable tc is derived as follows.

- If chromaEdgeFlag is equal to 0,
teo = t'co * (1 << (BitDepthy —8)) (8-475)
- Otherwise (chromaEdgeFlag is equal to 1),
teo = t'co * (1 << (BitDepthc —8)) (8-476)
et a, and a, be two threshold variables specified by
a, = Abs(p>—po) (8-477)
a;=Abs(q2—qo) (8-478)

[he filtered result sampl€ p/;'is derived as follows

If chromaEdgeklag:is equal to 0 and a, is less than B,
p't =R K Ep3(—teo, teo, (P2 + ((Po+ Gt 1)>>1)—(pr<<1)) >> 1) (8-479)
Otherwise (chromaEdgeFlag is equal to 1 or a, is greater than or equal to f3),

P =pi (8-480)

The filtered result sample q'; is derived as follows

- IfchromaEdgeFlag is equal to 0 and a, is less than 3,
q'1=qi + Clip3(—tco, teo, (2t ((pot o+ 1)>>1)—(qi<<1)) >> 1) (8-481)
- Otherwise (chromaEdgeFlag is equal to 1 or ag is greater than or equal to B),

q'l = (8-482)
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The filtered result samples p'; and q', are always set equal to the input samples p, and q5:
p‘z =Pz (8-483)
q2=¢q (8-484)

Table 8-17 — Value of variable t'c, as a function of indexA and bS

indexA

O/1 (234 |5|6|7|8|9 1011|1213 |14|15|16|17|18/19|20|21|22|23 |24 |25

bS=1 0/0[0]0|0|0]|]0O]O0O[O0O|0|0O]|O0O]O0O|O0O]O0O][O0O]O0O[O0O[O0O]O0O][O0O]O0[0|T1]| KM
bS=2 0/0{0j0|0|0|]0O]O[O0O|0]|0O]|O]O0O|O0O]O|O]O[O|O0O]O]|O 1|1 |N}|1
bS=3 ojojojojo0j0j0j0f0|0j0jOjO|OjO|O]jO [T || |1 |1 JNFT|T1]1

Table 8-17 (concluded) — Value of variable t'c, as a function of indexA and bS

indexA

2627 (28129|30(31(32(33/34|35|36|37(38|39|40 |41 |42 4344|4546 |47 4849|5051

bS=1 1111111222233 |3|4|4]|4AN|6]6]|7[8|910]11]13
bS=2 1|11 1112212123 [3[3]|4|4|5|/5V6]7|8|8|10]11[12/13|15/17
bS=3 112121212333 [4,4]/4[5]6|6.7%N8]9/[10/11]|13[14|16|18/20|23]|25

8.7.2.4| Filtering process for edges for bS equal to 4

Inputs fo this process are the input sample values p; and q; (i = 0..3) of a single set of samples across an edge that is to be
filtered| the variable chromaEdgeFlag, and the values of the threshold variables o and B for the set of samples, ps
specifigd in subclause 8.7.2.

Outputs of this process are the filtered result sample values p'; and q'; (i = 0..2) for the set of input sample values.
Let a,, gnd a, be two threshold variablestas specified in Equations 8-477 and 8-478, respectively, in subclause 8.7.2.3.
The filtered result samples p'; (i = 0..2) are derived as follows.

- If chromaEdgeFlag is equalte’0 and the following condition holds,
L, <P && Abs@Py=qo) <((a>>2)+2) (8-48%)

ther) the variablesp', p'i, and p'; are derived by

D'o = (P2H2%ps + 2%pg +2%qo +q1 +4)>>3 (8-484)
D= (P2t pi+potqot2)>>2 (8-487)
p2=(2%p3 +3*pa+pr+tpotqot4)>>3 (8-488)

- Otherwise (chromaEdgeFlag is equal to 1 or the condition in Equation 8-485 does not hold), the variables p'y, p';, and
p', are derived by

p'o=(2%p +po+q+2)>>2 (8-489)
p'i =P (8-490)
pP2=p2 (8-491)

194 © ISO/IEC 2005 — Al rights reserved


https://standardsiso.com/api/?name=b449ef14175ac39adc75a917dddf783d

ISO/IEC 14496-10:2005(E)

The filtered result samples q'; (i = 0..2) are derived as follows.

- If chromaEdgeFlag is equal to 0 and the following condition holds,
ag<P && Abs(po—qo) <((a>>2)+2) (8-492)

then the variables q'y, q';, and ', are derived by

Qo= (p1+2%pg+2%qp +2%q; +qp +4)>>3 (8-493)
PP T G T T2 (8-494)
q2=(2*qs +3*q+qi+qo+po+4)>>3 (8-495)

Otherwise (chromaEdgeFlag is equal to 1 or the condition in Equation 8-492 does not hold), thefvariables q'{, q';, and
q'; are derived by

Qo=(2*q +qotp1+2)>>2 (8-496)

q1=q (8-497)

q42=q (8-498)
D Parsing process

nputs to this process are bits from the RBSP.
Dutputs of this process are syntax element values.

[his process is invoked when the descriptor of a syntax‘€lément in the syntax tables in subclause 7.3 is equal|to ue(v),
me(v), se(v), te(v) (see subclause 9.1), ce(v) (see subclduse 9.2), or ae(v) (see subclause 9.3).

D.1 Parsing process for Exp-Golomb-codes

[his process is invoked when the descriptor-of a syntax element in the syntax tables in subclause 7.3 is equal|to ue(v),
me(v), se(v), or te(v). For syntax elemients in subclauses 7.3.4 and 7.3.5, this process is invoked only when
entropy _coding_mode_flag is equal t0"0"

nputs to this process are bits fromthe RBSP.
Dutputs of this process are syntax element values.

Byntax elements coded as“ue(v), me(v), or se(v) are Exp-Golomb-coded. Syntax elements coded as te(v) are fruncated
Exp-Golomb-coded_ The parsing process for these syntax elements begins with reading the bits starting at thg current
ocation in the bifstr€am up to and including the first non-zero bit, and counting the number of leading bits that pre equal
0 0. This process shall be equivalent to the following:

leadingZeroBits = -1;
for( b = 0; !b; leadingZeroBits++ )
b =read bits( 1)

The variable codeNum is then assigned as follows:

codeNum = 2'dingZeroBits _ 1 4 read bits( leadingZeroBits )

where the value returned from read bits( leadingZeroBits ) is interpreted as a binary representation of an unsigned
integer with most significant bit written first.

Table 9-1 illustrates the structure of the Exp-Golomb code by separating the bit string into “prefix” and “suffix” bits. The
“prefix” bits are those bits that are parsed in the above pseudo-code for the computation of leadingZeroBits, and are
shown as either 0 or 1 in the bit string column of Table 9-1. The “suffix” bits are those bits that are parsed in the
computation of codeNum and are shown as x; in Table 9-1, with i being in the range 0 to leadingZeroBits - 1, inclusive.
Each x; can take on values 0 or 1.
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Table 9-1 — Bit strings with “prefix” and “suffix” bits and assignment to codeNum ranges (informative)

Bit string form Range of codeNum
1 0
0 1 xp 1-2
00 1 x; X 3-6
00 0 1 x, X; Xo 7-14
00001 %3 X, X1 Xg 15-30
000001 x4 X3 X X1 Xp 31-62

Table 9-2 illustrates explicitly the assignment of bit strings to codeNum values.

Table 9-2 — Exp-Golomb bit strings and codeNum in explicit form and used-as‘ue(v) (informative)

Bit string codeNum
1 0
010 1
011 2
00100 3
00101 4
00 L(D O 5
0.1 11 6
0001000 7
0001001 8
0001010 9

Depending on the{descriptor, the value of a syntax element is derived as follows.

196

If fhe syntax element is coded as ue(Vv), the value of the syntax element is equal to codeNum.

Othérwise, if the syntax element is coded as se(v), the value of the syntax element is derived by invoking t

IS

mapping process for signed Exp-Golomb codes as specified in subclause 9.1.1 with codeNum as the mput.

Otherwise, if the syntax element is coded as me(v), the value of the syntax element is derived by invoking the

mapping process for coded block pattern as specified in subclause 9.1.2 with codeNum as the input.

Otherwise (the syntax element is coded as te(v)), the range of the syntax element shall be determined first. The range
of this syntax element may be between 0 and x, with x being greater than or equal to 1 and is used in the derivation

of the value of a syntax element as follows

- If x is greater than 1, codeNum and the value of the syntax element shall be derived in the same way as for

syntax elements coded as ue(v)
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- Otherwise (x is equal to 1), the parsing process for codeNum which is equal to the value of the syntax element

is given by a process equivalent to:

b =read bits( 1)
codeNum = !b

9.1.1  Mapping process for signed Exp-Golomb codes

Input to this process is codeNum as specified in subclause 9.1.

Output of this process is a value of a syntax element coded as se(v).

hssignment rule.

codeNum | syntax element value

0 0

1 1

2 -1

3 2

4 2

5 3

6 -3

k DM Ceil(k+2)

D.1.2  Mapping process for coded block*pattern

mode is equal to Intra 4X4)Intra 8x8 or Inter.

nput to this process is codeNum as specified in subclause 9.1.

Dutput of this process is a valug‘©fithe syntax element coded block pattern coded as me(v).

[he syntax element is assigned to the codeNum by ordering the syntax element by its absolute value in incréasjng order
ind representing the positive value for a given absolute value with the lower codeNum. Table 9-3.\proyides the

Table 9-3 — Assignment of syntax element to codeNum for signed Exp-Golomb coded syntax‘elements pe(v)

[able 9-4 shows the assignfnent of coded block pattern to codeNum depending on whether the macroblock prediction
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Table 9-4 — Assignment of codeNum to values of coded_block pattern for macroblock prediction modes

(a) chroma_format_idc is not equal to 0

codeNum coded_block_pattern
Intra_4x4, Inter
Intra_8x8
0 47 0
1 31 16
2 15 1
3 0 2
4 23 4
5 27 8
6 29 32
7 30 3
8 7 5
9 11 10
10 13 12
11 14 15
12 39 47
13 43 7
14 45 11
15 46 13
16 16 14
17 3 6
18 5 9
19 10 31
20 12 35
21 19 37
22 21 42
23 26 44
24 28 33
25 35 34
26 37 36
27 42 40
28 44 39

198 © ISO/IEC 2005 — All rights reserved


https://standardsiso.com/api/?name=b449ef14175ac39adc75a917dddf783d

ISO/IEC 14496-10:2005(E)

codeNum coded_block_pattern
29 1 43
30 2 45
31 4 46
32 8 17
33 7 %
34 18 20
35 20 24
36 24 19
37 6 21
38 9 26
39 22 28
40 25 23
41 32 27
42 33 29
43 34 30
44 36 22
45 40 25
46 38 38
A7 41 41
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(b) chroma_format_idc is equal to 0

codeNum coded_block_pattern
Intra_dxd, Inter
Intra_8x8

0 15 0

1 0 1

2 7 2

3 11 4

4 13 8

5 14 3

6 3 5

7 5 10

8 10 12

9 12 15

10 1 7

11 2 11

12 4 13

13 8 14

14 6 6

15 9 9
9.2 CAVLC parsing process for'‘transform coefficient levels
This process is invoked when parsing syntax elements with descriptor equal to ce(v) in subclause 7.3.5.3.1 and wh¢n
entropyl coding mode flag is equal to 0.
Inputs |to this process afe,'bits from slice data, a maximum number of non-zero transform coefficient levdls
maxNumCoeff, the luma block index luma4x4Blkldx or the chroma block index chroma4x4BlklIdx of the current blo¢gk
of trangform coefficient levels.
Output|of this process is the list coeffLevel containing transform coefficient levels of the luma block with block ind¢x
luma4x4BlkIdx or the chroma block with block index chroma4x4BlkIdx.
The prace€ss is specified in the following ordered steps:

1. All transform coefficient levels, with indices from 0 to maxNumCoeff - 1, in the list coeffLevel are set equal to 0.

2. The total number of non-zero transform coefficient levels TotalCoeff( coeff token ) and the number of trailing one
transform coefficient levels TrailingOnes( coeff token ) are derived by parsing coeff token (see subclause 9.2.1) as
follows.

- If the number of non-zero transform coefficient levels TotalCoeff( coeff token ) is equal to 0, the list coeffLevel
containing 0 values is returned and no further step is carried out.

- Otherwise, the following steps are carried out.
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a. The non-zero transform coefficient levels are derived by parsing trailing_ones_sign flag, level pr
level suffix (see subclause 9.2.2).

efix, and

b. The runs of zero transform coefficient levels before each non-zero transform coefficient level are derived by

parsing total zeros and run_before (see subclause 9.2.3).

c. The level and run information are combined into the list coeffLevel (see subclause 9.2.4).

9.2.1  Parsing process for total number of transform coefficient levels and trailing ones

Inputs to this process are bits from slice data, a maximum number of non-zero transform coefficient levels

maxNumCoetl, the luma block index lumad4x4Blkldx or the chroma block index chromad4x4BIlkldx of the curr
bf transform.

Dutputs of this process are TotalCoeff( coeff token ) and TrailingOnes( coeff token ).

[he syntax element coeff token is decoded using one of the six VLCs specified in the six_right-most co
[able 9-5. Each VLC specifies both TotalCoeff( coeff token ) and TrailingOnes( coeff token) for a given ¢
coeff token. VLC selection is dependent upon a variable nC that is derived as follows.

If the CAVLC parsing process is invoked for ChromaDCLevel, nC is derived as follows.

- Ifchroma format idc is equal to 1, nC is set equal to -1,

- Otherwise, if chroma_format idc is equal to 2, nC is set equal to -2,

- Otherwise (chroma_format_idc is equal to 3), nC is set equal to 0,

Otherwise, the following applies.

- When the CAVLC parsing process is invoked for Intral6x{6DCLevel, luma4x4BIkldx is set equal to 0,
- The variables blkA and blkB are derived as follows.

- If the CAVLC parsing process is invoked fof\[ntral6x16DCLevel, Intral6x16ACLevel, or Lumal
process specified in subclause 6.4.8.3 is inwoked with luma4x4BlkIdx as the input, and the output is
to mbAddrA, mbAddrB, luma4x4BlkIdxA, and luma4x4BlkldxB. The 4x4 luma block sped
mbAddrA\luma4x4BlkIdxA is assigned toblkA, and the 4x4 luma block speci
mbAddrB\luma4x4BlkIdxB is assigned to blkB.

- Otherwise (the CAVLC parsifig'process is invoked for ChromaACLevel), the process specified in §
6.4.8.4 is invoked with chroma4x4Blkldx as input, and the output is assigned to mbAddrA, n
chroma4x4BlkldxA, . ‘and  chroma4x4BlkldxB. = The 4x4  chroma block  specifi
mbAddrA\iCbCr\chfoma4x4BIlkldxA is assigned to blkA, and the 4x4 chroma block sped
mbAddrB\iCbCr\chroma4x4BIlkIdxB is assigned to blkB.

- Let nA and nB(bg the number of non-zero transform coefficient levels (given by TotalCoeff( coeff td

coefficienf4devels blkB located above the current block, respectively.
- With Nreplaced by A and B, in mbAddrN, blkN, and nN the following applies.
-8 Jf any of the following conditions is true, nN is set equal to 0.

- mbAddrN is not available

bnt block

umns of
odeword

evel, the
assigned
ified by
ied by

ubclause
bAddrB,
ed by
ified by

ken )) in

the block ofifransform coefficient levels blkA located to the left of the current block and the block of transform

- The current macroblock is coded using an Intra prediction mode, constrained intra pred fla

is equal

to 1 and mbAddrN is coded using Inter prediction and slice data partitioning is in use (nal unit_type is in

the range of 2 to 4, inclusive).

- The macroblock mbAddrN has mb_type equal to P_Skip or B_Skip

- All AC residual transform coefficient levels of the neighbouring block blkN are equal to 0 due to the

corresponding bit of CodedBlockPatternLuma or CodedBlockPatternChroma being equal to 0
- Otherwise, if mbAddrN is an I PCM macroblock, nN is set equal to 16.
- Otherwise, nN is set equal to the value TotalCoeff( coeff token ) of the neighbouring block blkN.
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NOTE - The values nA and nB that are derived using TotalCoeff( coeff token ) do not include the DC transform
coefficient levels in Intra_16x16 macroblocks or DC transform coefficient levels in chroma blocks, because these
transform coefficient levels are decoded separately. When the block above or to the left belongs to an Intra_16x16
macroblock, or is a chroma block, nA and nB is the number of decoded non-zero AC transform coefficient levels.
NOTE - When parsing for Intral6x16DCLevel, the values nA and nB are based on the number of non-zero
transform coefficient levels in adjacent 4x4 blocks and not on the number of non-zero DC transform coefficient
levels in adjacent 16x16 blocks.

- Given the values of nA and nB, the variable nC is derived as follows.

- If both mbAddrA and mbAddrB are available, the variable nC is set equal to (nA+nB + 1) >> 1.

- Otherwise (mbAddrA is not available or mbAddrB is not available), the variable nC is set equal to nA + nBs

The value of TotalCoeff( coeff token ) resulting from decoding coeff token shall be in the range of 0 to maxNumCoeff,
inclusiye.
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Table 9-5 — coeff_token mapping to TotalCoeff( coeff token ) and TrailingOnes( coeff token )

E2 | 25 0<=nC<2 2<=nC<4 4<=nC<8 |8<=nC | nC==-1 nC==-2
F2 | 23
=2 S
0 0 1 1 1111 000011 | 01 1
0 1 0001 01 0010 11 0011 11 000000 | 0001 1T | 0001 111
1 1 01 10 1110 000001 | 1 0l
0 2 0000 0111 0001 11 0010 11 000100 | 000100 ,[\0001 110
1 2 0001 00 0011 1 01111 0001 01 | 00010% | 0001 101
2 2 001 011 1101 0001 10 | 001 001
0 3 0000 0011 1 0000 111 0010 00 001000 0000 11 | 0000 00111
1 3 0000 0110 0010 10 01100 @010 01 | 0000011 | 0001 100
2 3 0000 101 0010 01 01110 0010 10 | 0000010 | 0001 011
3 3 0001 1 0101 1100 0010 11 | 000101 | 0000 1
0 4 0000 0001 11 0000 0111 006 111 001100 | 000010 | 0000 0011{0
1 4 0000 0011 0 0001 10 01010 001101 | 0000 0000 0010|1
0011
2 4 0000 0101 0001 01 0101 1 001110 | 0000 0001 010
0010
3 4 0000 11 0100 1011 0011 11 | 0000000 | 0000 01
0 5 0000 0000 111 0000 0100 0001 011 010000 | - 0000 0001|11
1 5 0000 0001 10 0000 110 01000 010001 | - 0000 000110
2 5 0000 0010 0000 101 0100 1 010010 | - 0000 0010J0
3 5 0000100 00110 1010 0100 11 | - 0001 001
0 6 0000 0000 01111 | 0000 0011 1 0001 001 010100 | - 0000 0000|111
1 6 0000 0000 110 0000 0110 0011 10 010101 | - 0000 0000|110
2 6 0000 0001 01 0000 0101 0011 01 010110 | - 0000 000101
3 6 0000 0100 0010 00 1001 0101 11 | - 0001 000
0 7 0000 0000 0101 1 | 0000 0001 111 0001 000 011000 | - 0000 00000111
1 7 0000 0000 01110 | 0000 0011 0 0010 10 011001 | - 0000 0000 0110
2 7 0000 0000 101 0000 0010 1 0010 01 011010 | - 0000 0000 101
3 7 0000 0010 0 0001 00 1000 0110 11 | - 0000 0001 00
0 8 0000 0000 01000 | 0000 0001 011 0000 1111 011100 | - 0000 0000 0011 1
1 8 0000 0000 01010 | 0000 0001 110 0001 110 011101 | - 0000 0000 0101
2 8 0000 00000110 1 | 0000 0001 101 0001 101 011110 | - 0000 0000 0100

© ISO/IEC 2005 — All rights reserved 203


https://standardsiso.com/api/?name=b449ef14175ac39adc75a917dddf783d

ISO/IEC 14496-10:2005(E)

3 8 0000 0001 00 0000 100 01101 o111 11 | - 0000 0000 100
0 9 0000 0000 0011 11 | 0000 0000 1111 0000 1011 100000 | -
1 9 0000 0000 0011 10 | 0000 0001 010 0000 1110 100001 | -
2 9 0000 0000 0100 1 0000 0001 001 0001 010 100010 | -
3 9 0000 0000 100 0000 0010 0 0011 00 100011 | -
0 10 0000 00000010 11 0000 0000 1011 000001111 1100100 |-
1 10 0000 0000 0010 10 | 0000 0000 1110 0000 1010 1001 01 | -
2 10 0000 0000 0011 01 | 0000 0000 1101 0000 1101 1001 10 | -
3 10 0000 0000 0110 0 0000 0001 100 0001 100 1001 11 | -
0 11 0000 0000 0001 111 | 0000 0000 1000 000001011 | 101000 | -
1 11 0000 0000 0001 110 | 0000 0000 1010 000001110 | 101001 | -
2 11 0000 0000 0010 01 | 0000 0000 1001 0000 1001 101010 |\
3 11 0000 0000 0011 00 | 0000 0001 000 0000 1100 1010407 -
0 12 0000 0000 0001 011 | 0000000001111 | 000001000 |, 10D1 00 | -
1 12 0000 0000 0001 010 | 0000 000001110 | 0000010165 | 101101 | -
2 12 0000 0000 0001 101 | 0000 000001101 | 000001101 | 101110 | -
3 12 0000 0000 0010 00 | 0000 0000 1100 00@D 1000 101111 | -
0 13 (1)(1)(1)(1) 0000 0000 0000 0000 0101 1.5 0000001101 | 110000 | -
1 13 0000 0000 0000 001 | 0000 0000.01010 | 000000111 | 110001 | -
2 13 0000 0000 0001 001 | 0000.6000 0100 1 | 000001001 | 110010 | -
3 13 0000 0000 0001 100 | 0000 000001100 | 000001100 | 110011 | -
0 14 0000 0000 0000 0000 0000 00111 | 0000001001 | 110100 | -
1011
1 14 (1)(1)(1)8 0000 0000 0000 0000 0010 11 | 0000001100 | 110101 | -
2 14 0000,0000 0000 0000 0000 00110 | 0000001011 | 110110 | -
1401
3 14 0000 0000 0001 000 | 0000 0000 0100 0 | 0000001010 | 110111 | -
0 15 8(1)(1)(1) 0000 0000 0000 0000 0010 01 | 0000 0001 01 | 111000 | -
1 15 0000 0000 0000 0000 0000 0010 00 | 0000 001000 | 111001 | -
1010
2 15 0000 0000 0000 0000 0000 0010 10 | 0000 0001 11 | 111010 | -
1001
3 15 0000 0000 0000 0000 0000 0000 1 | 00000001 10 | 111011 | -
1100
0 16 0000 0000 0000 0000 0000 0001 11 | 0000 000001 | 111100 | -
0100
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1 16 0000 0000 0000 0000 0000 0001 10 | 0000 0001 00 | 111101 | -
0110

2 16 0000 0000 0000 0000 0000 0001 01 | 0000000011 | 111110 | -
0101

3 16 0000 0000 0000 0000 0000 0001 00 | 0000000010 | 111111 | -
1000

D.2.2  Parsing process for level information

[otalCoeff( coeff token ), and the number of trailing one transform coefficient levels TrailingOnes( co€ff” token|

Dutput of this process is a list with name level containing transform coefficient levels.

o decode the trailing one transform coefficient levels (if any):

- A 1-bit syntax element trailing_ones_sign flag is decoded and evaluated as follows:-

- Iftrailing ones_sign flag is equal to 0, the value +1 is assigned to levelfyi ].

- Otherwise (trailing_ones_sign_flag is equal to 1), the value -1 is assighed to level[ i ].
- The index i is incremented by 1.

Following the decoding of the trailing one transform coefficient leyelsya variable suffixLength is initialised as fq

- If TotalCoeff( coeff token ) is greater than 10 and TrailingOnes( coeff token ) is less than 3, suffixLength
equal to 1.

- Otherwise (TotalCoeff( coeff token ) is less than oriequal to 10 or TrailingOnes( coeff token ) is equal to 3
suffixLength is set equal to 0.

[he following procedure is then applied iteratively*( TotalCoeff( coeff token ) — TrailingOnes( coeff token )
lecode the remaining levels (if any):

- The syntax element level prefix is décoded as specified in subclause 9.2.2.1.
- The variable levelSuffixSize is set-equal to the variable suffixLength with the exception of the following tw
- When level prefix is equalto\14 and suffixLength is equal to 0, levelSuffixSize is set equal to 4.
- When level prefix is greater than or equal to 15, levelSuffixSize is set equal to level prefix - 3.
- The syntax elementdevel suffix is decoded as follows.

- IflevelSaffixSize is greater than 0, the syntax element level suffix is decoded as unsigned integer
representation u(v) with levelSuffixSize bits.

- Otherwise (levelSuffixSize is equal to 0), the syntax element level suffix shall be inferred to be equal
- A variable levelCode is set equal to ( Min( 15, level prefix ) << suffixLength ) + level suffix.

- -~ “When level prefix is greater than or equal to 15 and suffixLength is equal to 0, levelCode is incremented b)

nputs to this process are bits from slice data, the number of non-zero transform ceefficierft levels

).

nitially an index i is set equal to 0. Then the following procedure is iteratively applied TrailingOnes( coeff tokgn ) times

llows.

S set

~"

times to

O CaScs.

to 0.

y 15.

= Wi [evel_prefix 1S greater tha of equat 1o 16, [evelCode 15 INCIemened by ( 1<<( {evel_prefix — 3 J) — 40

96.

- When the index i is equal to TrailingOnes( coeff token ) and TrailingOnes( coeff token ) is less than 3, levelCode

is incremented by 2.
- The variable level[ i ] is derived as follows.
- IflevelCode is an even number, the value ( levelCode +2 ) >> 1 is assigned to level[ i ].
- Otherwise (levelCode is an odd number), the value ( -levelCode — 1) >> 1 is assigned to level[ i ].

- When suffixLength is equal to 0, suffixLength is set equal to 1.
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- When the absolute value of level[ i ] is greater than ( 3 << (' suffixLength — 1 ) ) and suffixLength is less than 6,
suffixLength is incremented by 1.

- The index i is incremented by 1.

9.2.2.1

Parsing process for level_prefix

Inputs to this process are bits from slice data.

Output of this process is level prefix.

The pa sina nracese for thic cuntax alamaont canaicte 1n raading the hite ctarting at tho ciyrrant lacation 1n the hitetraan o
IS o 4 5

to and Including the first non-zero bit, and counting the number of leading bits that are equal to 0. This process shalt
equivalent to the following:

leadingZeroBits = -1

for( b = 0; !b; leadingZeroBits++ )
b =read bits( 1)

level prefix = leadingZeroBits

Table 9-6 illustrates the codeword table for level prefix.

9.2.3

Table 9-6 — Codeword table for level_prefix (informative)

level_prefix | bit string
0 1
1 01
2 001
3 0001
4 0000 1
5 0000.01
6 0000001
7 0000 0001
8 0000 0000 1
9 0000 0000 01
10 0000 0000 001
11 0000 0000 0001
12 0000 0000 0000 1
13 0000 0000 0000 01
14 0000 0000 0000 001
15 0000 0000 0000 0001

Parsing process for run information

Inputs

to./ this

are bits from slice data,

the number of non-zero

transform coefficient levd

TotalCoeff( coeff token ), and the maximum number of non-zero transform coefficient levels maxNumCoeff.

DC

Is

Output of this process is a list of runs of zero transform coefficient levels preceding non-zero transform coefficient levels
called run.

Initially, an index i is set equal to O.

The variable zerosLeft is derived as follows.

- If the number of non-zero transform coefficient levels TotalCoeff( coeff token ) is equal to the maximum number of
non-zero transform coefficient levels maxNumCoeff, a variable zerosLeft is set equal to 0.
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- Otherwise (the number of non-zero transform coefficient levels TotalCoeff( coeff token ) is less than the maximum
number of non-zero transform coefficient levels maxNumCoeff), total zeros is decoded and zerosLeft is set equal to

its value.
The VLC used to decode total zeros is derived as follows:
- If maxNumCoeff is equal to 4, one of the VLCs specified in Table 9-9 (a) is used.
- Otherwise, if maxNumCoeff is equal to 8, one of the VLCs specified in Table 9-9 (b) is used.

- Otherwise (maxNumCoeff is not equal to 4 and not equal to 8), VLCs from Table 9-7 and Table 9-8 are used.

[he following procedure is then applied iteratively ( TotalCoeff( coeff token ) — 1) times:

The variable run[ i ] is derived as follows.

- If zerosLeft is greater than zero, a value run_before is decoded based on Table 9-10 and, zerosLeft. fun[i] is
set equal to run_before.
- Otherwise (zerosLeft is equal to 0), run[ i ] is set equal to 0.
The value of run[ i ] is subtracted from zerosLeft and the result assigned to zerosLeft:> The result of the subtraction
shall be greater than or equal to 0.
The index i is incremented by 1.
Finally the value of zerosLeft is assigned to run[ i ].
Table 9-7 — total_zeros tables for 4x4 blocks with TotalCoeff( coeff token) 1 to 7
total_zeros TotalCoeff( coeff_token )
1 2 3 4 5 6 7
0 1 111 0101 00011 | 0101 0000 01 | 0000 01
1 011 110 111 111 0100 0000 1 0000 1
2 010 101 110 0101 0011 111 101
3 0011 100 101 0100 111 110 100
4 0010 011 0100 110 110 101 011
5 0001 1 0101 0011 101 101 100 11
6 0001 0 0100 100 100 100 011 010
7 0000 11 0011 011 0011 011 010 0001
8 0000 10 0010 0010 011 0010 0001 001
9 0000 011 0001 1 0001 1 0010 00001 | 001 0000 00
10 0000 010 00010 | 00010 | 00010 | 0001 0000 00
11 0000 0011 0000 11 000001 0000 1 00000
12 0000 0010 0000 10 | 0000 1 0000 0
13 0000 0001 1 | 000001 | 0000 00
14 0000 0001 0 | 0000 00
15 0000 0000 1
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Table 9-8 — total_zeros tables for 4x4 blocks with TotalCoeff( coeff token ) 8 to 15

total_zeros TotalCoeff( coeff_token )
8 9 10 11 12 13 14 | 15
0 0000 01 | 000001 | 0000 1 | 0000 | 0000 [ 000 [ 00 | O
1 0001 0000 00 | 00000 [ 0001 | 0001 | 001 | O1 |1
2 00001 | 0001 001 001 |01 1 1
3 011 11 11 010 |1 01
4 11 10 10 1 001
5 10 001 01 011
6 010 01 0001
7 001 0000 1
8 0000 00

Table 9-9 — total_zeros tables for chroma DC 2x2 and2x4 blocks

(a) Chroma DC 2x2 block (4:2:0 chroma.sampling)

(b) Chroma DC 2x4 block (4:2:2 chroma sampling)

TotalCoeff( coétf token )
total_zeros
1 2 3
0 1 1 1
1 01 01 0
2 001 00
3 000

TotalCoeff( coeff token )
total (zeros

1 2 3 4 5 6 7
0 1 000 000 110 00 00 0
1 010 01 001 00 01 01 1
2 011 001 01 01 10 1
4 0011 101 110 111
5 0001 110 111
6 00001 | 111
7 0000 0
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Table 9-10 — Tables for run_before

run_before | zerosLeft
1(2 [3 |4 5 6 >6
0 1|1 11|11 11 11 111
1 0|01[10]|10 | 10 | 000 | 110
2 - 100[01]01 |o011]o001]101
3 - |- 00 | 001 | 010 | O11 | 100
4 - |- - 000 | 001 | 010 | O11
5 - |- - - 000 | 101 | 010
6 - |- - - - 100 | 001
7 - - - - - 0001
8 - - - - - 00001
9 - - - - - - 000001
10 - - - - - - 0000001
11 - |- - - - > 00000001
12 - |- - - = - 000000001
13 - |- - - - - 0000000001
14 - |- g - - - 00000000001

D.2.4  Combining level and run inforpiation

nput to this process are a list of transform coefficient levels called level, a list of runs called run, and the numbdr of non-
vero transform coefficient levels TotalCoeff( coeff token ).

Dutput of this process is an list coeffLevel of transform coefficient levels.

A variable coeffNum isset.€qual to -1 and an index i is set equal to ( TotalCoeff( coeff token) — 1 ). The following
procedure is iteratively applied TotalCoeff( coeff token ) times:

coeffNum is incrémented by run[ i | + 1.
coeffLevelf.coeffNum ] is set equal to level[ i ].

The index i is decremented by 1.

D.3 CABAC parsing process for slice data

This process 1s invoked when parsing syntax elements with descriptor ae(v) in subclauses /.3.4 and /.3.5 when
entropy_coding_mode flag is equal to 1.

Inputs to this process are a request for a value of a syntax element and values of prior parsed syntax elements.
Output of this process is the value of the syntax element.

When starting the parsing of the slice data of a slice in subclause 7.3.4, the initialisation process of the CABAC parsing
process is invoked as specified in subclause 9.3.1.

The parsing of syntax elements proceeds as follows:

For each requested value of a syntax element a binarization is derived as described in subclause 9.3.2.
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The binarization for the syntax element and the sequence of parsed bins determines the decoding process flow as

described in subclause 9.3.3.

For each bin of the binarization of the syntax element, which is indexed by the variable binldx, a context index ctxIdx is

derived as specified in subclause 9.3.3.1.

For each ctxIdx the arithmetic decoding process is invoked as specified in subclause 9.3.3.2.

The resulting sequence ( by .. byiniax ) of parsed bins is compared to the set of bin strings given by the binarization process
after decoding of each bin. When the sequence matches a bin string in the given set, the corresponding value shall be

assigned to the syntax element.

In case|the request for a value of a syntax element is processed for the syntax element mb_type and the decoded valie
mb_tyge is equal to I PCM, the decoding engine shall be initialised after the decoding of any pcm_alignment, (zero §

and all pcm_sample luma and pcm_sample chroma data as specified in subclause 9.3.1.2.

The whole CABAC parsing process is illustrated in the flowchart of Figure 9-1 with the abbreviation SE for synt

elemenf.

CABACParsing(SE)

First SE in Yes

slice ? I
Initialisation of

context variables

Ne Initialisation of
decodingiengine
I

A,

Get Binarization(SE)

binldx = -1

|

Get ctxIdx(binldx)

l

DecodeBin(ctxldx)

(bﬂ""’bbinldx) in
Binarization(SE) ?

Yes

== mb_typ €
&& value(bg,....b ;. 4.) ==
I_PCM?

Yes

Initialisation of
decoding engine

b
it

LX

Nc ‘

Figure 9-1 — Illustration of CABAC parsing process for a syntax element SE (informative)

9.3.1 Initialisation process

Outputs of this process are initialised CABAC internal variables.

210 © ISO/IEC 2005 — Al rights reserved


https://standardsiso.com/api/?name=b449ef14175ac39adc75a917dddf783d

ISO/IEC 14496-10:2005(E)

The processes in subclauses 9.3.1.1 and 9.3.1.2 are invoked when starting the parsing of the slice data of a slice in

subclause 7.3.4.

The process in subclause 9.3.1.2 is also invoked after decoding any pcm_alignment zero_ bit and all pcm_sample luma

and pcm_sample_chroma data for a macroblock of type I PCM.
9.3.1.1 Initialisation process for context variables
Outputs of this process are the initialised CABAC context variables indexed by ctxIdx.

Table 9-12 to Table 9-23 contain the values of the variables n and m used in the initialisation of context variable

s that are

hssigned to all syntax elements in subclauses 7.3.4 and 7.3.5 except for the end-oi-slice flag.

For each context variable, the two variables pStateldx and valMPS are initialised.

NOTE - The variable pStateldx corresponds to a probability state index and the variable valMPS corresponds to’the v
most probable symbol as further described in subclause 9.3.3.2.

[he two values assigned to pStateldx and valMPS for the initialisation are derived from SliceQPy, which is d
Fquation 7-27. Given the two table entries (m, n ),

1. preCtxState = Clip3( 1, 126, ((m * Clip3( 0, 51, SliceQPy ) )>>4)+n)
2. if( preCtxState <= 63) {
pStateldx = 63 - preCtxState
valMPS =0
} else {
pStateldx = preCtxState - 64
valMPS =1
}

n Table 9-11, the ctxIdx for which initialisation issnieeded for each of the slice types are listed. Also listed is
humber that includes the values of m and n needed for the initialisation. For P, SP and B slice type, the init]
Hepends also on the value of the cabac_init .ido syntax element. Note that the syntax element names do not :
nitialisation process.

Table 9-11 — Association of ctxIdx and syntax elements for each slice type in the initialisation proceps

lue of the

erived in

the table
alisation
ffect the

Slice type
Syntax element Table
SI 1 P, SP B
mb._skip_flag Table 9-13 11-13 2426
. Table 9-14
slice_data( 9
mb_field decoding_flag Table 9-18 70-72 70-72 70-72 70-72
Table 9-12
mb_type Table 9-13 0-10 3-10 14-20 27-35
Table 9-14
transform_size 8x8 flag Table 9-16 na 399-401 399-401 399-401
macroblock layer( )
coded_block pattern (luma) Table 9-18 73-76 73-76 73-76 73-76
coded block pattern (chroma) Table 9-18 77-84 77-84 77-84 77-84
mb_gp_delta Table 9-17 60-63 60-63 60-63 60-63
mb_pred( ) prev_intra4x4 pred_mode flag Table 9-17 68 68 68 68
rem_intra4x4 pred_mode Table 9-17 69 69 69 69
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prev_intra8x8 pred_mode flag Table 9-17 na 68 68 68
rem_intra8x8 pred mode Table 9-17 na 69 69 69
intra_chroma pred_mode Table 9-17 64-67 64-67 64-67 64-67
ref idx 10 Table 9-16 54-59 54-59
ref idx 11 Table 9-16 54-59
mud 1001 1ro] Tahle 9-15 40-46 40-46
mb_pred( ) and -
b _mb_pred
sfb_mb_pred() mvd H[][][0] Table 9-15 4026
mvd 10[][1[ 1] Table 9-15 47-53 47-53
mvd 1[I 1] Table 9-15 47-53
Table 9-13
sib_mb_pred( ) sub_mb_type 21-23 36-39
Table 9-14
coded block flag Table 9-18 85-104 852104 85-104 85-104
Table 9-19 105-165 105-165 105-165 105-165
significant coeff flag( | Table 9-22 277-337 277-337 277-337 277-337
g _coetl_tlag Table 9-24 402-416 402-416 402-416
Table 9-24 436-450 436-450 436-450
residifal block_cabac() Table 9-20 1662226 166-226 166-226 166-226
last_significant coeff flag[ Table 9-23 338-398 338-398 338-398 338-398
-Sig _coell_flag Table 9-24 417-425 417-425 417-425
Table 9-24 451-459 451-459 451-459
fF abs. level minusI[] Table'9-21 227-275 227-275 227-275 227-275
coctl_abs_fevel_minus Table 9-24 426-435 426-435 426-435

NOTE - ctxldx equal to 276 is associated with the end of slice flag and the bin of mb_type, which specifies the I PCM
macfoblock type. The decoding process specified.in subclause 9.3.3.2.4 applies to ctxIdx equal to 276. This decoding proce
howgver, may also be implemented by using the decoding process specified in subclause 9.3.3.2.1. In this case, the initial values
associated with ctxIdx equal to 276 are specified to be pStateldx = 63 and valMPS =0, where pStateldx = 63 represents a nop-
adapjting probability state.

17

Table 9212 — Values of variables m and n for ctxIdx from 0 to 10

Initialisation ctxldx

variables 0 1 2 3 4 5 6 7 8 9 10
m 20 2 3 20 2 3 28 | 23 -6 -1 7
i 5 | 54 74 | <15 | 54 74 | 127 | 104 | 53 54 51
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Table 9-13 — Values of variables m and n for ctxIdx from 11 to 23

Value of Initialisation ctxldx
cabac_init ide | variables n | 12| 3| 14| 15|16 ]| 17 | 18| 19| 20| 21| 22| 23
0 m 23 | 23 | 21 1 0o | 37| s a3 | -1 1 2| 4 | 17
n 33 2 0 9 49 | s | s7 | 78 | 65 | 62 | 49 | 73 | 50
1 m 2 | 34 | 16 | 2 4 | 29 | 2 6 | 13 | 5 9 3 10
n 25 0 0 9 a1 | s | 65 | 71 | 79 | 52 | s0 |~j0| | s4
2 m 29 | 25 | 14 | 0| 3 | 27| 26 | 4 | 24| s 6 L[ 17| | 14
n 16 0 0 s1 | 62 | 99 | 16 | 8 | 102 | sz | 57 | B|| 57

Table 9-14 — Values of variables m and n for ctxIdx from 24 t0.39

Value of Initialisatio ctxldx
cabac_init_ide | nvariables | | 5 | 26 | 27 | 28 | 20 | 30 | 31 | 32 (3 | 34 | 35 | 36 | 37 | 3k | 39
0 m 18 9 | 20|26 16| 9 |46 20 cINT-13]-11] 1 |-6]-17]- 9
n 64 | 43 | 0 | 67 | 90 | 104|127 | foa | 67 | 78 | 65 | 62 | 86 | 95 | 6] | 45
1 m 26 | 19 [ 40 | 57 | 41 | 26 | 45| C15 | 4| 6 |13 5 | 6 |13 8
n 34 [ 2] 0| 2 | 36| 6027|101 | 76 | 71 | 79 | 52| 69 | 90 | s5p | 43
2 m 20 |20 | 29 | 54 | 37xNi2 | 32| 22| 2| 4 | 24| 5| 6 |14 - 4
n 40 | 10 | o | 0-Jas [ 97 | 127|117 | 74 | 85 | 102 | 57 | 93 | 88 | 4f | 55

Table 9-15 = Values of variables m and n for ctxIdx from 40 to 53

Value of Initialisation ctxldx

cabac_init_ide | variables 100 | 41 | & 43 | 44 | 45 | 46 | 47 | 48 | 49 | s0 | 51 | 5] | s3

0 m 306 | 11| 6 | 7| 5| 2 o | 3 |0 s | 4] 3] o
n 60 | 81 | 96 | 55 | 67 | 86 | 88 | s8 | 76 | 94 | 54 | 60 | s | sg

1 m 2 | 5 | 10| 2 2 | 3| 3 1| 36 o | 3] g s
n 60 | 82 | 96 | 59 | 75 | 87 | 100 | s6 | 74 | 85 | 59 | 81 | sd | 95

2 m at | s | 21| 19| 20 | 4 6 1| s a3 s |6 | 4| 4
n 89 [ 105 | 116 | 57 | 58 | 84 | 96 | 63 | & [ 106 [ 6 | 75 | 9 | 101
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Table 9-16 — Values of variables m and n for ctxIdx from 54 to 59, and 399 to 401

ctxIdx
Value of cabac_init_idc | Initialisation variables
54 | 55 |56 | 57 | 58 | 59 | 399 | 400 | 401
I slices m na |na|na|f na |na|na| 31 31 25
n na |na|na| na |na|na| 21 31 50
Y " 7 5 4 5 211 12 11 14
n 67 | 74 | 74| 80 | 72 | 58 | 40 51 59
1 m -1 -1 1 21510 | 25 21 21
n 66 | 77 | 70 | 86 | 72 | 61 | 32 | 49 54
2 m 3|42 |-12|-7]1 21 19 17
n 55179 75| 97 | 50 | 60 | 33 50 | 61

Table 9-17 — Values of variables m and n for ctxIdx from 60 to 69

Initialisation ctxldx
iabl.
variables 60 61 62 63 64 65 66 67 68 | 69
m 0 0 0 0 -9 4 0 7 13 3
n 41 63 63 63 83 86 97 72 41 62
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I and SI Value of cabac_init_idc Value of cabac_init_idc
slices — ! :llilisSI S
ctxldx 1 ctxldx 1

m n m n m n m n m n m n m n m n
70 0 11 0 45 13 15 7 34 88 -11 | 115 | -13 | 108 | -4 92 5 78
71 1 55 -4 78 7 51 -9 88 89 -12 | 63 -3 46 0 39 -6 55
72 0 69 -3 96 2 80 | -20 | 127 920 -2 68 -1 65 0 65 4 61
73 -17 | 127 | <27 | 126 | -39 | 127 | -36 | 127 91 -15 ] 84 | -1 57 | -15 | 84 [ -14/ 83
74 -13 | 102 | -28 | 98 | -18 | 91 | -17 | 91 92 -13 ] 104 | -9 93 | 35 |A27 | -37 | 127
75 0 82 | 25| 101 | -17 | 96 | -14 | 95 93 -3 70 | -3 74 -2 73 -5 79
76 -7 74 | 23| 67 | 26 | 81 | 25| 84 94 -8 93 -9 92 | -12 | 104 | -11 | 104
77 =21 | 107 | 28 | 82 | -35 | 98 | -25 | 86 95 -10 | 90 | -8 87 -9 91 | -11 | 91
78 27 | 127 | 20 | 94 | 24 | 102 | -12 | 89 96 =30 | 127-1)-23 | 126 | -31 | 127 | -30 | 127
79 31| 127 | <16 | 83 | -23 | 97 | -17 | 91 97 -1 74 5 54 3 55 0 65
80 =24 | 127 | -22 | 110 | -27 | 119 | -31 | 127 98 -6 97 6 60 7 56 | -2 79
81 181 95 | 21| 91 | 24 | 99 | -14 | 76 99. -7 91 6 59 7 55 0 72
82 =27 | 127 | -18 | 102 | -21 | 110 | -18 | 103 100 220 | 127 | 6 69 8 61 -4 92
83 21 [ 114 | -13 | 93 | -18 | 102 | -1343 90 101 -4 56 | -1 48 -3 53 -6 56
84 -30 | 127 | <29 | 127 | <36 | 127 37 | 127 102 -5 82 0 68 0 68 3 68
85 -17 1 123 | -7 92 0 80 | 11 80 103 -7 76 | -4 69 -7 74 | -8 71
86 12 ) 115 | -5 89 5 89 5 76 104 S22 1125 | -8 88 -9 88 | -13 | 98
87 -16 | 122 | -7 96 -7 94 2 84
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Table 9-19 — Values of variables m and n for ctxIdx from 105 to 165

I and SI Value of cabac_init_idc Value of cabac_init_idc
i -~ I and SI =
slices slices
ctxIdx 0 1 2 ctxIdx 0 1 2
m n m n m n m n m n m n m n m n

105 -7 93 -2 85 | -13 | 103 | -4 | 86 136 -13 | 101 5 53] 0 [58] -5 75

106 -11 | 87 -6 78 | -13 | 91 | -12 | 88 137 -13 | 91 22 | 61| -1 |60 -8 80

107 -3 77 | -1 75 -9 89 | -5 | 82 138 -12| 94 0 |56 -3 [61]-21] 8

108 -5 71 -7 77 | -14 | 92 3172 139 -10 | 88 0 [56]| -8 | 67| -21]| 64

109 -4 63 2 54 -8 76 -4 | 67 140 -16 | 84 | -13 | 63 | -25 | 84 | -13 | 34

110 -4 | 68 5 50 | <12 87 | -8 | 72 141 10| 86 | -5 | 60 | -14 | 74 | -25.| 64

111 -12 | 84 -3 68 | -23 | 110 | -16 | 89 142 -7 83 -1 )62 -5 |65 [\ 29| 94

112 -7 62 1 50 | -24 | 105 | -9 | 69 143 -13 | 87 4 | 57| 5 82V~ 9 75

113 -7 65 6 42 | -10 | 78 -1 ] 59 144 -19 | 94 -6 | 69| 20 )57 | 17 | 63

114 8 61 -4 81 | -20 | 112 | 5 66 145 1 70 4 | STANO [ 61 | -8 74

115 5 56 1 63 | -17 | 99 4 | 57 146 0 72 14 397 -9 | 69| -5 35

116 -2 66 -4 70 | <78 | 127 | 4 | 71 147 -5 74 4 51 -11 70| -2 27

117 1 64 0 67 | -70 | 127 | -2 | 71 148 18 | 59 13 | 68 | 18 | 55| 13 91

118 0 61 2 57 | -50 | 127 | 2 | 58 149 -84y 102 | 3 64 | 4 | 71 3 65

119 -2 78 -2 76 | -46 | 127 | -1 | 74 150 s[5°| 100 | 1 61 0 | 58 -7 69

120 1 50 11 35 -4 66 -4 | 44 15X 0 95 9 63| 7 |61 8 77

121 7 52 4 64 -5 78 -1 | 69 152 -4 75 7 50| 9 | 41| -10 | 66

122 10 | 35 1 61 -4 71 0 |62 153 2 72 16 {39 18 | 25| 3 62

123 0 44 11 35 -8 72 -7~ 51 154 -11 | 75 5 |44 9 |32] -3 68

124 11 38 18 | 25 2 59 -4 | 47 155 -3 71 4 | 52| 5 |43 -20| 81

125 1 45 12 | 24 -1 bR -6 | 42 156 15 | 46 11 | 48 471 0 30

127 5 44 13 36 -6 75 -6 | 53 158 0 62 -1 ] 59 51| -3 23

9

126 0 46 13 | 29 -7 70 3141 157 -13 | 69 5160 0 | 44 1 7
0
2

128 31 17 | -10_|{\93 -8 89 8 | 76 159 0 65 0 | 59 46 | 21 | 74

129 1 51 -7 73 | 34| 119 | -9 | 78 160 21 37 | 22 |33 | 19 | 38| 16 | 66

130 7 50 -2 73 -3 75 | -11 | 83 161 -15 | 72 5 | 44| 4 | 66| -23 | 124

131 28 19 13 | 46 | 32 | 20 9 |52 162 9 57 14 [ 43| 15 | 38| 17 | 37

132 16 | 33 9 49 | 30 | 22 0 | 67 163 16 | 54 -1 78 12 | 42 | 44 | -18

133 14 | 62 -7 | 100 | -44 | 127 | -5 | 90 164 0 62 0 [60] 9 | 34| 50 | -34

134 -13 ] 108 | 9 53 0 54 1 67 165 12 | 72 9 |69 0 |89 | -22] 127

135 -15 | 100 | 2 53 -5 61 | -15 | 72
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Table 9-20 — Values of variables m and n for ctxIdx from 166 to 226

I al'ld SI Value of cabac_init_idc I and SI Value of cabac_init_idc
slices .
ctxldx 0 1 2 ctxldx slices 1 2

m | n m | n m n |m/| n m | n m n m n m n
166 241 0 1128 | 4 45 | 4 | 39 197 26 | -17 | 28 3 36 | -28 | 28 -3
167 15 9 2 40| 10 | 28 | O | 42 198 30 | 25 | 28 4 38 | 28 | 24 10
168 8 | 25| 3 (44| 10 | 31 7 | 34 199 28 | 20 | 32 0 38 | 27 | 27 0
169 13118 | 0 |49 33 | -11 | 11 | 29 200 33123 34| -1 34 | -18 | 34 L\14
170 15 9 0 46| 52 | 43| 8 | 31 201 37 | -27 | 30 6 35 | -16 |, 52| -44
171 13119 | 2 |44 18 15| 6 | 37 202 33 1 -23 | 30 6 34 | -14) 39 | 24
172 10| 37 | 2 | 51| 28 0 7 | 42 203 40 | -28 | 32 9 32 =8 19 17
173 12| 18 | 0 | 47| 35 | 22| 3 | 40 204 38 | -17 | 31 | 19,1 37 -6 31 25
174 6 |29 | 4 |39 38 | -25| 8 | 33 205 33 | -11 | 26 \\297| 35 0 36 | 29
175 201 33 | 2 | 62| 34 0 13 | 43 206 40 | -15 |26+ 30 | 30 10 | 24 | 33
176 15130 | 6 |46 | 39 | -18 | 13 | 36 207 41 | ~6N| 37 | 20 | 28 18 | 34 15
177 4 | 45 | 0 [ 54| 32 |-12| 4 | 47 208 38 1 28 | 34 | 26 | 25 | 30 | 20
178 1 58 | 3 | 54102 |-94 | 3 | 55 209 41 | 17 | 17| 70 | 29 | 41 | 22 | 73
179 0|62 | 2 |58 0 0 2 | 58 210 30 | -6 1 67 0 75 | 20 | 34
180 7 | 61 4 |63 ] 56 | -15| 6 | 6O 211 271 3 5 59 2 72 19 | 31
181 12| 38 | 6 | 51| 33 -4 8N 44 212 26 | 22 | 9 67 8 77 | 27 | 44
182 11|45 | 6 | 57| 29 10 511 | 44 213 371-16 16| 30 | 14 | 35 19 16
183 15139 | 7 |53 37 S o141 42 214 35 -4 | 18| 32 18 | 31 15 | 36
184 11| 42 | 6 | 5245 | 29| 7 | 48 215 38 -8 | 18| 35 17 | 35 15 | 36
185 13| 44 | 6 NS5+ 39 9 | 4| 56 216 38 -3 |22 29 | 21 30 | 21 28
186 16 | 45 |(11)| 45| 52 | -34| 4 | 52 217 371 3 |24 31 17 | 45 | 25 | 21
187 12 |4 . 14 | 36 | 69 | -58 | 13 | 37 218 38 5 [ 23] 38 | 20 | 42 | 30 | 20
188 104/49 | 8 | 53| 67 | -63 | 9 | 49 219 421 0 18 | 43 18 | 45 | 31 12
189 30 34 | -1 | 82| 44 S5 119 58 220 351 16 | 20 | 41 27 | 26 | 27 16
190 18| 42 | 7 | 55| 32 7 10 | 48 221 391 22 | 11| 63 16 | 54 | 24 | 42
191 10| 55 | -3 | 78 | 55 | -29 | 12 | 45 222 14| 48 | 9 59 7 66 0 93
192 17 | 51 | 15| 46 | 32 1 0 | 69 223 27137 | 9 64 | 16 | 56 14 | 56
193 I'7] 46 22 31 0 0 201 33 224 21 60 -1 94 11 /3 15 S7
194 0 |8 | -1 |8 | 27 | 36| 8 | 63 225 12| 68 | -2 | 89 10 | 67 | 26 | 38
195 26 | -19 [ 25| 7 33 | 25|35 -18 226 2 197 |-9 | 108 | -10 | 116 | -24 | 127
196 22 [ -17 [ 30| -7 | 34 | -30 | 33 | -25
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Table 9-21 — Values of variables m and n for ctxIdx from 227 to 275

I and SI Value of cabac_init_idc Value of cabac_init_idc
i - - I and SI - =
slices slices
ctxIdx 0 1 2 ctxIdx 0 1 2
m n m n m n m n m n m n m n m n

227 3171 -6 76 | -23 | 112 | -24 | 115 252 -12 | 73 -6 | 55| -16 |72 -14 | 75

228 -6 [ 42| -2 44 | -15 | 71 | -22 | 82 253 -8 76 0 | 58] -7 [69]-10] 79

229 5 150] 0 45 -7 61 -9 62 254 -7 80 0 [64] -4 | 69| -9 83

230 3 154] 0 52 0 53 0 53 255 -9 88 3174 -5 [ 74 -12 | 92

231 2 162 -3 64 | -5 66 0 59 256 -17 1 110 | -10 | 90 | -9 | 86 | -18-[,108

232 0 |58 -2 59 | -11 | 77 | -14 | 85 257 -11 | 97 0 [ 70 | 2 | 66, |\ x4 79

233 1 63 | -4 70 -9 80 | -13 | &9 258 -20 | 84 4 129 9~ 34| -22 | 69

234 2 72| -4 75 -9 84 | -13 | 94 259 -11 ] 79 5 |31 1 32 -16| 75

235 -1 )74 -8 82 | -10 | 87 | -11 | 92 260 -6 73 7. 442 11 | 31| -2 58

236 -9 | 91| -17 | 102 | -34 | 127 | -29 | 127 261 -4 74 1 59| 5 52 1 58

237 S 167 -9 77 | -21 | 101 | -21 | 100 262 13 K860 | -2 [ 58] -2 | 55| -13 | 78

238 5127 3 24 -3 39 | -14 | 57 263 I3[ 96 3172 2 |67 9 83

239 31391 0 42 -5 53 | -12 | 67 264 -11 | 97 -3 | 81 0 [73 | -4 81

240 22 44 0 48 -7 61 | -11 | 71 265 19| 117 | <11 [ 97 | -8 | 89 | -13 | 99

241 0 [46 | O 55 | -11 | 75 | -10 |~%7 266 -8 78 0 [58 ]| 3 52| -13 | 81

242 -16 | 64 | -6 59 | -15 | 77 {217 85 267 -5 33 8 5 7 4 -6 38

243 -8 | 68| -7 71 | <17 (91| -16 | 88 268 -4 | 48 10 [ 14| 10 | 8 | -13 | 62

244 -10 | 78 | -12 | 83 [.-25 | 107 | -23 | 104 269 -2 53 14 | 18 | 17 | 8 -6 58

245 -6 | 77| -11 | @7, -25 | 111 | -15 | 98 270 -3 62 13 |27 |16 | 19| -2 59

246 -10 | 86 | AB0~119 | -28 | 122 | -37 | 127 271 -13 1 71 2 |40 3 [37|-16| 73

247 -12 {92 1 58 | -11 | 76 | -10 | 82 272 -10 | 79 0 [58] -1 |61 |-10] 76

248 454 55| -3 29 | -10 | 44 -8 48 273 -12 | 86 3170 -5 [ 73] -13 | 86

249 <10 | 60 | -1 36 | -10 | 52 -8 61 274 -13 1 90 6 [ 79 -1 |70 | 9 83

250 -6 | 62 1 38 | -10 | 57 -8 66 275 -14 | 97 -8 |8 | 4 |78 -10 | 87

251 4 1 65| 2 43 -9 58 -7 70

218 © ISO/IEC 2005 — Al rights reserved


https://standardsiso.com/api/?name=b449ef14175ac39adc75a917dddf783d

Table 9-22 — Values of variables m and n for ctxIdx from 277 to 337

ISO/IEC 14496-10:2005(E)

1 aI‘ld SI Value of cabac_init_idc I and SI Value of cabac_init_idc
slices .
etxldx 1 ctxdx | Stices 0 1 2

m n m n m n m n m |n|m|n|m|n|m/|n
277 -6 | 93 | -13 | 106 | 21 | 126 | 22 | 127 308 -16 [ 96 | -1 | 51 | -16 | 77 | -10 | 67
278 -6 | 84 | -16 | 106 | 23 | 124 | -25 | 127 309 -7 18 |7 (149 2 |64| 1 |68
279 -8 | 79 | -10 | 87 | 20 | 110 | -25 | 120 310 -8 |8 | 8 [52] 2 |e6l]| 0 |77
280 0 66 | -21 | 114 | 26 | 126 | -27 | 127 311 -7 18| 9 |41 | -6 |67 | 2 (64
281 -1 71 | -18 | 110 | 25 | 124 | -19 | 114 312 9 |8 | 6 |47| -3 |64|C0.]68
282 0 62 | -14 | 98 | -17 | 105 | 23 | 117 313 -13 (88| 2 |55 2 (57171 -5 |78
283 2 | 60 | 22| 110 | 27 | 121 | 25 | 118 314 4 | 66| 13|41 | 34765 | 7 |55
284 2 | 59 | 21| 106 | -27 | 117 | 26 | 117 315 3177|110 44 |3 |66 | 5 |59
285 S50 75 | -18 | 103 | -17 | 102 | 24 | 113 316 3176 6850 0 | 62] 2 |65
286 30 62 | 21| 107 | 26 | 117 | 28 | 118 317 -6 | 76NS5 |53 9 |51 14 | 54
287 -4 | 58 | 23| 108 | -27 | 116 | -31 | 120 318 109 58 | 13| 49| -1 | 66 | 15 | 44
288 9 | 66 | 26 | 112 | -33 | 122 | -37 | 124 319 -l |76 4 |63 2|71 5 |60
289 -1 79 | -10 | 96 | -10 | 95 | -10 | 94 320 -1 |8 6|64 2 |75] 2 |70
290 0 71 | -12| 95 | -14 | 100 | -15 | 102 321 7199|269 -1 | 70| -2 |76
291 3 68 | -5 91 -8 | 95 | -10 4~99 322 -4 1952|159 9 |72 -18 | 86
292 10 | 44 | 9 | 93 | -17 | 111 | %3, | 106 323 2 [ 95] 6 |70 14 | 60| 12 | 70
293 701 62 | 22| 94 | 28 | 1HM4\[ -50 | 127 324 0 [76 |10 |44 | 16 | 37| 5 | 64
294 151 36 | -5 8 | -6 [V89 | -5 92 325 S 174009 |31 0 |47 -12| 70
295 14 | 40 9 6ZNN=2 | 80 | 17 | 57 326 0 [70 | 12|43 | 18 [ 35| 11 | 55
296 16 | 27 | -4.|°80 | 4 | 82 | -5 86 327 S 75 0 3 |53 11 |37 5 |56
297 12 | 29 |~10~| 85 | -9 | 8 | -13 | 94 328 1 | 68| 14|34 | 12 |41 | 0 | 69
298 1 44 -1 70 | -8 81 | -12 | 91 329 0 [65] 10|38 10 |41 | 2 | 65
299 20-1) 36 7 60 | -1 72 | 2| 77 330 14 (73352 2 |48 -6 | 74
300 8 | 32 9 58 5 64 0 71 331 3 1621340 12 |41 | 5 |54
301 5 42 5 61 1 67 | -1 73 332 4 |62 |17 (32| 13 |41 | 7 |54
302 1 48 | 12 | 50 9 56 4 64 333 -1 |68 7 |44 0 |59] -6 |76
303 10 | 62 | 15 | 50 0 69 | -7 81 334 13075 7 |38 3 |50 -11 |82
204 17 46. 1R 40 1 60 5 64 335 11 13 50 10 40 D 77
305 9 64 | 17 | 54 7 69 | 15 | 57 336 5 |64 |10|57| 3 |66 -2 |77
306 -12 | 104 | 10 | 41 -7 | 69 1 67 337 12 | 70 | 26 | 43 | 18 | 50 | 25 | 42
307 -11 | 97 7 46 | -6 | 67 0 68
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Table 9-23 — Values of variables m and n for ctxIdx from 338 to 398

I and SI Value of cabac_init_idc Value of cabac_init_idc
i - - I and SI - =
slices slices
ctxIdx 0 1 2 ctxIdx 0 1 2
m n m n m n m n m n m | n | m n m n

338 15 6 14 11 {19] -6 | 17 | -13 369 32 | -26 | 31 | -4 | 40 | -37 | 37 | -17

339 6 19 11 14 | 18| -6 |16 | -9 370 371 -30 | 27| 6 | 38| -30 | 32 1

340 7 16 9 11 | 14| 0 17 | -12 371 44 | 32 |1 34| 8 | 46 | -33 | 34 15

341 12 14 18 11 | 26 | -12 | 27 | -21 372 34| -18 | 30 | 10 | 42 | -30 | 29 15

342 18 13 | 21 9 31 | -16 | 37 | -30 373 34 | -15 | 24 | 22 | 40 | -24 | 24 | 2§

343 13 11 23 -2 | 33| 25| 41 | 40 374 40 | -15 | 33 | 19 | 49 | -29 | 34|22

344 13 15 | 32 | -15 | 33 | -22 | 42 | 41 375 33 | -7 [ 22]32 |38 -12 |»31 16

345 15 16 | 32 | -15 | 37 | -28 | 48 | -47 376 351 -5 | 26| 31|40 | -0 | 35 18

346 12 | 23 | 34 | -21 | 39| -30 | 39 | -32 377 331 0 | 21 | 41 ]38Y -3 | 31 28

347 13 | 23 | 39 | -23 | 42| -30 | 46 | -40 378 38 2 |26(44| 46| -5 | 33 | 41

348 15 | 20 | 42 | -33 | 47| 42| 52 | -51 379 33 | 13 | 23147 | 31| 20 | 36 | 28

349 14 | 26 | 41 | 31 | 45| -36 | 46 | -41 380 23 | B35y1 16 | 65|29 | 30 | 27 | 47

350 14 | 44 | 46 | 28 | 49 | -34 | 52 | -39 381 I3 (V58 | 14 | 71 | 25| 44 | 21 62

351 17 | 40 | 38 | -12 | 41 | -17 | 43 | -19 382 29 | -3 8 | 60| 12| 48 | 18 | 31

352 17 | 47 | 21 29 |32 9 32| 11 383 26| 0 6 (63 11| 49 | 19 | 26

353 24 17 | 45 | 24 | 69 | -71 | 61 | -55 384 22 | 30 | 17| 65| 26 | 45 | 36 | 24

354 21 21 53 | -45 | 63 | -63 | 56| -46 385 31| -7 (21|24 |22] 22| 24 | 23

355 25 | 22 | 48 | 26 | 66 | -64\]-62 | -50 386 35 -15 (23|20 | 23| 22 | 27 16

356 31 27 | 65 | -43 | 77(| +74 | 81 | -67 387 34 -3 (2623 (2721 |24 30

357 22 | 29 | 43 | <19 |N\S4 | -39 | 45| -20 388 34| 3 |27 (32|33] 20 | 31 29

358 19 | 35 | 39 4~~10 | 52| -35 | 35| -2 389 36 | -1 | 28|23 |26 28 | 22 | 41

359 14 | 50 | (30 9 41 | -10 | 28 | 15 390 34 5 |28 (24|30 24 | 22| 42

360 10 | AZNT18 | 26 [ 36| 0 |34 | 1 391 32| I1 [ 23|40 |27 ] 34 | 16 | 60

361 7 63 | 20 | 27 |40 | -1 | 39 1 392 350 5 [ 24|32 18] 42 | 15 | 52

362 2077 0 57 |30 14 | 30 | 17 393 34 | 12 [ 28|29 | 25| 39 | 14 | 60

363 -4 82 | -14 | 82 |28 | 26 | 20 | 38 394 39 | 11 | 23|42 | 18| 50 3 78

364 -3 94 -5 75 | 23| 37 | 18 | 45 395 301 29 | 19|57 | 12| 70 | -16 | 123

365 9 69 | -19 | 97 | 12| 55 | 15 | 54 396 341 26 | 22|53 |21 54 | 21 53

366 -12 1109 | 35 [ 125 | 11 | 65 | O | 79 397 29 | 39 |22 |61 |14 | 71 | 22 | 56

367 36 | -35 | 27 0 [37]-33]36]|-16 398 19 66 | 11 | 8 | 11 | 83 | 25 | 61

368 36 | -34 | 28 0 39| -36 | 37 | -14
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Table 9-24 — Values of variables m and n for ctxIdx from 402 to 459

1 Value of cabac_init_idc
slices slices
ctxIdx 0 1 2 ctxIdx 0 1 2

Value of cabac_init_idc

402 17 | 120 | 4 | 79| -5 8 | -3 78 431 -2 55 | -12 | 56 | -9 | 57 | -12 | 59

403 20 | 112 | -7 |71 ] -6 | 81 | -8 | 74 432 0 61 -6 | 60 | -6 | 63 | -8 | 63

404 -18 | 114 | -5 [ 69 | -10 | 77 | 9 | 72 433 1 64 51 62 | -4 | 65 -9 | 6%

405 -11 | 85 9 |70 | -7 | 81 | -10| 72 434 0 68 -8 | 66 | -4 | 67 | -6 f 68

406 150092 | -8 | 66| -17 ] 80 | -18 | 75 435 -9 92 | -8 | 76 | -7 | 82,|-10 | 79

407 -14 | 89 | -10 | 68 | -18 | 73 | -12 | 71 436 -14 | 106 | -5 85 -3 81 -3 78

408 26| 71 | <19 | 73| 4 | 74 | -11 | 63 437 -13 | 97 -6 | 81 3176 | -8 | 74

409 15 81 | -12 [ 69| -10 | 83 | -5 | 70 438 151 90 | -1QNMT7 | -7 | T2 9 | T2

410 -14 1 80 | -16 | 70 | -9 | 71 | -17 | 75 439 -12 | 90 -7 | 81 -6 | 78 | -10 | 72

411 0 68 | -15 |67 | -9 | 67 | -14| 72 440 -18 |(88 | -17 | 80 | -12 | 72 | -18 | 75

412 -14 | 70 | 20 | 62 | -1 61 | -16 | 67 441 1o | 73 | -18 | 73 | -14 | 68 | -12 | 71

413 24 | 56 | -19 | 70 | -8 66 | -8 | 53 442 -9 79 4 | 74 | -3 | 70 | -11 | 63

414 23| 68 | -16 | 66 | -14 | 66 | -14 | 59 443 -14 | 86 | -10 | 83 -6 | 76 | -5 70

415 24| 50 | 22 165] 0 59 | 9. pN52 444 -10 | 73 9 171 5| 66 | -17 | 75

416 11 74 | 20 [ 63 | 2 59 =11 | 68 445 -10 | 70 9|67 | -5 |62 |-14| 72

417 23 | -13 9 2| 178)-10 | 9 -2 446 -10 | 69 -1 61 0 57 | -16 | 67

418 26 | <13 | 26 | 9(| 82 | -13 | 30 | -10 447 -5 66 8 | 66 | 4 | 6l -8 | 53

419 40 | -15 | 33.p\%9 | 42 | -9 | 31 -4 448 -9 64 | -14 | 66 | -9 | 60 | -14 | 59

420 49 | -14(] 39 | -7 | 49 | -5 | 33 -1 449 -5 58 0 59 1 54 | 9 | 52

421 44 3 41 | -2 | 53 0 33 7 450 2 59 2 59 2 58 | -11 | 68

422 45 6 45 3 | 64 3 31 12 451 21 | -10 | 21 | -13 | 17 | -10 | 9 -2

423 44 | 34 | 49 | 9 | 68 10 | 37 | 23 452 24 | -11 | 33 | -14 | 32 | -13 | 30 | -10

424 33 | 54 | 45 | 27| 66 | 27 | 31 | 38 453 28 -8 39 { -7 | 42| 9 | 31 -4

425 19 82 | 36 | 59| 47 | 57 | 20 | 64 454 28 -1 46 | -2 | 49 | -5 33 -1

426 -3 75 -6 | 66 | -5 71 9 |71 455 29 3 51 2 53 0 33 7

427 -1 23 -7 135 0 24 | -7 | 37 456 29 9 60 6 64 3 31 12

428 1 34 -7 1 42| -1 36 | -8 | 44 457 35 | 20 | 61 17 | 68 | 10 | 37 | 23

429 1 43 -8 | 45| -2 | 42 | -11 | 49 458 29 | 36 | 55 | 34 | 66 | 27 | 31 | 38

430 0 54 | -5 | 48| -2 | 52 | -10 | 56 459 14 | 67 | 42 | 62 | 47 | 57 | 20 | 64
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9.3.1.2 Initialisation process for the arithmetic decoding engine

This process is invoked before decoding the first macroblock of a slice or after the decoding of any
pcm_alignment zero bit and all pcm_sample luma and pcm_sample chroma data for a macroblock of type I PCM.

Outputs of this process are the initialised decoding engine registers codIRange and codlOffset both in 16 bit register
precision.

The status of the arithmetic decoding engine is represented by the variables codlRange and codlOffset. In the
initialisation procedure of the arithmetic decoding process, codIRange is set equal to 0x01FE and codIOffset is set equal
to the value returned from read bits( 9 ) interpreted as a 9 bit binary representation of an unsigned integer with most
signifidant bit written first.

The bitptream shall not contain data that results in a value of codIOffset being equal to 0xO1FE or 0x01FF.

NOTE — The description of the arithmetic decoding engine in this Recommendation | International Standard utilizes A6 bit regisfer
predision. However, the minimum register precision for the variables codIRange and codIOffset is 9 bits.

9.3.2 | Binarization process
Input tq this process is a request for a syntax element.
Output fof this process is the binarization of the syntax element, maxBinldxCtx, ctxIdxOffset; and bypassFlag.

Table 9-25 specifies the type of binarization process, maxBinldxCtx, and ctxIdxOffset associated with each syntjx
element.

The sp¢cification of the unary (U) binarization process, the truncated unary (TUj) binarization process, the concatenatg¢d
unary /|k-th order Exp-Golomb (UEGK) binarization process, and the fixed-length (FL) binarization process are given fin
subclayses 9.3.2.1 to 9.3.2.4, respectively. Other binarizations are specified insubclauses 9.3.2.5 t0 9.3.2.7.

Except|for I slices, the binarizations for the syntax element mb_typé.as specified in subclause 9.3.2.5 consist of bjin
strings lgiven by a concatenation of prefix and suffix bit strings. The"UUEGk binarization as specified in 9.3.2.3, whichlis
used fo the binarization of the syntax elements mvd 1X (X = 0,)and coeff abs level minusl, and the binarization pf
the coded block pattern also consist of a concatenation of prefix and suffix bit strings. For these binarization processgs,
the prefix and the suffix bit string are separately indexed using the binldx variable as specified further in subclause 9.3 .
The twp sets of prefix bit strings and suffix bit strings are\referred to as the binarization prefix part and the binarizatign
suffix gart, respectively.

Associgted with each binarization or binarization-part of a syntax element is a specific value of the context index offset
(ctxIdxPffset) variable and a specific value of the maxBinldxCtx variable as given in Table 9-25. When two values fpr
each off these variables are specified for one ‘syntax element in Table 9-25, the value in the upper row is related to the
prefix part while the value in the lower row is related to the suffix part of the binarization of the corresponding syntaix
elemeny.

The usg of the DecodeBypass process and the variable bypassFlag is derived as follows.

- If no value is assigned.to ctxIdxOffset for the corresponding binarization or binarization part in Table 9-25 labellgd
as [‘na”, all bins of thebit strings of the corresponding binarization or of the binarization prefix/suffix part shall be
de¢oded by invoking«the DecodeBypass process as specified in subclause 9.3.3.2.3. In such a case, bypassFlag is get
eqpal to 1, whére*bypassFlag is used to indicate that for parsing the value of the bin from the bitstream the
DecodeBypass process shall be applied.

- Otherwise; for each possible value of binldx up to the specified value of MaxBinldxCtx given in Table 9-25,(a
spgcific value of the variable ctxIdx is further specified in subclause 9.3.3. bypassFlag is set equal to 0.

The possible values of the context index ctxIdx are in the range 0 to 459, inclusive. The value assigned to ctxIdxOffset
specifies the lower value of the range of ctxIdx assigned to the corresponding binarization or binarization part of a syntax
element.

ctxIdx = ctxIdxOffset = 276 is assigned to the syntax element end of slice flag and the bin of mb_type, which specifies
the I PCM macroblock type as further specified in subclause 9.3.3.1. For parsing the value of the corresponding bin from
the bitstream, the arithmetic decoding process for decisions before termination (DecodeTerminate) as specified in
subclause 9.3.3.2.4 shall be applied.
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NOTE — The bins of mb_type in I slices and the bins of the suffix for mb_type in SI slices that correspond to the same value of
binldx share the same ctxIdx. The last bin of the prefix of mb_type and the first bin of the suffix of mb_type in P, SP, and B slices

may share the same ctxIdx.

Table 9-25 — Syntax elements and associated types of binarization, maxBinldxCtx, and ctxIdxOffset

Syntax element Type of binarization maxBinldxCtx ctxIdxOffset
mb_type prefix and suffix prefix: 0 prefix: 0
(SIslices only) as specified in subclause 9.3.2.5 suffix: 6 suffix: 3
mb_type (I slices only) as specified in subclause 9.3.2.5 6 3
mb_skip flag _
(P, SP slices only) FL, eMax=1 0 1
. prefix and suffix prefix: 2 prefix: 14
mb_type (P, SP slices only) as specified in subclause 9.3.2.5 suffix: 5 suffix: )17
sub_mb_type . .
(P, SP slices only) as specified in subclause 9.3.2.5 2 21
mb_skip flag _
(B slices only) FL, cMax=1 0 24
. prefix and suffix prefix: 3 prefix: 27
mb_type (B slices only) as specified in subclause 9.3.2.5 suffix: 5 suffix: 32
sub_mb_type (B slices only) as specified in subclause 9:3.2,5 3 36
prefix: 4 prefix: 40
mvd_10[ ][ ][0 ], mvd_11[][][ 0] . .
prefix and suffix as-given by UEG3 suffix: na suffix: na (uses DecodeBypass)
ith signedValFlag=1, uCoff=9
mvd 100 ][]0 1], mvd 1[I 101 ] Wit signedvayE H uhe prefix: 4 prefix: 47
- ’ - suffix: na suftix: na (uses DecodeBypass)
ref idx 10, ref idx 11 U 2 54
mb_qp_delta as specified in subclause 9.3.2.7 2 60
intra_chroma pred_mode TU, cMax=3 1 64
prev_intra4x4 pred _mode flag, _ 0 68
prev_intra8x8 pred_mode flag FL, cMax=1
rem_l.ntra4x4 _pred .mode, FL. cMax=7 0 69
rem_intra8x8 pred _mode
mb_field_decoding_flag FL, cMax=1 0 70
prefix and suffix prefix: 3 prefix: 73
coded_block_pattern as specified in subclause 9.3.2.6 suffix: 1 suffix: 77
coded block flag FL, cMax=1 0 85
significant_coeff flag _
(frame coded blocks with ctxBlockCat < 5) FL, cMax=1 0 105
last_significant coeff flag _
(frame coded blocks with ctxBlockCat < 5) FL, eMax=1 0 166
coeff abs level minusl prefix and suffix as given by UEGO prefix: 1 prefix: 227
(blocks with ctxBlockCat < 5) with signedValFlag=0, uCoff=14 suffix: na suffix: na, (uses DecodeBypass)
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coeff sign flag FL, cMax=1 0 na, (uses DecodeBypass)
end_of slice flag FL, cMax=1 0 276
significant_coeff flag _
(field coded blocks with ctxBlockCat < 5) FL, cMax=1 0 277
last_significant coeff flag _
(field coded blocks with ctxBlockCat < 5) FL, cMax=1 0 338
transform sjze 8x8 flag FL. cMax=1 0 399
significant_coeff flag _
(frgme coded blocks with ctxBlockCat == 5) FL, cMax=1 0 402
last_significant coeff flag _
(frgme coded blocks with ctxBlockCat == 5) FL, cMax=1 0 417
coeff abs level minusl prefix and suffix as given by UEGO prefix: 1 prefix: 426
(blocks with ctxBlockCat == 5) with signedValFlag=0, uCoff=14 suffix: na suffix: na,\(uses DecodeBypass)
significant_coeff flag _
(fibld coded blocks with ctxBlockCat == 5) FL, cMax=1 0 &
last_significant coeff flag _
(fibld coded blocks with ctxBlockCat == 5) FL, eMax=1 0 431
9.3.2.1| Unary (U) binarization process
Input tq this process is a request for a U binarization for a syntax element.
Output of this process is the U binarization of the syntax element.
The bin string of a syntax element having (unsigned integer) value synElVal is a bit string of length synElVal {1
indexed by Binldx. The bins for binldx less than synElVal are equal to 1. The bin with binldx equal to synElVal is equal
to 0.
Table 9-26 illustrates the bin strings of the unary binarization for a syntax element.

Table 9-26 — Bin string of the unary binarization (informative)

Value of syntax element Bin string
0 (I_NxN) 0
1 110
2 1110
3 1|1]1]0
4 1|(1|1]1]0
s 1 1 1 1 0
binldx 0|1]12]|3|4]5

9.3.2.2 Truncated unary (TU) binarization process

Input to this process is a request for a TU binarization for a syntax element and cMax.

224
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Output of this process is the TU binarization of the syntax element.

For syntax element (unsigned integer) values less than cMax, the U binarization process as specified in subclause 9.3.2.1
is invoked. For the syntax element value equal to cMax the bin string is a bit string of length cMax with all bins being

equal to 1.

NOTE - TU binarization is always invoked with a cMax value equal to the largest possible value of the syntax element being

decoded.

9.3.2.3 Concatenated unary/ k-th order Exp-Golomb (UEGK) binarization process

nput to this process is a request for a UEGK binarization for a syntax element, signedValFlag and uCoff,

Dutput of this process is the UEGk binarization of the syntax element.

A UEGKk bin string is a concatenation of a prefix bit string and a suffix bit string. The prefix of the binari
specified by invoking the TU binarization process for the prefix part Min( uCoff, Abs( synElVal ) ) ‘efia syntax
value synElVal as specified in subclause 9.3.2.2 with cMax = uCoff, where uCoff > 0.

[he UEGK bin string is derived as follows.

If one of the following is true, the bin string of a syntax element having value synElVal consists only of a
string,

equal to 1.

- signedValFlag is equal to 1 and the prefix bit string is equal to ¢he bit string that consists of a singld
value equal to 0.

Otherwise, the bin string of the UEGk suffix part of a synfax €lement value synElVal is specified by
equivalent to the following pseudo-code:

if( Abs( synElVal) >= uCoff) {
sufS = Abs( synElVal ) — uCoff
stopLoop =0
do {
if( sufS >= (1<<k)){
put( 1)
sufS = sufS — ( 1<<k)
k++
} else {
put(0)
while( k— =)
put((sufS>>k) & 0x01)
stopLoop/=1

} while\IstopLoop )

}
if( sighedValFlag && synElVal != 0)
if(synElVal > 0)
put( 0)
else

zation is
element

brefix bit

- signedValFlag is equal to 0 and the prefix bit string is not equal to the bit string of length uCoff with all bits

bit with

process

put( 1)

NOTE - The specification for the k-th order Exp-Golomb (EGk) code uses 1’s and 0’s in reverse meaning for the unary part of the

Exp-Golomb code of 0-th order as specified in subclause 9.1.

9.3.2.4 Fixed-length (FL) binarization process
Input to this process is a request for a FL binarization for a syntax element and cMax.

Output of this process is the FL binarization of the syntax element.
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FL binarization is constructed by using an fixedLength-bit unsigned integer bin string of the syntax element value, where
fixedLength = Ceil( Log2( cMax + 1) ). The indexing of bins for the FL binarization is such that the binldx = 0 relates to
the least significant bit with increasing values of binldx towards the most significant bit.

9.3.2.5

Binarization process for macroblock type and sub-macroblock type

Input to this process is a request for a binarization for syntax elements mb_type or sub_mb_type.

Output

of this process is the binarization of the syntax element.

The binarization scheme for decoding of macroblock type in I slices is specified in Table 9-27.

For ma
suffix b

The pr
elemen|
for whil
Table 9

The bir
Table 9

The bi
concatg
specifig

mb_typ

For I 1
concatg
subtrac

croblock types in SI slices, the binarization consists of bin strings specified as a concatenation of a prefix and
it string as follows.

pfix bit string consists of a single bit, which is specified by by = (mb_type == SI)? 0:1). Far\the synt:

value for which by is equal to 0, the bin string only consists of the prefix bit string. For the syntax ¢lement val
ch by is equal to 1, the binarization is given by concatenating the prefix by and the suffix bit striig as specified
-27 for macroblock type in I slices indexed by subtracting 1 from the value of mb_type in SI slices.

arization schemes for P macroblock types in P and SP slices and for B macroblocks in Btslices are specified
-28.

n string for I macroblock types in P and SP slices corresponding to mb_type\values 5 to 30 consists of]
nation of a prefix, which consists of a single bit with value equal to 1 as specified in Table 9-28 and a suffix
d in Table 9-27, indexed by subtracting 5 from the value of mb_type.

e equal to 4 (P_8x8ref0) is not allowed..

hacroblock types in B slices (mb_type values 23 to 48) the binarization consists of bin strings specified as
nation of a prefix bit string as specified in Table 9-28 and suffixbit strings as specified in Table 9-27, indexed |
ing 23 from the value of mb_type.

a

WX
e
in

in

S

y
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Table 9-27 — Binarization for macroblock types in I slices

Value (name) of mb_type | Bin string

0 (I_4x4) 0

1 (I 16x16_0_0_0) 1 0

2 (I 16x16_1 0_0) 1 0

3(d_16x16 2 0 _0) 1 0

4 (1 16x16_3 0_0) 1 0

5(_16x16_0_1_0) 1 0 0
6 (I 16x16_1_1_0) 1 0 1
71 16x16 2 1 0) 1 0 0
8 (L 16x16_3_1 0) 1 0 1
9 (I 16x16_0_2 0) 1 0 0
10 (L 16x16_1 2 0) 1 0 1
11 (1 16x16_2 2 0) 1 0 0
12 (I 16x16 3 2 0) 1 0 1
13 (1 16x16_0_0_1) 1 0

14 (I 16x16_1 0 1) 1 0

15 (L 16x16 2 0 1) 1 0

16 (1_16x16_3 0_1) 1 0

17 (1 16x16-.0C1*1) 1 0 0
18 (L 16x16_1_1_1) 1 0 1
O\ 16x16 2 1 1) 1 0 0
20 (1_16x16_3_1 1) 1 0 1
21 (1 16x16_0_2 1) 1 0 0
22 (L 16x16_1 2 1) 1 0 1
23 (L_16x16 2 2 1) 1 0 0
24 (L 16x16 3 2 1) 1 0 1
25 (1I_PCM) 1 1

binldx 0 1 6
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Table 9-28 — Binarization for macroblock types in P, SP, and B slices

Slice type | Value (name) of mb_type | Bin string
0 (P_LO _16x16) 0 0
1 (P_LO_LO_16x8) 0 1
2 (P_LO_LO_8x16) 0 1

P, SP slice
3 (P_8x8) 0 0
4 (P_8x8ref0) na
5 to 30 (Intra, prefix only) 1
0 (B_Direct_16x16) 0
1 (B_LO_16x16) 1 0
2 (B_L1_16x16) 1 0
3 (B_Bi_16x16) 1 1 0
4 (B_LO_LO_16x8) 1 1 1
5(B_LO_LO 8x16) 1 1 0
6(B_L1 L1 _16x8) 1 1 1
7(B_L1_L1_8x16) 1 1 0
8 (B_LO_L1_16x8) 1 1 1
9(B_LO L1 _8x16) 1 1 0
10 (B_L1_LO_16x8) 1 1 1
11 (B_L1_LO_8x16) 1 1 0

B slice
12 (B_LO_B{i 16x8) 1 1 0 0
13 (BL.LO\Bi_8x16) 1 1 0 1
14 (B_L1_Bi_16x8) 1 1 1 0
15 (B_L1_Bi 8x16) 1 1 1 1
16 (B_Bi_L0_16x8) 1 1 0 0
17 (B_Bi_L0_8x16) 1 1 0 1
18 (B_Bi L1 _16x8) 1 1 1 0
19 (B_Bi_L1_8x16) 1 1 1 1
20 (B_Bi_Bi_16x8) 1 1 0 0
21 (B_Bi_Bi 8x16) 1 1 0 1
22 (B_8x8) 1 1 1
23 to 48 (Intra, prefix only) | 1 1 1

binldx 0 1 5 6
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For P, SP, and B slices the specification of the binarization for sub_mb_type is given in Table 9-29.

Table 9-29 — Binarization for sub-macroblock types in P, SP, and B slices

Slice type | Value (name) of sub_mb_type | Bin string
0 (P_LO 8x8) 1
1 (P LO 8x4) 0 0
P, SP slice
2 (D_I n_AvQ\ Q 1
3 (P L0 4x4) 0 1
0 (B_Direct 8x8) 0
1 (B_LO_8x8) 1 0
2 (B_L1_8x8) 1 0
3 (B_Bi_8x8) 1 1 0
4 (B_LO _8x4) 1 1 1
5 (B_LO_4x8) 1 1 0
B slice 6 (B L1 _8x4) 1 1 1
7 (B_L1_4x8) 1 ) 0 0
8 (B_Bi 8x4) 1 1 0 1
9 (B_Bi_4x8) 1 1 1 0
10 (B_LO_4x4) 1 1 1 1
11 (B_L1_4x4) 1 1 0
12 (B_Bi_4x%) 1 1 1
binldx 0 1 4 5
D.3.2.6 Binarization process for coded block pattern
nput to this process is-a request for a binarization for the syntax element coded block pattern.
Dutput of this process is the binarization of the syntax element.
[he binarizatien of coded block pattern consists of a prefix part and (when present) a suffix part. The prefix pprt of the
binarization js given by the FL binarization of CodedBlockPatternLuma with cMax = 15. When chroma fornfat idc is
hot equalto 0 (monochrome), the suffix part is present and consists of the TU binarization of CodedBlockPatterpChroma
vith\.cMax = 2. The relationship between the value of the syntax element coded block pattern and the yalues of
CodedBlockPatternLuma and CodedBlockPatternChroma is given as specified in subclause 7.4.5.

9.3.2.7 Binarization process for mb_qp_delta

Input to this process is a request for a binarization for the syntax element mb_qp_delta.

Output of this process is the binarization of the syntax element.

The bin string of mb_qp_delta is derived by the U binarization of the mapped value of the syntax element mb_qp_delta,
where the assignment rule between the signed value of mb_qp_delta and its mapped value is given as specified in

Table 9-3.
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9.3.3  Decoding process flow

Input to this process is a binarization of the requested syntax element, maxBinldxCtx, bypassFlag and ctxIdxOffset as
specified in subclause 9.3.2.

Output of this process is the value of the syntax element.
This process specifies how each bit of a bit string is parsed for each syntax element.

After parsing each bit, the resulting bit string is compared to all bin strings of the binarization of the syntax element and
the following applies.

- If ttne bit string is equal to one of the bin strings, the corresponding value of the syntax element is the output.
- Otherwise (the bit string is not equal to one of the bin strings), the next bit is parsed.
While parsing each bin, the variable binldx is incremented by 1 starting with binldx being set equal to 0 forythe first bin

When the binarization of the corresponding syntax element consists of a prefix and a suffix binarization part,, the
variabl¢ binldx is set equal to O for the first bin of each part of the bin string (prefix part or suffix patt).-In this case, after
parsing| the prefix bit string, the parsing process of the suffix bit string related to the binarizations.specified in subclausps
9.3.2.3|and 9.3.2.5 is invoked depending on the resulting prefix bit string as specified in subclauses 9.3.2.3 and 9.3.2)5.
Note that for the binarization of the syntax element coded block pattern, the suffix bit striig is present regardless of the
prefix Bit string of length 4 as specified in subclause 9.3.2.6.

Depending on the variable bypassFlag, the following applies.

- If pypassFlag is equal to 1, the bypass decoding process as specified in subclause 9.3.3.2.3 shall be applied fpr
patsing the value of the bins from the bitstream.

- Otherwise (bypassFlag is equal to 0), the parsing of each bin is spegcified by the following two ordered steps:
1. [ Given binldx, maxBinldxCtx and ctxIdxOffset, ctxIdx is détived as specified in subclause 9.3.3.1.

2. | Given ctxIdx, the value of the bin from the bitstream as\specified in subclause 9.3.3.2 is decoded.

9.3.3.1| Derivation process for ctxIdx
Inputs fo this process are binldx, maxBinldxCtx and ctx]dxOffset.
Outputof this process is ctxIdx.

Table 9-30 shows the assignment of ctxIdx\increments (ctxldxInc) to binldx for all ctxIdxOffset values except thope
related| to the syntax elements ¢oded block flag, significant coeff flag, last significant coeff flag, apd
coeff abs level minusl.

The ctyldx to be used with a specific binldx is specified by first determining the ctxIdxOffset associated with the giv¢n
bin strifig or part thereof. The ctxldx is determined as follows.

- If the ctxIdxOffset is listed in Table 9-30, the ctxIdx for a binldx is the sum of ctxIdxOffset and ctxIdxInc, whichis
found in Table 9-30., When more than one value is listed in Table 9-30 for a binldx, the assignment process fpr
ctxlidxInc for that binldx is further specified in the subclauses given in parenthesis of the corresponding table entry.

- Othprwise (ctxldxOffset is not listed in Table 9-30), the ctxIdx is specified to be the sum of the following ternis:
ctx%xOffset and ctxldxBlockCatOffset(ctxBlockCat) as specified in Table 9-31 and ctxIdxInc(ctxBlockCaf).

Subglatse *9.3.3.1.3 specifies which ctxBlockCat is used. Subclause 9.3.3.1.1.9 specifies the assignment pf
ctxldxInc(ctxBlockCat) for coded block flag, and subclause 9.3.3.1.3 specifies the assignment pf
ctxIdxInc(ctxBlockCat) for significant coeff flag, last significant coeff flag, and coeff abs level minusl.

All bins with binldx greater than maxBinldxCtx are parsed using ctxIdx assigned to maxBinldxCtx.

All entries in Table 9-30 labelled with “na” correspond to values of binldx that do not occur for the corresponding
ctxIdxOffset.

ctxIldx =276 is assigned to the binldx of mb type indicating the I PCM mode. For parsing the value of the
corresponding bins from the bitstream, the arithmetic decoding process for decisions before termination as specified in
subclause 9.3.3.2.4 shall be applied.
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Table 9-30 — Assignment of ctxIdxInc to binldx for all ctxIdxOffset values except those related to the syntax
elements coded_block flag, significant_coeff flag, last_significant_coeff flag, and coeff _abs level minusl

IdxOffset binldx
ctxIdxOffse 0 1 2 3 4 5 >=6
0 0,1,2 na na na na na
(subclause 9.3.3.1.1.3) na
0.1.2 5,6 6,7
3 (subclause 9.3.3.1.1.3) ctxIdx=276 3 4 (9su3b(3:lalluzs;3 (9su3b(3:lalluzs;3 7
11 0,12 na na na na na na
(subclause 9.3.3.1.1.1)
2,3
14 0 1 (subclause na na na na
9.3.3.1.2)
2,3
17 0 ctxldx=276 1 2 (subclause 3 3
9.3.3.1.2)
21 0 1 2 na na na na
24 0,12 na na na na na na
(subclause 9.3.3.1.1.1)
4,5
0,1,2 ’
27 T 3 (subclause 6 5 5 5
(subclause 9.3.3.1.1.3) 933.12)
2,3
32 0 ctxldx=276 1 2 (subclause 3 3
9.3.3.1.2)
2,3
36 0 1 (subelause 3 3 3 na
053.3.1.2)
0,1,2
40 (subclause 9.3.3.1.1.7) 3 4 > 6 6 6
0,1,2
47 (subclause 9.3.3.1.1.7) 3 4 3 6 6 6
0,1,2,3
>4 (subclause 9.3.3.141%6) 4 > > > > >
0,1
60 (subclause 9.3.3.1.1.5) 2 3 3 3 3 3
0,1,2
64 (subclause 9.3.3.1.1.8) 3 3 na na na na
68 0 na na na na na na
69 0 0 0 na na na na
70 0,1,2 na na na na na na
(subclause 9.3.3.1.1.2)
0123 0,1,2,3 0,1,2,3 0,1,2,3
93 Y (subclause | (subclause | (subclause na na na
(subclause 9.3.3.1.14) | 933717 4) | 933.1.14) | 933.1.14)
4,5,6,7
0,1,2,3 o
71 > (subclause na na na na na
(subclause 9.3.3.1.1.4) 933.1.1.4)
276 0 na na na na na na
0,1,2
399 (subclause 9.3.3.1.1.10) na na na na na na

Table 9-31 shows the values of ctxIdxBlockCatOffset depending on ctxBlockCat for the syntax elements
coded block flag, significant coeff flag, last significant coeff flag, and coeff abs level minusl. The specification of
ctxBlockCat is given in Table 9-33.
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Table 9-31 — Assignment of ctxIdxBlockCatOffset to ctxBlockCat for syntax elements coded_block_flag,
significant_coeff flag, last_significant_coeff flag, and coeff abs level minusl

ctxBlockCat (as specified in Table 9-33)
Syntax element

0 1 2 3 4 5
coded_block flag 0 4 8 12 16 na
significant_coeff flag 0 15 29 44 47 0
lgastislgmﬁcanticoeffiﬂa 0 15 29 44 47 0
coeff abs level minusl 0 10 20 30 39 0

9.3.3.1J1 Assignment process of ctxIdxInc using neighbouring syntax elements

Subclapse 9.3.3.1.1.1 specifies the derivation process of ctxIdxInc for the syntax element mb_gkip flag.

Subclagse 9.3.3.1.1.2 specifies the derivation process of ctxIdxInc for the syntax element mibvfield decoding_flag.
Subclayse 9.3.3.1.1.3 specifies the derivation process of ctxIdxInc for the syntax elenient mb _type.

Subclayise 9.3.3.1.1.4 specifies the derivation process of ctxIdxInc for the syntax element coded block pattern.
Subclagse 9.3.3.1.1.5 specifies the derivation process of ctxIdxInc for the syfitax element mb_qp_delta.

Subclagse 9.3.3.1.1.6 specifies the derivation process of ctxIdxInc for the syntax elements ref idx 10 and ref idx 11.
Subclagse 9.3.3.1.1.7 specifies the derivation process of ctxIdxInc for'the syntax elements mvd 10 and mvd 11.
Subclayse 9.3.3.1.1.8 specifies the derivation process of ctxIdxIhe for the syntax element intra_chroma pred mode.
Subclayse 9.3.3.1.1.9 specifies the derivation process of ctxIdxInc for the syntax element coded block flag.

Subclagse 9.3.3.1.1.10 specifies the derivation processof ctxIdxInc for the syntax element transform_size 8x8 flag.

9.3.3.1J1.1 Derivation process of ctxIdxInc for the syntax element mb_skip_flag
Output of this process is ctxIdxInc.

When MbaftFrameFlag is equal to 1 arid-mb_field decoding flag has not been decoded (yet) for the current macroblogk
pair With top macroblock address 2 * (CurrMbAddr/2), the inference rule for the syntax element
mb_field decoding_flag as specified“in subclause 7.4.4 shall be applied.

The defivation process for neighbouring macroblocks specified in subclause 6.4.8.1 is invoked and the output is assigng¢d
to mbAlddrA and mbAddrB:

Let the|variable condTermFlagN (with N being either A or B) be derived as follows.

- If mbAddrN.is.not available or mb_skip flag for the macroblock mbAddrN is equal to 1, condTermFlagN is set equal
to 0

- Othprwise (mbAddrN is available and mb_skip flag for the macroblock mbAddrN is equal to 0), condTermFlagN [is
set qual to—1-

The variable ctxIdxInc is derived by
ctxldxInc = condTermFlagA + condTermFlagB -1
9.3.3.1.1.2 Derivation process of ctxIdxInc for the syntax element mb_field_decoding_flag

Output of this process is ctxIdxInc.

The derivation process for neighbouring macroblock addresses and their availability in MBAFF frames as specified in
subclause 6.4.7 is invoked and the output is assigned to mbAddrA and mbAddrB.
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When both macroblocks mbAddrN and mbAddrN + 1 have mb_type equal to P_Skip or B_Skip, the inference rule for

the syntax element mb_field decoding flag as specified in subclause 7.4.4 shall be applied for the macroblock
mbAddrN.

Let the variable condTermFlagN (with N being either A or B) be derived as follows.
- If any of the following conditions is true, condTermFlagN is set equal to O,
- mbAddrN is not available

- the macroblock mbAddrN is a frame macroblock.

Otherwise, condTermFlagN is set equal to 1.
[he variable ctxIdxInc is derived by

ctxIdxInc = condTermFlagA + condTermFlagB 9-2)

D.3.3.1.1.3 Derivation process of ctxIdxInc for the syntax element mb_type
nput to this process is ctxIdxOffset.
Dutput of this process is ctxIdxInc.

[he derivation process for neighbouring macroblocks specified in subclause 6.4(81\is invoked and the output is|assigned
0 mbAddrA and mbAddrB.

et the variable condTermFlagN (with N being either A or B) be derived a§)follows.
If any of the following conditions is true, condTermFlagN is set equal to 0
mbAddrN is not available

- ctxIdxOffset is equal to 0 and mb_type for the macroblock mbAddrN is equal to SI

- ctxIdxOffset is equal to 3 and mb_type for the maeroblock mbAddrN is equal to I NxN

- ctxIdxOffset is equal to 27 and the macroblo¢k mbAddrN is skipped

- ctxIdxOffset is equal to 27 and mb_type(for the macroblock mbAddrN is equal to B Direct 16x16
Otherwise, condTermFlagN is set equatto 1.

[he variable ctxIdxInc is derived as

ctxIdxInc = condTermFlagA + condTermFlagB 9-3)

D.3.3.1.1.4 Derivation process of ctxIdxInc for the syntax element coded_block pattern
nputs to this process.ar®ctxIdxOffset and binldx.

Dutput of this précess is ctxIdxInc.

Depending ofiithe value of the variable ctxIdxOffset, the following applies.

If ctxldxOffset is equal to 73, the following applies

“\.The derivation process for neighbouring 8x8 luma blocks specified in subclause 6.4.8.2 is invoked with
luma®x8BlkIdx = binldx as input and the output is assigned to mbAddrA., mbAddrB. luma8x8BIkIdxA, and
luma8x8BIkIdxB.

- Let the variable condTermFlagN (with N being either A or B) be derived as follows.
- Ifany of the following conditions are true, condTermFlagN is set equal to 0
-  mbAddrN is not available
- mb_type for the macroblock mbAddrN is equal to I PCM

- the macroblock mbAddrN is not the current macroblock CurrMbAddr and the macroblock mbAddrN is not
skipped and ( ( CodedBlockPatternLuma >> luma8x8BIkIdxN ) & 1) is not equal to O for the value of
CodedBlockPatternLuma for the macroblock mbAddrN
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- the macroblock mbAddrN is the current macroblock CurrMbAddr and the prior decoded bin value by of
coded_block pattern with k = luma8x8BIkIdxN is not equal to 0.

- Otherwise, condTermFlagN is set equal to 1.

- The variable ctxIdxInc is derived as

- Oth

NO7
Cod|

9.3.3.1
Output

Let pre|
When

Let the

- If any of the following conditions ‘istrue, ctxIdxInc is set equal to 0

- Oth

ctxIdxInc = condTermFlagA + 2 * condTermFlagB 9-4)

erwise (ctxIdxOffset is equal to 77), the following applies.

Che derivation process for neighbouring macroblocks specified in subclause 6.4.8.1 is invoked and the output|is
hssigned to mbAddrA and mbAddrB.

et the variable condTermFlagN (with N being either A or B) be derived as follows.

If mbAddrN is available and mb_type for the macroblock mbAddrN is equal to I PCM, condTermFlagN is det
equal to 1

Otherwise, if any of the following conditions is true, condTermFlagN is set equal to 0

- mbAddrN is not available or the macroblock mbAddrN is skipped

- binldx is equal to 0 and CodedBlockPatternChroma for the macroblock mbAddrN is equal to 0

- binldx is equal to 1 and CodedBlockPatternChroma for the macroblock-mbAddrN is not equal to 2
Otherwise, condTermFlagN is set equal to 1.

[he variable ctxIdxInc is derived as
ctxIdxInc = condTermFlagA + 2 * condTermFlagB + ( (binldx == 1)?4:0) (9-9)

'E — When a macroblock uses an Intra 16x16 prediction’ mode, the values of CodedBlockPatternLuma apd
edBlockPatternChroma for the macroblock are derived from mb.type as specified in Table 7-11.

1.5 Derivation process of ctxIdxInc for the syntax element mb_qp_delta
of this process is ctxIdxInc.

VMbAddr be the macroblock address of the'macroblock that precedes the current macroblock in decoding ordsg
he current macroblock is the first macfoblock of a slice, prevMbAddr is marked as not available.

)

variable ctxIdxInc be derived as follows.

brevMbAddr is not available or the macroblock prevMbAddr is skipped
mb_type of the mactoblock prevMbAddr is equal to I PCM

he macroblockpréevMbAddr is not coded in Intra_16x16 prediction mode and both CodedBlockPatternLuma apd
CodedBlockRatternChroma for the macroblock prevMbAddr are equal to 0

mb_qp delta for the macroblock prevMbAddr is equal to 0

prwise, ctxIdxInc is set equal to 1.

9.3.3.1.

1.6 Derivation process of ctxIdxInc for the syntax elements ref idx 10 and ref idx 11

Input to this process is mbPartldx.

Output

of this process is ctxIdxInc.

The interpretation of ref idx 1X and Pred LX within this subclause is specified as follows.

—  Ifthis process is invoked for the derivation of ref idx 10, ref idx 1X is interpreted as ref idx 10 and Pred LX is

int
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erpreted as Pred _LO.
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—  Otherwise (this process is invoked for the derivation of ref idx_11), ref idx IX is interpreted as ref idx 11 and
Pred LX is interpreted as Pred L1.

Let currSubMbType be set equal to sub_mb_type[ mbPartldx ].

The derivation process for neighbouring partitions specified in subclause 6.4.8.5 is invoked with mbPartldx,
currSubMbType, and subMbPartldx =0 as input and the output is assigned to mbAddrA\mbPartldxA and
mbAddrB\mbPartIdxB.

With ref idx IX[ mbPartldxN | (with N being either A or B) specifying the syntax element for the macroblock
mbAddrN, let the variable refldxZeroFlagN be derived as follows.

If MbaffFrameFlag is equal to 1, the current macroblock is a frame macroblock, and the macroblock mbAdgdrN is a
field macroblock

refldxZeroFlagN = ( (ref idx 1X[ mbPartldxN ]>1)?0:1) (9-6)
Otherwise,
refldxZeroFlagN = ( (ref idx 1X[ mbPartldxN ]>0)?0:1) 9-7)

et the variable predModeEqualFlagN be specified as follows.
If the macroblock mbAddrN has mb_type equal to P_8x8 or B_8x8, the folowing applies.

- If SubMbPredMode( sub mb_type[ mbPartldxN ]) is not equak to Pred LX and not equal to| BiPred,
predModeEqualFlagN is set equal to 0, where sub_mb_type(speCifies the syntax element for the mgcroblock
mbAddrN.

- Otherwise, predModeEqualFlagN is set equal to 1.
Otherwise, the following applies.

- If MbPartPredMode( mb_type, mbPartldxN ) “is not equal to Pred LX and not equal to| BiPred,
predModeEqualFlagN is set equal to 0, where mb_type specifies the syntax element for the mgcroblock
mbAddrN.

- Otherwise, predModeEqualFlagN is set’'equal to 1.
et the variable condTermFlagN (with Nsbeing either A or B) be derived as follows.

If any of the following conditions is true, condTermFlagN is set equal to 0

mbAddrN is not available

- the macroblock mbAddrN has mb_type equal to P_Skip or B_Skip
- The macroblocknbAddrN is coded in Intra prediction mode

- predModeEqualFlagN is equal to 0

- refldxZeroFlagN is equal to 1

Otheswise, condTermFlagN is set equal to 1.

[he variable ctxIdxInc is derived as

ctxldxInc = condTermFlagA + 2 * condTermFlagB (9-8)

9.3.3.1.1.7 Derivation process of ctxIdxInc for the syntax elements mvd_l0 and mvd_I1
Inputs to this process are mbPartldx, subMbPartldx, and ctxIdxOffset.

Output of this process is ctxIdxInc.

The interpretation of mvd 1X and Pred LX within this subclause is specified as follows.

—  Ifthis process is invoked for the derivation of mvd 10, mvd_1X is interpreted as mvd 10 and Pred L.X is interpreted
as Pred LO.
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—  Otherwise (this process is invoked for the derivation of mvd_11), mvd IX is interpreted as mvd 11 and Pred LX is
interpreted as Pred L1.

Let currSubMbType be set equal to sub_mb_type[ mbPartldx ].

The derivation process for neighbouring partitions specified in subclause 6.4.8.5 is invoked with mbPartldx,
currSubMbType, and subMbPartldx as input and the output is assigned to mbAddrA\mbPartldxA\subMbPartldxA and
mbAddrB\mbPartldxB\subMbPartIdxB.

Let the

variable compldx be derived as follows.

- Ifc
- Oth
Let the
- If

- Otherwise, the following applies.

Let the

- If any of the following conditions is true, absMvdCompN is set equal to O

xtdxOffsetsequatto 40, compidx TsSetequatto6-

erwise (ctxIdxOffset is equal to 47), compldx is set equal to 1.

variable predModeEqualFlagN be specified as follows.

the macroblock mbAddrN has mb_type equal to P_8x8 or B_8x8, the following applies.

If SubMbPredMode( sub_mb_type[ mbPartldxN ]) is not equal to Pred LX and notxequal to BiPre
predModeEqualFlagN is set equal to 0, where sub_mb_type specifies the syntax element for the macroblo
mbAddrN.

Otherwise, predModeEqualFlagN is set equal to 1.

If MbPartPredMode( mb_type, mbPartldxN ) is not equal to Pred LX and not equal to BiPrg
predModeEqualFlagN is set equal to 0, where mb_type specifieS/the syntax element for the macroblo
mbAddrN.

Otherwise, predModeEqualFlagN is set equal to 1.
variable absMvdCompN (with N being either A or B) be depived as follows.

mbAddrN is not available

he macroblock mbAddrN has mb_type equalito-P_Skip or B_Skip
[he macroblock mbAddrN is coded in Intfasprediction mode
bredModeEqualFlagN is equal to 0

prwise, the following applies

f compldx is equal to 1, MbaffFrameFlag is equal to 1, the current macroblock is a frame macroblock, and t
macroblock mbAddrN is.a field macroblock

absMvdCompN.="Abs( mvd_1X[ mbPartIdxN ][ subMbPartldxN ][ compldx ] ) * 2 (9-9

ind the macroblock mbAddrN is a frame macroblock

Dtherwise, ifieompldx is equal to 1, MbaffFrameFlag is equal to 1, the current macroblock is a field macroblodk,

k

k

1C

)
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abisMvdCompN = Abs( mvd_1X[ mbPartIdxN ][ subMbPartldxN ][ compldx ])/2 (9-10)
OtheTwise;
absMvdCompN = Abs( mvd_1X[ mbPartIdxN ][ subMbPartldxN ][ compldx ] ) (9-11)
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The variable ctxIdxInc is derived as follows
- If (absMvdCompA + absMvdCompB ) is less than 3, ctxIdxInc is set equal to 0.
- Otherwise, if ( absMvdCompA + absMvdCompB ) is greater than 32, ctxIdxInc is set equal to 2.

- Otherwise ( ( absMvdCompA + absMvdCompB ) is in the range of 3 to 32, inclusive), ctxIdxInc is set equal to 1.

9.3.3.1.1.8 Derivation process of ctxIdxInc for the syntax element intra_chroma_pred_mode

Output of this process is ctxIdxInc.

o mbAddrA and mbAddrB.
et the variable condTermFlagN (with N being replaced by either A or B) be derived as follows.
If any of the following conditions is true, condTermFlagN is set equal to 0

- mbAddrN is not available

- The macroblock mbAddrN is coded in Inter prediction mode

- mb_type for the macroblock mbAddrN is equal to [ PCM

- intra_chroma pred mode for the macroblock mbAddrN is equal to 0

Otherwise, condTermFlagN is set equal to 1.

[he variable ctxIdxInc is derived by

ctxIdxInc = condTermFlagA + condTermFlagB

D.3.3.1.1.9 Derivation process of ctxIdxInc for the syntax element coded_block flag
nput to this process is ctxBlockCat and additional input is specitfied as follows.
If ctxBlockCat is equal to 0, no additional input
Otherwise, if ctxBlockCat is equal to 1 or 2, luma4x4BlkIdx
Otherwise, if ctxBlockCat is equal to 3, the ehroma component index iCbCr
Otherwise (ctxBlockCat is equal to 4), chroma4x4BlklIdx and the chroma component index iCbCr
Dutput of this process is ctxIdxInc( ctkBlockCat ).
et the variable transBlockN (with\N being either A or B) be derived as follows.
If ctxBlockCat is equal tp-0,.the following applies.

- The derivation process for neighbouring macroblocks specified in subclause 6.4.8.1 is invoked and the
assigned to mbAddrN (with N being either A or B).

- The variable,transBlockN is derived as follows.

- If mbAddrN is available and the macroblock mbAddrN is coded in Intra_16x16 prediction mode, the
block of macroblock mbAddrN is assigned to transBlockN

= Otherwise, transBlockN is marked as not available.

- L~ Otherwise, if ctxBlockCat is equal to 1 or 2, the following applies.

tis assigned

(9-12)

output is

uma DC

-  The derivation process for neighbouring 4x4 luma blocks specified in subclause 6.4.8.3 is invoked with
luma4x4BIlkldx as input and the output is assigned to mbAddrN, luma4x4BIlkIdxN (with N being either A or

B).

—  The variable transBlockN is derived as follows.

- If mbAddrN is available, the macroblock mbAddrN is not skipped, mb_type for the macroblock

mbAddrN is not equal to I PCM, ( ( CodedBlockPatternLuma >> ( luma4x4BIkIdxN >>2)) &

1) is not

equal to 0 for the macroblock mbAddrN, and transform_size 8x8 flag is equal to 0 for the macroblock
mbAddrN, the 4x4 luma block with index luma4x4BIkIdxN of macroblock mbAddrN is assigned to

transBlockN.
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- Otherwise, if mbAddrN is available, the macroblock mbAddrN is not skippe

d’

( ( CodedBlockPatternLuma >> ( luma4x4BIkIdxN >>2)) & 1) is not equal to 0 for the macroblock
mbAddrN, and transform_size 8x8 flag is equal to 1 for the macroblock mbAddrN, the 8x8 luma block

with index ( luma4x4BIkIdxN >> 2 ) of macroblock mbAddrN is assigned to transBlockN.

- Otherwise, transBlockN is marked as not available.

- Otherwise, if ctxBlockCat is equal to 3, the following applies.

- The derivation process for neighbouring macroblocks specified in subclause 6.4.8.1 is invoked and the output is
assigned to mbAddrN (with N being either A or B).

- Oth

Let the
- Ifar

- Oth

[he variable transBlockN is derived as follows.

If mbAddrN is available, the macroblock mbAddrN is not skipped, mb_type for the macroblock mbAddrN

chroma DC block of chroma component iCbCr of macroblock mbAddrN is assigned to transBlockN.
Otherwise, transBlockN is marked as not available.
erwise (ctxBlockCat is equal to 4), the following applies.

[he derivation process for neighbouring 4x4 chroma blocks specified in subclduse™ 6.4.8.4 is invoked wi
throma4x4BlkIdx as input and the output is assigned to mbAddrN, chroma4x4BIkIdxN (with N being either A
B).

[he variable transBlockN is derived as follows.

chroma block with chroma4x4BlkIdxN of the chroma component iCbCr of macroblock mbAddrN is assign
to transBlockN.

Otherwise, transBlockN is marked as not available.
variable condTermFlagN (with N being either A or B):be derived as follows.
y of the following conditions is true, condTermFlagN is set equal to 0
mMbAddrN is not available and the current macroblock is coded in Inter prediction mode

mMbAddrN is available and transBlockN 15 'not available and mb_type for the macroblock mbAddrN is not equal
_PCM

[he current macroblock is coded in Intra prediction mode, constrained intra pred flag is equal to 1, t
macroblock mbAddrN is avajlable and coded in Inter prediction mode, and slice data partitioning is in ul
nal unit type is in the range of 2 through 4, inclusive).

erwise, if any of the-following conditions is true, condTermFlagN is set equal to 1
mbAddrN is notyaydilable and the current macroblock is coded in Intra prediction mode

b _type forthie macroblock mbAddrN is equal to I PCM

not equal to I PCM, and CodedBlockPatternChroma is not equal to 0 for the macroblock mbAddrN, the

If mbAddrN is available, the macroblock mbAddrN is not skipped,“mb_type for the macroblock mbAddrN i
not equal to I PCM, and CodedBlockPatternChroma is equal)to’2 for the macroblock mbAddrN, the 4%

is

th
DI

ed

(o

5C

- Othprwise,.condTermFlagN is set equal to the value of the coded block flag of the transform block transBlockN thiat
was| decoded for the macroblock mbAddrN.
The vattable UtAIdAIllU\ etxBloekCat ) ts-dertved b_y
ctxIdxInc( ctxBlockCat ) = condTermFlagA + 2 * condTermFlagB (9-13)
9.3.3.1.1.10 Derivation process of ctxIdxInc for the syntax element transform_size 8x8 flag
Output of this process is ctxIdxInc.
The derivation process for neighbouring macroblocks specified in subclause 6.4.8.1 is invoked and the output is assigned
to mbAddrA and mbAddrB.
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Let the variable condTermFlagN (with N being either A or B) be derived as follows.
- Ifany of the following conditions is true, condTermFlagN is set equal to 0.

- mbAddrN is not available

- transform_size 8x8 flag for the macroblock mbAddrN is equal to 0
- Otherwise, condTermFlagN is set equal to 1.

The variable ctxIdxInc is derived by

ctxIdxInc = condTermFlagA + condTermFlagB (9-14)

D.3.3.1.2 Assignment process of ctxIdxInc using prior decoded bin values

nputs to this process are ctxIdxOffset and binldx.

Dutput of this process is ctxIdxInc.

[able 9-32 contains the specification of ctxIdxInc for the given values of ctxIdxOffset and,binldx.

For each value of ctxIdxOffset and binldx, ctxIdxInc is derived by using some of the values of prior decoded bjin values
by, by, ba,..., by ), where the value of the index k is less than the value of binldx.

Table 9-32 — Specification of ctxIdxInc for specific values of ctxIdxOffset and binIdx

Value (name) of ctxIdxOffset | binldx ctxIdxInc

4 (bs =0)?5:6
3

5 (bs = 0)?6:7
14 2 (by =1)?72:3
17 4 (b3 I=0)?2:3
27 2 (by =0)74:5
32 4 (bs =0)?2:3
36 2 (by I=0)?2:3

D.3.3.1.3 Assignment process of ctxIdxInc for syntax elements significant coeff flag, last significant_cdeff flag,
and coeff_abs _level minusl

nputs to this process are ctxIdxOffset and binldx.
Dutput of this process is ctxIdxInc.

[he assignment process of ctxldxInc for syntax elements significant coeff flag, last significant coeff flag, and
Coeff abs, level minusl as well as for coded block flag depends on categories of different blocks denotefl by the
ariable ctxBlockCat. The specification of these block categories is given in Table 9-33.
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Table 9-33 — Specification of ctxBlockCat for the different blocks

Block description maxNumCoeff ctxBlockCat

block of luma DC transform coefficient levels (i.e., list Intral6x16DCLevel as described in

16 0
subclause 7.4.5.3)
block of luma AC transform coefficient levels (i.e., list Intral6x16ACLevel[ i ] as described 15 1
in subclause 7.4.5.3)
block of 16 luma transform coefficient levels (i.e., list LumaLevel[ i] as described in e \”
subclause 7.4.5.3)
block of chroma DC transform coefficient levels 4 * NumC8x8 3
block of chroma AC transform coefficient levels 15 4
block df 64 luma transform coefficient levels (i.e., list LumaLevel8x8[ i ] as described in

64 5
subclause 7.4.5.3)

Let the
7.4.53

For thg
ctxBlog

where |

For thg
variabl

where |

For th
ctxBlog
levelLi

variable levelListldx be set equal to the index of the list of transform coefficient levels as specified in subclaul

kCat != 3, the variable ctxIdxInc is derived by

ctxIdxInc = levelListldx (9-115

evelListldx ranges from 0 to maxNumCoeff — 2, inclusive.

syntax elements significant coeff flag and last significant coeff flag in blocks with ctxBlockCat == 3, t
b ctxIdxInc is derived by

ctxIdxInc = Min( levelListldx / NumC8x8, 2 ) (9-14

evelListldx ranges from 0 to 4 * NumC8x8.£.2, inclusive.

e syntax elements significant coeffflag and last significant coeff flag in 8x8 Iluma blocks wi
kCat == 5, Table 9-34 containg the specification of ctxldxInc for the given values of levelListldx, whej
tldx ranges from 0 to 62, inclusive:

syntax elements significant coeff flag and last significant coeff flag¢invblocks with ctxBlockCat <5 apd

IS

th
re

240
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Table 9-34 — Mapping of scanning position to ctxIdxInc for ctxBlockCat == §
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Let numDecodAbsLevelEql denotes the accumulated number of decoded transform coefficient levels with absolute
value equal to 1, and let numDecodAbsLevelGtl denotes the accumulated number of decoded transform coefficient
levels with absolute value greater than 1. Both numbers are related to the same transform coefficient block, where the
current decoding process takes place. Then, for decoding of coeff abs level minusl, ctxIdxInc for
coeff abs level minusl is specified depending on binldx as follows.

- Ifbinldx is equal to 0, ctxIdxInc is derived by

ctxIdxInc = ( ( numDecodAbsLevelGtl =0 ) ? 0: Min( 4, 1 + numDecodAbsLevelEql ) ) 9-17)

- Otherwise (binldx 15 greater than 0), CIXIAXINe 15 derived by

LtxIdxInc = 5 + Min( 4 — ( ctxBlockCat == 3 ), numDecodAbsLevelGtl ) 9-19)

9.3.3.2| Arithmetic decoding process

Inputs fo this process are the bypassFlag, ctxIdx as derived in subclause 9.3.3.1, and the state variables-codIRange and
codIOffset of the arithmetic decoding engine.

Output|of this process is the value of the bin.

Figure P-2 illustrates the whole arithmetic decoding process for a single bin. For decoding\the’ value of a bin, the contejxt
index cfxIdx is passed to the arithmetic decoding process DecodeBin(ctxIdx), which is spécified as follows.

- IfbypassFlag is equal to 1, DecodeBypass( ) as specified in subclause 9.3.3.2.3 is.invoked.

- Otherwise, if bypassFlag is equal to 0 and ctxIdx is equal to 276, DeeodeTerminate( ) as specified in subclaupe
9.3.3.2.4 is invoked.

- Otherwise (bypassFlag is equal to 0 and ctxIdx is not equal to 276), DecodeDecision( ) as specified in subclaufe
9.3.3.2.1 shall be applied.

DecodeBin(ctxldx]

Yes j

DecodeBypass

Nc¢

E—
@ "

DecodeTerminate

Nc
'

‘ ‘ DecodeDecision(ctxldx)

A 4

Done

Figure 9-2 — Overview of the arithmetic decoding process for a single bin (informative)

NOTE - Arithmetic coding is based on the principle of recursive interval subdivision. Given a probability estimation p( 0 ) and
p(1)=1-p(0)of abinary decision ( 0, 1), an initially given code sub-interval with the range codIRange will be subdivided into
two sub-intervals having range p( 0 ) * codIRange and codIRange — p( 0 ) * codIRange, respectively. Depending on the decision,
which has been observed, the corresponding sub-interval will be chosen as the new code interval, and a binary code string pointing
into that interval will represent the sequence of observed binary decisions. It is useful to distinguish between the most probable
symbol (MPS) and the least probable symbol (LPS), so that binary decisions have to be identified as either MPS or LPS, rather
than 0 or 1. Given this terminology, each context is specified by the probability p; ps of the LPS and the value of MPS (valMPS),
which is either 0 or 1.
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The arithmetic core engine in this Recommendation | International Standard has three distinct properties:

The probability estimation is performed by means of a finite-state machine with a table-based transition process between 64
different representative probability states { ppps(pStateldx) |0 <=pStateldx <64 } for the LPS probability pps. The
numbering of the states is arranged in such a way that the probability state with index pStateldx = 0 corresponds to an LPS
probability value of 0.5, with decreasing LPS probability towards higher state indices.

The range codIRange representing the state of the coding engine is quantised to a small set {Q,...,Q4} of pre-set
quantisation values prior to the calculation of the new interval range. Storing a table containing all 64x4 pre-computed

product values of Q;* prps(pStateldx) allows a  multiplication-free  approximation of the product
codIRange * pyps(pStateldx).

For syntax elements or parts thereof for which an approximately uniform probability distribution is assumed to be given a

D.3.3.2.1 Arithmetic decoding process for a binary decision

nputs to this process are ctxIdx, codIRange, and codlOffset.

Dutputs of this process are the decoded value binVal, and the updated variables codIRange and codlOffset.
Figure 9-3 shows the flowchart for decoding a single decision (DecodeDecision).

. The value of the variable cod[RangeLPS is derived as follows.

D, The variable codIRange is set equal to codIRange — codIRangeLPS and the following applies.

D.3.3.2.1.1 State transition process

Dutputs of this process-are the updated pStateldx and valMPS of the context variable associated with ctxIdx.

if(\binVal == valMPS)

separate simptified-encoding amdt decoding bypass process 15 used:

Given the current value of codIRange, the variable qCodIRangeldx is derived by

gCodIRangeldx =( codIRange >> 6 ) & 0x03 (9-19)

Given qCodIRangeldx and pStateldx associated with ctxIdx, the value of the variable rangeTabLPS as gpecified
in Table 9-35 is assigned to cod[RangeLPS:

codIRangeLPS = rangeTabLPS[ pStateldx ][ qCodIRangeldx ] (9-20)

If codIOffset is greater than or equal to codIRange, the variable binVal is set equal to 1 - valMPS, cod]Offset is
decremented by codIRange, and codIRangg’is set equal to codIRangeLPS.

Otherwise, the variable binVal is set.equal to vaIMPS.

Given the value of binVal, the state tramsition is performed as specified in subclause 9.3.3.2.1.1. Depending on the
current value of codIRange, renormalization is performed as specified in subclause 9.3.3.2.2.

nputs to this process are the‘\current pStateldx, the decoded value binVal and valMPS values of the context| variable
hssociated with ctxIdx.

Depending on th€ decoded value binVal, the update of the two variables pStateldx and valMPS associated with [ctxIdx is
Jerived as follows:

pStateldx = transIdxMPS( pStateldx )

else { (9-21)

if( pStateldx == 0)

}

valMPS =1 — valMPS
pStateldx = transIdxLPS( pStateldx )

Table 9-36 specifies the transition rules transldxMPS() and transIdxLPS() after decoding the value of valIMPS and
1 — valMPS, respectively.
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DecodeDecision (ctxldx)

gqCodlRangeldx = (codIRange>>6) & 3
codIRangeLPS = rangeTabLPS[pStateldx][qCodIRangeldx]
codlRange = codIRange - codlRangeLPS

codlOffset >= codIRange No—

binVal = lvalMPS
codlOffset = codlOffset - codIRange
codIRange = codlRangeLPS

binVal = valMPS
pStateldx = transldxMPS[pStateldx]

pStateldx == 0? Yesj

‘ valMPS = 1 - valMPS
No ‘

pStateldx = transldxLPS[pStateldx]

v

RenormD

Figure 9-3 — Flowchart for decoding a decision
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qCodIRangeldx qCodIRangeldx
pStateldx pStateldx

0 1 2 3 0 1 2 3
0 128 176 208 240 32 27 33 39 45
1 128 167 197 227 33 26 31 37 43
2 128 158 187 216 34 24 30 35 41
3 123 150 178 205 35 23 28 33 39
4 116 142 169 195 36 22 27 32 37
5 111 135 160 185 37 21 26 30 35
6 105 128 152 175 38 20 24 29 33
7 100 122 144 166 39 19 23 27 31
8 95 116 137 158 40 18 22 26 30
9 90 110 130 150 41 17 21 25 28
10 85 104 123 142 42 16 20 23 27
11 81 99 117 135 43 15 19 22 25
12 77 94 111 128 44 14 18 21 24
13 73 89 105 122 45 14 17 20 23
14 69 85 100 116 46 13 16 19 22
15 66 80 95 110 47 12 15 18 21
16 62 76 90 104 48 12 14 17 20
17 59 72 86 99 49 11 14 16 19
18 56 69 8l 94 50 11 13 15 18
19 53 65 77 89 51 10 12 15 17
20 51 62 73 85 52 10 12 14 16
21 48 59 69 80 53 9 11 13 15
22 46 56 66 76 54 9 11 12 14
23 43 53 63 72 55 8 10 12 14
24 41 50 59 69 56 8 9 11 13
25 39 48 56 65 57 7 9 11 12
26 37 45 54 62 58 7 9 10 12
27 35 43 5T 59 59 7 g 10 11
28 33 41 48 56 60 6 8 9 11
29 32 39 46 53 61 6 7 9 10
30 30 37 43 50 62 6 7 8 9
31 29 35 41 48 63 2 2 2 2
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Table 9-36 — State transition table

pStateldx 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
transIdxLPS | 0 0 1 2 2 4 4 5 6 7 8 9 9 11 11 12
transldxMPS | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
pStateldx 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
transIdxLPS | 13 13 15 15 16 16 18 18 19 19 21 21 22 22 23 24
transldxMPS | 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
pStateldx 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
transIdxLPS | 24 25 26 26 27 27 28 29 29 30 30 30 31 32 32 33
transldxMPS | 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
pStateldx 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
transIdxLPS | 33 33 34 34 35 35 35 36 36 36 37 37 37 38 38 63
transIdxMPS | 49 50 51 52 53 54 55 56 57 58 59 60 61 62 62 63

9.3.3.2
Inputs §
Output

A flow
and fur

- Ifec

- Oth
cod

The bit
comple]

2 Renormalization process in the arithmetic decoding engine
o this process are bits from slice data and the variables codIRange and codIOffset.
of this process are the updated variables cod[Range and.eodlOffset.

Chart of the renormalization is shown in Figure 9-4. The current value of codIRange is first compared to 0x0100
her steps are specified as follows.

dIRange is greater than or equal to 0x0100, nd.renormalization is needed and the RenormD process is finished;

erwise (codIRange is less than 0x0100){ the renormalization loop is entered. Within this loop, the value pf
[Range is doubled, i.e., left-shifted by(l and a single bit is shifted into codlOffset by using read bits( 1).

stream shall not contain data that'results in a value of codlOffset being greater than or equal to codIRange up¢n
tion of this process.

codIRange< 0x010C

Yes
h 4

246

codIRange = codIRange << *
codIOffset = codlOffset << *
codlOffset = codlOffset | read_bits(1)

Figure 9-4 — Flowchart of renormalization
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9.3.3.2.3 Bypass decoding process for binary decisions
Inputs to this process are bits from slice data and the variables codIRange and codIOffset.

Outputs of this process are the updated variable codlOffset and the decoded value binVal.

The bypass decoding process is invoked when bypassFlag is equal to 1. Figure 9-5 shows a flowchart of the

corresponding process.

First, the value of codlOffset is doubled, i.e., left-shifted by 1 and a single bit is shifted into codlOffset by using
read_bits( 1 ). Then, the value of codlOffset is compared to the value of codIRange and further steps are specified as

Crdd
OUIIOWS.

If codlOffset is greater than or equal to codlRange, the variable binVal is set equal to 1 and-.cod]
decremented by codIRange.

Otherwise (codlOffset is less than codIRange), the variable binVal is set equal to 0.

[he bitstream shall not contain data that results in a value of codlOffset being greater than oréqual to codIRa

completion of this process.
DecodeBypass

codlOffset = codlOffset <1
codlOffset = codlOffset | read_bits(1
lers

codlOffget >=
codiRange
binval =1

codlOffset = codlOffset - codIRange

Figure 9-5— Flowchart of bypass decoding process

!

binVal =0

D.3.3.2.4 Decoding process for binary decisions before termination
nputs to this process are/bits from slice data and the variables codIRange and codIOffset.
Dutputs of this process are the updated variables codIRange and codIOffset, and the decoded value binVal.

[his special deceding routine applies to decoding of end of slice flag and of the bin indicating the 1 P(
torresponding t0 ctxldx equal to 276. Figure 9-6 shows the flowchart of the corresponding decoding process,
specified asfollows.

First, the'walue of codIRange is decremented by 2. Then, the value of codlOffset is compared to the value of ¢
hind further steps are specified as follows.

Dffset is

1lge upon

M mode
which is

dIRange

- If codlOffset is greater than or equal to codiRange, the variable binval is Set equal to I, o renormatization
out, and CABAC decoding is terminated. The last bit inserted in register codlOffset is equal to 1. When
end of slice flag, this last bit inserted in register codlOffset is interpreted as rbsp_stop_one_bit.

- Otherwise (codlOffset is less than codIRange), the variable binVal is set equal to 0 and renormalization is p
as specified in subclause 9.3.3.2.2.

s carried
decoding

erformed

NOTE — This procedure may also be implemented using DecodeDecision(ctxIdx) with ctxldx = 276. In the case where
the decoded value is equal to 1, seven more bits would be read by DecodeDecision(ctxldx) and a decoding process

would have to adjust its bitstream pointer accordingly to properly decode following syntax elements.
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DecodeTerminate

‘ codIRange = codIRange-2 ‘

codlOffset >= codIRange

Yes

i

binVal =1

binVal =(
]

9.3.4

This sul
Inputs {
Output
This in
describ
are cal
Encodg
Decodgq

codILo
range of

9.3.4.1
This sul

This pr|
and all

Output
encodir

In the

Further
NO]
the
Max
pred

T |

Figure 9-6 — Flowchart of decoding a decision before termination

Arithmetic encoding process (informative)

bclause does not form an integral part of this Recommendation | International\Standard.
o this process are decisions that are to be encoded and written.

of this process are bits that are written to the RBSP.

formative subclause describes an arithmetic encoding engine.*that matches the arithmetic decoding engi
ed in subclause 9.3.3.2. The encoding engine is essentially symmetric with the decoding engine, i.e., procedur
ed in the same order. The following procedures are deseribed in this section: InitEncoder, EncodeDecisio
Bypass, EncodeTerminate, which correspond to “InitDecoder, DecodeDecision, DecodeBypass, ai
Terminate, respectively. The state of the arithmetic;encoding engine is represented by a value of the variab
W pointing to the lower end of a sub-interval and.a'value of the variable codIRange specifying the correspondii
f that sub-interval.

Initialisation process for the arithmetic encoding engine (informative)

bclause does not form an integral part of this Recommendation | International Standard.
pcm_sample luma and pcnysample _chroma data for a macroblock of type I PCM.

g engine.

initialisation procedure of the encoder, codlLow is set equal to 0, and codIRange is set equal to OxO1F
more, a firstBitETag is set equal to 1, and bitsOutstanding and symCnt counters are set equal to 0.

[E — The miinimum register precision required for codILow is 10 bits and for CodIRange is 9 bits. The precision required f
countersebitsOutstanding and symCnt should be sufficiently large to prevent overflow of the related registers. Wh
BinCountInSlice denotes the maximum total number of binary decisions to encode in one slice, the minimum regisf
ision required for the variables bitsOutstanding and symCnt is given by Ceil( Log2( MaxBinCountInSlice + 1) ).

beess is invoked before encoding the first macroblock of a slice, and after encoding any pcm_alignment _zero_ Wi

of this process are the ‘values codlLow, codIRange, firstBitFlag, bitsOutstanding, and symCnt of the arithmefic

he
eSS
n’
nd
le

g

9.3.4.2

Encoding process for a binary decision (informative)

This subclause does not form an integral part of this Recommendation | International Standard.

Inputs to this process are the context index ctxIdx, the value of binVal to be encoded, and the variables codIRange,
codlLow and symChnt.

Outputs of this process are the variables codIRange, codlLow, and symCnt.

Figure 9-7 shows the flowchart for encoding a single decision. In a first step, the variable codIRangeLLPS is derived as
follows.

248
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Given the current value of codIRange, codlRange is mapped to the index qCodIRangeldx of a quantised value of
codIRange by using Equation 9-19. The value of qCodIRangeldx and the value of pStateldx associated with ctxIdx are
used to determine the value of the variable rangeTabLPS as specified in Table 9-35, which is assigned to codIRangeLPS.
The value of codIRange — codIRangeLPS is assigned to codIRange.

In a second step, the value of binVal is compared to vaIMPS associated with ctxIdx. When binVal is different from
valMPS, codIRange is added to codlLow and codIRange is set equal to the value codlRangeL.PS. Given the encoded
decision, the state transition is performed as specified in subclause 9.3.3.2.1.1. Depending on the current value of
codIRange, renormalization is performed as specified in subclause 9.3.4.3. Finally, the variable symCnt is incremented
by 1.

6codeDecision(cthdx,binV@

qCodIRangeldx = (codIRange >> 6) & 3
codIRangeLPS = rangeTabLPS[pStateldx][qCodIRangeldx]
codIRange = codIRange - codIRangeLPS

yYes

codlLow = codILow + codIRange No
codIRange = codIRangeLP$S
No—i

pStateldx != 0
valMPS = 1\-'valMP$§

PR— ,

pStateldx = transldxLPS[pStateldx] pStateldx = transldxMPS[pStateldx]

RenormE

;

‘ symCnt = symCnt + 1 ‘

Figure 9-7 — Flowchart for encoding a decision

binVal !=
valMP$S

9.3.4.3 Renormalization process in the arithmetic encoding engine (informative)
This subclause does not form an integral part of this Recommendation | International Standard.
Inputs to this process are the variables codIRange, codlLow, firstBitFlag, and bitsOutstanding.

Outputs of this process are zero or more bits written to the RBSP and the updated variables codIRange, codlLow,
firstBitFlag, and bitsOutstanding.

Renormalization is illustrated in Figure 9-8.
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RenormE

P
<

codIRange < 0x10C

codlLow < 0x100

The PukBit( ) procedure described in Figure 9-9 provides'carry over control. It uses the function WriteBits( B, N ) tHat
writes N bits with value B to the bitstream and advahces the bitstream pointer by N bit positions. This function assumgs
the exigtence of a bitstream pointer with an indication of the position of the next bit to be written to the bitstream by the

encodif

g process.

Yes

codlLow >= 0x200

codlLow = codlLow - 0x100
bitsOutstanding = bitsOutstanding + *

codlLow = codlLow - 0x200

PutBit(0)

L

v
PutBit(1)

A

codIRange = codIRange << 1
codlLow = codILow << 1

Figure 9-8 — Flowchart of renormalization in the encoder
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PutBit(B)

:Yes No 1

firstBitFlag = ( WriteBits(B, 1)
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itsOutstanding > @

Yes T

WriteBits(1 - B, 1)
No bitsOutstanding = bitsOutstanding - 1

D.3.4.4 Bypass encoding process for binary decisions (informative)

specification of this process as given in Figure 9-10.

]

Figure 9-9 — Flowchart of PutBit(B)

[his subclause does not form an integral part of this Recommendation Mnternational Standard.
nputs to this process are the variables binVal, codILow, cod[Range; bitsOutstanding, and symCnt.
Dutput of this process is a bit written to the RBSP and the updated variables codlLow, bitsOutstanding, and sym!

[his encoding process applies to all binary decisions with”bypassFlag equal to 1. Renormalization is includ

Cnt.

bd in the
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EncodeBypass(binVal)

codlLow = codlLow << 1

PutBit(1)
l N v

PutBit(0) codlLow = codILow --0x400

codlLow = codiLow - 0x200
bitsOutstanding = bitsOutstanding& *

|
.

symCnt = syment + 1

Figure 9-10-~Flowchart of encoding bypass

9.3.4.5|] Encoding process for a binary decision before termination (informative)
This supclause does not form an-ntegral part of this Recommendation | International Standard.
Inputs fo this process are thewvariables binVal, codIRange, codILow, bitsOutstanding, and symCnt.

Output§ of this proces$\are zero or more bits written to the RBSP and the updated variables codlLow, codIRange,
bitsOutstanding, and symCnt.

This erlcoding roeutine shown in Figure 9-11 applies to encoding of the end of slice flag and of the bin indicating the
I PCM|mb_type both associated with ctxIdx equal to 276.
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EncodeTerminate(binVal)

codIRange = codIRange - 2

- "f

RenormE

EncodeFlush

symCnt = symCnt + 1

Figure 9-11 — Flowchart of encoding a decision before\termination

When the value of binVal to encode is equal to 1, CABAC encoding is*terminated and the flushing procedure
Figure 9-12 is applied. In this flushing procedure, the last bit written by WriteBits( B, N ) is equal to 1. When
end_of slice flag, this last bit is interpreted as the rbsp_stop _oneubit.

EncodeFlush

‘ codIRange = 2 ‘

v

RenormE

v

PutBit((codILow >> 9) & 1)

.

WriteBits(((codlLow >> 7) & 3) [ 1, 2|

hown in
encoding
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9.3.4.6 Byte stuffing process (informative)
This subclause does not form an integral part of this Recommendation | International Standard.
This process is invoked after encoding the last macroblock of the last slice of a picture and after encapsulation.

Inputs to this process are the number of bytes NumBytesInVcINALunits of all VCL NAL units of a picture, the number
of macroblocks PicSizeInMbs in the picture, and the number of binary symbols BinCountsInNALunits resulting from
encoding the contents of all VCL NAL units of the picture.

Outputs of this process are zero or more bytes appended to the NAL unit.

Let the|variable k be set equal to Ceil( ( Ceil( 3 * ( 32 * BinCountsInNALunits — RawMbBits * PicSizeInMbs ) + 1024 )
— NumBytesInVcINALunits ) + 3 ). Depending on the variable k the following applies.

- Ifkis less than or equal to 0, no cabac_zero word is appended to the NAL unit.

- Otherwise (k is greater than 0), the 3-byte sequence 0x000003 is appended k times to the~NAL unit after
en¢apsulation, where the first two bytes 0x0000 represent a cabac_zero_word and the third byte0x03 represents §n
enfulation_prevention_three byte.
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Annex A
Profiles and levels

(This annex forms an integral part of this Recommendation | International Standard)

Profiles and levels specify restrictions on bitstreams and hence limits on the capabilities needed to decode the bitstreams.
Profiles and levels may also be used to indicate interoperability points between individual decoder implementations.

NOTE = RTCO eIda
would increase interoperability difficulties.

Fach profile specifies a subset of algorithmic features and limits that shall be supported by all decoders confa
hat profile.

NOTE - Encoders are not required to make use of any particular subset of features supported in a profile.

Fach level specifies a set of limits on the values that may be taken by the psyntax elements
Recommendation | International Standard. The same set of level definitions is used withxall profiles, but i
mplementations may support a different level for each supported profile. For any given profile, levels
correspond to decoder processing load and memory capability.

A1 Requirements on video decoder capability

hbility to decode video streams conforming to the constraints of profiles and levels specified in this Annex.
such profile, the level supported for that profile shall also be expressed.

Bpecific values are specified in this annex for the syntax elements profile idc and level idc. All other 1
brofile idc and level idc are reserved for future use by ITU-THISO/IEC.

NOTE - Decoders should not infer that when a reserved value'of profile idc or level idc falls between the values specif
Recommendation | International Standard that this indicates-intermediate capabilities between the specified profiles or
there are no restrictions on the method to be chosen by JEU-T | ISO/IEC for the use of such future reserved values.

A2 Profiles

AL2.1 Baseline profile

Bitstreams conforming to the Baseline profile shall obey the following constraints:

- Only I and P slice types may.be present.

- NAL unit streams shallnot contain nal unit type values in the range of 2 to 4, inclusive.
- Sequence parameter.sets shall have frame mbs_only flag equal to 1.

- The syntax elements chroma_format idc, bit depth luma_ minus8, bit_depth chroma]
gpprime_y_“eto_transform_bypass flag, and seq scaling matrix_present flag shall not be present in
parametersets.

- Pictufe parameter sets shall have weighted pred flag and weighted bipred_idc both equal to 0.
- Pietiire parameter sets shall have entropy coding mode flag equal to 0.

- C~Picture parameter sets shall have num_slice_groups_minus1 in the range of O to 7, inclusive.

er, as this
rming to
of this

ndividual
benerally

Capabilities of video decoders conforming to this Recommendation | Interndational Standard are specified in terfns of the

For each

alues of

icd in this
levels, as

| minus8,
sequence

— The syntax elements transform_8x8 mode flag, pic_scaling matrix_present flag,
second chroma qp_index offset shall not be present in picture parameter sets.

—  The syntax element level prefix shall not be greater than 15.
—  The level constraints specified for the Baseline profile in subclause A.3 shall be fulfilled.

Conformance of a bitstream to the Baseline profile is specified by profile idc being equal to 66.
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Decoders conforming to the Baseline profile at a specific level shall be capable of decoding all bitstreams in which
profile idc is equal to 66 or constraint set0 flag is equal to 1 and in which level idc and constraint_set3 flag represent a
level less than or equal to the specified level.

A2.2

Main profile

Bitstreams conforming to the Main profile shall obey the following constraints:

—  Only 1, P, and B slice types may be present.

—  NAL unit streams shall not contain nal_unit_type values in the range of 2 to 4, inclusive.

- Af
— TH

Pa

—  Pigture parameter sets shall have num_slice groups minusl equal to 0 only.

- Pi

— TH
se

— Th
— TH

Confor

Decodd
profile |
level le

A.2.3

Bitstreg
—  S¢
— Th

qp

pa
- Pi
- Pi

— TH
se

— Th
— TH

Confor

Decodd
profile |
to spec

pitrary slice order 1S not allowed.

ameter sets.

Cture parameter sets shall have redundant pic_cnt present flag equal to 0 only.

e syntax elements transform 8x8 mode flag, pic_scaling matrix"present flag, ai
tond _chroma qp_index offset shall not be present in picture parameter sets.

e syntax element level prefix shall not be greater than 15 (when present).

e level constraints specified for the Main profile in subclause A.3 shall be fulfilled:
mance of a bitstream to the Main profile is specified by profile _idc being equal to 77.

rs conforming to the Main profile at a specified level shall be capable of decoding all bitstreams in whi
idc is equal to 77 or constraint _setl flag is equal to 1 and in whielvlevel idc and constraint set3 flag represent
5s than or equal to the specified level.

Extended profile

ms conforming to the Extended profile shall obey the following constraints:
quence parameter sets shall have direct 8x8 inference flag equal to 1.

e syntax elements chroma format-idc, bit_depth luma minus8, bit_depth chroma minus

e syntax element level-prefix shall not be greater than 15 (when present).

e level constraints-spécified for the Extended profile in subclause A.3 shall be fulfilled.
mance of a bitstteam to the Extended profile is specified by profile idc being equal to 88.

rs conforming to the Extended profile at a specified level shall be capable of decoding all bitstreams in whi
idc istequal to 88 or constraint_set2 flag is equal to 1 and in which level idc represents a level less than or eqy
fied tevel.

e syntax elements chroma format idc, bit _depth luma minus8, bit_depth chroma minii§8
gpprime_y zero transform bypass flag, and seq scaling matrix_present flag shall not be present in(sequeng

\’OO

prime_y zero transform bypass flag, and seq scaling matrix_present flag shall not be present in sequeng
Fameter sets.

Cture parameter sets shall have entropy-coding_mode flag equal to 0.

Cture parameter sets shall have num slice_groups minus1 in the range of 0 to 7, inclusive.

e syntax elements transform 8x8 mode flag, pic_scaling matrix_present flag, ai
fond _chroma_qgp_index ,effset shall not be present in picture parameter sets.

nd

a

nd

h
al

Decoders conforming to the EXtended profile at a speciiied Ievel shall also be capable o decoding all bitstreams 1n which

profile idc is equal to 66 or constraint set0 flag is equal to 1, in which level idc and constraint_set3 flag represent a

level le

A24

ss than or equal to the specified level.

High profile

Bitstreams conforming to the High profile shall obey the following constraints:

—  Only [, P, and B slice types may be present.

—  NAL unit streams shall not contain nal unit type values in the range of 2 to 4, inclusive.

—  Arbitrary slice order is not allowed.
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—  Picture parameter sets shall have num_slice_groups_minus]1 equal to 0 only.

—  Picture parameter sets shall have redundant_pic_cnt_present flag equal to 0 only.

—  Sequence parameter sets shall have chroma_format_idc in the range of 0 to 1 inclusive.

—  Sequence parameter sets shall have bit_depth luma minus8 equal to O only.

—  Sequence parameter sets shall have bit_depth chroma minus8 equal to O only.

—  Sequence parameter sets shall have qpprime_y zero_transform_bypass_flag equal to 0 only.

—  The level constraints specified for the High profile in subclause A.3 shall be fulfilled.

fepresents a level less than or equal to the specified level and either or both of the following conditions afe'true:
- profile_idc is equal to 77 or 100, or

- constraint_setl flagis equal to 1.

AL2.5 High 10 profile

Bitstreams conforming to the High 10 profile shall obey the following constraints:

- Only I, P, and B slice types may be present.

- NAL unit streams shall not contain nal unit type values in the range of 240 4, inclusive.

- Arbitrary slice order is not allowed.

- Picture parameter sets shall have num_slice_groups minusl equalto 0 only.

- Picture parameter sets shall have redundant_pic_cnt_present ‘flag equal to 0 only.

- Sequence parameter sets shall have chroma format_idc in the range of 0 to 1 inclusive.

- Sequence parameter sets shall have bit_depth luma,_minus8 in the range of 0 to 2 inclusive.

- Sequence parameter sets shall have bit_depth _chrema_ minus8 in the range of 0 to 2 inclusive.
- Sequence parameter sets shall have qpprime (yZero transform_bypass_flag equal to 0 only.

- The level constraints specified for the Highyl0 profile in subclause A.3 shall be fulfilled.

Conformance of a bitstream to the High 10-profile is specified by profile idc being equal to 110. Decoders conf
he High 10 profile at a specific deyel shall be capable of decoding all bitstreams in which level
constraint_set3 flag represent a level~less than or equal to the specified level and either or both of the f
tonditions are true:

- profile_idc is equal to 77,;+00, or 110, or

- constraint_setl flagis'equal to 1.

A.2.6 High 4:2:2 profile

Bitstreams conforming to the High 4:2:2 profile shall obey the following constraints:
- Onlyd, P, and B slice types may be present.
- NAL unit streams shall not contain nal unit type values in the range of 2 to 4, inclusive.

- (.~ Arbitrary slice order is not allowed.

Conformance of a bitstream to the High profile is specified by profile idc being equal to 100. Decoders confdrming to
he High profile at a specific level shall be capable of decoding all bitstreams in which level idc and constraint” pet3 flag

rming to
[idc and
ollowing

—  Picture parameter sets shall have num_slice_groups minusI equal to O only.

—  Picture parameter sets shall have redundant_pic_cnt_present flag equal to 0 only.

—  Sequence parameter sets shall have chroma_format idc in the range of 0 to 2 inclusive

—  Sequence parameter sets shall have bit_depth luma minus8 in the range of 0 to 2 inclusive.

—  Sequence parameter sets shall have bit_depth chroma minus8 in the range of 0 to 2 inclusive.
—  Sequence parameter sets shall have qpprime_y zero_transform_bypass_flag equal to 0 only.

—  The level constraints specified for the High 4:2:2 profile in subclause A.3 shall be fulfilled.
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Conformance of a bitstream to the High 4:2:2 profile is specified by profile idc being equal to 122. Decoders conforming
to the High 4:2:2 profile at a specific level shall be capable of decoding all bitstreams in which in which level idc and
constraint_set3 flag represents a level less than or equal to the specified level and either or both of the following
conditions are true:

—  profile idc is equal to 77, 100, 110, or 122, or

— constraint_setl flag is equal to 1.

A.2.7  High 4:4:4 profile

Bitstrer ms-conformine to-the ”Ig]’\ 4:4:-4 prnﬁ]p shall nl'\py the follows {hg constraints:
=}

—  Onfly I, P, and B slice types may be present.

—  NAL unit streams shall not contain nal unit type values in the range of 2 to 4, inclusive.

—  Afbitrary slice order is not allowed.

—  Picture parameter sets shall have num_slice_groups_minus]1 equal to 0 only.

—  Picture parameter sets shall have redundant_pic_cnt present flag equal to 0 only.

—  Sdquence parameter sets shall have bit_depth luma minus8 in the range of 0 to 4 inclusiye.

—  Sdqquence parameter sets shall have bit_depth _chroma minus8 in the range of 0 to 4 inCluSive.
—  The level constraints specified for the High 4:4:4 profile in subclause A.3 shall be fulfilled.

Conforfnance of a bitstream to the High 4:4:4 profile is specified by profile idc being.equal to 144. Decoders conforming
to the High 4:4:4 profile at a specific level shall be capable of decoding all bjtstreams in which in which level idc apd
constrajnt_set3 flag represent a level less than or equal to the specified.level and either or both of the followihg
conditipns are true:

—  prefile_idc is equal to 77, 100, 110, 122, or 144, or

—  copstraint_setl flag is equal to 1.

A3 Levels
The following is specified for expressing the constraintsin this Annex.
- Letaccess unit n be the n-th access unit in decoditig order with the first access unit being access unit 0.

- Lef picture n be the primary coded pictuge 0r*the corresponding decoded picture of access unit n.

A3.1 Level limits common to the Baseline, Main, and Extended profiles
Let the|variable fR be derived as folows.

- If picture n is a frame, fR if sét’'equal to 1 + 172.

- Otherwise (picture n is’a, field), R is set equal to 1 + (172 * 2).

Bitstregms conforming.to the Baseline, Main, or Extended profiles at a specified level shall obey the followifg
constrajnts:

a) | The neminal removal time of access unit n (with n > 0) from the CPB as specified in subclause C.1.2, satisfips
the constraint that t,,(n)-t(n-1) is greater than or equal to Max( PicSizeInMbs + MaxMBPS, fR ), whefe
MaxMBPS is the value specified in Table A-1 that applies to picture n — 1, and PicSizeInMbs is the number pf
TMAacrobiocks in picture m— 1.

b) The difference between consecutive output times of pictures from the DPB as specified in subclause C.2.2,
satisfies the constraint that At 4,,( n ) >= Max( PicSizeInMbs + MaxMBPS, fR ), where MaxMBPS is the value
specified in Table A-1 for picture n, and PicSizeInMbs is the number of macroblocks of picture n, provided that
picture n is a picture that is output and is not the last picture of the bitstream that is output.

c¢) The sum of the NumBytesInNALunit variables for access unit 0 is less than or equal to
384 * ( PicSizeInMbs + MaxMBPS * (t,(0) - t,4,( 0) ) ) + MinCR, where MaxMBPS and MinCR are the values
specified in Table A-1 that apply to picture 0 and PicSizeInMbs is the number of macroblocks in picture 0.
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2
h)
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The sum of the NumBytesInNALunit variables for access unit n (with n > 0) is less than or equal to
384 * MaxMBPS * (t(n)-t(n—1))+ MinCR, where MaxMBPS and MinCR are the values specified in
Table A-1 that apply to picture n.

PicWidthInMbs * FrameHeightInMbs <= MaxFS, where MaxFS is specified in Table A-1
PicWidthInMbs <= Sqrt( MaxFS * 8 )
FrameHeightInMbs <= Sqrt( MaxFS * 8 )

max_dec_frame buffering <= MaxDpbSize, where MaxDpbSize is equal to

i)

k)

)

At PN EROIE W S X o n UL LI o & 225 DL I I W o FOSEE =] b SELEE UL i W o Q4 1 DI W S~ o\ ~ S . 3
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Table A-1 in units of 1024 bytes.

For the VCL HRD parameters, BitRate[ SchedSelldx ] <= 1000 * MaxBR and CpbSize[ SchedSeHdx ]|<= 1000
* MaxCPB for at least one value of SchedSelldx, where BitRate[ SchedSelldx ] is given by, Equation E-37 and
CpbSize[ SchedSelldx ] is given by Equation E-38 when vcl hrd parameters present flag.istequal to 1f MaxBR
and MaxCPB are specified in Table A-1 in units of 1000 bits/s and 1000 bits, respectively. The bitstr¢am shall
satisfy these conditions for at least one value of SchedSelldx in the range 0 to cpb_ent*minusl, inclusivg.

For the NAL HRD parameters, BitRate[ SchedSelldx ] <= 1200 * MaxBR and-CpbSize[ SchedSelldx ]|<= 1200
* MaxCPB for at least one value of SchedSelldx, where BitRate[ SchedSelldx-] is given by Equation E-37 and
CpbSize[ SchedSelldx ] is given by Equation E-38 when nal hrd parameters present flag equal to 1] MaxBR
and MaxCPB are specified in Table A-1 in units of 1200 bits/s and 1200.bits, respectively. The bitstr¢am shall
satisfy these conditions for at least one value of SchedSelldx in the range O to cpb_cnt_minusl.

Vertical motion vector component range luma motion vectors does not exceed MaxVmvR in units| of luma
frame samples, where MaxVmvR is specified in Table A-1
NOTE — When chroma_format _idc is equal to 1 and the cdrrent macroblock is a field macroblock, the motjon vector
component range for chroma motion vectors may exceed\MaxVmvR in units of luma frame samples, due to the method
of deriving chroma motion vectors as specified in subélause 8.4.1.4.

Horizontal motion vector range does not exceéd*the range of -2048 to 2047.75, inclusive, in units| of luma
samples

Number of motion vectors per two consgcutive macroblocks in decoding order (also applying to the tptal from
the last macroblock of a slice and the (irst macroblock of the next slice in decoding order, and in parti¢ular also
applying to the total from the last. macroblock of the last slice of a picture and the first macroblock of the first
slice of the next picture in decoding order) does not exceed MaxMvsPer2Mb, where MaxMvsP¢r2Mb is
specified in Table A-1. The humber of motion vectors for each macroblock is the value of the variable MvCnt
after the completion of the intra or inter prediction process for the macroblock.

Number of bits of magroblock layer( ) data for any macroblock is not greater than 3200. Depending on
entropy_coding medé flag, the bits of macroblock layer( ) data are counted as follows.

- If entropg-¢coding mode flag is equal to 0, the number of bits of macroblock layer( ) data is giv¢n by the
numb¢z-of bits in the macroblock layer( ) syntax structure for a macroblock.

- Qtherwise (entropy_coding mode flag is equal to 1), the number of bits of macroblock layer( ) data for a
macroblock is given by the number of times read bits( 1) is called in subclauses 9.3.3.2.2 and[9.3.3.2.3
when parsing the macroblock layer( ) associated with the macroblock.

[able 'A-1 specifies the limits for each level. Entries marked "-" in Table A-1 denote the absence of a corregponding

CR £ . £ 1 PR LI 1 13 111 LR 1 1 1 1 - 1 1 1
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other level if the level appears nearer to the top (bottom) row of Table A-1 than the other level.

A level to which the bitstream conforms shall be indicated by the syntax elements level idc and constraint set3 flag as

follows.

- Iflevel idc is equal to 11 and constraint_set3 flag is equal to 1, the indicated level is level 1b.

- Otherwise (level idc is not equal to 11 or constraint_set3 flag is not equal to 1), level idc shall be set equal to a
value of ten times the level number specified in Table A-1 and constraint_set3 flag shall be set equal to 0.
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Table A-1 — Level limits

Max Max
Max video CPB size
Max de.coded bit rate MaxBR MaxCPB Vertical MV . Max number of
macroblock| Max picture . . component Min .
Level . . . (1000 bits/s, (1000 bits, . motion vectors
processing |frame size |buffer size 1200 bits/s 1200 bits range compression er two
number | © y36e | MaxFS | MaxDPB y > | MaxVmvR ratio per ¢
cpbBrVclFactor | cpbBrVclFactor . consecutive MBs
MaxMBPS | (MBs) (1024 . . (luma frame MinCR
(MB/s) bvtes for bits/s, or bits, or samples) MaxMyvsPer2Mb
X.,_m cpbBrNalFactor | cpbBrNalFactor P
7 bits/s) bits)
1 1485 99 148.5 64 175 [-64,+63.75] 2 4
1b 1 485 99 148.5 128 350 [-64,+63.75] 2 .
1.1 3 000 396 337.5 192 500 [-128,+127.75] 2 -
1.2 6 000 396 891.0 384 1 000 [-128,+127.75] 2 -
1.3 11 880 396 891.0 768 2 000 [-128,+127.75] 2 -
2 11 880 396 891.0 2 000 2 000 [-128,+127.75] 2 -
2.1 19 800 792 1782.0 4 000 4 000 [-256,+25575) 2 -
2.2 20 250 1620 3037.5 4 000 4 000 [-2564255.75] 2 -
3 40 500 1620 3037.5 10 000 10 000 [€256,+255.75] 2 32
3.1 108 000 3 600 6 750.0 14 000 14 000 [~512,+511.75] 4 16
3.2 216 000 5120 7 680.0 20 000 20 000 [-512,+511.75] 4 16
4 245 760 8192 12 288.0 20 000 25000 [-512,+511.75] 4 16
4.1 245760 8192 12 288.0 50 000 62 500 [-512,+511.75] 2 16
4.2 522 240 8 704 13 056.0 50 000 62 500 [-512,+511.75] 2 16
5 589 824 22080 | 41400.0 135 000 135 000 [-512,+511.75] 2 16
5.1 983 040 36864 | 69120.0 240000 240 000 [-512,+511.75] 2 16
Levels with non-integer level numbers inFable A-1 are referred to as “intermediate levels”.
NOTE — All levels have the same status, but some applications may choose to use only the integer-numbered levels.
Informgtive subclause A.3.4 shoWws the effect of these limits on frame rates for several example picture formats.
A3.2 Level limits commmon to the High, High 10, High 4:2:2, and High 4:4:4 profiles
Let the[variable fR be/derived as follows.
- If picture n igayframe, fR is set equal to 1 + 172.
- Otherwisexpicture n is a field), fR is set equal to 1 + (172 * 2).
Bitstregms_conforming to the High, High 10, High 4:2:2, or High 4:4:4 profiles at a specified level shall obey the
following constraints:

a) The nominal removal time of access unit n (with n > 0) from the CPB as specified in subclause C.1.2, satisfies
the constraint that t,,(n)-t(n-1) is greater than or equal to Max( PicSizeInMbs + MaxMBPS, fR ), where
MaxMBPS is the value specified in Table A-1 that applies to picture n — 1, and PicSizeInMbs is the number of
macroblocks in picture n — 1.

b) The difference between consecutive output times of pictures from the DPB as specified in subclause C.2.2,

260

satisfies the constraint that At, 4,,( n ) >= Max( PicSizeInMbs + MaxMBPS, fR ), where MaxMBPS is the value
specified in Table A-1 for picture n, and PicSizeInMbs is the number of macroblocks of picture n, provided that
picture n is a picture that is output and is not the last picture of the bitstream that is output.
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¢) PicWidthInMbs * FrameHeightinMbs <= MaxFS, where MaxFS is specified in Table A-1

d) PicWidthInMbs <= Sqrt( MaxFS * 8 )

e) FrameHeightInMbs <= Sqrt( MaxFS * 8 )

f) max_dec frame buffering <= MaxDpbSize, where MaxDpbSize is equal
to Min( 1024 * MaxDPB / ( PicWidthInMbs * FrameHeightInMbs * 384 ), 16 ) and MaxDPB is specified in
Table A-1.

g) Vertical motion vector component range does not exceed MaxVmvR in units of luma frame samples, where
IVIdA‘VYIIIVR ib prbiﬁCL‘l ill Td‘UiC A"l

h) Horizontal motion vector range does not exceed the range of -2048 to 2047.75, inclusive, in~units| of luma
samples.

i)  Number of motion vectors per two consecutive macroblocks in decoding order (also applying to the tptal from
the last macroblock of a slice and the first macroblock of the next slice in decodinglorder) does nqt exceed
MaxMvsPer2Mb, where MaxMvsPer2Mb is specified in Table A-1. The number of motion vectors|for each
macroblock is value of the variable MvCnt after the completion of the intra or inter prediction procegs for the
macroblock.

7))  Number of bits of macroblock layer( ) data for any macroblock is nof greater than 128 + RayMbBits.

imit.

A.3.3
a)

b)

A level to which the bitstream conforms shall be indicated by the syntax element level idc as follows.

- Iflevel idc is equal to 9, the indicated ley€Dis level 1b.

Depending on entropy_coding_mode_flag, the bits of macroblock layef{( ) data are counted as follows.

- If entropy coding mode flag is equal to 0, the number of bits of macroblock layer( ) data is giv¢n by the
number of bits in the macroblock layer( ) syntax structure fof a'macroblock.

- Otherwise (entropy_coding_mode flag is equal to 1), the)yhumber of bits of macroblock layer( ) data for a
macroblock is given by the number of times read_bits( 1) is called in subclauses 9.3.3.2.2 and[9.3.3.2.3
when parsing the macroblock layer( ) associated with the macroblock.

[able A-1 specifies the limits for each level. Entries marked "-" in Table A-1 denote the absence of a correpponding

- Otherwise (level idc is not equal to, 9),Jevel idc shall be set equal to a value of ten times the level number [specified
in Table A-1.

Profile-specific level limits

In bitstreams conforming to the Main, High, High 10, High 4:2:2, or High 4:4:4 profiles, the remova] time of
access unit 0 shallsatisfy the constraint that the number of slices in picture 0 is less than jor equal
to ( PicSizeInMbs/+ MaxMBPS * (t(0)-t.,,(0)) )+ SliceRate, where SliceRate is the value spegified in
Table A-4 that-applies to picture 0.

In bitstzeams conforming to the Main, High, High 10, High 4:2:2, or High 4:4:4 profiles, the difference] between
consecutive removal time of access units n and n - 1 (with n > 0) shall satisfy the constraint that the npmber of
slices in picture n is less than or equal to MaxMBPS * (t(n)-t(n- 1))+ SliceRate, where SliceRjite is the
value specified in Table A-4 that applies to picture n.

In bitstreams conforming to the Main, High, High 10, High 4:2:2, or High 4:4:4 profiles, sequence farameter

sets shall have dirPr‘t_RxR_inﬁ:rPn(‘P_ﬂﬂg Pqna] to 1 for the levels Qperiﬁed in Table A-4

d)

NOTE - direct 8x8 inference flag is not relevant to the Baseline profile as it does not allow B slice types (specified in
subclause A.2.1), and direct 8x8 inference flag is equal to 1 for all levels of the Extended profile (specified in subclause
A2.3).

In bitstreams conforming to the Main, High, High 10, High 4:2:2, or High 4:4:4 or Extended profiles, sequence
parameter sets shall have frame mbs_only flag equal to 1 for the levels specified in Table A-4 for the Main,
High, High 10, High 4:2:2, and High 4:4:4 profiles and in Table A-5 for the Extended profile.

NOTE - frame _mbs _only flag is equal to 1 for all levels of the Baseline profile (specified in subclause A.2.1).
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In bitstreams conforming to the Main, High, High 10, High 4:2:2, or High 4:4:4 or Extended profiles, the value
of sub_mb_type in B macroblocks shall not be equal to B Bi 8x4, B Bi 4x8, or B Bi 4x4 for the levels in
which MinLumaBiPredSize is shown as 8x8 in Table A-4 for the Main, High, High 10, High 4:2:2, and

High 4:4:4 profiles and in Table A-5 for the Extended profile.

In bitstreams conforming to the Baseline and Extended profiles, ( xInt, — XInty, + 6 ) * ( ylnty. — ylnt,, + 6)
<= MaxSubMbRectSize in macroblocks coded with mb type equal to P_8x8, P 8x8ref0 or B 8x8 for all
invocations of the process specified in subclause 8.4.2.2.1 used to generate the predicted luma sample array for a
single reference picture list (reference picture list 0 or reference picture list 1) for each 8x8 sub-macroblock,
where NumSubMbPart( sub_mb_type ) > 1, where MaxSubMbRectSize is specified in Table A-3 for the

2

h)

A.3.3.1

Table A
"_" in ’I

Baseline protile and 1n Table A-5 tor the Extended protile and
—  XlInty,, is the minimum value of xInt; among all luma sample predictions for the sub-macroblock
—  XInty,, is the maximum value of xInt; among all luma sample predictions for the sub-macroblock
—  ylnty,;, is the minimum value of yInt; among all luma sample predictions for the sub-macroblock

—  yInty,y is the maximum value of yInt; among all luma sample predictions for the sub-maeroblock

In bitstreams conforming to the High, High 10, High 4:2:2, or High 4:4:4 profile, for the. V€L HRD paramete
BitRate[ SchedSelldx ] <= cpbBrVclFactor * MaxBR and CpbSize[ SchedSelldx] <= cpbBrVclFactor
MaxCPB for at least one value of SchedSelldx, where cpbBrVclFactor {(is ~specified in Table A
BitRate[ SchedSelldx ] is specified by Equation E-37 and CpbSize[ SchedSelldx ] is specified by Equation E-]

when vcl_hrd parameters present flag is equal to 1. MaxBR and MaxCPBrare/specified in Table A-1 in units

of cpbBrVclFactor bits/s and cpbBrVclFactor bits, respectively. The bitstream shall satisfy these conditions f
at least one value of SchedSelldx in the range 0 to cpb_cnt _minusl, inclgsive.

In bitstreams conforming to the High, High 10, High 4:2:2, or High 4:4:4 profile, for the NAL HRD parameter
BitRate[ SchedSelldx ] <= cpbBrNalFactor * MaxBR and CpbSize[ SchedSelldx ] <= cpbBrNalFactor
MaxCPB for at least one value of SchedSelldx, where: cpbBrNalFactor is specified in Table A
BitRate[ SchedSelldx ] is specified by Equation E-37 and CpbSize[ SchedSelldx ] is specified by Equation E-]
when nal_hrd_parameters_present_flag equal to 1. MaxBR and MaxCPB are specified in Table A-1 in units
cpbBrNalFactor bits/s and cpbBrNalFactor bits, respectively. The bitstream shall satisfy these conditions for
least one value of SchedSelldx in the range 0 to cpb“ent_minusl.

Table A-2 — Specification,of cpbBrVclFactor and cpbBrNalFactor

Profile\> |cpbBrVclFactor|cpbBrNalFactor
High 1250 1500
High 10 3 000 3600
High 4:2:2 4 000 4 800
High 4:4:4 4 000 4800

Baseline profile limits

-3 specifies limits for each level that are specific to bitstreams conforming to the Baseline profile. Entries mark
ableA¢3 denote the absence of a corresponding limit.

S,
*
2’
8

7l
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Table A-3 — Baseline profile level limits
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Level number | MaxSubMbRectSize
1 576
1b 576
1.1 576
1.2 576
1.3 576
2 576
2.1 576
2.2 576
3 576
3.1 -
3.2 -
4 -
4.1 -
4.2 -
5 -
5.1 -

A.3.3.2 Main, High, High 10, High 4:2:2, or High 4:4:4 profile limits

[able A-4 specifies limits for each level that are¢”specific to bitstreams conforming to the Main, High, [High 10,
High 4:2:2, or High 4:4:4 profiles. Entries marked "-" in Table A-4 denote the absence of a corresponding limit.
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Table A-4 — Main, High, High 10, High 4:2:2, or High 4:4:4 profile level limits

Level number | SliceRate MinLumaBiPredSize direct 8x8 inference_flag frame_mbs_only flag
1 - - - 1
1b - - - 1
1.1 - - - 1
1.2 - - - 1
1.3 - - - 1
2 - - - 1
2.1 - - - -
2.2 - - - g
3 22 - 1 -
3.1 60 8x8 1 -
3.2 60 8x8 1 -
4 60 8x8 1 -
4.1 24 8x8 1 -
4.2 24 8x8 1 1
5 24 8x8 I 1
5.1 24 8x8 1 1

A3.3.3

Tabl

e A-5 specifies limits for each level that are specific to bitstreams conforming to the Extended profile. Entri

Extended Profile Limits

marked "-" in Table A-5 denote the absence of a corresponding limit.
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