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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
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hon-governmental, in liaison with ISO and IEC, also take part in the work. In the field~o
ology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

national Standards are drafted in accordance with the rules given in the ISO/IEC Ditectives, H
main task of the joint technical committee is to prepare International Standards. Draft
Hards adopted by the joint technical committee are circulated to national bodies for voting. P

ternational Standard requires approval by at least 75 % of the national bodies casting a vote|

tion is drawn to the possibility that some of the elements of this doCument may be the subj
. ISO and IEC shall not be held responsible for identifying any af all such patent rights.

EC 14496-10 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information
ommittee SC 29, Coding of audio, picture, multimedia and-hypermedia information in collabo

part of ISO/IEC 14496 is technically aligned with ITU-T'Rec. H.264 but is not published as ids
fifth edition cancels and replaces the fourth edition which has been technically revised.

EC 14496 consists of the following parts;-under the general title Information technology A
-visual objects:
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— Part 7: Optimized reference software for coding of audio-visual objects [Technical Report]

— Part 8: Carriage of ISO/IEC 14496 contents over IP networks

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

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

— Part 16: Animation Framework eXtension (AFX)

— Part 17: Streaming text format
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Part 11 ontcompression-and-streaming

— Part 19: Synthesized texture stream
— Part 20: Lightweight Application Scene Representation (LASeR) and Simple Aggregation\Format (SAF)
— Part 21: MPEG-J Graphics Framework eXtensions (GFX)
— Part 22: Open Font Format

— Part 28: Symbolic Music Representation
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— Part 2%: 3D Graphics Compression Model

— Part 26: Audio conformance

— Part 27: 3D Graphics conformance
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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 video coding technology have progressed, the need has arisen for an industry standard\for compressed
vided representation with substantially increased coding efficiency and enhanced robustness to network environments.
Towdrd these ends the ITU-T Video Coding Experts Group (VCEG) and the ISO/IEC Moving Picture Experts Group
(MPHG) formed a Joint Video Team (JVT) in 2001 for development of a new Recommendation {Internatiopal Standard.

0.2 Purpose
This $ubclause does not form an integral part of this Recommendation | International Standard.

This Recommendation | International Standard was developed in response to the’ grewing need for higher cpmpression of
movihg pictures for various applications such as videoconferencing, digital'storage media, television|broadcasting,
interrjet streaming, and communication. It is also designed to enable the.use of the coded video reprefentation in a
flexijle manner for a wide variety of network environments. The use 0f-this Recommendation | International Standard
allowfs motion video to be manipulated as a form of computer data and\to be stored on various storage medja, transmitted
and rgceived over existing and future networks and distributed on€xisting and future broadcasting channels|

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

This [Recommendation | International Standard is, designed to cover a broad range of applications for [video content
includling but not limited to the following:

CATV  Cable TV on optical networks, copper, etc.

DBS Direct broadcast satellite video services

DSL Digital subscribetline video services

DTTB Digital terrestrial television broadcasting

ISM Interactive ‘storage media (optical disks, etc.)

MMM  Multimedia mailing

MSPN «Multimedia services over packet networks

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

SSM Serial storage media (digital VTR, etc.)

0.4 Publication and versions of this specification
This subclause does not form an integral part of this Recommendation | International Standard.

This specification has been jointly developed by ITU-T Video Coding Experts Group (VCEG) and the ISO/IEC 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 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.
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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".

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 4 refers to the integrated text containing the first technical corrigendum
(2004), the first amendment (the "Fidelity range extensions"), and an additional technical corrigendum (2005).

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 5 refers to the integrated version 4 text with its specification of the High

4:4:4 profile

removed.

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 6 refers to the integrated version 5 text after its amendment to support
additional colour space indicators.

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 7 refers to the integrated version 6 text after its amendment to define five

new profile
CAVLC 4:4
(SEI) messa

ITU-T Rec.
scalable vidg
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0.5
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specified siz
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In order to

imposed on|
Alternatively
by picture h{

4 Intra, and High 4:4:4 Predictive profiles) and two new types of supplemental enhancement dnfo
bes (the post-filter hint SEI message and the tone mapping information SEI message).

H.264 | ISO/IEC 14496-10 version 8 refers to the integrated version 7 text after its amendment to
o coding in three profiles (Scalable Baseline, Scalable High, and Scalable High Intra profiles).

H.264 | ISO/IEC 14496-10 version 9 refers to the integrated version 8 text after|\applying the corr
h third technical corrigendum.

H.264 | ISO/IEC 14496-10 version 10 (the current Specification) refers to/the/integrated version 9 te
nt to specify multiview video coding in one profile (Multiview High profile).

Profiles and levels

se does not form an integral part of this Recommendation | Initernational Standard.

mendation | International Standard is designed to be genefic in the sense that it serves a wide r3
bit rates, resolutions, qualities, and services. Applicdtiens should cover, among other things, digital
ision broadcasting and real-time communicationsi™n the course of creating this Specification,
from typical applications have been consideredinecessary algorithmic elements have been develop
een integrated into a single syntax. Hence, this Specification will facilitate video data interchange
lications.

the practicality of implementing the full syntax of this Specification, however, a limited number of
are also stipulated by means of "profiles" and "levels". These and other related terms are formally def

s a subset of the entire bitstréam syntax that is specified by this Recommendation | International St
ounds imposed by thessyntax of a given profile it is still possible to require a very large variation
of encoders and degceders depending upon the values taken by syntax elements in the bitstream such
e of the decoded pictures. In many applications, it is currently neither practical nor economic to implg
ible of dealing with all hypothetical uses of the syntax within a particular profile.

eal with thi§™problem, "levels" are specified within each profile. A level is a specified set of con
values “of/the syntax elements in the bitstream. These constraints may be simple limits on

ight multiplied by number of pictures decoded per second).

intended primarily for professional applications (the High T0 Intra, High 4:2:2 Intra, High 4:4:f Intra,

ation
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 they may take the form of constraints on arithmetic combinations of values (e.g., picture width muftiplied

Coded video content conforming to this Recommendation | International Standard uses a common syntax. In order to
achieve a subset of the complete syntax, flags, parameters, and other syntax elements are included in the bitstream that
signal the presence or absence of syntactic elements that occur later in the bitstream.

0.6 Overview of the design characteristics

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

The coded representation specified in the syntax is designed to enable a high compression capability for a desired image
quality. With the exception of the transform bypass mode of operation for lossless coding in the High 4:4:4 Intra,
CAVLC 4:4:4 Intra, and High 4:4:4 Predictive profiles, and the I PCM mode of operation in all profiles, the algorithm is
typically not lossless, as the exact source sample values are typically not preserved through the encoding and decoding
processes. A number of techniques may be used to achieve highly efficient compression. Encoding algorithms (not
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specified in this Recommendation | International Standard) may select between inter and intra coding for block-shaped
regions of each picture. Inter coding uses motion vectors for block-based inter prediction to exploit temporal statistical
dependencies between different pictures. Intra coding uses various spatial prediction modes to exploit spatial statistical
dependencies in the source signal for a single picture. Motion vectors and intra prediction modes may be specified for a
variety of block sizes in the picture. The prediction residual is then further compressed using a transform to remove
spatial correlation inside the transform block before it is quantised, producing an irreversible process that typically
discards less important visual information while forming a close approximation to the source samples. Finally, the
motion vectors or intra prediction modes are combined with the quantised transform coefficient information and encoded
using either variable length coding or arithmetic coding.

Scalable video coding is specified in Annex G allowing the construction of bitstreams that contain sub-bitstreams that
conform to this Specification. For temporal bitstream scalability, i.e., the presence of a sub-bitstream with a smaller

temp
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In thi
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ral sampling rate than the bitstream, complete access units are removed from the bitstream wher
itstream. In this case, high-level syntax and inter prediction reference pictures in the bitstredm, a
dingly. For spatial and quality bitstream scalability, i.e., the presence of a sub-bitstream“with
ition or quality than the bitstream, NAL units are removed from the bitstream when deriving the sul
ase, inter-layer prediction, i.e., the prediction of the higher spatial resolution or quality signal by dat
1 resolution or quality signal, is typically used for efficient coding. Otherwise, the ceding algorithm 4
evious paragraph is used.

view video coding is specified in Annex H allowing the construction of bitstreams that represent 1
ar to scalable video coding, bitstreams that represent multiple views may/alse’ contain sub-bitstreams
s Specification. For temporal bitstream scalability, i.e., the presence_of\a’sub-bitstream with a sm|
ing rate than the bitstream, complete access units are removed from-the/bitstream when deriving the
s case, high-level syntax and inter prediction reference pictures, in the bitstream are constructed ac
bitstream scalability, i.e. the presence of a sub-bitstream with,'fewer views than the bitstream, N

 deriving the
e constructed
lower spatial
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LAL units are

remoyed from the bitstream when deriving the sub-bitstream. In this case, inter-view prediction, i.e., the prddiction of one
view [signal by data of another view signal, is typically used.for efficient coding. Otherwise, the coding algorithm as
descrfbed in the previous paragraph is used.

0.6.1 Predictive coding

This pubclause does not form an integral part of thistRecommendation | International Standard.

Becapise of the conflicting requirements of random access and highly efficient compression, two main co
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0.6.2

fied. Intra coding is done without reference to other pictures. Intra coding may provide access point
nce where decoding can begin and) continue correctly, but typically also shows only moderatg
ency. Inter coding (predictive grl-bi-predictive) is more efficient using inter prediction of each bl
5 from some previously decoded-picture selected by the encoder. In contrast to some other video cod
es coded using bi-predictive-inter prediction may also be used as references for inter coding of other p

pplication of the three:coding types to pictures in a sequence is flexible, and the order of the decod
ally not the same-as_the order of the source picture capture process in the encoder or the output g
ler for display., The choice is left to the encoder and will depend on the requirements of the ap
Jing order is-specified such that the decoding of pictures that use inter-picture prediction follows lats
than other-pictures that are referenced in the decoding process.

(Coding of progressive and interlaced video

This

ding types are
5 to the coded
compression
ck of sample
ing standards,
ictures.

ing process is
rder from the
blication. The
br in decoding

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

This Recommendation | International Standard specifies a syntax and decoding process for video that originated in either
progressive-scan or interlaced-scan form, which may be mixed together in the same sequence. The two fields of an
interlaced frame are separated in capture time while the two fields of a progressive frame share the same capture time.
Each field may be coded separately or the two fields may be coded together as a frame. Progressive frames are typically
coded as a frame. For interlaced video, the encoder can choose between frame coding and field coding. Frame coding or
field coding can be adaptively selected on a picture-by-picture basis and also on a more localized basis within a coded
frame. Frame coding is typically preferred when the video scene contains significant detail with limited motion. Field
coding typically works better when there is fast picture-to-picture motion.

0.6.3  Picture partitioning into macroblocks and smaller partitions

This subclause does not form an integral part of this Recommendation | International Standard.
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As in previous video coding Recommendations and International Standards, a macroblock, consisting of a 16x16 block
of luma samples and two corresponding blocks of chroma samples, is used as the basic processing unit of the video
decoding process.

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

o data
for the

Typically, t]\e encoder calculates appropriate motion vectors and other data elements represented in the-vidd
stream. Thi§ motion estimation process in the encoder and the selection of whether to use inter prediction
representatign of each region of the video content is not specified in this Recommendation | International Standard

g

0.64 Sp
This subclau

tial redundancy reduction
se does not form an integral part of this Recommendation | International Standard,

Both soyrce pictures and prediction residuals have high spatial redundancy.

Recommen%tion | International Standard is based on the use of a block-based transform-method for spatial redu
removal. After inter prediction from previously-decoded samples in other picturés\or spatial-based predictio
previously-decoded samples within the current picture, the resulting prediction residual is split into 4x4 blocks. TH
converted info the transform domain where they are quantised. After quantisation-many of the transform coefficiq
zero or havp low amplitude and can thus be represented with a small amount of encoded data. The proce
transformatipn and quantisation in the encoder are not specified in this Récommendation | International Standard.
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0.7 Hol
This subclau

w to read this specification
se does not form an integral part of this Recommendation | International Standard.

be read
ecifies
ise 7.4

It is suggestq
for the geom
the order to
for semantic
most syntax
syntax elem

d that the reader starts with clause 1 (Scope),and moves on to clause 3 (Definitions). Clause 6 should
etrical relationship of the source, input, and-output of the decoder. Clause 7 (Syntax and semantics) s
parse syntax elements from the bitstreant.See subclauses 7.1-7.3 for syntactical order and see subcla
5; 1.e., the scope, restrictions, and conditions that are imposed on the syntax elements. The actual parding for
elements is specified in clause 9,(Parsing process). Finally, clause 8 (Decoding process) specifies How the
ents are mapped into decoded (samples. Throughout reading this specification, the reader should fefer to
and H

clauses 2 (N
also form an|

Annex A sy
High 10 Intr
domains, an
for delivery
use to check
information
the sequencq

ormative references), 4 (Abbreviations), and 5 (Conventions) as needed. Annexes A through E, G,
integral part of this Recoinmendation | International Standard.

ecifies eleven profiles (Baseline, Main, Extended, High, High 10, High 4:2:2, High 4:4:4 Pre
h, High 4:2:2 Intra, )High 4:4:4 Intra, and CAVLC 4:4:4 Intra), each being tailored to certain app
I defines the so-called levels of the profiles. Annex B specifies syntax and semantics of a byte stream
of coded videe'as an ordered stream of bytes. Annex C specifies the hypothetical reference decoder
bitstream.and decoder conformance. Annex D specifies syntax and semantics for supplemental enhan|
message. payloads. Annex E specifies syntax and semantics of the video usability information param
pdraeter set.

Hictive,
ication
format
and its
cement
bters of

Annex G specifies scalable video coding (SVC). The reader is referred to Annex G for the entire decoding process for
SVC, which is specified there with references being made to clauses 2-9 and Annexes A-E. Subclause G.10 specifies
three profiles for SVC (Scalable Baseline, Scalable High, and Scalable High Intra).

Annex H specifies multiview video coding (MVC). The reader is referred to Annex H for the entire decoding process for
MVC, which is specified there with references being made to clauses 2-9 and Annexes A-E. Subclause H.10 specifies
one profile for MVC (Multiview High).

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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Information technology — Coding of audio-visual objects —

Part 10:
Advanced Video Coding
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3.3

34

bart of ISO/IEC 14496 specifies advanced video coding for coding of audio-visual objects.

le purposes of this document, the folowing definitions apply:

Scope

Normative references

ollowing referenced documents are indispensable for the applicatign-of this document. For dated refferences, only
dition cited applies. For undated references, the latest editionvof the referenced document (Including any
dments) applies.

— ITU-T Recommendation T.35 (2000), Proceduxe for the allocation of ITU-T definpd codes for
non-standard facilities.

— ISO/IEC 11578:1996, Annex A, Universal Upique Identifier.
— ISO/CIE 10527:2007, Colorimetric Observers.

Definitions

access unit: A set of NAL units that are consecutive in decoding order and contain exactly one primary coded
picture. In addition to the/primary coded picture, an access unit may also contain one or more requndant coded
pictures, one auxiligry coded picture, or other NAL units not containing slices or slice data partitions of a
coded picture. Fhesdecoding of an access unit always results in a decoded picture.

AC transformv/coefficient: Any transform coefficient for which the frequency index in one or both dimensions
is non-zefo:

adaptiye binary arithmetic decoding process: An entropy decoding process that derives the yalues of bins
from a bitstream produced by an adaptive binary arithmetic encoding process.

adaptive binary arithmetic encoding process: An entropy encoding process, not normatively specified in this

3.5

3.6

Recommendation | International standard, that codes a sequence ol bis and produces a bitsiream 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.

arbitrary slice order (ASO): A decoding order of slices in which the macroblock address of the first
macroblock of some slice of a slice group may be less than the macroblock address of the first macroblock of
some other preceding sl/ice of the same slice group or, in the case of a picture that is coded using three separate
colour planes, some other preceding slice of the same slice group within the same colour plane, or in which the
slices of a slice group of a picture may be interleaved with the slices of one or more other slice groups of the

© ISO/IEC 2009 — All rights reserved 1
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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

3.25

picture or, in the case of a picture that is coded using three separate colour planes, with the slices of one or
more other slice groups within the same colour plane.

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 or inter prediction using at most two motion vectors
and reference indices 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 elementonto a sef of bin
strngs.

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

bitpredictive slice: See B slice.

bifstream: A sequence of bits that forms the representation of coded pi¢tines and associated data forming one
ormore coded video sequences. Bitstream is a collective term used to fefer either to a NAL unit stream ot a byte
stneam.

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 framé/Each row of a bottom field is spatially |ocated
immediately below a corresponding row of a fop field.

bottom macroblock (of a macroblock pair): The,macroblock within a macroblock pair that contafins the
samples in the bottom row of samples for the muacroblock pair. For a field macroblock pair, the pottom
mgdcroblock represents the samples from the region of the bottom field of the frame that lie within the|spatial
region of the macroblock pair. For a frameyaucroblock pair, the bottom macroblock represents the sanples of
th¢ frame that lie within the bottom half.of the spatial region of the macroblock pair.

brpken link: A location in a bitstredm at which it is indicated that some subsequent pictures in decoding order
mgy contain serious visual artefacts’due to unspecified operations performed in the generation of the bitsfream.

byte: A sequence of 8 bits, written and read with the most significant bit on the left and the least signifi¢ant bit
on|the right. When represented 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 bifs from
th¢ position of the\first bit in the bitstream. A bit or byte or syntax element is said to be byte-aligned when the
pogition 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 sgecified
in Annéx B.

can A term used to refer to behaviour that 1s allowed but not necessarily rpr}nire{“

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.

coded field: A coded representation of a field.
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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 representation: A data eclement as represented in its coded form.

coded slice data partition NAL unit: A NAL unit containing a slice data partition.

Hre.

coded video sequence: A sequence of access units that consists, in decoding order, of an\/DR access unit

followed by zero or more non-IDR access units including all subsequent access units up,'to but
any subsequent /DR access unit.

component: An array or single sample from one of the three arrays (luma and two(ehiroma) that
or frame in 4:2:0, 4:2:2, or 4:4:4 colour format or the array or a single sample of’the array that
or frame in monochrome format.

not including

nake up a field
ake up a field

complementary field pair: A collective term for a complementary réference field pair or a cpmplementary

non-reference field pair.

complementary non-reference field pair: Two non-reference fields that are in consecutive d
decoding order as two coded fields of opposite parity where the\fitst field is not already a paired f]

complementary reference field pair: Two reference fields that are in consecutive access uni
order as two coded fields and share the same value ofthe*frame num syntax element, where the

ccess units in
eld.

s in decoding
econd field in

decoding order is not an IDR picture and does notdnclude a memory management control opgration synfax

element equal to 5.

context variable: A variable specified for ¢he adaptive binary arithmetic decoding process of a bin by an

equation containing recently decoded bins.

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

decoded picture: A decoded picture is derived by decoding a coded picture. A decoded pict
decoded frame, or a decoded field. A decoded field is either a decoded fop field or a decoded bott(

decoded picture buffer (DPB): A buffer holding decoded pictures for reference, output reorder
delay specified for the hypothetical reference decoder in Annex C.

decoder: An embodiment of a decoding process.

decoder under) test (DUT): A decoder that is tested for conformance to this Recommendation

re 1s either a
m field.

ing, or output

| International

Standard<byoperating the hypothetical stream scheduler to deliver a conforming bitstream to thg decoder and
to the Aypothetical reference decoder and comparing the values and timing of the output of the twp decoders.

decoding order: The order in which syntax elements are processed by the decoding process.

decoding process: The process specified in this Recommendation | International Standard

Lot A dazs i Jaod oot £ it
ortstreart-antacTrv oS Taetouctu - pretir TS T O It,

that reads a

direct prediction: An inter prediction for a block for which no motion vector is decoded. Two direct prediction

modes are 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 its input,

the cropped decoded pictures that are the output of the decoding process.

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.
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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
3.70

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

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
scnning columns more rapidly than rows. Field scan is used for iransform coefficients n field macroblokks.

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

frame: A frame contains an array of /uma samples in monochrome format or an array of lumq samples gnd two
cofresponding arrays of chroma samples in 4:2:0, 4:2:2, and 4:4:4 colour format. A frame consists [of two
fields, a top field and a bottom field.

frame macroblock: A macroblock representing samples from the two fields 0f a coded frame.l When
mdcroblock-adaptive frame/field decoding is not in use, all macroblocks of a coded frame are| frame
mgcroblocks. When macroblock-adaptive frame/field decoding is in use, some-macroblocks of a coded frame
mdy be frame macroblocks.

frame macroblock pair: A macroblock pair decoded as two frame mderoblocks.

fr¢quency index: A one-dimensional or two-dimensional index associated with a transform coefficient prior to
anlinverse transform part of the decoding process.

hypothetical reference decoder (HRD): A hypothetical/decoder model that specifies constraints |on the
vatiability of conforming NAL unit streams or conforming byte streams that an encoding process may produce.

hypothetical stream scheduler (HSS): A hypothetieal delivery mechanism for the timing and data flow of the
input of a bitstream into the hypothetical reference decoder. The HSS is used for checking the conformgince of
a hitstream or a decoder.

I slice: A slice that is not an S/ slice that is.decoded using intra prediction only.

informative: A term used to refer.to centent provided in this Recommendation | International Standard that is
not an integral part of this Recommendation | International Standard. Informative content does not establjsh any
mgandatory requirements for canformance to this Recommendation | International Standard.

ingtantaneous decoding refresh (IDR) access unit: An access unit in which the primary coded pictute is an
IDR picture.

ingtantaneous decoding refresh (IDR) picture: A coded picture in which all slices are I or SI slides that
capises the decoding process to mark all reference pictures as "unused for reference" immediatelly after
depoding the'IDR picture. After the decoding of an IDR picture all following coded pictures in decoding order
can be decoded without infer prediction from any picture decoded prior to the IDR picture. The first pidture of
eath coded video sequence is an IDR picture.

intﬂr_m,ding;_ﬂn,djng_uf_a_hlagk,_mnprnhlnﬁk slice nrrnir'ruro that uses intorrnrodfr'h'nn

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

interpretation sample value: A possibly-altered value corresponding to a decoded sample value of an
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.
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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.

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).

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

luma: An adjective specifying that a sample array or single sample is representing the mono
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 thedmplication of the us

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

macroblock: A 16x16 block of luma samples and two corresponding blocks of chroma samplg
that has three sample arrays, or a 16x16 block of samples of a-menochrome picture or a picturd
using three separate colour planes. The division of a slice\ot a macroblock pair into mad
partitioning.

macroblock-adaptive frame/field decoding: A _decoding process for coded frames in
macroblocks may be decoded as frame macroblocks-and others may be decoded as field macrobld

macroblock address: When macroblock-adaptive frame/field decoding is not in use, a macrobl
the index of a macroblock in a macrobloék raster scan of the picture starting with zero fi
macroblock in a picture. When macroblo¢k-adaptive frame/field decoding is in use, the macrobl
the top macroblock of a macroblock pair is two times the index of the macroblock pair in a md
raster scan of the picture, and the macroblock address of the bottom macroblock of a macrobl
macroblock address of the cortesponding fop macroblock plus 1. The macroblock addref
macroblock of each macroblock-pair is an even number and the macroblock address of the botto
of each macroblock pair is @an~0odd number.

macroblock location: The two-dimensional coordinates of a macroblock in a picture denoted 1
the top left macroblock of the picture (x,y) is equal to (0, 0). x is incremented by 1 for ead
column from left'to right. When macroblock-adaptive frame/field decoding is not in use, y is inc
for each madroblock row from top to bottom. When macroblock-adaptive frame/field decoding
incremented\ by 2 for each macroblock pair row from top to bottom, and is incremented by a
when adnacroblock is a bottom macroblock.

macroblock pair: A pair of vertically contiguous macroblocks in a frame that is couplg
macroblock-adaptive frame/field decoding. The division of a sl/ice into macroblock pairs is a part

___list 0 (list 1) motion vector: A motion vector associated with a reference index pointing into reference picture

pointing into

throme signal

e of linear light
d instead of the

s of a picture
that is coded
roblocks is a

which some
cks.

bck address is
r the top-left
ck address of
croblock pair
ck pair is the
s of the top
m macroblock

y (X,y). For
h macroblock

remented by 1
is in use, y is
n additional 1

d for use in
tioning.

Iples resulting

from a partitioning of a macroblock for inter prediction for a picture that has three sample arrays or a block of
luma samples resulting from a partitioning of a macroblock for inter prediction for a monochrome picture or a
picture that is coded using three separate colour planes.

macroblock to slice group map: A means of mapping macroblocks of a picture into slice groups. The
macroblock 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 groups. The
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.
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3.106

3.107
3.108

3.109
3.110

3.111

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 inter prediction that provides an offset from the coordinates
in the decoded picture to the coordinates in a reference picture.

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 synfax sfructure containing an indication of the type of data to follow and byfes containing that
dafa 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.

non-paired non-reference field: A decoded non-reference field that is not partDof a complementary
nop-reference field pair.

non-paired reference field: A decoded reference field that is not part of a complementary reference field pair.
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 t0)0. A non-reference picture is not used for
inter prediction of any other pictures.

note: A term used to prefix informative remarks. This term'is used exclusively in an informative context.

=]

osite 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 plice: A slice that is not an SP slice that miay be decoded using intra prediction or inter prediction {sing at
mgst one motion vector and reference index'to predict the sample values of each block.

parameter: A syntax element of a sequence parameter set or a picture parameter set. Parameter is also pised as
paft of the defined term quantisation-parameter.

p:[ity: The parity of a field canbe top or bottom.
partitioning: The divisien'0f a set into subsets such that each element of the set is in exactly one of the subsets.
pi¢ture: A collective tefm for a field or a frame.

pi¢ture parameter set: A syntax structure containing syntax elements that apply to zero or more entirg coded
pidtures as detérmined by the pic_parameter set id syntax element found in each slice header.

pi¢ture-order count: A variable having a value that is non-decreasing with increasing picture position in
oufput order relative to the previous /DR picture in decoding order or relative to the previous picture
c()ﬁmining the memory management control operation that marks all reference pictures as "nnusded for

reference".

prediction: An 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
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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.

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

3.114

3.117

3.118

3.119

3.120

3.12]

3.122
3.123

3.124

3.12§

3.124

from lett to right.

raw byte sequence payload (RBSP): A synfax structure containing an integer number-of
encapsulated in a NAL unit. An RBSP is either empty or has the form of a string of data’ bits con
elements followed by an RBSP stop bit and followed by zero or more subsequent bits,equal to 0.

raw byte sequence payload (RBSP) stop bit: A bit equal to 1 present within-alraw byte seqi
(RBSP) after a string of data bits. The location of the end of the string of data’ bits within an
identified by searching from the end of the RBSP for the RBSP stop bit, which is the last non-
RBSP.

recovery point: A point in the bitstream at which the recovery of an‘eXact or an approximate ref
the decoded pictures represented by the bitstream is achieved after a/random access or broken lin

redundant coded picture: A coded representation of a picture or a part of a picture. The
redundant coded picture shall not be used by the decoding process for a bitstream confo
Recommendation | International Standard. A redundant coded picture is not required td
macroblocks in the primary coded picture. Redundant coded pictures have no normative effect ot
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
field macroblocks of a coded frame are decoded. See also reference picture.

reference frame: A reference framesmay be used for inter prediction when P, SP, and B slid
frame are decoded. See also refererice picture.

reference index: An index into\areference picture list.

reference picture: A picture with nal ref idc not equal to 0. A reference picture contains sampl
used for inter prediction.in the decoding process 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 SH
decoding processof a P or SP slice, there is one reference picture list. For the decoding proce.
there are two reference picture lists.

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

bytes that is
taining syntax

ence payload
RBSP can be
vero bit in the

resentation of
.

content of a
rming to this

contain all
1 the decoding

coded field or

es of a coded

s that may be

slice. For the
of a B slice,

Vice. All inter
two reference

reference picture list 1: A reference picture list used for inter prediction of a B slice. Referenc

p picture list 1

3.127

3.128

3.129
3.130

IS one of two rejerence picture lists used 10T inter prediction 10T a B slice, with the other b
picture list 0.

ing reference

reference 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 Standard, but may be used in future

Recommendation | International Standard by ITU-T | ISO/IEC.

extensions  of

this

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

© ISO/IEC 2009 — Al rights reserved 7


https://iecnorm.com/api/?name=92f5e1be16847efa8d09b895b0af51ed

ISO/IEC 14496-10:2009(E)

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

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 /uma sample array in a frame. Sample
aspect ratio is expressed as A:v, where 4 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 symrax element found in the picture
pafpameter 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-\nterrfational
Standard. When used to express a mandatory constraint on the values of syntax elementscor on the|results
obtained by operation of the specified decoding process, it is the responsibility of the encoder to ensure that the
copstraint is fulfilled. When used in reference to operations performed by the decoding.process, any ddcoding
prcess that produces identical results to the decoding process described herein conforms to the dqcoding
prcess requirements of this Recommendation | International Standard.

shpuld: A term used to refer to behaviour of an implementation that is encouraged to be followed under
anficipated ordinary circumstances, but is not a mandatory requifemént for conformance fo this
Rdcommendation | International Standard.

SI|slice: A slice that is coded using intra prediction only and using.quantisation of the prediction samples. An
SI|slice can be coded such that its decoded samples can be construéted identically to an SP slice.

skjpped macroblock: A macroblock for which no data is caded other than an indication that the macroflock is
to pe decoded as "skipped". This indication may be common to several macroblocks.

=

slife: An integer number of macroblocks or macrobloék-pairs ordered consecutively in the raster scan within a
pafticular slice group. For the primary coded picture, the division of each slice group into slicgs is a
paytitioning. Although a slice contains macroblocks or macroblock pairs that are consecutive in the rastpr scan
within a slice group, these macroblocks or macroblock pairs are not necessarily consecutive in the raster scan
within the picture. The macroblock addrésses are derived from the first macroblock address in a slice (as
represented in the slice header) and the,macroblock to slice group map, and, when a picture is coded using
thifee separate colour planes, a colour plane identifier.

slife data partition: A non-empty subset of the syntax elements of the slice data syntax structure for p slice.
THe syntax elements of a slice data partition are associated with the same category.

slife data partitioning:"A* method of partitioning selected syntax elements into syntax structures bas¢d on a
cafegory associated with’each syntax element.

=

S
S

ipe group: A subset of the macroblocks or macroblock pairs of a picture. The division of the picture into
ite groups is\d 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.

=

S.

ipe‘Weader: A part of a coded slice containing the data elements pertaining to the first or all macr¢blocks

PR I 41 L.
rb}llbb\alll\zu JUSUNTELVENY 7187
source: Term used to describe the video material or some of its attributes before encoding.

SP slice: A slice that may be coded using intra prediction or inter prediction with quantisation of the prediction
samples using at most one motion vector and reference index to predict the sample values of each block. An SP
slice can be coded 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 each NAL unit. The location of a start code prefix can be used by a decoder to identify the beginning of 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 prevention bytes.
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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 for a picture that has three sample
arrays or an 8x8 luma block of which one corner is located at a corner of the macroblock for a monochrome
picture or a picture that is coded using three separate colour planes.

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 for a picture that has three sample arrays

3.150
3.15]
3.152
3.153
3.154

3.155

3.156

3.157

3.158

3.159

3.160

3.161
3.162

4

OT—a block of Tuma samptes Tesutting —froma partirioning of @ Sub-macrobtock forinter pr;
monochrome picture or a picture that is coded using three separate colour planes.

switching I slice: See SI slice.

switching P slice: See SP slice.

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

diction for a

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

top field: One of two fields that comprise a frame. Each row of a fop-field is spatially locate

above the corresponding row of the bottom field.

top macroblock (of a macroblock pair): The macroblock withma macroblock pair that contaii
in the top row of samples for the macroblock pair. For a field macroblock pair, the top macrobl
the samples from the region of the top field of the frame that lie within the spatial region of tH
pair. For a frame macroblock pair, the top macroblogk\tepresents the samples of the frame that
top half of the spatial region of the macroblock pair

transform coefficient: A scalar quantity, considéred to be in a frequency domain, that is ass
particular one-dimensional or two-dimensional frequency index in an inverse transform part of

process.

transform coefficient level: An_ jiteger quantity representing the value associated with

two-dimensional frequency index.in the decoding process prior to scaling for computation o
coefficient value.

universal unique identifier,"(UUID): An identifier that is unique with respect to the space o
unique identifiers.

unspecified: The term unspecified, when used in the clauses specifying some values of a pai
element, indicates that the values have no specified meaning in this Recommendation | Internati

and will not haye’a specified meaning in the future as an integral part of this Recommendation

Standard.

variablé€ Tength coding (VLC): A reversible procedure for entropy coding that assigns shorteq
synibols expected to be more frequent and longer bit strings to symbols expected to be less frequel

V€L NAL unit: A collective term for coded slice NAL units and coded slice data partition NAL 4

Zig-Zag scam:

Specitic sequential ordering o

I immediately

1s the samples
bck represents
e macroblock
lie within the

ciated with a
the decoding

a particular
f a transform

[ all universal

ticular syntax
onal Standard
| International

bit strings to
nt.

nits.

ransjorm coejjicient levels 1Trom (approximate

ly) the lowest

spatial frequency to the highest. Zig-zag scan is used for transform coefficient levels in frame macroblocks.

Abbreviations

For the purposes of this International Standard, the following abbreviations apply:

CABAC
CAVLC
CBR
CPB

Context-based Adaptive Binary Arithmetic Coding

Context-based Adaptive Variable Length Coding

Constant Bit Rate
Coded Picture Buffer
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DPB Decoded Picture Buffer

DUT Decoder under test

FIFO First-In, First-Out

HRD Hypothetical Reference Decoder
HSS Hypothetical Stream Scheduler
IDR Instantaneous Decoding Refresh
LSB Least Significant Bit

MB Viacrobtock

MBAFF  Macroblock-Adaptive Frame-Field Coding
MSB Most Significant Bit

MVC Multiview Video Coding

NAL Network Abstraction Layer

RBSP Raw Byte Sequence Payload

SEI Supplemental Enhancement Information
SODB String Of Data Bits

SvC Scalable Video Coding

UUID Universal Unique Identifier

VBR Variable Bit Rate

VCL Video Coding Layer

VLC Variable Length Coding

VUI Video Usability Information

5 Conventions

NOTE - The mathematical operators used-in'this Specification are similar to those used in the C programming language. Hpwever,
integer diyision and arithmetic shift operations are specifically defined. Numbering and counting conventions generally begdin from

0.

5.1 Arjthmetic operators

The followinlg arithmetig"operators are defined as follows:

Addition

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

Multiplication, including matrix multiplication

10

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

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

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

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

The summation of f( i ) with i taking all integer values from x up to and including y.
Modulus. Remainder of x divided by y, defined only for integers x and y with x >= 0 and y > 0.
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Logical operators

The following logical operators are defined as follows:

x && y Boolean logical "and" of x and y.

x ||y
!

x?y:z

Boolean logical "or" of x and y.
Boolean logical "not".

If x is TRUE or not equal to 0, evaluates to the value of y; otherwise, evaluates to the valu

5.3
The f

Wher

appli
not tq

5.4
The f

&

x>>y

x<<y

5.5

Relational operators

pllowing relational operators are defined as follows:

a relational operator is applied to a syntax element or variable that has been assigned the v
able), the value "na" is treated as a distinct value for the syntax’element or variable. The value "na'
be equal to any other value.

Bit-wise operators

pllowing bit-wise operators are defined as follows:

Greater than.

Greater than or equal to.
Less than.

Less than or equal to.
Equal to.

Not equal to.

Bit-wise "and". When operating\on integer arguments, operates on a two's complement
of the integer value. When (6perating on a binary argument that contains fewer bits
argument, the shorter argument is extended by adding more significant bits equal to 0.

Bit-wise "or". When operating on integer arguments, operates on a two's complement ref

10:2009(E)

e of z.

lue "na" (not
is considered

representation
than another

resentation of

the integer value. When operating on a binary argument that contains fewer bits than anofher argument,

the shorter arguiment is extended by adding more significant bits equal to 0.

Bit-wise "exclusive or". When operating on integer arguments, operates on a two's
representation of the integer value. When operating on a binary argument that contains fl
another argument, the shorter argument is extended by adding more significant bits equal

Acithmetic right shift of a two’s complement integer representation of x by y binar
function is defined only for positive integer values of y. Bits shifted into the MSBs as
right shift 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.

complement
ewer bits than
00.

y digits. This
h result of the

This function
[ the left shift

is defined only for positive integer values of y. Bits shifted into the LSBs as a result o

1 1 1 o
IIdvC da vVdaluC C{qudl tU U.

Assignment operators

The following arithmetic operators are defined as follows:

++

Assignment operator.

Increment, i.e., x++ is equivalent to x = x + 1; when used in an array index, evaluates to the value of the

variable prior to the increment operation.

Decrement, i.e., x—— is equivalent to x = x — 1; when used in an array index, evaluates t
the variable prior to the decrement operation.

© ISO/IEC 2009 — Al rights reserved
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5.6

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

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

Range notation

The following notation is used to specify a range of values:

5.7

The following mathematical functions are defined as follows:

12

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

M4dthematical functions

Abs(k)=) X 3 x>=0 (5-1)
-x ; x<0

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

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

Clipljc( x ) = Clip3( 0, ( 1 << BitDepthc ) — 1, x) (5-4)
X ; z<Xx

Clip3(x,y,z)=4y ; z>y (5-5)
z ; otherwise

Floor( x ) the greatest integer less than’or equal to x. (5-6)

%(d/b))*b ; e==0
InverpeRasterScan( a, b,.¢, d, ¢ ) = (a%( ) ¢ (5-7)
(a/(d/b))*c ; e==1
Log2[ x ) returns’the base-2 logarithm of x. (5-8)
LoglD(x ) returns the base-10 logarithm of x (5-9)
Median( X, y,z)=x+y+z—Min(x, Min(y, z) ) — Max( x, Max(y,z)) (5-10)
Min(x,y)=J% ° *<°¥ (5-11)
y 5 X>Yy
Max(x,y)= X 5 Xo=y (5-12)
y 5 X<y
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Round( x ) = Sign( x ) * Floor( Abs(x)+0.5) (5-13)

S%MX)={1 ; x>=0 (5-14)
-1 ; x<0

Sart( x ) = vx (5-15)

5.8 [—Orderof operation precedence

When order of precedence in an expression is not indicated explicitly by use of parenthesis, the following rules apply:
— perations of a higher precedence are evaluated before any operation of a lower precedence,

- perations of the same precedence are evaluated sequentially from left to right.

Tablq 5-1 specifies the precedence of operations from highest to lowest; a higher position-in the table indicates a higher
precedence.

NPTE - For those operators that are also used in the C programming language, the order of precedence used in this Specification
isfthe same as used in the C programming language.

Table 5-1 — Operation precedence from highest (at top of table) to lowest (at bottom of table)

operations (with operands x, y, and z)

"X++", "y— "

non_

"Ix", "—x" (as a unary prefix gperator)

<’

X
non nwon

HX 3 y s X / y", HX X\ y s ", "X % y"
Y

5
"X +y"NIx ~y" (as a two-argument operator), " Z f@r

i=x

"X <Z y" "X >> y"

)

n.n n"n.n nn

X<y, "x<=y", "x>y", "x>=y"

nn

"X==y , X!:yn

"X & y"

HX | y"
HX && yll

Y

HX ‘)y . le

nong oM

"X:y","X+:y ,"X—=y

5.9 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 letters with underscore characters), its one or two syntax categories, and one or two descriptors for its method of
coded representation. The decoding process behaves according to the value of the syntax element and to the values of
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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 without 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.

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 n
underscore @

NOTE -1}

Functions tH
functions arg
of the next
which are ¢
variable nanj

Functions th
their names
underscore (
values (for y

A one-dime]

haracter. Each group starts with an upper case letter and may contain more upper case letters.
'he syntax is described in a manner that closely follows the C-language syntactic constructs.

at specify properties of the current position in the bitstream are referred to as syntax\functions.
specified in subclause 7.2 and assume the existence of a bitstream pointer with an indication of the p
bit to be read by the decoding process from the bitstream. Syntax functions are déseribed by their
nstructed as syntax element names and end with left and right round parentheses including zero o
es (for definition) or values (for usage), separated by commas (if more than one variable).

at are not syntax functions (including mathematical functions specified 4n subclause 5.7) are descri
which start with an upper case letter, contain a mixture of lower~and upper case letters withg

sage) separated by commas (if more than one variable).

isional array is referred to as a list. A two-dimensional array is referred to as a matrix. Arrays can ei

@IeS TS Specified T the text—The mamesare corstructed fronT one or more groups of teters separateyl

by an

These
osition
names,
r more

bed by
ut any

haracter, and end with left and right parentheses including zero or’miere variable names (for definition) or

ther be

syntax elem¢nts or variables. Subscripts or square parentheses are used.for the indexing of arrays. In reference to 4 visual
depiction offa matrix, the first subscript is used as a row (vertical) iidex and the second subscript is used as a ¢golumn
(horizontal) [index. The indexing order is reversed when using square parentheses rather than subscripts for inglexing.
Thus, an elenent of a matrix s at horizontal position x and vertical position y may be denoted either as s[ X, y ] or gs sy.
Binary notafion is indicated by enclosing the string of *bit values by single quote marks. For example, '01400001'
represents af eight-bit string having only its second andits last bits (counted from the most to the least significhnt bit)
equal to 1.
Hexadecimal notation, indicated by prefixing the-hexadecimal number by "0x", may be used instead of binary rotation
when the nymber of bits is an integer multiple of 4. For example, 0x41 represents an eight-bit string having d¢nly its
second and ifs last bits (counted from the-most to the least significant bit) equal to 1.
Numerical vplues not enclosed in single.quotes and not prefixed by "0x" are decimal values.
A value eqyal to O represents & BALSE condition in a test statement. The value TRUE is represented by any value
different from zero.
5.10  Text description of logical operations
In the text, afstatement of logical operations as would be described in pseudo-code as
if( condition Q)
statement O
else if ( condition 1)
statement 1
else /* informative remark on remaining 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
14 © ISO/IEC 2009 — All rights reserved
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—  Otherwise (informative remark on remaining condition), statement n

Each "If ... Otherwise, if ... Otherwise, ..." statement in the text is introduced with "... as follows" or "... the following
applies" immediately followed by "If ... ". The last condition of the "If ... Otherwise, if ... Otherwise, ..." is always 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

may |

In the

may |

5.11

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

else
statement n

pe described in the following manner:

... as follows / ... the following applies.
—  If all of the following conditions are true, statement 0
—  condition Oa
—  condition Ob
—  Otherwise, if any of the following conditions are trde, statement 1
—  condition la
—  condition 1b

—  Otherwise, statement n

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

if( condition 0 )
statement 0

if ( condition 1)
statement 1

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

When éondition 1, statement 1

Processes

Proce

sSses. are IIQPA 10 (‘]PQ(‘T“;]‘\P fI’\P AP(‘(\I‘I‘iﬂO’ n‘F svntax F‘]PmpﬂfQ A DIOCLSS I"IQQ a.separate anr‘iﬁr‘nﬁnn 5]1’\(1
t=] T T T

invoking. All

syntax elements and upper case variables that pertain to the current syntax structure and depending syntax structures are
available in the process specification and invoking. A process specification may also have a lower case variable explicitly
specified as the input. Each process specification has explicitly specified an output. The output is a variable that can
either be an upper case variable or a lower case variable.

When invoking a process, the assignment of variables is specified as follows.

© IS0

—  If the variables at the invoking and the process specification do not have the same name, the variables are

explicitly assigned to lower case input or output variables of the process specification.

—  Otherwise (the variables at the invoking and the process specification have the same name), assignment is

implied.

/IEC 2009 — All rights reserved
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In the specification of a process, a specific macroblock may be referred to by the variable name having a value equal to
the address of the specific macroblock.

6 Source, coded, decoded and output data formats, scanning processes, and neighbouring
relationships
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 bitstrearln can be in one of two formats: the NAL unit stream format or the byte stream format. The NALAinit

format is cq
sequence is
units in the N

The byte st
order and pr|
The NAL ui
start code pij
byte stream
specified in

6.2
This subclau

The video s
pictures) in

The source 4

For conveni
are referred
the actual cg
that is specil
in a coded v

The wvariabl
structure, w
Table 6-1 dg

Sowrce, decoded, and output picture formats

nceptually the more "basic" type. It consists of a sequence of syntax structures called NAL\unit
prdered in decoding order. There are constraints imposed on the decoding order (and contentsy of th
NAL unit stream.

cam format can be constructed from the NAL unit stream format by ordering the QNAL units in de
pfixing each NAL unit with a start code prefix and zero or more zero-valued bytes, to‘form a stream o
it stream format can be extracted from the byte stream format by searching forthe location of the
efix pattern within this stream of bytes. Methods of framing the NAL units, in @2 manner other than usq
format are outside the scope of this Recommendation | International Staddard. The byte stream fo
Annex B.

se specifies the relationship between source and decoded frames and fields that is given via the bitstre

urce that is represented by the bitstream is a sequence, of either or both frames or fields (called collg
lecoding order.

nd decoded pictures (frames or fields) are each edmprised of one or more sample arrays:
Luma (Y) only (monochrome), with or without an auxiliary array.
Luma and two Chroma (YCbCr or Y(g€o), with or without an auxiliary array.
Green, Blue and Red (GBR, also.known as RGB), with or without an auxiliary array.

Arrays representing other ungpecified monochrome or tri-stimulus colour samplings (for example
also known as XYZ), withrgr'without an auxiliary array.

pnce of notation and terminology in this specification, the variables and terms associated with these
to as luma (or L or Y9 and chroma, where the two chroma arrays are referred to as Cb and Cr; regard
lour representatioff method in use. The actual colour representation method in use can be indicated in
ied in Annex By The (monochrome) auxiliary arrays, which may or may not be present as auxiliary
deo sequengg, are optional for decoding and can be used for such purposes as alpha blending.

bs SubWidthC, and SubHeightC are specified in Table 6-1, depending on the chroma format sal
hich (s yspecified through chroma format idc and separate colour plane flag. An entry marked as
notes an undefined value for SubWidthC or SubHeightC. Other values of chroma format idc, SubW

stream
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of the
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Table 6-1 — SubWidthC, and SubHeightC values derived from chroma_format_idc and
separate_colour_plane_flag
chroma_format_idc |separate colour_plane flag Chroma Format |SubWidthC |SubHeightC
0 0 monochrome - -
1 0 4:2:0 2 2
2 0 4:2:2 2 1
3 0 4:4:4 1 1
3 1 4:4:4 - -

In mq
In 4.2
In 4:3
In 4:4
]

The ¥
chrorn
sequg
integ
frame
heigh
below
integ

The S
prese
unles

The ¥
the s4
half't

The flumber of bits necessary for the representation of each of the samples in the luma and chroma arr:

seque
in the

Whet
chron

monochrome sampled pictures.

nochrome sampling there is only one sample array, which is nominally considered the luma artay.
:0 sampling, each of the two chroma arrays has half the height and half the width of the luma array.
:2 sampling, each of the two chroma arrays has the same height and half the width ef-the luma array.

:4 sampling, depending on the value of separate_colour_plane flag, the followingapplies.

f separate_colour plane flag is equal to 0, each of the two chroma arrays\has the same height ang
uma array.

Dtherwise (separate_colour plane flag is equal to 1), the three—eelour planes are separately

vidth and height of the luma sample arrays are each an integet, multiple of 16. In coded video sequend
ha sampling, the width and height of chroma sample arfays are each an integer multiple of 8. Iy
nces using 4:2:2 sampling, the width of the chroma sample arrays is an integer multiple of 8 and th
er multiple of 16. The height of a luma array that\is coded as two separate fields or in macrol
-field coding (see below) is an integer multiple of 327 In coded video sequences using 4:2:0 chroma
t of each chroma array that is coded as twos¢parate fields or in macroblock-adaptive frame-fiel
) is an integer multiple of 16. The width or height of pictures output from the decoding process 1
br multiple of 16 and can be specified usinga cropping rectangle.

yntax for the luma and (when present) chroma arrays are ordered such when data for all three colour
ht, the data for the luma array is_first; followed by any data for the Cb array, followed by any data fo
5 otherwise specified.

vidth of fields coded referring’to a specific sequence parameter set is the same as that of frames cod
me sequence parameteriset’ (see below). The height of fields coded referring to a specific sequence p
hat of frames coded referring to the same sequence parameter set (see below).

nce is in thetange of 8 to 14, and the number of bits used in the luma array may differ from the numb
chroma arrdys.

the value of chroma format idc is equal to 1, the nominal vertical and horizontal relative location|
haSamples in frames are shown in Figure 6-1. Alternative chroma sample relative locations may b

| width as the

processed as

les using 4:2:0

coded video
e height is an
lock-adaptive
sampling, the
d coding (see
ced not be an

Components is
I the Cr array,

ed referring to
irameter set is

lys in a video
er of bits used

5 of luma and
e indicated in

video

usability information (see Annex E)
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Frame

XOPX XOX XOX
XX X X X X
XOPX XOX XOX
XX X X X X
XOPX XOX XOX
XX X X X X

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

e 6-1 — Nominal vertical and horizontal locations of 4:2:0 luma and ¢hroma samples in a frame

sists of two fields as described below. A coded picture may.represent a coded frame or an individua
led video sequence conforming to this Recommendafion’| International Standard may contain a
5 of coded frames and coded fields. The decoding pregess is also specified in a manner that allows

coded frame to be coded either as a frame or field region, by use of macroblock-adaptive frame-field ¢

d to be used as a reference frame (see below), the two fields (which shall be of opposite pari
The first (i.e., top), third, fifth, etc., rows 6fja decoded frame are the top field rows. The second, fourth
[ a decoded frame are the bottom field~rows. A top field consists of only the top field rows of a d
| the top field or bottom field of a deeoded frame is used as a reference field (see below) only the eve
ld) or the odd rows (for a bottomfield) of the decoded frame are used.

lue of chroma format idc s equal to 1, the nominal vertical and horizontal relative locations of luj
bles in top and bottom fields are shown in Figure 6-2. The nominal vertical sampling relative location
bles in a top field are-Specified as shifted up by one-quarter luma sample height relative to the field-sal
brtical sampling lecations of the chroma samples in a bottom field are specified as shifted dg
uma sample height’relative to the field-sampling grid. Alternative chroma sample relative locations
he video usability information (see Annex E).

[he shifting of the chroma samples is in order for these samples to align vertically to the usual location relativj
sampling grid as shown in Figure 6-1.

coded
bitrary
tmaller
oding.

lecoded fields are one of two types: top field or®ottom field. When two fields are output at the same time, or

ty) are
, sixth,
ccoded
n rows

ma and

of the
mpling
wn by
may be

e to the
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OX
OX
OX

Top Bottom
Field O O O Field
X X X X X
X X X X X X
Q Q Q
X X X X X X
. ®e . ® o
L[] L] ° L[]
[ ] ® [ ] ®
Guide: Guide:
X — Location of luma sample X — Location of luma sample
O — Location of chroma sample O — Location oflchfoma sample

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

When the value of chroma format idc is equal to 2, the chromhd samples are co-sited with the corresponding luma
samples and the nominal locations in a frame and in fields are.assshown in Figures 6-3 and 6-4, respectively}

R X BX & X e
R X X & X
BX B X ® X
B X @ X8 X
B X ® X & 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
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B X B X & X e cee

B X & X & X

Top Bottom
Field Field

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

KX & X & X

. ®e . @
L[] L] ° L[]
[ ] ° ° °
Guide: Guide:
X — Location of luma sample X — Location of luma sample
O — Location of chroma sample O — Location of chroma'sample

Figurp 6-4 — Nominal vertical and horizontal sampling locations of 4:2:2 samples top and bottom fields

When the vdlue of chroma format idc is equal to 3, all array samples ,ate  co-sited for all cases of frames and fie|ds and
the nominal [locations in a frame and in fields are as shown in Figures-6=5/and 6-6, respectively.

R R I
TR
g B R S
R
R
B R RS S

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

Figure 6-5 — Nominal vertical and horizontal locations of 4:4:4 luma and chroma samples in a frame
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amples are processed in units of macroblocks. The luma array for each macroblock is 16 samples in b
t. The variables MbWidthC and MbHeightC, which spegifynthe width and height, respectively, of the
ch macroblock, are derived as follows.

f chroma format idc is equal to 0 (monochrome).er separate colour plane flag is equal to 1, M
MbHeightC are both equal to 0.

Dtherwise, MbWidthC and MbHeightC are derived as

MbWidthC = 16 / SubWidthC
MbHeightC = 16 / SubHeightC

Spatial subdivision of pictures and slices

bubclause specifies-how a picture is partitioned into slices and macroblocks. Pictures are divided into
cquence of maeroblocks, or, when macroblock-adaptive frame/field decoding is in use, a sequence

macreblock is comprised of one 16x16 luma array and, when the chroma sampling format is not equ
hte” colour plane flag is equal to 0, two corresponding chroma sample arrays. When separate_colour

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

oth width and
chroma arrays

bWidthC and

(6-1)
(6-2)

slices. A slice
f macroblock

1l to 4:0:0 and
| plane_flag is

equal

t0.1. each macroblock is comprised of one 16x16 luma or chroma sample array. When macrol

lock-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.

When a picture is coded using three separate colour planes (separate colour plane flag is equal to 1), a slice contains
only macroblocks of one colour component being identified by the corresponding value of colour plane id, and each
colour component array of a picture consists of slices having the same colour plane_id value. Coded slices with different
values of colour plane id within an access unit can be interleaved with each other under the constraint that for each
value of colour plane id, the coded slice NAL units with that value colour plane id shall be in the order of increasing
macroblock address for the first macroblock of each coded slice NAL unit.

NOTE — When separate_colour plane flag is equal to 0, each macroblock of a picture is contained in exactly one slice. When
separate_colour plane flag is equal to 1, each macroblock of a colour component is contained in exactly one slice (i.e.,
information for each macroblock of a picture is present in exactly three slices and these three slices have different values of
colour_plane id).
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Figure 6-7 — A picture with 11 by 9 macroblocks that is partitioned into two slices

When macrgblock-adaptive frame/field decoding is in use, the picture is partitioned into slig€s containing an [integer
number of njacroblock pairs as shown in Figure 6-8. Each macroblock pair consists of two macroblocks.

>

A macroblock pair

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

6.4 Inyerse 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.

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 mbAddr
relative to the upper-left sample of the picture.

The inverse macroblock scanning process is specified as follows.
—  If MbaffFrameFlag is equal to 0,

x = InverseRasterScan( mbAddr, 16, 16, PicWidthInSamples;, 0 ) (6-3)
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y = InverseRasterScan( mbAddr, 16, 16, PicWidthInSamples, 1)

—  Otherwise (MbaffFrameFlag is equal to 1), the following ordered steps are specified:

1. The luma location ( xO, yO ) is derived by

xO = InverseRasterScan( mbAddr / 2, 16, 32, PicWidthInSamples;, 0 )

yO = InverseRasterScan( mbAddr / 2, 16, 32, PicWidthInSamples;, 1)

(6-4)

(6-5)

(6-6)

6.4.2

Macr
Figun]
refer

inver

Y. Depending on the current macroblock the tollowing applies.

- If the current macroblock is a frame macroblock

x =x0

y=yO + (mbAddr %2 ) * 16

- Otherwise (the current macroblock is a field macroblock),

x=x0

y=yO + ( mbAddr % 2)

Inverse macroblock partition and sub-macroblock partition scanning process

(6-7)

(6-8)

(6-9)

(6-10)

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

e 6-9. The outer rectangles refer to thelsamples in a macroblock or sub-macroblock, respectively. 1
to the partitions. The number in edch rectangle specifies the index of the inverse macroblock pai
be sub-macroblock partition scany

The functions MbPartWidth( ), MbPartHeight( ), SubMbPartWidth( ), and SubMbPartHeight( ) describing

heigh
MbP:

type.
with

t of macroblock partitions and sub-macroblock partitions are specified in Tables 7-13, 7-14, 7-
rtWidth( ) and MbPartHeight( ) are set to appropriate values for each macroblock, depending on tH
SubMbPartWidth()\and SubMbPartHeight( ) are set to appropriate values for each sub-macroblock of
mb_type equal to P_8x8, P_8x8refl, or B_8x8, depending on the sub-macroblock type.

'he rectangles
tition scan or

the width and
17, and 7-18.
e macroblock
a macroblock
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1 macroblock partition of 2 macroblock partitions of 2 macroblock partitions of 4 sub-macroblocks of
16*16 luma samples and 16*8 luma samples and 8*16 luma samples and 8*8 luma samples and
associated chroma samples | associated chroma samples | associated chroma samples | associated chroma samples
0 0 1
Macroblock 0 0 1
partitions
1 2 3
1 sub-macroblock partition 2 sub-macroblock partitions 2 sub-macroblock partitions | 4 sub-macroblock partitions
of 8*8 luma samples and of 8*4 luma samples and of 4*8 luma samples and of 4*4 luma samples and
Sub-mactoblock 0 0 1
partitjons 0 0 1
1 2 3
Figure 6-9 - Macroblock partitions, sub-macroblock partitions, macroblock partition)scans, and sub-macrgblock
partition scans
6.4.2.1 Injerse macroblock partition scanning process
Input to this [process is the index of a macroblock partition mbPartldx:
Output of this process is the location (X, y) of the upper-left. Tuma sample for the macroblock partition mbPartldx
relative to thie upper-left sample of the macroblock.
The inverse macroblock partition scanning process is speeified by
x =[InverseRasterScan( mbPartldx, MbPartWidth( mb_type ), MbPartHeight( mb_type ), 16, 0) 6-11)
y =[InverseRasterScan( mbPartldx;MbPartWidth( mb_type ), MbPartHeight( mb_type ), 16, 1) 6-12)
6.4.2.2 Inperse sub-macroblock-partition scanning process
Inputs to thi{s process are the‘index of a macroblock partition mbPartldx and the index of a sub-macroblock phrtition
subMbPartldx.
Output of this process ‘is the location (x,y) of the upper-left luma sample for the sub-macroblock pprtition
subMbPartldx relative'to the upper-left sample of the sub-macroblock.
The inverse pubémacroblock partition scanning process is specified as follows.
— Ifmb _typeisequal to P_8x8, P_8x8refl, or B_8x8,
x = InverseRasterScan( subMbPartldx, SubMbPartWidth( sub_mb_type[ mbPartldx ] ),
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)
—  Otherwise (mb_type is not equal to P_8x8, P_8x8ref0, or B_8x8),
x = InverseRasterScan( subMbPartldx, 4, 4, 8,0 ) (6-15)
y = InverseRasterScan( subMbPartldx, 4, 4, 8, 1) (6-16)

24
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Inverse 4x4 luma block scanning process

to this process is the index of a 4x4 luma block luma4x4BlkIdx.

Output of this process is the location (x,y) of the upper-left luma sample for the 4x4 luma block with index
luma4x4BIkldx relative to the upper-left luma sample of the macroblock.

Figur

The i

v

6.4.4
This

The i
subcl
"Tumd

6.4.5
Input]

Outpy
luma

Figur

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

819 ([12(13

10111415

Figure 6-10 — Scan for 4x4 luma blocks

hverse 4x4 luma block scanning process is specified by

x = InverseRasterScan( luma4x4BlkIdx / 4, 8, 8, 16,0 ) +

InverseRasterScan( luma4x4BIlkIdx % 4, 4, 4, 8,0 )

¥ = InverseRasterScan( luma4x4Blkldx / 4, 8, 8, 1641.) +

InverseRasterScan( luma4x4BlkIdx % 4, 4, 4,8, 1)

Inverse 4x4 Cb or Cr block scanning process for ChromaArrayType equal to 3
brocess is only invoked when ChromaArrayType is equal to 3.

nverse 4x4 chroma block scanning process is identical to inverse 4x4 luma block scanning process
huse 6.4.3 when substituting 'the term "luma" with the term "Cb" or the term "Cr", and substity
14x4BlkIdx" with the term: "cb4x4BlkIdx" or the term "cr4x4BlkIdx" in all places in subclause 6.4.3.

Inverse 8x8 lumia‘block scanning process
to this process is the index of an 8x8 luma block luma8x8BlkIdx.

it of this_process is the location (X,y) of the upper-left luma sample for the 8x8 luma blod
x8Blkldx.relative to the upper-left luma sample of the macroblock.

e 6-1\_shows the scan for the 8x8 luma blocks.

(6-17)

(6-18)

1s specified in
ting the term

k with index

© IS0

Figure 6-11 — Scan for 8x8 luma blocks
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x8 luma block scanning process is specified by

x = InverseRasterScan( luma8x8Blkldx, 8, 8, 16, 0)

y = InverseRasterScan( luma8x8BIklIdx, 8, 8, 16, 1)

6.4.6

This process

Inverse 8x8 Cb or Cr block scanning process for ChromaArrayType equal to 3

is only invoked when ChromaArrayType is equal to 3.

(6-19)

(6-20)

The inverse 8x8 chroma block scanning process is identical to inverse 8x8 luma block scanning process as specified in

subclause 6.

"luma8x8Blidd

6.4.7 Dei

Input to this

Output of th
NOTE -1

The macrob
marked as n

mbAdd|
mbAdd|

the mad

6.4.8 Des

This process

The outputs
mbAdd
mbAdd
mbAdd|
mbAdd|

Figure 6-12
relative to thi

4.5 when substituting the term "luma" with the term "Cb" or the term

ivation process of the availability for macroblock addresses
process is a macroblock address mbAddr.

s process is the availability of the macroblock mbAddr.

[he meaning of availability is determined when this process is invoked.

ock is marked as available, unless any of the following conditions is true in which case the macrob
t available:

r <0,
I > CurrMbAddr,
roblock with address mbAddr belongs to a different slice than thé.macroblock with address CurrMbA

ivation process for neighbouring macroblock addresses-and their availability
can only be invoked when MbaffFrameFlag is equal to 0¢

pf this process are

FA: the address and availability status of the maeréblock to the left of the current macroblock,
IB: the address and availability status of theanacroblock above the current macroblock,

C: the address and availability status ofitlie macroblock above-right of the current macroblock,

rD: the address and availability statu§ of the macroblock above-left of the current macroblock.

shows the relative spatial locations of the macroblocks with mbAddrA, mbAddrB, mbAddrC, and mb
e current macroblock with CurrMbAddr.

mbAddrD | mbAddrB mbAddrC

mbAddrA | CurrMbAddr

"Cr", and substituting the term

lock is

idr.

IAddrD

Figure 6-12 — Neighbouring macroblocks for a given macroblock

Input to the process in subclause 6.4.7 is mbAddrA = CurrMbAddr — 1 and the output is whether the macroblock
mbAddrA is available. In addition, mbAddrA is marked as not available when CurrMbAddr % PicWidthInMbs is equal

to 0.
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Input to the process in subclause 6.4.7 is mbAddrB = CurrMbAddr — PicWidthInMbs and the output is whether the
macroblock mbAddrB is available.

Input to the process in subclause 6.4.7 is mbAddrC = CurrMbAddr — PicWidthInMbs + 1 and the output is whether the
macroblock mbAddrC is available. In addition, mbAddrC is marked as not available when
( CurrMbAddr + 1) % PicWidthInMbs is equal to 0.

Input to the process in subclause 6.4.7 is mbAddrD = CurrMbAddr — PicWidthInMbs — 1 and the output is whether the
macroblock mbAddrD is available. In addition, mbAddrD is marked as not available when
CurrMbAddr % PicWidthInMbs is equal to 0.

6.4.9  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 dqutputs of this process are

- bAddrA: the address and availability status of the top macroblock of the macroblock pairto.the left|of the current
acroblock pair,

— bAddrB: the address and availability status of the top macroblock of the macroblock pair aboye the current
acroblock pair,

- bAddrC: the address and availability status of the top macroblock of the macroblock pair above-right of the
urrent macroblock pair,

- EbAder: the address and availability status of the top macroblock of'the macroblock pair above-left{of the current
acroblock pair.

Figure 6-13 shows the relative spatial locations of the macroblocks with mbAddrA, mbAddrB, mbAddrC, and mbAddrD
relatiye to the current macroblock with CurrMbAddr.

mbA¢drA, mbAddrB, mbAddrC, and mbAddrD have identical values regardless whether the current madroblock is the
top of the bottom macroblock of a macroblock pair.

mbAddrD mbAddrB mbAddrC

CurrMbAddr

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

Input to the process in subclause 6.4.7 is mbAddrA =2 * (CurrMbAddr/2 —1) and the output is whether the
macroblock mbAddrA is available. In addition, mbAddrA is marked as not available when
( CurrMbAddr / 2 ) % PicWidthInMbs is equal to 0.

Input to the process in subclause 6.4.7 is mbAddrB =2 * ( CurrMbAddr / 2 — PicWidthInMbs ) and the output is whether
the macroblock mbAddrB is available.

Input to the process in subclause 6.4.7 is mbAddrC =2 * ( CurrMbAddr / 2 — PicWidthInMbs + 1 ) and the output is
whether the macroblock mbAddrC is available. In addition, mbAddrC is marked as not available when
( CurrMbAddr / 2 + 1) % PicWidthInMbs is equal to 0.

Input to the process in subclause 6.4.7 is mbAddrD =2 * ( CurrMbAddr / 2 — PicWidthInMbs — 1 ) and the output is
whether the macroblock mbAddrD is available. In addition, mbAddrD is marked as not available when
( CurrMbAddr / 2 ) % PicWidthInMbs is equal to 0.
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6.4.10 Derivation processes for neighbouring macroblocks, blocks, and partitions

Subclause 6.4.10.1 specifies the derivation process for neighbouring macroblocks.

Subclause 6.4.10.2 specifies the derivation process for neighbouring 8x8 luma blocks.

Subclause 6.4.10.3 specifies the derivation process for neighbouring 8x8 chroma blocks for ChromaArrayType equal

to 3.

Subclause 6.4.10.4 specifies the derivation process for neighbouring 4x4 luma blocks.

Subclause 6.4.10.5 specifies the derivation process for neighbouring 4x4 chroma blocks.

Subclause 6.4.10.6 specifies the derivation process for neighbouring 4x4 chroma blocks for ChromaArrayType equal

to 3.

Subclause 6

Table 6-2 sp

mbAddrN,

cb4x4BIkId3
subclauses 6

Figure 6-14

mbPartIdxN, subMbPartIdxN,

4.10.7 specifies the derivation process for neighbouring partitions.

cb8x8BIkIdxN,

[Fable 6-2 — Specification of input and output assignments for subclauses 6.4.10.1 to 6.4.10.7

N xD yD
A -1 0

B 0 71
C | predPartWidth -1
D -1 -1

D B C
A Current
Macroblock
or Partition
or Block

ecifies the values for the difference of luma location ( xD, yD ) for the input and the replagement for N in
luma8x8BIkIdxN,
N, cr4x4BIlkIdxN, and chroma4x4BlkIdxN for the output. These input and output assignments are
4.10.1 to 6.4.10.7. The variable predPartWidth is specified when Table 6-2 is referred to.

cr8x8BIkIdxN, Tuma4x4BIKIdxN,

ised in

illustrates the relative location of the neighbouring macroblocks, blocks, or partitions A, B, C, and I} to the
current mactoblock, partition, or block, when the'current macroblock, partition, or block is in frame coding mode.

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

6.4.10.1 Derivation process for neighbouring macroblocks

Outputs of this process are

— mbAddrA: the address of the macroblock to the left of the current macroblock and its availability status,

—  mbAddrB: the address of the macroblock above the current macroblock and its availability status.
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mbAddrN (with N being A or B) is derived as specified by the following ordered steps:
1. The difference of luma location ( XD, yD ) is set according to Table 6-2.

2. The derivation process for neighbouring locations as specified in subclause 6.4.11 is invoked for luma locations
with ( XN, yN ) equal to ( xD, yD ), and the output is assigned to mbAddrN.

6.4.10.2 Derivation process for neighbouring 8x8 luma block
Input to this process is an 8x8 luma block index luma8x8BlkIdx.
The luma8x8BIkldx specifies the 8x8 luma blocks of a macroblock in a raster scan.

Outputs of this process are

- bAddrA: either equal to CurrMbAddr or the address of the macroblock to the left of the current macroblock and its
wvailability status,

- uma8x8BIkIdxA: the index of the 8x8 luma block to the left of the 8x8 block with index~lurha8x8BIlkIdx and its
ivailability status,

—  bAddrB: either equal to CurrMbAddr or the address of the macroblock above the, current macrgblock and its
wvailability status,

- uma8x8BIlkIdxB: the index of the 8x8 luma block above the 8x8 block with index luma8x8HlkIdx and its
wvailability status.

mbA@drN and luma8x8BIkIdxN (with N being A or B) are derived as specified by the following ordered stg¢ps:
The difference of luma location ( XD, yD ) is set according to,Table 6-2.

The luma location ( xN, yN ) is specified by

xN = ( luma8x8BIkIdx % 2 ) * 8 + xD (6-21)

yN = (luma8x8BlkIdx /2 ) * 8 +yD (6-22)

The derivation process for neighbouring locations as specified in subclause 6.4.11 is invoked for luma locations
with ( XN, yN ) as the input and the output is assigned to mbAddrN and ( xW, yW ).

4.  The variable luma8x8BIlkIdxN_is derived as follows.
— If mbAddrN is notavailable, luma8x8BIlkIdxN is marked as not available.

— Otherwise (mbAddrN is available), the derivation process for 8x8 luma block indices as specified in
subclause 6:4+12.3 is invoked with the luma location (xW, yW ) as the input and the outfut is assigned
to luma8x§BIkIdxN.

6.4.10.3 Derivation process for neighbouring 8x8 chroma blocks for ChromaArrayType equal to 3
This process is‘only invoked when ChromaArrayType is equal to 3.

The derivation process for neighbouring 8x8 chroma block is identical to the derivation process for neighbouring 8x8
luma [bleek as specified in subclause 6.4.10.2 when substituting the term "luma" with the term "Cb" or the ferm "Cr", and
substituting the term "luma8x8BlkIdx" with the term "cb8x8BlkIdx" or the term "cr8x8BlkIdx" in all places in subclause
6.4.10.2.

6.4.10.4 Derivation process for neighbouring 4x4 luma blocks
Input to this process is a 4x4 luma block index luma4x4BlkIdx.

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,

—  luma4x4BIkIdxA: the index of the 4x4 luma block to the left of the 4x4 block with index luma4x4Blkldx and its
availability status,
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availability status,

availability status.

mbAddrN and luma4x4BIlkIdxN (with N being A or B) are derived as specified by the following ordered steps:

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

input and ( x, y ) as the output.

e luma location ( XN, vN ) is specified by

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

lumad4x4BlkIdxB: the index of the 4x4 luma block above the 4x4 block with index luma4x4Blkldx and its

The inverse 4x4 luma block scanning process as specified in subclause 6.4.3 is invoked with luma4x4BlkIdx as

1.

2.
the
3. Th
4. Th
wi
5. Th
6.4.10.5 Dq

This subclau

Input to this

xN =x +xD

yN=y+yD

e derivation process for neighbouring locations as specified in subclause 6.4.11 is\invoked for luma lo

th ( xN, yN ) as the input and the output is assigned to mbAddrN and ( xW, yW ).

b variable luma4x4BIkIdxN is derived as follows.
If mbAddrN is not available, luma4x4BIkIdxN is marked as not ayailable.

Otherwise (mbAddrN is available), the derivation process for 4x4 luma block indices as speci
subclause 6.4.12.1 is invoked with the luma location ( xW, yW ) as the input and the output is a:
to luma4x4BIkIdxN.

rivation process for neighbouring 4x4 chroma blocks
se is only invoked when ChromaArrayType is equal to 1 or 2.

process is a 4x4 chroma block index chroma4x4BlkIdx.

Outputs of tlis process are

mbAdd|
its avai

chroma
chroma

mbAdd
availab

chroma
and its

mbAddrN a
1. Th

rA (either equal to CurrMbAddr or, the address of the macroblock to the left of the current macroblo
ability status,

Ax4BlkIdxA (the index of-the” 4x4 chroma block to the left of the 4x4 chroma block with
Ax4BlkIdx) and its availability status,

(B (either equal to CurrtMbAddr or the address of the macroblock above the current macroblock)
lity status,

hvailability status.

id chromadx4BIkIdxN (with N being A or B) are derived as specified by the following ordered steps:

e difference of chroma location ( XD, yD ) is set according to Table 6-2.

2. Th

b pnci‘rinn (v’ 3 ) of the upper left cnmp]p of the 4x4 chroma block with index chromadx4dBIlkIdx is

6-23)

(6-24)

cations

fied in
signed

k) and
index

and its

Ax4BlkIdxB (the index of the 4x4 chroma block above the 4x4 chroma block with index chroma4x4BlkIdx)

lerived

by

3.

30

x = InverseRasterScan( chroma4x4BlkIdx, 4, 4, 8, 0)

y = InverseRasterScan( chroma4x4BlkIdx, 4, 4, 8, 1)

The chroma location ( xN, yN ) is specified by

xN =x +xD

yN=y+yD
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4. The derivation process for neighbouring locations as specified in subclause 6.4.11 is invoked for chroma
locations with ( xN, yN ) as the input and the output is assigned to mbAddrN and ( xW, yW ).
5. The variable chroma4x4BlkIdxN is derived as follows.

If mbAddrN is not available, chroma4x4BlkIdxN is marked as not available.

Otherwise (mbAddrN is available), the derivation process for 4x4 chroma block indices as specified in

subclause 6.4.12.2 is invoked with the chroma location ( xW, yW ) as the input and the output is assigned

to chroma4x4BI1kIdxN.

6.4.1]).6 Derivation process for neighbouring 4x4 chroma blocks for ChromaArrayType equal to-3

This

The ¢
for ng
or thd
all pl

6.4.10.7 Derivation process for neighbouring partitions

Input

a

a

4

Outpy

—

mbA
order

process is only invoked when ChromaArrayType is equal to 3.

erivation process for neighbouring 4x4 chroma block in 4:4:4 chroma format is identical\to the deri
ighbouring 4x4 luma block as specified in subclause 6.4.10.4 when substituting the teri"luma" with
term "Cr", and substituting the term "luma4x4BlkIdx" with the term "cb4x4BIlkIdx!-or the term "cr
hces in subclause 6.4.10.4.

K to this process are

macroblock partition index mbPartldx

current sub-macroblock type currSubMbType
sub-macroblock partition index subMbPartldx

its of this process are

urrent macroblock and its availability status, or the

[urrMbAddr\mbPartldx\subMbPartldx and.its*availability status,

hbAddrB\mbPartldxB\subMbPartldxB:~specifying the macroblock or sub-macroblock partition abo
hacroblock and its availability status, er the sub-macroblock partition CurrMbAddr\mbPartIdx\subMbl]
vailability status,

hbAddrC\mbPartldxC\subMbPRartldxC: specifying the macroblock or sub-macroblock partition to the
he  current  macroblock and  its  availability = status, or  the
[urrMbAddr\mbPartldx\subMbPartldx and its availability status,

hbAddrD\mbPartldxD\subMbPartldxD: specifying the macroblock or sub-macroblock partition to thg
he  currente.\“macroblock and its availability = status, or the
[urrMbAddr\mbPartldx\subMbPartldx and its availability status.

1drN, mbPartldxN, and subMbPartldxN (with N being A, B, C, or D) are derived as specified by
bd steps:

sub-macroblogk

sub-macroblogk

ation process
the term "Cb"
x4BlkIdx" in

hbAddrA\mbPartldxA\subMbPartldxA: specifying the macroblock or sub-macroblock partition to the left of the
i sub-macroblock

partition

ve the current
Partldx and its

right-above of
partition

left-above of
partition

the following

4.2 1 -

Tl - 1ol 1 adada - | b P 1 1 e 1 |
TTIIC I VO ST TIIACT O OTO UK DAl it oS Uatn g - PTOCTS S—aS—OUSCITOCU T STUOTTAUS T O 27T IS ITVORTU™W

as the input and ( X, y ) as the output.

ith mbPartldx

2. The location of the upper-left luma sample inside a macroblock partition ( xS, yS ) is derived as follows.

— Ifmb type is equal to P_8x8, P_8x8ref) or B_8x8, the inverse sub-macroblock partition scanning process
as described in subclause 6.4.2.2 is invoked with subMbPartldx as the input and ( xS, yS ) as the output.

—  Otherwise, ( xS, yS)aresetto (0,0).

3. 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.
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—  If currSubMbType is equal to B_Direct 8x8, predPartWidth = 16.

NOTE 1 — 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 motion vector for the complete macroblock.

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

Otherwise, if mb_type is equal to P 8x8 or P_8x8ref0,

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

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

5. Th

nerahbourinalumalocationN— DN ) is-specified- b
S T o < AERAR R LA o o)

6. Th

with ( XN, yN ) as the input and the output is assigned to mbAddrN and ( xW, yW ).

7. De

6.4.11 Dei

Input to this
macroblock.

xN =x + xS +xD

yN=y+yS+yD

b derivation process for neighbouring locations as specified in subclause 6.4.11 is'\invoked for luma lo

pending on mbAddrN, the following applies.

If mbAddrN is not  available, the  macroblocgk-~" or  sub-macroblock p
mbAddrN\mbPartIdxN\subMbPartIdxN is marked as not available:

Otherwise (mbAddrN is available), the following ordered steps are specified:

a. Let mbTypeN be the syntax element mb_type ofdhevacroblock with macroblock address mb
and, when mbTypeN is equal to P_8x8, P_8x8r¢f0, or B_8x8, let subMbTypeN be the syntax g
list sub_mb_type of the macroblock with maereblock address mbAddrN.

b. The derivation process for macroblock and sub-macroblock partition indices as specified in sul
6.4.12.4 is invoked with the luma logation ( xW, yW ), the macroblock type mbTypeN, and|
mbTypeN is equal to P_8x8, P_8x8tef0, or B _8x8, the list of sub-macroblock types subMbTy
the inputs and the outputs are the macroblock partition index mbPartldxN and the sub-maci
partition index subMbPartIdxiN-

6-29)

(6-30)

cations

hrtition

IAddrN
lement

bclause
| when
peN as
oblock

c.  When the partition given.by mbPartldxN and subMbPartldxN is not yet decoded, the macigoblock

partition mbPartldxN(and the sub-macroblock partition subMbPartldxN are marked as not avail

NOTE 2 — The latter condition is, for example, the case when mbPartldx =2, subMbPartldx =3,
yD =—1, i.e., when'neighbour C of the last 4x4 luma block of the third sub-macroblock is requested.

ivation process for'neighbouring locations

process is@liima or chroma location ( XN, yN ) expressed relative to the upper left corner of the

Outputs of tl

lis process are

hble.

current

availability status,

and its

—  (xW, yW): the location (xN, yN) expressed relative to the upper-left corner of the macroblock mbAddrN (rather
than relative to the upper-left corner of the current macroblock).

Let maxW and maxH be variables specifying maximum values of the location components xN, xW, and yN, yW,

respectively.

maxW and maxH are derived as follows.

—  If'this process is invoked for neighbouring luma locations,

maxW = maxH =16

—  Otherwise (this process is invoked for neighbouring chroma locations),
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maxW = MbWidthC (6-32)

maxH = MbHeightC (6-33)

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 as
described in subclause 6.4.11.1 is applied.

— Otherwise (MbaffFrameFlag is equal to 1), the specification for neighbouring locations in MBAFF frames as
described in subclause 6.4.11.2 is applied.

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

The derivation process for neighbouring macroblock addresses and their availability in subclause 6.4.8 i invoked with
mbAddrA, mbAddrB, mbAddrC, and mbAddrD as well as their availability status as the output.

Tablq 6-3 specifies mbAddrN depending on ( XN, yN ).

Table 6-3 — Specification of mbAddrN

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

The rjeighbouring location ( xW, 'y¥W ) relative to the upper-left corner of the macroblock mbAddrN is derived as

xW = ( xN + maxW*) % maxW (6-34)

yW = (yN+ maxH ) % maxH (6-35)

6.4.1].2  Specification for neighbouring locations in MBAFF frames

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

The derivation process for neighbouring macroblock addresses and their availability in subclause 6.4.9 is invoked with
mbAddrA, mbAddrB, mbAddrC, and mbAddrD as well as their availability status as the output.

The variable currMbFrameFlag is derived as follows.

—  If the macroblock with address CurrMbAddr is a frame macroblock, currMbFrameFlag is set equal to 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 macroblock (i.e., CurrMbAddr % 2 is equal to 0),
mblsTopMbFlag is set equal to 1.
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—  Otherwise (the macroblock with address CurrMbAddr is a bottom macroblock, i.e., CurrMbAddr % 2 is equal to 1),
mblsTopMbFlag is set equal to 0.

Table 6-4 specifies the macroblock addresses mbAddrN and yM in two ordered steps:

1. Specification of a macroblock address mbAddrX depending on ( XN, yN ) and the variables currMbFrameFlag
and mbIsTopMbFlag:

2. 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
0 1 0 A N Exai 2.0 mbls L 234 he ariable

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

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

50
5| : 3
{E = S
|5 o o E Z
S| 0o < .| 5 !
S| & 9 = = 9
B e 1] - | - 2 .
w > S| E = = B = >
1 |mbAddrD mbAddrD+1 |yN
1 mbAddrA yN
o [mbAdara 7 MbAddrA + 1 |( yN& maxH ) >> 1
<0 <0 1 mbAddD + 1 [2FyN
o |1 [mAdD mbAddrD yN
0 |mbAddrD mbAddrD +\-D |yN
1 mbAddrA yN
1 |mbAddrA 0 yN % 2== mbAddrA yN >> |
yN%21=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 ) >> 1
<0 0..maxH — 1 | PN<(mdxH72) [mbAddrA yN <<1
1 |mbAddrA yN >=(naxH / 2 )|mbAddrA + 1  [( yN <<1 ) —[maxH
0 mbAddrA yN
0 YN< (maxH /2 ) |mbAddrA (YN <<I)+[1
0 |mbAddrA |LCyN >=(maxH/2)[mbAddrA +1 [(yN<<I )+l — maxH
0 mbAddrA+1 [yN
1 |mbAddrB mbAddrB+1 |yN
I Jo JcurrMbAddr CurrtMbAddr — 1|yN
—1l< 1 mbAddrB+1 |2 *yN
om0 ol mbAddrB 5 mbAddrB vN
0\ jmbAddrB mbAddrB+1 |yN
0].maxW — 1|0..maxH — ] CurrMbAddr CurrMbAddr yN
1 |mbAddrC mbAddrC +1  [yN
1 10" |not available not available na
> —1l< 1 mbAddrC+1 |2 *yN
A o N mbAddrC yN
0 |mbAddrC mbAddrC+1  [yN
>lmaxW = 1 [0..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 (6-36)

yW = (yM + maxH ) % maxH (6-37)

6.4.12 Derivation processes for block and partition indices

Subclause 6.4.12.1 specifies the derivation process for 4x4 luma block indices.
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Subclause 6.4.12.2 specifies the derivation process for 4x4 chroma block indices.

Subclause 6.4.12.3 specifies the derivation process for 8x8 luma block indices.

Subclause 6.4.12.4 specifies the derivation process for macroblock and sub-macroblock partition indices.
6.4.12.1 Derivation process for 4x4 luma block indices

Input to this process is a luma location ( xP, yP ) relative to the upper-left luma sample of a macroblock.
Output of this process is a 4x4 luma block index luma4x4BlkIdx.

The 4x4 luma block index luma4x4BlkIdx is derived by

lua4x4BlkIdx =8 * (y/8)+4* (x/8)+2* ((y%8)/4)+((x%8)/4) 6-38)

6.4.12.2 Dgdrivation process for 4x4 chroma block indices

This subclayse is only invoked when ChromaArrayType is equal to 1 or 2.

Input to this [process is a chroma location ( xP, yP ) relative to the upper-left chroma sample of ajmacroblock.
Output of this process is a 4x4 chroma block index chroma4x4BIkIdx.

The 4x4 chrgma block index chroma4x4BlklIdx is derived by

chfomadx4BIkIdx =2 * (y/8 )+ (x/8) 6-39)

6.4.12.3 Dgdgrivation process for 8x8 luma block indices
Input to this|process is a luma location ( xP, yP ) relative to the upper<left chroma sample of a macroblock.
Outputs of this process is an 8x8 luma block index luma8x8BIkIdx!

The 8x8 lunfa block index luma8x8Blkldx is derived by

luma8x8Blkldx =2 * (y/8 )+ (x/8) 6-40)

6.4.12.4 Dgdrivation process for macroblock and sub-macroblock partition indices
Inputs to thig process are

— aluma location ( xP, yP ) relative to the upper-left luma sample of a macroblock,
— amacroplock type mbType,

—  when mpType is equal to.P_8x8, P_8x8ref0, or B_8x8, a list of sub-macroblock types subMbType with 4 elements.

Outputs of tlis process-are
— amacroplockpartition index mbPartldx,

—  asub-mpcroblock partition index subMbPartldx.

The macroblock partition index mbPartldx is derived as follows.
— If mbType specifies an I macroblock type, mbPartldx is set equal to 0.
—  Otherwise (mbType does not specify an I macroblock type), mbPartldx is derived by

mbPartldx =2 * ( yP / MbPartHeight( mbType ) ) + ( xP / MbPartWidth( mbType ) ) (6-41)

The sub-macroblock partition index subMbPartldx is derived as follows.
— If mbType is not equal to P_8x8, P_8x8ref0, B 8x8, B_Skip, or B_Direct 16x16, subMbPartldx is set equal to 0.
—  Otherwise, if mbType is equal to B_Skip or B_Direct 16x16, subMbPartldx is derived by
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subMbPartldx =2 * ((yP % 8 ) /4)+ ((xP % 8)/4) (6-42)

—  Otherwise (mbType is equal to P_8x8, P_8x8ref0, or B_8x8), subMbPartldx is derived by

subMbPartldx =2 * ( ( yP % 8 ) / SubMbPartHeight( subMbType[ mbPartldx ] ) ) +
((xP % 8 )/ SubMbPartWidth( subMbType[ mbPartldx ]) ) (6-43)

7 Syntax and semantics

7.1 —Method of specifying syntax-in tabular form

The dyntax tables specify a superset of the syntax of all allowed bitstreams. Additional constraints on(the’§yntax may be
specified, either directly or indirectly, in other clauses.

NPTE — An actual decoder should implement means for identifying entry points into the bitstream{and means |to identify and
hgndle non-conforming bitstreams. The methods for identifying and handling errors and other such“situations afe not specified
hqre.

The following table lists examples of pseudo code used to describe the syntax. Wheén syntax_elemept appears, it
specifies 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.

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 twe examples */

syntax_element 3 | ue(v)

conditioning statement

/* A group of statements enclosed in curly brackets is a compound statement and
is treated functionally as a single statementy™*/

{

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.isno longer true */

while(<ondition )

statement

7* A "do ... while" structure specifies evaluation of a statement once, 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 evaluation of 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 */
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if( condition )

primary statement

else

alternative statement

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

for( initial statement; condition; subsequent statement )

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(@xistence of a bifstream
pointer withjan indication of the position of the next bit to be read by the decoding process from the bitstream.

byte aligned( ) is specified as follows.

— If the current position in the bitstream is on a byte boundary, i.e., the next bit.inthe bitstream is the first pit in a
byt¢, 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 Anndx B, is
specified as follows.

— If njore data follow in the byte stream, the return value ofithore data in_byte stream( ) is equal to TRUE
—  Otherwise, the return value of more data in byte stream( ) is equal to FALSE.

more_rbsp_dlata( ) is specified as follows.
— Ifthere is no more data in the RBSP, the returf’value of more rbsp data( ) is equal to FALSE.

—  Otherwise, the RBSP data is searchedsfor the last (least significant, right-most) bit equal to 1 that is prgsent in
the [RBSP. Given the position of this-bit, which is the first bit (rbsp_stop one bit) of the rbsp_trailing| bits( )
syntax structure, the following applies.

— |If there is more data in°an RBSP before the rbsp trailing bits() syntax structure, the return vilue of
more rbsp data( ) is.equal to TRUE.

— |Otherwise, the retumn 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 application (or
in Anneix B for applications that use the byte stream format).

more_rbsp_frailing ,data( ) is specified as follows.

— If thereys 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 comparison purposes, without advancing the bitstream pointer.
Provides a look at the next n bits in the bitstream with n being its argument. When used within the byte stream as
specified 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. When n is
equal 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 the partitioning of slice data into at most three slice data partitions. Slice
data partition A contains all syntax elements of category 2. Slice data partition B contains all syntax elements of
category 3. Slice data partition C contains all syntax elements of category 4. The meaning of other category values is not
specified. For some syntax elements, two category values, separated by a vertical bar, are used. In these cases, the
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category value to be applied is further specified in the text. For syntax structures used within other syntax structures, the
categories of all syntax elements found within the included syntax structure are listed, separated by a vertical bar. A
syntax element or syntax structure with category marked as "All" is present within all syntax structures that include that
syntax element or syntax structure. For syntax structures used within other syntax structures, a numeric category value
provided in a syntax table at the location of the inclusion of a syntax structure containing a syntax element with category
marked as "All" is considered to apply to the syntax elements with category "All".

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

ae(v): context-adaptive arithmetic entropy-coded syntax element. The parsing process for this descriptor is

Specified T subctause 9737

b(8): byte having any pattern of bit string (8 bits). The parsing process for this descriptor-isisp
return value of the function read_bits( 8 ).

ce(v): context-adaptive variable-length entropy-coded syntax element with the left bit'first. The p
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 parsi
this descriptor is specified by the return value of the function read bits( n ).

[[])

i(n): signed integer using n bits. When n is "v" in the syntax tablejsthe number of bits varies
dependent on the value of other syntax elements. The parsing process for this descriptor is sp
return value of the function read bits( n ) interpreted as a two’S-complement integer representat
significant bit written first.

me(v): mapped Exp-Golomb-coded syntax element with<he Ieft bit first. The parsing process for
is specified in subclause 9.1.

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

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

u(n): unsigned integer using n bits. \When n is "v" in the syntax table, the number of bits varie
dependent on the value of othersyntax elements. The parsing process for this descriptor is sp
return value of the function read bits( n ) interpreted as a binary representation of an unsigned intg
significant bit written first.

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

ecified by the

hrsing process

hg process for

in a manner
bcified by the
on with most

his descriptor

ocess for this

s descriptor is

5 in a manner
bcified by the
ger with most

ocess for this
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7.3 Syntax in tabular form

7.3.1  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(5)

NumBytesInRBSP =0

a1 daeDat 1
TAaroTmrIcautIIr y oS T

if( nal unit type == 14 || nal unit type == 20) {

svc_extension_flag All | u(l)

if( sve_extension_flag )

nal unit header svc extension( ) /* specified in Annex G */ All
else
nal_unit header mvc_extension( ) /* specified in Annex H */ All

nalUnitHeaderBytes += 3

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

if(i + 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)

7.3.2  Rayw byte sequence payloads and RBSP trailing bits syntax

7.3.2.1 Sefguence parameter set RBSP syntax

seq_parameterset rbsp( ) { C | Descriptor

seq_parameter set data( )

o ©

rbsp, ‘trailing_bits( )
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7.3.2.1.1 Sequence parameter set data syntax

seq_parameter set data( ) { C | Descriptor
profile_idc 0 | u®)
constraint_set()_flag 0 [u)
constraint_setl flag 0 | uwl
constraint_set2 flag 0 [u)
constraint_set3 flag 0 | uwl
constraint_set4 flag 0 |u)
reserved_zero_3bits /* equal to 0 */ 0 | u®3
level idc 0 | u(g)
seq_parameter_set_id 0~ ve(v)
if( profile idc == 100 || profile idc == 110 ||
profile idc == 122 || profile idc == 244 || profile idc == 44 ||
profile idc == 83 || profile idc == 86 || profile idc == 118) {
chroma_format_idc 0 | ue(v)
if( chroma_format idc == 3)
separate_colour_plane_flag 0 | uwl
bit_depth_luma_minus8 0 | ue(v)
bit_depth_chroma_minus8 0 | ue(v)
qpprime_y_zero_transform_bypass_flag 0 [ u)
seq_scaling_matrix_present_flag 0 | uwl
if( seq_scaling_matrix_present flag)
for(i=0;1<((chroma format idc 1="3)?78:12);i++) {
seq_scaling list_present flagfi.] 0 | uwl
if( seq_scaling_list_present-flag[i])
if(i<6)
scaling_list( SealingList4x4[ i ], 16, 0
UseDefaultScalingMatrix4x4Flag[ i ])
else
scaling_list( ScalingList8x8[ 1 — 6 ], 64, 0
UseDefaultScalingMatrix8x8Flag[ i— 6] )
}
H
log2imax_frame num_minus4 0 | ue(v)
pic-order_cnt_type 0 | 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_pic_order_always zero_flag 0 | uwl
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(1=0;1<num_ref frames in pic order cnt cycle; i++)
offset_for ref frame[i] 0 | se(v)
}
max_num_ref frames 0 | ue(v)
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gaps_in_frame num_value_allowed_flag 0 | uwl)
pic_width_in_mbs_minusl 0 | ue(v)
pic_height in_map_units_minusl 0 | ue(v)
frame_mbs_only flag 0 |uwl
if( !frame _mbs_only flag)
mb_adaptive frame_field flag 0 |uwl
direct_8x8 inference_flag 0 |ul)
frame_cropping_flag 0 |uwl
if( frame_cropping_flag ) {
frame_crop_left offset 0 | ue(v)
frame_crop_right_offset 0 | ue(v)
frame_crop_top_offset 0 | ue(y)
frame_crop_bottom_offset 0 |ue(v)
}
vui_parameters_present flag 0 | u(l)
if( vui_parameters_present_flag )
vui_parameters( ) 0
H
7.3.2.1.1.1 [ Scaling list syntax
scgling_list( scalingList, sizeOfScalingList, useDefaultScalingMatrixFlag ) { C | Descriptor
JastScale = 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)
H
scalingList[ j ]& (nextScale == 0) ? lastScale : nextScale
lastScale =sscalingList[ j ]
H
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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_incr_flag 10 | u(l)
alpha_opaque_value 10 | u(v)
alpha_transparent_value 10 | u(v)
}
additional_extension_flag 10~ u(1)
rbsp_trailing_bits( ) 10
H
1.3 Subset sequence parameter set RBSP syntax
subset_seq parameter set rbsp() { C | Descriptor
seq_parameter set data( ) 0
if( profile idc == 83 || profile_idc == 86) {
seq parameter set svc_extension( ) /* specifiéd in Annex G */
sve_vui_parameters_present_flag u(l)
if( sve_vui_parameters_present flag. =< 1)
sve_vui_parameters_extension( ), /* specified in Annex G */ 0
} else if( profile_idc == 118) {
bit_equal_to_one /* equalto 1 */ 0 | f(D)
seq parameter set mvelextension( ) /* specified in Annex H */ 0
mvc_vui_parameters present_flag u(l)
if( mvc_vui_parameters present flag == 1)
mvc_vui~parameters_extension( ) /* specified in Annex H */ 0
}
additional_extension2_flag 0 | ul)
if(;additional extension2 flag == 1)
while( more rbsp_data( ) )
additional_extension2_data_flag 0 | ul)
I‘pr_lldﬁillg_bilb{} 0
}
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7.3.2.2 Picture parameter set RBSP syntax

44

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| uwl)
bottom_field pic_order_in_frame 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 minusl; iGroup++ )
run_length_minus1[ iGroup ] 1 | ue(v)
else if( slice_group _map _type == 2)
for( iGroup = 0; iGroup < num_slice_groups_minus1; iGroup++) {
top_left[ iGroup | 1 | ue(v)
bottom_right[ iGroup | 1 | ue(v)
H
else if( slice_group map type == 3 ||
slice_group_map type == 4 ||
slice_group map type == 5) {
slice_group change_direction_flag 1| uwl)
slice_group_change_rate_minusl 1 | ue(v)
} else if( slice_group _map type == 6) {
pic_size in_map_units_minusl 1 | ue(v)
for(i=0;1<=pic_size in_map_units<minusl; i++ )
slice_group _id[i] 1| uv)
H
i
num_ref idx_10_default_active_minusl 1 | ue(v)
num_ref idx 11_default_active_minusl 1 | ue(v)
weighted_pred_flag 1 | u(l)
weighted_bipred idc 1 | u?
pic_init_qp_minus26 /* relative to 26 */ 1 | se(v)
pic_init\gs’ 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 | u(l)
redundant_pic_cnt_present_flag 1 | u(l)
if( more_rbsp data()) {
transform_8x8 mode_flag 1 | u(l)
pic_scaling_matrix_present_flag 1 | u(l)
if( pic_scaling_matrix_present_flag )
for(i=0;i<6+
( (chroma_format idc !'= 3)?2:6) * transform_8x8 mode_ flag;
i++) {
pic_scaling_list _present_flag[ i ] 1 | u(l)
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if( pic_scaling_list present flag[i])

if(i<6)

scaling_list( ScalingList4x4[ i ], 16,
UseDefaultScalingMatrix4x4Flag[i])

else

scaling_list( ScalingList8x8[ 1 — 6 ], 64,
UseDefaultScalingMatrix8x8Flag[ i— 6] )

}

second_chroma_qp_index_offset

1 | se(v)

I

rbsp_trailing_bits( )

7.3.2{3 Supplemental enhancement information RBSP syntax

sei_rbsp() {

C | Descriptor

do

sei_message( ) 5
while( more rbsp_data( ) )
rbsp_trailing_bits( ) 5

7.3.2{3.1 Supplemental enhancement information message syntax

sei_message( ) {

C | Descriptor

payloadType =0

while( next_bits(8 ) = =-0xFF ) {

ff_byte /* equal to-OXFF */

5 | f(8)

payloadType +=255

}

last_paylaad type byte

5 u(8)

payloadLype += last_payload type byte

payloadSize = 0

while( next_bits( 8 ) == O0xFF ) {

ff_byte /* equal to OxFF */

5 [ 8)

1 1o 5
PAaylOdUoIZC 7= 200

}

last_payload_size byte

5 [u®)

payloadSize += last_payload size byte

sei_payload( payloadType, payloadSize )
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7.3.2.4

7.3.2.5

7.3.2.6

7.3.2.7

7.3.2.8

46

Access unit delimiter RBSP syntax

access_unit_delimiter rbsp( ) {

C | Descriptor

primary_pic_type

(o)}

u(3)

rbsp_trailing_bits( )

End of sequence RBSP syntax

cn

l of seq rbsp() {

C | Descriptor.

En

d of stream RBSP syntax

€n

H of stream rbsp( ) {

C | Descriptor

Fi

ler data RBSP syntax

fi

=
—_

er_data rbsp() {

C | Descriptor

while( next bits( 8 ) == OxFF)

ff_byte /* equal to OxFF */

f(8)

rbsp_trailing_bits( )

Slice layer without partitioning RBSP syntax

—_—
=y

S

ite layer without partitioning rbsp( ) {

C Descriptor

slice_header( ) 2
slice_data( 9 //*all categories of slice data( ) syntax */ 2134
rbsp_sliee-trailing_bits( ) 2
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7.3.2.9 Slice data partition RBSP syntax

7.3.2.9.1 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

3

;

7.3.2{9.2 Slice data partition B RBSP syntax

slice_data_partition b _layer rbsp() { C | Descriptor

slice_id All | ue(v)
if( separate_colour plane flag == 1)

colour_plane_id All | u(2)
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

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( separate_colour plané flag == 1)
colour_planeid All | u(2)
if( redundant pie_cnt present flag)
redundant_pic_cnt All | ue(v)
slice -data( ) /* only category 4 parts of slice_data( ) syntax */ 4
rb§p)slice trailing bits( ) 4

7.3.2.10 RBSP slice trailing bits syntax

rbsp_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)
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7.3.2.11

7.3.2.12

7.3.2.13

48

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)

Prefix NAL unit RBSP syntax

pr¢fix _nal unit rbsp() {

C | Descriptor

if( sve_extension_flag)

prefix_nal unit sve() /* specified in Annex G */

Slice layer extension RBSP syntax

slige layer extension_rbsp( ) { C Descriptor
if( sve_extension_flag) {
slice_header in_scalable extension( ) /* specified in"Annex G */ 2
if( !slice_skip flag)
slice_data_in_scalable extension( ) /* specified in Annex G */ 2134
} else {
slice_header( ) 2
slice_data() 2134
}
rbsp_slice trailing_bits( ) 2
}
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7.3.3  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)
if( separate_colour plane flag == 1)
colour_plane_id 2 | u®?)
frame_num 2 | uv)
if( !frame mbs only flag) {
field_pic_flag 2 LAy
if( field pic flag)
bottom_field_flag 2% [ u(l)
H
if( IdrPicFlag )
idr_pic_id 2 | ue(v)
if( pic_order _cnt type == 0) {
pic_order_cnt_Isb 2 | u(v)
if( bottom field pic order in frame present flag &&¢!field pic flag)
delta_pic_order_cnt_bottom 2 | se(v)
H
if( pic_order_cnt_type == 1 && !delta_pic_order “always zero flag) {
delta_pic_order_cnt[ O ] 2 se(v)
if( bottom_field pic order in_frameypresent flag && !field pic flag)
delta_pic_order_cnt[ 1] 2 se(v)
H
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_typer=<= P || slice type == SP || slice type == B) {
num_ref_idx_active_override flag 2 | u(l)
ifCnum_ ref idx active override flag) {
num_ref idx 10 _active minusl 2 | ue(v)
if( slice_type == B)
num_ref idx 11_active minusl 2 | ue(v)
¥
H
if( nal_unit_type == 20)
ref pic_list mvc modification( ) /* specified in Annex H */
else
ref pic_list_modification( ) 2
if( ( weighted pred flag && (slice type == P || slice type == SP)) ||
( weighted bipred idc == 1 && slice type == B))
pred_weight table( ) 2

if( nal ref idc!=0)
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50

dec_ref pic_marking() 2
if( entropy coding mode flag && slice type != 1 && slice type != SI)
cabac_init_idc ue(v)
slice_qp_delta se(v)
if( slice type == SP || slice type == SI) {
if( slice_type == SP)
sp_for_switch_flag 2 | u(l)
slice_qs_delta 2 | se(v)
}
if( deblocking_filter control present flag) {
disable_deblocking_filter idc 2 | ue(v)
if( disable deblocking_filter idc != 1) {
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)

© ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=92f5e1be16847efa8d09b895b0af51ed

ISO/IEC 14496-10:2009(E)

7.3.3.1 Reference picture list modification syntax

ref pic_list modification( ) { C | Descriptor
if( slice type % 5 = 2 && slice type % 5 = 4) {
ref pic_list modification_flag 10 2 | u(l)
if( ref pic_list modification flag 10)
do {
modification_of pic_nums_idc 2 ue(v)
if( modification_of pic nums_idc == 0 ||
modification of pic nums idc == 1)
abs_diff pic_num_minusl 2 | ue(®)
else if( modification of pic nums idc == 2)
long_term_pic_num 2. ue(v)
} while( modification of pic nums_idc != 3)
H
if( slice type %5 == 1) {
ref_pic_list_modification_flag 11 2 | u(l)
if( ref pic_list_modification flag 11 )
do {
modification_of pic_nums_idc 2 | ue(v)
if( modification of pic nums idc == 0 |}
modification of pic nums idc == 1)
abs_diff pic_num_minusl 2 | ue(v)
else if( modification of pic nums 1d¢’== 2)
long_term_pic_num 2 | ue(v)

} while( modification_of pic nums idc != 3)
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7.3.3.2 Prediction weight table syntax

pred weight table( ) { C | Descriptor
luma_log2 weight_denom 2 | ue(v)
if( ChromaArrayType != 0)
chroma_log2 weight denom 2 | ue(v)
for(1=0;1i<=num_ref idx 10 active minusl; i++) {
luma_weight 10 flag 2 | uwl)
if( luma_weight 10 flag) {
luma_weight 10[ 1 | 2 | se(v)
luma_offset 10] 1] 2 | se(v)
§
if ( ChromaArrayType != 0) {
chroma_weight 10 flag 2, “Hhu(l)
if( chroma_weight 10 flag)
for(j=0;j<2;j++) {
chroma_weight 10[i][; ] se(Vv)
chroma_offset 10[i][;] ] se(Vv)
H
H
i
if( slice type %5 == 1)
for(i=0;1<=num_ref idx 11 active minusl; i+ {
luma_weight 11 _flag 2 | u(l)
if( luma_weight 11 _flag) {
luma_weight 11] i | 2 | se(v)
luma_offset 11]1] 2 | se(v)
H
if( ChromaArrayType(!=+0) {
chroma_weight 11_flag 2 {uwl)
if( chroma_weight 11 _flag)
for(j =075 <2;j++){
chroma_weight 11[1][j ] 2 | se(v)
chroma_offset 11[1i][j] 2 | se(v)
}
§
j
i

52
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Decoded reference picture marking syntax
dec_ref pic_marking() { C | Descriptor
if( IdrPicFlag ) {
no_output_of prior_pics_flag 215 | ul)
long_term_reference_flag 215 | ul)
} else {
adaptive ref pic_marking mode flag 215 | u(l)
if( adaptive ref pic_marking mode flag)
do {
memory_management_control_operation 2|5 | uetw)
if( memory management control operation == 1 ||
memory management control operation == 3)
difference_of pic_nums_minusl 2|5 | 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 2|5 | ue(v)
if( memory management _control_operation == 4 )
max_long term_frame idx_plusl 2|5 | ue(v)
} while( memory management control operdation != 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)
firstMbAddr = first mb_in_slice * ( 1 + MbaffFrameFlag )
CurrMbAddr = firstMbAddr
moreDataFlag = 1
prevMbSkipped = 0
do {
if( slice type != 1 && slice type != SI)
if( !entropy_coding mode flag) {

mb_skip_run 2 ue(v)

prevMbSkipped = ( mb_skip run>0)

for( i=0; i<mb_skip run; i++)
CurrMbAddr = NextMbAddress( CurrMbAddr )

if( CurrMbAddr != firstMbAddr || mb_skip run>0)
moreDataFlag = more rbsp data( )

} else {
mb_skip_flag 2 ae(v)

moreDataFlag = !Imb_skip flag
H
if( moreDataFlag ) {

if( MbaffFrameFlag && ( CurrMbAddin% 2 == 0 ||
( CurrMbAddr % 2 == 1 &&-prevMbSkipped ) ))
mb_field_decoding_flag 2 u(l) | ae(v)
macroblock layer( ) 21314

}
if( !entropy coding mode-flag )

moreDataFlag =amore rbsp data( )

else {
if( slice .type = 1 && slice type != SI)
prevMbSkipped = mb_skip flag
ift MbaffFrameFlag && CurrMbAddr %2 == 0)
moreDataFlag = 1

else {

end_of slice flag 2 ae(v)

moreDataFlag = lend_of slice flag

H
CurrMbAddr = NextMbAddress( CurrMbAddr )

} while( moreDataFlag )
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macroblock_layer( ) {

C | Descriptor

mb_type

2 ue(v) | ae(v)

ifl mb_type == 1 PCM)) {

while( !byte aligned( ) )

pcm_alignment_zero_bit

3 ()

for(i=0;1<256;i++)

pem_sample lumal i ]

3 u(v)

for(i=0;i<2 * MbWidthC * MbHeightC; i++ )

pcem_sample chromal i ]

3 u(v)

} else {

noSubMbPartSizeLessThan8x8Flag = 1

if(mb_type != I NxN &&
MbPartPredMode( mb_type, 0) != Intra 16x16 &&
NumMbPart( mb type) == 4) {

sub_mb_pred( mb_type )

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

if( sub_mb_type[ mbPartldx | != B_Direct 8x8) {

if( NumSubMbPart( sub_mb_type[ mbPartldx ]9, > 1)

noSubMbPartSizeLessThan8x8Flag = 0

} else if( !direct 8x8 inference flag)

noSubMbPartSizeLessThan8x8Flag=\0

} else {

if( transform 8x8 mode flag &&\mb type == 1 NxN)

transform_size 8x8 flag

2 u(l) | ae

<

)

mb_pred( mb_type )

}

if( MbPartPredMode(@b_type, 0) != Intra 16x16) {

coded_block_paftern

2 me(v) | ap(v)

if( CodedBleckPatternLuma > 0 &&
trangform 8x8 mode flag && mb type !'= I NxN &&
ndSubMbPartSizeLessThan8x8Flag &&
(\mb _type != B Direct 16x16 || direct 8x8 inference flag))

transform_size 8x8 flag

2 u(l) | ae(v)

4

if( CodedBlockPatternLuma > 0 || CodedBlockPatternChroma >0 ||
MbPartPredMode( mb type, 0) == Intra 16x16) {

mb_qp_delta

2 se(v) [ae(v)

residual( 0, 0, 15)

314
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7.3.5.1

56

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

prev_intradx4 pred_mode flag| luma4x4BIkIdx |

2 | u(l)]ae(v)

if( 'prev_intradx4 pred mode flag] lnmadx4BIkIdx ] )

rem_intra4dx4_pred_mode| luma4x4BlkIdx ]

2 | u@3)|ae(v)

}

if( MbPartPredMode( mb_type, 0 ) == Intra 8x8 )

for( luma8x8Blkldx=0; luma8x8Blkldx<4; luma8x8BIlkIdx++) {

prev_intra8x8 pred_mode flag| luma8x8BIkIdx |

2 nu(l) | ae(v)

if( !prev_intra8x8 pred mode flag[ luma8x8Blkldx | )

rem_intra8x8 pred_mode[ luma8x8BlkIdx ]

2 | u@3)|ae(v)

}

if( ChromaArrayType == 1 || ChromaArrayType == 2)

intra_chroma_pred_mode

2 | ue(v) | ae(v)

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

for( mbPartldx = 0; mbPartldx < NumMbPart( mb_typé\);) mbPartldx++)

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

ref_idx_10[ mbPartldx ]

2 | te(v) | ae(v)

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

if( (num_ref idx 11 _active minusi*> 0 ||
mb_field decoding flag. (= field pic flag) &&
MbPartPredMode( mb_type, mbPartldx ) != Pred L0 )

ref_idx_11[ mbPartldx\]

2 | te(v) | ae(v)

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

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

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

mvdl0[ mbPartldx |[ 0 ][ compldx |

2 | se(v) | ae(v)

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

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

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

mvd_11[ mbPartIdx ][ 0 ][ compldx ]

2 | se(v)|ae(v)

© ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=92f5e1be16847efa8d09b895b0af51ed

7.3.5.2 Sub-macroblock prediction syntax

ISO/IEC 14496-10:2009(E)

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 != field pic flag) &&
mb_type != P_8x8ref0 &&
sub _mb typel mbPartldx ] = B Direct 8x8 &&

SubeI;redMode( subfmbftype[imbPartildx ]) !'= Pred L1)

ref_idx_l0[ mbPartldx |

2 | te(v)Jag(v)

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

if( (num_ref idx 11 _active minusl > 0 ||
mb_field decoding flag != field pic flag) &&
sub_mb_type[ mbPartldx ] != B Direct 8x8 &&
SubMbPredMode( sub_mb_type[ mbPartldx ]) != Pred LO)

ref_idx_11[ mbPartldx ]

2 | te(v) | ag(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+4 )

mvd_l10[ mbPartldx |[ subMbPartldx)|[ compldx ]

2 | se(v)|ag(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( sub mb_type[ mbPartldx ] );
subMbPartIdx+1)

for( compldx = Qs Compldx < 2; compldx++)

mvd_l1[-mbPartldx |[ subMbPartldx ][ compldx ]

2 | se(v)|ag(v)
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Residual data syntax

residual( bmFlag, startldx, endldx ) {

C Descriptor

if( !entropy_coding_mode flag)

residual_block = residual block cavlc

else

residual_block = residual block cabac

residual luma( i16x16DClevel, i16x16AClevel, level, level8x8,
bmFlag, startldx, endIdx )

314

Intralox16DCLevel =1106x16DClevel

Intral6x16ACLevel = 116x16AClevel

LumaLevel = level

LumaLlevel8x8 = level8x8

if( ChromaArrayType == 1 || ChromaArrayType == 2) {

NumC8x8 =4 / ( SubWidthC * SubHeightC )

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

if( ( CodedBlockPatternChroma & 3 ) && startldx == 0)
/* chroma DC residual present */

residual_block( ChromaDCLevel[ iCbCr ], 0, 4 * NumC8x8§8 =1,
4 * NumC8x8 )

34

else

for(i=0;1<4 * NumC8x8; i++)

ChromaDCLevel[ iCbCr ][ 1] =0

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

for( i8x8 = 0; i18x8 < NumC8x8; i8x8++ )

for( idx4 = 0; i4x4 < 4; i4x4++)

if( ( CodedBlockPatternChroma & 2 ) && endldx >0)
/*¢hroma AC residual present */

residual block( ChromaACLevel[ iCbCr ][ i8x8*4+i4x4 ],
max(-0, startldx — 1), endldx — 1, 15)

314

else

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

ChrofmaACLevel[ iCbCr ][ i8x8*4+id4x4 ][1]=0

} else if( ChromaArrayType == 3) {

residual luma(i16x16DClevel, i16x16AClevel, level, level8x8,
bmFlag, startldx, endldx )

314

CbIntral6x16DCLevel = 116x16DClevel

CbIntral6x16ACLevel = i16x16AClevel

CbLevel = level

CbLevel8x8 = level8x8

residual luma( i116x16DClevel, i16x16AClevel, level, level8x8,
bmFlag, startldx, endIdx )

314

CrIntral6x16DCLevel = i16x16DClevel

CrIntral6x16ACLevel = 116x16AClevel

CrLevel = level

CrLevel8x8 = level8x8
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residual luma( i116x16DClevel, i16x16AClevel, level, level8x8,
bmFlag, startldx, endldx ) {

Descriptor

if( !lentropy_coding _mode flag)

residual_block = residual block cavlc

else

residual_block = residual block cabac

if( lbmFlag && startldx == 0 &&
\ﬂhparﬂ)rprﬂ\ﬂnﬂp( mb fvpp7 Q ) == Intra 1l6x16 )

residual_block( i16x16DClevel, 0, 15, 16 )_

for(18x8 = 0; 18x8 < 4; i18x8++)

if( Itransform_size 8x8 flag || !entropy coding mode flag)

for( i4x4 = 0; i4x4 < 4; i4x4++) {

if( CodedBlockPatternLuma & ( 1 <<i8x8))

if( lbmFlag && endldx >0 &&
MbPartPredMode( mb type, 0 ) == Intra 16x16)

residual_block( i16x16AClevel[i8x8*4+ i4x4],
max( 0, startldx — 1), endldx — 1,1%)

else

residual_block( level[ i8x8 * 4 + 14x4 ], startldx; endIdx, 16)

314

else if( !bmFlag &&
MbPartPredMode( mb_type, 0) == Intra 16x16)

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

i16x16AClevel[ i8x8 * 4 + i4x4-}i] =0

else

for(i=0;1<16;i++)

level[ i8x8 * 4 + i4x4[1]=0

if( lentropy coding, mede flag && transform size 8x8 flag)

for(i=0;1< 16;it++)

level8x8[18X8 [ 4 * i + idx4 | = level[ i8x8 * 4 + i4x4 ][ ]

}

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

resid@al block( level8x8[ i8x8 ], 4 * startldx, 4 * endldx + 3, 64 )

314

else

for(1=0;1<64;i1++)

level8x8[ i8x8 J[1]=0
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7.3.5.3.2 Residual block CAVLC syntax

residual block cavlc( coeffLevel, startldx, endldx, maxNumCoeff') { C | Descriptor

for( 1= 0; i < maxNumCoeff; i++)
coeffLevel[1]=0

coeff token 314 | 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 ); i++)
if( 1 < TrailingOnes( coeff token)) {

trailing_ones_sign_flag 31408 u(1)
level[ i]=1—2 * trailing_ones_sign flag

}else {
level_prefix 314 | ce(v)

levelCode = ( Min( 15, level prefix ) << suffixLength )
if( suffixLength >0 || level prefix >=14) {
level _suffix 314 | u®v)
levelCode += level suffix
H
if( level prefix >= 15 && suffixLength¢="50)
levelCode += 15
if( level prefix >= 16)
levelCode += (1 << ( level prefix —3) ) — 4096

if(1 == TrailingOnes( coeff_token ) &&
TrailingOnes( coeff token) <3 )
levelCode += 2

if( levelCode % 2 £=5M0)

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

level[ .= (—levelCode — 1) >>1
if( suffixLength == 0)

suffixLength =1

if( Abs(level[i]) > (3 <<(suffixLength—1)) &&
suffixLength <6 )
suffix] ength++

}
if( TotalCoeff( coeff token ) < endldx — startldx + 1) {

total_zeros 314 | ce(v)

zerosLeft = total zeros

} else

zerosLeft =0
for(1=0; 1< TotalCoeff( coeff token)—1;it++) {
if( zerosLeft>0) {

run_before 314 | ce(v)
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run[ i ] = run_before

} else

run[i]=0

zerosLeft = zerosLeft — run[ 1 ]

}

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

coeffNum = —1

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

coeffNum+=run[i]+ 1

coeffLevel[ startldx + coeffNum ] = level[ i ]

3.3 Residual block CABAC syntax

residual_block cabac( coeffLevel, startldx, endIdx, maxNumCoeff)\{

Descript

if maxNumCoeff != 64 || ChromaArrayType == 3)

coded_block flag

314

ae(v)

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

coeffLevel[1]=0

if( coded_block flag) {

numCoeff = endldx + 1

i = startldx

do {

significant_coeff flag[i |

34

ae(v)

if( significant coeff flagfi]) {

last_significant(coeff flag[i ]

314

ae(v)

if( last_significant coeff flag[i])

numCoeff=1+1

}

it

tyhile(1 < numCoeff— 1)

coeff_abs level minusl[ numCoeff — 1 ]

3[4

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( i=numCoeff—2;1>=0;i——)

if( significant coeff flag[i]) {

coeff_abs_level minusl|i]

314

ae(v)

coeff_sign_flag[i]

314

ae(v)

coeffLevel[ i | = ( coeff _abs level minusl[i]+1)*
(1—2 *coeff sign flag[i])
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7.4

Semantics associated with the syntax structures and with the syntax elements within these structures are specified in this
subclause. When the semantics of a syntax element are specified using a table or a set of tables, any values that are not
specified in the table(s) shall not be present in the bitstream unless otherwise specified in this Recommendation |

Semantics
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in Annex G that are decoded using the decoding process specified in Annex G and for coded video sequences conforming
to one or more of the profiles specified in Annex H that are decoded using the decoding process specified in Annex H,
VCL and non-VCL NAL units are specified in Table 7-1 in the column labelled "Annex G and Annex H NAL unit type
class". The entry "suffix dependent" for nal_unit_type equal to 14 is specified as follows.

If the NAL unit directly following in decoding order a NAL unit with nal_unit_type equal to 14 is a NAL unit with
nal_unit_type equal to 1 or 5, the NAL unit with nal unit_type equal to 14 is a VCL NAL unit.

Otherwise (the NAL unit directly following in decoding order a NAL unit with nal unit type equal to 14 is a NAL
unit with nal unit type not equal to 1 or 5), the NAL unit with nal unit type equal to 14 is a non-VCL NAL unit.
Decoders that conform to this Recommendation | International Standard shall ignore (remove from the bitstream and
discard) the NAL unit with nal unit_type equal to 14 and the NAL unit directly following (in decoding order) the
NAL unit with nal_unit_type equal to 14.
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Table 7-1 — NAL unit type codes, syntax element categories, and NAL unit type classes

ISO/IEC 14496-10:2009(E)

nal_unit_type Content of NAL unit and RBSP syntax structure C Annex A | Annex G
NAL unit and
type class | Annex H
NAL unit
type class
0 Unspecified non-VCL | non-VCL
1 Coded slice of a non-IDR picture 2,3,4 VCL VCL
slice layer without partitioning_rbsp( )
2 Coded slice data partition A 2 VCL not
slice_data_partition_a layer rbsp() applicable
3 Coded slice data partition B 3 V.CL not
slice_data_partition b _layer rbsp() applicable
4 Coded slice data partition C 4 VCL not
slice _data_partition c layer rbsp() applicable
5 Coded slice of an IDR picture 2,3 VCL VCL
slice layer without partitioning_ rbsp( )
6 Supplemental enhancement information (SEI) 5 non-VCL || non-VCL
sei_rbsp()
7 Sequence parameter set 0 non-VCL || non-VCL
seq_parameter_set rbsp( )
8 Picture parameter set 1 non-VCL || non-VCL
pic_parameter_set_rbsp( )
9 Access unit delimiter 6 non-VCL || non-VCL
access_unit_delimiter_rbsp( )
10 End of sequence 7 non-VCL || non-VCL
end_of seq rbsp()
11 End of stream 8 non-VCL || non-VCL
end of stream.rbsp( )
12 Filler data 9 non-VCL || non-VCL
filler data_rbsp()
13 Sequence parameter set extension 10 non-VCL || non-VCL
seq-parameter_set_extension_rbsp( )
14 Prefix NAL unit 2 non-VCL suffix
prefix_nal unit_rbsp() dependent
15 Subset sequence parameter set 0 non-VCL || non-VCL
subset_seq parameter_set_rbsp( )
16..18 Reserved non-VCL | non-VCL
19 Coded slice of an auxiliary coded picture without partitioning | 2,3,4 | non-VCL | non-VCL
slice layer without partitioning_rbsp( )
20 Coded slice extension 2,3,4 | non-VCL VCL
slice layer extension_rbsp( )
21..23 Reserved non-VCL | non-VCL
24.31 Unspecified non-VCL | non-VCL
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NAL units having nal unit_type equal to 13 or 19 may be discarded by decoders without affecting the decoding process
for NAL units having nal unit type not equal to 13 or 19 and without affecting conformance to this
Recommendation | International Standard.

NAL units having nal unit_type equal to 14, 15, or 20 may be discarded by decoders without affecting the decoding
process for NAL units having nal_unit_type not equal to 14, 15, or 20 and without affecting conformance to profiles
specified in Annex A.

NAL units that use nal unit type equal to 0 or in the range of 24..31, inclusive, shall not affect the decoding process
specified in this Recommendation | International Standard.

NOTE 2 — 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. Since different applications might use NAL unit types

0 and 24,
nal_unit {
with nal

Decoders sh
nal unit_typ|
NOTE 3
NOTE 4
of these ]
specified.
become 1

consideras
Standard 1

In the text, g
an IDR picty

Idrk

When the va
not contain ]

ype equal to 0 or in the range of 24 to 31, inclusive, and in the design of decoders that interpret the content of.IN/
init_type equal to 0 or in the range of 24 to 31, inclusive.

h1l ignore (remove from the bitstream and discard) the contents of all NAL units that use reserved v3
.

In previous editions of this Recommendation | International Standard, the NAL unit types,18%15 and 19..20 (or

NAL unit types) were reserved and no decoding process for NAL units having these ‘values of nal unit_ty
In later editions of this Recommendation | International Standard, currently reseryed values of nal unit typ
on-reserved and a decoding process for these values of nal unit_type might be/specified. Encoders should t
ion that the values of nal unit type that were reserved in previous editions‘\0f ‘this Recommendation | Inter]
might be ignored by decoders.

oded slice NAL unit collectively refers to a coded slice of a non<dDR picture NAL unit or to a coded
re NAL unit. The variable IdrPicFlag is specified as

PicFlag = ( (nal unit type 5)?71:0)

lue of nal unit type is equal to 5 for a NAL unit containing a slice of a particular picture, the pictu
NAL units with nal _unit_type in the range of \to4, inclusive. For coded video sequences conforming

or more of the profiles specified in Annex A that are deceded using the decoding process specified in clauses 2-9,

picture is ref
NOTE 5

sve_extensig
follow next

The value d
specified in
bitstream an
to 0.

The value d
specified in
bitstream an
to 1.

lerred to as an IDR picture.

Slice data partitioning cannot be used for IDR pictures.

pn_flag indicates whether a nal, unit header svc extension() or nal unit header mvc extension
n the syntax structure.

f svc_extension flag shall be equal to 1 for coded video sequences conforming to one or more |
Annex G. Decoders conforming to one or more profiles specified in Annex G shall ignore (remove i
 discard) NAL units for which nal unit_type is equal to 14 or 20 and for which svc_extension_flag i

f svc_extension® flag shall be equal to 0 for coded video sequences conforming to one or more |
Annex H¢Decoders conforming to one or more profiles specified in Annex H shall ignore (remove fi
1 discard).NAL units for which nal_unit_type is equal to 14 or 20 and for which svc_extension_flag i

its with
AL units

lues of

This requirement allows future definition of compatible extensions to this Recommendation | daternational Standard.
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rbsp_byte|

The RBSP contains an SODB as follows.

If the SODB is empty (i.e., zero bits in length), the RBSP is also empty.

ise, the RBSP contains the SODB as follows:

The first byte of the RBSP contains the (most significant, left-most) eight bits of the SODB; the next byte of

the RBSP shall contain the next eight bits of the SODB, etc., until fewer than eight bits of the SODB remain.

—  Otherw
1)
2)
i)
ii)

64

rbsp_trailing_bits( ) are present after the SODB as follows:

The first (most significant, left-most) bits of the final RBSP byte contains the remaining bits of the
(if any).
The next bit consists of a single rbsp_stop_one_bit equal to 1.
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iii) When the rbsp stop one bit is not the last bit of a byte-aligned byte, one or more

rbsp_alignment zero bit is present to result in byte alignment.

rbsp_trailing_bits( ) at the end of the RBSP.

One or more cabac zero word 16-bit syntax elements equal to 0x0000 may be present in some RBSPs after the

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

NOTE 6 — When the boundaries of the RBSP are known, the decoder can extract the SODB from the RBSP by concatenating the

bits of the bytes of the RBSP and discarding the rbsp_stop one_bit, which is the last (least significant, right-most) bit equal to 1,
and discarding any following (less significant, farther to the right) bits that follow it, which are equal to 0. The data necessary for

thfsnm.m_wmummmms_mﬁ_mrt of the RBSP
emulption_prevention_three byte is a byte equal to 0x03. When an emulation_prevention three byteis

NAL
The 1
With
With
occuf

N
th
e

7.4.1
This
The
encaf
— 1
— 1
1

- 1

The @

unit, it shall be discarded by the decoding process.
hst byte of the NAL unit shall not be equal to 0x00.

n the NAL unit, the following three-byte sequences shall not occur at any byte-aligned position:
x000000
x000001
x000002

n the NAL unit, any four-byte sequence that starts with 0x000003. ‘other than the following seque
at any byte-aligned position:

x00000300
x00000301
x00000302
x00000303

DTE 7 — When nal_unit_type is equal to 0, particular.€are must be exercised in the design of encoders to avoid
b above-listed three-byte and four-byte patterns_atthe beginning of the NAL unit syntax structure, as the
hulation_prevention three byte cannot be the thitd byte of a NAL unit.

1 Encapsulation of an SODB within*an RBSP (informative)

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

sulation of an RBSP within aNAL unit is specified for the following purposes:

o prevent the emulation of start codes within NAL units while allowing any arbitrary SODB to
vithin a NAL unit;

o enable identification of the end of the SODB within the NAL unit by searching the R
bsp_stop_ofie-bit starting at the end of the RBSP,

0 enable.a-NAL unit to have a size larger than that of the SODB under some circumstances (using
abac¢”zero word).

present in the

hces shall not

the presence of
syntax element

form of encapsulation of an SODB within an RBSP and the use of the emulation prevention three byte for

e represented
BSP for the

y onc or more

ncoder can produce a NAL unit from an RBSP by the following procedure:

1.

The 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),
and a byte equal to 0x03 is inserted to replace these bit patterns with the patterns:

'00000000 00000000 00000011 000000xx',
and finally, when the last byte of the RBSP data is equal to 0x00 (which can only occur when the

RBSP ends in

a cabac_zero_word), a final byte equal to 0x03 is appended to the end of the data. The last zero byte of a
byte-aligned three-byte sequence 0x000000 in the RBSP (which is replaced by the four-byte sequence
0x00000300) is taken into account when searching the RBSP data for the next occurrence of byte-aligned bits

with the binary patterns specified above.

The resulting sequence of bytes is then prefixed as follows.
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If nal unit type is not equal to 14 or 20, the sequence of bytes is prefixed with the first byte of the NAL
unit containing the syntax elements forbidden zero bit, nal ref idc, and nal unit type, where
nal unit type indicates the type of RBSP data structure the NAL unit contains.

Otherwise (nal_unit_type is equal to 14 or 20), the sequence of bytes is prefixed with the first four bytes of
the NAL unit, where the first byte contains the syntax elements forbidden zero bit, nal ref idc, and
nal_unit_type and the following three bytes contain the syntax structure nal_unit header svc extension( ).
The syntax element nal unit type in the first byte indicates the presence of the syntax structure
nal_unit header svc_extension( ) in the following three bytes and the type of RBSP data structure the
NAL unit contains.

The process specified above results in the construction of the entire NAL unit.

This process
no byte

can allow any SODB o be represented in a NAL unit while ensuring that

taligned start code prefix is emulated within the NAL unit,

ence of 8 zero-valued bits followed by a start code prefix, regardless of byte-alignment, is_emulated| within

[ unit.

no seqy
the NA

7.4.1.2 Ofxder of NAL units and association to coded pictures, access units, and video sequences

This subclayse specifies constraints on the order of NAL units in the bitstream.

fNAL
ments.
d their

F NAL units in the bitstream obeying these constraints is referred to in the textas the decoding order ¢
i a NAL unit, the syntax in subclauses 7.3, D.1, and E.1 specifies the'deedding order of syntax elg
nforming to this Recommendation | International Standard shall be capable of receiving NAL units af
nts in decoding order.

Any order o
units. Withiy
Decoders co
syntax elemyg

7.4.1.2.1 On

This subclay
conform to
clauses 2-9.

NOTE 1

from the
"out-of-b4g

der of sequence and picture parameter set RBSPs and their activation

es that
fied in

se specifies the activation process of picture and sequence’parameter sets for coded video sequend
ne or more of the profiles specified in Annex A that.are decoded using the decoding process spec

rmation
nveyed

- The sequence and picture parameter set mechanism(decouples the transmission of infrequently changing info
ransmission of coded macroblock data. Sequencexand picture parameter sets may, in some applications, be ¢
nd" using a reliable transport mechanism.

A picture pd
data partitio
active at the
at any given
set RBSP re

When a pict
a coded slig

rameter set RBSP includes parameters_that can be referred to by the coded slice NAL units or codgd slice
n A NAL units of one or more codedypictures. Each picture parameter set RBSP is initially considefed not
start of the operation of the deceding process. At most one picture parameter set RBSP is considered active
moment during the operation;ef the decoding process, and the activation of any particular picture pafameter

ults in the deactivation of the previously-active picture parameter set RBSP (if any).

d to by
), it is

ire parameter set RBSP \(with a particular value of pic_parameter set id) is not active and it is referre
e NAL unit or coded ‘slice data partition A NAL unit (using that value of pic_parameter set id

by the
lue of

activated. This picture parameter set RBSP is called the active picture parameter set RBSP until it is deactivated
activation of another pieture” parameter set RBSP. A picture parameter set RBSP, with that particular vg
pic_parametpr set id, shall-be available to the decoding process prior to its activation.

bter set
coded
inother

parameter set NAL unit containing the value of pic_parameter set id for the active picture param
RBSP for a|coded picture shall have the same content as that of the active picture parameter set RBSP for thd
picture unlegshitfollows the last VCL NAL unit of the coded picture and precedes the first VCL NAL unit of
coded picture.

Any 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).

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
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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 2 — 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 sequence parameter set NAL unit containing the value of seq parameter set id for the active sequence parameter
set RBSP for a coded video sequence shall have the same content as that of the active sequence parameter set RBSP for
the coded video sequence unless it follows the last access unit of the coded video sequence and precedes the first VCL
NAL unit and the first SEI NAL unit containing a buffering period SEI message (when present) of another coded video

sequence.
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A bit

A co(
the pj
units

pose an order constraint on the NAL units that contain the picture parameter set RBSP or sequence parani
kpectively. Otherwise (picture parameter set RBSP or sequence parameter set RBSP are conveyed by otherniea

bse constraints are obeyed.

present, a sequence parameter set extension RBSP includes parameters having a similar function
nce parameter set RBSP. For purposes of establishing constraints on the syntax elemeits of the seque
ktension RBSP and for purposes of determining activation of a sequence parameter set extensi
nce parameter set extension RBSP shall be considered part of the preceding sequence parameter set K
value of seq parameter set id. When a sequence parameter set RBSP is présent that is not followed

neter set RBSP, the sequence parameter set extension RBSP and its syntax elements shall be consider
e active sequence parameter set RBSP.

pnstraints that are expressed on the relationship between the (values of the syntax elements (and

nts are expressions of constraints that apply only to the jactive sequence parameter set and the

neter set. If any sequence parameter set RBSP is present.that is not activated in the bitstream, its sy
have values that would conform to the speeified constraints if it were activated by ref]
vise-conforming bitstream. If any picture parameter*set RBSP is present that is not ever activated in
htax elements shall have values that would conform to the specified constraints if it were activated b
erwise-conforming bitstream.

g operation of the decoding process (see‘clause 8), the values of parameters of the active picture par:
Ctive sequence parameter set shall_beyconsidered in effect. For interpretation of SEI messages, the
neters of the picture parameter set and sequence parameter set that are active for the operation of]
ss for the VCL NAL units of.thieprimary coded picture in the same access unit shall be considered ij
vise specified in the SEI méssage semantics.

2.2 Order of access units and association to coded video sequences
tream conforming t¢ this Recommendation | International Standard consists of one or more coded vid

led video seqience consists of one or more access units. For coded video sequences that conform to d
ofiles specified in Annex A that are decoded using the decoding process specified in clauses 2-9, the
and codedpictures and their association to access units is described in subclause 7.4.1.2.3.

The

jlnce are non-IDR access units

st access unit of each coded video sequence is an IDR access unit. All subsequent access units in th

NOTE 3 — If picture parameter set RBSP or sequence parameter set RBSP are conveyed within the bitstream, these constraints

eter set RBSP,
hs not specified

this Recommendation | International Standard), they must be available to the decoding process in a timely fashion such that

to those of a
nce parameter
n RBSP, the
tBSP with the
by a sequence
the sequence
ed not present

the values of

ples derived from those syntax elements) in sequence parameter sets and picture parameter sets andl other syntax

active picture
ntax elements
erence in  an
the bitstream,
y reference in

umeter set and
values of the
the decoding
h effect unless

PO sequences.

ne or more of
order of NAL

e coded video

sequ

The values of picture order count for the coded pictures in consecutive access units in decoding order containing

non-r

eference 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.

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

This subclause specifies the order of NAL units and coded pictures and association to access unit for coded video
sequences that conform to one or more of the profiles specified in Annex A that are decoded using the decoding process
specified in clauses 2-9.

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 acc

ess unit in the bitstream starts with the first NAL unit of the bitstream.

The first of any of the following NAL units after the last VCL NAL unit of a primary coded picture specifies the start of

a new access
—  access |
—  sequeng
—  picture
— SEINA
— NAL uj
- first V(

The constra
7.4.1.2.4.

The followit
unit:

—  When 4

unit delimiter NAL unit in any access unit.

—  When a4

—  When 4
shall bd

—  The pri

—  When
redund

—  When
parame
NAL ui

—  When
follow

—  When 4

unit:
init delimiter NAL unit (when present),
e parameter set NAL unit (when present),
parameter set NAL unit (when present),
L unit (when present),
hits with nal_unit_type in the range of 14 to 18, inclusive (when present),
L NAL unit of a primary coded picture (always present).

nts for the detection of the first VCL NAL unit of a primary coded picture are specified in su

Ig constraints shall be obeyed by the order of the coded pictures and non-VCL NAL units within an|

n access unit delimiter NAL unit is present, it shall bethe first NAL unit. There shall be at most one|

ny SEI NAL units are present, they shall precedethe primary coded picture.

the first SEI message payload of the first\SEI NAL unit in the access unit.
mary coded picture shall precede thé.corresponding redundant coded pictures.

redundant coded pictures are-present, they shall be ordered in ascending order of the v3
nt pic_cnt.

sequence parametersset extension NAL unit is present, it shall be the next NAL unit after a s¢
er set NAL unit having the same value of seq parameter_set id as in the sequence parameter set ex
it

ne or morecoded slice of an auxiliary coded picture without partitioning NAL units is present, thd
he primaty coded picture and all redundant coded pictures (if any).

n erd of sequence NAL unit is present, it shall follow the primary coded picture and all redundant

pictureq

bclause

accCess

accCess

n SEI NAL unit containing a buffering period SEI message is present, the buffering period SEI njessage

lue of

quence
tension

v shall

coded

(ifany) 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.

—  NAL units having nal unit type equal to 0, 12, or in the range of 20 to 31, inclusive, shall not precede the first VCL
NAL unit of the primary coded picture.

NOTE 1 — 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 2 — 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

68

in the range of 20 to 31, inclusive, is shown in Figure 7-1.

© ISO/IEC 2009 — All rights r

eserved


https://iecnorm.com/api/?name=92f5e1be16847efa8d09b895b0af51ed

ISO/IEC 14496-10:2009(E)

start

A

access unit delimiter
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primary coded picture

[

\J

redundant coded picture
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A

auxiliary coded picture

-
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\

endiof.sequence

-

A

end of stream

end

Figufe 7-1 — Structur¢ of-an access unit not containing any NAL units with nal_unit_type equal to 0, [/, 8, or in the
range of 12 to 18, inclusive, or in the range of 20 to 31, inclusive

7.4.112:4 Detection of the first VCL NAL unit of a primary coded picture

This subclause specifies constraints on VCL NAL unit syntax that are sufficient to enable the detection of the first VCL
NAL unit of each primary coded picture for coded video sequences that conform to one or more of the profiles specified
in Annex A that are decoded using the decoding process specified in clauses 2-9.

Any coded slice NAL unit or coded slice data partition A NAL unit 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.
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NOTE 1 — 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.
field pic flag differs in value.
bottom_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 toO 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 ~valyie, or
delta pic order cnt[ 1] differs in value.
— IdrPicFlag differs in value.
— IdrPicFlag is equal to 1 for both and idr_pic_id differs in value.
NOTE 2 + Some of the VCL NAL units in redundant coded pictures or some non-VCL NAL units*(e.g., an access unit delimiter
NAL unit) may also be used for the detection of the boundary between access units, and may ‘thérefore aid in the detectiop of the
start of a lew primary coded picture.
7.4.1.2.5 Orxder of VCL NAL units and association to coded pictures
This subclayse specifies the order of VCL NAL units and association to coded pictures for coded video sequendes that
conform to pne or more of the profiles specified in Annex A that are decoded using the decoding process specified in
clauses 2-9.
Each VCL NAL unit is part of a coded picture.
The order offthe VCL NAL units within a coded IDR picture i constrained as follows.
— If arbitrpry slice order is allowed as specified in Annex A, coded slice of an IDR picture NAL units may hgqve any

order re|
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ative to each other.

se (arbitrary slice order is not allowed), the following applies.

interleaved with coded slice:ofian IDR picture NAL units of another slice group and the order of cod
an IDR picture NAL units within a slice group shall be in the order of increasing macroblock address
st macroblock of each c¢eded slice of an IDR picture NAL unit of the particular slice group.

therwise (separate~colour plane flag is equal to 1), coded slice of an IDR picture NAL units of a slic
r a particular value-of colour plane id shall not be interleaved with coded slice of an IDR picture NA

another slicésgroup with the same value of colour plane id and the order of coded slices of IDR
AL units swithin a slice group for a particular value of colour plane id shall be in the order of inc
acroblock-address for the first macroblock of each coded slice of an IDR picture NAL unit of the pa
ce gtoup having the particular value of colour plane id.

separate_colour plane flag is eqéial to 0, coded slice of an IDR picture NAL units of a slice group shall not

ed slice
for the

p group
L units
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reasing
rticular

t values

NOFE 1 — When separate_colour plane flag is equal to 1, the relative ordering of coded slices having differen|
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The order of the VCL NAL units within a coded non-IDR picture is constrained as follows.

70

If arbitrary slice order is allowed as specified in Annex A, coded slice of a non-IDR picture NAL units or coded slice
data partition A NAL units may have any order relative to each other. A coded slice data partition A NAL unit 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 present coded
slice data partition C NAL unit with the same value of slice_id. When a coded slice data partition B NAL unit 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 following applies.
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If separate colour plane flag is equal to 0, coded slice of a non-IDR picture NAL units or coded slice data
partition NAL units of a slice group shall not be interleaved with coded slice of a non-IDR picture NAL units
or coded slice data partition NAL units of another slice group and the order of coded slice of a non-IDR
picture NAL units or coded slice data partition A NAL units within a slice group shall be in the order of
increasing macroblock address for the first macroblock of each coded slice of a non-IDR picture NAL unit or
coded slice data partition A NAL unit of the particular slice group. A coded slice data partition A NAL unit
with a particular value of slice id shall immediately 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 immediately precede any present coded slice data partition C NAL unit with the same value of slice id,
when a coded slice data partition B NAL unit with the same value of slice id is not present. When a coded
slice data partition B NAL unit with a particular value of slice_id is present, it shall immediately precede any

Otherwise (separate colour plane flag is equal to 1), coded slice of a non-IDR picture NALynits or coded
slice data partition NAL units of a slice group for a particular value of colour_plane_id shall’not pe interleaved
with coded slice of a non-IDR picture NAL units or coded slice data partition NAL units of another slice group
with the same value of colour plane id and the order of coded slice of a non-IDR picture NAL pnits or coded

NAL
unit g

NAL
in the

NAL
prima

7.4.2
7.4.2

7.4.2

pro

)
constraint_set0_flag equal to 1 indicates that the coded video sequence obeys all constraints specified
A2

slice data partition A NAL units within a slice group for particular value of eolour plane id i
order of increasing macroblock address for the first macroblock of each coded\slice of a non-IDF
unit or coded slice data partition A NAL unit of the particular slice group having the parti
colour plane id. A coded slice data partition A NAL unit associated (with a particular value o
colour plane id shall immediately precede any present coded slice‘data partition B NAL unit

value of slice_id and colour_plane id. A coded slice data partition, A NAL unit associated wi
value of slice id and colour plane id shall immediately precede-any present coded slice data pa
unit with the same value of slice_id and colour plane id, when a coded slice data partition B N
the same value of slice id and colour plane id is not present. When a coded slice data partitio
with a particular value of slice id and colour plane~id.is present, it shall immediately preced
coded slice data partition C NAL unit with the samg value of slice_id and colour plane id.

NOTE 2 — When separate_colour plane flag is equal to 1, the relative ordering of coded slices having
of colour plane id is not constrained.

units having nal unit type equal to 12 may be(present in the access unit but shall not precede the fi
f the primary coded picture within the access\unit.

access unit but shall not precede thefirst VCL NAL unit of the primary coded picture within the acce

units having nal_unit_type in the-range of 20 to 23, inclusive, shall not precede the first VCL NA
ry coded picture within the acegss unit.

Raw byte sequencetpayloads and RBSP trailing bits semantics
1 Sequence parameter set RBSP semantics

1.1 Sequencéparameter set data semantics

e_idc and level_idc indicate the profile and level to which the coded video sequence conforms.

hall be in the
 picture NAL
ular value of
f slice_id and
with the same
h a particular
rtition C NAL
NAL unit with
h B NAL unit
¢ any present

different values

rst VCL NAL

units having nal unit_type equal to 0 o™ the range of 24 to 31, inclusive, which are unspecified, npay be present

5S unit.

\L unit of the

in subclause
1]l constraints

constraint_set0 flag equal to O indicates that the coded video sequence may or may not obey

speci

1€d 1n subclause A.Z. 1.

constraint_setl flag equal to 1 indicates that the coded video sequence obeys all constraints specified in subclause
A.2.2. constraint_setl flag equal to O indicates that the coded video sequence may or may not obey all constraints
specified in subclause A.2.2.

constraint_set2 flag equal to 1 indicates that the coded video sequence obeys all constraints specified in subclause
A.2.3. constraint_set2 flag equal to O indicates that the coded video sequence may or may not obey all constraints
specified in subclause A.2.3.
NOTE 1 — When one or more than one of constraint_set0 flag, constraint setl flag, or constraint_set2 flag are equal to 1, the
coded video sequence must obey the constraints of all of the indicated subclauses of subclause A.2. When profile idc is equal to
44,100, 110, 122, or 244, the values of constraint_set0 flag, constraint_setl flag, and constraint _set2 flag must all be equal to 0.

constraint_set3_flag is specified as follows.
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If profile_idc is equal to 66, 77, or 88 and level idc is equal to 11, constraint_set3 flag equal to 1 indicates that the

coded video sequence obeys all constraints specified in Annex A for level 1b and constraint set3 flag equal to 0
indicates that the coded video sequence may or may not obey all constraints specified in Annex A for level 1b.

Otherwise, if profile idc is equal to 100 or 110, constraint set3 flag equal to 1 indicates that the coded video

sequence obeys all constraints specified in Annex A for the High 10 Intra profile, and constraint set3 flag equal to
0 indicates that the coded video sequence may or may not obey these corresponding constraints.

Otherwise, if profile idc is equal to 122, constraint set3 flag equal to 1 indicates that the coded video sequence

obeys all constraints specified in Annex A for the High 4:2:2 Intra profile, and constraint set3 flag equal to 0
indicates that the coded video sequence may or may not obey these corresponding constraints.

Otherwise, if profile idc is equal to 44, constraint_set3 flag shall be equal to 1. When profile_idc is equal to 44, the

value

Otherw
obeys
indicat

Otherw
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ise, if profile_idc is equal to 244, constraint_set3 flag equal to 1 indicates that the coded vidéos¢]
11 constraints specified in Annex A for the High 4:4:4 Intra profile, and constraint_set3 flagiequ
s that the coded video sequence may or may not obey these corresponding constraints.

ise (profile idc is equal to 66,77,0r 88 and level idc is not equal to 11), sthe "value of

constraint set3 flag is reserved for future use by ITU-T | ISO/IEC. constraint set3 flag(shall be equal t

coded

video sequences with profile idc equal to 66, 77, or 88 and level idc not equal to 11 in bits

conforming to this Recommendation | International Standard. Decoders conforming.to this Recommen

Interna
level i

constraint_

reserved_z¢
ISO/IEC. Dg

seq_paramg
seq_paramet
NOTE 2

parameter
seq_pararn

chroma_for
value of chr
inferred to b

ional Standard shall ignore the value of constraint set3 flag when profile lide is equal to 66, 77, or
ic is not equal to 11.

et4_flag shall be equal to 0. Decoders shall ignore the value of constraint set4 flag.

ro_3bits shall be equal to 0. Other values of reserved zero 3bijtsumay be specified in the future by |}
coders shall ignore the value of reserved zero 3bits.

ter_set_id identifies the sequence parameter set that is eferred to by the picture parameter set. The
er_set _id shall be in the range of 0 to 31, inclusive.
— When feasible, encoders should use distinct values“Qf seq parameter set id when the values of other s

set syntax elements differ rather than changing the Yalues of the syntax elements associated with a specific
heter set id.

mat_idc specifies the chroma sampling (relative to the luma sampling as specified in subclause 6
ma_format idc shall be in the range of0*to 3, inclusive. When chroma format idc is not present, it s
e equal to 1 (4:2:0 chroma format).

separate_cdlour_plane_flag equal to 1 speCifies that the three colour components of the 4:4:4 chroma format arg

separately.
separate_col
to 1, the pri
colour plane
a specific co

NOTE 3

example,
monochrg

Depending

eparate_colour plane flag €qual to 0 specifies that the colour components are not coded separately
our plane flag is not present, it shall be inferred to be equal to 0. When separate_colour plane flag i
mary coded picture cousists of three separate components, each of which consists of coded samples
(Y, Cb or Cr) that-each use the monochrome coding syntax. In this case, each colour plane is associat
lour plane id value:

- There is no dependency in decoding processes between the colour planes having different colour plane id val

the decoding process of a monochrome picture with one value of colour plane id does not use any da
me pictures-having different values of colour_plane_id for inter prediction.

bn thevalue of separate colour plane flag, the value of the variable ChromaArrayType is assig

follows.
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If separate_colour plane flag is equal to 0, ChromaArrayType is set equal to chroma format idc.

Otherwise (separate_colour plane flag is equal to 1), ChromaArrayType is set equal to 0.

bit_depth_luma_minus8 specifies the bit depth of the samples of the luma array and the value of the luma quantisation

parameter ra

nge offset QpBdOffsety, as specified by

BitDepthy = 8 + bit_depth_luma minus8

QpBdOffsety = 6 * bit_depth_luma_minus8
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(7-2)

(7-3)
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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

of 0 to 6, inclusive.

bit_depth_chroma_minus8 specifies the bit depth of the samples of the chroma arrays and the value of the chroma

quant

W hen-bit—depth—chroma—minusdisnotpresent—it-shall be-inferred-to-be-egqual-to-0bitdepth—chroma—min
—aept o o —+H o+  haem) —oH—aePpt o

isation parameter range offset QpBdOffsetc, as specified by

BitDepthe = 8 + bit_depth _chroma_minus8

QpBdOffsetc = 6 * bit_depth_chroma minus8

(7-4)

(7-5)

188 shall be in

the range of 0 to 6, inclusive.
NPTE 4 — The value of bit_depth chroma minus8 is not used in the decoding process when ChromaArrayType

p
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rticular, when separate_colour plane flag is equal to 1, each colour plane is decoded as a distinct monochrome
Ina component decoding process (except for the selection of scaling matrices) and the luma bit depth.is used for,
mponents.

ariable RawMbBits is derived as

RawMbBits = 256 * BitDepthy + 2 * MbWidthC * MbHeightC * BitDepthe

me_y_zero_transform_bypass flag equal to 1 specifies that, whemny'QP'y is equal to 0, a tran
tion for the transform coefficient decoding process and picture, Construction process prior to del
ss as specified in subclause 8.5 shall be applied. gpprime y zefo transform bypass flag equal to 0
ansform coefficient decoding process and picture construction ‘process prior to deblocking filter pra
le transform bypass operation. When qpprime_y zero tramsform_bypass_flag is not present, it shall
pal to 0.

caling_matrix_present_flag equal to | specifies¢that the flags seq scaling list present flag[ i ]

11 are present. seq scaling matrix present flag, equal to O specifies that these flags are not pr
nce-level scaling list specified by Flat 4x4 v16 shall be inferred for i=0..5 and the sequence-lev]
fied by Flat 8x8 16 shall be inferred for i =6..11. When seq_scaling_matrix_present_flag is not pres

caling lists Flat 4x4 16 and Flat 8x8)16 are specified as follows:
Flat 4x4 16[ k]=16,  withk=0..15,
Flat 8x8 16[ k J=\16, withk=0..63.

caling_list present flag[ i ] equal to 1 specifies that the syntax structure for scaling list i is present ii
neter set. s€g-scaling list present flag[ i ] equal to 0 specifies that the syntax structure for scalin
ht in the Sequence parameter set and the scaling list fall-back rule set A specified in Table 7-2 shall b
quenec-level scaling list for index i.

s equal to 0. In
icture using the
all three colour

(7-6)

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

Value of Mnemonic name | Block MB Component Scaling list Scaling list Default
scaling list size prediction fall-back rule fall-back rule scaling list
index type set A set B
0 Sl 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 4x4 Intra
fori=0 fori=0
2 Sl 4x4 Intra Cr 4x4 Intra Cr scaling list scaling list Default 4x4 Intra
Tor1=1 Tor1= 1
3 Sl 4x4 Inter Y 4x4 Inter Y default sequence-level | Default-4x#t Inter
scaling list scaling list
4 Sl 4x4 Inter Cb 4x4 Inter Cb scaling list scaling list Default 4xft Inter
fori=3 fori=3
5 Sl 4x4 Inter Cr 4x4 Inter Cr scaling list scalinglist Default 4xf Inter
fori=4 for =4
6 S1 8x8 Intra Y 8x8 Intra Y default Sequence-level | Default 8xB Intra
scaling list scaling list
7 S1 8x8 Inter Y 8x8 Inter Y default sequence-level | Default 8xB Inter
scaling list scaling list
8 S1 8x8 Intra Cb 8x8 Intra Cb s¢aling list scaling list Default 8xB Intra
fori=6 fori=6
9 S1 8x8 Inter Cb 8x8 Inter Cb scaling list scaling list Default 8xB Inter
fori=7 fori=7
10 S1 8x8 Intra Cr 8x8 Intra Cr scaling list scaling list Default 8xB Intra
fori=8 fori=8
11 S1 8x8 Inter Cr 8x8 Inter Cr scaling list scaling list Default 8xB Inter
fori=9 fori=9
Table 7-3 specifies 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.
Table 7-3 — Specification of default scaling lists Default_4x4 Intra and Default_4x4_Inter
idx 012 (3|4 |5|6 /|7 |8 |9 (10111213 |14]|15
Defal11t_4x4_Intra[ idx | 6 | 131131202020 |28 |28 |28 |28|32|32 (32373742
[
Default 4x4 Inter[idx| | 10 [ 14 [ 14 [ 20 (2020 [ 24 [ 24 [ 2424 27T [ 27 |27 [ 30 [ 30| 34
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Table 7-4 — Specification of default scaling lists Default_8x8 Intra and Default_8x8_Inter

idx 0|1 (2|3 |4 (5|6 /|7 |8|9 |[10|11|12|13|14 |15

Default_8x8 Intra[idx] |6 | 10|10 |13 | 11|13 |16 | 16|16 |16 | 18|18 |18 | 18|18 |23

Default 8x8 Inter[idx] |9 |13 |13 | 15|13 |15 1717|1717 [19]19]|19|19]19]21

Table 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 |26 |27 |28 (29|30 |31

Default_8x8 Intra[idx | |23 |23 | 23 |23 |23 | 25|25 |25 |25 |25 |25 |25 |27 |27 27 |27

Default_8x8 Inter[idx]| | 21 | 21 |21 | 21 |21 |22 |22 |22 |22 (22|22 |22 |24,24 24|24

Table 7-4 (continued) — Specification of default scaling lists Default 8x8 Intra and Default 8x§ Inter

idx 32 133 (34(35/36|37|38)|39|40|41)(42 | 43 |44 | 45|46 | 47

Default 8x8 Intra[idx] | 27 |27 |27 |27 |29 |29 | 29 | 29 | 29/0'29 | 29 | 31 | 31 | 31 |[31 | 31

Default 8x8 Inter[idx]| |24 |24 |24 | 24 | 25|25 |25 | 25825 (25|25 |27 |27 |27 ||27 | 27

Table 7-4 (concluded) — Specification of default scaling lists\Default_8x8 Intra and Default_8x$ Inter

idx 48 [ 49 | 50 | 51 | 52 | 8354 | 55|56 | 57|58 |59 |60 61 (62|63

Default 8x8 Intra[idx] | 31 |33 |33 |33 | 833133 |36 |36|36|36|38 |38 |38 |40 (40|42

Default_8x8 Inter[idx] |27 | 28 | 28 | 28} 28 | 28 | 30 | 30 | 30 | 30 | 32| 32| 32|33 |33 |35

log2 |max_frame_num_minus4 specifies_the value of the variable MaxFrameNum that is used in fram¢ num related
derivations as follows:

MaxFrameNum = 2( log2_maX_ frame_num_minus4 + 4 ) (7_9)
The value of log2 max_frame num_ minus4 shall be in the range of 0 to 12, inclusive.

pic_drder_cnt_typetspecifies the method to decode picture order count (as specified in subclause 8.2.1)] The value of
pic_order cnt type shall be in the range of 0 to 2, inclusive.

pic_arder cnt\type shall not be equal to 2 in a coded video sequence that contains any of the following:

—  jnsceess unit containing a non-reference frame followed immediately by an access unit containing a|non-reference
1ofure,

—  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.

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_] 0)

The value of log2 max pic_order cnt Isb minus4 shall be in the range of 0 to 12, inclusive.
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delta_pic_order_always zero flag cqual 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
delta_pic_order cnt[ 1 | may be present in the slice headers of the sequence.

offset_for non_ref pic is used to calculate the picture order count of a non-reference picture as specified in subclause
8.2.1. The value of offset_for non_ref pic shall be in the range of —2°' to 2*' — 1, inclusive.

offset_for_top_to_bottom_field is used to calculate the picture order count of a bottom field as specified in subclause
8.2.1. The value of offset_for top to bottom_field shall be in the range of —2°' to 2°' — 1, inclusive.

num_ref frames in_pic_order_cnt_cycle is used in the decoding process for picture order count as specified in

subclause 8.2.1. The value of num ref frames in pic order cnt cycle shall be in the range of 0 to 255, inclusive

offset_for ref frame[i] is an element of a list of num_ref frames in pic_order cnt cycle values used in the ddcoding
process for picture order count as specified in subclause 8.2.1. The value of offset_for ref frame[ i ] shall be_in the range
of —2*" to 2°| — 1, inclusive.
When pic_ofder cnt type is equal to 1, the variable ExpectedDeltaPerPicOrderCntCycle is derivedby
ExpegtedDeltaPerPicOrderCntCycle = 0
for(if=0; i <num_ ref frames in pic_order cnt cycle; i++)

ExpectedDeltaPerPicOrderCntCycle += offset for ref frame[ i ] 7-11)
max_num_ref frames specifies the maximum number of short-term and long=term reference frames, complementary
reference figld pairs, and non-paired reference fields that may be used by the deeoding process for inter prediction of any
picture in the sequence. max num_ref frames also determines the size of the'sliding window operation as specified in
subclause 8)2.5.3. The value of max num ref frames shall be in the.rdnge of 0 to MaxDpbFrames (as specified in
subclause Af3.1 or A.3.2), inclusive.
gaps_in_frame num_value_allowed_flag specifies the allowed\values of frame num as specified in subclausg 7.4.3
and the decading process in case of an inferred gap between values of frame num as specified in subclause 8.2.5.2)
pic_width_in_mbs_minus1 plus 1 specifies the width of ¢ach decoded picture in units of macroblocks.

The variable| for the picture width in units of macroblocks is derived as

PicWjidthInMbs = pic_width_in_mbs minus1 + 1 7-12)
The variable for picture width for the luma,component is derived as

PicWjidthInSamples; = PicWidthInMbs * 16 (7-13)
The variabld for picture width for the chroma components is derived as

PicWjidthInSamples: = PicWidthInMbs * MbWidthC (7-14)
pic_height_jn‘{map_units_minus1 plus 1 specifies the height in slice group map units of a decoded frame or field.
The variables PicHeightinMapUnits and PicSizeInMapUnits are derived as

PicHeightInMapUnits = pic_height in_map units_minusl + 1 (7-15)

PicSizeInMapUnits = PicWidthInMbs * PicHeightInMapUnits (7-16)

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 contai

ning 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.
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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.

—  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

FrameHeightInMbs = ( 2 — frame mbs_only flag ) * PicHeightInMapUnits (7-17)

mb_dgdaptive_frame_field_flag equal T0 0 Specilics 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 andfield macroblocks
withip 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 Difrect 16x16 and B Direct 8x8 as specified in subclause 8.4.1.2. When frame mbs only flag {s equal to 0,
direct 8x8 inference flag shall be equal to 1.

framp_cropping_flag equal to 1 specifies that the frame cropping offset parameters follow next in|[the sequence
parameter set. frame_cropping_flag equal to 0 specifies that the frame cropping offset parameters are not present.

framp_crop_left offset, frame crop_right offset, frame crop_top_offset,\frame crop_bottom_offs¢t specify the
samples of the pictures in the coded video sequence that are output from the decoding process, in terms of a rectangular
region specified in frame coordinates for output.

The variables CropUnitX and CropUnitY are derived as follows.
—  ]f ChromaArrayType is equal to 0, CropUnitX and CropUnitY are derived as

CropUnitX = 1 (7-18)
CropUnitY =2 — frame mbs_only flag (7-19)

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

CropUnitX = SubWidthC (7-20)
CropUnitY = SubHeightG * ( 2 — frame_mbs_only flag) (7-21)

The | frame cropping rectangl¢: contains Iuma samples with horizontal frame coordinates from
CropUnitX * frame crop left offset to PicWidthInSamples; — ( CropUnitX * frame crop right offset + 1[) and vertical
framg coordinates from CropUnitY * frame crop top offset to ( 16 * FrameHdightInMbs ) —
( CropUnitY * frame crop bottom offset + 1), inclusive. The value of frame crop left offset shall be in the range of 0
to |( PicWidthInSamples; / CropUnitX ) — ( frame crop right offset+ 1), inclusive; and the | value of
fram¢ crop top offset® shall be in the range of O to (16 * FrameHeightinMbs/ CropUnitY )—
( frame crop boftom offset + 1), inclusive.

When frame=cropping flag is equal to 0, the wvalues of frame crop left offset, frame crop right offset,
framg crop_top offset, and frame crop bottom offset shall be inferred to be equal to 0.

hia o A a ot aq a0 L area aad

having frame coordinates ( x / SubWidthC, y / SubHeight ),
luma samples.

ecttted-samples-ofthe-two-chroma-arraysare the samples
where ( X, y ) are the frame coordinates of the specified
For decoded fields, the specified samples of the decoded field are the samples that fall within the rectangle specified in
frame coordinates.

vui_parameters_present_flag equal to 1 specifies that the vui_parameters( ) syntax structure as specified in Annex E is
present. vui_parameters_present flag equal to O specifies that the vui parameters( ) syntax structure as specified in
Annex E is not present.

7.4.2.1.1.1 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.
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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.

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

. nracesc—after—output from—thedecadine npBrocess—ansv—formatade—eanalta-2 1o dicatac that oo
t HXx—+HoFHY 3 +—tO

in the disp

lay = =
auxiliary coied picture exists in each access unit of the coded video sequence, and that for alpha blending putpo

decoded sa
interpretatio
decoding pr
of the code
aux_format |
indicate the
to be specifi
to 0.

NOTE 1
pictures.

Procosh—arter TPttt I Ot O O e C O g S ProTossTr oot THOTCTtEo—tHat—Sxte

ples of the associated primary coded picture in each access unit should not be multiplied

 sample values of the auxiliary coded picture in the access unit in the display process after output fi
cess. aux_format_idc equal to 3 indicates that exactly one auxiliary coded picture existspin.¢ach accq
d video sequence, and that the usage of the auxiliary coded pictures is unspecified. The vz
idc shall be in the range of 0 to 3, inclusive. Values greater than 3 for aux format idc are rese
presence of exactly one auxiliary coded picture in each access unit of the coded vidé€o sequence for pi
ed in the future by ITU-T | ISO/IEC. When aux_format idc is not present, it shall be inferred to b

- Decoders conforming to this Recommendation | International Standard are ‘netrequired to decode auxiliar]

bit_depth__

u
bit_depth_ajx_minusig shall be in the range of 0 to 4, inclusive.

alpha_incr |
value is equ
to 1 indicatq
coded pictu
by one to ol
sample valu
alteration as

alpha_opaque_value specifies the interpretation, sample value of an auxiliary coded picture sample for wh
ma and chroma samples of the same access unit are considered opaque for purposes of alpha blending. The

associated Iu
number of b

alpha_trangparent_value specifies the interpretation sample value of an auxiliary coded picture sample for wh

associated Iy

x_minus8 specifies the bit depth of the samples of the sample array of the auxiliary coded j

flag equal to 0 indicates that the interpretation sample valie for each decoded auxiliary coded picture
] to the decoded auxiliary coded picture sample value, fof purposes of alpha blending. alpha_incr fla
s that, for purposes of alpha blending, after decoding the auxiliary coded picture samples, any at
e sample value that is greater than Min(alpha opaque value, alpha_transparent value) should be in
tain the interpretation sample value for the auxiliary coded picture sample, and any auxiliary coded
e that is less than or equal to Min(alpha opaque value, alpha transparent value) should be used 3
the interpretation sample value for the decoded auxiliary coded picture sample value.

ts used for the representation ef the alpha opaque value syntax element is bit_depth aux minus8 + 9

ma and chroma samples.of the same access unit are considered transparent for purposes of alpha bl

ly one
ses the
by the
om the
SS unit
lue of
ved to
irposes
b equal

coded

bicture.

sample
b equal
Ixiliary
reased
picture
without

ch the

bits.

ich the
ending.

The number of bits wused( for the representation of the alpha transparent value syntax eclement is
bit depth ayx minus8 + 9 bits.
When alphg incr flag As\equal to 1, alpha transparent value shall not be equal to alpha opaque valye and
Log2( Abs( plpha opaque value — alpha transparent value )) shall have an integer value. A valje of
alpha transparent value that is equal to alpha opaque value indicates that the auxiliary coded picture is not intenfled for
alpha blendihg purposes.
NOTE 2 + Foralpha blending purposes, alpha_opaque value may be greater than alpha_transparent value, or it may be lpss than
alpha_transparent value. Interpretation sample values should be clipped to the range of alpha opaque value to

alpha transparent value, inclusive.

The decoding 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 pi

a)

78

cture, with the following differences of constraints:

In regard to whether the primary coded picture is an IDR picture, the following applies.

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).
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correspond to that of a slice having nal unit _type equal to 1 (a slice of a non-IDR picture).

Otherwise (the primary coded picture is not an IDR picture), the auxiliary coded slice syntax shall

b) 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

lecoding of the auxiliary coded pictures.

[he value of bit_depth luma minus8 shall be inferred to be equal to bit_depth aux minus§ for the d
huxiliary coded pictures.

tatus of the primary picture in the same access unift, rather than being inferred from the value of nal_uhit type.

he value of chroma format idc and the value of ChromaArrayType shall be inferred to bevequal to 0 for the

bcoding of the

NPTE 3 — Alpha blending composition is normally performed with a background picture B, @ féreground picture H, and a decoded

Dg¢note luma and chroma samples by subscripts Y, Cb and Cr.

Degfine the variables alphaRange, alphaFwt and alphaBwt as follows:
IphaRange = Abs( alpha opaque value — alpha_transparent value )
IphaFwt = Abs( a — alpha_transparent_value )

IphaBwt = Abs( a — alpha_opaque value )

Then, in alpha blending composition, samples d of the displayed piCture D may be calculated as
Il = (alphaFwt * fy + alphaBwt * by + alphaRange / 2 ) / alphaRange

lc, = (alphaFwt * fy, + alphaBwt * by, + alphaRange / 2,)./\alphaRange

lc, = (alphaFwt * fc, + alphaBwt * bc, + alphaRange / 2)) /"alphaRange

The samples of pictures D, F and B could also represerit red, green, and blue component values (see subclause

bi
When aux_format_idc is equal to 1, F would be the decoded picture obtained from the decoded luma and chroma,

the decoded picture obtained from the.decoded auxiliary coded picture. In this case, the indicated example
cqmposition involves multiplying the'samples of F by factors obtained from the samples of A.

A

depth in this example.

eground picture was F, then the pre-multiplied-black video S is given by
y = (alphaFwt * fy ) /-alphaRange

o, = (alphaFwt * {§, ),/ alphaRange

o = ((alphaFwt *\f; ) / alphaRange

a hon-black background B, the composition of the displayed picture D may be calculated as
ly = sy = (alphaBwt * by + alphaRange / 2 ) / alphaRange
=" scy, + ((alphaBwt * by, + alphaRange / 2 ) / alphaRange

AV

picture format that is useful for.editing or direct viewing, and that is commonly used, is called pre-multiplied-bl3

ayxiliary coded picture A, all of the same size. Assume for purposes of example illustration that the chroma resolytion of B and F
hgve been upsampled to the same resolution as the luma. Denote corresponding samples of B, F and A by b, f and|

a, respectively.

E.2.1). Here we

hgve assumed Y, Cb and Cr component values. Each component, e.g., Y, is assumed for purposes of example illusfration above to
hgve the same bit depth in each of the pictures-D’F and B. However, different components, e.g., Y and Cb, need ndt have the same

nd A would be
alpha blending

ck video. If the

Pre-multiplied<black video has the characteristic that the picture S will appear correct if displayed against a black Background. For

R fo LaleoR
T T T ange 7 arpmanange

When aux format idc is equal to 2, S would be the decoded picture obtained from the decoded luma and chrom:

a, and A would

again be the decoded picture obtained from the decoded auxiliary coded picture. In this case, alpha blending composition does not

involve multiplication of the samples of S by factors obtained from the samples of A.

additional_extension_flag equal to 0 indicates that no additional data follows within the sequence parameter set
extension syntax structure prior to the RBSP trailing bits. The value of additional extension_flag shall be equal to 0. The
value of 1 for additional extension flag is reserved for future use by ITU-T | ISO/IEC. Decoders that conform to this
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.
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7.4.2.1.3 Su

bset sequence parameter set extension RBSP semantics

svc_vui_parameters_present_flag equal to 0 specifies that the syntax structure svc_vui_parameters_extension( ) is not
present. sve_vui_parameters_present_flag equal to 1 specifies that the syntax structure svc vui_parameters_extension( )

is present.

bit_equal_to_one shall be equal to 1.

mvce_vui_parameters_present_flag equal to 0 specifies that the syntax structure mve vui_parameters_extension( ) is

not

present.

mvc_vui_parameters_present flag equal to 1  specifies that the syntax

mvc_vui_parameters_extension( ) is present.

structure

additional_extension2_flag equal to 0 specifies that the syntax elements additional extension2 data flag are not present

within the {
bitstreams ¢
reserved fo
additional ¢

additional
Annex A, G

7.4.2.2 Pi

pic_parame
pic_paramet

seq_paramg
range of 0 to

entropy_codling_mode_flag selects the entropy decoding method to beapplied for the syntax elements for whi

descriptors 4

If entroj
(Exp-G

Otherw]
is applig

bottom_fiel
delta_pic_or
pic_order ci
present i
bottom_field
and delta pi

num_slice_¢
equal to 0, 4
specified in

slice_group
slice_group |

slice_group |

[Ubsct sequence parameter set RBSP syntax structure. additional cxtensionZ ilag shall be equal |
nforming to this Recommendation | International Standard. The value of 1 for additional extension?2|
r future use by ITU-T |ISO/IEC. Decoders shall ignore all data that follow the~value
ktension2 flag in a subset sequence parameter set NAL unit.

or H.

Cture parameter set RBSP semantics

ter_set_id identifies the picture parameter set that is referred to in/the’ slice header. The vz
er_set_id shall be in the range of 0 to 255, inclusive.

ter_set_id refers to the active sequence parameter set. The value“of seq parameter set id shall bd
31, inclusive.

ppear in the syntax tables as follows.

by coding mode flag is equal to 0, the method specified by the left descriptor in the syntax table is
lomb coded, see subclause 9.1 or CAVLC, see subclause 9.2).

se (entropy_coding_mode_flag is equal to 1),the method specified by the right descriptor in the syntq
d (CABAC, see subclause 9.3).

1 pic_order_in_frame present flag ~\equal to 1  specifies that the syntax el
der cnt bottom (when pic _order-ent type is equal to 0) or delta pic order cnt[ 1]

h  the slice headers for coded  frames  as specified  in subclause
| pic_order_in_frame present’ flag equal to O specifies that the syntax elements delta_pic_order cnt |
E order cnt[ 1 ] are notpresent in the slice headers.

rroups_minusl plus.Vspecifies the number of slice groups for a picture. When num_slice_groups_mi
11 slices of thepicture belong to the same slice group. The allowed range of num_slice groups mi
Annex A.

| map_type/specifies how the mapping of slice group map units to slice groups is coded. The v
map/type shall be in the range of 0 to 6, inclusive.

rhap”type equal to 0 specifies interleaved slice groups.

to 0 in
| flag is
1 for

pxtension2_data_flag may have any value. It shall not affect the conformance to-profiles specified in

lue of

in the

ich two

hpplied

X table

ements
(when

it type is equal to 1), which argwrelated to picture order counts for the bottom field of a coded frame, are

7.3.3.
bottom

nusl is
husl is

hlue of

slice_group_map_type equal to 1 specifies a dispersed slice group mapping.

slice_group _map_type equal to 2 specifies one or more "foreground" slice groups and a "leftover" slice group.

slice_group _map_type values equal to 3, 4, and 5 specify changing slice groups. When num_slice_groups_minus]1 is not
equal 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 of a slice group to each slice group map unit.

Slice group map units are specified as follows.

frame, the slice group map units are macroblock pair units.

80

If frame mbs_only flag is equal to 0 and mb_adaptive frame field flag is equal to 1 and the coded picture is a
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Otherwise, if frame mbs_only flag is equal to 1 or the coded picture is a field, the slice group map units are units of
macroblocks.

Otherwise (frame mbs only flag is equal to 0 and mb adaptive frame field flag is equal to 0 and the coded
picture is a frame), the slice group map units are units of two macroblocks that are vertically contiguous as in a
frame macroblock pair of an MBAFF frame.

run_length_minusl1| i] is used to specify the number of consecutive slice group map units to be assigned to the i-th slice
group in raster scan order of slice group map units. The value of run_length minusl1[ i ] shall be in the range of 0 to
PicSizeInMapUnits — 1, inclusive.

top_left[ i | and bottom_right[ i | specify the top-left and bottom-right corners of a rectangle, respectively. top left[ i ]
and bottom right[ i ] are slice group map unit positions in a raster scan of the picture for the slice group map units. For

each [rectangle i, all of the following constraints shall be obeyed by the values of the syntax elements-tdp left[ i ] and

bottom_right[ i ]:

— top_left[i] shall be less than or equal to bottom right{i] and bottom right[i]' shall be less than
PicSizeInMapUnits.

- top_left[ i ] % PicWidthInMbs ) shall be less than or equal to the value of ( bottom right[ i ] % PicWjidthInMbs ).

slice |group_change_direction_flag is used with slice group map type to specify the refined map type when

slice [group map type is 3, 4, or 5.

slice |
speci
to thd
The §

pic_s
pic_s
slice |
slice |

jize_in_map_units_minusl

group_change rate_minusl is used to specify the variable SliceGroupChangeRate. SliceGroy
fies the multiple in number of slice group map units by which the size-ofia slice group can change fro
next. The value of slice_group change rate minusl shall be in the@ange of 0 to PicSizeInMapUnits
liceGroupChangeRate variable is specified as follows:

SliceGroupChangeRate = slice_group change rate minush# 1

is used to specify, the number of slice group map units in
ze in_map units minusl shall be equal to PicSizelnMapUnits — 1.

group_id|[ i] identifies a slice group of thé<i-th slice group map unit in raster scan order. The
group id[ i ] syntax element is Ceil( Log2(‘num_slice groups minusl + 1)) bits. The value of slicq

ipChangeRate
m one picture
— 1, inclusive.

(7-22)

the picture.

length of the
_group _id[ 1]

shall pe in the range of 0 to num_slice groups\fdinusl, inclusive.
num ref_idx_10_default_active_minusl{specifies how num ref idx 10 active minusl is inferred for [P, SP, and B
slice§ with num_ref idx active overfide flag equal to 0. The value of num ref idx 10 default active mjnusl shall be

in the

num

num |
of 0t

range of 0 to 31, inclusive.

[ref idx_11_default_active_minusl specifies how num ref idx 11 active minusl is inferred for
ref idx_active override) flag equal to 0. The value of num_ref idx 11 default active minusl shall b
b 31, inclusive.

weig

weiglhted pred flag-equal to 1 specifies that explicit 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
weiglted bipred idc equal to 1
weighted bipred _idc equal to 2 specifies that implicit weighted prediction shall be applied to B slices.

ted_pred_flag\'equal to O specifies that the default weighted prediction shall be applied to P 4

specifies that explicit weighted prediction shall be applied

B slices with
e in the range

nd SP slices.

to B slices.
to B slices.
The value of

weighted bipred idc shall be in the range of U to Z, inclusive.

pic_init_qp_minus26 specifies the initial value minus 26 of SliceQPy for each slice. The initial value is modified at the
slice layer when a non-zero value of slice_qp delta is decoded, and is modified further when a non-zero value of
mb_qp delta is decoded at the macroblock layer. The value of pic init qp_minus26 shall be in the range of
—(26 + QpBdOffsety ) to +25, inclusive.

pic_init_qs_minus26 specifies the initial value minus 26 of SliceQSy for all macroblocks in SP or SI slices. The initial
value is modified at the slice layer when a non-zero value of slice_qs_delta is decoded. The value of pic_init qs minus26
shall be 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 values
for the Cb chroma component. The value of chroma qp_index offset shall be in the range of —12 to +12, inclusive.
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deblocking_filter control present flag equal to 1 specifies that a set of syntax elements controlling the characteristics
of the deblocking filter is present in the slice header. deblocking_filter control present flag equal to 0 specifies that the
set of syntax elements controlling the characteristics of the deblocking filter is not present in the slice headers and their
inferred values are in effect.

constrained_intra_pred_flag equal to O specifies that intra prediction allows usage of residual data and decoded
samples of neighbouring macroblocks coded using Inter macroblock prediction modes for the prediction of macroblocks
coded using Intra macroblock prediction modes. constrained intra pred flag equal to 1 specifies constrained intra
prediction, in which case prediction of macroblocks coded using Intra macroblock prediction modes only uses residual
data and 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 slice
headers, co
by associat
redundant_p
headers, cod|
by associatid

on with a corresponding coded slice data partition A NAL unit) to the picture parameter set.
ic cnt present flag equal to 1 specifies that the redundant pic cnt syntax element is preseft\in
ed slice data partition B NAL units, and coded slice data partition C NAL units that refer (either dirg
n with a corresponding coded slice data partition A NAL unit) to the picture parameter set.

tstice data partitionr B-NAL umits; amd coded stice data partitior € NAT umits that refer(either diz%ctly or

1 slice
ctly or

transform_$x8 mode flag equal to 1 specifies that the 8x8 transform decoding processOmay be in uge (see
subclause 8.p). transform 8x8 mode flag equal to O specifies that the 8x8 transform decoding process is not fin use.
When transfprm_8x8 mode_flag is not present, it shall be inferred to be 0.

fied in
picture
| flag is

| matrix_present_flag equal to 1 specifies that parameters are present to miedify the scaling lists spec
parameter set. pic_scaling_matrix_present flag equal to 0 specifies that\the scaling lists used for the
rred to be equal to those specified by the sequence parameter set. When pic_scaling matrix_present|
t shall be inferred to be equal to 0.

pic_scaling |
the sequencd
shall be infe

not present,

pic_scaling |
scaling list f
not present
following ap

If seq
be used

Otherw
Table 7

second_chr
QP values
+12, inclusiy

When secon

NOTE -
second_cl
to 1, each
selection

of an offs

list present flag[i] equal to 1 specifies that the scaling/list~syntax structure is present to spec
or index i. pic_scaling list present flag[ i ] equal to 0 spécifies that the syntax structure for scaling
in the picture parameter set and that depending on‘“the value of seq scaling matrix present fl
plies.

caling_matrix_present flag is equal to 0, the scaling list fall-back rule set A as specified in Table 7
to derive the picture-level scaling list for index\i.

-2 shall be used to derive the picture-level scaling list for index i.

pma_qp_index_offset specifies the offset that shall be added to QPy and QSy for addressing the |
for the Cr chroma component: The value of second chroma qp_index offset shall be in the range of]
e.

1 chroma qp index offset’is not present, it shall be inferred to be equal to chroma gp index_offset.

When ChromaArrayIype is equal to 0, the values of bit depth chroma minus8, chroma qp index off]
roma_qp_index offset are not used in the decoding process. In particular, when separate colour plane flag

colour plane is_decoded as a distinct monochrome picture using the luma component decoding process (excep
bf scaling mattices), including the application of the luma quantisation parameter derivation process without apyj
bt for the décoding of the pictures having colour plane id not equal to 0.

7.4.2.3 Suppleimental enhancement information RBSP semantics

Supplementg

ify the
list 1 is
ho the

2 shall

ise (seq scaling matrix present flag is equal to 1), the scaling list fall-back rule set B as specified in

able of
—12 to

ket and
s equal
for the
lication

1 Enthancement Information (SEI) contains information that is not necessary to decode the samples o

[ coded

pictures from VCL NAL units.

7.4.2.3.1 Supplemental enhancement information message semantics

An SEI RBSP contains one or more SEI messages. Each SEI message consists of the variables specifying the type
payloadType and size payloadSize of the SEI payload. SEI payloads are specified in Annex D. The derived SEI payload

size payload
NOTE

Size is specified in bytes and shall be equal to the number of RBSP bytes in the SEI payload.

Since the payload size of an SEI message is specified in RBSP bytes, the syntax e

lements

emulation prevention three byte that might be present in the NAL unit byte sequence containing the SEI message are not taken
into account for specifying the size payloadSize of an SEI payload.

ff_byte is a byte equal to OXxFF identifying a need for a longer representation of the syntax structure that it is used within.

last_payload_type_ byte is the last byte of the payload type of an SEI message.

82
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last_payload_size byte is the last byte of the payload size of an SEI message.

7.4.2.4 Access unit delimiter RBSP semantics

10:2009(E)

The access unit delimiter may be used to indicate the type of slices present in a primary coded picture and to simplify the
detection of the boundary between access units. There is no normative decoding process associated with the access unit

delim

iter.

primary_pic_type indicates that the slice type values for all slices of the primary coded picture are members of the set

listed

in Table 7-5 for the given value of primary_pic_type.

Table 7-5 — Meaning of primary_pic_type

7.4.2

The ¢
be arf
norm

7.4.2

The ¢
the el
empt)
NI
R
en
th
e
et

7.4.2

The f
filler

slice_type values that may be present in the primary coded picture
2,7

0,2,57

0,1,2,5,6,7

4,9

3,4,8,9

2,4,7,9

0,2,3,4,5,7,8,9

0,1,2,3,4,5,6,7,8,9

primary_pic_type

N || |WIN—=]O

S5 End of sequence RBSP semantics

nd of sequence RBSP specifies that the next subsequent access unit in the bitstream in decoding orde
IDR access unit. The syntax content of the SODB and RBSP for the end of sequence RBSP a
htive decoding process is specified for an end efisequence RBSP.

6 End of stream RBSP semantics

nd of stream RBSP indicates that ng~additional NAL units shall be present in the bitstream that are
id of stream RBSP in decoding order. The syntax content of the SODB and RBSP for the end of strg
V. No normative decoding process is specified for an end of stream RBSP.
DTE — When an end of stream NAL unit is present, the bitstream is considered to end (for purposes of th|
commendation | International Standard). In some system environments, another bitstream may follow after the bj
ded, either immediately ©r'at some time thereafter, possibly within the same communication channel. Under such
b scope of this Recommendation | International Standard applies only to the processing of each of these individual
uirements are specified herein regarding the transition between such bitstreams (e.g., in regard to timing, buffi

).
7 Filler data RBSP semantics

ller data RBSP contains bytes whose value shall be equal to O0xFF. No normative decoding process is
data’ RBSP.

- (if any) shall
re empty. No

subsequent to
am RBSP are

£ scope of this
tstream that has
circumstances,

| bitstreams. No

ering operation,

specified for a

ff by
7.4.2.
The s

7.4.2.

7.4.2.

te is a byte equal to OxFF.

8 Slice layer without partitioning RBSP semantics

lice layer without partitioning RBSP consists of a slice header and slice data.
9 Slice data partition RBSP semantics

9.1 Slice data partition A 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 A contains all syntax elements of category 2.
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Category 2 syntax elements include all syntax elements in the slice header and slice data syntax structures other than the
syntax elements in the residual( ) syntax structure.

slice_id identifies the slice associated with the slice data partition. The value of slice_id is constrained as follows.

If separate_colour plane flag is equal to 0, the following applies.

If arbitrary slice order is not allowed 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 for each subsequent
slice of the coded picture in decoding order.

of

the coded picture.

Otherwise (arbitrary slice order is allowed), each slice shall have a unique slice id value within the set of slices

Otherw

If
val
n(
de

Of]
sli

The range of
If Mbalf

Otherw

ise (separate_colour plane flag is equal to 1), the following applies.

arbitrary slice order is not allowed as specified in Annex A, the first slice of a coded picture-havir
ue of colour plane id, in decoding order, shall have slice id equal to 0 and the value of'slice_id S
remented by one for each subsequent slice of the coded picture having the same value of celour plan
coding order.

herwise (arbitrary slice order is allowed) each slice shall have a unique slice, id<value within each
ces of the coded picture that have the same value of colour plane id.

slice_id is specified as follows.
fFrameFlag is equal to 0, slice id shall be in the range of 0 to PicSizelnMbs — 1, inclusive.

ise (MbaffFrameFlag is equal to 1), slice id shall be in the range 6f 0 to PicSizeInMbs / 2 — 1, inclusiV

7.4.2.9.2 Slice data partition B RBSP semantics

When slice
Slice data p4

Category 3
within that s

slice_id has

colour_plan
equal to 1.7
correspond t

NOTE -1
redundant |
picture. The

pictures. W|
redundant_p

The presenc

If the sJ
the slig

rtition B contains all syntax elements of category 3¢

yntax elements include all syntax elements in th€’'residual( ) syntax structure and in syntax structur
yntax structure for collective macroblock types'tand SI as specified in Table 7-10.

the same semantics as specified in subclanse 7.4.2.9.1.

e _id specifies the colour plane assoCiated with the current slice RBSP when separate _colour plane|
'he value of colour plane id shall-be in the range of 0 to 2, inclusive. colour plane id equal to 0, 1
p the Y, Cb, and Cr planes, respectively.

[here is no dependency between-the decoding processes of pictures having different values of colour plane id.

pic_cnt shall be equalkito’0 for coded slices and coded slice data partitions belonging to the primary
redundant_pic_cnt-shall be greater than 0 for coded slices and coded slice data partitions in redundan
hen redundant,pie’cnt is not present, its value shall be inferred to be equal to 0. The v3
ic_cnt shall b&tin the range of 0 to 127, inclusive.

b of a slice data partition B RBSP is specified as follows.

ntax.elements of a slice data partition A RBSP indicate the presence of any syntax elements of categd

g each
hall be
b id, in

set of

ata partitioning is in use, the coded data for a single slice is divided into one to three separate paiftitions.

bs used

| flag is
and 2

coded
coded
lue of

ry 3 in

c\data for a slice, a slice data partition B RBSP shall be present having the same value of slice |

id and

redundant pic_cnf as 1n the slice data partition A RBSP.

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 ¢

ontains all syntax elements of category 4.

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.
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colour_plane_id has the same semantics as specified in subclause 7.4.2.9.2.

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.

10:2009(E)

If the syntax elements of a slice data partition A RBSP indicate the presence of any syntax elements of category 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
redundant_pic_cnt as in the slice data partition A RBSP.

Otherwise (the syntax elements of a slice data partition A RBSP do not indicate the presence of any syntax 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
slice_id and redundant_pic_cnt as in the slice data partition A RBSP.

7.4.2
caba

Let N
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7.4.2
The g
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7.4.3

Wher
botto
delta |

cabac_zero_word is represented in a NAL unit by the three-byte sequence, 0x000003 (as a result of the constrair

10 RBSP slice trailing bits semantics
 zero_word is a byte-aligned sequence of two bytes equal to 0x0000.

lumBytesInVcINALunits be the sum of the values of NumBytesInNALunit for all VCL-NAL uni
e.

BinCountsInNALunits be the number of times that the parsing process fungtion DecodeBin( )
huse 9.3.3.2, is invoked to decode the contents of all VCL NAL units of a coded p
by coding mode flag is equal to 1, BinCountsInNALunits shall not exceed ()32 + 3 ) * NumBytesI
hwMbBits * PicSizeInMbs ) + 32.

DTE — The constraint on the maximum number of bins resulting from decoding.the contents of the slice layer N
bt by inserting a number of cabac zero word syntax elements to iner€ase the value of NumBytesInVcIN

ntents that result in requiring inclusion of an emulation_prevention three byte for each cabac zero word).
11 RBSP trailing bits semantics
| stop_one_bit shall be equal to 1.

| alignment_zero_bit shall be equal to 0.

12 Prefix NAL unit RBSP semantics

ontent of the prefix NAL unit RBSP is-dependent on the value of svc_extension flag.

13 Slice layer extension RBSP semantics
ontent of the slice layer extension RBSP is dependent on the value of svc_extension_flag.

 slice extension NALsunits with sve_extension flag equal to 1 are also referred to as coded sli
sion NAL units and-¢oded slice extension NAL units with sve_extension_flag equal to 0 are also
| slice MVC extension’NAL units.

Slice headeér semantics

present;_the value of the slice header syntax elements pic parameter set id, frame num, f
m_field\flag, idr_pic_id, pic_order cnt lIsb, delta_pic_order cnt bottom, delta_pic |
[ pi€-order cnt[ 1], sp_for switch flag, and slice group change cycle shall be the same in all slicq

ts of a coded

specified in
cture. When
VcINALunits

AL units can be
ALunits. Each
ts on NAL unit

ce in scalable
referred to as

ield pic flag,
brder_cnt[ 0 ],
headers of a

code

picture

first_ mb_in_slice specifies the address of the first macroblock in the slice. When arbitrary slice order is not allowed as
specified in Annex A, the value of first mb_in_slice is constrained as follows.

If separate colour plane flag is equal to 0, the value of first mb in_slice shall not be less than the value of

first mb_in_slice for any other slice of the current picture that precedes the current slice in decoding order.

Otherwise (separate_colour plane flag is equal to 1), the value of first mb_in_slice shall not be less than the value

of first mb_in_slice for any other slice of the current picture that precedes the current slice in decoding order and
has the same value of colour_plane_id.

The first macroblock address of the slice is derived as follows.

and first mb_in_slice shall be in the range of 0 to PicSizeInMbs — 1, inclusive.

© ISO/IEC 2009 — Al rights reserved
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Otherwise (MbaffFrameFlag is equal to 1), first mb_in_slice * 2 is the macroblock address of the first macroblock

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.

Table 7-6 — Name association to slice_type

slice_type Name of slice_type
P (P slice)

B (B slice)

slice type v
current code
of slice_typa

When nal_u
When max_

pic_parame
of 0 to 255,

colour_plan
equal to 1.1
correspond t

NOTE 1

frame_num|
bitstream. fr

The variable

If the cy

Otherw
If}

I (Islice)

SP (SP slice)
SI (SI slice)
P (P slice)

B (B slice)

I (Islice)

SP (SP slice)
SI (SI slice)

Nell el DN o N BV, RS VSN [ NS | Bl e)

hlues in the range 5..9 specify, in addition to the coding type of ¢he.Current slice, that all other slices
d picture shall have a value of slice type equal to the current yvalue of slice_type or equal to the curren
- 5.

nit_type is equal to 5 (IDR picture), slice_type shall be eqtal to 2, 4, 7, or 9.
hum_ref frames is equal to 0, slice type shall be equal’to 2, 4, 7, or 9.

ter_set_id specifies the picture parameter set.dn use. The value of pic_parameter set id shall be in th
nclusive.

e_id specifies the colour plane associated with the current slice RBSP when separate colour plane|
'he value of colour plane id shall bein the range of 0 to 2, inclusive. colour plane id equal to 0, 1
p the Y, Cb, and Cr planes, respectively.

There is no dependency between the decoding processes of pictures having different values of colour plane id.

is used as an identifier for pictures and shall be represented by log2 max_frame num_minus4 + 4 bit
hme num is constrained\as follows:

PrevRefFrameNym,is derived as follows.
irrent picture.is-an IDR picture, PrevRefFrameNum is set equal to 0.
ise (the current picture is not an IDR picture), PrevRefFrameNum is set as follows.

the decoding process for gaps in frame num specified in subclause 8.2.5.2 was invoked by the dg

Pl

of the
t value

b range

| flag is
and 2

5 in the

coding
unit in

ocdss for an access unit that contained a non-reference picture that followed the previous access

decoding order that confained a reference picture, PrevRelFrameNum 1s set equal to the value of frame num
for the last of the "non-existing" reference frames inferred by the decoding process for gaps in frame num
specified in subclause 8.2.5.2.

order that contained a reference picture.

The value of frame num is constrained as follows.

If the current picture is an IDR picture, frame num shall be equal to 0.

Otherwise, PrevRefFrameNum is set equal to the value of frame num for the previous access unit in decoding

Otherwise (the current picture is not an IDR picture), referring to the primary coded picture in the previous access

unit in decoding order that contains a reference picture as the preceding reference picture, the value of frame num
for the current picture shall not be equal to PrevRefFrameNum unless all of the following three conditions are true:
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a) The current picture and the preceding reference picture belong to consecutive access units in decoding order.
b) 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 2 — When the preceding reference picture includes a memory management control operation syntax
element equal to 5, PrevRefFrameNum is equal to 0.

—  There is a primary coded picture that precedes the preceding reference picture and the primary coded
picture that precedes the preceding relerence picture does not have Irame_nym equal to
PrevRefFrameNum,

—  There is a primary coded picture that precedes the preceding reference picture anid-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, it is a requirement of bitstream conformpance that the
folloying constraints shall be obeyed:

1) 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 in the following:

UnusedShortTermFrameNum = ( PrevRefFrameNum + 1 )% MaxFrameNum
while( UnusedShortTermFrameNum != frame num ) (7-23)
UnusedShortTermFrameNum = ( UnusedShortTermFrameNum + 1 ) % MaxFrameNum

b) The value of frame num is constrained as follows;

— If gaps in frame num value allowed flag\s equal to 0, the value of frame num for the durrent picture
shall be equal to ( PrevRefFrameNum +d@)) % MaxFrameNum.

—  Otherwise (gaps_in_frame num_valu¢’ allowed flag is equal to 1), the following applies.

—  If frame num is greater thanw/PrevRefFrameNum, there shall not be any non-reference pictures in the
bitstream that follow the previous reference picture and precede the current picture in decoding order
in which either of the*following conditions is true:

—  The value offrame num for the non-reference picture is less than PrevRefFrameNym,

—  The value-of frame num for the non-reference picture is greater than the value of frame num for
the current picture.

—  Otherwise (frame num is less than PrevRefFrameNum), there shall not be any non-reference pictures
in thebitstream that follow the previous reference picture and precede the current pictufe in decoding
order in which both of the following conditions are true:

—  The value of frame num for the non-reference picture is less than PrevRefFrameNym,

—  The value of frame num for the non-reference picture is greater than the value of frame num for
the current picture.

A picfure including a memory_management_comntrol_operation equal to 5 shall have irame_num constraints as described
above and, after the decoding of the current picture and the processing of the memory management control operations,
the picture shall be inferred to have had frame num equal to 0 for all subsequent use in the decoding process, except as
specified in subclause 7.4.1.2.4.
NOTE 3 — When the primary coded picture is not an IDR picture and does not contain memory management_control operation
syntax element equal to 5, the value of frame num of a corresponding redundant coded picture is the same as the value of
frame num in the primary coded picture. Alternatively, the redundant coded picture includes a
memory management control operation syntax element equal to 5 and the corresponding primary coded picture is an IDR
picture.

field_pic_flag equal to 1 specifies that the slice is a slice of a coded field. field pic flag equal to O specifies that the slice
is a slice of a coded frame. When field pic flag is not present it shall be inferred to be equal to 0.

The variable MbaffFrameFlag is derived as
MbaffFrameFlag = ( mb_adaptive frame field flag && !field pic flag) (7-24)
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The variable

for the picture height in units of macroblocks is derived as

PicHeightInMbs = FrameHeightInMbs / ( 1 + field pic flag) (7-25)
The variable for picture height for the luma component is derived as

PicHeightInSamples; = PicHeightInMbs * 16 (7-26)
The variable for picture height for the chroma component is derived as

PicHgightInSamplesc = PicHeightiInMbs * MbHeightC (7-27)
The variablg PicSizeInMbs for the current picture is derived as

PicSigeInMbs = PicWidthInMbs * PicHeightInMbs (7-28)

The variable

If field |

Otherw
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If field |

Otherw
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When two ¢
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value of the

delta_pic_o
coded frame
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delta p

Otherw

MaxPicNum is derived as follows.

pic_flag is equal to 0, MaxPicNum is set equal to MaxFrameNum.

ise (field pic_flag is equal to 1), MaxPicNum is set equal to 2*MaxFrameNum.
CurrPicNum is derived as follows.

[pic_flag is equal to 0, CurrPicNum is set equal to frame numi,

ise (field pic_flag is equal to 1), CurrPicNum is set equalto2 * frame num + 1.

l flag equal to 1 specifies that the slice is part.ofya coded bottom field. bottom field flag equ
t the picture is a coded top field. When this syntax* element is not present for the current slice, it S
e equal to 0.

Hentifies an IDR picture. The values of idrspic_id in all the slices of an IDR picture shall remain unc}
bnsecutive access units in decoding orderare both IDR access units, the value of idr pic id in the s

IDR access unit shall differ from the\dr pic id in the second such IDR access unit. The value of idr|
e range of 0 to 65535, inclusive.

nt_lsb specifies the picture order count modulo MaxPicOrderCntLsb for the top field of a coded fram:
. The length of the pic_order” cnt Isb syntax element is log2 max_pic order cnt Isb minus4 + 4 bi
pic_order cnt Isb shall be in the range of 0 to MaxPicOrderCntLsb — 1, inclusive.

Fder_cnt_bottomrspecifies the picture order count difference between the bottom field and the top fig
as follows.

current ~picture includes a memory management control operation equal to 5, the va

jc_orderwent_bottom shall be in the range of ( 1 — MaxPicOrderCntLsb ) to 2°' — 1, inclusive.

ise/(the current picture does not include a memory management control operation equal to 5), the v

delta p

al to 0
hall be

anged.
ices of
| pic_id

e or for
ts. The

Id of a

ue of

hlue of

jc\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[ 0 ] specifies the picture order count difference from the expected picture order count for the top
field of a coded frame or for a coded field as specified in subclause 8.2.1. The value of delta_pic_order cnt[ O ] 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[ 1 | specifies the picture order count difference from the expected picture order count for the
bottom 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%"t0 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.
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redundant_pic_cnt shall be equal to 0 for slices and slice data partitions belonging to the primary coded picture. The
value of redundant pic_cnt shall be greater than 0 for coded slices or coded slice data partitions of a redundant coded
picture. When redundant pic_cnt is not present in the bitstream, its value shall be inferred to be equal to 0. The value of
redundant_pic_cnt shall be in the range of 0 to 127, inclusive.

NOTE 4 — Any area of the decoded primary picture and the corresponding area that would result from application of the decoding
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 bottom field pic order in frame present flag in the picture parameter set in use in a redundant
coded picture is equal to the value of bottom_field pic_order in frame present flag in the picture parameter set in use
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corresponding primary coded picture.

value: field pic_flag, bottom_ field flag, and idr_pic_id.

the value of nal ref idc in one VCL NAL unit of an access unit is equal to 0, the value of nal ref i
INAL units of the same access unit shall be equal to 0.

DTE 5 — The above constraint also has the following implications. If the value of nal ref ide for the VCL N
mary coded picture is equal to 0, the value of nal_ref idc for the VCL NAL units of any corrésponding redunda

nal_ref idc for the VCL NAL units of any corresponding redundant coded picture are also'greater than 0.

harking status of reference pictures and the value of frame num after the deceded reference picture m:
bcified in subclause 8.2.5 is invoked for the primary coded picture or\any redundant coded pictur
5 unit shall be identical regardless whether the primary coded picture. or any redundant coded picture

ry coded picture) of the access unit would be decoded.

DTE 6 — The above constraint also has the following implications.

hen the primary coded picture is an IDR picture and a redundant coded picture corresponding to the primary cod
R picture, the contents of the dec ref pic _marking( ) syntax strilcture must be identical in all slice headers of thg
Cture and the redundant coded picture corresponding to the primary coded picture.

hen the primary coded picture is an IDR picture and a redundant coded picture corresponding to the primary cod
IDR picture, all slice headers of the redundant picture must contain a dec ref pic _marking syntax() struct]
Pmory_management_control_operation syntax elementequal to 5, and the following applies.

If the value of long_term_reference flag in the\primary coded picture is equal to 0, the dec_ref pic_marking
of the redundant coded picture must not include a memory management control operation syntax element equ

Otherwise (the value of long_term_reference flag in the primary coded picture is equal to 1), the dec_ref pic |
structure of the redundant coded pictufé)must include memory_management_control_operation syntax elemen
and 6 in decoding order, and .the *value of max long term frame idx plusl must be equal to 1, an
long_term frame_idx must be equal to 0.

falues of TopFieldOrderCntvand BottomFieldOrderCnt (if applicable) that result after completion of
ss for any redundant coded ‘picture or the primary coded picture of the same access unit shall be ident
ler the primary codgd\picture or any redundant coded picture (instead of the primary coded picture

ould be decoded!

is no requiredidecoding process for a coded slice or coded slice data partition of a redundant coded
dundant pic\ cnt in the slice header of a coded slice is greater than 0, the decoder may discard th
ver, a.coded slice or coded slice data partition of any redundant coded picture shall obey the same ¢
| slice or’ coded slice data partition of a primary picture.

DTE/7 — When some of the samples in the decoded primary picture cannot be correctly decoded due to err

shall have the

dc in all other

AL units of the
it coded picture

e equal to 0; otherwise (the value of nal_ref idc for the VCL NAL units of the primary codedpicture is greater than 0), the value

hrking process
e of the same
instead of the

ed picture is an
primary coded

bd picture is not
ure including a

byntax structure
al to 6.

marking syntax
ts equal to 5, 4,
i the value of

the decoding
cal regardless
of the access

picture. When
e coded slice.
bnstraints as a

brs or losses in

tranSmission o1 the sequence and a coded redundant slice can be correCtly decoded, the decoder should replace the samples of the

decoded primary picture with the corresponding samples of the decoded redundant slice. When more than one redundant 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 redundant
picture. Decoded slices within the same redundant picture need not cover the entire picture area and shall not overlap.

direct_spatial mv_pred_flag specifies the method used in the decoding process to derive motion vectors and reference
indices 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 specified in

S
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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 specified in
subclause 8.4.1.2.3.

num_ref_idx_active_override_flag equal to 1 specifies that the syntax element num ref idx 10 active minusl is
present for P, SP, and B slices and that the syntax element num ref idx 1l active minusl is present for B slices.
num_ref idx_active override flag equal to O specifies that the syntax elements num ref idx 10 active minusl and
num_ref idx 11 _active minusl are not present.

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 default active _minusl in the picture parameter set exceeds 15, num_ref idx _active override flag shall
be equal to 1.

When the
num_ref id¥

be equal to 1.

current slice is a B slice and field pic flag is equal to0O and the
11 _default active minus! in the picture parameter set exceeds 15, num ref idx active override)fls

num_ref idx 10 _active_minusl specifies the maximum reference index for reference picture list O that’shall be

decode the s
When the

num_ref id¥
The range of
If field |
MbaftF

frame n
field ma

Otherwi

num_ref id
decode the s

ice.
current slice is a P, SP, or B slice and num ref idx 10 active minusl is
10_active_minus| shall be inferred to be equal to num_ref idx 10 default active minusl.

not

num_ref idx 10 active minusl is specified as follows.

pic_flag is equal to 0, num ref idx 10 active minusl shall be in-the/range of 0 to 15, inclusive.
ameFlag is equal to 1, num_ref idx 10 active minusl is the maximum index value for the deco
nacroblocks and 2 * num_ref idx 10 active minusl + 1 is the maximum index value for the deco
croblocks.

se (field pic flag is equal to 1), num_ref idx 10 active<{minusl shall be in the range of 0 to 31, inclu

Ik_11_active_minusl specifies the maximum reference'index for reference picture list 1 that shall be
ice.

When the ciirrent slice is a B slice and num_ref idx 11, aetive minusl is not present, num_ref idx 11 active

shall be infe

The rangg
num_ref idy

cabac_init_|
variables. T}

slice_qp_de
value of mb |

Slice

The value of
sp_for_swit

for non-

decodin

red to be equal to num_ref idx 11 default;active minusl.

of num ref idx Il active minusl” is constrained as specified
- 10_active_minus1 with 10 and list O.replaced by 11 and list 1, respectively.

in the semantic

dc specifies the index for determining the initialisation table used in the initialisation process for
e value of cabac_init_idc shall be in the range of 0 to 2, inclusive.

ta specifies the initiakvalue of QPy to be used for all the macroblocks in the slice until modified
[ gqp_delta in the macroblock layer. The initial QPy quantisation parameter for the slice is computed as

DPy =26 + pie~init qp minus26 + slice gp delta

slice-gp>delta shall be limited such that SliceQPy is in the range of ~QpBdOffsety to +51, inclusive.

chidlag specifies the decoding process to be used to decode P macroblocks in an SP slice as follows.

Vallle

of
g shall

used to

resent,

When

ling of
ling of

ive.

ised to
minus1
5 for

context

by the

(7-29)

switching pictures as specified in subclause 8.6.1.

g process for switching pictures as specified in subclause 8.6.2.

If sp_for switch flag is equal to 0, the P macroblocks in the SP slice shall be decoded using the SP decoding process

Otherwise (sp_for switch_flag is equal to 1), the P macroblocks in the SP slice shall be decoded using the SP and SI

slice_qs_delta specifies the value of QSy for all the macroblocks in SP and SI slices. The QSy quantisation parameter for

the slice is co

mputed as

QSy =26 + pic_init_qs minus26 + slice gs_delta
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The value of slice gs_delta shall be limited such that QSy is in the range of 0 to 51, inclusive. This value of QSy is used
for the decoding of all macroblocks in SI slices with mb_type equal to SI and all macroblocks in SP slices that are coded
in an Inter macroblock prediction mode.

disable_deblocking_filter_idc specifies whether the operation of the deblocking filter shall be disabled across some
block edges of the slice and specifies for which edges the filtering is disabled. When disable deblocking_filter idc is not
present in the slice header, the value of disable _deblocking_filter idc shall be inferred to be equal to 0.

The value of disable deblocking filter idc shall be in the range of 0 to 2, inclusive.

slice_alpha_c0_offset_div2 specifies the offset used in accessing the o and tcy deblocking filter tables for filtering
operations controlled by the macroblocks within the slice. From this value, the offset that shall be applied when
addressing these tables shall be computed as

FilterOffsetA = slice_alpha c0 offset div2 <<'1 (7-31)

The value of slice_alpha c0 offset div2 shall be in the range of —6 to +6, inclusive. When slide_alpha c0 |offset div2 is
not pfesent 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 P deblocking filter* table for filtering operations
contrplled by the macroblocks within the slice. From this value, the offset that is applied when addressing| the B table of
the d¢blocking filter shall be computed as

FilterOffsetB = slice beta offset div2 <<'1 (7-32)

The YValue of slice beta offset div2 shall be in the range of —6 to6, inclusive. When slice beta offsgt div2 is not
preseht in the slice header the value of slice beta offset div2 shalldbe inferred to be equal to 0.

slice [group_change cycle is used to derive the numbér of slice group map units in slice gigoup 0 when
slice [group map_type is equal to 3, 4, or 5, as specified by

MapUnitsInSliceGroup0 = Min( slice group. change cycle * SliceGroupChangeRate,
PicSizeInMapUnits ) (7-33)

The yalue of slice_group_change cycle is represented in the bitstream by the following number of bits

Ceil( Log2( PicSizeInMapUnits SliceGroupChangeRate + 1) ) (7-34)

The value of slice_group change cycle shall be in the range of 0 to Ceil( PicSizeInMapUnits+SliceGroup[ChangeRate ),
inclugive.

7.4.3]1 Referencepicture list modification semantics

The $yntax elemients modification of pic nums_idc, abs diff pic num minusl, and long term pic num specify the
change from the initial reference picture lists to the reference picture lists to be used for decoding the slice.

ref_pic_list )Jmodification_flag 10 equal to 1 specifies that the syntax element modification of pic nums|idc is present
for specitying reference picture list 0. ref pic_list modification flag 10 equal to O specifies that this synfax element is
not present.

When ref pic_list modification flag 10 is equal to 1, the number of times that modification of pic_nums_idc is not
equal to 3 following ref pic_list modification flag 10 shall not exceed num_ref idx 10 active minusl + 1.

When RefPicListO] num_ref idx 10 active minusl ]| in the initial reference picture list produced as specified in
subclause 8.2.4.2 is equal to "no reference picture", ref pic list modification flag 10 shall be equal to 1 and
modification_of pic nums_idc shall not be equal to3 until RefPicListO[ num ref idx 10 active minusl | in the
modified list produced as specified in subclause 8.2.4.3 is not equal to "no reference picture".

ref _pic_list modification_flag 11 equal to 1 specifies that the syntax element modification_of pic_nums_idc is present
for specifying reference picture list 1. ref pic_list modification flag 11 equal to O specifies that this syntax element is
not present.
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When ref pic_list modification flag 11 is equal to 1, the number of times that modification of pic nums idc is not
equal to 3 following ref pic_list modification flag 11 shall not exceed num_ref idx 11 active minusl + 1.

When decoding a slice with slice type equal to 1 or 6 and RefPicList][ num ref idx 11 active minusl ] in the initial
reference picture list produced as specified in subclause 8.2.4.2 is equal to "no reference picture"”,
ref pic_list modification flag 11 shall be equal to 1 and modification of pic nums idc shall not be equal to 3 until
RefPicListl[ num_ref idx 11 active minusl ] in the modified list produced as specified in subclause 8.2.4.3 is not equal
to "no reference picture".

modification_of pic_nums_idc together with abs_diff pic num minusl or long term_ pic_num specifies which of the
reference pictures are re-mapped. The values of modification_of pic_nums_idc are specified in Table 7-7. The value of
the first modification of pic nums idc that follows immediately after ref pic list modification flag 10 or
ref pic_list mmodificationftag—tshattmotbeequatto3-

Table 7-7 — modification_of pic_nums_idc operations for modification of reference picturelists
modification_of pic_nums_idc modification 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 speeifies’ the long-term picture number
for a reference picture

3 End loop for modification of the initial reference picture list

abs_diff pi¢
moved to th
range of 0 t
subclause 8.

_num_minusl plus 1 specifies the absolute différence between the picture number of the picturg
e current index in the list and the picture number(prediction value. abs_diff pic num minusl shall b
b MaxPicNum — 1. The allowed values of abs: diff pic num _minusl are further restricted as spec
p.4.3.1.

being
b in the
fied in

he list.

long_term_
When decoq
reference frg
coded field,
"used for loy

7.43.2 Pr

luma_log2 |
luma log2

chroma_log
chroma_log]

luma_weigh

pic_num specifies the long-term picture.number of the picture being moved to the current index in 1
ling a coded frame, long term picinum shall be equal to a LongTermPicNum assigned to one
mes or complementary referencé-field pairs marked as "used for long-term reference". When dec
long term pic num shall be.egual to a LongTermPicNum assigned to one of the reference fields ma
g-term reference".

ediction weight table Semantics

weight_denom_is.the base 2 logarithm of the denominator for all luma weighting factors. The v
veight denomishall be in the range of 0 to 7, inclusive.

2 weight_denom is the base 2 logarithm of the denominator for all chroma weighting factors. The
_weight=denom shall be in the range of 0 to 7, inclusive.

t.10 Aflag equal to 1 specifies that weighting factors for the luma component of list 0 prediction are

of the
ding a
rked as
hlue of

alue of

resent.

luma_weigh
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luma_weight 10[i] is the weighting factor applied to the luma prediction value for list O prediction using
RefPicListO[ i ]. When luma_weight 10 flag is equal to 1, the value of luma weight 10[ i ] shall be in the range of
—128 to 127, inclusive. When luma weight 10 flag is equal to 0, luma weight 10[ i ] shall be inferred to be equal
to 2lumaﬁlogziweightidenom for RefPICLIStO[ i ]

luma_offset_10[ i] is the additive offset applied to the luma prediction value for list 0 prediction using RefPicList0[ 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 0,
luma_offset 10[ i ] shall be inferred as equal to 0 for RefPicListO[ i ].

chroma_weight 10 _flag equal to 1 specifies that weighting factors for the chroma prediction values of list 0 prediction
are present. chroma_weight 10 flag equal to 0 specifies that these weighting factors are not present.
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chroma_weight 10[i][j ] is the weighting factor applied to the chroma prediction values for list 0 prediction using
RefPicListO[ i ] with j equal to O for Cb and j equal to 1 for Cr. When chroma_weight 10 flag is equal to 1, the value of
chroma_weight 10[ i ][ j ] shall be in the range of —128 to 127, inclusive. When chroma_weight 10 flag is equal to O,
chroma_weight 10[ i ][ j ] shall be inferred to be equal to 2¢Mm-tog2-weight denom g5 R o fPicListO[ i ].

chroma_offset 10[i][j] is the additive offset applied to the chroma prediction values for list 0 prediction using
RefPicListO[ i ] with j equal to O for Cb and j equal to 1 for Cr. The value of chroma offset 10[ i ][] ] shall be in the
range of —128 to 127, inclusive. When chroma_weight 10 flag is equal to 0, chroma_offset 10[ i ][ j ] shall be inferred to
be equal to 0 for RefPicList0[ 1 ].

luma_weight 11 _flag, luma_weight 11, luma_offset_I1, chroma_weight_11_flag, chroma_weight 11,
chroma_offset 11 have the same semantics as luma weight 10 flag, luma weight 10, Iuma offset 10,

chror
list 1
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The
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and nhax_long term frame idx_plusl specify marking of the reference pictures.

The 1
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prking process in subclause 8.2.5 must‘be-identical regardless whether the primary coded picture or any redunda

Taweight 10— ftag; chromawerght 10; chroma offset 10, Tespectivety; with16;tist0;amdEisto T3
and Listl, respectively.

3 Decoded reference picture marking semantics

kyntax elements no output of prior pics flag, long term reference flag, adaptive ref ‘pic_markin
ry_management_control operation, difference of pic_nums_minusl, long term frame idx, long t

nn

harking of a reference picture can be "unused for reference", "used for short-term'reference", or "used
nce", but only one among these three. When a reference picture is referred to as being marked
nce", this collectively refers to the picture being marked as "used for short‘term reference" or "used
nce" (but not both). A reference picture that is marked as "used. for short-term reference" is re
term reference picture. A reference picture that is marked as "used’ for long-term reference" is re
erm reference picture.

ontent of the decoded reference picture marking syntax structure shall be the same in all slice }
ry coded picture. When one or more redundant coded{pictures are present, the content of the deca
e marking syntax structure shall be the same in all slice-headers of a redundant coded picture with a p
undant_pic_cnt.

DTE 1 — It is not required that the content of the decodéd reference picture marking syntax structure in a redunda;
th a particular value of redundant_pic_cnt is identical to the content of the decoded reference picture marking syi
e corresponding primary coded picture or a redindant coded picture with a different value of redundant pic ¢
ecified in subclause 7.4.3, the content of the:dé¢oded reference picture marking syntax structure in a redundant
nstrained in the way that the marking statusof reference pictures and the value of frame num after the decoded 1

the access unit would be decoded.
yntax category of the decodéd,reference picture marking syntax structure shall be inferred as follows.

f the decoded referencé\picture marking syntax structure is in a slice header, the syntax category d
eference picture marking syntax structure is inferred to be equal to 2.

Dtherwise (thedceoded reference picture marking syntax structure is in a decoded reference pi
epetition SEINmessage as specified in Annex D), the syntax category of the decoded reference pi
yntax structlre is inferred to be equal to 5.

ntput-of_prior_pics_flag specifies how the previously-decoded pictures in the decoded picture buf]
Hecoding of an IDR picture. See Annex C. When the IDR picture is the first IDR picture in the bitstrg

placed by 11,

g mode flag,
brm_pic_num,

for long-term
as "used for
for long-term
ferred to as a
ferred to as a

\caders of the
ded reference
hrticular value

ht coded picture
itax structure in
ht. However, as
toded picture is
pference picture
it coded picture

f the decoded

ture marking
cture marking

fer are treated
tam, the value

of no

ontput nf‘#nrinrgnirq ﬂng has no effect on the dpr‘nding process When the TDR pi(‘mrP is not the fir]

5t IDR picture

in the bitstream and the value of PicWidthInMbs, FrameHeightInMbs, or max_dec frame buffering derived from the
active sequence parameter set is different from the value of PicWidthInMbs, FrameHeightInMbs, or
max_dec_frame buffering derived from the sequence parameter set active for the preceding picture,
no_output_of prior pics_flag equal to 1 may (but should not) be inferred by the decoder, regardless of the actual value
of no_output_of prior pics_flag.

long_term_reference flag equal to 0 specifies that the MaxLongTermFrameldx variable is set equal to "no long-term
frame indices" and that the IDR picture is marked as "used for short-term reference". long_term reference flag equal
to 1 specifies that the MaxLongTermFrameldx variable is set equal to 0 and that the current IDR picture is marked "used
for long-term reference" and is assigned LongTermFrameldx equal to 0. When max num_ref frames is equal to 0,
long term reference flag shall be equal to 0.
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adaptive ref pic_marking mode flag sclects the reference picture marking mode of the currently decoded picture as
specified in Table 7-8. adaptive ref pic_marking mode flag shall be equal to 1 when the number of frames,
complementary field pairs, and non-paired fields that are currently marked as "used for long-term reference" is equal to

Max( 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

pictures.

Sliding window reference picture marking mode: A marking mode
providing a first-in first-out mechanism for short-term reference

memory_m
marking. Th
specified byj
memory ma
elements are
constraints ¢

which that igdividual memory management_control operation is processed.

For interpret

Adaptive reference picture marking mode: A reference pictl
marking mode providing syntax elements to specify marking
reference pictures as "unused for reference" and to assign)long-te
frame indices.

ire
of
rm

hnagement_control_operation specifies a control operation to be applied to_affect the reference
e memory management control operation syntax element is followed by data necessary for the op
the value of memory management control operation. The values and gontrol operations associate
nagement control operation are specified in Table 7-9. The memory management control operation|

xpressed for each memory management control operation apply.at’the specific position in that g

ation of memory management control operation, the termrreference picture is interpreted as follows.

picture
eration
d with
syntax

processed by the decoding process in the order in which they appeat.in the slice header, and the semantics

rder at

—  If the dqurrent picture is a frame, the term reference picture reférs either to a reference frame or a complementary
referenge field pair.

—  Otherwijise (the current picture is a field), the term referenice picture refers either to a reference field or a figld of a
refereng¢e frame.

memory_management control operation shall not be€qual to 1 in a slice header unless the specified reference pigture is

marked as [used for short-term reference" when the memory management control operation is processed [by the

decoding process.

memory_ma

nagement _control_operation shall not be equal to 2 in a slice header unless the specified long-term

picture

number refers to a reference pieture that is marked as "used for long-term reference” whgn the
memory management control operation is processed by the decoding process.

memory_management control.opgration shall not be equal to 3 in a slice header unless the specified reference pigture is
marked as [used for short-term reference” when the memory management control operation is processed [by the
decoding process.

memory_managemenf_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 ddcoding
process.

Not more thamone Memory _management_CONtrol_operation equal 1o 4 Sihatt be present i a stice header.

Not more than one memory management control operation equal to 5 shall be present in a slice header.

Not more 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 wunless no

memory_management _control_operation in the range of 1 to 3 is present in the same decoded reference picture marking
syntax structure.

A memory_management_control operation equal to 5 shall not follow a memory management control operation equal
to 6 in the same slice header.
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When a memory management _control_operation equal to 6 is present, any memory management control operation
equal to 2, 3, or 4 that follows the memory management_control operation equal to 6 within the same slice header shall
not specify the current picture to be marked as "unused for reference".

NOTE 2 — These constraints prohibit any combination of multiple memory management control_operation syntax elements that
would specify the current picture to be marked as "unused for reference". However, some other combinations of
memory management control operation syntax elements are permitted that may affect the marking status of other reference
pictures more than once in the same slice header. In particular, it is permitted for a memory management_control operation equal
to 3 that specifies a long-term frame index to be assigned to a particular short-term reference picture to be followed in the same
slice header by a memory management control operation equal to 2, 3, 4 or 6 that specifies the same reference picture to
subsequently 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 opefation
syntax element loop

1 Mark a short-term reference picture‘as
"unused for reference"”

2 Mark a long-term referencé.picture as
"unused for reference"”

3 Mark a short-term r€ference picture as
"used for long-ternréference” and assign a
long-term frame.index to it

4 Specify the maximum long-term frame index
and mark(all long-term reference pictures
havingdong-term frame indices greater than
th®maximum value as "unused for reference"

5 Mark all reference pictures as
"unused for reference" and set the
MaxLongTermFrameldx variable to
"no long-term frame indices"

6 Mark the current picture as
"used for long-term reference" and assign a
long-term frame index to it

When decoding a field and a memory management control_operation command equal to 3 is present that 4ssigns a long-
term [frame index to a fieldsthat is part of a short-term reference frame or part of a complementary referepce field pair,
anothler memory management control operation command (equal to 3 or 6) 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 decqded reference
pictufe marking syfitax structure.

NPTE3 +#\‘The above requirement must be fulfilled even when the field referred |[to by the
mpmory management control operation equal to 3 is subsequently marked as "unused for reference" (for ejample when a
m

bmory ntanagement control operation equal to 2 is present in the same slice header that causes the field tg be marked as
nused, for reference").

NOFE4—Fhe-abovetequitementhas-thefoHowinetmpheattons:

— When a memory management control operation equal to 3 is present that assigns a long-term frame index to a field that is
part of a reference frame or complementary reference field pair with both fields marked as "used for short-term reference"
(when processing the memory management_control_operation equal to 3), another memory management_control_operation
equal to 3 must also be present in the same decoded reference picture marking syntax structure that assigns the same long-term
frame index to the other field of the reference frame or complementary reference field pair.

—  When the current picture is the second field (in decoding order) of a complementary reference field pair and a
memory management control operation equal to 3 is present in the decoded reference picture marking syntax structure of the
current picture that assigns a long-term frame index to the first field (in decoding order) of the complementary reference field
pair, a memory management_control_operation equal to 6 must be present in the same decoded reference picture marking
syntax structure that assigns the same long-term frame index to the second field of the complementary reference field pair.

When the first field (in decoding order) of a complementary reference field pair included 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 second field of the complementary reference field pair shall contain a
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memory_management_control_operation command equal to 6 that assigns the same long-term frame index to the second
field.
NOTE 5 — The above requirement must be fulfilled even when the first field of the complementary reference field pair is
subsequently marked as "unused for reference" (for example, when a memory management control operation equal to 2 is
present in the slice header of the second field that causes the first field to be marked as "unused for reference").

When the second field (in decoding order) of a complementary reference field pair includes a
memory_management _control_operation command equal to 6 that assigns a long-term frame index to this field and the
first field of the complementary reference field pair is marked as "used for short-term reference"” when the
memory_management_control operation command equal to 6 is processed by the decoding process, the decoded
reference  picture  marking syntax  structure of that second field shall contain  either a
memory management _control_operation command equal to 1 that marks the first field of the complementary field pair

as "unused
the complen|
field.
NOTE 6 -
reference’
syntax stry
long-term
assigned {

difference ¢

br reference” or a memory management control operation command equal to 3 that marks the first
ientary field pair as "used for long-term reference" and assigns the same long-term frame index to-t

- The above constraints specify that when both fields of a frame or a complementary field pair are fmarked as "
after processing all memory management control_operation commands of the decoded reference picture

cture, either both fields must be marked as "used for short-term reference" or both fields must(be marked as "
reference". When both fields are marked as "used for long-term reference", the same long-term frame index
D both fields.

pf pic_ nums_minusl is used (with memory management control operationyequal to 3 or 1) to a;

long-term fifame index to a short-term reference picture or to mark a short-termreference picture as "unu

reference".
resulting pid|
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If field]

When the associated memory management control operation is processed by the decoding procd
ture number derived from difference _of pic_nums_minus] shall bela picture number assigned to ong
tures marked as "used for reference" and not previously assignedito'a long-term frame index.

b picture number is constrained as follows.

| pic_flag is equal to 0, the resulting picture number shall be one of the set of picture numbers assig
e frames or complementary reference field pairs.

NOTE 7 — When field pic flag is equal to 0, the resulting picture number must be a picture number assig
complementary reference field pair in which both, fields are marked as "used for reference" or a frame in wh
fields are marked as "used for reference". In particular, when field pic flag is equal to 0, the marking of a no
field or a frame in which a single fieldVis marked as "used for reference" cannot be affected
memory management control operation eudl'to 1.

ise (field pic flag is equal to 1), the)resulting picture number shall be one of the set of picture n
d to reference fields.

pic_num is used (with memory management control operation equal to 2) to mark a long-term re
inused for reference”. When the associated memory management control operation is processed
bcess, long term pic sntim shall be equal to a long-term picture number assigned to one of the re
is currently marked(as)"used for long-term reference".

b long-term picture number is constrained as follows.

| pic_flag s equal to 0, the resulting long-term picture number shall be one of the set of long-term

numbers assigned-to reference frames or complementary reference field pairs.

NOTES — When field_pic_flag is equal to 0, the resulting long-term picture number must be a long-term

number assigned to a complementary reference field pair in which both fields are marked as "used for referen

ield of
he first
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marking of a non-paired field or a frame in which a single field is marked as "used for reference" cannot be affected by

amemory management_control operation equal to 2.

numbers assigned to reference fields.

Otherwise (field pic flag is equal to 1), the resulting long-term picture number shall be one of the set of long-term

long_term_frame idx is used (with memory management control operation equal to 3 or 6) to assign a long-term
frame index to a picture. When the associated memory management control operation is processed by the decoding
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 1 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 plus] shall be in the range of 0 to max num ref frames, inclusive.
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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.

mb_skip flag equal to 1 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
macrpblock type. mb_skip flag equal to 0 specifies that the current macroblock is not skipped.

roblock pair.
troblocks of a
d macroblock

mb_fiield_decoding_flag equal to O specifies that the current macroblock pair is a frame Jmag
mb_fleld decoding_flag equal to 1 specifies that the macroblock pair is a field macroblock pair~Both ma
fram¢ macroblock pair are referred to in the text as frame macroblocks, whereas both macrobloeks of a fie
pair qre referred to in the text as field macroblocks.

Whe
equal

Whet
macr

If there is a neighbouring macroblock pair immediately to the left 9f the current macroblock pair in t
the value of mb field decoding flag is inferred to be equal fo the value of mb field decoding
neighbouring macroblock pair immediately to the left of the current macroblock pair,

MbaffFrameFlag is equal to 0 (mb_field decoding flag is not present), mb_field“decoding flag is|inferred to be

to field pic_flag.

MbaffFrameFlag is equal to 1 and mb_field decoding flag is not pfesent for both the top arld the bottom

block of a macroblock pair, the value of mb_field decoding_flag shall-be inferred as follows.

he same slice,
_flag for the

ck pair in the
ir in the same
o flag for the

Dtherwise, if there is no neighbouring macroblock pair immediately to the left of the current macrobl
ame slice and there is a neighbouring macroblock pair immediately above the current macroblock p4
lice, the value of mb field decoding flag is inferred,to be equal to the value of mb_field decodin

neighbouring macroblock pair immediately above-the current macroblock pair,

Dtherwise (there is no neighbouring macroblock pair either immediately to the left or immediately abgve the current

macroblock pair in the same slice), the valuetof mb_field decoding_flag is inferred to be equal to 0.
N
P4
(

f a macroblock
troblock is read
bove (when the

DTE — When MbaffFrameFlag is equal to 1'and mb_field decoding_flag is not present for the top macroblock d
ir (because the top macroblock is skipped), a decoder must wait until mb_field decoding_flag for the bottom ma
hen the bottom macroblock is not skipped) or the value of mb_field decoding flag is inferred as specified al

bdttom macroblock is also skipped), before it starts the decoding process for the top macroblock.
end_of slice_flag equal to 0 specifies that another macroblock is following in the slice. end of slice flag equal to 1
specifies the end of the slice and that no further macroblock follows.
The flunction NextMbAddress( ) used in the slice data syntax table is specified in subclause 8.2.2.
7.4.5| Macroblock'layer semantics
mb_fype specifies-the macroblock type. The semantics of mb_type depend on the slice type.
Tablgs and semantics are specified for the various macroblock types for I, SI, P, SP, and B slices. Each table presents the
valuel of mb” type, the name of mb_type, the number of macroblock partitions used (given by the NumMbPart( mb_type )
functlon),—the—prediction—mode—of the—macroblock—(when—it—isnotpartitioned)—or—thefirst_pasrtition—{given by the

MbPartPredMode( mb_type, 0 ) function) and the prediction mode of the second partition (given by the
MbPartPredMode( mb_type, 1) function). When a value is not applicable it is designated by "na". In the text, the value
of mb_type may be referred to as the macroblock type, the value of MbPartPredMode( ) may be referred to in the text by
"macroblock (partition) prediction mode", and a value X of MbPartPredMode( ) may be referred to in the text by "X
macroblock (partition) prediction mode" or as "X prediction macroblocks".

Table 7-10 shows the allowed collective macroblock types for each slice type.

NOTE 1 — There are some macroblock types with Pred LO macroblock (partition) prediction mode(s) that are classified as B
macroblock types.
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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_gize 8x8 flag equal to 1 specifies that for the current macroblock the transform coefficient décoding process
and picture [construction process prior to deblocking filter process for residual 8x8 blocks shall be ‘inyoked fqr luma
samples, and when ChromaArrayType == 3 also for Cb and Cr samples. transform size 8x8 flag equal to 0 specifies
that for the [current macroblock the transform coefficient decoding process and picture consttuction process grior to
deblocking flilter process for residual 4x4 blocks shall be invoked for luma samples, and when, ChromaArrayType| ==

also for Cb 4nd Cr samples. When transform_size 8x8 flag is not present in the bitstream, it\shall be inferred to bg equal
to 0.

NOTE 2| — When the current macroblock prediction mode MbPartPredMode( mbitype, 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_inb_type[ mbPartldx | (see subclause 7.4.5.2) is present in the bitstream for all 8x8 blocks indeked by
mbPartldx = 0..3, the variable noSubMbPartSizeLessThan8x8Flag indicates(whether for each of the four 8x8 blofks the
corresponding SubMbPartWidth( sub_mb_type[ mbPartldx ] ) and SubMbPartHeight( sub_mb_type[ mbPartldx|] ) are
both equal tg 8.

NOTE 3 |- When noSubMbPartSizeLessThan8x8Flag is equal to Qhand the current macroblock type is not equal to[l NxN,
transform| size 8x8 flag is not present in the bitstream and then inferted to be equal to 0.

Macroblock [types that may be collectively referred to as I mactoblock types are specified in Table 7-11.

The macroblock types for I slices are all I macroblock types.
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s = = S
Q \)
0 I NxN 0 Intra 4x4 na Equation 7-35 {")Equatipn 7-35
0 I NxN 1 Intra_8x8 na Equation 7-397| Equati¢n 7-35
1 I 16x16 0 0 0 na Intra_16x16 0 0
2 I 16x16 1 0 0 na Intra_16x16 1 0
3 1 16x16 2 0 0 na Intra_16x16 2 0
4 I 16x16 3 0 0 na Intra_16x16 3 0
5 1 16x16 01 0 na Intra_16x16 0 1
6 I 16x16.1.10 na Intra_16x16 1 1
7 [ 16x16 2 1 0 na Intra_16x16 2 1
8 1 16x16 3 10 na Intra_16x16 3 1
9 I 16x16 0 2 0 na Intra_16x16 0 2
10 [ 16x16 1 2 0 na Intra_16x16 1 2
11 1 16x16 2 2 0 na Intra_16x16 2 2
12 I 16x16 3 2 0 na Intra_16x16 3 2
13 I 16x16_0 0.1 na Intra_16x16 0 0 15
14 I 16x16-1_0_1 na Intra_16x16 1 0 15
15 [NTox16 2 0 1 na Intra_16x16 2 0 15
16 1 16x16 3 0 1 na Intra_16x16 3 0 15
17 I 16x16 0 1 1 na Intra_16x16 0 1 15
18 [ 16x16 1 11 na Intra_16x16 1 1 15
19 1 16x16 2 1 1 na Intra_16x16 2 1 15
20 I 16x16 3 11 na Intra_16x16 3 1 15
21 1 16x16 0 2 1 na Intra_16x16 0 2 15
22 1 16x16 1 2 1 na Intra_16x16 1 2 15
23 I 16x16 2 2 1 na Intra_16x16 2 2 15
24 1 16x16 3 2 1 na Intra_16x16 3 2 15
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.

— 1.16x16 0 0 0, 1 16x16.1 00, 116x16 2 00, 1 16x163 00, I 16x16 010, 1 16xl16 1 10,
[ 16x16 2 1 0, 116x16 3 10, 116x16 02 0, I 16x1612 0, 1 16x16 2 2 0, 1 16x16 3 2 0,
I 16x16 0 0 1, I 16x16717071, I 16x16 2 0 1, 1 16x16 3 0 1, T16x16 0 1 1, T 16x16 1 1 1,
I 16x16 2 1 1, T 16x16 3 1 1, 1 16x16 0 2 1, 1 16x16 1 2 I 16x16 2 2 1, 1 16x16 3 2 ]: the

macroblock is coded as an Intra716x16 prediction mode macroblock.

To each Infra 16x16 prediction macroblock, an Intral6x16PredMode is assigned, which specifies.the/Intra| 16x16
prediction njode, and values of CodedBlockPatternLuma and CodedBlockPatternChroma are assigned’as specified in
Table 7-11.

Intra_4x4 specifies the macroblock prediction mode and specifies that the Intra 4x4 prediction process is invqked as
specified in pubclause 8.3.1. Intra_4x4 is an Intra macroblock prediction mode.

Intra_8x8 spjecifies the macroblock prediction mode and specifies that the Intra 8x& prediction process is invqked as
specified in pubclause 8.3.2. Intra_8x8 is an Intra macroblock prediction mode.

Intra_16x16|specifies the macroblock prediction mode and specifies that the Intra”16x16 prediction process is invoked as
specified in pubclause 8.3.3. Intra_16x16 is an Intra macroblock prediction made.

For a macroblock coded with mb_type equal to I PCM, the Intra macrobleck prediction mode shall be inferred.

A macroblogk type that may be referred to as SI macroblock type\is specified in Table 7-12.

The macroblock types for SI slices are specified in Tables, 712 and 7-11. The mb_type value 0 is specified in Tabfle 7-12
and the mb_fype 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 7-35 | Equation 7-35

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 Tables 7-13 and 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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0 P LO 16x16 1 Pred LO na 16 16
1 P LO LO 16x8 2 Pred LO Pred LO 16 8
2 P L0 LO 8x16 2 Pred LO Pred LO 8 16
3 P 8x8 4 na na 8 8
4 P_8x8refl 4 na na 8 8
inferred P_Skip 1 Pred LO na 16 16

The fpllowing 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 siz
amples and associated chroma samples.

— P _LO_LO MxN, with MxN being replaced by 16x8.01y8x16: the samples of the macroblock are predi
Juma partitions of size MxN equal to 16x8, or two luma partitions of size MxN equal to 8x16, §
hroma samples, respectively.

e 16x16 luma

ted using two
nd associated

— P _8x8: for each sub-macroblock an additiphal syntax element (sub_mb_type[ mbPartldx ] with mbPaztldx being the

acroblock partition index for the corresponding sub-macroblock) is present in the bitstream that spe

f the corresponding sub-macroblock((see subclause 7.4.5.2).

- ' 8x8ref0: has the same semanticsas P_8x8 but no syntax element for the reference index (ref idx 1
ith mbPartldx = 0..3) is present in the bitstream and ref idx_10[ mbPartldx ] shall be inferred to be

11 sub-macroblocks of the.macroblock (with indices mbPartldx = 0..3).

— ' Skip: no further data’is present for the macroblock in the bitstream.

The

cifies the type

[ mbPartldx ]
equal to 0 for

llowing semantics-are assigned to the macroblock prediction modes (for macroblocks that are not pgrtitioned) and
macrpblock partition) prediction modes (for macroblocks that are partitioned) specified by MbPartPfedMode( ) in

Tablq 7-13:

od€ (for macroblocks that are partitioned).

red L0 specifies that the Inter prediction process is invoked using list 0 prediction. Pred 1)0 is an Inter
acroblock prediction mode (for macroblocks that are not partitioned) and an Inter macroblock parti

t|ion prediction

When mb_type is equal to any of the values specified in Table 7-13, the macroblock is coded in an Inter macroblock
prediction mode.

Macroblock types that may be collectively referred to as B macroblock types are specified in Table 7-14.

The macroblock types for B slices are specified in Tables 7-14 and 7-11. The mb_type values 0 to 22 are specified in
Table 7-14 and the mb_type values 23 to 48 are specified in Table 7-11, indexed by subtracting 23 from the value of

mb_type.
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Table 7-14 — Macroblock type values 0 to 22 for B slices
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| — =7 a2z Foly el £
) S s v I v =2 R
= @ s E =< =< & E & E
= =~ = E E
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 10
3 B Bi 16x16 1 BiPred na 16 16
4 B LO LO 16x8 2 Pred LO Pred LO 16 8
5 B L0 LO 8x16 2 Pred LO Pred LO 8 16
6 B L1 L1 16x8 2 Pred L1 Pred (L1 16 8
7 B L1 L1 8x16 2 Pred L1 Pred L1 8 16
8 B L0 L1 16x8 2 Pred LO Pred L1 16 8
9 B L0 L1 8x16 2 Pred LO Pred L1 8 16
10 B L1 LO 16x8 2 Pred Dl Pred LO 16 8
11 B L1 LO 8x16 2 Peed L1 Pred LO 8 16
12 B LO Bi 16x8 2 Pred LO BiPred 16 8
13 B LO Bi 8x16 2 Pred LO BiPred 8 16
14 B L1 Bi 16x8 2 Pred LI BiPred 16 8
15 B L1 Bi 8x16 2 Pred L1 BiPred 8 16
16 B Bi [0 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

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.
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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 in the bitstream for the macroblock. For a macroblock with type B_ X 16x16 with X being replaced by Bi,
two motion vector differences and two reference indices are present in the bitstream for the macroblock.

B X0 X1 MxN, with X0, X1 referring to the first and second macroblock partition and being replaced by LO, L1,
or Bi, and MxN being replaced by 16x8 or 8x16: the samples of the macroblock are predicted using two luma
partitions 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 LO or L1, one
motion vector difference and one reference index is present in the bitstream. For a macroblock partition X0 or X1
with X0 or X1 being replaced by Bi, two motion vector differences and two reference indices are present in the

itstream for the macroblock partition.

 8x8: for each sub-macroblock an additional syntax element (sub_mb_type[ mbPartldx ] withmbPartldx being the

acroblock partition index for the corresponding sub-macroblock) is present in the bitstream that spefifies the type

f the corresponding sub-macroblock (see subclause 7.4.5.2).

 Skip: no further data is present for the macroblock in the bitstream. The functions\MbPartWidth(
bPartHeight( B Skip ) are used in the derivation process for motion vectors, and reference fra
ubclause 8.4.1 for direct mode prediction.

7-14:

irect: no motion vector differences or reference indices are pfesent for the macroblock (in case

llowing semantics are assigned to the macroblock prediction modes (fordmacroblocks that are not pz
block partition prediction modes (for macroblocks that are partitioned) specified by MbPartPfedMode( ) in

B Skip ), and
me indices in

rtitioned) and

of B_Skip or

Direct 16x16) in the bitstream. Direct is an Inter macroblock prediction mode (for macroblocks that are not
artitioned) and an Inter macroblock partition prediction® mode (for macroblocks that are p4rtitioned, see

able 7-18).
red LO: the semantics specified for Table 7-13 apply.

red L1: specifies that the Inter predictionprocess is invoked using list 1 prediction. Pred IJ1 is an Inter

acroblock prediction mode (for macroblocks that are not partitioned) and an Inter macroblock partition prediction

ode (for macroblocks that are partitioned).

iPred: specifies that the Inter predietion process is invoked using list 0 and list 1 prediction. BiPfed is an Inter

acroblock prediction mode (for, maeroblocks that are not partitioned) and an Inter macroblock partition prediction

ode (for macroblocks that are. partitioned).

When mb_type is equal to any, of‘the values specified in Table 7-14, the macroblock is coded in an Intq
predigtion mode.

pem |alignment_zero> bit is a bit equal to 0.

pem |sample_lumal i ] is a sample value. The pcm_sample luma] i | values represent luma sample valug
scan within thesmacroblock. The number of bits used to represent each of these samples is BitDepthy.

pem_|samiple_chroma[i] is a sample value. The first MbWidthC * MbHeightC pcm sample chroj

r macroblock

s in the raster

ma[ 1] values

repr\/ R & W50 P |

£ 1 1 - 41 4 adlo. s 1ol 1 J_4l o MA L
I C U SaIpIe— varats IO UIC TASTUT—SUdIT Wit I TIIaCTUUTOUR ™ alTt UIC TUTITATTIITE  IvIU VY TUUTC

* MbHeightC

pcm_sample chroma] i ] values represent Cr sample values in the raster scan within the macroblock. The number of bits

used to represent each of these samples is BitDepthc.

coded_block pattern specifies which of the four 8x8 luma blocks and associated chroma blocks of a macroblock may

contain non-zero transform coefficient levels. When coded block pattern is present in the bitstream,
CodedBlockPatternLuma and CodedBlockPatternChroma are derived as

CodedBlockPatternLuma = coded block pattern % 16
CodedBlockPatternChroma = coded block pattern/ 16

When the macroblock type is not equal to I PCM, the following applies.

If the macroblock prediction mode is equal Intra_16x16, the following applies.
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When the m:

—  If ChromaArrayType is not equal to 3, the value of CodedBlockPatternLuma specifies the following.

If CodedBlockPatternLuma is equal to 0, all AC transform coefficient levels of the luma componen
macroblock are equal to O for all 16 of the 4x4 blocks in the 16x16 luma block.

Otherwise (CodedBlockPatternLuma is not equal to 0), CodedBlockPatternLuma is equal to 15,

t of the

at least

one of the AC transform coefficient levels of the luma component of the macroblock shall be non-zero,

and the AC transform coefficient levels are scanned for all 16 of the 4x4 blocks in the 16x16 block.

—  Otherwise (ChromaArrayType is equal to 3), the value of CodedBlockPatternLuma specifies the following.

If CodedBlockPatternLuma is equal to 0, all AC transform coefficient levels of the luma, Cb,

and Cr

components of the macroblock are equal to O for all 16 of the 4x4 blocks in the luma, Cb, and Cr

components of the macroblock.

Otherw
bitstrea

- If
thg

- Of
on|

If Chro

Otherw
CodedH

n, and the following applies.

ChromaArrayType is not equal to 3, each of the four LSBs of CodedBlockPatternLuma specifies, for

heroblock type is not equal to I PEM, CodedBlockPatternChroma is interpreted as follows.

maArrayType is not equal to_0)or 3, CodedBlockPatternChroma is specified in Table 7-15.

Otherwise (CodedBlockPatternLuma is not equal to 0), CodedBlockPatternLuma is equal to 153
one of the AC transform coefficient levels of the luma, Cb, or Cr components of the macroblock {
non-zero, and the AC transform coefficient levels are scanned for all 16 of the 4x4 blocks in the lu
and Cr components of the macroblock.

se (the macroblock prediction mode is not equal to Intra 16x16), coded block patfern is present

four 8x8 luma blocks of the macroblock, the following.

If the corresponding bit of CodedBlockPatternLuma is equal to 0, all ‘transform coefficient levels
luma transform blocks in the 8x8 luma block are equal to zero.

Otherwise (the corresponding bit of CodedBlockPatternLuma ‘is equal to 1), one or more traj
coefficient levels of one or more of the luma transform blo¢ks in the 8x8 luma block shall be n
valued and the transform coefficient levels of the correspending transform blocks are scanned.

If the corresponding bit of CodedBlockPatternluma is equal to 0, all transform coefficient levels
luma, Cb, and Cr transform blocks in the 8x8{uma block are equal to zero.

Otherwise (the corresponding bit of CodedBlockPatternLuma is equal to 1), one or more traj
coefficient levels of one or more of thé-luma, Cb, or Cr transform blocks in the 8x8 luma block s
non-zero valued and the transformeeoefficient levels of the corresponding transform blocks are scan

se (ChromaArrayType.issequal to 0 or 3), the bitstream shall not contain data that result in a derived V
lockPatternChroma(that is not equal to 0.

Table 7-15 — Specification of CodedBlockPatternChroma values

Cod

edBlockPRatternChroma | Description

0 All chroma transform coefficient levels are equal to 0.

ht least
hall be
ma Cb,

in the

one of

of the

nsform
Nn-zero

herwise (ChromaArrayType is equal to 3), each of the four LSBs of CodedBlockPatternLuma speciffes, for
e of the four 8x8 luma blocks of the macroblock, the following.

of the

nsform
hall be
hed.

alue of

1 One or more chroma DC transform coefficient levels shall be non-zero valued.
All chroma AC transform coefficient levels are equal to 0.

2 Zero or more chroma DC transform coefficient levels are non-zero valued.
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_qp delta shall be in the
range of —( 26 + QpBdOffsety / 2) to +( 25 + QpBdOffsety / 2 ), inclusive. mb_qp_delta shall be inferred to be equal to 0
when it is not present for any macroblock (including P_Skip and B_Skip macroblock types).
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The value of QPy is derived as

QPy = ((QPyprey + mb_qp_delta + 52 + 2 * QpBdOffsety ) % ( 52 + QpBdOffsety ) ) — QpBdOffsety (7-36)

where QPvy prev is the luma quantisation parameter, QPy, of the previous macroblock in decoding order in the current
slice. For the first macroblock in the slice QPy prgy is initially set equal to SliceQPy derived in Equation 7-29 at the start
of each slice.

The value of QP'y is derived as

The variable TransformBypassModeFlag is derived as follows.

QP'y = QPy + QpBdOffsety

(7-37)

If gpprime_y zero transform bypass flag is equal to 1 and QP'y is equal to 0, TransformBypassM
¢qual to 1.

bdeFlag is set

—  Otherwise (qpprime y zero transform bypass flag is equal to 0 or QP%-is not egual to 0),
TransformBypassModeFlag is set equal to 0.

7.4.5{1 Macroblock prediction semantics

All sgmples of the macroblock are predicted. The prediction modes are derived using the following syntax glements.

prev|intra4x4 pred_mode_flag| luma4x4BIkIdx |
Intra |4x4 prediction of the 4x4 luma block with index luma4x4Blkldx = 0..15. When ChromaArrayType
prev |intra4x4 pred mode flag[ luma4x4Blkldx ] and rem_intra4x4) pred mode[ luma4x4Blkldx ] alsq
Intra |4x4 prediction of the 4x4 Cb block with luma4x4Blkldx-equal to cb4x4Blkldx for cb4x4Blkldx =
Intra |4x4 prediction of the 4x4 Cr block with luma4x4Blkldx(equal to cr4x4BlkIdx for cr4x4Blkldx = 0..1§.

prev|intra8x8 pred_mode_flag[ luma8x8BIkIdx ]
Intra | 8x8 prediction of the 8x8 luma block with index luma8x8BlkIdx = 0..3. When ChromaArrayType
prev [intra8x8 pred mode flag[ luma8x8Blkldx ] yand™ rem intra8x8 pred mode[ luma8x8Blkldx ] alsq
Intra |8x8 prediction of the 8x8 Cb block with lama8x8Blkldx equal to cb8x8Blkldx for cb8x8Blkldx -
Intra |8x8 prediction of the 8x8 Cr block with-ifidex luma8x8Blkldx equal to cr8x8Blkldx for cr8x8Blkldx

intra| chroma_pred_mode specifies, when ChromaArrayType is equal to 1 or 2, the type of spatial predi
chrorha in macroblocks using Intra 4x4,“Intra 8x8, or Intra 16x16 prediction, as shown in Table 7-16.
intra |chroma_pred mode shall be in the range of 0 to 3, inclusive.

and rem_intra4x4-pred_mode[ luma4x4BlkIdx ]

and. \rem_intra8x8 pred_mode[ luma8x8Blkldx ]

Table 7-16 — Relationship between intra_chroma_pred_mode and spatial prediction modg

specify the
is equal to 3,
specify the
0..15 and the

specify the
is equal to 3,
specify the
- 0..3 and the
=0..3.

ction used for
The value of

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 O 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.

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 (MbaffFrameFlag is equal tol and mb field decoding flag is equal to 1),
ref idx_10[ mbPartldx ] shall be in the range of 0 to 2 * num_ref idx 10 active minusl + 1, inclusive.
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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 0 replaced by 11 and list 1, respectively.

mvd_10[ mbPartldx ][ 0 ][ compldx ] specifies the difference between a vector component to be used and its prediction.
The index mbPartldx specifies to which macroblock partition mvd 10 is assigned. The partitioning of the macroblock is
specified by mb_type. The horizontal motion vector component difference is decoded first in decoding order and is
assigned compldx = 0. The vertical motion vector component is decoded second in decoding order and is assigned
compldx = 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 ][ 0 ]| compldx ] has the same semantics as mvd 10, with 10 and 1.0 replaced by I1 and L1,
respectively

7.4.5.2 Sllb-macroblock prediction semantics

sub_mb_type[ mbPartldx ] specifies the sub-macroblock types.

Tables and pemantics are specified for the various sub-macroblock types for P, and B macrobloek types. Each table
presents the [value of sub_mb_type[ mbPartldx ], the name of sub_mb_type[ mbPartldx ], the muthber of sub-macgoblock
partitions uded (given by the NumSubMbPart( sub_mb_type[ mbPartldx ]) function), and“the prediction mode| of the
sub-macroblpck (given by the SubMbPredMode( sub_mb type[ mbPartldx ]) function). In the text, the vglue of
sub_mb_typp[ mbPartldx ] may be referred to by "sub-macroblock type". In the text;(the value of SubMbPredNode( )
may be referred to by "sub-macroblock prediction mode" or "macroblock partition prediction mode".

The interprgtation of sub_mb_type[ mbPartldx ] for P macroblock types is gpecified in Table 7-17, where the fow for
"inferred" specifies values inferred when sub_mb_type[ mbPartldx ] is not present.

Table 7-17 — Sub-macroblock types;inP macroblocks

~_~ = ~_~ ~_~
) ) " e " "
g £ g g%.8 2| L8
 d
5 5 =5 25 £5 =¥
& & £ A S & = Ay 3 &
= 52 == 2 3 =R=)
g o & SCE T E r E ¥ E
) ET =27 ol &3 £
=% < 2 5 =9 -3 = = = &
g “ 5 ES | 25 z5 =5
= = = o = S=e S
El El 4 El 175 El % El 7 EI
= = = = = =
= = = = = =
7] 7] v v v w
N’ N’ N’ N’
inferred na na na na na
0 P L0 8x8 1 Pred LO 8 8
1 P LO 8x4 2 Pred LO 8 4
2 P L0 4x8 2 Pred LO 4 8
3 P L0 4x4 7 Pred L0 7 7

The following semantics are assigned to the sub-macroblock types in Table 7-17:

— P_LO_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.

The following semantics are assigned to the sub-macroblock prediction modes (or macroblock partition prediction
modes) specified by SubMbPredMode( ) in Table 7-17:

—  Pred LO: see semantics for Table 7-13.
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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

= = = = = =
= = = = = =
= = - o E =T | =%
k Z EE Tk £ | ©&
=] =] a R E R - O A
= == = o ) 2= = .=
£ S E S E S = T E T E
T Eg =z £ g3 | &%
2 < 22 = & = = ==
s | 75 | g5 | £8 | 25 22
) ) = 2 = S 2 o)
El El z EI @ E @ EI a EI
= = = = = =
Z 2 z H z 7

inferred mb_type 4 Direct 4 4
0 B_Direct_8x8 4 Direct 4 4
1 B L0 8x8 1 Pred LO 8 8
2 B L1 8x8 1 Pred<LI 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 L1 4 8
8 B Bi’8x4 2 BiPred 8 4
9 B Bi 4x8 2 BiPred 4 8
10 B L0 4x4 4 Pred LO 4 4
11 B LI 4x4 4 Pred L1 4 4
12 B_Bi_4x4 4 BiPred 4 4

The fpllowing semantics are assigned to the sub-macroblock types in Table 7-18:
- b-macroblock

in the b1tstream The functlons SubePartW1dth( ) and SubePartHelght( ) are used in the derlvatlon 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 the sub-
macroblock are predicted using two luma partitions of size MxN equal to 8x4, or the samples of the sub-macroblock
are predicted using two luma partitions of size MxN equal to 4x8, or the samples of the sub-macroblock are
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predicted using four luma partitions of size MxN equal to 4x4, and associated chroma samples, respectively. All
sub-macroblock partitions share the same reference index. For an MxN sub-macroblock partition in a sub-
macroblock with sub_mb_type[ mbPartldx ] being B X MxN with X being replaced by either LO or L1, one motion
vector difference is present in the bitstream. For an MxN sub-macroblock partition in a sub-macroblock with
sub_mb_type[ mbPartldx ] being B_Bi_MxN, two motion vector difference are present in the bitstream.

The following semantics are assigned to the sub-macroblock prediction modes (or macroblock partition prediction
modes) specified by SubMbPredMode( ) in Table 7-18:

Direct:

see semantics for Table 7-14.

Pred LO: see semantics for Table 7-13.

Pred L
BiPred

ref_idx_10[
ref idx_11]

mvd_10[ mb
is applied to
which macrd

mvd_11[ mb

. see semantics tor lable 7-14.

see semantics for Table 7-14.

mbPartldx | has the same semantics as ref idx_10 in subclause 7.4.5.1.
mbPartldx | has the same semantics as ref idx_11 in subclause 7.4.5.1.

Partldx ][ subMbPartldx ][ compldx ] has the same semantics as mvd_10 in subclause 7.4.5.1, excep
the sub-macroblock partition index with subMbPartldx. The indices mbPattldx and subMbPartldx sp
block partition and sub-macroblock partition mvd 10 is assigned.

Partldx ][ subMbPartldx ][ compldx ] has the same semantics as myd_l1 in subclause 7.4.5.1.

7.4.5.3 Rdgsidual data semantics

The syntax s

If entrq
parsing

Otherw
used fo

The syntax
brackets beii

Intral6x16D
equal to levg

When Chror

For eac
chromal

For eac
indexed

tructure residual block( ), which is used for parsing the transform coefficient levels, is assigned as fol

py coding mode flag is equal to 0, residual block is.set equal to residual block cavlc, which is u
the syntax elements for transform coefficient levels:

ise (entropy _coding mode flag is equal to 1)xresidual block is set equal to residual block cabac, w
F parsing the syntax elements for transform.ceefficient levels.

structure residual luma( 116x16DClewel; i16x16AClevel, level, level8x8 ) is used with the varial
\g its output and being assigned as follows.

CLevel is set equal to i16x16DCJevel, Intral6x16ACLevel is set equal to i16x16AClevel, LumaLevg
1, and LumaLevel8x8 is setequal to level8x8.

haArrayType is equal tovl or 2, the following applies:

h chroma component,-indexed by iCbCr = 0..1, the DC transform coefficient levels of the 4 * NumCS§
blocks are parsed into the iCbCr-th list ChromaDCLevel[ iCbCr ].

h of the 4x4.¢hroma blocks, indexed by i4x4 = 0..3 and i8x8 = 0..NumC8x8 — 1, of each chroma com
by iCbCr= 0..1, the 15 AC transform coefficient levels are parsed into the (i8x8*4 + i4x4)-th list

iCbCr-th chroma component ChromaACLevel[ iCbCr ][ i8x8*4 + i4x4 ].

When Chroq

that it
ecify to

OWS.

sed for

hich is

bles in

1 is set

X8 4x4

bonent,
of the

haArfayType is equal to 3, the following applies:

The syntax structure residual luma( i16x16DClevel, i16x16AClevel, level, level8x8 ) is used for the Cb component
with the variables in brackets being its output and being assigned as follows. CbIntral6x16DCLevel is set equal to
i16x16DClevel, Cblntral6x16ACLevel is set equal to i16x16AClevel, CbLevel is set equal to level, and
CbLevel8x8 is set equal to level8x8.

The syntax structure residual luma( i16x16DClevel, i16x16AClevel, level, level8x8 ) is used for the Cr component
with the variables in brackets being its output and being assigned as follows. CrIntral6x16DCLevel is set equal to
i16x16DClevel, Crintral 6x16ACLevel is set equal to i16x16AClevel, CrLevel is set equal to level, and CrLevel8x8
is set equal to level8x8.

7.4.5.3.1 Residual luma data semantics

Output of this syntax structure are the variables i16x16DClevel, i16x16AClevel, level, and level8x8.
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The syntax structure residual_block( ), which is used for parsing the transform coefficient levels, is assigned as follows.

parsing the syntax elements for transform coefficient levels.

used for parsing the syntax elements for transform coefficient levels.

If entropy coding mode flag is equal to 0, residual block is set equal to residual block cavlc, which is used for

Otherwise (entropy_coding_mode_flag is equal to 1), residual_block is set equal to residual_block cabac, which is

Depending on mb_type, the syntax structure residual block( coeffLevel, maxNumCoeff) is used with the arguments
coeffLevel, which is a list containing the maxNumCoeff transform coefficient levels that are parsed in residual_block( )
and maxNumCoeff as follows.

Depending on MbPartPredMode( mb_type, 0 ), the following applies.

f MbPartPredMode(mb type, 0) is equal to Intra 16x16, the transform coefficient levels are pars

d into the list

16x16DClevel and into the 16 lists i16x16AClevel[ i ]. i16x16DClevel contains the 16 transform cog
f the DC transform coefficient levels for each 4x4 luma block. For each of the 16 4x4 luma.bloc
=0..15, the 15 AC transform coefficients levels of the i-th block are parsed into the i-th list il6x16A(

Dtherwise (MbPartPredMode( mb_type, 0 ) is not equal to Intra_16x16), the following applies.

fficient levels
ks indexed by
Clevel[ 1].

- If transform_size 8x8 flag is equal to 0, for each of the 16 4x4 luma blocksyindexed by i50..15, the 16
transform coefficient levels of the i-th block are parsed into the i-th list level[yi |2

- Otherwise (transform_size 8x8 flag is equal to 1), for each of the 4 8x8 Iuma blocks indexed by i8x8 =0..3,
the following applies.
— Ifentropy coding mode flag is equal to 0, 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 (i8x8 * 4
level[ i8x8 * 4 + i4x4 ]. Then, the 64 transform coefficientlevels of the i8x8-th 8x8 luma bl
indexed by 4 * i+ i4x4, where i =0..15 and i4x4 = 0(3, are derived as level8x8[ i8x8 ][ 4
level[ i8x8 * 4 +i4x4 ][ 1 ].

NOTE — The 4x4 luma blocks with luma4x4Blkldy =18x8 * 4 + i4x4 containing every fourth transf

level of the corresponding i8x8-th 8x8 luma blegk with offset i4x4 are assumed to represent spatial
by the inverse 4x4 luma block scanning process int subclause 6.4.3.

Otherwise (entropy_coding_mode flagds equal to 1), the 64 transform coefficient levels
block are parsed into the i8x8-th list level8x8[ i8x8 |.

+i4x4)-th list
ock which are
*i+idx4] =

orm coefficient
locations given

bf the 18x8-th

7.4.513.2 Residual block CAVLC semaiitics

The function TotalCoeff( coeff tokef)) that is used in subclause 7.3.5.3.2 returns the number of non-Zero transform
coeff]cient levels derived from cageff* token.

The function TrailingOnes( coeff token ) that is used in subclause 7.3.5.3.2 returns the trailing ones |derived from
coeff] token.

coeff] token specifies the total number of non-zero transform coefficient levels and the number of trailing one transform
coefflcient levels inta transform coefficient level scan. A trailing one transform coefficient level is one pf up to three
consdcutive non=Zero transform coefficient levels having an absolute value equal to 1 at the end of a scqn of non-zero
transform coefficient levels. The range of coeff token is specified in subclause 9.2.1.

traili

rg_ones_sign_flag specifies the sign of a trailing one transform coefficient level as follows.

If trailing_ones_sign_flag 1s equal to 0, the corresponding transform coefficient level 1s decoded as +1.
Otherwise (trailing_ones_sign flag equal to 1), the corresponding transform coefficient level is decoded as —1.

level prefix and level suffix specify the value of a non-zero transform coefficient level. The range of level prefix and
level suffix is specified in subclause 9.2.2.

total_zeros specifies the total number of zero-valued transform coefficient levels that are located before the position of
the last non-zero transform coefficient level in a scan of transform coefficient levels. The range of total zeros is specified
in subclause 9.2.3.

run_before specifies the number of consecutive transform coefficient levels in the scan with zero value before a
non-zero valued transform coefficient level. The range of run_before is specified in subclause 9.2.3.

coeffLevel contains maxNumCoeff transform coefficient levels for the current list of transform coefficient levels.
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7.4.5.3.3 Residual block CABAC semantics

coded_block_flag specifies whether the transform block contains non-zero transform coefficient levels as follows.

level.

If coded block flag is equal to 0, the transform block contains no non-zero transform coefficient levels.

When coded block flag is not present, it shall be inferred to be equal to 1.

significant_

If signi
Otherw|

ficant_coeff flag[ i ] is equal to 0, the transform coefficient level at scanning position i is set equalto

ise (significant coeff flag[i] is equal to 1), the transform coefficient level at scanning position
value.

non-ze:le
last_signifidant_coeff flag|i] specifies for the scanning position i whether there are non-zere\transform coe

levels for su

If last |
block h

Otherw
along t}

coeff_abs_I¢
coeff abs lg
coeff sign_1
If coef]

Otherw

coeffLevel ¢

8 De)

bsequent scanning positions i + 1 to maxNumCoeff — 1 as follows.

bignificant_coeff flag[ 1] is equal to 1, all following transform coefficient levels (in scanning order
hve value equal to 0.

ise (last_significant coeff flag[i] is equal to 0), there are further mion-zero transform coefficient
le scanning path.

vel minusl[i] is the absolute value of a transform coefficient level minus 1.

vel minusl is constrained by the limits in subclause 8.5.

lag| i ] specifies the sign of a transform coefficient levelas follows.

| sign_flag is equal to 0, the corresponding transfornrcoefficient level has a positive value.

ise (coeff sign flag is equal to 1), the correspouding transform coefficient level has a negative value.

ontains maxNumCoeff transform coefficientilevels for the current list of transform coefficient levels.

coding process

Outputs of this process are decoded samples of the current picture (sometimes referred to by the variable CurrPic).

Depending d

If chror
—  Otherwj

This clause (

The decodir
process that

n the value of chroma_fermat idc, the number of sample arrays of the current picture is as follows.
na_format idc is equal to 0, the current picture consists of 1 sample array S;.

ise (chroma_format idc is not equal to 0), the current picture consists of 3 sample arrays S, Scy, Scr-
lescribes the'decoding process, given syntax elements and upper-case variables from clause 7.

g process is specified such that all decoders shall produce numerically identical results. Any de
produces identical results to the process described here conforms to the decoding process requirem

Otherwise (coded_block flag is equal to 1), the transform block contains at least one non-zero transform coefficient

lows.
5

has a

fficient

of the

levels

The value of

coding
ents of

this Recomnl

lgndaugg_lmrnaﬁnna] Standard

Each picture referred to in this clause is a complete primary coded picture or part of a primary coded picture. Each slice
referred to in this clause is a slice of a primary coded picture. Each slice data partition referred to in this clause is a slice
data partition of a primary coded picture.

Depending on the value of separate _colour plane flag, the decoding process is structured as follows.

being the output.

If separate_colour plane flag is equal to 0, the decoding process is invoked a single time with the current picture

Otherwise (separate _colour plane flag is equal to 1), the decoding process is invoked three times. Inputs to the

decoding process are all NAL units of the primary coded picture with identical value of colour plane id. The
decoding process of NAL units with a particular value of colour plane id is specified as if only a coded video
sequence with monochrome colour format with that particular value of colour plane id would be present in the
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bitstream. The output of each of the three decoding processes is assigned to the 3 sample arrays of the current
picture with the NAL units with colour plane id equal to O being assigned to S;, the NAL units with
colour plane id equal to 1 being assigned to Scy,, and the NAL units with colour plane id equal to 2 being assigned

to SCr-

NOTE - The variable ChromaArrayType is derived as 0 when separate colour plane flag is equal to 1 and
chroma_format idc is equal to 3. In the decoding process, the value of this variable is evaluated resulting in operations
identical to that of monochrome pictures with chroma format idc being equal to 0.

An overview of the decoding process is given as follows:

1. The decoding of NAL units is specified in subclause 8.1.

2. The processes in subclause 8.2 specify decoding processes using syntax elements in the slice layer and above:

3. The processes in subclauses 8.3, 8.4, 8.5, 8.6, and 8.7 specify decoding processes using syntax e
macroblock layer and above.

Variables and functions relating to picture order count are derived in subclause 8.2.1. (only
invoked for one slice of a picture)

Variables and functions relating to the macroblock to slice group map are derived\n Subclau
needed to be invoked for one slice of a picture)

The method of combining the various slice data partitions when slice data'parttitioning is usg
in subclause 8.2.3.

When the frame num of the current picture is not equal to PrevRefFrameNum and is
( PrevRefFrameNum + 1 ) % MaxFrameNum, the decoding process for gaps in frame nun
according to subclause 8.2.5.2 prior to the decoding of any slices of the current picture.

At the beginning of the decoding process for each P, SP)~or B slice, the decoding process
picture lists construction specified in subclause 8.2.44s invoked for derivation of referencs
(RefPicList0), and when decoding a B slice, referenice picture list 1 (RefPicListl).

When the current picture is a reference pictire and after all slices of the current picty
decoded, the decoded reference picture .miarking process in subclause 8.2.5 specifies ho
picture is used in the decoding process of inter prediction in later decoded pictures.

The intra prediction process for I and SI macroblocks, except for I PCM macroblocks a
subclause 8.3, has intra prediction samples as its output. For I PCM macroblocks subclau
specifies a picture construction process. The output are constructed samples prior to the de
process.

needed to be

se 8.2.2. (only

d is described

not equal to
is performed

for reference
picture list O

re have been
w the current

ements in the

s specified in
se 8.3 directly
blocking filter

The inter prediction process for P and B macroblocks is specified in subclause 8.4 with ifter prediction

samples being-the output.

The transform coefficient decoding process and picture construction process prior to del
proeess are specified in subclause 8.5. That process derives samples for I and B macrobld
macroblocks in P slices. The output are constructed samples prior to the deblocking filter pr

The decoding process for P macroblocks in SP slices or SI macroblocks is specified in subcl

blocking filter
cks and for P
cess.

ause 8.6. That

process derives samples for P macroblocks in SP slices and for SI macroblocks. T
constructed samples prior to the deblocking filter process.

he output are

8.1

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 samples.

NAL unit decoding process

Inputs to this process are NAL units.

Outputs of this process are the RBSP syntax structures encapsulated within the NAL units.

The decoding process for each NAL unit extracts the RBSP syntax structure from the NAL unit and then operates the
decoding processes specified for the RBSP syntax structure in the NAL unit as follows.
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Subclause 8.

Subclauses 8.3 describes the decoding process for a macroblock or part of a macroblock coded in NAL

nal unit typ

Subclause 8
nal unit typ

Subclause 8
nal unit typ

Subclause 8
nal unit typ

2 describes the decoding process for NAL units with nal_unit_type equal to 1 through 5.

eequalto 1,2, and 5.

4 describes the decoding process for a macroblock or part of a macroblock coded in NAL
e equal to 1 and 2.

.5 describes the decoding process for a macroblock or part of a macroblock coded in NAL
e equal to 1 and 3 to 5.

.6 describes the decoding process for a macroblock or part of a macroblock coded in NAL
eequal to 1 and 3 to 5.

Subclause §
nal unit_typ|

NAL units
Picture para
parameter sq
other NAL

sequence.

No normativ

8.2 Sli

8.2.1 Ded

Outputs of this process are TopFieldOrderCnt (if applicable) and BottomEieldOrderCnt (if applicable).

Picture orde
subclauses

parameters i
vector deriv
subclause 8.

Picture orde
decoded frar

Each ¢
for its t;

Each ¢
Bottom)|

Each ¢
coded t|

TopFieldOr¢
relative to
memory_ma

7 describes the decoding process for a macroblock or part of a macroblock coded in NAL. i

e equal to 1 to 5.

bith nal unit_type equal to 7 and 8§ contain sequence parameter sets and picture parameter §ets, respe
Ineter sets are used in the decoding processes of other NAL units as determined by reférence to a
t within the slice headers of each picture. Sequence parameter sets are used in thevdecoding proce
units as determined by reference to a sequence parameter set within the pictur¢»parameter sets

e decoding process is specified for NAL units with nal unit_type equal to6,9/10, 11, and 12.

te decoding process

oding process for picture order count

- counts are used to determine initial picture orderings or reference pictures in the decoding of B slid
2.4.23 and 8.2.4.2.4), to determine co-located ‘pictures (see subclause 8.4.1.2.1) for deriving
h temporal or spatial direct mode, to represent picture order differences between frames or fields for
ition in temporal direct mode (see subclause 8:4:1.2.3), for implicit mode weighted prediction in B slid
.2.3.2), and for decoder conformance checking (see subclause C.4).

I count information is derived for everysframe, field (whether decoded from a coded field or as a p
ne), or complementary field pair assfollows:

ded frame is associated with two'picture order counts, called TopFieldOrderCnt and BottomFieldOf
bp field and bottom field, respectively.

bded field is associated\with a picture order count, called TopFieldOrderCnt for a coded top fig
FieldOrderCnt for a(bottom field.

mplementary field-pair is associated with two picture order counts, which are the TopFieldOrderCn
bp field and the:BottomFieldOrderCnt for its coded bottom field, respectively.

lerCnt and-BottomFieldOrderCnt indicate the picture order of the corresponding top field or botto
the Airst output field of the previous IDR picture or the previous reference picture inclu
nagenient control operation equal to 5 in decoding order.

units

units

units

units

with
with
with
with
with

S

ctively.
picture
sses of
f each

es (see
motion
motion
es (see

hirt of a

derCnt

Id and

for its

m field
ding a

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 operation equal to 5, after the decoding of the current picture, tempPicOrderCnt is set
equal to PicOrderCnt( CurrPic), TopFieldOrderCnt of the current picture (if any) is set equal to
TopFieldOrderCnt — tempPicOrderCnt, and BottomFieldOrderCnt of the current picture (if any) is set equal to
BottomFieldOrderCnt — tempPicOrderCnt.
NOTE 1 — When the decoding process for a picture currPic that includes a memory management control operation equal to 5
refers to the values of TopFieldOrderCnt (if applicable) or BottomFieldOrderCnt (if applicable) for the picture currPic (including
references to the function PicOrderCnt() with the picture currPic as the argument and references to the function
DiffPicOrderCnt( ) with one of the arguments being currPic), the values of TopFieldOrderCnt (if applicable) and
BottomFieldOrderCnt (if applicable) that are derived as specified in subclauses 8.2.1.1, 8.2.1.2, and 8.2.1.3 for the picture currPic
are used. When the decoding process for a picture refers to the values TopFieldOrderCnt (if applicable) or BottomFieldOrderCnt
(if applicable) of the previous picture prevMmco5Pic in decoding order that includes a memory management control operation
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equal to 5 (including references via the functions PicOrderCnt() or DiffPicOrderCnt( )), the values of TopFieldOrderCnt (if
applicable) and BottomFieldOrderCnt (if applicable) that are used for the picture prevMmco5SPic are the values after the
modification specified in the paragraph above (resulting in TopFieldOrderCnt and/or BottomFieldOrderCnt equal to 0).

The bitstream shall not contain data that result in Min( TopFieldOrderCnt, BottomFieldOrderCnt ) not equal to O for a
coded IDR frame, TopFieldOrderCnt not equal to 0 for a coded IDR top field, or BottomFieldOrderCnt not equal to 0 for
a coded IDR bottom field. Thus, at least one of TopFieldOrderCnt and BottomFieldOrderCnt shall be equal to 0 for the
fields of a coded IDR frame.

When the current picture is not an IDR picture, the following applies.

1) Consider the list variable listD containing as elements the TopFieldOrderCnt and BottomFieldOrderCnt values

The |
or Fr
value

The f

Then

associated with the list of pictures including all of the following

a. The 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.
b. The following additional pictures:

If pic_order cnt_type is equal to 0, all other pictures that follow indecoding order
picture in the list and are not "non-existing" frames inferred by ‘the decoding proce
frame num specified in subclause 8.2.5.2 and either precede the current picture in dec
are the current picture. When pic_order cnt type is equal.te’ 0 and the current pi
"non-existing" frame inferred by the decoding process for gaps in frame num specifie

marking process.
Otherwise (pic_order cnt type is not equal to 0),all other pictures that follow in decod

picture. When pic_order cnt_type is not equal to 0, the current picture is included in lis
invoking of the decoded reference pictute marking process.

contain any of the following:

a pair of TopFieldOrderCnt and BottomFieldOrderCnt for a frame or complementary field p
at consecutive positions in listQ,

a TopFieldOrderCnt that hasya value equal to another TopFieldOrderCnt,
a BottomFieldOrderCnt that has a value equal to another BottomFieldOrderCnt,

TopFieldOrderCnt belong to the same coded frame or complementary field pair.

itstream shall not contain data that result in values of TopFieldOrderCnt, BottomFieldOrderCnt, Pic
hmeNumOffset used in the decoding process as specified in subclauses 8.2.1.1 to 8.2.1.3 that excee
5 from —2°! t0.23.— 1, inclusive.

inction 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 complem

8.2.5.2, the current picture is included in listD prior te the invoking of the decoded ref

the first picture in the list and either precede-the current picture in decoding order or 4

Consider the list variable listO which contains, the elements of listD sorted in ascending order. |

a BottomFieldOrdérEnt that has a value equal to a TopFieldOrderCnt unless the BottomField

after the first
ks for gaps in
bding order or
ture is not a
1 in subclause
erence picture

ng order after
re the current
(D prior to the

istO shall not

ir that are not

OrderCnt and

DrderCntMsb,
i the range of

entary field

pail Plb}\
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

DiffPicOrderCnt( picA, picB ) is specified as follows:

DiffPicOrderCnt( picA, picB ) = PicOrderCnt( picA ) — PicOrderCnt( picB )

(-1

(8-2)

The bitstream shall not contain data that result in values of DiffPicOrderCnt( picA, picB ) used in the decoding process

that e

© IS0
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NOTE 2 — Let X be the current picture and Y and Z be two other pictures in the same sequence, Y and Z are considered to be in
the same output order direction from X when both DiffPicOrderCnt( X, Y ) and DiffPicOrderCnt( X, Z ) are positive or both are
negative.

NOTE 3 — Many encoders assign TopFieldOrderCnt and BottomFieldOrderCnt proportional to the sampling time of the
corresponding field (which is either a coded field or a field of a coded frame) relative to the sampling time of the first output field
of the previous IDR picture or the previous reference picture (in decoding order) that includes a
memory management control operation equal to 5.

When the current picture includes a memory management control operation equal to 5, PicOrderCnt( CurrPic ) shall be
greater than PicOrderCnt( any other picture in listD ).

8.2.1.1 Decoding process for picture order count type 0

This procesq1s invoked when pic_order_cnt_type is equal to U.

Input to this[process is PicOrderCntMsb of the previous reference picture in decoding order as specified in this-subclause.

Outputs of this process are either or both TopFieldOrderCnt or BottomFieldOrderCnt.

The variablegs prevPicOrderCntMsb and prevPicOrderCntLsb are derived as follows.

PicOrderCnfMsb of the current picture is derived as specified by the following pseudo-code:

h th foana oty " + batit £fald L aldOedarCat acdd 3 d
When the current-pretare-ts-notabettom-freldFopkieldOrderCritsdertved-as

If the cyrrent picture is an IDR picture, prevPicOrderCntMsb is set equal to 0 and prevPicOrderCntLsb is sqt equal
to 0.

Otherwise (the current picture is not an IDR picture), the following applies.

—  If the previous reference picture in decoding order included a memory(management control operatioh equal
to p5, the following applies.

— | If the previous reference picture in decoding order is not a baftom field, prevPicOrderCntMsb is sdt equal
to 0 and prevPicOrderCntLsb is set equal to the value .of/ TopFieldOrderCnt for the previous reference
picture in decoding order.

— | Otherwise (the previous reference picture in decoding order is a bottom field), prevPicOrderCntMsp is set
equal to 0 and prevPicOrderCntLsb is set equal t0*0:

—  Otherwise  (the previous reference picture in  decoding order did not inclufle a
m¢mory management control operation equdlito 5), prevPicOrderCntMsb is set equal to PicOrderCntMsb of
th¢ previous reference picture in decoding’ order and prevPicOrderCntLsb is set equal to the vglue of
pi¢_order cnt Isb of the previous reference picture in decoding order.

if( (gic_order cnt Isb < prevPicOrderCntLsb ) &&

( (prevPicOrderCntLsb —ic- order_cnt_Isb ) >= ( MaxPicOrderCntLsb/2)))
P1cOrderCntMsb = prevRieOrderCntMsb + MaxPicOrderCntLsb (8-3)
else if( ( pic_order cnt/lsb> prevPicOrderCntLsb ) &&

( ( pic_order tent”1sb — prevPicOrderCntLsb ) > ( MaxPicOrderCntLsb/2)))
P1cOrderCntMsb.= prevPicOrderCntMsb — MaxPicOrderCntLsb

else
P1cOrder€ntMsb = prevPicOrderCntMsb

T 1

TopFieldOrderCnt = PicOrderCntMsb + pic_order cnt Isb (8-4)

When the current picture is not a top field, BottomFieldOrderCnt is derived as specified by the following pseudo-code:

if( !field pic flag)
BottomFieldOrderCnt = TopFieldOrderCnt + delta_pic order cnt bottom

else (8-5)
BottomFieldOrderCnt = PicOrderCntMsb + pic_order cnt Isb
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8.2.1.2 Decoding process for picture order count type 1

This process is invoked when pic_order cnt type is equal to 1.

Input to this process is FrameNumOffset of the previous picture in decoding order as specified in this subclause.
Outputs of this process are either or both TopFieldOrderCnt or BottomFieldOrderCnt.

The values of TopFieldOrderCnt and BottomFieldOrderCnt are derived as specified in this subclause. Let
prevFrameNum 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 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 coritrol’ operation equal
o 5), prevFrameNumOffset is set equal to the value of FrameNumOffset of the previous picture/in decoding order.

NPTE — When gaps in_frame num value allowed flag is equal to 1, the previous picture in\decoding ofder may be a
on-existing" frame inferred by the decoding process for gaps in frame num specified in subclause-8.2.5.2.

o

The variable FrameNumOffset is derived as specified by the following pseudo-code:

if( IdrPicFlag == 1)
FrameNumOffset = 0

else if( prevFrameNum > frame num ) (8-6)
FrameNumOffset = prevFrameNumOffset + MaxFrameNum
else

FrameNumOffset = prevFrameNumOffset

The ariable absFrameNum is derived as specified by the following pseudo-code:

if( num_ref frames_in pic_order cnt cycle !=_0%
absFrameNum = FrameNumOffset + frame\num
else (8-7)

absFrameNum = 0
if( nal ref ide == 0 && absFrameNum > 0)
absFrameNum = absFrameNum > 1

When absFrameNum > 0, picOrderCntCycleCnt and frameNumlInPicOrderCntCycle are derived as
picOrderCntCycleCnt = ( absFrameNum — 1 ) / num_ref frames in_pic_order cnt cycle
frameNumInPicOfderCntCycle = ( absFrameNum — 1 ) % num_ref frames in pic_order cnt cycle (8-8)

The variable expectedPicOrderCnt is derived as specified by the following pseudo-code:

if( absFrameNum > 0 ){
expectedPicOrderCnt = picOrderCntCycleCnt * ExpectedDeltaPerPicOrderCntCycle
for( i = 0; i <= frameNumlInPicOrderCntCycle; i++ )
expectedP1cOrderCnt = expectedPicOrderCnt + oftset tor ref frame| 1 |

} else
expectedPicOrderCnt = 0
if( nal_ref idc == 0) (8-9)

expectedPicOrderCnt = expectedPicOrderCnt + offset for non_ref pic

The variables TopFieldOrderCnt or BottomFieldOrderCnt are derived as specified by the following pseudo-code:

if( field pic_flag) {
TopFieldOrderCnt = expectedPicOrderCnt + delta pic_order cnt[ O ]
BottomFieldOrderCnt = TopFieldOrderCnt +
offset for top to bottom field + delta_pic_order cnt[ 1 ] (8-10)
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} else if( !bottom_field flag )
TopFieldOrderCnt = expectedPicOrderCnt + delta pic_order cnt[ O ]

else
BottomFieldOrderCnt = expectedPicOrderCnt + offset for top to bottom field + delta pic_order cnt[ O ]

8.2.1.3 Decoding process for picture order count type 2
This process is invoked when pic_order cnt_type is equal to 2.
Outputs of this process are either or both TopFieldOrderCnt or BottomFieldOrderCnt.

Let prevFrameNum be equal to the frame num of the previous picture in decoding order.

When the cufrrent 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,
prevFrgmeNumOffset is set equal to 0.

—  Otherwjise (the previous picture in decoding order did not include a memory management cofitrol_operation equal
to 5), prevFrameNumOffset is set equal to the value of FrameNumOffset of the previous pitture in decoding grder.

NOTE 1|~ When gaps_in_frame num_value allowed flag is equal to 1, the previous picture, in" decoding order may be a
"non-exisfing" frame inferred by the decoding process for gaps in frame num specified in subclause 8.2.5.2.

The variablg FrameNumOffset is derived as specified by the following pseudo-code:

if( IdfPicFlag == 1)
FrameNumOffset = 0

else if( prevFrameNum > frame num ) 8-11)
FrameNumOffset = prevFrameNumOffset + MaxFrameNum
else

FrameNumOffset = prevFrameNumOffset

The variable tempPicOrderCnt is derived as specified by the\following pseudo-code:

if( IdfPicFlag == 1)
tempPicOrderCnt = 0

else if( nal_ref ide == 0) (8-12)
tempPicOrderCnt =2 * ( FrameNumOffset + frame num ) — 1
else

tempPicOrderCnt = 2 * ( FrameNumOffset + frame num )

The variablgs TopFieldOrderCntor BottomFieldOrderCnt are derived as specified by the following pseudo-code:

if( !fipld pic flag)¥

TppFieldOrderCnt = tempPicOrderCnt

BpttomEicldOrderCnt = tempPicOrderCnt (8-13)

} elsq if( bottom_field flag)

BpttemFieldOrderCnt = tempPicOrderCnt

else
TopFieldOrderCnt = tempPicOrderCnt

NOTE 2 — Picture order count type 2 cannot be used in a coded video sequence that contains consecutive non-reference pictures
that would result in more than one of these pictures having the same value of TopFieldOrderCnt or more than one of these pictures
having the same value of BottomFieldOrderCnt.

NOTE 3 — 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 to 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.
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When num_slice_groups_minus] is equal to 1 and slice_group map_type is equal to 3, 4, or 5, slice groups 0 and 1 have
a size and shape determined by slice_group change direction flag as shown in Table 8-1 and specified in subclauses

8.2.2.4 10 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 1 Box-out counter-clockwise
4 0 Raster scan
4 1 Reverse raster scan
5 0 Wipe right
5 1 Wipe left

In su¢h a case, MapUnitsInSliceGroupO slice group map units in the specified growth order are allocated f

0 and
slice

Wher
sizeQ

The

the remaining PicSizeInMapUnits — MapUnitsInSliceGroupO slice group.map units of the picture ar
broup 1.

num_slice groups minusl is equal to1 and slice group, map type is equal to4 or 5,
fUpperLeftGroup is defined as follows:

sizeOfUpperLeftGroup = ( slice_group change direction\ flag ?
( PicSizeInMapUnits — MapUnitsInSliceGroup0 ) : MapUnitsInSliceGro

ariable mapUnitToSliceGroupMap is derived as-follows.

f num_slice_groups_minus1 is equal to 0,-the map unit to slice group map is generated for all i rang
PicSizeInMapUnits — 1, inclusive, as speeified by

mapUnitToSliceGroupMap[i] =10

Dtherwise (num_slice groups/minus! is not equal to 0), mapUnitToSliceGroupMap is derived as foll

If slice _group map. type is equal to 0, the derivation of mapUnitToSliceGroupMap as specifie
8.2.2.1 applies.

Otherwise, 1fslice_group map type is equal to 1, the derivation of mapUnitToSliceGroupMap
subclause8.2.2.2 applies.

Othieryise, if slice_group map_type is equal to 2, the derivation of mapUnitToSliceGroupMap
subclause 8.2.2.3 applies.

Otherwise, if slice_group map_type is equal to 3, the derivation of mapUnitToSliceGroupMap

or slice group
E allocated for

the variable

np0 ) (8-14)

ring from 0 to

(8-15)

WS.

1 in subclause
hs specified in
hs specified in

hs specified in

subelause-8

trocTaty S TTOST

subclause 8.2.2.5 applies.
subclause 8.2.2.6 applies.

subclause 8.2.2.7 applies.

Otherwise, if slice_group map_type is equal to 4, the derivation of mapUnitToSliceGroupMap as specified in
Otherwise, if slice_group map_type is equal to 5, the derivation of mapUnitToSliceGroupMap as specified in

Otherwise (slice_group map type is equal to 6), the derivation of mapUnitToSliceGroupMap as specified in

After derivation of the mapUnitToSliceGroupMap, the process specified in subclause 8.2.2.8 is invoked to convert the
map unit to slice group map mapUnitToSliceGroupMap to the macroblock to slice group map MbToSliceGroupMap.
After derivation of the macroblock to slice group map as specified in subclause 8.2.2.8, the function NextMbAddress( n )
is defined as the value of the variable nextMbAddress derived as specified by the following pseudo-code:
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i=n+1
while( i < PicSizeInMbs && MbToSliceGroupMap[ i ] != MbToSliceGroupMap[ n ] )
it+;

nextMbAddress =i (8-16)
8.2.2.1 Specification for interleaved slice group map type
The specifications in this subclause apply when slice_group map_type is equal to 0.
The map unit to slice group map is generated as specified by the following pseudo-code:

i=0

do

fqr( iGroup = 0; iGroup <= num_slice groups minusl && i < PicSizeInMapUnits;
i+=run_length minusl[ iGroup++]+1)
for(j =0;j <=run_length minusl1[ iGroup ] && i+ j < PicSizeInMapUnits; j++ )
mapUnitToSliceGroupMap| i+ j ] = iGroup (8-17)

whilg( i < PicSizeInMapUnits )

8.2.2.2 Specification for dispersed slice group map type
The specificptions in this subclause apply when slice group map type is equal to 1.

The map unif to slice group map is generated as specified by the following pseudo-code:

for( if= 0; i < PicSizeInMapUnits; i++ )
miapUnitToSliceGroupMapl[ i ] = ( (1 % PicWidthInMbs ) +

% (num_slice groupsominusl + 1)

8.2.2.3 Specification for foreground with left-over slie¢.group map type
The specificptions 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 the following pseudo-code:

for( if= 0; i < PicSizeInMapUnits; i++)

mapUnitToSliceGroupMap][ i/} =num_slice groups minusl

for( ifsroup = num_slice groups minusl — 1; iGroup >= 0; iGroup— — ) {

yTopLeft = top_left[ iGroup ] / PicWidthInMbs

xTopLeft = top_left[ iGtoup ] % PicWidthInMbs

yBottomRight = bottom_right[ iGroup ] / PicWidthInMbs

xBottomRight =bottom_right[ iGroup ]| % PicWidthInMbs

for( y = yTopleett; y <= yBottomRight; y++ )

for( x =xTopLeft; x <= xBottomRight; x++)
mapUnitToSliceGroupMap[ y * PicWidthInMbs + x ] = iGroup

}

(((1/PicWidthInMbs{)*( num_slice_groups minusl +1))/2))

8-18)

(8-19)

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 specifications 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[ i] =1
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x = ( PicWidthInMbs — slice_group change direction flag ) /2
y = ( 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 (8-20)
if( xDir == —1 && x == leftBound ) {
leftBound = Max( leftBound — 1, 0)

se—=JaftR aad
X

pazuswavarssiey

( 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_group change direction_flag )

}else if( yDir == —1 && y == topBound ) {
topBound = Max( topBound — 1, 0)
y = topBound

( xDir, yDir )= ( 1 — 2 *slice_group change direction_flag, 0)
}else if( yDir == 1 && y == bottomBound ) {
bottomBound = Min( bottomBound + 1, PicHeightiInMapUrits)~ 1 )
y = bottomBound
( xDir, yDir ) = (2 * slice_group change direction_flag’< 1,0 )
} else
(x,y)=(x+xDir, y + yDir)

S  Specification for raster scan slice group map types
pecifications in this subclause apply when slice _group map_type is equal to 4.

hap unit to slice group map is generated as specified by

for( i=0; i <PicSizeInMapUnits; i++ )
if( 1 < sizeOfUpperLeftGrdup )
mapUnitToSliceGroupMap][ i ] = slice_group change direction_flag
else (8-21)
mapUnitToSlieeGroupMap[ i ] = 1 —slice_group change direction flag

6 Specification for wipe slice group map types
pecifications'in this subclause apply when slice _group map_type is equal to 5.

hap, unit'to slice group map is generated as specified by

=0
3

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 (8-22)
mapUnitToSliceGroupMap][ i * PicWidthInMbs + j ] =1 —slice_group change direction flag

8.2.2.7 Specification for explicit slice group map type

The specifications in this subclause apply when slice_group map_type is equal to 6.
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The map unit to slice group map is generated as specified by

mapUnitToSliceGroupMap] i ] = slice_group id[ 1]

for all i ranging from 0 to PicSizeInMapUnits — 1, inclusive.

8.2.2.8 Specification for conversion of map unit to slice group map to macroblock to slice group map

(8-23)

For each value of i ranging from 0 to PicSizeInMbs — 1, inclusive, the macroblock to slice group map is specified as

follows.

If frame _mbs_only flag is equal to 1 or field pic flag is equal to 1, the macroblock to slice group map is specified

by
M

Otherw

M

Otherw|
equal td

M

8.2.3 Ded

Inputs to thi

a slice ¢

when s}
slice id

when s}
slice id
NOTE 1

Output of th
When slice

bToSliceGroupMap| i | = mapUnitToSliceGroupMap| i |

se, if MbaffFrameFlag is equal to 1, the macroblock to slice group map is specified by

bToSliceGroupMap| i | = mapUnitToSliceGroupMap[i/2 ]

se (frame _mbs_only flag is equal to 0 and mb_adaptive frame field flag is7equal to 0 and field pic|
0), the macroblock to slice group map is specified by

bToSliceGroupMap| i ] = mapUnitToSliceGroupMap[ (i/( 2 * PicWidthInMbs ) ) * PicWidthInMbs
+ (1% PicWidthInMbs ) ]

oding process for slice data partitions
process are
lata partition A layer RBSP,

ntax elements of category 3 are present in thexslice data, a slice data partition B layer RBSP having th
as in the slice data partition A layer RBSP,

ntax elements of category 4 are presentiinthe slice data, a slice data partition C layer RBSP having th
as in the slice data partition A layer RBSP.

The slice data partition B layer RBSP_and slice data partition C layer RBSP need not be present.
s process is a coded slice.

data partitioning is nottused, coded slices are represented by a slice layer without partitioning RB

contains a slice header followed-by-a slice data syntax structure that contains all the syntax elements of categori

and 4 (see c{

When slice

separate NA|
B, when pre
contains a sl

tegory column inSubclause 7.3) of the macroblock data for the macroblocks of the slice.

(8-24)

(8-25)

| flag is

(8-26)

C same

C Same

SP that
bs 2, 3,

lata partitionifigiis used, the macroblock data of a slice is partitioned into one to three partitions contdined in

[ units. Partition A contains a slice data partition A header, and all syntax elements of category 2. P
bent, contains a slice data partition B header and all syntax elements of category 3. Partition C, when
ce data partition C header and all syntax elements of category 4.

When slice

artition
resent,

ata“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 2 — Syntax elements of category 3 are relevant to the decoding of residual data of I and SI macroblock types. Syntax
elements of category 4 are relevant to the decoding of residual data of P and B macroblock types. Category 2 encompasses all
other syntax elements related to the decoding of macroblocks, and their information is often denoted as header information. The
slice data partition 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 the
slice_id syntax element that establishes their association with the slice data partition A of the slice.

8.24

This process

120

Decoding process for reference picture lists construction

is invoked at the beginning of the decoding process for each P, SP, or B slice.
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Decoded reference pictures are marked as "used for short-term reference" or "used for long-term reference" as specified
by the bitstream and specified in subclause 8.2.5. Short-term reference pictures are identified by the value of frame num.
Long-term reference pictures are assigned a long-term frame index as specified by the bitstream and specified in
subclause 8.2.5.

Subclause 8.2.4.1 is invoked to specify

and

the assignment of variable LongTermPicNum to each of the long-term reference pictures.

the assignment of variables FrameNum, FrameNumWrap, and PicNum to each of the short-term reference pictures,

Reference pictures are addressed through reference indices as specified in subclause 8.4.2.1. A reference index is an

index
Whet

At th

are d(

1

The 1
slices
referd

nto a reterence picture list. When decoding a P or SP slice, there 1s a single reterence picture lis
decoding a B slice, there is a second independent reference picture list RefPicList] in addition ta Ref]

b beginning of the decoding process for each slice, reference picture list RefPicList0, and for B slice
brived as specified by the following ordered steps:

An initial reference picture list RefPicList0 and for B slices RefPicListl~ate derived as|
subclause 8.2.4.2.

When  ref pic_list modification flag 10 is equal tol or, .~when decoding a
ref pic_list modification flag 11 is equal to 1, the initial reference picture list RefPicList0 an
RefPicList] are modified as specified in subclause 8.2.4.3.
NOTE - The modification process for reference picture lists specified in subclause 8.2.4.3 allows
RefPicList0 and for B slices RefPicListl to be modified in a flexible fashion. In particular, it is possi
that is currently marked "used for reference" to be inserted into RefPicList0 and for B slices RefPicl]
the picture is not in the initial reference picture list derived,as-specified in subclause 8.2.4.2.

umber of entries in the modified reference picture list RefPicList0 is num_ref idx 10 active minusl
the number of entries in the modified reference picture*list RefPicListl is num_ref idx 11 active
nce picture may appear at more than one index in the modified reference picture lists RefPicListO or R

| RefPicList0.
PicListO0.

5 RefPicListl,

specified in

B slice,
I for B slices

ithe contents of
le for a picture
istl even when

+ 1, and for B
minusl +1. A
efPicListl.

8.2.4]11 Decoding process for picture numbers

This process is invoked when the decoding process for reference picture lists construction specified in sub¢lause 8.2.4 or
the d¢coded reference picture marking process'specified in subclause 8.2.5 is invoked.

The yariables FrameNum, FrameNumWrap, PicNum, LongTermFrameldx, and LongTermPicNum are| used for the
initialisation process for reference pieture lists in subclause 8.2.4.2, the modification process for reference picture lists in
subclhuse 8.2.4.3, and for the decoded reference picture marking process in subclause 8.2.5.

To efch short-term reference picture the variables FrameNum and FrameNumWrap are assigned as follows. First,
FrampNum is set equal~torthe syntax element frame num that has been decoded in the slice hedder(s) of the
correpponding short-teym reference picture. Then the variable FrameNumWrap is derived as

if( FrameNuym>> frame num )

FrameNumWrap = FrameNum — MaxFrameNum
else

FrameNumWrap = FrameNum

(8-27)

where the value of frame num used in Equation 8-27 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.

If field pic_flag is equal to 0, the following ordered steps are specified:

1. For each short-term reference frame or complementary reference field pair:
PicNum = FrameNumWTrap (8-28)
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2. For each long-term reference frame or long-term complementary reference field pair:

LongTermPicNum = LongTermFrameldx (8-29)

NOTE — When decoding a frame the value of MbaffFrameFlag has no influence on the derivations in subclauses
8.2.4.2,8.2.43,and 8.2.5.

—  Otherwise (field pic flag is equal to 1), the following ordered steps are specified:
1. For each short-term reference field the following applies.

—  If'the reference field has the same parity as the current field

PicNum = 2 * FrameNumWrap + 1 8-30)

—  Otherwise (the reference field has the opposite parity of the current field),

PicNum = 2 * FrameNumWrap 8-31)

2.| For each long-term reference field the following applies.

—  If'the reference field has the same parity as the current field

LongTermPicNum =2 * LongTermFrameldx + 1 8-32)

—  Otherwise (the reference field has the opposite parity of the current field),

LongTermPicNum = 2 * LongTermFrameldx 8-33)

8.2.4.2 Injtialisation process for reference picture lists
This initialisation process is invoked when decoding a P, SPs 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
through 8.2.4#.2.5 is greater than num_ref idx[10 active minusl + 1 or num_ref idx 11 active minusl + 1, respe¢tively,
the extra enfries past position num_ref idx.10 active minusl or num ref idx 11 active minusl are discarded fijom the
initial referehce picture list.

When the number of entries in the initial RefPicList0 or RefPicListl produced as specified in subclauses 8{2.4.2.1
through 8.24.2.5 is less than num ref idx 10 active minusl + 1 or num ref idx 1l active minusl + 1, respeg¢tively,
the remaininfg entries in the initial reference picture list are set equal to "no reference picture".

8.2.4.2.1 Injtialisation precess for the reference picture list for P and SP slices in frames

This initialisation preecss is invoked when decoding a P or SP slice in a coded frame.

When this pfocess is invoked, there shall be at least one reference frame or complementary reference field pair| that is
currently ma eferen e e 2 erf enee R mreference™) and is

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 or complementary field pair with the highest LongTermPicNum value.
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NOTE — A non-paired reference field is not used for inter prediction for decoding a frame, regardless of the value of
MbaffFrameFlag.

For example, when three reference frames are marked as "used for short-term reference" with PicNum equal to 300, 302,
and 303 and two reference frames are marked as "used for long-term reference" with LongTermPicNum equal to 0 and 3,
the initial index order is:

—  RefPicList0[0] is set equal to the short-term reference picture with PicNum = 303,
—  RefPicListO[ 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 LongTermPicNum = 0,

—  RefPicList0[4] is set equal to the long-term reference picture with LongTermPicNum = 3.

8.2.4{2.2 Initialisation process for the reference picture list for P and SP slices in fields
This ]nitialisation process is invoked when decoding a P or SP slice in a coded field.

Whern this process is invoked, there shall be at least one reference field (which can be a fi¢ld of a reference| frame) that is
currepntly marked as "used for reference" (i.e., as "used for short-term reference" or "used for long-term refdrence") and is
not mjarked as "non-existing".

Eachlfield included in the reference picture list RefPicListO has a separate index'in’the reference picture list|RefPicList0.

NPTE — When decoding a field, there are effectively at least twice as many pictures available for referencing as|there would be
when decoding a frame at the same position in decoding order.

Two prdered lists of reference frames, refFrameListOShortTerm and refFrameListOLongTerm, are derived ds follows. For
purpgses of the formation of this list of frames, decoded refefence frames, complementary referende field pairs,
non-paired reference fields and reference frames in which assingle field is marked "used for short-term|reference" or
"used for long-term reference" are all considered reference frames.

—_—

All frames having one or more fields marked "used for short-term reference" are included in the lis{ of short-term
reference frames refFrameListOShortTerm,\When the current field is the second field (in decodipg order) of a
complementary reference field pair and the first field is marked as "used for short-term reference"| the first field
is included in the list of short-termreference frames refFrameListOShortTerm. refFrameList}ShortTerm is
ordered starting with the reference-frame with the highest FrameNumWrap value and proceedihg through in
descending order to the reference. frame with the lowest FrameNumWrap value.

2| All frames having one or morg,fields marked "used for long-term reference" are included in the list of long-term
reference frames refFranmieListOLongTerm. When the current field is the second field (in decodipg order) of a
complementary reference field pair and the first field is marked as "used for long-term reference, the first field is
included in the listeof long-term reference frames refFrameListOLongTerm. refFrameListOLongT¢rm is ordered
starting with the feference frame with the lowest LongTermFrameldx value and proceeding through in ascending
order to the reference frame with the highest LongTermFrameldx value.

The grocess specified in subclause 8.2.4.2.5 is invoked with refFrameListOShortTerm and refFrameListOLongTerm given
as ingut and th€ output is assigned to RefPicList0.

8.2.412.3 Initialisation process for reference picture lists for B slices in frames

Th]S matialication neacaco 1o tnvaleod cwhon docodinag 2 B cliog 100 2 codod foag
.............. ProcesSsHistHrvorkeavVaeh-aecoaiigap-sHeeHha-coaea+aine-

For purposes of the formation of the reference picture lists RefPicList0 and RefPicListl 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 reference"
(i.e., as "used for short-term reference" or "used for long-term reference") and is not marked as "non-existing".

For B slices, the order of short-term reference entries in the reference picture lists RefPicList0 and RefPicListl 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 1 — When gaps_in_frame num value allowed flag is equal to 1, encoders should use reference picture list modification 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).
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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:

1.

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 PicOrderCnt( CurrPic ), these values of entryShortTerm are placed at the beginning of refPicList0 in
descending order of PicOrderCnt( entryShortTerm ). All of the remaining values of entryShortTerm (when
present) are then appended to refPicList0 in ascending order of PicOrderCnt( entryShortTerm ).

The long-term reference entries are ordered starting with the long-term reference entry that has the lowest
LongTermPicNum value and proceeding through in ascending order to the long-term reference entry that has the
highest LongTermPicNum value.

The referenge picture list RefPicListl is ordered so that short-term reference entries have lower indices than dorg-term

reference enfries. It is ordered as follows:

1.

Let| entryShortTerm be a variable ranging over all reference entries that are currently marked”as "uped for
shoft-term reference". When some values of entryShortTerm are present having PicOrderCnt(.entryShor{Term )
greater than PicOrderCnt( CurrPic ), these values of entryShortTerm are placed at the beginning of refPlicListl
in gscending order of PicOrderCnt( entryShortTerm ). All of the remaining values df.entryShortTerm|(when
present) are then appended to refPicListl in descending order of PicOrderCnt( entryShortTerm ).

Long-term reference entries are ordered starting with the long-term reference frame or complementary reference
field pair that has the lowest LongTermPicNum value and proceeding \thfeugh in ascending order|to the
long-term reference entry that has the highest LongTermPicNum value.

Whien the reference picture list RefPicListl has more than one entry and RefPicListl is identical to the reference
picture list RefPicList0, the first two entries RefPicListl[ 0 ] and RéfPicListl[ 1 ] are switched.

NOTE 2

8.2.4.2.4 In
This initialig
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specified in subclause 8.2.5.2.

ing" as

1.

124

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 ).

NOTE 3 — 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.
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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 refFrameListlShortTerm in descending order of

PicOrderCnt( entryShortTerm ).

NOTE 4 — 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
PicOrderCnt( fldPrev ) and the ordering method described in the previous sentence is applied.

refFrameList] ShortTerm using

refFrameListLongTerm is ordered starting with the reference entry having the lowest LongTermFrameldx value

and proceeding through in ascending order to the reference entry having highest LongTermFrameldx value.

The {f
as ingj

The 1
as ingj

Whet
list R|

8.2.4

Input
refFr

The 1
long-
deriv

1.

NOTE 5 — When the current picture is the second field of a complementary field pair and theyfi
complementary field pair is marked as "used for long-term reference", the first field is ifcludg
refFrameListLongTerm. A reference entry in which only one field is marked as "used for-leng-ter|
included into the list refFrameListLongTerm.

rocess specified in subclause 8.2.4.2.5 is invoked with refFrameListOShortTerm and refFrameListLo
ut and the output is assigned to RefPicList0.

rocess specified in subclause 8.2.4.2.5 is invoked with refFrameList1ShortTerm and refFrameListLo
ut and the output is assigned to RefPicList1.

the reference picture list RefPicList] has more than one entry and RefRiclsstl is identical to the ref
efPicList0, the first two entries RefPicList1[0] and RefPicList1[1] are §witched.

2.5 Initialisation process for reference picture lists in fields

5 of this process are the reference frame lists refFrameListXShortTerm (with X may be
imeListLongTerm.

eference picture list RefPicListX is a list ordered stich that short-term reference fields have lowe
erm reference fields. Given the reference frame lists refFrameListXShortTerm and refFrameListL
bd as specified by the following ordered steps:

Short-term reference fields are ordered by selecting reference fields from the ordered 1
refFrameListXShortTerm by alternating between fields of differing parity, starting with a field tha
parity as the current field (when present). When one field of a reference frame was not decoded or
as "used for short-term reference!, the missing field is ignored and instead the next available st
field of the chosen parity frenxthe ordered list of frames refFrameListXShortTerm is inserted intg
When there are no more short-term reference fields of the alternate parity in the ordered
refFrameListXShortTerny; the next not yet indexed fields of the available parity are inserted into K
the order in which«hey occur in the ordered list of frames refFrameListXShortTerm.

Long-term refétence fields are ordered by selecting reference fields from the ordered 1
refFrameListLongTerm by alternating between fields of differing parity, starting with a field that
parity as'the current field (when present). When one field of a reference frame was not decoded or
as "uded for long-term reference", the missing field is ignored and instead the next available st
field-of the chosen parity from the ordered list of frames refFrameListLongTerm is inserted intg
‘When there are no more long-term reference fields of the alternate parity in the ordered

rst field of the
d into the list
m reference" is

ngTerm given

ngTerm given

erence picture

0 or 1) and

I indices than
ngTerm, it is

st of frames
[ has the same
is not marked
red reference
RefPicListX.
ist of frames
tefPicListX in

st of frames
has the same
is not marked
red reference
RefPicListX.
ist of frames

réfFrameListLongTerm, the next not yet indexed fields of the available parity are inserted into R

lefPicListX in

the order in which they occur in the ordered list of frames refFrameListLongTerm.

8.2.4.3 Modification process for reference picture lists

When ref pic_list modification flag 10 is equal to 1, the following applies:

1. Let refldxL0 be an index into the reference picture list RefPicList0. It is initially set equal to 0.
2. The corresponding syntax elements modification of pic nums_idc are processed in the order they occur in the
bitstream. For each of these syntax elements, the following applies.
—  If modification_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 refldxL0.
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Otherwise, if modification of pic nums idc is equal to 2, the process specified in subclause 8.2.4.3.2 is

invoked with refldxL0 as input, and the output is assigned to refldxL0.

Otherwise (modification of pic nums idc is equal to 3), the modification process for reference
list RefPicList0 is finished.

When the current slice is a B slice and ref pic_list modification flag 11 is equal to 1, the following applies:

1. Let

refldxL1 be an index into the reference picture list RefPicListl. It is initially set equal to 0.

picture

2. The corresponding syntax elements modification of pic nums_idc are processed in the order they occur in the

bits

82431 M
Input to this
Output of th
The variablg

—  Ifmodi
if( pi

else

—  Otherwj
if( pi

else
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is invoked th
ref pic_list |
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tream. For each of these syntax elements, the following applies.
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invoked with refldxL1 as 1nput and the output is assigned to refldxL1.

Otherwise, if modification of pic nums idc is equal to 2, the process specified in subclause8.2.
invoked with refldxL1 as input, and the output is assigned to refldxL1.

Otherwise (modification of pic nums_idc is equal to 3), the modification processfor reference
list RefPicListl is finished.

pdification process of reference picture lists for short-term reference pictures

process is an index refldxLX (with X being 0 or 1).

s process is an incremented index refldxLX.

picNumLXNoWrap is derived as follows.

fication_of pic_nums_idc is equal to 0,

NumLXPred — (abs_diff pic num minusl +1)<0)

picNumLXNoWrap = picNumLXPred — ( abs_diff,picvnum_minusl + 1) + MaxPicNum

picNumLXNoWrap = picNumLXPred — ( abs diff pic num minusl + 1)

ise (modification of pic_nums_idc is equal to 1),

NumLXPred + (abs_diff pic num“minusl + 1) >= MaxPicNum )
picNumLXNoWrap = picNumLXPred + ( abs_diff pic num_ minusl + 1 ) — MaxPicNum

picNumLXNoWrap = picNumLXPred + ( abs_diff pic num minusl + 1)

red is the predictiony value for the variable picNumLXNoWrap. When the process specified in this su
e first time for aslice (that is, for the first occurrence of modification of pic nums_idc equal to 0 or

modificatiofi(-)'syntax), picNumLOPred and picNumL1Pred are initially set equal to CurrPicNum. Aft
f picNumLXNoWrap, the value of picNumLXNoWrap is assigned to picNumLXPred.

picNumLX is derived as specified by the following pseudo-code:

1.3.2 is

picture

(8-34)

(8-35)

bclause
| in the
er each

f s ANL T SALa AL Fal P oL AY
1 1CTNUMTE2CINO VWV I CUITT TCTVUTIT
P Y

picNumLX = picNumLXNoWrap — MaxPicNum

else

picNumLX = picNumLXNoWrap

(8-36)

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".

The following procedure is conducted to place the picture with short-term picture number picNumLX into the index
position refldxLLX, shift the position of any other remaining pictures to later in the list, and increment the value of

refldxLLX.
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for( cldx =num_ref idx 1X active minusl + 1; cldx > 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++) (8-37)
if( PicNumF( RefPicListX[ cldx ]) != picNumLX )
RefPicListX[ nldx++ ] = RefPicListX[ cldx ]

where the function PicNumF( RefPicListX][ cIdx ] ) is derived as follows.

—  If the picture RefPicListX[ cldx ] is marked as "used for short-term reference", PicNumF( RefPicListX[ cldx ]) is
Lo PieN theni RefRiekist-ekdst

—  Otherwise (the picture RefPicListX[cldx] is not marked as '"used for short-tetm| reference"),

PicNumF( RefPicListX[ cldx ] ) is equal to MaxPicNum.

NOTE 1 — A value of MaxPicNum can never be equal to picNumLX.

NPTE 2 — Within this pseudo-code procedure, the length of the list RefPicListX is temporarily made one element|longer than the
lepgth needed for the final list. After the execution of this procedure, only elements 0 through puti)ref idx 1X agtive minusl of
th list need to be retained.

8.2.4{3.2 Modification process of reference picture lists for long-term reference pictures
Input]|to this process is an index refldxLX (with X being 0 or 1).
Outpuyit of this process is an incremented index refldxLX.

The following procedure is conducted to place the picture with long=term picture number long term pic| num 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( cldx =num _ref idx 1X active minusl + 1; cIdx> refldxLX; cldx— —)
RefPicListX[ cldx ] = RefPicListX[ cldx — 1]
RefPicListX[ refldxLX++ ] = long-term reference picture with LongTermPicNum equal to long_terth pic_num
nldx = refldxLX
for( cldx = refldxLX; cldx <= num_ref idx"1X active minusl + 1; cldx++) (8-38)
if( LongTermPicNumF( RefPicListX['cldx | ) !=long_term pic num )
RefPicListX[ nldx++ ] = RefRicListX][ cldx ]

wher¢ the function LongTermPicNumF( RefPicListX[ cldx ] ) is derived as follows.

- If the  picture RefPicListX[ cldx ] is marked as "used for  long-term | reference",
LongTermPicNumF( RefPicListX[ cldx ] ) is the LongTermPicNum of the picture RefPicListX[ cldx ].

—  Otherwise (the ("picture RefPicListX[cldx] is not marked as '"used for long-term| reference"),
LongTermPicNumF( RefPicListX[ cldx ] ) is equal to 2 * ( MaxLongTermFrameldx + 1).
NOTE-I"— A value of 2 * ( MaxLongTermFrameldx + 1 ) can never be equal to long_term_pic_num.

NPTE 2 —Within this pseudo-code procedure, the length of the list RefPicListX is temporarily made one element|longer than the
lepgth needed for the final list. After the execution of this procedure, only elements 0 through num_ref idx_1X_agtive minusl of
the list.need to be retained.

8.2.5 7 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 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
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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,
first-out mechanism specified in subclause 8.2.5.3 or by the adaptive memory control reference picture marking process,
a 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 use 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, PicNum and
LongTermP reiNum:

8.2.5.1 Seuence of operations for decoded reference picture marking process
Decoded refprence picture marking proceeds in the following ordered steps:
1. All sliges of the current picture are decoded.
2. Deperding on whether the current picture is an IDR picture, the following applies.
—  [[f the current picture is an IDR picture, the following ordered steps are specifted:
a. All reference pictures are marked as "unused for reference"
b. Depending on long_term_reference flag, the following appliest

—  If long_term reference flag is equal to O, the IDR  picture is marked as "used for short-term
reference" and MaxLongTermFrameldx is set equal.to "no long-term frame indices".

n

—  Otherwise (long term reference flag is equal to 1), the IDR picture is marked as "uged for
long-term reference", the LongTermFrameldx for the IDR picture is set equal to), and
MaxLongTermFrameldx is set equal to 0:

—  [Otherwise (the current picture is not an IDR picture), the following applies.

- If adaptive_ref pic_marking mode Alag is equal to 0, the process specified in subclause 8.3.5.3 is
invoked.

- Otherwise (adaptive ref pic_marking mode flag is equal to 1), the process specified in subclause
8.2.5.4 is invoked.

U

3. When|the current picture is not'an IDR picture and it was not marked as "used for long-term refererce" by
memofy management _control, operation equal to 6, it is marked as "used for short-term reference".

It is a requirlement of bitstream ‘conformance that, after marking the current decoded reference picture, the total lumber
of frames wijth at least one field marked as "used for reference", plus the number of complementary field pairs with at
least one fie|d marked as."used for reference”, plus the number of non-paired fields marked as "used for referenc¢" shall
not be greatdr than Max(dmax_num_ref frames, 1).

8.2.5.2 Ddcoding process for gaps in frame_num

This procepssti§ invoked when frame num is not equal to PrevRefFrameNum and is not eqpal to
( PrevRefFrameNum + I ) % MaxFrameNum.

NOTE 1 — 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 2 — 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 7-23 except the value of frame num for the current picture.

The decoding process generates and marks 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 7-23, using the
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"sliding window" picture marking process as specified in subclause 8.2.5.3. The generated frames are also marked as
"non-existing" and "used for short-term reference". The sample values of the generated frames may be set to any value.

The following constraints shall be obeyed:

Whet
non-

"

a) The bitstream shall not contain data that result in the derivation of a co-located picture colPic that is marked as
"non-existing" in any invocation of the derivation process for the co-located 4x4 sub-macroblock partitions
specified in subclause 8.4.1.2.1.

b) The bitstream shall not contain data that result in the derivation of a reference picture that is marked as
"non-existing" in any invocation of the reference picture selection process specified in subclause 8.4.2.1.

¢) The bitstream shall not contain data that result in a variable picNumLX that is equal to the PicNum of a picture

marked as "non-existing" 1n any imnvocation ot the modification process for reterence picture lists
reference pictures specified in subclause 8.2.4.3.1.

1) The bitstream shall not contain data that result in a variable picNumLX that is equal to the/ PicNu
marked as "non-existing" in any invocation of the assignment process of a LongTermErameldx |
reference picture specified in subclause 8.2.5.4.3.

NPTE 3 — The above constraints specify that frames that are marked as "non-existing" by the, ptocess specified i

mpst not be referenced in the inter prediction process (subclause 8.4, including the desivation process for

sub-macroblock partitions in subclause 8.4.1.2.1), the modification commands for reference picture lists for short

piktures (subclause 8.2.4.3.1), or the assignment process of a LongTermFrameldx t¢ a short-term reference pid
8.p.5.4.3).

pic_order cnt type is not equal to 0, TopFieldOrderCnt and BottomFieldOrderCnt are derived fi
existing" frames by invoking the decoding process for picture order-count in subclause 8.2.1. Wherj

procgss in subclause 8.2.1 for a particular "non-existing" frame, thie current picture is considered to
consiflered having frame num inferred to be equal to UnusedShoftTermFrameNum, nal ref idc inferred t

to 0,

hal_unit_type inferred to be not equal to 5, IdrPicFlag infefred to be equal to 0, field pic_flag inferred

0, adpptive ref pic marking mode flag inferred to be equakto 0, delta pic order cnt[ 0 ] (if needed)

equall

8.2.5
This

to 0, and delta_pic_order cnt[ 1 ] (if needed) inferred\to be equal to 0.

NPTE 4 — The decoding process should infer an unintentional picture loss when any of these values of frame nu
"non-existing" pictures is referred to in the inter pr€diction process (subclause 8.4, including the derivation
cd-located 4x4 sub-macroblock partitions in subclause*8.4.1.2.1), is referred to in the modification commands for r
ligts for short-term reference pictures (subclause 8:2.4.3.1), or is referred to in the assignment process of a LongTer
short-term reference picture (subclause 8.2.5:4v3). The decoding process should not infer an unintentional picty
mpmory management control operation not-equal to 3 is applied to a frame marked as "non-existing".

3  Sliding window decoded reference picture marking process

process is invoked when adaptive ref pic_marking mode flag is equal to 0.

Depepding on the properties-of-the current picture as specified below, the following applies.

f the current picttreis a coded field that is the second field in decoding order of a complementary 1
pair, and the_first field has been marked as "used for short-term reference", the current pi
omplementary reference field pair are also marked as "used for short-term reference".

Dtherwise;-the following applies:

1.{/Let numShortTerm be the total number of reference frames, complementary reference fi

for short-term

m of a picture
b a short-term

h this subclause
co-located 4x4
-term reference
ture (subclause

r each of the
| invoking the
be a picture
b be not equal
to be equal to
inferred to be

m pertaining to
process for the
bference picture
mFrameldx to a
re loss when a

eference field
ture and the

pld pairs and

non-paired reference fields for which at least one field is marked as "used for short-term r

tference”. Let

8.2.54

numLongTerm be the total number of reference frames, complementary reference field pairs and non-paired
reference fields for which at least one field is marked as "used for long-term reference".

When numShortTerm + numLongTerm is equal to Max( max num ref frames, 1), the condition that
numShortTerm is greater than 0 shall be fulfilled, and the short-term reference frame, complementary reference
field pair or non-paired reference field that has the smallest value of FrameNumWrap is marked as "unused for
reference". When it is a frame or a complementary field pair, both of its fields are also marked as "unused for
reference".

Adaptive memory control decoded reference picture marking process

This process is invoked when adaptive ref pic_marking mode flag is equal to 1.
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The memory management control operation commands with values of 1 to 6 are processed in the order they occur in
the bitstream after the current picture has been decoded. For each of these memory management control operation
commands, one of the processes specified in subclauses 8.2.5.4.1 to 8.2.5.4.6 is invoked depending on the value of
memory_management_control_operation. The memory management control operation command with value of 0
specifies the end of memory management control_operation commands.

Memory management 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 procesq is invoked when memory _management_control operation is equal to 1.

Let picNumX be specified by

picNumX = CurrPicNum — ( difference of pic nums minusl + 1). 8-39)

Depending ¢n field pic flag the value of picNumX is used to mark a short-term¢teference picture as "unuged for
reference" a§ follows.

— If field| pic_flag is equal to 0, the short-term reference frame or short-térm complementary reference fidld pair
specifidd by picNumX and both of its fields are marked as "unused for réference".

—  Otherwjise (field pic flag is equal to 1), the short-term reference fidld specified by picNumX is marked as "unused
for refdrence". When that reference field is part of a referenceArame or a complementary reference field phir, the
frame qr complementary field pair is also marked as "unused for'reference", but the marking of the other fieldl is not
changedl.

8.2.5.4.2 Marking process of a long-term reference pictiaire as '"unused for reference"
This procesq is invoked when memory management control operation is equal to 2.

Depending dn field pic flag the value of LongTermPicNum is used to mark a long-term reference picture as "unused for
reference" ag follows.

— If field|pic_flag is equal to 0, the long<tetm reference frame or long-term complementary reference field pair|having
LongTg¢rmPicNum equal to long_termi pic_num and both of its fields are marked as "unused for reference".

—  Otherwjise (field pic flag is«equal to 1), the long-term reference field specified by LongTermPicNum egual to
long teym pic num is marked as "unused for reference". When that reference field is part of a reference frae 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.

8.2.5.4.3 Agsignment process of a LongTermFrameldx to a short-term reference picture

This procesy is invoked when memory management control operation is equal to 3.

element-difference—of pic-—nums—min he rable pieNum 1s—obtained necified

Given the syntax-element-d 2HCe—0 c—pums—minuslthe varable picNumX is obtained-as specified-in-subclause
8.2.5.4.1. picNumX shall refer to a frame or complementary reference field pair or non-paired reference field marked as
"used for short-term reference" and not marked as "non-existing".

When LongTermFrameldx equal to long term frame idx is already assigned to a long-term reference frame or a
long-term complementary reference field pair, that frame or complementary field pair and both of its fields are marked as
"unused for reference". When LongTermFrameldx is already assigned to a reference field, and that reference field is not
part of a complementary field pair that includes the picture specified by picNumX, that field is marked as "unused for
reference".

Depending on field pic_flag the value of LongTermFrameldx is used to mark a picture from "used for short-term
reference" to "used for long-term reference" as follows.
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If field pic flag is equal to 0, the marking of the short-term reference frame or short-term complementary reference

field pair specified by picNumX 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 LongTermFrameldx
equal to long term frame idx. When the field is part of a reference frame or a complementary reference field 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-term reference" and assigned LongTermFrameldx equal to long_term frame idx.

8.2.5.4.4 Decoding process for MaxLongTermFrameldx

This
All p

"used

The ¥

8.2.5

This

All rd

long-

8.2.5
This

Whet

a lon;
as "u
not p

The

long |

Whet

Long

process is invoked when memory management_control _operation is equal to 4.

ctures for which LongTermFrameldx is greater than max long term frame idx plusl — 1 and-that
for long-term reference" are marked as "unused for reference".

ariable MaxLongTermFrameldx is derived as follows.

f max long term frame idx plusl is equal to 0, MaxLongTermFrameldx is set’equal to "no lof
ndices".

Dtherwise (max_long term frame idx plusl
max_long term frame idx plusl — 1.

is greater than 0), MadxLCongTermFrameldx is

DTE — The memory management control operation command equal to 4€an-be used to mark long-term refer
nused for reference". The frequency of transmitting max long term frame idx_plusl is not spe
bcommendation | International Standard. However, the encoder should send a memory management cd
mmand equal to 4 upon receiving an error message, such as an intra refresh request message.

4.5 Marking process of all reference pictureS as 'unused for reference"

MaxLongTermFrameldx to '"'no long-term frame indices"
brocess is invoked when memory management control operation is equal to 5.

ference pictures are marked as "unused for reference" and the variable MaxLongTermFrameldx is sq
erm frame indices".

4.6 Process for assigning a long-term frame index to the current picture
brocess is invoked when memory ‘management control operation is equal to 6.

a variable LongTermFrameldx equal to long term frame idx is already assigned to a long-term refej
b-term complementary reference field pair, that frame or complementary field pair and both of its fiel
hused for reference'~When LongTermFrameldx is already assigned to a reference field, and that ref
rt of a complementary field pair that includes the current picture, that field is marked as "unused for r

current picture\'is marked as "used for long-term reference" and assigned LongTermFrame
term_frameddx.

fieldSpre_flag is equal to 0, both its fields are also marked as "used for long-term reference"
TermErameldx equal to long _term_frame idx.

and

hre marked as

1g-term frame

set equal to

nce pictures as
ified by this
ntrol_operation

setting

t equal to "no

ence frame or

ds are marked
brence field is
bference".

[dx equal to

and assigned

Whet
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omplementary

reference field pair, and the first field of the complementary reference field pair is also currently marked as "used for
long-term reference", the complementary reference field pair is also marked as "used for long-term reference" and
assigned LongTermFrameldx equal to long term frame idx.

After marking the current decoded reference picture, the total number of frames with at least one field marked as "used
for reference", plus the number of complementary field pairs with at least one field marked as "used for reference", plus
the number of non-paired fields marked as "used for reference" shall not be greater than Max( max num_ref frames, 1).

NOTE

— Under some circumstances,

the above statement may impose a constraint on the order in which a

memory management control operation syntax element equal to 6 can appear in the decoded reference picture marking syntax
relative to a memory management_control_operation syntax element equal to 1, 2, 3, or 4.
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8.3 Intra prediction process

This process

is invoked for I and SI macroblock types.

Inputs to this process are constructed samples prior to the deblocking filter process and, for Intra NxN prediction modes

(where NxN

is equal to 4x4 or 8x8), the values of IntraNxNPredMode from neighbouring macroblocks.

Outputs of this process are specified as follows.

—  If the macroblock prediction mode is Intra_4x4 or Intra_8x8, the outputs are constructed luma samples prior to the
deblocking filter process and (when ChromaArrayType is not equal to 0) chroma prediction samples of the

macrob

lock predc, where C is equal to Cb and Cr.
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Cr.

roma samples prior to the deblocking filter process.
MvCnt is set equal to 0.

n the value of mb_type the following applies.

invoked.
ise (mb_type is not equal to I PCM), the following applies:
e decoding processes for Intra prediction modes are described forthe luma component as follows.

If the macroblock prediction mode is equal to Intra_4x4, the Intra_4x4 prediction process for luma
samples as specified in subclause 8.3.1 is invoked.

specified in subclause 8.3.2 is invoked.

Otherwise (the macroblock prediction mede is equal to Intra 16x16), the Intra_16x16 prediction p
as specified in subclause 8.3.3 is invoked with S'. as the input and the outputs are luma prediction
samples of the macroblock pred; .

pclause 8.3.4 is invoked with S'¢,J and S'c; as the inputs and the outputs are chroma prediction samples
croblock predcy, and predc,.

d in the Intra prediction process are the sample values prior to alteration by any deblocking filter opera

Fa_4x4 prediction process for luma samples
is invoked when the macroblock prediction mode is equal to Intra_4x4.

is process-are the values of Intra4x4PredMode (if available) or Intra8x8PredMode (if available
b macroblocks or macroblock pairs.

mponent of a macroblock consists of 16 blocks of 4x4 luma samples. These blocks are inverse scanne

the 4x4 luma block inverse scanning process as specified in subclause 6.4.3.

hen ChromaArrayType is not equal to 0, the Intra prediction process for chroma samples as specified ip

L and

ChromaArrayType is not equal to 0) chroma prediction samples of the macroblock predc, where Cis’gfjual to

ise (mb_type is equal to I PCM), the outputs are constructed luma and (when ChromaArrayType is ndt equal

ype is equal to I PCM, the sample construction process for I PCM macroblocks as specified in subclause

Otherwise, if the macroblock prediction mode is‘¢qual to Intra 8x8, the Intra 8x8 prediction process as

0CESS

of the

tion.

from

1 using

For all 4x4 luma blocks of the luma component of a macroblock with luma4x4Blkldx = 0..15, the derivation process for
the Intra4x4PredMode as specified in subclause 8.3.1.1 is invoked with luma4x4BlkIdx as well as Intra4x4PredMode and
Intra8x8PredMode that are previously (in decoding order) derived for adjacent macroblocks as the input and the variable
Intradx4PredMode[ luma4x4BlkIdx ] as the output.

For each luma block of 4x4 samples indexed using luma4x4Blkldx = 0..15, the following ordered steps are specified:

1. The Intra 4x4 sample prediction process in subclause 8.3.1.2 is invoked with luma4x4Blkldx and the array S'
containing constructed luma samples prior to the deblocking filter process from adjacent luma blocks as the inputs
and the outputs are the Intra_4x4 luma prediction samples pred4x4[ x, y | with x, y=0..3.
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2. The position of the upper-left sample of a 4x4 luma block with index luma4x4Blkldx inside the current
macroblock is derived by invoking the inverse 4x4 luma block scanning process in subclause 6.4.3 with
luma4x4BIlkldx as the input and the output being assigned to ( xO, yO ).

3. The values of the prediction samples pred; [ xO + x, yO +y ] with x, y = 0..3 are derived by
pred;[ xO + x, yO +y ] = preddx4([ x, y ] (8-40)
4. The transform coefficient decoding process and picture construction process prior to deblocking filter process in

subclause 8.5 is invoked with pred; and luma4x4BlkIdx as the input and the constructed samples for the current
4x4 luma block S'| as the output.

8.3.1]1 Derivation process for Intradx4PredMode

Inputp to this process are the index of the 4x4 luma block luma4x4Blkldx and variable arrays dntra4x4PredMode (if
availgble) and Intra8x8PredMode (if available) that are previously (in decoding order) derived foradjacent macroblocks.

Outpuyt of this process is the variable Intra4x4PredMode[ luma4x4BIkIdx ].

Tablq 8-2 specifies the values for Intra4x4PredMode[ luma4x4BlkIdx ] and the associatednames.

Table 8-2 — Specification of Intra4x4PredMode| luma4x4BIkIdxX | and associated names

Intra4x4PredMode| luma4x4BIlkIdx | Name of Intra4x4PredMode| luma4x4BIlkIdx ]
0 Intra_4x4 ‘Vettical (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)

Intra4dx4PredMode[ lumadx4BlkIdx ] labelled O, 1, 3, 4, 5, 6, 7, and 8 represent directions of predictions ap illustrated in
Figure 8-1.
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Figure 8-1 — Intra_4x4 prediction mode directions (informative)

Mode[ luma4x4BIkldx ] is derived as specified by the following ordered steps:

ned to mbAddrA, luma4x4BlkIdxA, mbAddrB, and luma4x4BlkIdxB.

Fariable 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 nét-available

process specified in subclause 6.4.10.4 is invoked with luma4x4BlkIdx given as input and the output i

if( rem_intra4x4 pred mode[ luma4x4Blkldx ] < predIntra4x4PredMode )

Intra4x4PredMode[ luma4x4Blkldx | = rem_intra4x4 pred mode[ luma4x4BlkIdx ]

—  the macroblock with address mbAddrA*“is available and coded in an Inter macroblock prddiction
mode and constrained intra_pred flag is equal to 1

—  the macroblock with address mbAddrB is available and coded in an Inter macroblock prddiction
mode and constrained_intra, pred flag is equal to 1

— | Otherwise, dcPredModePredictedFlag is set equal to 0.

For N being either replaced by Avor B, the variables intraMxMPredModeN are derived as follows.

— | If dcPredModePredictedFlag is equal to 1 or the macroblock with address mbAddrN is not cqded in
Intra 4x4 or JAntra 8x8 macroblock prediction mode, intraMxMPredModeN is set equgl to2
(Intra_4x4 DC'prediction mode).

— | Otherwise/(dcPredModePredictedFlag is equal to 0 and the macroblock with address mbAddrN iy coded
in Intra_4x4 or Intra_8x8 macroblock prediction mode), the following applies.
= (If the macroblock with address mbAddrN is coded in Intra 4x4 macroblock prediction| mode,

intraMxMPredModeN is set equal to Intradx4PredMode[ luma4x4BIkIdxN ], | where
Tnfradx4PredMode 15 the variable array assigned to the macroblock MbAdArN.

—  Otherwise (the macroblock with address mbAddrN is coded in Intra 8x8 macroblock prediction
mode), intraMxMPredModeN is set equal to Intra8x8PredMode[ luma4x4BIkIdxN >>2 ], where
Intra8x8PredMode is the variable array assigned to the macroblock mbAddrN.

Intra4x4PredMode[ luma4x4BlkIdx ] is derived by applying the following procedure:
predIntra4x4PredMode = Min( intraMxMPredModeA, intraMxMPredModeB )
if( prev_intra4x4 pred mode flag[ luma4x4Blkldx ])
Intra4x4PredMode[ luma4x4Blkldx | = predIntra4x4PredMode
else (8-41)
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else
Intra4x4PredMode[ luma4x4Blkldx | = rem_intra4x4 pred mode[ luma4x4Blkldx ]+ 1

2 Intra_4x4 sample prediction

This process is invoked for each 4x4 luma block of a macroblock with macroblock prediction mode equal to Intra 4x4
followed by the transform decoding process and picture construction process prior to deblocking for each 4x4 luma

block

Inputs to this process are

the index of a 4x4 luma block luma4x4Blkldx,

Outpt
lumas

The §
deriv

the ofitput being assigned to ( xO, yO ).
The |3 neighbouring samples p[ x, y | that are constructed luma samples pirior'to the deblocking filter
x=-l,y=-1..3and x=0..7, y = —1, are derived as specified by the following'ordered steps:
1.| The luma location ( XN, yN ) is specified by
xN =x0 + x
yN=yO +y
2.| The derivation process for neighbouring, lecations in subclause 6.4.11 is invoked for luma I
( xN, yN) as input and mbAddrN and (XW, yW ) as output.
3. Eachsample p[ x,y ] withx=—1,y==1..3 and x =0..7, y=—1 is derived as follows.

n (PicWidthInSamples; )x(PicHeightInSamples; ) array cS; containing constructed luma samples prioj
eblocking filter process of neighbouring macroblocks.

it of this process are the prediction samples pred4x4;[ x, y ], with x, y = 0..3, for the 4x4 luma blo
x4 BlkIdx.

osition of the upper-left sample of a 4x4 luma block with index luma4x4BlkIdx inside the current
bd by invoking the inverse 4x4 luma block scanning process in subclause 6.4.3 with*luma4x4BlkIdx as

If any of the following“conditions is true, the sample p[ x, y ] is marked as "not available
prediction"

mbAddrN is not available,

the acroblock mbAddrN is coded
corstrained _intra_pred_flag is equal to 1,

in an Inter macroblock prediction

the macroblock mbAddrN has mb_type equal to SI and constrained intra_pred flag is
the current macroblock does not have mb_type equal to SI,

x is greater than 3 and luma4x4BlklIdx is equal to 3 or 11.

to the

ck with index

macroblock is
the input and

process, with

(8-42)

(8-43)

ocations with

for Intra 4x4

mode and

equal to 1 and

value of the

Otherwise, the sample p[ x, y ] is marked as "available for Intra 4x4 prediction" and thd

sample p[ x, y ] 1s derived as specified by the following ordered steps:

a. The location of the upper-left luma sample of the macroblock mbAddrN is derived by invoking the
inverse macroblock scanning process in subclause 6.4.1 with mbAddrN as the input and the output is
assigned to ( xM, yM ).

b. Depending on the variable MbaffFrameFlag and the macroblock mbAddrN, the sample value p[ x, y |

© ISO/IEC 2009 — Al rights reserved

is derived as follows.

If MbaffFrameFlag is equal to 1 and the macroblock mbAddrN is a field macroblock,

plX, y]=cSi[ xM +xW, yM +2 * yW ] (8-44)
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Otherwise (MbaffFrameFlag is equal to 0 or the macroblock mbAddrN is a frame macroblock),

plx, y]=cSi[ xM +xW, yM + yW ]

(8-45)

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
pl 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[ luma4x4Blkldx ], one of the Intra 4x4 prediction modes specified in subclauses
8.3.1.2.1 to 8.3.1.2.9 is invoked.

8.3.1.2.1 Speeifieationof-ntra—4x4—Vertical-predietion-mode

This Intra 4

This mode
prediction".

The values o

pr

8.3.1.2.2 Splecification of Intra_4x4 Horizontal prediction mode

This Intra_4

This mode
prediction".

The values o

—

p

8.3.1.2.3 Splecification of Intra_4x4 DC prediction meode

This Intra_4
The values d

If all §
predicti

predd

Otherw|
sample
sample

k4 prediction mode is invoked when Intra4x4PredMode[ luma4x4BlkIdx ] is equal to 0.

shall be used only when the samples p[ x,—1] with x

f the prediction samples pred4x4.[ x, y ], with x, y = 0..3, are derived by

bd4x4 [ X,y |=p[x, 1], withx,y=0..3

k4 prediction mode is invoked when Intradx4PredMode[ luma4x4BlKldx ] is equal to 1.

f the prediction samples pred4x4.[ x, y ], with x, y = 0..3%are derived by

bd4x4 [ x,y ] =p[ -1,y ], withx,y=0..3

k4 prediction mode is invoked when Intra4x4PredMode[ luma4x4BlkIdx ] is equal to 2.

f the prediction samples pred4x4y[-x, y |, with x, y = 0..3, are derived as follows.

on", the values of the prediction samples pred4x4;[ x, y ], with x, y = 0..3, are derived by

x4 [ %,y ]1=(pl Q. SDT+pl L, =1]1+p[2, =1 ]+p[3,-1]+
pl<l0]+p[—1,1]+p[~1,2]+p[~-1,3]+4)>>3

ise, if any samples p[ x, —1 ], with x = 0..3, are marked as "not available for Intra 4x4 prediction”
pl A%y, with y = 0..3, are marked as "available for Intra 4x4 prediction", the values of the prd
preddx4[ x, y ], with x, y = 0..3, are derived by

0..3 are marked as "available for Infra 4x4

(8-46)

chall be used only when the samples p[ —1,y ], with y = 053, are marked as "available for Infra 4x4

(8-47)

amples p[ x,—1], with x & 0..3, and p[ —1,y], with y = 0..3, are marked as "available for Infra 4x4
ples p[ ] p[-Ly y _

(8-48)

and all
diction

pred

X4 xy][=(pl-LO]+p[-L 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 all

samples p[ x, —1 ], with x =0 .. 3, are marked as "available for Intra 4x4 prediction", the values of the prediction
samples pred4x4[ X, y ], with x, y =0 .. 3, are derived by

preddx4 [ x,y]=(p[0,-1]+p[1,-1]+p[2,-1]+p[3,-1]+2)>>2

(8-50)

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))
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NOTE — A 4x4 luma block can always be predicted using this mode.
8.3.1.2.4 Specification of Intra_4x4 Diagonal Down_Left prediction mode
This Intra_4x4 prediction mode is invoked when Intradx4PredMode[ 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,

pT‘PdAYAL[Y v]:(p[671]+2*p[771]+’)\ 2 (8-52)

—  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 (8-53)

8.3.112.5 Specification of Intra_4x4 Diagonal Down_Right prediction mode
This [ntra_4x4 prediction mode is invoked when Intradx4PredMode[ luma4x4Blkidx ] is equal to 4.

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
"avai|able for Intra_4x4 prediction".

The yalues of the prediction samples pred4x4;[ x, y ], with x, y = 0..3,-are derived as follows.

- fx is greater than y,

reddx4 [ x, y]=(p[x—y—2,-1]+2*p[x—y=l,~1l |+p[x—y,-1]+2)>>2 (8-54)
p y p y p

—  ODtherwise if x is less than y,

reddxd [ x, y 1= (p[~Ly-x-2]+28p[~Ly—x—1]1+p[ -, y—x]+2)>>2 (8-55)
p y p y

—  Otherwise (x is equal to y),

preddx4 [ x,y]=(p[ 0, -LJ%E2*p[-1,-1]+p[-1,0]+2)>>2 (8-56)

8.3.112.6 Specification of Intra_4x4 Vertical Right prediction mode
This [ntra_4x4 predictionymode is invoked when Intradx4PredMode[ luma4x4BlkIdx ] is equal to 5.

This mode shall bevnsed only when the samples p[ x, —1 ] with x = 0..3 and p[ —1, y ] with y = —1..3 are marked as
"avai|able for Intta 4x4 prediction".

Let thie variable zZVR be set equal to 2 * x — y.

The values of the prediction samples pred4x4, [ x, y ], with x, y = 0..3, are derived as follows.

— IfzVRisequalto 0, 2,4, or 6,

preddxd [ x,y]=(plx—(y>> 1)~ 1L, ~1]+p[x—(y>>1),~1]+1)>>1 (8-57)
—  Otherwise, if zVR is equal to 1, 3, or 5,

pred4x4i[ X,y ] =(p[x—(y>>1)-2,-1]+2%p[x—(y>> 1)L -1]+p[x—(y>>1),-1]+2)>>2

(8-58)

—  Otherwise, if zZVR is equal to —1,
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preddxd [ x,y]=(p[~1,0]+2*p[—1,~-1]+p[0,~1]+2)>>2 (8-59)

—  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 (8-60)

8.3.1.2.7 Specification of Intra_4x4 Horizontal Down prediction mode
This Intra_4x4 prediction mode is invoked when Intradx4PredMode[ 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 fqr Intra_4x4 prediction".

Let the variable zHD be set equal to 2 * y — x.
The values df the prediction samples pred4x4,[ x, y |, with X, y = 0..3, are derived as follows.

— IfzHDlis equal to 0, 2, 4, or 6,

preddxd [ x,y 1= (p[~1y— (x>> 1) = 1]+p[—1,y— (x>>1)]+1)>>1 (8-61)

—  Otherwiise, if zZHD is equal to 1, 3, or 5,

predqxdi [ x, y ] =(p[-Ly—(x>>1)=2]+2*p[-L,y—(x>> 1) T J+p[-Ly—-(x>>1)]+2)p>2

(8-62)
—  Otherwjise, if zZHD is equal to —1,
preddxé[ x, y1=(p[~1,0]+2 *p[ ~1,~11+p[ 0, -1 ] +2)>>2 (8-63)
—  Otherwjise (zHD is equal to —2 or —3),
preddx4 [ x, y]=(p[x—1,-1]+2*p[x =21 ]+p[x—3,-1]+2)>2 (8-64)

8.3.1.2.8 Splecification of Intra_4x4 Vertieal Left prediction mode
This Intra_4g4 prediction mode is invoked'when Intra4x4PredMode[ luma4x4BlkIdx ] is equal to 7.

This mode fhall be used only when the samples p[ x, —1] with x = 0..7 are marked as "available for Infra 4x4
prediction".

The values df the prediction'samples pred4x4,[ x, y |, with x, y = 0..3, are derived as follows.

— Ifyisequalto 0 pr2,

preddxd [Ky 1 = (P x+(y>> 1), ~11+p[x+(y>> 1)+ 1, 1]+ 1)>>1 (8-65)

—  Otherwise (y is equal to 1 or 3),

preddxdi[ x,y 1= (p[x+(y>>1),~11+2*p[x+(y>> 1)+ 1,1 ] +p[x+(y>>1)+2,-1]+2)>>2
(8-66)

8.3.1.2.9 Specification of Intra_4x4_ Horizontal Up prediction mode
This Intra_4x4 prediction mode is invoked when Intradx4PredMode[ luma4x4BlkIdx ] is equal to 8.

This mode shall be used only when the samples p[ —1,y] with y = 0..3 are marked as "available for Intra 4x4
prediction".

Let the variable zHU be set equal to x +2 * y.
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The values of the prediction samples pred4x4;[ x, y ], with x, y = 0..3, are derived as follows.

8.3.2
This

Input
neigh

Outpt
macr

The 1
the in

For a
Intra
Intra$
Intra$

Fore

1.

If zHU is equal to 0, 2, or 4

preddx4 [ x,y |=(p[ -1,y + (x> 1) ]+p[ -1,y +(x>1)+1]+1)>1

Otherwise, if zZHU is equal to 1 or 3

preddx4i [ x,y |=(p[ L,y +(x>1)]+2*p[—-l,y+(x>1)+1]+p[-l,y+(x>1)+2

10:2009(E)

(8-67)

1+2)>>2
(8-68)

Dtherwise, if zHU is equal to 5,

preddx4 [ x,y]=(p[-1,2]+3*p[—-1,3]+2)>>2

Dtherwise (zZHU is greater than 5),

pred4X4L[ X,y ] = p[ 713 3 ]

Intra_8x8 prediction process for luma samples
process is invoked when the macroblock prediction mode is equal todntra 8x8.

5 to this process are the values of Intra4x4PredMode (if available) or Intra8x8PredMode (if availd
bouring macroblocks or macroblock pairs.

its of this process are 8x8 luma sample arrays as party'of the 16x16 luma array of prediction s
block pred; .

puma component of a macroblock consists of 4 blocks of 8x8 luma samples. These blocks are inverse
verse 8x8 luma block scanning process as spegified in subclause 6.4.5.

[I 8x8 luma blocks of the luma componentof a macroblock with luma8x8BlkIdx = 0..3, the derivati
x8PredMode as specified in subclause83.2.1 is invoked with luma8x8Blkldx as well as Intrad4x4}
x8PredMode that are previously (in decoding order) derived for adjacent macroblocks as the input ar
x8PredMode[ luma8x8BIlkldx ] as the output.

hch luma block of 8x8 samplesiindexed using luma8x8BlkIdx = 0..3, the following ordered steps are s

The Intra_8x8 sample prediction process in subclause 8.3.2.2 is invoked with luma8x8BlkIdx and
containing constructed samples prior to the deblocking filter process from adjacent luma blocks as|
the output are the Intra 8x8 luma prediction samples pred8x8;[ x, y ] with x, y=0..7.

(8-69)

(8-70)

ble) from the

nmples of the

scanned using

bn process for
redMode and
d the variable

pecified:

the array S'y
the input and

2.| The position \of the upper-left sample of an 8x8 luma block with index luma8x8Blkldx inside the current
macrobloek—is derived by invoking the inverse 8x8 luma block scanning process in subclause 6.4.5 with
luma8x8BlkIdx as the input and the output being assigned to ( xO, yO ).

3.[ The.values of the prediction samples pred; [ xO + x, yO +y ] with x, y =0..7 are derived by

predi XO T X, YO Ty | = PICASXILL X, ¥ | (8-71)

4. The transform coefficient decoding process and picture construction process prior to deblocking filter process in
subclause 8.5 is invoked with pred; and luma8x8BIkIdx as the input and the constructed samples for the current
8x8 luma block S'; as the output.

8.3.2.1 Derivation process for Intra8x8PredMode

Inputs to this process are the index of the 8x8 luma block luma8x8Blkldx and variable arrays Intra4x4PredMode (if
available) and Intra8x8PredMode (if available) that are previously (in decoding order) derived for adjacent macroblocks.

Output of this process is the variable Intra8x8PredMode[ luma8x8BIkIdx ].

Table 8-3 specifies the values for Intra8x8PredMode[ luma8x8BlkIdx ] and the associated mnemonic names.

© IS0
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Intra8x8PredMode[ luma8x8BlkIdx ] is derived as specified by the following ordered\steps:
1.

140

The

assigned to mbAddrA, luma8x8BlkldxA, mbAddrB, and luma8x8BlkldxB.
The variable dcPredModePredictedFlag is derived as follows.

For N being either replacediby* A or B, the variables intraMxMPredModeN are derived as follows.

Table 8-3 — Specification of Intra8x8PredMode[ luma8x8BlkIdx | and associated names

Intra8x8PredMode[ luma8x8BIkIdx | Name of Intra8x8PredMode[ luma8x8BIKkIdx |
0 Intra_8x8 Vertical (prediction mode)
1 Intra_8x8 Horizontal (prediction mode)
2 Intra_8x8 DC (prediction mode)
3 Intra_8x8 Diagonal Down_Left (prediction mode)
4 Intra 8x& Diagonal Down Right (prediction made)
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 (predictiommode)

process specified in subclause 6.4.10.2 is invoked with luma8x8BIkIdx given as input and the oy

[f any of the following conditions are true, dcPredModePfedictedFlag 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 mbAddeA: is available and coded in an Inter macroblock predictior
and constrained intra pred flag isequal to 1,

and constrained intra pred- flag is equal to 1.

Otherwise, dcPredModePredictedFlag is set equal to 0.

[f dcPredModePredictedFlag is equal to 1 or the macroblock with address mbAddrN is not co
[ntra 4x4 or Intra* 8x8 macroblock prediction mode, intraMxMPredModeN is set equal to 2 (Intra_8
prediction moede).

tput is

h mode

—  the macroblock with address mbAddrB is available and coded in an Inter macroblock predictiof mode

ded in
k8 DC

ded in

Otherwise (dcPredModePredictedFlag is equal to 0 and (the macroblock with address mbAddrN is ¢
[ntral 4x4 macroblock prediction mode or the macroblock with address mbAddrN is coded in In
macroblock prediction mode)), the following applies.

ra 8x8

— If the macroblock with address mbAddrN is coded in Intra 8x8 macroblock prediction mode,

intraMxMPredModeN is set equal to Intra8x8PredMode[ luma8x8BIkIdxN ], where Intra8x8PredMode
is the variable array assigned to the macroblock mbAddrN.

Otherwise (the macroblock with address mbAddrN is coded in Intra_4x4 macroblock prediction mode),
intraMxMPredModeN is derived by the following procedure, where Intra4x4PredMode is the variable
array assigned to the macroblock mbAddrN.

intraMxMPredModeN = Intra4x4PredMode[ luma8x8BIkIdxN * 4 +n ] (8-72)

where the variable n is derived as follows
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— If N is equal to A, depending on the variable MbaffFrameFlag, the variable luma8x8BIkIdx, the

current macroblock, and the macroblock mbAddrN, the following applies.

—  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 luma8x8Blkldx is

not equal to 2), n is set equal to 1.

—  Otherwise (N is equal to B), n is set equal to 2.

8.3.2

This process is invoked for each 8x8 luma block of a macroblock with macroblock prediction mode equa
folloyed by the transform decoding process and picture constrigtion process prior to deblocking for ¢
block.

Inputp to this process are

- 1

—  gn (PicWidthInSamples; )x(PicHeightInSamples; ) array c¢S; containing constructed luma samples priof

Outpyt of this process are the predictionsamples pred8x8,[ x, y ], with x, y =0..7, for the 8x8 luma blo
luma$x8BIkIdx.

The {
deriv
the oy

Finally, given itraMxMPredModeA and intraMxMPredModeb, the
Intra8x8PredMode[ luma8x8BlkIdx ] is derived by applying the following procedure.

predIntra8x8PredMode = Min( intraMxMPredModeA, intraMxMPredModeB )
if( prev_intra8x8 pred mode flag[ luma8x8Blkldx ])
Intra8x8PredMode[ luma8x8BlkIdx | = predIntra8x8PredMode
else
if( rem_intra8x8 pred mode[ luma8x8Blkldx ] < predIntra8x8PredModé\)
Intra8x8PredMode[ luma8x8Blkldx | = rem_intra8x8 pred mode[ luma8x8BlkIdx ]
else
Intra8x8PredMode[ luma8x8Blkldx ] = rem intra8x8 pred {mode[ luma8x8Blkldx ]+ 1

2 Intra_8x8 sample prediction

he index of an 8x8 luma block luma8x8BlkIdx,
leblocking filter process of neighbouring macroblocks.
osition of the upper-left sample of an 8x8 luma block with index luma8x8Blkldx inside the current

pd by invoking the inverse 8%8 luma block scanning process in subclause 6.4.5 with luma8x8BlkIdx as
itput being assigned to ((xO, yO ).

variable

(8-73)

1 to Intra_8x8
hch 8x8 luma

to the

ck with index

macroblock is
the input and

The 25 neighbouring samples p[ x, y | that are constructed luma samples prior to the deblocking filter [process, with
x=-,y=-1..7 andx =0..15, y = —1, are derived as specified by the following ordered steps:
1.[ The luma‘loeation ( XN, yN ) is specified by
xN'=XO0 + x (8-74)
yN=yO+y (8-75)
2. The derivation process for neighbouring locations in subclause 6.4.11 is invoked for luma locations with
( xN, yN) as input and mbAddrN and ( xW, yW ) as output.
3. Eachsample p[ x,y ] withx=—1,y=-1..7and x =0..15, y =—1 is derived as follows.

— If any of the following conditions is true, the sample p[ x, y ] is marked as "not available
prediction":

—  mbAddrN is not available,

— the macroblock mbAddrN is coded in an Inter macroblock prediction
constrained_intra_pred_flag is equal to 1.
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Otherwise, the sample p[ x, y ] is marked as "available for Intra 8x8 prediction" and the sample value
pl %,y ] is derived as specified by the following ordered steps:

a. The location of the upper-left luma sample of the macroblock mbAddrN is derived by invoking the
inverse macroblock scanning process in subclause 6.4.1 with mbAddrN as the input and the output is

assigned to ( xM, yM ).
Depending on the variable MbaffFrameFlag and the macroblock mbAddrN, the sample value p[ x, y ]

is derived as follows.

If MbaffFrameFlag is equal to 1 and the macroblock mbAddrN is a field macroblock,

pIXxy]=cSi [xM+xW,yM +2 *yW ]

(8-76)

When sampl|
is marked 4

p[x,—11], W
N(

The refereng

pLx,y] wit
x=0.15,y1

Depending
8.3.22.2t0

8.3.2.2.1 Rg

Inputs to thi

Intra_8x8 sajmple prediction.

Otherwise (MbaffFrameFlag is equal to O or the macroblock mbAddrN is a frame macrob

pl X, y]=cSi[ xM +xW, yM + yW ]

es p[ x, —1 ], with x = 8..15, are marked as "not available for Intra_8x8 prediction;\and the sample p][|
s "available for Intra 8x8 prediction," the sample value of p[ 7,—1] is substituted for sample
th x =8..15, and samples p[ x, —1 ], with x = 8..15, are marked as "available(for Intra_8x8 prediction"

TE — Each block is assumed to be constructed into a picture array prior to decoding.ef the next block.

e sample filtering process for Intra 8x8 sample prediction in subclause-8.3.2.2.1 is invoked with the s
h x=-1, y=—1..7 and x=0..15, y=—1 (if available) as input and p'[ x,y] with x=—1, y=-1
= —1 as output.

n Intra8x8PredMode[ luma8x8Blkldx ], one of the Intra 8x8 prediction modes specified in sub
.3.2.2.10 is invoked.

ference sample filtering process for Intra_8x8 sample prediction

s process are the reference samples p[ x, y swith x=—1, y=—1..7 and x=0..15, y =—1 (if availal

Outputs of
Intra 8x8 s

When all sa
1. The1

arple prediction.

his process are the filtered reference.samples p'[ x,y] with x=-1, y=—1..7 and x=0..15, y=

ples p[ x, —1 ] with x = 0..15 .are;marked as "available for Intra_8x8 prediction”, the following applie
yalue of p'[ 0, —1 ] is derived-as follows.

Ifp[ -1, —1 ] is marked\as "available for Intra_8x8 prediction”, p'[ 0, —1 ] is derived by

pLO,—1]1=(p;=1,-1]+2%p[0,—1]+p[Ll,-1]+2)>2

Otherwise (p[ —1, —1 ] is marked as "not available for Intra_8x8 prediction"), p'[ 0, —1 ] is derived byj

pPrO/—1]1=(3*p[0,-1]+p[1l,-1]+2)>>2

ock),

(8-77)

7,-1]
values

amples
.7 and

clauses

le) for

-1 for

(8-78)

(8-79)

2.

3.

142

The values of p'[ x, —1 ], with x = 1..14, are derived by

pIx,-1]=(plx—1,-1]+2*p[x,—1]+p[xtl,-1]+2)>>2

The value of p'[ 15, —1 ] is derived by

pL1S,—1]=(p[14,-1]+3*p[15,-1]+2)>>2
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When the sample p[ —1, —1 ] is marked as "available for Intra 8x8 prediction", the value of p'[ —1,—1 ] is derived as
follows.

—  If the sample p[ 0, —1 ] is marked as "not available for Intra_8x8 prediction" or the sample p[ —1, 0 ] is marked as

Al

Wher
1.

+  Otherwise (the sample p[ 0, —1 ] is marked as "not available for Intra 8x8 prediction® and the sarj

'not available for Intra_8x8 prediction", the following applies.

pl-1,-1]1=(3*p[-1,-1]+p[0,-1]+2)>>2

p[ —1, 0 ]is marked as "available for Intra 8x8 prediction", p'[ —1, —1 ] is derived by

If the sample p[ 0, —1 ] is marked as "available for Intra_8x8 prediction", p'[ —1, —1 ] is derived by

(8-82)

Otherwise, if the sample p[ 0,—1 ] is marked as "not available for Intra 8x8 prediction" and the sample

pl-1,-1]=(3*p[-1,-1]+p[-1,0]+2)>>2

is marked as "not available for Intra 8x8 prediction"), p'[ —1, —1 ] is set equal to p[;<51, —1 ].

NOTE — When both samples p[ 0, —1] and p[ —1, 0] are marked as "not available for Intra 8x8
derived sample p'[ —1, —1 ] is not used in the intra prediction process.

Dtherwise (the sample p[ 0, —1] is marked as "available for Intra 8x8 pfediction" and the sampl
marked as "available for Intra_8x8 prediction"), p'[ =1, —1 ] is derived by

pL—1,-1]1=(pl0, -1 ]+2*p[ -1, =1 ]+p[~1,0]+2)>52

all samples p[ —1, y ] with y = 0..7 are marked as "availablefor Intra_8x8 prediction", the following §
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[-1,0FFp[-1,1]+2)>2

—  Otherwise (p[ —1, —1 ] is marked*as "not available for Intra_8x8 prediction"), p'[ —1, 0 ] is der

p[-1L,0]=(3*p[-L,O]+p[-1,1]+2)>>2

The values of p'[ —1, y ], with y = 1..6, are derived by

pl-Lyl=sCpt-Ly-1]1+2%p[-Ly]+p[ -1 ytl]+2)>>2

The valueofp'[ —1, 7 ] is derived by

pF1,7]1=(p[-L,6]1+3*p[—-1,7]+2)>>2

8.3.2

(8-83)

nple p[ —1,0 ]

brediction", the

e p[—1,0] is

(8-84)

pplies:

(8-85)

ved by

(8-86)

(8-87)

(8-88)

2 2 Qppnifinnﬁnn of Intra 8x8 Vertical prpﬂioﬁnn mode

This Intra_8x8 prediction mode is invoked when Intra8x8PredMode[ luma8x8Blkldx ] is equal to 0.

This mode shall be used only when the 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 1 =p[ x, —1 ], with x, y=0..7

8.3.2.2.3 Specification of Intra_8x8 Horizontal prediction mode

This Intra_8x8 prediction mode is invoked when Intra8x8PredMode[ luma8x8Blkldx ] is equal to 1.
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This mode shall be used only when the 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 1 =p[ -1,y ], withx,y=0..7 (8-90)

8.3.2.2.4 Specification of Intra_8x8 DC prediction mode
This Intra_8x8 prediction mode is invoked when Intra8x8PredMode[ luma8x8BlkIdx ] is equal to 2.

The values of the prediction samples pred8x8;[ x, y ], with x, y = 0..7, are derived as follows.

— If all 4amples p[x,—1], with x=0..7, and p[—1,y], with y=0..7, are marked as "available for.‘Infra 8x8
prediction," the values of the prediction samples pred8x8; [ x, y ], with x, y = 0..7, are derived by

7 7
pred§x8, [x,y ]=(Q_p'[x',~1]+ > p'[-1,y']+8) >> 4 8-91)
x'=0 y'=0

—  Otherwiise, if any samples p[ x, —1 ], with x=0..7, are marked as "not available for Intra 8x8 prediction" jand all
sample$ p[ —1,y ], with y=0..7, are marked as "available for Intra_ 8x8 prediction} the values of the prgdiction
samples pred8x8; [ x, y ], with x, y = 0..7, are derived by

7
pred§x8, [x,y 1= p'[-1,y']+4)>>3 8-92)

y'=0

—  Otherwiise, if any samples p[ —1, y ], with y=0..7, are marked<as "not available for Intra 8x8 prediction" jand all
samples$ p[ x, —1 ], with x =0..7, are marked as "available for Intra 8x8 prediction", the values of the prgdiction
samples pred8x8; [ x, y ], with x, y = 0..7, are derived by

,
pred§x8 [x,y ]=(Q_p'[x',~1]+4)>>3 8-93)

x'=0

—  Otherwjise (some samples p[ x, —1 ], with X’=0..7, and some samples p[ —1,y ], with y =0..7, are marked ps "not
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 ] = (1 << (BitDepthy — 1)) 8-94)

NOTE — An 8x8 luma block can always be predicted using this mode.

8.3.2.2.5 Splecification-of Intra_8x8 Diagonal Down_Left prediction mode
This Intra_8k8 prediction mode is invoked when Intra8x8PredMode[ luma8x8BlkIdx ] is equal to 3.

This mode ghall’be used only when the samples p[ x, —1 ] with x=0..15 are marked as "available for Iniira78x8
prediction".

The values of the prediction samples pred8x8;[ x, y ], with x, y = 0..7, are derived as follows.

— Ifxisequal to 7 and y is equal to 7,

pred8x8.[ x, y]=(p[ 14, ~1]+3 *p[l5,~1]+2)>>2 (8-95)

—  Otherwise (x is not equal to 7 or y is not equal to 7),

pred8x8; [ X,y [=(p[x+y, 1 ]+2*p[x+y+1,-1]+p[x+ty+2,-1]+2)>>2 (8-96)
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8.3.2.2.6 Specification of Intra_8x8 Diagonal Down_Right prediction mode
This Intra_8x8 prediction mode is invoked when Intra8x8PredMode[ luma8x8BlkIdx ] 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 as
"available for Intra_8x8 prediction".

The values of the prediction samples pred8x8,[ x, y |, with x, y = 0..7, are derived as follows.

— Ifxis greater than y,

pred8x8.[ X,y | =(p[x—y—2,-1]+2*p[x—y-L-1]+p[x—y,~1]+2)>>2 (8-97)

—  ODtherwise if x is less than y,

pred8x8 [ x,y 1= (p[~1,y—x—2]+2*p[—L,y—x—1]+p[-1,y-x]+2)>>2 (8-98)

—  Otherwise (x is equal to y),

pred8x8 [ X, y]=(p[0,-1]+2*p[-1,-1]+p[—-1,0]+2)>>2 (8-99)

8.3.212.7 Specification of Intra_8x8 Vertical Right prediction mode
This [ntra_8x8 prediction mode is invoked when Intra8x8PredMode[ luma8x8BlkIdx ] 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 gre marked as
"avai|able for Intra_8x8 prediction".

Let thje 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.

- fzVRisequalto 0, 2, 4,6, 8,10, 12, or 14
pred8x8i[ x, y1=(p[x—(y>>1) =1, =81 +p[x—(y>>1),~1]+1)>>1 (8-100)
- Dtherwise, if zZVR is equal to 1, 3, 537, 9, 11, or 13

pred8x8 [ X,y |=(p[x—(y=21) =2, -1] +2*p[x—(y>>1)-1,-1]+

plx—(y>>1),-1]+2)>>2 (8-101)

—  ODtherwise, if zZVR/s‘equal to —1,

pred8x8 [ X, 3= (p[-1,0]+2*p[—-1,-1]+p[0,-1]+2)>>2 (8-102)

- Dtherwise (zVR is equal to —2, =3, —4, =5, =6, or —7),

pred8x8; [ x, y1=(p[=1,y—=2*x—1]+2*p[—1,y—2*x—=2]+p[—=1l,y—2*x—=3]+2)>>2 (8-103)

8.3.2.2.8 Specification of Intra_8x8 Horizontal Down prediction mode
This Intra_8x8 prediction mode is invoked when Intra8x8PredMode[ luma8x8Blkldx ] is equal to 6.

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 zZHD be set equal to 2 * y — x.
The values of the prediction samples pred8x8;[ x, y ], with x, y = 0..7, are derived as follows.

— IfzHDisequalto 0,2, 4,6, 8, 10, 12, or 14
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pred8x8 [ x, y 1= (p[—Ly—(x>>1)=1]+p[-Ly—(x>>1)]+1)>>1 (8-104)

—  Otherw

ise, if zHD is equal to 1, 3,5, 7,9, 11, or 13

pred3x8. [ X,y |=(p[-Ly—(x>>1)-2]+2*p[-Ly—(x>>1)-1]+

Pl-1y—(x>>1)]+2)>>2 (8-103)
—  Otherwise, if zZHD is equal to —1,

pred8x8 [ X,y ]=(p[-1,0]+2*p[-1,-1]+p[0,-1]+2)>>2 (8-106)
—  Otherwijise (zHD is equal to —2, =3, —4, =5, =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 (B-107)

8.3.2.2.9 Specification of Intra_8x8 Vertical Left prediction mode

This Intra_8

This mode
prediction".

The values @
- Ifyisg

pred8x

—  Otherwj

pred8x8§

8.3.2.2.10 Ypecification of Intra_8x8 Horizontal Up prediction mode

This Intra_8

This mode
prediction”.

Let the variaj
The values @

- IfzHU

k8 prediction mode is invoked when Intra8x8PredMode[ luma8x8BlkIdx ] is equal to 7.

shall be used only when the samples p[ x,—1] with x=0..15 are mdrked as "available for Infra 8x8

f the prediction samples pred8x8.[ X, y |, with x, y = 0..7, are derived.as follows.

qual to 0, 2,4 or 6

Xy 1= (pTx+(y>> 1), ~1]+p[x+(y>> 1)+ 5]+ 1)>>1 (5-108)

ise (yisequalto 1,3,5,7),

X yl=(p[x+(y>>1),-1]+2*p[x+(y>>1)+1,-1]+
Plx+(y>>1)+2,-1]+2)2>>2 (-109)

k8 prediction mode is invoked\when Intra8x8PredMode[ luma8x8BlkIdx ] is equal to 8.

shall be used only when-the samples p[ —1,y] with y=0..7 are marked as "available for Infra 8x8

ble zZHU be set equal to x + 2 *y.
f the prediction-samples pred8x8.[ X, y |, with x, y = 0..7, are derived as follows.

is equal t0-0, 2, 4, 6, 8, 10, or 12

pred8x

[y 1=(p[~Ly+ (x> 1) ]+p[-Ly+(x>>1)+1]+1)>>1 (B-110)

—  Otherw

ise, if zHU is equal to 1, 3, 5, 7,9, or 11

pred8x8.[x,y ]=(p[ 1, y+(x>>1)]+2*p[-Ly+(x>>1)+1]+

PL-Ly+(x>>1)+2]+2)>>2 (8-111)

—  Otherwise, if zZHU is equal to 13,

pred8x8 [ X,y ] =(p[—-1,6]+3*p[-1,7]+2)>>2 (8-112)

—  Otherwise (zHU is greater than 13),

pred8x

146

8ulx,y]=pl[-1,7] (8-113)
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Intra_16x16 prediction process for luma samples

This process is invoked when the macroblock prediction mode is equal to Intra 16x16. It specifies how the Intra
prediction luma samples for the current macroblock are derived.

Input to this process is a (PicWidthInSamples; )x(PicHeightInSamples; ) array ¢Sy containing constructed luma samples
prior to the deblocking filter process of neighbouring macroblocks

Outputs of this process are Intra prediction luma samples for the current macroblock pred; [ x, y ].

The

X =

1.

Letp

Intra |

F3Teighbourimg Sampies piX; v 1 At are comnstructed e Sampies prior o the debtockimgfifter
I, y=-1..15 and with x = 0..15, y = —1, are derived as specified by the following ordered steps:

process, with

The derivation process for neighbouring locations in subclause 6.4.11 is invoked for luma’locations with (X, y)

assigned to ( XN, yN ) as input and mbAddrN and ( xW, yW ) as output.
Each sample p[ x, y ] with x =—1, y=—1..15 and with x = 0..15, y = —1 is derived as\follows.

Fed; [ x5y~ with x, y = 0..15 denote the prediction samples for the 16x16 luma block samples.

| L6x16 prediction modes are specified in Table 8-4.

If any of the following conditions is true, the sample p[ x, y ] is marked|as”"not available fqr Intra_16x16

prediction":
mbAddrN is not available,

the macroblock mbAddrN is coded
constrained_intra_pred_flag is equal to 1,

in an JInter

macroblock prediction

the macroblock mbAddrN has mb_type equal to SI and constrained _intra_pred flag is eqq

Otherwise, the sample p[ X,y ] is marked as "awvailable for Intra 16x16 prediction" and thg
sample p[ x, y ] is derived as specified by the following ordered steps:

a. The location of the upper-left luma sample of the macroblock mbAddrN is derived by
inverse macroblock scanning process’in subclause 6.4.1 with mbAddrN as the input an
assigned to ( xM, yM ).

b. Depending on the variableMbaffFrameFlag and the macroblock mbAddrN, the sample
is derived as follows.

—  If MbaffFrameElag is equal to 1 and the macroblock mbAddrN is a field macroblo

pLXy]=cS[xM+xW, yM +2 *yW ]

mode and

alto 1.

value of the

invoking the

| the output is

value p[ X, y ]

k,

(8-114)

— _Otherwise (MbaffFrameFlag is equal to 0 or the macroblock mbAddrN is a frame mpacroblock),

pl X, y]=cS[ xM +xW, yM + yW ]

Table 8-4 — Specification of Intral6x16PredMode and associated names

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)
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Depending on Intral 6x16PredMode, one of the Intra_16x16 prediction modes specified in subclauses 8.3.3.1 to 8.3.3.4 is
invoked.

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".

The values of the prediction samples pred, [ x, y |, with x, y = 0..15, are derived by

predi [ X,y ]=p[x,—1], withx, y=0..15 (8-116)

8.3.3.2 Sﬂeciﬁcation of Intra_16x16_Horizontal prediction mode

This Intra 1px16 prediction mode shall be used only when the samples p[—1, y] with y = 0..15 are marked\as "ayailable
for Intra_16x16 prediction".

The values df the prediction samples pred, [ x, y |, with x, y = 0..15, are derived by

predi X,y ]=p[—1,y], withx, y=0..15 (B-117)

8.3.3.3 Specification of Intra_16x16_DC prediction mode

This Intra_1px16 prediction mode operates, depending on whether the neighbouring samples are marked as "availgble for
Intra_16x16|prediction", as follows.

—  If all ngighbouring samples p[ x, —1 ], with x = 0..15, and p[ —1, y,], with y = 0..15, are marked as "available for
Intra_1px16 prediction", the prediction for all luma samples in the-macroblock is given by:

15 15
predi X,y 1= (3 p[x',~1]+ Y p[- 1,y]+16) >> 5. With x:30=0..15 ($-118)

X'=0 y'=0

—  Otherwjise, if any of the neighbouring samples~p[ x, —1 ], with x = 0..15, are marked as "not availaple for
Intra_1px16 prediction” and all of the neighbouring samples p[ —1, y ], with y = 0..15, are marked as "availgble for
Intra_1px16 prediction", the prediction for alhluma samples in the macroblock is given by:

15 :
pred x,y = (Zp[—l,y‘]+8) S>> ywith x, y =0..15 (B-119)

y'=0

—  Otherwijise, if any of the ‘neighbouring samples p[ —1,y ], with y = 0..15, are marked as "not availaple for
Intra_1px16 prediction! and all of the neighbouring samples p[ x, —1 ], with x = 0..15, are marked as "availgble for
Intra_1px16 prediction®, the prediction for all luma samples in the macroblock is given by:

15
preci] %, IS pli’.~1]+8) 5> 4, with x, y =0..15 (-120)
x'=0

—  Otherwise (some of the neighbouring samples p[ x, —1 ], with x = 0..15, and some of the neighbouring samples
p[—1,y], with y = 0..15, are marked as "not available for Intra 16x16 prediction"), the prediction for all luma
samples in the macroblock is given by:

pred; [ x, y 1= (1 <<(BitDepthy — 1)), with x, y = 0..15 (8-121)

8.3.3.4 Specification of Intra_16x16_Plane prediction mode

This Intra_16x16 prediction mode shall be used only when the samples p[ x, —1 ] with x = —1..15 and p[ —1, y ] with
y = 0..15 are marked as "available for Intra_16x16 prediction".

The values of the prediction samples pred, [ x, y |, with x, y = 0..15, are derived by
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predi[ x,y]=Cliply((a+b*(x—=7)+c*(y—7)+16)>>5), withx, y=0..15,

where

a=16%(p[—1,15]+p[15,-1])

b=(5*H+32)>>6

c=(5%V+32)>>6

(8-122)

(8-123)

(8-124)

(8-125)

and H

8.3.4
This
curre

Input
chron

Outpy
Depe

Both
each
remat
repla

The 1
x=

-1, ¥ ==1..MbHeightC — 1 and with x = 0..MbWidthC — 1, y = —1, are derived as specified by the foll

[ and V are specified as

H:i(x'+1)*(p[8+x’,—l]-p[6—x’,—1])

x'=0

V=>"(y+)*(p[-1,8+y']-p[-1.6-y'])

y=0

Intra prediction process for chroma samples

process is invoked for I and SI macroblock types. It specifies how the Intra prediction chroma s
ht macroblock are derived.

5 to this process are two (PicWidthInSamplesc)x(PicHeightInSamplesc) arrays cScy, and cSc, containiy
ha samples prior to the deblocking filter process of neighbouring macroblocks

its of this process are Intra prediction chroma samples for the current macroblock predcy,[ x, y ] and pr
hding on the value of ChromaArrayType, the following applies.

f ChromaArrayType is equal to 3, the Intra prediction chroma samples for the current macroblock prg
predc,[ X, y ] are derived using the Intra prediction process for chroma samples with ChromaArrayTyp!
pecified in subclause 8.3.4.5.

Dtherwise (ChromaArrayType' is equal to 1 or 2), the following text specifies the Intra prediction ch
for the current macroblogk predcy[ X, y ] and prede[ X, y |-

chroma blocks (Cb\and Cr) of the macroblock use the same prediction mode. The prediction modg
pf the chroma bloeks separately. The process specified in this subclause is invoked for each chroma
nder of this-Subclause, chroma block refers to one of the two chroma blocks and the subscript
ement of the subscript Cb or Cr.

heighbouring samples p[ x, y ] that are constructed chroma samples prior to the deblocking filter

steps

(8-126)

(8-127)

mples for the

g constructed

eded X, v ]

dCb[ X,y ] and
e equal to 3 as

roma samples

is applied to
block. In the
is used as a

process, with
wing ordered

1.

© IS0

The derivation process for neighbouring locations in subclause 6.4.11 is invoked for chroma locations with ( x, y )

assigned to ( xN, yN ) as input and mbAddrN and ( xW, yW ) as output.

Each 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 chroma

prediction":
—  mbAddrN is not available,

— the macroblock mbAddrN is coded in an Inter macroblock prediction
constrained_intra_pred_flag is equal to 1,

/IEC 2009 — All rights reserved
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—  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.

—  Otherwise, the sample p[ x, y ] is marked as "available for Intra chroma prediction" and the value of the
sample p[ x, y ] is derived as specified by the following ordered steps:

a. The location of the upper-left luma sample of the macroblock mbAddrN is derived by invoking the
inverse macroblock scanning process in subclause 6.4.1 with mbAddrN as the input and the output is
assigned to ( xL, yL ).

b. The location ( xM, yM ) of the upper-left chroma sample of the macroblock mbAddr is derived by

xM =_(xL>>4) * MbWidthC (8-128)
yM = ((yL >> 4 )* MbHeightC ) + (yL %2 ) (8-129)

c. Depending on the variable MbaffFrameFlag and the macroblock mbAddrN, the sample value g x, y ]
is derived as follows.

—  If MbaffFrameFlag is equal to 1 and the macroblock mbAddrN is a fieldmacroblock,

pLX, y]=cSc[ xM +xW, yM + 2 * yW ] (8-130)

—  Otherwise (MbaffFrameFlag is equal to 0 or the macroblock ' mbAddrN is a frame macrobjock),

plx,y]=cSc[ xM +xW, yM + yW ] (8-131)

Let predc[ x} y ] with x = 0..MbWidthC — 1, y = 0..MbHeightC — 1 denote the prediction samples for the chromg block
samples.

Intra chromg prediction modes are specified in Table 8-5.

Table 8-5 — Specification of Intra chroma prediction modes and associated names

intra_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 pn intra_ghtoma pred mode, one of the Intra chroma prediction modes specified in subclauses [8.3.4.1
to 8.3.4.4 is jnvoked.

8.34.1 Sqeciﬁcation of Intra_Chroma_DC prediction mode

This Intra chroma prediction mode is invoked when intra_chroma_pred _mode is equal to 0.

For each chroma block of 4x4 samples indexed by chroma4x4Blkldx = 0..( I << ( ChromaArrayType +1))— 1, the
following applies.

—  The position of the upper-left sample of a 4x4 chroma block with index chroma4x4BIkIdx is derived as

xO = InverseRasterScan( chroma4x4BIkldx, 4, 4, 8, 0) (8-132)

yO = InverseRasterScan( chroma4x4BIkldx, 4, 4, 8, 1) (8-133)

—  Depending on the values of xO and yO, the following applies.
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- If (x0O, yO ) is equal to( 0, 0 ) or xO and yO are greater than 0, the values of the prediction samples
predc[ x +x0, y + yO ] with x, y = 0..3 are derived as follows.

If all samples p[ x +x0, —1 ], with x=0..3, and p[ —1, y +yO ], with y = 0..3, are marked as

"available for

Intra chroma prediction", the values of the prediction samples pred¢[ x + xO, y + yO ], with x, y =0..3, are

derived as

3 3
pred.[x+x0,y+yO]= ( > p[x'+x0,-11+ > p[-1,y'+yO]+ 4J >>3, withx, y=0..3.
x'=0 y'=0

Otherwise, if anv samples p[ x+x0O, —1 1, with x=0..3, are marked as "not avajlable for

(8-134)

Intra chroma

1  Otherwise, if xO is greater(than0 and yO is equal to0, the values of the predid
predc[ x + x0O, y + yO ] with x, y = 0..3 are derived as follows.

prediction" and all samples p[ —1,y+yO ], with y=0..3, are marked as "available for
prediction", the values of the prediction samples predc[ x + xO, y + yO ], with x, y = 0=.3,ar¢

3
pred.[x+xO0,y+yO] :[Zp[—l, y'+yOJ]+ 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
prediction" and all samples p[ x +x0,—1 ], with x=0..3, are/marked as "available for
prediction", the values of the prediction samples predc[ x + xO,\y»+ yO ], with x, y = 0..3, arg

3
pred [ x +x0,y+ yO]:(Zp[x'+xO,—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 ],
are marked as "not available for Intra~chroma prediction"), the values of the predi
predc[ x + x0, y + yO ], with x, y = 0..3yare derived as

predc[ x +x0O, y +yO | = ( 1 &< ( BitDepthc — 1) ), with x, y=0..3.

If all samples p[ x %0, —1 ], with x =0..3, are marked as "available for Intra chroma p
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

Otherwise, if all samples p[ —1,y+yO ], with y=0..3, are marked as "available for
prediction", the values of the prediction samples predc[ x + xO, y + yO ], with x, y = 0..3, arg

Intra chroma
t derived as

(8-135)

Intra chroma
Intra chroma
t derived as

(8-136)

with y=0..3,
ction samples

(8-137)

tion samples

ediction", the

(8-138)

Intra chroma
derived as

pred.[x+x0,y+yO]= LZp[—l, y'+yOJ]+ 2J >> 2, withx, y=0..3.
y'=0

Otherwise (some samples p[ x + xO, —1 ], with x =0..3, and some samples p[ -1,y +yO ],

(8-139)

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 +x0, y+yO ] = (1 << ( BitDepthc — 1)), with x, y=0..3.

(8-140)

—  Otherwise (xO is equal to0 and yO is greater than0), the values of the prediction samples
predc[ x + x0O, y + yO ] with x, y = 0..3 are derived as follows.
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— 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 pred¢[ x + xO, y + yO ], with x, y = 0..3, are derived as

3
pred.[x+x0,y+yO]= [Zp[—l, y'+yOJ]+ 2] >> 2, withx, y=0..3. (8-141)
y'=0

—  Otherwise, if all samples p[ x+x0O, —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
1 L ray 1 (T:;‘ L [} ray 11 ’\\\ D bR | VaN_a
PICUCL)&T)&U,_YT}’UJ— LPLA T)&U,_lj‘t‘ J s WILIL X, y_U..D. \ '142)
x'=0

— | Otherwise (some samples p[ x +xO, —1 ], with x = 0..3, and some samples p[ —1, y +yO\; with y|=10..3,
are marked as "not available for Intra chroma prediction"), the values of the prediction spmples
predc[ x + x0, y + yO ], with x, y = 0..3, are derived as

predc[ x +x0O, y +yO | = (1 <<( BitDepthc — 1)), with x, y=0..3. (B-143)

8.3.4.2 Specification of Intra_Chroma_Horizontal prediction mode
This Intra cHroma prediction mode is invoked when intra_chroma_ pred mode is€qual to 1.

This mode shall be used only when the samples p[ —1, y ] with y = 0..MbHeightC — 1 are marked as "available for Intra
chroma predjiction".

The values df the prediction samples predc[ X, y ] are derived as

predd x, y ]=p[ -1, y ], with x = 0.MbWidthC — 1 and y»= 0..MbHeightC — 1 (B-144)

8.3.4.3 Specification of Intra_Chroma_Vertical prediction mode
This Intra cHroma prediction mode is invoked when'intra_chroma pred mode is equal to 2.

This mode shall be used only when the samples p[ x, —1 ] with x = 0..MbWidthC — 1 are marked as "available for Intra
chroma predjiction".

The values df the prediction samples predc[ x, y ] are derived as

predd x, y ] =p[ x, —1 ], with x = 0. MbWidthC — 1 and y = 0..MbHeightC — 1 (B-145)

8.3.4.4 Specification®©fIntra_Chroma_Plane prediction mode
This Intra ciroma prediction mode is invoked when intra_chroma pred mode is equal to 3.

This mode |shall~be used only when the samples p[x,—1], with x = 0.MbWidthC—1 and p[—1,y], with

y= —1..MbH PighfP — 1 are marked as "available for Intra chroma Predir“rinn"

Let the variable xCF be set equal to ( ( ChromaArrayType == 3) ? 4 : 0) and let the variable yCF be set equal to
( ( ChromaArrayType != 1) 2 4 : 0).

The values of the prediction samples predc[ x, y ] are derived by

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 (8-146)

where

a=16* (p[ -1, MbHeightC — 1 ]+ p[ MbWidthC — 1, —11]) (8-147)
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b=((34—29 * ( ChromaArrayType ==3))*H+32)>>6

c=((34—-29 *(ChromaArrayType != 1))*V +32)>>6

and H and V are specified as

8.34

This

speci

equa

Input
and f

from

Outp

Intra |
of thg

Each
modg
Cb ar

Depe

H:3+ng,zx'+1)*(p[4+xCF+x',—1]_p[2+XCF_X.,_1])

0

10:2009(E)

(8-148)

(8-149)

(8-150)

3+yCF

V= (y+D)*(p[-1,4+yCF+y']-p[~1,2+yCF~y'])
y'=0

5 Intra prediction for chroma samples with ChromaArrayType equal to 3

brocess is invoked when ChromaArrayType is equal to 3. This process is invokedyfor I and SI macro
fies how the Intra prediction chroma samples for the current macroblock are derived when Chromad

Ilto 3.

5 to this process are constructed samples prior to the deblocking filter process from neighbouring Cb
pr Intra NxN (where NxN is equal to 4x4 or 8x8) prediction modg€;~the associated values of Intral
neighbouring macroblocks.

its of this process are the Intra prediction samples of the Cb<and Cr components of the macroblock or
NN prediction process, the outputs are NxN Cb sample.arrays as part of the 16x16 Cb array of pred
macroblock, and NxN Cb sample arrays as part of the 16x16 Cb array of prediction samples of the m

|

Cb, Cr, and luma block with the same block index ‘0f-the macroblock use the same prediction mode. |
is applied to each of the Cb and Cr blocks sepatrately. The process specified in this subclause is iny
d Cr block.

hding on the macroblock prediction modefthe following applies.
f the macroblock prediction mode is@qual to Intra_4x4, the following applies.

The same process describedin subclause 8.3.1 is also applied to Cb or Cr samples, substituting lu
Cr, substituting luma4x4Blkldx with cb4x4Blkldx or cr4x4Blkldx, substituting pred4x4; with
pred4x4,, and substituting BitDepthy with BitDepthc.

The output variable Intra4x4PredMode[luma4x4BlkIdx] from the process described in subclause
used for the 4X4-Cb or 4x4 Cr blocks with index luma4x4Blkldx equal to index cb4x4BlkIdx or c

The procgss to derive prediction Cb or Cr samples is identical to the process described in subclay
its subséquent subclauses when substituting luma with Cb or Cr, substituting pred4x4; with
preddx4,, and substituting BitDepthy with BitDepthc.

Dtherwise, if the macroblock prediction mode is equal to Intra 8x8, the following applies.

(8-151)

block types. It
(ArrayType is

and Cr blocks
[xNPredMode

in case of the
ction samples
hicroblock.

[he prediction
oked for each

ma with Cb or
pred4x4c, or

8.3.1.1 is also
r4x4BlkIdx.

se 8.3.1.2 and
pred4x4y, or

I'he same process described 1 subclause 8.5.2 18 also applied to Cb or Lr samples, substituting Iu

ma with Cb or

Cr, substituting luma8x8Blkldx with cb8x8Blkldx or cr8x8Blkldx, substituting pred8x8; with pred8x8c, or

pred8x8c,, and substituting BitDepthy with BitDepth.

The output variable Intra8x8PredMode[luma8x8BlkIdx] from the process described in subclause 8.3.2.1 is used

for the 8x8 Cb or 8x8 Cr blocks with index luma8x8Blkldx equal to index cb8x8Blkldx or cr8x8BlkIdx.

its subsequent subclauses when substituting luma with Cb or Cr, substituting pred8x8, with
pred8x8;, and substituting BitDepthy with BitDepth.

The process to derive prediction Cb or Cr samples is identical to the process described in subclause 8.3.2.2 and

pred8x8y, or

Otherwise (the macroblock prediction mode is equal to Intra_16x16), the same process described in subclause 8.3.3
and in the subsequent subclause 8.3.3.1 to 8.3.3.4 is also applied to Cb or Cr samples, substituting luma with Cb or

Cr, substituting pred, with predc, or predc,, and substituting BitDepthy with BitDepthc.
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835
This process

The variable

Sample construction process for I PCM macroblocks

is invoked when mb_type is equal to I PCM.

dy is derived as follows.

If MbaffFrameFlag is equal to 1 and the current macroblock is a field macroblock, dy is set equal to 2.

Otherwise (MbaffFrameFlag is equal to O or the current macroblock is a frame macroblock), dy is set equal to 1.

The position of the upper-left luma sample of the current macroblock is derived by invoking the inverse macroblock

scanning pro

cess in subclause 6.4.1 with CurrMbAddr as input and the output being assigned to ( xP, yP ).

The constructed luma samples prior to the deblocking process are generated as specified by

for( i
S

When Chrot
as specified

for( 1
S'd

S

8.4

This process

Outputs of this process are Inter prediction samples.for the current macroblock that are a 16x16 array pred; d

samples and
chroma sam

The partitionning of a macroblock is specifisd’by mb_type. Each macroblock partition is referred to by mbPartldx

the macrobl
partitioned i
referred to Y
set equal to

The followir

The functior
height of ma|

The range of

= 0; 1< 256; i++)

haArrayType is not equal to 0, the constructed chroma samples prior to the deblockingprocess are ge
DY

= 0; i < MbWidthC * MbHeightC; i++) {

Inter prediction process

[xP+ (1% 16),yP+dy *(i/16))]=pcm _sample luma[ i ]

o[ ( XP / SubWidthC ) + (1 % MbWidthC ),
( (yP + SubHeightC — 1)/ SubHeightC ) + dy * (i/ MbWidthC \]&
pecm_sample chroma] i |
[ (xP / SubWidthC ) + (1 % MbWidthC ),
( (yP + SubHeightC — 1) / SubHeightC ) + dy * (i/ MbWidthC ) ] =
pcm_sample chroma[ i + MbWidthC * MbHeightC ]

is invoked when decoding P and B macroblock-types.

when ChromaArrayType is not equal to 0 two (MbWidthC)x(MbHeightC) arrays predc, and pr
bles, one for each of the chroma components Cb and Cr.

ck partitioning consists of partitions that are equal to sub-macroblocks, each sub-macroblock can be

R-152)

herated

B-153)

f luma
edc, of

When
further

hto sub-macroblock partitions as specified by sub_mb_type[ mbPartldx ]. Each sub-macroblock partjition is

y subMbPartldx. Whenthe macroblock partitioning does not consist of sub-macroblocks, subMbPa

g steps are specified for each macroblock partition or for each sub-macroblock partition.

s MbPartWidth( ), MbPartHeight( ), SubMbPartWidth( ), and SubMbPartHeight( ) describing the wi

rtIdx is

ith and

Otherw

crobleck partitions and sub-macroblock partitions are specified in Tables 7-13, 7-14, 7-17, and 7-18.
the.macroblock partition index mbPartldx is derived as follows.

If mb_type is equal to B_Skip or B Direct 16x16, mbPartldx proceeds over values 0..3.
ise (mb_type is not equal to B Skip or B Direct 16x16), mbPartldx proceeds over

0..NumMbPart( mb_type ) — 1.

values

For each value of mbPartldx, the variables partWidth and partHeight for each macroblock partition or sub-macroblock
partition in the macroblock are derived as follows.

and partWidth and partHeight are derived as

partWidth = MbPartWidth( mb_type )

154

If mb_type is not equal to P_8x8, P_8x8ref0, B_Skip, B_Direct 16x16, or B_8x8, subMbPartldx is set equal to 0,

(8-154)
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partHeight = MbPartHeight( mb_type )

(8-155)

—  Otherwise, if mb_type is equal to P_8x8 or P_8x8refl, or mb_type is equal to B_8x8 and sub_mb_type[ mbPartldx ]
is not equal to B _Direct 8x8, subMbPartldx proceeds ove
0..NumSubMbPart( sub_mb_type[ mbPartldx ] ) — 1, and partWidth and partHeight are derived as

When ChromaArrayType is not equal to 0, the variables partWidthC and partHeightC are derived as

Let thie variable MvCnt be initially set equal to 0 before any ifivocation of subclause 8.4.1 for the macroblog

The 1

of thq following ordered steps

1. Iberivation process for motion vector components and reference indices as specified in subclause 8.4.1.

I

partHeight are derived as

. a sub-macroblock partition subMbPartldx.

partWidth = SubMbPartWidth( sub_mb_type[ mbPartldx ])

partHeight = SubMbPartHeight( sub_mb_type[ mbPartldx ] ).

T values

(8-156)

(8-157)

Dtherwise (mb_type is equal to B Skip or B Direct 16x16, or mb type is equal (1o
ub_mb_type[ mbPartldx ] is equal to B_Direct 8x8), subMbPartldx proceeds over values 0..3;~and

partWidth = 4

partHeight = 4

partWidthC = partWidth / SubWidthC
partHeightC = partHeight / SubHeightC

hter prediction process for a macroblock partition mbBartldx and a sub-macroblock partition subMbP.

hputs to this process are

a macroblock partition mbPartldx)

utputs of this process are

luma motion veetots mvL0 and mvL1 and when ChromaArrayType is not equal to 0, the chroma
vectors mvCL0 and mvCL1

referencesindices refldx L0 and refldxL1
prediction list utilization flags predFlagL.0 and predFlagL1

the sub-macroblock partition motion vector count subMvCnt.

B 8x8 and
partWidth and

(8-158)

(8-159)

(8-160)
(8-161)

k.

hirtldx consists

motion

hewvariable MvCnt is incremented by subMvCnt

3. Derivation process for prediction weights as specified in subclause 8.4.3.

Inputs to this process are

—  reference indices refldxL0 and refldxL1

—  prediction list utilization flags predFlagl.0 and predFlagL1

Outputs of this process are variables for weighted prediction logWDc, Woc, Wic, 0gc, 01c With C being replaced by L
and, when ChromaArrayType is not equal to 0, Cb and Cr.

4. Decoding process for Inter prediction samples as specified in subclause 8.4.2.

Inputs to this process are
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—  amacroblock partition mbPartIdx,

— as

ub-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 mvLO and mvL1 and when ChromaArrayType is not equal to 0, the chroma motion
vectors mvCLO and mvCL1

- reference indices refldxL0 and refldxL_1

—  prediction list utilization flags predFlagl.0 and predFlagL1

—  vafiables for weighted prediction logWD¢, Woc, Wic, Ogc, 01c With C being replaced by L and| when
ChromaArrayType is not equal to 0, Cb and Cr
Outputs| of this process are inter prediction samples (pred); which are a (partWidth)x(partHeight) array’ predRart; of
predictipn luma samples and when ChromaArrayType is not equal to 0 two (partWidthC)x(partHeightC)| arrays
predParfc,, and predPartc;, of prediction chroma samples, one for each of the chroma componerits,Cb and Cr.
For use in d¢rivation processes of variables invoked later in the decoding process, the following a$signments are mjade:
MvLQ[ mbPartldx ][ subMbPartldx ] = mvLO0 (B-162)
MvL|[ mbPartldx ][ subMbPartldx ] = mvL1 (B-163)
RefldxLO[ mbPartldx | = refldxL0 (B-164)
RefldxL1[ mbPartldx ] = refldxL1 (B-165)
PredflagLO[ mbPartldx | = predFlagl.0 (8-166)
Predflagl1[ mbPartldx | = predFlagl1 (8-167)
The locatior] of the upper-left sample of the macroblock partition relative to the upper-left sample of the macroflock is
derived by ipvoking the inverse macroblock partition scanning process as described in subclause 6.4.2.1 with mbPartldx
as the input and ( xP, yP ) as the outpir.
The location of the upper-left Samiple of the sub-macroblock partition relative to the upper-left sample of the macigoblock
partition is derived by invoking the inverse sub-macroblock partition scanning process as described in subclause [6.4.2.2
with subMbPartldx as th@input and ( xS, yS ) as the output.
The macroblock prediction is formed by placing the macroblock or sub-macroblock partition prediction samples jn their
correct relatfve positions in the macroblock, as follows.
The variablelpred, [ xP + xS+ x yP+yS +y 1 withx =0 partWidth —1 y =0 partHeight — 1 is derived by
pred;[ xP + xS + X, yP + yS +y ] = predPart, [ X, y ] (8-168)

When ChromaArrayType is not equal to 0, the variable predc with x = 0..partWidthC — 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, y ]
(8-169)
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Derivation process for motion vector components and reference indices

s to this process are

—  amacroblock partition mbPartldx,

—  asub-macroblock partition subMbPartldx.

Outputs of this process are

—  luma motion vectors mvLO and mvL1 and when ChromaArrayType is not equal to 0, the chroma motion vectors
mvCL0O and mvCL1,

—  reference indices refldxL0 and refldxL1,

—  prediction list utilization flags predFlagl.0 and predFlagl1,

For tlf

. motion vector count variable subMvCnt.
e derivation of the variables mvL0 and mvL1 as well as refldxL0 and refldxL1, the following applies

fmb_type is equal to P_Skip, the derivation process for luma motion vectors for skipped macrobloch
lices in subclause 8.4.1.1 is invoked with the output being the luma motion vegtors mvL0 and ref
efldxL0, and predFlagLO is set equal to 1. mvL1 and refldxL1 are marked as not available and pre
pqual to 0. The motion vector count variable subMvCnt is set equal to 1.

Dtherwise, if mb type is equal to B Skip or B Direct 16x16 on ‘sub mb type[ mbPartldx ]
B Direct 8x8, the derivation process for luma motion vectors for B£Skip, B Direct 16x16, and B D
lices in subclause 8.4.1.2 is invoked with mbPartldx and subMbPartldx as the input and the output b
motion vectors mvL0, mvL1, the reference indices refldxL0, refldxL1, the motion vector count varial
hind the prediction utilization flags predFlaglL0 and predFlagld.

Dtherwise, for X being replaced by either 0 or 1 in the yariables predFlagLX, mvLX, refldxLX, and in
n the syntax elements ref idx_1X and mvd_1X, the follewing applies.

1. The variables refldxLX and predFlagL.X ar¢ derived as follows.

—  If MbPartPredMode( mb_type, mbPartldx ) or SubMbPredMode( sub_mb_type[ mbPartl
to Pred LX or to BiPred,

refldxLX = ref idx_IX[ymbPartldx ]

predFlagLX £ 1

—  Otherwise, the variables refldxLX and predFlagLX are specified by

refldxLX = —1

predFlagLX =0

(s in P and SP
trence indices
{Flagl1 is set

is equal to
rect 8x8 in B
eing the luma
le subMvCnt,

Pred LX and

dx 1) is equal

(8-170)

(8-171)

(8-172)

(8-173)

2—The-motion-vectorcount-variablesubMvCntisset-equal-to-predilaal0+predElast!

3. The variable currSubMbType is derived as follows.

—  Ifthe 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".

4. When predFlagLX is equal to 1, the derivation process for luma motion vector prediction in subclause
8.4.1.3 is invoked with mbPartldx subMbPartldx, refldxLX, and currSubMbType as the inputs and the

output being mvpLX. The luma motion vectors are derived by

mvLX[ 0 ] =mvpLX][ 0 ]+ mvd_IX[ mbPartldx ][ subMbPartldx ][ 0 ]

mvLX[ 1 ] =mvpLX][ 1]+ mvd_IX[ mbPartldx ][ subMbPartldx ][ 1 ]

© ISO/IEC 2009 — Al rights reserved
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When ChromaArrayType is not equal to 0 and predFlaglLX (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 De

This process

rivation process for luma motion vectors for skipped macroblocks in P and SP slices

is invoked when mb_type is equal to P_Skip.

Outputs of this process are the motion vector mvLO0 and the reference index refldxLO.

The reference index refldxLO0 for a skipped macroblock is derived as

refldxL0O = 0. (8-176)
For the derivyation of the motion vector mvLO0 of a P_Skip macroblock type, the following ordered steps are §peeifipd:
1. The|process specified in subclause 8.4.1.3.2 is invoked with mbPartldx set equal to 0, subMbPartldx set gqual to
0, chrrSubMbType 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.
2. The|variable mvLO0 is specified as follows.
— | Ifany of the following conditions are true, both components of the motionvector mvLO0 are set equgl to 0:
— mbAddrA is not available,
— mbAddrB is not available,
—  refldxLOA is equal to 0 and both components of mvLQA ‘are equal to 0,
—  refldxLOB is equal to 0 and both components of m¥L0OB are equal to 0.

— | Otherwise, the derivation process for luma motion\vector prediction as specified in subclause 8.4.1.3 is
invoked with mbPartldx = 0, subMbPartldx = 0,“tefldxL0, and currSubMbType = "na" as inputs gnd the
output is assigned to mvLO.

NOTE — The output is directly assigned to mvL0, since the predictor is equal to the actual motion vector.
8.4.1.2 Dgdrivation process for luma motion vectors for B_Skip, B_Direct_16x16, and B_Direct_8x8
This procesq is invoked when mb_type is equakte’B_Skip or B Direct 16x16, or sub_mb_type[ mbPartldx ] is equal to
B_Direct 848.
Inputs to thig process are mbPartldx and(subMbPartldx.
Outputs of this process are the reference indices refldxL0, refldxL1, the motion vectors mvL0 and mvL1, the motion
vector countfvariable subMvCnt{ and the prediction list utilization flags, predFlagl.0 and predFlagL1.
The derivatipn process depends-on the value of direct _spatial mv_pred flag, which is present in the bitstream in the slice
header syntajx as specified‘inssubclause 7.3.3, and is specified as follows.
— Ifdirect spatial my pred flag is equal to 1, the mode in which the outputs of this process are derived is refgrred to
as spatipl directprediction mode.
—  Otherwjise(direct spatial mv_pred flag is equal to 0), mode in which the outputs of this process are deffived is
referredto-astemporatdirect predictiom mode:

Both spatial and temporal direct prediction mode use the co-located motion vectors and reference indices as specified in
subclause 8.4.1.2.1.

The motion vectors and reference indices are derived as follows.

subclau

se 8.4.1.2.2 is used, with subMvCnt being an output.

specified in subclause 8.4.1.2.3 is used and the variable subMvCnt is derived as follows.

158

If subMbPartldx is equal to 0, subMvChnt is set equal to 2.
Otherwise (subMbPartldx is not equal to 0), subMvCnt is set equal to 0.
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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 FIld To Frm).

When RefPicListl[ 0 ] is a frame or a complementary field pair, let firstRefPicL1Top and firstRefPicL1Bottom be the
top and bottom fields of RefPicList1[ 0 ], respectively, and let the following variables be specified as

topAbsDiffPOC = Abs( DiffPicOrderCnt( firstRefPicL.1Top, CurrPic ) ) (8-177)

bottomAbsDiffPOC = Abs( DiffPicOrderCnt( firstRefPicL1Bottom, CurrPic ) ) (8-178)

The variable 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 fram¢ containing
1 decoded frame RefPicListl[ O ]
a decoded field RefPicListl[ 0 ]
a decoded frame RefPicListl1[ 0 ]
topAbsDiffPOC < .
. bottomAbsDiffPOC firstRefHicL.1Top
0 a topAbsDiffPOC >= .
complementary boI;to mAbsDIffPOC firstRefHicL1Bottom
field pair -
1 (CurrMbAddr & 1) == firstRefHicL1Top
( CurrMbAddr & 1) !=0 firstRefHicL1Bottom

NPTE — The picture order count values of a complementary field pair marked as "used for long-term reference" haye an impact on
thp decoding process when the current, picture is a coded frame, the current macroblock is a frame macrdblock, and the
cqmplementary field pair marked as "used for long-term reference" is the first picture in reference list 1.

Let PjcCodingStruct( X ) be a function with the argument X being either CurrPic or colPic. It is specified irf Table §-7.

Table 8-7 — Specification of PicCodingStruct( X )

X is coded\with field pic flag equal to ... | mb_adaptive frame field flag | PicCodingStruct( X )
1 FLD
0 0 FRM
0 1 AFRM

The variable luma4x4BIkldx is derived as follows.
— Ifdirect 8x8 inference flag is equal to 0, luma4x4BlklIdx is set equal to (4 * mbPartldx + subMbPartldx).

—  Otherwise (direct 8x8 inference flag is equal to 1), luma4x4BIlkIdx is set equal to (5 * mbPartldx).

The inverse 4x4 luma block scanning process as specified in subclause 6.4.3 is invoked with luma4x4BlkIdx as the input
and ( x, y ) assigned to ( xCol, yCol ) as the output.

Table 8-8 specifies the co-located macroblock address mbAddrCol, yM, and the variable vertMvScale in two steps:

1. Specification of a macroblock address mbAddrX depending on PicCodingStruct( CurrPic), and
PicCodingStruct( colPic ).
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NOTE - It is not possible for CurrPic and colPic picture coding types to be either (FRM, AFRM) or (AFRM, FRM)
because these picture coding types must be separated by an IDR picture.

2. Specification of mbAddrCol, yM, and vertMvScale depending on mb_field decoding flag and the variable
fieldDecodingFlagX, which is derived as follows.

—  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
set equal to 0.

Unspecified values in Table 8-8 indicate that the value of the corresponding variable is not relevant for the current table
Tow.

mbAddrCol fis set equal to CurrMbAddr or to one of the following values.

mbAddrColl =2 * PicWidthInMbs * ( CurrMbAddr / PicWidthInMbs ) +

( CurrMbAddr % PicWidthInMbs ) + PicWidthInMbs * ( yCol / 8 ) (8-179)
mbAddr€ol2 =2 * CurrMbAddr + (yCol / 8 ) (8-180)
mbAddr€ol3 =2 * CurrMbAddr + bottom_field flag (B-181)

mbAddrCol4 = PicWidthInMbs * ( CurrMbAddr / ( 2 * PicWidthInMbs ) ) *

( CurrMbAddr % PicWidthInMbs ) (B-182)
mbAddrCol5 = CurrMbAddr / 2 (B-183)
mbAddrCol6 =2 * ( CurrMbAddr / 2 ) + ( ( topAbsDiffPOEC < bottomAbsDiffPOC)?0: 1) (B-184)
mbAddrCol7 =2 * ( CurrMbAddr /2 ) + ( yCol A8) (B-185)
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Table 8-8 — Specification of mbAddrCol, yM, and vertMvScale

2 | -~
A 3} o0
s | & =
© |
131 3] = | -
7] 7] 2 E s =
Q| P
2 | 3 I 1| . z
& 2] —
= | £ £ JEIE 3. g
FLD CurrMbAddr |yCol Dne To_One
FRM mbAddrColl |(2*yCol) % 16 Frm To Fld
FLD
0 |mbAddrCol2 |(2*yCol) % 16 Frm To FId
AFRM {2*CurrMbAddr
1 |mbAddrCol3 |yCol Dne To_One
* 1 1 0
FLD mbAddrCol4 i&_ i (* (Cu(r:rl\l/[}aékddr #PicWidthInMbs ) % 2) Fld To Frm
FRM (yCo )
FRM CurrMbAddr |yCol Dne To_One
0 mbAddrCol5 |8 ¥("CurrMbAddr % 2 ) +4 * (yCol/ 8) Fld To Frm
FLD
1 mbAddrCol5 NyCol Dne To One
0 |CurrMbAddr |yCol Dne To One
AFRM CurrMbAddr 0
1 |mbAddrCol6 |8 * ( CurrMbAddr %2 )+4 * (yCol/8) |FId To Frm
AFRM
0_|mbAddrCol7 |[(2 *yCol) % 16 Frm To Fid
CurrMbAddr 1
1 [CurrMbAddr |yCol Dne To One
Let mbTypeCol be the syntax‘element mb_type of the macroblock with address mbAddrCol inside the pictyre colPic and,
when mbTypeCol is equalto P_8x8, P 8x8ref0, or B_8x8, let subMbTypeCol be the syntax element list sub mb type of
the njacroblock withaddress mbAddrCol inside the picture colPic.
Let mbPartldxCel~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 derivation process for macroblock and
sub-macroblock partition indices as specified in subclause 6.4.12.4 is invoked with the luma location ( x{Col, yM ), the
macrpblocktype mbTypeCol, and, when mbTypeCol is equal to P_8x8, P_8x8ref0, or B_8x8, the list of syb-macroblock
types cnh]\/ﬂ*\T‘inr‘n] as the inpnfe and the outputs—are the macroblock parﬁﬁr\n index mbPartldkxCol and the

sub-macroblock partition index subMbPartldxCol.

The motion vector mvCol and the reference index refldxCol are derived as follows.

If the macroblock mbAddrCol is coded in an Intra macroblock prediction mode, both components of mvCol are set
equal to 0 and refldxCol is set equal to —1.

Otherwise (the macroblock mbAddrCol is not coded in an Intra macroblock prediction mode), the prediction
utilization flags predFlagl0Col and predFlaglL1Col are set equal to PredFlagLO[ mbPartldxCol] and
PredFlagL1[ mbPartldxCol ], respectively, which are the prediction utilization flags that have been assigned to the
macroblock partition mbAddrCol\mbPartldxCol inside the picture colPic, and the following applies.

—  If predFlagl0Col is equal to 1, the motion vector mvCol and the reference index refldxCol are set equal to
MvLO[ mbPartldxCol ][ subMbPartldxCol | and RefldxL.LO[ mbPartIdxCol ], respectively, which are the motion
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vector mvLO and the reference index refldxLO that have been assigned to the (sub-)macroblock partition
mbAddrCol\mbPartldxCol\subMbPartldxCol inside the picture colPic.

Otherwise (predFlagL0Col is equal to 0 and predFlagl.1Col is equal to 1), the motion vector mvCol and the
reference index refldxCol are set equal to MvLI1[ mbPartldxCol ][ subMbPartldxCol] and
RefldxL1[ mbPartldxCol ], respectively, which are the motion vector mvL1 and the reference index refldxL1
that have been assigned to the (sub-)macroblock partition mbAddrCol\mbPartldxCol\subMbPartldxCol inside
the picture colPic.

8.4.1.2.2 Derivation process for spatial direct luma motion vector and reference index prediction mode

This process is invoked when direct_spatial mv_pred flag is equal to 1 and any of the following conditions is true:

Inputs to thig process are mbPartldx, subMbPartIdx.

mb_typeisequatto B_Skip,
mb_type is equal to B_Direct 16x16,
sub_ml type[ mbPartldx ] is equal to B_Direct 8x8.

Outputs of this process are the reference indices refldxL0, refldxL1, the motion vectors myL0O‘and mvL1, the motion

vector countfvariable subMvCnt, and the prediction list utilization flags, predFlagl.0 and predFlagL1.

The referen¢e indices refldxLO and refldxL1 and the variable directZeroPredictionFlag” are derived by applylng the

following ordered steps.

I.
2.

Let the variable currSubMbType be set equal to sub_mb_type[ mbPartldx])

The feference indices refldxL0, refldxL1,and directZeroPredictionFlag are derived by

The process specified in subclause 8.4.1.3.2 is invoked with mbPartldx = 0, subMbPartldx = 0, currSubMpType,
and lgstSuffixFlag = 0 as inputs and the output is assigned to the-tmotion vectors mvLON and the reference [indices
refldk LON with N being replaced by A, B, or C.

The process specified in subclause 8.4.1.3.2 is invoked with'mbPartldx = 0, subMbPartldx = 0, currSubMpType,
and lgstSuffixFlag = 1 as inputs and the output is assigned to the motion vectors mvL1N and the reference [indices
refldk L1N with N being replaced by A, B, or C.

NOTE 1 — The motion vectors mvLON, mvLIN and the reference indices refldxLON, refldxL1N are identical for]all 4x4
sub-macroblock partitions of a macroblock.

refldxL0 = MinPositive( refldxLOA,; MinPositive( refldxLOB, refldxLOC ) ) (B-186)
refldxL1 = MinPositive( refldxL}A, MinPositive( refldxL1B, refldxL1C ) ) (B-187)
difectZeroPredictionFlag = 0 (B-188)
wherg
Mi if x>=0andy>=0
MijnPositive(xsy) = in(x.y) if x , mey (B-189)
Max(x,y) otherwise
Wheh both reference indices refldx.0 and refldxL1 are less than 0O,
refldxLO =0 (8-190)
refldxL1 =0 (8-191)
directZeroPredictionFlag = 1 (8-192)

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.

162

If all of the following conditions are true, colZeroFlag is set equal to 1:

RefPicList1[ 0 ] is currently marked as "used for short-term reference",
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—  refldxCol is equal to 0,

—  both motion vector components mvCol[ 0 ] and mvCol[ 1 ] lie in the range of —1 to 1 in units specified as
follows.

—  If the co-located macroblock is a frame macroblock, the units of mvCol[ 0 ] and mvCol[ 1 ] are units of
quarter luma frame samples.

—  Otherwise (the co-located macroblock is a field macroblock), the units of mvCol[ 0 ] and mvCol[ 1 ] are
units of quarter luma field samples.

NOTE 2 - For purposes of determining the condition above, the value mvCol[ 1 ] is not scaled to use the units of a motion vector
for the current macroblock in cases when the current macroblock is a frame macroblock and the co-located macroblock is a field
macroblock or when the current macroblock is a field macroblock and the co-located macroblock is a frame macroblock. This
a}rect differs from the use of mvCol[ 1] in the temporal direct mode as specified in subclause 8.4.1.2.3, which-agplies scaling to

thg motion vector of the co-located macroblock to use the same units as the units of a motion vector for the{curr¢nt macroblock,
uging Equation 8-195 or Equation 8-196 in these cases.

—  Ptherwise, colZeroFlag is set equal to 0.

The thotion vectors mvLX (with X being 0 or 1) are derived as follows.
—  Ifany of the following conditions is true, both components of the motion vector mylvX are set equal to] 0:
+  directZeroPredictionFlag is equal to 1,

1+  refldxLX is less than O,

+  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 F 0, refldxLX,
ind currSubMbType as inputs and the output is assigned to mvLX.

NOTE 3 — The motion vector mvLX returned from subclause 8.4.1.3 is identical for all 4x4 sub-macroplock partitions
of'a macroblock for which the process is invoked.

The grediction utilization flags predFlagl.0 and predFlaghl are derived as specified using Table 8-9.

Table 8-9 — Assignment of prediction utilization flags

refldxL0 refldxL.1 predFlagl.0 predFlagL1
>=0 250 1 1
>=0 <0 1 0
<0 >=() 0 1

The variable subMyCnt s derived as follows.
- f subMbPartldx is not equal to 0, subMvCant is set equal to 0.
—  Otherwise (subMbPartldx is equal to 0), subMvCnt is set equal to predFlagL.0 + predFLagL1.

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.

Outputs of this process are the motion vectors mvL0 and mvL1, the reference indices refldxL0 and refldxL1, and the
prediction list utilization flags, predFlagl.0 and predFlagl1.

The process specified in subclause 8.4.1.2.1 is invoked with mbPartldx, subMbPartldx given as input and the output is
assigned to colPic, mbAddrCol, mvCol, refldxCol, and vertMvScale.
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The reference indices refldxL0 and refIldxL1 are derived as

refldxLO = ( ( refldxCol <0) ? 0 : MapColToList0( refldxCol ) )

refldxLL1 =0

(8-193)

(8-194)

NOTE 1 — If the current macroblock is a field macroblock, refldxLLO and refldxL1 index a list of fields; otherwise (the current
macroblock is a frame macroblock), refldxL0O and refldxL1 index a list of frames or complementary reference field pairs.

Let refPicCol be a frame, a field, or a complementary field pair that was referred by the reference index refldxCol when

decoding th

co-located macroblock mbAddrCol inside the picture colPic. The function MapColTolistO( refldx

ol)is

specified as
- IfvertM
- If

- Of
ref
thd

—  Otherw|

- If
pig
(r

- Of
ref

pa
cu

—  Otherw|
index rq
that co
refPicC

follows.
[vScale is equal to One To One, the following applies.
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 picturélist RefPicLi
references the frame or complementary field pair that contains the field refBicCol. RefPicList
contain a frame or complementary field pair that contains the field refRicCol. The return v
MapColToList0( ) is specified as follows.

— If the field referred to by refldxCol has the same parnty” as the current macr
MapColToList0( refldxCol ) returns the reference index ( refldxDOFrm << 1).

—  Otherwise (the field referred by refldxCol has the opposite parity of the current macro
MapColToListO( refldxCol) returns the reference index (((jrefldxLOFrm << 1)+ 1).

herwise (field pic flag is equal to 1 or the current macroblock is a frame macroblock), MapColT
1dxCol ) returns the lowest valued reference index refldxL0 in the current reference picture list RefP)
t references refPicCol. RefPicList0 shall contain refPic€ol.

ise, if vertMvScale is equal to Frm_To_Fld, the following applies.

field pic flag is equal to 0, let refldxLOFrm be the lowest valued reference index in the current re
ture list RefPicList0 that references refPicCol. MapColToListO( refldxCol ) returns the referencg
efldxLOFrm << 1 ). RefPicList0 shall centain refPicCol.

herwise (field pic flag is equal to 1); MapColToListO( refldxCol ) returns the lowest valued referenc
1dxLO0 in the current reference picture list RefPicListO that references the field of refPicCol with th)
[ity as the current picture CurrPic. RefPicList0 shall contain the field of refPicCol with the same parity
Frent picture CurrPic.

ise (vertMvScale is@€qual to Fld To Frm), MapColToListO( refldxCol ) returns the lowest valued re
fldxLO0 in the curfentreference picture list RefPicList0 that references the frame or complementary fig
htains refPicCols, RefPicList0 shall contain a frame or complementary field pair that contains th
ol.

NOTE 2% A decoded reference picture that was marked as "used for short-term reference" when it was referd
the decoding process of the picture containing the co-located macroblock may have been modified to be ma

"used.for long-term reference" before being used for reference for inter prediction using the direct prediction n
thé.eurrent macroblock.

5t0 that
D shall
lue of

bblock,

block),

bListO(
icList0

ference
index

E index
£ same
/ as the

ference
1d pair
e field

nced in
rked as
hode for

Depending on the value of vertMvScale the vertical component of mvCol is modified as follows.

—  IfvertMvScale is equal to Frm_To Fld

mvCol[ 1 ]=mvCol[ 1]/2

—  Otherwise, if vertMvScale is equal to FId To Frm

mvCol[ 1 ]=mvCol[ 1] *2

—  Otherwise (vertMvScale is equal to One_To_One), mvCol[ 1 ] remains unchanged.
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The variables currPicOrField, pic0, and picl, are derived as follows.

— Iffield pic flag is equal to 0 and the current macroblock is a field macroblock, the following applies:
1. currPicOrField is the field of the current picture CurrPic that has the same parity as the current macroblock.
2. picl is the field of RefPicList1[ 0 ] that has the same parity as the current macroblock.

3. The variable pic0 is derived as follows.

—  IfrefldxLO % 2 is equal to 0, picO is the field of RefPicListO[ refldxL0 /2 ] that has the same parity as
the current macroblock.

—  Otherwise (refldxL0 % 2 is not equal to 0), picO is the field of RefPicListO[ refldxL0 /2 ] that has the

oppasite naritv of the current macroblock
rr T 4

—  Otherwise (field pic_flag is equal to 1 or the current macroblock is a frame macroblock), cufrRicDrField is the
urrent picture CurrPic, picl is the decoded reference picture RefPicListl[ 0 ], and picO is the-decqded reference
picture RefPicListO[ refldxLO ].

The tfvo motion vectors mvL0 and mvL1 for each 4x4 sub-macroblock partition of the curre¢nt macroblock fare derived as
follos.

NOTE 3 — It is often the case that many of the 4x4 sub-macroblock partitigns’share the same motjon vectors and
reference pictures. In these cases, temporal direct mode motion compensation can calculate the inter prgdiction sample
values in larger units than 4x4 luma sample blocks. For example, when direct/8x8_inference_flag is eqpal to 1, at least
each 8x8 luma sample quadrant of the macroblock shares the same motion‘éctors and reference pictureq.

- f the reference index refldxL0 refers to a long-term reference pictuge, or' DiffPicOrderCnt( picl, picO ) is equal to O,
the motion vectors mvL0, mvL1 for the direct mode partition are derived by

mvL0 = mvCol (8-197)

mvL1 =0 (8-198)

- Dtherwise, the motion vectors mvL0, mvL] “are derived as scaled versions of the motion vector mvCol of the
o-located sub-macroblock partition as specified below (see Figure 8-2)

tx=(16384+ Abs(td/2))/td (8-199)
DistScaleFactor = Clip3(-1024, 1023, (tb *tx +32)>>6) (8-200)
mvL0 = ( DistScalgFactor * mvCol + 128 ) >> § (8-201)
mvL1 =mvL0 — mvCol (8-202)

vher€ tbrand td are derived as

b= Clin3( 128 127 DiffPicOrderCnt( currPicOrEield nic0)) (8-203)
r \ 7 7 \ > 77

td = Clip3( -128, 127, DiffPicOrderCnt( picl, pic0 ) ) (8-204)

NOTE 4 — mvL0 and mvL1 cannot exceed the ranges specified in Annex A.
The prediction utilization flags predFlagl.0 and predFlagL1 are both set equal to 1.

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.
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List 0 Reference Current B List 1 Reference

mvL1

™~ co-located partition

direct-mode B partition

8.4.1.3 Dg

Inputs to thi

time

Figure 8-2 — Example for temporal direct-mode motion vector inference (informative)

rivation process for luma motion vector prediction

process are

—  the madroblock partition index mbPartldx,
—  the subtmacroblock partition index subMbPartldx,
—  the reference index of the current partition refldxLX (with X being 0 or 1),
—  the variable currSubMbType.
Output of th]s process is the prediction mvpLX of the mgtion vector mvLX (with X being O or 1).
The derivatipn process for the neighbouring blocks\for motion data in subclause 8.4.1.3.2 is invoked with mbRartldx,
subMbPartldx, currSubMbType, and listSuffixElag = X (with X being 0 or 1 for refldxLX being refldxL0 or refldxL1,
respectively) as the input and with mbAddrN\imbPartIdxN\subMbPartIdxN, reference indices refldxL.XN and the jmotion
vectors mvL{XN with N being replaced by~A;-B, or C as the output.
The motion yector predictor mvpLX is derived as follows.
—  If MbPartWidth( mb_type ) is*equal to 16, MbPartHeight( mb _type ) is equal to 8, mbPartldx is equal to|0, and
refldxI{XB is equal to refldxLX, the motion vector predictor mvpLX is derived by
mypLX = mvEXB (B-205)
—  Otherwiise,, it MbPartWidth( mb_type ) is equal to 16, MbPartHeight( mb_type ) is equal to 8, mbPartldx i equal
to 1, andefldxLXA is equal to refldxLX, the motion vector predictor mvpLX is derived by
mvpLX = mvLXA (8-206)

to 0, an

mvpLX = mvLXA

to 1, an

mvpLX = mvLXC

166

d refldxLXA is equal to refldxL X, the motion vector predictor mvpLX is derived by

d refldxLLXC is equal to refldxLX, the motion vector predictor mvpLX is derived by

Otherwise, if MbPartWidth( mb_type ) is equal to 8, MbPartHeight( mb_type ) is equal to 16, mbPartldx is equal

(8-207)

Otherwise, if MbPartWidth( mb_type ) is equal to 8, MbPartHeight( mb_type ) is equal to 16, mbPartldx is equal

(8-208)
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—  Otherwise, the derivation process for median luma motion vector prediction in subclause 8.4.1.3.1 is invoked with
mbAddrN\mbPartldxN\subMbPartIdxN, mvLXN, refldxLXN with N being replaced by A, B, or C, and refldxLX as
the inputs and the output is assigned to the motion vector predictor mvpLX.

Figure 8-3 illustrates the non-median prediction as specified in equations 8-205 to 8-208.

8*16 16*8

|
OTTa i

Figure 8-3 — Directional segmentation prediction (informative)

8.4.1{3.1 Derivation process for median luma motion vector prediction
Input to this process are

—  the neighbouring partitions mbAddrN\mbPartldxN\subMbPartIdxN (with N being replaced by A, B, of C),
—  the motion vectors mvLXN (with N being replaced by A,B or C) of the neighbouring partitions,

—  the reference indices refldxLXN (with N being replaced by A, B, or C) of the neighbouring partitions,
—  the reference index refldxLX of the current partition.

Outpuit of this process is the motion vector prediction mvpLX.

The yariable mvpLX is derived as specified by-the following ordered steps:

1.| When both partitions mbAddrB\mbPartldxB\subMbPartldxB and mbAddrC\mbPartldxC\subMbPaftldxC are not
available and mbAddrA\mbPartldx A\subMbPartIdxA is available,

mvLXB = mvLXA (8-209)
mvLXC = myLXA (8-210)
refldxbXB = refldxLXA (8-211)
refldxLXC = refldxLXA (8-212)

2. Depending on reference indices refldxLXA, refldxLXB, or refldxLXC, the following applies.

—  If one and only one of the reference indices refldxLXA, refldxLXB, or refldxLXC is equal to the reference
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 (8-213)
—  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]) (8-214)
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mvpLX[ 1 ] = Median( mvLXA[ 1 ], mvLXB[ 1], mvLXC[ 1]) (8-215)

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 list suffix flag listSuffixFlag

the current sub-macroblock type currSubMbType,

Outputs of this process are (with N being replaced by A, B, or C)
—  mbAddrN\mbPartldxN\subMbPartldxN specifying neighbouring partitions,

—  themo
—  the refe
Variable nar

The partitiof

ordered stepf:

1. Letn

2. The
the o

3. Whe

mb

mb

sub

The motion

—  Ifthe n
mbAdd|
mbAdd|
is set eq

—  Otherw|
1.

ion vectors mvLXN of the neighbouring partitions,

rence indices refldxLXN of the neighbouring partitions.

hes that include the string "LX" are interpreted with the X being equal to listSuffixFlag.

s mbAddrN\mbPartldxN\subMbPartldxN with N being either A, B, or C afe dérived in the following

P.

nbAddrD\mbPartIdxD\subMbPartldxD be variables specifying an additional neighbouring partition.

brocess in subclause 6.4.10.7 is invoked with mbPartldx, currSubMbType, and subMbPartldx as inj
tput is assigned to mbAddrN\mbPartldxN\subMbPartldxN-with N being replaced by A, B, C, or D.

h the partition mbAddrC\mbPartldxC\subMbPartldxC isriot available, the following applies

AddrC = mbAddrD (
PartldxC = mbPartldxD (
MbPartldxC = subMbPartldxD (

vectors mvLXN and reference’indices refldxLXN (with N being A, B, or C) are derived as follows.

hacroblock partition er~sub-macroblock partition mbAddrN\mbPartIdxN\subMbPartIdxN is not avail
(N is coded~~in an Intra  macroblock prediction mode or  predFlagl}
rN\mbPartIdxN\subMbPartIdxN is equal to 0, both components of mvLXN are set equal to 0 and refl
[ual to —1.

ise, the follewing ordered steps are specified:

The \~motion vector mvLXN and reference index refldxXLXN are set equ

put and

R-216)

R-217)

R-218)

able or
( of
IxLXN

il to
motion

M IZX[ mbPartldxN ][ subMbPartldxN ] and RefldxLX[ mbPartldxN ], respectively, which are the

2.

168

vector mvLX and reference index refldxLX that have been assigned to the (sub-)macroblock partition

mbAddrN\mbPartIdxN\subMbPartIdxN.
The variables mvLXNJ 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 (8-219)

refldxLXN = refldxLXN * 2 (8-220)
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8.4.1 g—Derivatiom process for chronmma motiom vectors
This
Inputk to this process are a luma motion vector mvLX and a reference index refldxLX.
Outplit of this process is a chroma motion vector mvCLX.

A chijoma 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 *
vertidally.

For the derivation of the motion vector mvCLX, the following@pplies.

8.4.2

ISO/IEC 14496-10:2009(E)

macroblock

mvLXN[ 1 ]=mvLXN[ 1]*2

refldxLXN = refldxLXN / 2

remain unchanged.

Otherwise, if the current macroblock is a frame macroblock and the macroblock mbAddrN is a field

(8-221)

(8-222)

Otherwise, the vertical motion vector component mvLXNJ[ 1 ] and the reference index refldxLXN

process is only invoked when ChromaArrayType is not equal to 0.

NPTE - For example, when using the 4:2:0 chroma format, since the units of Juma motion vectors are one-quart
utjits and chroma has half horizontal and vertical resolution compared to luma,‘thé units of chroma motion vector
chiroma sample units, i.c., a value of 1 for the chroma motion vector refers_to a one-eighth chroma sample di
example, when the luma vector applies to 8x16 luma samples, the corresponding chroma vector in 4:2:0 chromg
to[4x8 chroma samples and when the luma vector applies to 4x4 luma samples, the corresponding chroma vector
format applies to 2x2 chroma samples.

f ChromaArrayType is not equal to 1 or the current macroblock is a frame macroblock, the horizont:
omponents of the chroma motion vector mvCLXare derived as

mvCLX[ 0]=mvLX[ 0]
mvCLX[ 1 ]=mvLX[ I ]

Dtherwise (ChromaArrayType issequal to 1 and the current macroblock is a field macroblock), only
omponent of the chroma motien vector mvCLX][ 0 ] is derived using Equation 8-223. The vertical
he chroma motion vector mvCLX][ 1 ] is dependent on the parity of the current field or the current m|
he reference picture, which is referred by the reference index refldxLX. mvCLX] 1] is derived fr
hccording to Table 8<10:

SubHeightC )

er luma sample
are one-eighth
placement. For
format applies
n 4:2:0 chroma

bl and vertical

(8-223)
(8-224)

the horizontal
component of
hcroblock and
m mvLX][ 1]

e

Table 8-10— Derivation of the vertical component of the chroma vector in field coding mo
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]

Decoding process for Inter prediction samples

Inputs to this process are

a macroblock partition mbPartIdx,
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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 mvL0O and mvL1 and when ChromaArrayType is not equal to 0 chroma motion vectors mvCLO
and mvCL1,

reference indices refldxL0 and refldxL1,

prediction list utilization flags, predFlagl.0 and predFlagL1,

variables for weighted prediction logWDc, Woc, Wic, Ooc, 01c With C being replaced by L and, when
aArrauTyumedc nat aqual o 0 Ch and Co
ChromgA+rayFype-is-not-equal-to-0-Ch-and-Cr

Outputs of t]xis process are the Inter prediction samples predPart, which are a (partWidth)x(partHeight) array pred]

prediction 1
predPartcy, 1l

Let predPar
ChromaAurra
(partWidth(

For LX bein
the followin

When predF

The re
Chrom{
sample
input.

The arr
derived
mbPart
refPicl}

For C being
component

mbPartldx a
predPartL1¢

8.4.2.1 R
Input to this

Output of th
ChromaArra

Depending
subclause 8.

ima samples, and when ChromaArrayType is not equal to 0 two (partWidthC)x(partHeightC)
redPartc, of prediction chroma samples, one for each of the chroma components Cb and Cr¢

tLO. and predPartL1, be (partWidth)x(partHeight) arrays of predicted luma sample values and
yIType is not equal toO predPartlLO¢,, predPartLlc,, predPartLOc, pand predPartL1
x(partHeightC) arrays of predicted chroma sample values.

g replaced by either LO or L1 in the variables predFlagLX, RefPicListX, réfldxLX, refPicLX, pred}
b is specified.

agl.X is equal to 1, the following applies.

ference picture consisting of an ordered two-dimensional array refPicLXp of luma samples and
ArrayType is not equal to 0 two ordered two-dimensional arrays refPicLXc, and refPicLX¢, of
is derived by invoking the process specified in subclaus¢ 8.4.2.1 with refldxLX and RefPicListX g

hy predPartLX; and when ChromaArrayType is not.equal to 0 the arrays predPartLXc, and predPartL

by invoking the process specified in subclause 8.4.2.2 with the current partition specif]
dx\subMbPartldx, the motion vectors mvEX,” mvCLX (if available), and the reference array
X, refPicLX¢, (if available), and refPicLX&\(if available) given as input.

replaced by L, Cb (if available), or~Cr (if available), the array predPartc of the prediction sam
 is derived by invoking the process)specified in subclause 8.4.2.3 with the current partition speci
nd subMbPartldx, the prediction/lutilization flags predFlagl.0 and predFlagl1, the arrays predPartl]
and the variables for weighted\prediction logWD¢, woc, Wic, Ogc, O1c given as input.

ference picture selection process
process is a referenée index refldxLX.

s process is a reference picture consisting of a two-dimensional array of luma samples refPicLX| and
yType is notequal to 0, two two-dimensional arrays of chroma samples refPicL Xy, and refPicLXc,.

on field\pic flag, the reference picture list RefPicListX (which has been derived as speci
D.4) ¢onsists of the following.

Part; of
arrays

when
be

Cr

artLX,

when
hroma
fven as

X are
ed by
s with

ples of
fied by
0c and

, when

fied in

If field

picvtlag is equal to 1. each entry of RefPicListX is a reference field or a field of a reference frame.

reference field pair.

For the derivation of the reference picture, the following applies.

Otherwise (field pic flag is equal to 0), each entry of RefPicListX is a reference frame or a complementary

170

If field pic flag is equal to 1, the reference field or field of a reference frame RefPicListX][ refldxLX ] is the output.
The output reference field or field of a reference frame consists of a (PicWidthInSamples; )x(PicHeightInSamples; )
array of luma samples refPicLX; and, when ChromaArrayType is not equal to0, two
(PicWidthInSamplesc)x(PicHeightInSamplesc) arrays of chroma samples refPicL Xy, and refPicL.Xc,.

Otherwise (field pic_flag is equal to 0), the following applies.

If the current macroblock is a frame macroblock, the reference frame or complementary reference field pair
RefPicListX[ refldxLX | is the output. The output reference frame or complementary reference field pair
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consists of a (PicWidthInSamples; )x(PicHeightInSamples;) array of luma samples refPicLX; and, when
ChromaArrayType is not equal to 0, two (PicWidthInSamplesc)x(PicHeightInSamplesc) arrays of chroma
samples refPicL Xy, and refPicLXc,.

—  Otherwise (the current macroblock is a field macroblock), the following ordered steps are specified:
1. Let refFrame be the reference frame or complementary reference field pair RefPicListX[ refldxLX /2 ].
2. The field of refFrame is selected as follows.

—  If refldxLX % 2 is equal to 0, the field of refFrame that has the same parity as the current
macroblock is the output.

Otherwi efld g equa he—fie efirame-that-has-—the-oppesite parity as the

tput.

current macroblock is the ou

3. The output reference field or field of a reference frame ) \-consists of a
(PicWidthInSamples; )x(PicHeightInSamples; /2) array of luma samples (refPicLX;| and, when
ChromaArrayType is not equal to 0, two (PicWidthInSamplesc)x(PicHeightlnSamplescl 2) arrays of
chroma samples refPicLX¢, and refPicLXc;.

Depehding on separate_colour plane flag, the following applies.

- f separate_colour_plane flag is equal to 0, the reference picture sample arrays refPicLX, refPicL X (if available),
ind refPicL X, (if available) correspond to decoded sample arrays S;, Sep. (@@favailable), Sc, (if available) derived in
ubclause 8.7 for a previously-decoded reference field or reference frame or complementary referenge field pair or
ield of a reference frame.

—  Ptherwise (separate_colour plane flag is equal to 1), the following applies.

+ If colour plane id is equal to 0, the reference pictuieysample array refPicLX corresponds t¢ the decoded
sample array S; derived in subclause 8.7 for a ‘previously-decoded reference field or refergnce frame or
complementary reference field pair or field of a réference frame.

+  Otherwise, if colour plane id is equal to 1,cthe reference picture sample array refPicLX; corrgsponds to the
decoded sample array Sc, derived in subelause 8.7 for a previously-decoded reference field or rgference frame
or complementary reference field pair orfield of a reference frame.

+  Otherwise (colour plane id is equal to 2), the reference picture sample array refPicLX; corrgsponds to the
decoded sample array S, derivéd in subclause 8.7 for a previously-decoded reference field or rgference frame
or complementary reference field pair or field of a reference frame.

8.4.22 Fractional sample interpolation process
Inputk to this process are

—  the current partitiofi given by its partition index mbPartldx and its sub-macroblock partition index sub}bPartldx,
—  the width and height partWidth, partHeight of this partition in luma-sample units,
- luma m@tion vector mvLX given in quarter-luma-sample units,

—  when ChromaArrayType is not equal to 0, a chroma motion vector mvCLX with a precision of one-(4TSubWidthC)-
{h.chroma-sample units horizontally and one-(4*SubHeightC)-th chroma-sample units vertically,

—  the selected reference picture sample arrays refPicLX;, and when ChromaArrayType is not equal to 0, refPicLXcy,
and refPicLX,.

Outputs of this process are
—  a(partWidth)x(partHeight) array predPartLX; of prediction luma sample values,

—  when ChromaArrayType is not equal to 0, two (partWidthC)x(partHeightC) arrays predPartLXcy, and predPartLXc,
of prediction chroma sample values.

Let ( XAy, yAL ) be the location given in full-sample units of the 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
samples.
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Let (xInt,, yIntp ) be a luma location given in full-sample units and ( xFracy, yFrac; ) be an offset given in
quarter-sample units. These variables are used only inside this subclause for specifying general fractional-sample

locations inside the reference sample arrays refPicLX;, refPicL X, (if available), and refPicLXc; (if available).

For each luma sample location (0 <=x; < partWidth, 0 <=y; < partHeight) inside the prediction luma sample array
predPartLX;, the corresponding prediction luma sample value predPartLX;[ x;,y. ] is derived as specified by the

following ordered steps:

1. The variables xInt;, yInt;, xFrac;, and yFrac; are derived by

xIntp = xAp + (mvLX[0]>>2)+x
yintp =yA  + (mvLX[ 1 ]>>2)+y.

(8-225)
(8-226)

xFracp =mvLX[ 0] & 3
yHFracp =mvLX[ 1] & 3

R-227)
R-228)

N N

2. The [prediction luma sample value predPartLX;[ x;, yp ] is derived by invoking the,{process specified in

subclause 8.4.2.2.1 with ( xInt;, yInt; ), ( xFrac, yFracy ) and refPicLX; given as input.

When ChrorhaArrayType is not equal to 0, the following applies.

Let ( xIntc, [yIntc) be a chroma location given in full-sample units and ( xFraego{yFracc) be an offset gfven in
one-(4*SubWidthC)-th chroma-sample units horizontally and one-(4*SubHeightC)-th chroma-sample units veitically.
These varialjles are used only inside this subclause for specifying general fractional-sample locations inside the reference

sample arrayfs refPicL Xy, and refPicLXc,.

For each chfoma sample location (0 <= x¢ < partWidthC, 0 <= y¢ < partHeightC) inside the prediction chroma sample
arrays predHartL X, and predPartLXc,, the corresponding predictionyehroma sample values predPartLXc[ Xc, yf ] and

predPartLXq,[ xc, yc ] are derived as specified by the following orderéd steps:
1. Depgdnding on ChromaArrayType, the variables xIntc, yInte, xFracc, and yFracc are derived as follows.

—  [If ChromaArrayType is equal to 1,

xIntc = ( XA / SubWidthC ) + (mvCLX}) 0 ] >>3 ) + x¢
yInte = (yAL / SubHeightC ) + (mvCLEX[ 1 ]>>3) + y¢

xFracc =mvCLX[ 0] & 7
yFracc=mvCLX[ 1 ] & 7

—  [Otherwise, if ChromaArrayType is equal to 2,
xIntc = ( XA 'SubWidthC ) + (mvCLX[ 0 ] >>3 ) + x¢

yInte =(§A; / SubHeightC ) + (mvCLX[ 1]>>2) + yc

xFracc =mvCLX[ 0] & 7

(B-229)
(B-230)

(B-231)
(B-232)

8-233)
R-234)

A~ A~

R-235)

A~

E =(uCTI X[ 1 1 2 2 |
VoA e T

Era
PEE - v

—  Otherwise (ChromaArrayType is equal to 3),

xIntc =xAp + (mvLX[ 0] >>2 )+ x¢
ylntc =yAp + (mvLX[ 1]>>2)+yc

xFracc=(mvCX[0] & 3)
yFracc=(mvCX[1]&3)

2. Depending on ChromaArrayType, the following applies.

-236)

(8-237)
(8-238)

(8-239)
(8-240)
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—  If ChromaArrayType is not equal to 3, the following applies.

—  The prediction sample value predPartLXc,[ Xc, yc ] is derived by invoking the process
subclause 8.4.2.2.2 with ( xIntc, yIntc ), ( xFracc, yFracc ) and refPicLXcy, given as input.

—  The prediction sample value predPartLXc[ xc, yc ] is derived by invoking the process
subclause 8.4.2.2.2 with ( xIntc, yIntc ), ( XxFracc, yFracc ) and refPicLXc; given as input.

—  Otherwise (ChromaArrayType is equal to 3), the following applies.

—  The prediction sample value predPartLXc,[ Xc yc ] is derived by invoking the process
subclause 8.4.2.2.1 with ( xIntc, yIntc ), ( xFracc, yFracc ) and refPicL Xy, given as input.

The vrediction—sample—value nredPartl X [ 71 ¢ dorivad by tnualang tha mrocaco

8.4.212.1 Luma sample interpolation process
Inputp to this process are
- b luma location in full-sample units ( xInt;, ylnt; ),

— g luma location offset in fractional-sample units ( xFracg, yFracy ),

- 1

Output of this process is a predicted luma sample value predPartL X [ x;,\yr'].

3
THo—P 25 TP pPrearaitr oy T T ot S0 y— T voxitt 5t D

subclause 8.4.2.2.1 with ( xIntc, yIntc ), ( xFracc, yFracc ) and refPicL X, given as inpat)

he luma sample array of the selected reference picture refPicLXj.

© IS0

/IEC 2009 — All rights reserved
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Figure 8-4
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]

— Integer samples (shaded blocks with upper-case létters) and fractional sample positions (un-shaded
blocks with lower-case letters) for quarter sample luma interpolation

refPicHeightEffective;, which isythe height of the effective reference picture luma array, is der{ved as

[fFrameFlag is equal to 0 or mib_field decoding flag is equal to 0, refPicHeightEffective, is set efjual to
htInSamples; .

jse (MbaffFrameFlag §s-€qual to 1 and mb_field decoding flag is equal to 1), refPicHeightEffectivey is set
PicHeightInSamplesy// 2.

L, the positions labelled with upper-case letters within shaded blocks represent luma samples at fullfsample
ide the givén‘two-dimensional array refPicLX; of luma samples. These samples may be used for generating
| luma sample value predPartLX, [ x;, y. ]. The locations ( xZ;, yZ; ) for each of the corresponding luma
hereZ'may be A,B,C,D,E,F,G,H,LJ, K, L, M, N, P, Q, R, S, T, or U, inside the given array refPicLX;
pleS are derived as

xZy = Clip3( 0, PicWidthInSamples; — 1, xInt; + xDZ; )
yZ; = Clip3( 0, refPicHeightEffective; — 1, yInt, + yDZ; )

Table 8-11 specifies ( xDZ,, yDZ, ) for different replacements of Z.
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Table 8-11 — Differential full-sample luma locations

Z A |B |C |[D |E |F G |H |I J K |[L |[M|N |P Q |[R |S T |U
xDZ, | 0 1 0 1 -2 |-11]0 1 2 3 -2 |-11]0 1 2 3 0 1 0 1
yDZ, | 2 |2 |-1]|-1]0 0 0 0 0 0 1 1 1 1 1 1 2 2 3 3

Given the luma samples ‘A’ to ‘U

> at full-sample locations ( xAp, yAr ) to ( xUg, yUr ), the luma samples ‘a’ to ‘s’ at

fractional sample pos1t1ons are derwed by the followmg rules. The luma pred1ct1on Values at half sample positions are

derived

juarter sample

p0s1t10ns are derlved by averaging samples at full and half sample positions. The process for each fractlo hal position is

descrjbed below.

filter to the nearest integer position samples in the vertical direction:

bj=(E-5*F+20*G+20*H-5*1+1])
=(A-5*C+20*G+20*M—-5*R+T)

The final prediction values b and h are derived using

b=Cliply((b, +16)>>5)
h=Cliply((h +16)>>5)

ipplying the 6-tap filter to the intermediate values*of the closest half sample positions in either thg
Yertical direction because these yield an equal residt:

ji=cc—5%dd+20 *h; +20 *m; — 5 *&+ ff, or
j1i=aa—5%*bb+20*b; +20*s; —5%¥gg+hh

j=Cliply( (j; +5129>>10)

piven by

s =Cliply((s; +16)>>5)
m =Cliply((m +16)>>5)

The samples at quarter sample positions labelled as a, ¢, d, n, f, 1, k, and q are derived by averaging
rounding of the two nearest samples at integer and half sample positions using

a=(G+b+1)>>1
c=(H+b+1)>1
d=(G+h+1)>>1
n=(M+h+1)>>1
f=(b+j+1)>>1
i=(h+j+1)>1
k=(j+m+1)>>1
q=(j+s+1)>1

© ISO/IEC 2009 — Al rights reserved

The samples at half sample positions labelled b are derived by first calculating intermediate-yaldes depoted as b, by
ipplying the 6-tap filter to the nearest integer position samples in the horizontal direction. The sgmples at half
ample positions labelled h are derived by first calculating intermediate values denotedas h; by applying the 6-tap

(8-243)
(8-244)

(8-245)
(8-246)

The samples at half sample position labelled as j are derived by first calculating intermediate value dgnoted as j; by

horizontal or

(8-247)
(8-248)

where intermediate values denoted-as aa, bb, gg, s; and hh are derived by applying the 6-tap filter horikzontally in the
ame manner as the derivation.ofb; and intermediate values denoted as cc, dd, ee, m; and ff are derivdgd by applying
the 6-tap filter vertically in the/same manner as the derivation of h;. The final prediction value j are detived using

(8-249)

The final prediction values s and m are derived from s; and m; in the same manner as the derivation |of b and h, as

(8-250)
(8-251)

with upward

(8-252)
(8-253)
(8-254)
(8-255)
(8-256)
(8-257)
(8-258)
(8-259)

175



https://iecnorm.com/api/?name=92f5e1be16847efa8d09b895b0af51ed

ISO/IEC 14496-10:2009(E)

—  The samples at quarter sample positions labelled as e, g, p, and r are 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 (8-260)
g=(b+tm+1)>>1 (8-261)
p=(h+s+1)>>1 (8-262)
r=(m+s+1)>>1. (8-263)

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;, y; ]. This
assignment is done according to Table 8-12. The value of predPartLX; [ x;, y; ] is 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

yFrac, 0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3

predPartLX{[ x;, yp ] | G d h n a e i p b f j q c g k T

8.4.2.2.2 CHroma sample interpolation process

This procesq is only invoked when ChromaArrayType is equal to 1 or 2.

Inputs to thig process are

—  achronpa location in full-sample units ( xIntc, ylntc ),

—  achronpa location offset in fractional-sample units ( xFracg, yEracc ),

—  chromalcomponent samples from the selected reference picture refPicLXc.
Output of th]s process is a predicted chroma sample valug\predPartL X[ Xc, yc |-

In Figure 8-p, the positions labelled with A, B, C, and D represent chroma samples at full-sample locations inside the
given two-dimensional array refPicLXc of chromasamples.

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

The variable refPicHeightEffectivec, which is the height of the effective reference picture chroma array, is derived as
follows.

—  If MbaffFrameFlag is equal to 0 or mb_field decoding_ flag is equal to 0, refPicHeightEffectivec is set equal to
PicHeightInSamplesc.
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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 8-264 through 8-271 are used for generating the predicted chroma sample
value predPartLX[ X¢, yc |-

xAc = Clip3( 0, PicWidthInSamplesc — 1, xIntc )
xBc = Clip3( 0, PicWidthInSamplesc — 1, xIntc + 1)
xCc = Clip3( 0, PicWidthInSamplesc — 1, xIntc )
xD¢ = Clip3( 0, PicWidthInSamplesc — 1, xIntc + 1)

VA = Clip3( U, refPicHeightEfTectivec — T, yInic )
yBc = Clip3( 0, refPicHeightEffectivec — 1, yIntc )

yCc = Clip3( 0, refPicHeightEffectivec — 1, ylntc + 1)
yD¢ = Clip3( 0, refPicHeightEffectivec — 1, yIntc + 1)

(8-264)
(8-265)
(8-266)
(8-267)

(8-268)
(8-269)
(8-270)
(8-271)

Given the chroma samples A, B, C, and D at full-sample locations specified in Equations 8-264 through 8-271, the

predifted chroma sample value predPartLX[ X¢, yc ] is derived as

8.4.23 Weighted sample prediction process

Inputp to this process are

Outplits of this process(are

For maereblocks or partitions with predFlagl.0 equal to 1 in P and SP slices, the following applies.

predPartLX [ X¢, yc ] = (( 8 —xFracc ) * ( 8 — yFracc ) * A + xFrace * ( 8« yFracc ) * B +
(8 —xFracc ) * yFracc * C + xFracc * yFracc * D +32)>>(

mbPartldx: the current partition given by the partition indeXx,
ubMbPartldx: the sub-macroblock partition index,
predFlagl0 and predFlagLl1: prediction list utilization flags,

predPartLX;: a (partWidth)x(partHeight) array of prediction luma samples (with LX being replaceq
lepending on predFlagl0 and predFlagLil);

when ChromaArrayType is not equdlto 0, predPartL X, and predPartLXc,: (partWidthC)x(partHeig
prediction chroma samples, one fer-each of the chroma components Cb and Cr (with LX being replacd
lepending on predFlagL0 and\predFlagl1),

variables for weighted prediction logWDc, woc, Wic, Ogc, 01c With C being replaced by
ChromaArrayType is.fiotiequal to 0, Cb and Cr.

predPart; : a (partWidth)x(partHeight) array of prediction luma samples,

when ChromaArrayType is not equal to 0, predPartc, and predPartc: (partWidthC)x(partHeigh
prediction chroma samples, one for each of the chroma components Cb and Cr.

(8-272)

by LO or L1

htC) arrays of
d by LO or L1

. and, when

tC) arrays of

If weighted pred flag is equal to 0, 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.

Otherwise (weighted pred flag is equal to 1), the explicit weighted sample prediction process as described in
subclause 8.4.2.3.2 is invoked with the same inputs and outputs as the process described in this subclause.

For macroblocks or partitions with predFlagL0 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 subclause

8.4.2.3.1 is invoked with the 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 in
subclause 8.4.2.3.2 is invoked with the same inputs and outputs as the process described in this subclause.

© ISO/IEC 2009 — Al rights reserved
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Otherwise (weighted bipred_idc is equal to 2), the following applies.

If predFlagl0 is equal to 1 and predFlagL1 is equal to 1, the implicit weighted sample prediction process 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 predFlagll 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 De

Input to this

fault weighted sample prediction process

process are the same as specified in subclause 8.4.2.3.

Output of th
Depending d

If the I
equal tq

Otherw|
applies

Otherw
with C

The predicti
If predH

predH

Otherw

predH

Otherw

predH

8.4.23.2 W

Inputs to thi

Outputs of this process areithe same as specified in subclause 8.4.2.3.

Depending d

If the Iy
equal to|

s process are the same as specified in subclause 8.4.2.3.
n the available component for which the prediction block is derived, the following applies.

ima sample prediction values predPart; [ X, y ] are derived, the following applies with C setequal to 1
0..partWidth — 1, and y set equal to 0..partHeight — 1.

with C set equal to Cb, x set equal to 0..partWidthC — 1, and y set equal to 0..partHeightC — 1.

ise (the chroma Cr component sample prediction values predPartc,[ x, y ]@re derived), the following
ket equal to Cr, x set equal to 0..partWidthC — 1, and y set equal to 0..partHeightC — 1.

bn sample values are derived as follows.

lagL0 is equal to 1 and predFlagL1 is equal to O,

artc[ x, y ] = predPartLO¢[ x, y ] (
ise, if predFlagl0 is equal to 0 and predFlagl1 is.equal to 1,

artc[ X, y ]= predPartL1¢[ x, y ] (
ise (predFlagl0 and predFlagl1 are equal to 1),

artc[ X, y | = ( predPartLO¢[ x, y]+ predPartL1c[ x,y ]+ 1)>> 1. (

pighted sample prediction process

process are the same-as specified in subclause 8.4.2.3.

n the available component for which the prediction block is derived, the following applies.

ma sample prediction values predPart; [ x, y ] are derived, the following applies with C set equal to I
0SpartWidth — 1, y set equal to 0..partHeight — 1, and Clip1( ) being substituted with Cliply().

L, X set

ise, if the chroma Cb component sample prediction values predPartc,[ X,y | ace derived, the following

applies

R-273)

R-274)

B-275)

L, X set

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, y set equal to 0..partHeightC — 1, and Clip1( ) being
substituted with Clip1¢( ).

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, y set equal to O..partHeightC — 1, and Clipl() being
substituted with Clipl¢( ).

The prediction sample values are derived as follows.

derived

178

by

If the predFlagL0 is equal to 1 and predFlagL1 is equal to 0, the final predicted sample values predPartc[ x, y ] are
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if( logWDc>=1)
predPartc[ x, y ] = Clipl( ( ( predPartLOc[ X, y ] * woc + 2°¢VPc ™1 ) >> logWD¢ ) + 0oc )

else (8-276)
predPartc[ x, y | = Clipl( predPartLOc[ X, y ] * Woc + 0gc )

Otherwise, if the predFlagl0 is equal to 0 and predFlagll is equal to 1, the final predicted sample values
predPart([ x, y | are derived by

if( logWDc>=1)
predPartc[ x, y ] = Clipl( ( ( predPartL1c[ X,y ] * wic + 2°¢VPc ™1 ) >> logWD¢ ) + 0,¢ )
else (8-277)
predPartc[ x, y | = Clipl( predPartL1c[ x,y | * wic +0ic)

therwise (both predFlagl0 and predFlagl1 are equal to 1), the final predicted sample valuespredPprtc[ x, y ] are
derived by

predPartc[ x, y ] = Clipl( ( ( predPartLOc[ x, y ] * woc + predPartL1¢[ x, y ] * wyc £2/%VPc ) >>
(logWDc+ 1))+ ((0pctoic+1)>>1)) (8-278)

the reference indices refldxLL0 and refldxL1,

the prediction utilization flags predFlagl0 and predFlagL1.

Outplits of this process are variables for weighted prediction IogWDc, wyc, Wic, 0gc, 01c With C being repldced by L and,

when| ChromaArrayType is not equal to 0, Cb and Cr.

For (f being replaced by L and, when ChromaArrayType is not equal to 0, Cb and Cr, the variables logWD({, wyc, Wic,

0oc, Ol c are derived as follows.

—

f weighted bipred idc is equal to 2 and the,(slice type % 5) is equal to 1, implicit mode weighted pregliction is used
as follows:

logWDc =5 (8-279)
Ooc = 0 (8-280)
Oic= 0 (8-281)

amd wyc and-wc are derived as specified in the following ordered steps:

The variables currPicOrField, pic0, and picl are derived as follows.

— Iffield pic_ flag is equal to 0 and the current macroblock is a field macroblock, the following applies:

a. currPicOrField is the field of the current picture CurrPic that has the same parity as the current
macroblock.
b. The variable picO is derived as follows.

—  If refldxLO % 2 is equal to 0, picO is the field of RefPicListO[ refldxL0 /2 ] that has the same
parity as the current macroblock.

—  Otherwise (refldxL0 % 2 is not equal to 0), picO is the field of RefPicListO[ refldxL0 /2 ] that
has the opposite parity of the current macroblock.

c. The variable picl is derived as follows.
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—  IfrefldxL1 % 2 is equal to 0, picl is the field of RefPicListl[ refldxL1 /2 ] that has the same

parity as the current macroblock.

—  Otherwise (refldxL1 % 2 is not equal to 0), picl is the field of RefPicList1[ refldxL1 /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), currPicOrField
is the current picture CurrPic, picl is RefPicListl[ refldxL1 ], and picO is RefPicListO[ refldxLO ].

2. The variables tb, td, tx, and DistScaleFactor are derived from the values of currPicOrField, pic0, picl using

Equations 8-203, 8-204, 8-199, and 8-200, respectively.

3. The variables wyc and w¢ are derived as follows.

are derived as

Woc = 32

Wic = 32

-{  Otherwise, wyc and w;¢ are derived as

woc = 64 — (DistScaleFactor >> 2)

wic = DistScaleFactor >> 2

- If DiffPicOrderCnt( picl, pic0 ) is equal to 0 or one or both of picl and pic0O is marked as("juped for
long-term reference" or ( DistScaleFactor >>2) <—64 or ( DistScaleFactor >>2 ) > 128, a¥y0 ahd wc

(8-282)

(8-283)

(B-284)

(B-285)

—  Otherwise (weighted pred flag is equal to 1 in slices withi(slice type % 5) equal to 0 or 3 or weighted bipfed idc
equal tg 1 in slices with (slice_type % 5) equal to 1), explicit mode weighted prediction is used as specified|by the

followir)g ordered steps:

1. The variables refldx LOWP and refldxL.1 WP are derived as follows.

If MbaftfFrameFlag is equal to 1 and the current macroblock is a field macroblock

refldxLOWP = refldxL0>>"1

refldxL1 WP =refldxL1 >> 1

- Otherwise (MbaffFrameFlag is equal to 0 or the current macroblock is a frame macroblock),

refldxLOWP = refldxL0

refldxL1 WP = refldxL1

(8-286)

(8-287)

(8-288)

(B-289)

2. The variables logWD¢, Wyc, Wic, Ogc, and 0,¢ are derived as follows.

— IfCisequal to L for luma samples

logWD¢ = luma_log2 weight denom

woc = luma_weight 10[ refldxLOWP ]

wic = luma weight 11[ refldxL1WP ]

(8-290)

(8-291)

(8-292)
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0oc = luma_offset 10[ refldxLOWP ] * ( 1 << ( BitDepthy — 8 ))

0ic = luma_offset 11 refldxL1WP ] * ( 1 << ( BitDepthy —8))

Otherwise (C is equal to Cb or Cr for chroma samples, with iCbCr = 0 for Cb, iCbCr = 1 fo

logWD¢ = chroma_log2 weight denom

woc = chroma_weight 10[ refldxLOWP ][ iCbCr ]

10:2009(E)

(8-293)

(8-294)

r Cr),

(8-295)

(8-296)

Whet
shall

cq
p1
Iul
o1]
lu

8.5

Input
availg
availg
availg
availg
or prg

N

mj

p1
C
re

wic = chroma_weight 11[ refldxL1WP ][ iCbCr ]

0gc = chroma_offset 10[ refldXLOWP ][ iCbCr ] * ( 1 << ( BitDepth¢ — &)).)

0;c = chroma_offset 11[ refldxL1WP ][ iCbCr ] * ( 1 << ( BitDepthc —8))

explicit mode weighted prediction is used and predFlagl0 and predEtagl’1 are equal to 1, the follow
be obeyed for C equal to L and, when ChromaArrayType is not equalto-0, Cb and Cr

—-128 <= Woc +W1C <= ( ( logWDC ==17 ) 2127 : 128)

DTE — For implicit mode weighted prediction, weights wyc and) W{¢ are each guaranteed to be in the range of
nstraint expressed in Equation 8-300, although not explicitly imposed, will always be met. For explicit

ediction with logWDc equal to 7, when one of the two weights wyc or wic is inferred to be equal to 128 (as a
ma_weight 10 flag, luma weight 11 flag, chroma weight' 10 flag, or chroma weight 11 flag equal to 0), the ot
Woc) must have a negative value in order for the eonstraint expressed in Equation 8-300 to hold (and therefor
na_weight 10_flag, luma weight 11 flag, chroma weight 10 flag, or chroma weight 11 flag must be equal to 1

Transform coefficient decoding process and picture construction process prior to
filter process

5 to this process are Intral 6x NoDCLevel (if available), Intral 6x16ACLevel (if available), CbIntral 6x
ble), CbIntral6x16ACLevel) (if available), Crlntral6x16DCLevel (if available), Crlntral6x1

ble), CbLevel (if available), CrLevel (if available), CbLevel8x8 (if available), CrLevel8x8 (if a
ble Inter or Intrasprediction sample arrays for the current macroblock for the applicable components
de:.

DTE 1 — When.decoding a macroblock in Intra 4x4 (or Intra_8x8) macroblock prediction mode, the luma col
hcroblock prédiction array may not be complete, since for each 4x4 (or 8x8) luma block, the Intra_4x4 (or Intra |
pcess ferluma samples as specified in subclause 8.3.1 (or 8.3.2) and the process specified in this subclause arej
iromaArray Type is equal to 3, the Cb and Cr component of the macroblock prediction array may not be compld
hsOn’

(8-297)

(8-298)

(8-299)

ing constraint

(8-300)

(4..128 and the
mode weighted
consequence of
her weight (w;c
e the other flag

).

deblocking

6DCLevel (if
bACLevel (if

ble), LumaLevel (if available), LumaLevel8x8 (if available), ChromaDCLevel (if available), ChromiaACLevel (if

vailable), and
predy, predey,

mponent of the
8x8) prediction
iterated. When
te for the same

Outputs of this process are the constructed sample arrays prior to the deblocking filter process for the applicable

comp

onents S';, S'cy, or S'c;.

NOTE 2 — When decoding a macroblock in Intra 4x4 (or Intra_8x8) macroblock 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. When ChromaArrayType is equal to 3, the Cb and Cr component of the macroblock
constructed sample arrays prior to the deblocking filter process may not be complete for the same reason.

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, CbLevel,
CbLevel8x8, CrLevel, CrLevel8x8, ChromaDCLevel, ChromaACLevel are set equal to O for the current macroblock.
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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 luma4x4BlkIdx = 0..15, the following ordered steps
are specified:

1.

8.5.2

The inverse scanning process for 4x4 transform coefficients and scaling lists as specified in subclause 8.5.6 is
invoked with LumaLevel[ luma4x4BlkIdx ] as the input and the two-dimensional array ¢ as the output.

The scaling and transformation process for residual 4x4 blocks as specified in subclause 8.5.12 is invoked with ¢
as the input and r as the output.

When TransformBypassModeFlag is equal to 1, the macroblock prediction mode is equal to Intral4n4, and
Intraix4PredMode[ luma4x4BlkIdx ] is equal to O or 1, the intra residual transform-bypass decoding profess as
specified in subclause 8.5.15 is invoked with nW set equal to 4, nH set equal to 4, horPredFlag, set efjual to
Intraix4PredMode[ lumadx4BlkIdx ], and the 4x4 array r as the inputs, and the output is a modified version of the
4x4 3grray r.

The position of the upper-left sample of a 4x4 luma block with index luma4x4BlkIdx \inside the macroblock is
derivied by invoking the inverse 4x4 luma block scanning process in subclause 6.4.3. with luma4x4BlkIdy as the
inpuf and the output being assigned to ( xO, yO ).

The 4x4 array u with elements u; for i, j = 0..3 is derived as

u;j[= Cliply( pred [ xO +j,yO +i]+15) (8-301)

Whep TransformBypassModeFlag is equal to 1, the bitstream shall not contain data that result in a value ¢f u;; as
computed by Equation 8-301 that is not equal to pred,[ XO +4,yO +1i ] + 1.

The picture construction process prior to deblocking filter process in subclause 8.5.14 is invoked withl u and
luma@x4BIkIdx as the inputs.

Sp¢cification of transform decoding process, for luma samples of Intra_16x16 macroblock prefliction
mofle

When the ¢urrent macroblock prediction mode is equal to Intra 16x16, the variables Intral6x16DCLevgel and
Intral6x16ACLevel contain the levels for theluma transform coefficients. The transform coefficient decoding pfoceeds

in the followjing ordered steps:

1.

2.

182

The 4x4 luma DC transform coefficients of all 4x4 luma blocks of the macroblock are decoded.

a. [The inverse scanningprocess for 4x4 transform coefficients and scaling lists as specified in subclaude 8.5.6
is invoked with 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 macroblofk type
ps specifiedun-subclause 8.5.10 is invoked with BitDepthy, QP'y, and c as the input and dcY as the oufput.

The [6x16 array rMb is derived by processing the 4x4 luma blocks indexed by luma4x4Blkldx = 0..15, and for
each |4x4 luma block, the following ordered steps are specified:

a. Fhe—vartable—tumabist—whieh—s—a—tst—of t6—entries—is—derived—The—first—entry—otftummakist is the
corresponding value from the array dcY. Figure 8-6 shows the assignment of the indices of the array dcY to
the luma4x4Blkldx. The two numbers in the small squares refer to indices i and j in dcY;, and the numbers

in large squares refer to luma4x4BlkIdx.
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Figure 8-6 — Assignment of the indices of dcY to luma4x4BlkIdx

The elements in lumaList with index k = 1..15 are specified as

lumalList[ k ] = Intral 6x16ACLevel[ luma4x4BlkIdx ][ k—1 ] (8-302)

b. The inverse scanning process for 4x4 transform coefficients and scaling lists as specified in spbclause 8.5.6
is invoked with lumalList as the input and the two-dimensional artay c as the output.

c. The scaling and transformation process for residual 4x4 blocks as specified in subclause 8.5]12 is invoked
with c as the input and r as the output.

d. The position of the upper-left sample of a 4x4 luma block with index luma4x4BlkIdx inside the macroblock
is derived by invoking the inverse 4x4 luma block scanning process in subclause 6.4.3 with lyma4x4Blkldx
as the input and the output being assigned to, ( XO, yO ).

e. The elements rMDbJ x, y | of the 16x16 arrdyyrMb with x = x0..xO + 3 and y = yO..yO + 3 are derived by

rMb[ xO +j,yO +i]=r; (8-303)

3.] When TransformBypassModeFlag.is equal to 1 and Intral6x16PredMode is equal to O or 1, the|intra residual
transform-bypass decoding pro¢ess as specified in subclause 8.5.15 is invoked with nW set equall to 16, nH set
equal to 16, horPredFlag setiequal to Intral6x16PredMode, and the 16x16 array rMb as the inputs, agnd the output
is a modified version of the 16x16 array rMb.

4.] The 16x16 array u with*elements u;; for i, j = 0..15 is derived as

uy = ClipLy(predy[ j, 1]+ Mb[ j,i1) (8-304)

When TransformBypassModeFlag is equal to 1, the bitstream shall not contain data that result in a|value of u; as
computed by Equation 8-304 that is not equal to pred;[ j, i ]+ Mb[j,1].

5.| «Fhe picture construction process prior to deblocking filter process in subclause 8.5.14 is invoked|with u as the
HIput.

8.5.3  Specification of transform decoding process for 8x8 luma residual blocks
This specification applies when transform_size 8x8 flag is equal to 1.

The variable LumaLevel8x8[ luma8x8Blkldx ] with luma8x8BIlkldx =0..3 contains the levels for the luma transform
coefficients for the luma 8x8 block with index luma8x8BIkIdx.

For an 8x8 luma block indexed by luma8x8BlkIdx = 0..3, the following ordered steps are specified:

1. The inverse scanning process for 8x8 transform coefficients and scaling lists as specified in subclause 8.5.7 is
invoked with LumaLevel8x8[ luma8x8BlkIdx ] as the input and the two-dimensional array c as the output.
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2. The scaling and transformation process for residual 8x8 blocks as specified in subclause 8.5.13 is invoked with ¢
as the input and r as the output.

3. When TransformBypassModeFlag is equal to 1, the macroblock prediction mode is equal to Intra 8x8, and
Intra8x8PredMode[ luma8x8Blkldx | is equal to O or 1, the intra residual transform-bypass decoding process as
specified in subclause 8.5.15 is invoked with nW set equal to 8, nH set equal to 8, horPredFlag set equal to
Intra8x8PredMode[ luma8x8Blkldx |, and the 8x8 array r as the inputs, and the output is a modified version of the
8x8 array r.

4. The position of the upper-left sample of an 8x8 luma block with index luma8x8BlkIdx inside the macroblock is
derived by invoking the inverse 8x8 luma block scanning process in subclause 6.4.5 with luma8x8BIlkldx as the
input and the output being assigned to ( xO, yO ).

5. The
Whe
comy

6. The
lumaj

8.5.4  Sp¢

This process
Depending d

— If Chro
equal to|

—  Otherwi
chroma

For each ch
equal to O f
coefficients.

Let the varia
For each chr

1. The
by i(

a.

x8 array u with elements uj; for i, j = 0..7 is derived as

u;j = Cliply( pred; [ xO +j, yO+i] + 1) (

h TransformBypassModeFlag is equal to 1, the bitstream shall not contain data that resalt in a value
uted by Equation 8-305 that is not equal to pred,[ xO +j, yO +1i ] +rj;.

picture construction process prior to deblocking filter process in subclause 8.5.14 is invoked with
RBx8BlkIdx as the inputs.

cification of transform decoding process for chroma samples
is invoked for each chroma component Cb and Cr separately when'‘ChromaArrayType is not equal to
n ChromaArrayType, the following applies.

maArrayType is equal to 3, the transform decoding process for chroma samples with ChromaArr:
3 as specified in subclause 8.5.5 is invoked.

se (ChromaArrayType is not equal to 3), the following text specifies the transform decoding prog
samples.

roma component, the variables ChromaDCLevel[ iCbCr ] and ChromaACLevel[ iCbCr ], with iCl
pbr Cb and iCbCr set equal to 1 for Cr\eontain the levels for both components of the chroma tral

ble numChroma4x4Blks be set equal to (MbWidthC / 4) * (MbHeightC / 4).
poma component, the transform decoding proceeds separately in the following ordered steps:

humChroma4x4Blks chroma DC transform coefficients of the 4x4 chroma blocks of the component i
bCr of the macrobléck are decoded as specified in the following ordered steps:

Depending on‘the variable ChromaArrayType, the following applies.

—  If CHromaArrayType is equal to 1, the 2x2 array c is derived using the inverse raster sg
proeess applied to ChromaDCLevel as follows

_ | ChromaDCLevel[iCbCr][0] ChromaDCLevel[iCbCr ][ 1]

8-305)

fu; as

u and

S

vy Type

ess for

Cr set
nsform

hdexed

anning

R-306)
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—[ChromaDCLevel[ TChCT [ 2] ChfomaDCLevel iCbCT I37]

—  Otherwise (ChromaArrayType is equal to 2), the 2x4 array c¢ is derived using the inverse raster

scanning process applied to ChromaDCLevel as follows

ChromaDCLevel[iCbCr][0] ChromaDCLevel[iCbCr][2]
ChromaDCLevel[iCbCr][1] ChromaDCLevel[iCbCr][5]

oo (8-307)

ChromaDCLevel[iCbCr][3] ChromaDCLevel[iCbCr][6]
ChromaDCLevel[iCbCr][4] ChromaDCLevel[iCbCr][7]
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b. The scaling and transformation process for chroma DC transform coefficients as specified in subclause
8.5.11 is invoked with c as the input and dcC as the output.

2. The (MbWidthC)x(MbHeightC) array rMb is derived by processing the 4x4 chroma blocks indexed by
chroma4x4Blkldx = 0..numChroma4x4Blks — 1 of the component indexed by iCbCr, and for each 4x4 chroma
block, the following ordered steps are specified:

a. The variable chromaList, which is a list of 16 entries, is derived. The first entry of chromalList is the
corresponding value from the array dcC. Figure 8-7 shows the assignment of the indices of the array dcC to
the chroma4x4Blkldx. The two numbers in the small squares refer to indices i and j in dcCj;, and the
numbers in large squares refer to chroma4x4BlkIdx.

[o0] [o1]
0 1

o] ]
2 3

I I El
0 1 4 5

[10] ] [30] [31]
2 3 6 7

a b

Figure 8-7 — Assignment of the indicesof dcC to chroma4x4BlkIdx:
(a) ChromaArrayType equal to 1, (b).ChromaArrayType equal to 2

The elements in chromaList with index+k = 1..15 are specified as

chromalList[ k ] = ChromaACLevel[ chroma4x4BIkIdx [[k— 1] (8-308)

b. The inverse scanning progcess for 4x4 transform coefficients and scaling lists as specified in spibclause 8.5.6
is invoked with chromalList as the input and the two-dimensional array c as the output.

c. The scaling and\transformation process for residual 4x4 blocks as specified in subclause 8.5(12 is invoked
with ¢ as the-input and r as the output.

d. The positien of the upper-left sample of a 4x4 chroma block with index chroma4x4Blkldx inside the
macroblock is derived by

xO = InverseRasterScan( chroma4x4BIkldx, 4, 4, 8, 0 ) (8-309)

vQ = InverseRasterScan( chromadx4BlkIdx 4 4 8 1) (8-310)

e. The elements rMb[x,y] of the (MbWidthC)x(MbHeightC) array rMb with x=x0.xO+3 and
y =y0..yO + 3 are derived by

rMb[ xO +j,yO +i]=r; (8-311)

3.  When TransformBypassModeFlag is equal to 1, the macroblock prediction mode is equal to Intra_4x4, Intra_8x8,
or Intra_16x16, and intra_chroma pred mode is equal to 1 or 2, the intra residual transform-bypass decoding
process as specified in subclause 8.5.15 is invoked with nW set equal to MbWidthC, nH set equal to MbHeightC,
horPredFlag set equal to (intra chroma pred mode — 1), and the (MbWidthC)x(MbHeightC) array rtMb as the
inputs, and the output is a modified version of the (MbWidthC)x(MbHeightC) array rMb.
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derived as

u; = Cliple( prede[ j,i]+rMb[j,1])

The (MbWidthC)x(MbHeightC) array u with elements u; for i =0..MbHeight — 1 and j=0..MbWidth—1 is

(8-312)

When TransformBypassModeFlag is equal to 1, the bitstream shall not contain data that result in a value of u;; as
computed by Equation 8-312 that is not equal to predc[ j, 1]+ rMb[j,1].
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n the macroblock prediction mode and transform_size 8x8 flag, the following applies.

acroblock prediction mode is equal to Intra 16x16, the transform decoding process for ‘€b or Cr 1
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ubstituting luma4x4BlkIdx with cb4x4Blkldx or cr4x4Blkldx, substituting fumaList with CbList or

bf 4x4 block transform coefficient levels that is specified in subclausg™8:5.12.1, which is invoked as
ess specified in subclause 8.5.2, the input 4x4 array c is treated as’relating to a luma residual block
Intra_16x16 macroblock prediction mode.

se, if transform size 8x8 flag is equal to 1, the transform decoding process for 8x8 Cb or 8x8 Cr 1
bhall be identical to the process described in subclause, 8.5.3 when substituting luma with Cb
ing LumaLevel8x8 with CbLevel8x8 or CrLevel8x8,, substituting pred; with predc, or predc,, subs
BlkIdx with cb8x8BlkIdx or cr8x8BlkIdx, and substituting Cliply with Cliplc.
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ing Cliply with Cliplc. During the-scaling of 4x4 block transform coefficient levels that is spec
e 8.5.12.1, which is invoked as patt of the process specified in subclause 8.5.1, the input 4x4 ary
s relating to a luma residual block not coded using an Intra 16x16 macroblock prediction mode.

erse scanning process for 4x4 transform coefficients and scaling lists

process is a list of 16 values.

these 4x4 values represent levels assigned to locations in the transform block. In the case of apply
ning progess. to a scaling list, the output variable ¢ contains a two-dimensional array representing
X.

ubClause is invoked with a list of transform coefficient levels as the input, the sequence of tral
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coefficient 1

pvelsS is mapped to the transform coefficient level positions. Table 8-13 specifies the two mappings:

nverse

zig-zag scan and inverse field scan. The inverse zig-zag scan is used for transform coefficients in frame macroblocks and
the inverse field scan is used for transform coefficients in field macroblocks.

When this subclause is invoked with a scaling list as the input, the sequence of scaling list entries is mapped to the
positions in the corresponding scaling matrix. For this mapping, the inverse zig-zag scan is used.

Figure 8-8 il

186

lustrates the scans.
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Figure 8-8 — 4x4 block scans. (a) Zig-zag scan. (b) Field scan (informative)

Tablq 8-13 provides the mapping from the index idx of input list of 16 elements to-indices i and j of the twp-dimensional
arrayl|c.

Table 8-13 — Specification of mapping of idx to c;jfor zig-zag and field scan

idx 0 (1 ]2 |3 |4 |56 |7 |.83'9 |10]11 1213|1415

Zig-zag | Coo | Coi | €10 | €20 | €11 | Co2 | o3 | Ci% DCa1 | €30 | €31 | Coo | €13 | Ca3 | C32 | €3

field Coo | €10 | Co1 | €20 | €30 | €11 | Cor\\C31 | Co2 | C12 | €22 | C32 | Co3 | C13 | C23 | C3

8.5.7| Inverse scanning process for 8x8 transform coefficients and scaling lists
Input|to this process is a list of 64 values.

Output of this process is a variable c*Centaining a two-dimensional array of 8x8 values. In the case| of transform
coeff]cients, these 8x8 values represent-levels assigned to locations in the transform block. In the case of applying the
inverfe scanning process to a scaling”list, the output variable ¢ contains a two-dimensional array representing an 8x8
scalirjg matrix.

When this subclause is invoked with a list of transform coefficient levels as the input, the sequence| of transform
coeff]cient levels is mapped 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 is used for transform coeffigient levels in
framg macroblocks and the inverse 8x8 field scan is used for transform coefficient levels in field macroblodks.

When this subelduse is invoked with a scaling list as the input, the sequence of scaling list entries is mpapped to the
positions it the corresponding scaling matrix. For this mapping, the inverse zig-zag scan is used.

Figure '8-9"illustrates the scans.

© ISO/IEC 2009 — All rights reserved 187


https://iecnorm.com/api/?name=92f5e1be16847efa8d09b895b0af51ed

ISO/IEC 14496-10:2009(E)

0—+»1 5+ 6 14+»15 27+»28 52
¥ A ¥ A ¥ A ¥ v
2 4 7 13 16 26 29 42 53
VA XK A KA AN
3 8 12 17 25 30 41 43 58
¥’ A ¥ A ¥ A ¥ v
9 11 18 24 31 40 44 53 59
VA ¥ A K A K AN v
10 19 23 32 39 45 52 54 60
F—x T F N F \N
201 22 33 38 46 51 55 60 61
L A SVA v
21| 34 37 47 50 56 59 61 62
W A ¥ A K AN v
35736 4849 57+»58 6263 63
a b
Figure 8-9 — 8x8 block scans. (a) 8x8 zig-zag scan. (b) 8x8 field scan (informative)
Table 8-14 provides the mapping from the index idx of the input Tist of 64 elements to indices i and j|of the

two-dimensipnal array c.

188

Table 8-14 — Specification of mapping of id¥’to c;; for 8x8 zig-zag and 8x8 field scan

idx 0 1 2 | 3| 4 556 | 7| 8|9 (10|11 |12 |13 |14 |15
zig-zag Coo [ Co1 | C10 | €20 | C1e~| Co2 | Co3 | C12 | €21 | C30 | Ca0 | C31 | C22 | C13 | Co4 | Cos
field Coo | C1o | €20 | Cor-lS€11 | €30 | Ca0 | Ca1 | Co2 | €31 | C50 | €60 | €70 | Ca1 | C12 | Co3

Table 8-14 (continued) — Specification of mapping of idx to cij for 8x8 zig-zag and 8x8 field scan

idx 16 | 17 DI8 | 19 [ 20 | 21 [ 22 |23 |24 [ 25|26 |27 | 2829|3031
zig-7ag | Ciu G2 | €32 | Ca1 | Cs0 | Ceo | C51 | Cap | C33 | Coa | €15 | Co6 | Co7 | Ci6 | C25 | C3a
field Co2 | Cs1 | Ce1 | C71 | C32 | Ci3 | Coa | €23 | Can | Cs5p | Co2 | €72 | €33 | Cig | Co5 | Coa
Tgble 8-14 (continued) — Specification of mapping of idx to cij for 8x8 zig-zag and 8x8 field scan
1dx 3233134135136 [37 383914041 (42143 [44]145]46 ] 47
Zig-zag | C43 | Csp | Co1 | C70 [ C71 | Co2 | C53 | Caa | C35 | Co6 | Ci7 | Co7 | C36 | Cas | €54 | Cg3
field C43 | Cs3 | Ce3 | €73 | €34 | Cis | Co6 | Co5 | Cas | Cs4 | Cosa | C74 | C35 | Cig | Co6 | Cas

Table 8-14 (concluded) — Sp

ecification 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 |58 |59 |60 |61| 62|63
Zig-zag | C7y | C73 | Ceq | Cs5 | Cap | C37 | Ca7 | C56 | Co5 | C7a | €75 | Co6 | Cs57 | Co7 | C76 | C77
field Css | Ce5 | C75 | €36 | Co7 | C17 | Ca6 | Cs6 | Ce6 | C76 | C27 | C37 | Caz | €57 | Co7 | C77
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8.5.8  Derivation process for chroma quantisation parameters

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 1 — QP quantisation parameter values QPy and QSy are always in the range of —QpBdOffsety to 51, inclusive. QP
quantisation parameter values QP and QSc are always in the range of —QpBdOffsetc to 39, inclusive.

The value of QP. for a chroma component is determined from the current value of QPy and the value of
chrorha qgp index offset (for Cb) or second chroma qp_index offset (for Cr).

NPTE 2 — The scaling equations are specified such that the equivalent transform coefficient level scaling facter dgubles for every
inprement of 6 in QPy. Thus, there is an increase in the factor used for scaling of approximately 12 % for‘each incfease of 1 in the
vdlue of QPy.

The value of QP for each chroma component is determined as specified in Table 8-15 based-on the index denoted as qP.

The ariable qPogs; for each chroma component is derived as follows.

—  ]fthe chroma component is the Cb component, qPogs is specified as

qPosxer = chroma_qgp_index_offset (8-313)

—  Otherwise (the chroma component is the Cr component), qPoss 18 speCified as

qPosret = second _chroma qp_index offset (8-314)

The value of qP; for each chroma component is derived as

qP; = Clip3( —QpBdOffsetc, 51, QPy + qPogrer) (8-315)

The yalue of QP'c for the chroma components.is’derived as

QP'c = QPc + QpBdOffsetc (8-316)

Table 8-15 — Specification of QP as a function of qP;

qP; <30 |30 |31 | 32433 3435|3637 383940 |41 42|43 |44 |45 |46 |47 |48 |[49]50] 51

QPc | =qP; [ 29 [ 30.(™31 |32 132133134 |34135|35136|36|37 37|37 38[38[38[39{[39]39]39

Whern the current slice is an SP or SI slice, QSc is derived using the above process, substituting QPy with|QSy and QP¢
with QSC

8.5.9 — Derivation process for scaling functions

Outputs of this process are

—  LevelScale4x4: the scaling factor for 4x4 block transform luma or chroma coefficient levels,

—  LevelScale8x8: the scaling factor for 8x8 block transform luma or chroma coefficient levels.

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.
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—  If separate_colour plane flag is equal to 1, iYCbCr is set equal to colour plane id.

—  Otherwise (separate_colour plane flag is equal to 0), the following applies.

—  If the scaling function LevelScale4x4 or LevelScale8x8 is derived for a luma residual block, iYCbCr is set
equal to 0.

—  Otherwise, if the scaling function LevelScale4x4 or LevelScale8x8 is derived for a chroma residual block and
the chroma component is equal to Cb, iYCbCer is set equal to 1.

—  Otherwise (the scaling function LevelScale4x4 or LevelScale8x8 is derived for a chroma residual block and the
chroma component is equal to Cr), iYCbCer is set equal to 2.

The inverse scanning process for 4x4 transform coefficients and scaling lists as specified in subclause 8.5.6 is ipvoked
with ScalingList4x4[ iYCbCr + ( (mblsInterFlag == 1)?3:0)] as the input and the output is assigned toythe 4x4
matrix weightScale4x4.

LevelScale4k4( m, i, j ) is specified by

LevelScale4x4( m, i, j ) = weightScale4x4( 1, j ) * normAdjust4x4( m, i, j ) (B-317)

where

Vo for(i%2,j%2)equalto(0,0),
normAdjust4x4(m,i, j)=1v,, for (i%2,j%2)equalto(1,1), (B-318)
v,, otherwise;

where the fifst and second subscripts of v are row and column indices;ytespectively, of the matrix specified as:

o 16 13
11 18 14
13 20 16
V= ) (8-319)
14 23 18
16 25 20
|18 29 23]

The inverse [scanning process for 8x8‘transform coefficients and scaling lists as specified in subclause 8.5.7 is ihvoked
with ScalingList8x8[ mblsInterFlag-}as the input and the output is assigned to the 8x8 matrix weightScale8x8.

LevelScale8k8( m, i, j ) is specified by

LevelScale8x8( m)1,'j ) = weightScale8x8( 1, j ) * normAdjust8x8( m, 1, j ) (B-320)
where
V., Tor(i%4,] % 4)equalto (0,0),
v, for(i%2,j% 2)equalto(1,1),
A\ for (1% 4, j% 4) equal to (2,2),
normAdjusthS(m,i, _]) =4 m (‘ 0 J o4 eq 2.2) ) ) (8-321)
Vs for(i%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
22
26
28
32
36

18
19
23
25
28
32

32
35
42
45
51
58

19
21
24
26
30
34

25
28
33
35
40
46

24|
26
31
33
38
43
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(8-322)

8.5.10 Scaling and transformation process for DC transform coefficients for Intra_16x16 macroblock type

Input

Outp
elemd

Depe

The i

The 1
value

After

nts dcYy;.

1
1
f:
1
1

5 from

1
1

-1
-1

4 -
b LO UIIS PIOCCSS dIC

1

-1
-1

1

1
-1
1
-1

the variables bitDepth and gP,

dCYij =GCj with 1,_] =0.3

hding on the value of TransformBypassModeFlag, the following applies.

[f TransformBypassModeFlag is equal to 1, the output dcY is derived as

hverse transform for the 4x4 luma DC transform coefficients is specified by:

Coi Co2
€ Cp2
€ Cxp
C31 Csx

the inverse transformythe scaling is performed as follows.

[f qP is greater thah or’equal to 36, the scaled result is derived as

— 1, inclusive.

fransform coefficient level values for DC transform coefficients of Intra 16x16 macroblogks as a 4xy array ¢ with
elements cjj, where i and j form a two-dimensional frequency index.

its of this process are 16 scaled DC values for 4x4 blocks of Intra_16x16 macroblocks as a 4x4 afray dcY with

(8-323)

Dtherwise (TransformBypassModeFlag is equal to 0), the following text of this process specifies the output.

11
-1 -1 (8-324)
1
1 -1

itstream shall not contain data‘that result in any element fj; of f with i, j = 0..3 that exceeds the rapge of integer
_2(7 + bitDepth) to 2(7 + bitDepth)

deY;i = (firi"LevelScale4x4( qP % 6,0,0) ) <<(qP/6—-6), with i,j=0..3 (8-325)
Dtherwise (qP is less than 36), the scaled result is derived as
deY, = (£, *TevelScaledx4(gP % 6,0, 0)+(1<<(5—-qP/6)))>>(6—-gP/6), with i, j=0[3 (8-326)

The bitstream shall not contain data that result in any element dcYj; of dcY with i, j = 0..3 that exceeds the range of
integer values from
NOTE 1 — When entropy_coding mode flag is equal to 0 and qP is less than 10 and profile idc is equal to 66, 77, or 88, the range

of values that can be represented for the elements c;; of ¢ is not sufficient to represent the full range of values of the elements 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.

_2(7 + bitDepth) to 2(7 + bitDepth) __

NOTE 2 - Since the range limit imposed on the elements dcYj; of dcY is imposed after the right shift in Equation 8-326, a larger
range of values must be supported in the decoder prior to the right shift.

8.5.11

Scaling and transformation process for chroma DC transform coefficients

This process is only invoked when ChromaArrayType is equal to 1 or 2.
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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;j, where i and j form a
two-dimensional frequency index.

Outputs of this process are the scaled DC values as an (MbWidthC / 4)x(MbHeightC / 4) array dcC with elements dcC;.
The variables bitDepth and qP are set equal to BitDepth and QP'c, respectively.

Depending on the value of TransformBypassModeFlag, the following applies.
—  If TransformBypassModeFlag is equal to 1, the output dcC is derived as

dcCjj = ¢ with 1=0..(MbWidthC/4 ) —1 andj=0..( MbHeightC/4 ) — 1. (8-327)

—  Otherwise (TransformBypassModeFlag is equal to 0), the following ordered steps are specified:

1. Tlhe transformation process for chroma DC transform coefficients as specified in subclausé 8.5.]1.1 is
invoked with bitDepth and ¢ as the inputs and the output is assigned to the (MbWidthC / $)x(MbHeightC / 4)
fray f of chroma DC values with elements fj;.

o

The scaling process for chroma DC transform coefficients as specified in subclause8.5.11.2 is invok¢d with
bitDepth, qP, and f as the inputs and the output is assigned to the (MbWidthC / 4)x(MbHeightC / 4) arrpy dcY
off scaled chroma DC values with elements dcYj;.

8.5.11.1 Transformation process for chroma DC transform coefficients

Inputs of this process are transform coefficient level values for chroma DE-transform coefficients of one ¢hroma
component ¢f the macroblock as an (MbWidthC / 4)x(MbHeightC / 4) arrayye with elements c;j, where i and j [form a
two-dimensipnal frequency index.

Outputs of this process are the DC values as an (MbWidthC / 4)x(MbHeightC / 4) array f with elements f;;.

Depending dn the variable ChromaArrayType, the inverse transforth'is specified as follows.

—  If ChrgmaArrayType is equal to 1, the inverse transformfor the 2x2 chroma DC transform coefficients is sgecified

as
fL I 1 4| G0 Cor |, I 1 (b-328)
I -1] |¢p ¢ I -1

—  Otherwise, (ChromaArrayType is equal to 2), the inverse transform for the 2x4 chroma DC transform coefficjients is
specifi¢gd as

I 1 1 (U] |ce Co
I 1 AR=1] ¢y ¢ 1 1
f s 100 Ty (B-329)
I =11 1) ey €y
1

-1 1 —=1] |c3 c5

8.5.11.2 Scaling process for chroma DC transform coefficients

Inputs of this process are

—  the variables bitDepth and qP

—  DC values as an (MbWidthC / 4)x(MbHeightC / 4) array f with elements fj;

Outputs of this process are scaled DC values as an (MbWidthC / 4)x(MbHeightC / 4) array dcC with elements dcCj.

The bitstream shall not contain data that result in any element fjj of f with i, j = 0..3 that exceeds the range of integer
values from —27 " PIPPH) o o7+ biDeph) _ 7 “inelysive.

Scaling is performed depending on the variable ChromaArrayType as follows.
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The bitstream shall not contain data that result in any element dcCj; of-de€ with i, j = 0..3 that exceed
integgr values from

8.5.12 Scaling and transformation process for, residual 4x4 blocks

Input|to this process is a 4x4 array ¢ with elefilents c; which is either an array relating to a residual blog
component or an array relating to a residual block of a chroma component.

Outpuits of this process are residual sampl¢ values as 4x4 array r with elements rj;.

The variable bitDepth is derived as follows.

The variable sMbFlag.is derived as follows.

ISO/IEC 14496-

If ChromaArrayType is equal to 1, the scaled result is derived as

deC;; = ((f}; * LevelScale4x4(qP %6,0,0)) << (qP/6))>>5, with 1,j=0,1

Otherwise (ChromaArrayType is equal to 2), the following ordered steps are specified:

1. The variable qPpc is derived as

qPDC = qP +3

2. Depending on the value of qPp, the following applies.

—  If gqPpc is greater than or equal to 36, the scaled result is derived as

deC;; = (f; * LevelScaledx4 ( qPpc %6, 0,0)) << (qPpc /6 -6, withi=0.3, 50! 1

—  Otherwise (qPpc is less than 36), the scaled result is derived as

deC; = (f * LevelScale 4x4( qPpc % 6,0,0)+ 279" ) >> (654P. /6), with i=

72(7 + bitDepth) to 2(7 + bitDepth) __ 1’ inclusive.

NPTE 1 — When entropy coding_mode flag is equal to 0 and gP is less'than 4 and profile idc is equal to 66, 77,
off values that can be represented for the elements c;; of ¢ in subclapse(8.5.11.1 may not be sufficient to represent {
vdlues of the elements dcCj; of dcC that could be necessary to form/a close approximation of the content of any
pifture.

NDTE 2 — Since the range limit imposed on the elements dcCj;0f dcC is imposed after the right shift in Equation 8
larger range of values must be supported in the decoder prior'to the right shift.

[ the input array c relates to a luma residual block, bitDepth is set equal to BitDepthy.

Dtherwise (the input.array c relates to a chroma residual block), bitDepth is set equal to BitDepthc.

[f mb_type~is equal to SI or the macroblock prediction mode is equal to Inter in an SP slice, sSMbFI
fo 1,

Dtherwise (mb_type not equal to SI and the macroblock prediction mode is not equal to Inter in|

10:2009(E)

(8-330)

(8-331)

(8-332)

0.3,j=0,1
(8-333)

5 the range of

br 88, the range
he full range of
possible source

330 or 8-333,a

k of the luma

g is set equal

an SP slice),

:MhF]ag is set Pqnn] 100

The variable P is derived as follows.

If the input array c relates to a luma residual block and sMbFlag is equal to 0

qP = QP'y

Otherwise, if the input array c relates to a luma residual block and sMbFlag is equal to 1

qP =QSy

Otherwise, if the input array c relates to a chroma residual block and sMbFlag is equal to 0
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qP = QP'c

qP = QS¢

Otherwise (the input array c relates to a chroma residual block and sMbFlag is equal to 1),

Depending on the value of TransformBypassModeFlag, the following applies.

rij=c

If TransformBypassModeFlag is equal to 1, the output r is derived as

ij with 1,_] =0..3

Otherw|
1.

T
a
<

T
a
8.5.12.1 Sc
Inputs of thi
the varil

a 4x4 o
relating

Output of th

The bitstrea:
values from
Scaling of 4
If all of

11

Iey

the varil

do

Otherw

aling process for residual 4x4 blocks

i§ equal to O,

ise (TransformBypassModeFlag is equal to 0), the following ordered steps are specified:

he scaling process for residual 4x4 blocks as specified in subclause 8.5.12.1 is invoked with bitDeq
hd c as the inputs and the output is assigned to the 4x4 array d of scaled transform“coefficien
ements djj.

he transformation process for residual 4x4 blocks as specified in subclause 8.5.12\2 is invoked with b
hd d as the inputs and the output is assigned to the 4x4 array r of residual sample values with elements

b process are
ables bitDepth and gP,

rray ¢ with elements c; which is either an array relating te~g\residual block of luma component or a
to a residual block of a chroma component.

s process is a 4x4 array of scaled transform coefficients d with elements d;;.

m shall not contain data that result in any elemenb c;; of ¢ with i, j = 0..3 that exceeds the range of
_2(7 + bitDepth) to 2(7 + bitDepth) __ 1. inclusive.

k4 block transform coefficient levels c;; proceeds as follows.
the following conditions are true:

equal to 0,

clates to a luma residual\block coded using Intra_16x16 macroblock prediction mode or c relates to a
idual block.

able dy is derived-by

= Coo

iseythe following applies.

(8-336)

(8-337)

(8-338)

th, qP,
s with

tDepth
Tj;.

n array

integer

hroma

8-339)

Ot

If qP is greater than or equal to 24, the scaled result is derived as

= (¢ * LevelScaledx4( qP % 6, 1,j) ) << (qP /6 —4), with i, j = 0..3 except as noted above

herwise (qP is less than 24), the scaled result is derived as

(8-340)

d; = (c;; * LevelScale4x4( qP % 6,1, j) + 276y 55 (4—qP/6), withi,j=0..3 except as noted above  (8-341)

The bitstream shall not contain data that result in any element d;; of d with i, j = 0..3 that exceeds the range of integer

values from

194

72(7 + bitDepth) to 2(7 + bitDepth) __ 1’ inclusive.
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8.5.12.2 Transformation process for residual 4x4 blocks

Inputs of this process are

the variable bitDepth

a 4x4 array of scaled transform coefficients d with elements d;

Outputs of this process are residual sample values as 4x4 array r with elements r;;.

10:2009(E)

The bitstream shall not contain data that result in any element d;; of d with i, j = 0..3 that exceeds the range of integer
values from —207 ¥ PItPePth) ¢ 7+ bitDepth) _ 1 “inclusive.

The transform process shall convert the block of scaled transform coefficients to a block of output samples in a manner

math

First,
folloy

A set

The |
value

Then

The 1

pmatically equivalent to the Tollowing.

each (horizontal) row of scaled transform coefficients is transformed using a one-dimensional invers
VS,

of intermediate values is computed as follows.

€= diO + diz, with i=0.3

1= diO - diz, with i=0.3

ep=(d;>>1)—ds, with i=0.3

ez=d;+(d3y>>1), with i=0..3

itstream shall not contain data that result in any elemient e; of e with i, j = 0..3 that exceeds the ra
5 from —27 7 PIPPh) ¢ o7+ bIDe®) _ 1 Hinclusive.

the transformed result is computed from these\intermediate values as follows.

fo=¢ejpt+es with 1=0.3
fi=ey tep with 1=0.3
fo,=e; —ep, with 130..3
fis =€ — €3 \With 1=0..3

itstream-shall not contain data that result in any element f; of f with i, j = 0..3 that exceeds the ra

e transform as

(8-342)

(8-343)

(8-344)

(8-345)

nge of integer

(8-346)

(8-347)

(8-348)

(8-349)

hge of integer

e transform as

7 + bitDepth (7 + bitDepth . .
valuep frofn #2¢ P o 2 P — 1, inclusive.
Then| each (vertical) column of the resulting matrix is transformed using the same one-dimensional invers
follows.

A set

of intermediate values is computed as follows.

£20j = ij + fzj, with _] =0..3

g1 = ij - fzj, with _] =0.3

2= ( flJ >> | ) - f3j, with _] =0.3

g =i+ (f5>>1), with j=0.3
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The bitstream shall not contain data that result in any element g; of g with i, j = 0..3 that exceeds the range of integer

values from

7 + bitDepth 7+ bitDepth : ;
—(7+bitDepth) ¢y H(7+bitDepth) _ 1 i clusive.

Then, the transformed result is computed from these intermediate values as follows.

hOj =

hlj =

h2_|' =

h3j =

The bitstrea

values from {207 * PP o 27 +bitDePh) _ 33 Hinclusive.
After performing both the one-dimensional horizontal and the one-dimensional vertical inverse‘transforms to prod
array of tranformed samples, the final constructed residual sample values is derived as

r,=(h; +2°)>>6 with i,j=0.3 (

8.5.13 Sc4dling and transformation process for residual 8x8 blocks

Input to this|

luma compd

component.
NOTE 1

componer]

particular

Outputs of this process are residual sample values as;8X8 array r with elements r;;.

The variable

Otherw
equal t

NOTE 2
componer]

Depending d
If Tran

rij=c

1.

196

If the ipput array c relates to a luma residual block, bitDepth is set equal to BitDepthy and QP is set equal to

g + gy, with j=0.3 (8-354)
i )

g+ g, with j=0.3 (8-355)
] )

21 — &2 with _]:03 (8-356)
20i — £3i, wit =V.. -

by — 2y, with j=0.3 (8-357

m shall not contain data that result in any element h;; of h with i, j = 0..3 that exceeds the range of

process is an 8x8 array ¢ with elements c;; which is eithef an array relating to an 8x8 residual block
nent or, when ChromaArrayType is equal to 3, an array relating to an 8x8 residual block of a

- When separate_colour plane flag is equal to 1, all residual blocks are considered to be associated with t}
t for purposes of the decoding process of each coded Ppicture (prior to the final assignment of the decoded pict
luma or chroma picture array according to the value‘of colour_plane_id).

s bitDepth and qP are derived as follpws.

ise (the input array c relatés t0 a chroma residual block), bitDepth is set equal to BitDepthc and Q]
QP'.

- When separate _colpug\plane flag is equal to 1, all residual blocks are considered to be associated with t]

t for purposes of the"deeoding process of each colour component of a picture.

n the value ofiIransformBypassModeFlag, the following applies.

sformBypassModeFlag is equal to 1, the output r is derived as

. with)f, j=0.7

integer

Juce an

B-358)

of the
throma

e luma
ure to a

P'y.

P is set

e luma

R-359)

Otherwise (TransformBypassModeFlag is equal to 0), the following ordered steps are specified:

The scaling process for residual 8x8 blocks as specified in subclause 8.5.13.1 is invoked with bitDepth, qP,
and ¢ as the inputs and the output is assigned to the 8x8 array d of scaled transform coefficients with

elements dj;.

The transformation process for residual 8x8 blocks as specified in subclause 8.5.13.2 is invoke

d with

bitDepth and d as the inputs and the output is assigned to the 8x8 array r of residual sample values with

elements rj;.
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8.5.13.1 Scaling process for residual 8x8 blocks

Inputs of this process are

—  the variables bitDepth and qP,

—  an 8x8 array ¢ with elements c; which is either an array relating to a residual block of luma component or an array
relating to a residual block of a chroma component.

Output of this process is an 8x8 array of scaled transform coefficients d with elements d;;.

The bitstream shall not contain data that result in any element c;; of ¢ with i, j = 0..7 that exceeds the range of integer
values from —207 PDeP) ¢ 27+ bitDepth) _ 1 “iclysive.

The scaling process for 88 block transform coefficient levels Cy proceeds as follows

—  [fgP is greater than or equal to 36, the scaled result is derived as

d;; = (c; * LevelScale8x8( qP % 6, i, j) ) << (qP / 6 — 6), with i, j = 0..7 (8-360)

—  Ptherwise (qP is less than 36), the scaled result is derived as

d;j = (c;j * LevelScale8x8( qP % 6, i, j) ) + 2 FY®) >> (6 — qP /6), with i, j =0.7 (8-361)

The bitstream shall not contain data that result in any element d;; of d with~iyj = 0..7 that exceeds the rapge of integer
valuep from —207 " PP 4o 27 0D 4 Hnclysive.
8.5.18.2 Transformation process for residual 8x8 blocks

Inputp of this process are
—  the variable bitDepth,

—  pn 8x8 array of scaled transform coefficients d with*elements d;;.

Outpuits of this process are residual sample values as 8x8 array r with elements rj;.

The bitstream shall not contain data that result;in any element d;; of d with i, j = 0..7 that exceeds the rapge of integer
valuep from —207 ¥ PtPePth) ¢ 7+ bitDepth) _ 1 palusive.

The transform process shall convert the block of scaled transform coefficients to a block of output samplds in a manner
math¢matically equivalent to the following.

First,|each (horizontal) row of scaléd transform coefficients is transformed using a one-dimensional inversg transform as
folloys.

— A set of intermediat€ values e;; is derived by

Cio= diO + di4, with 1=0..7 (8-362)
en =5 +dis —diy — (diy >> 1), with 1=0..7 (8-363)
Cp = diO - di4, with 1=0../ (8-364)
€3 = d{] + di7 - di3 - (d{j, >> 1), Wlth l =0..7 (8-365)
ey =(dp>>1)—ds, with i=0.7 (8-360)
Cis = — dil + di7 + diS + (di5 >> 1), Wlth 1 = 07 (8—367)
Cie = diZ + ( diﬁ >> 1 ), Wlth 1 = 07 (8-368)
ei7 = diz + dis + d;; + (diy >> 1), with i=0..7 (8-369)
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— A second set of intermediate results f; is computed from the intermediate values e;; as

fio = eip + eis, With 1=10..7 (8-370)
fii = ey + (e;7>>2), with i=0..7 (8-371)
fip =ep t+ e, with 1=0..7 (8-372)
fis=e; + (e5>>2), with i=0..7 (8-373)
fiy=¢pn — ey, with 1=0..7 (8-374)
fis=(e3>>2)—e;5, with 1=0..7 (8-375)
fis = dio — €56, With 1=0..7 (8-376)
fi; = ¢i7 — (e;; >>2), with i=0..7 (B-377)

—  Then, the transformed result gj; is computed from these intermediate values f;; as

i0 = fo + Li7, with 1=0.. }
gio = Lo + 1 ith i=0..7 (B-378
i1 = 2 tLis, with 1=0.. -
g1 =l t+ 1 ith i=0..7 (B-379
= Fis t 13, with 1=0.. -
go=F4t+ 1 ith i=0..7 (B-380
8i3 = fie T 1i, with 1=0.. }

.o + £y, with i=0..7 ($-381)
84 = fie — Li, with 1=0.. }

.o — £, with i=0..7 ($-382)
gis = fis — 13, with 15 0w -

.o — £, with i=0.7 ($-383)
8is = fio — Iis,_ wath 1=0.. -

., — fis, with i=0..7 (§-384)
g =Eexfa with i=07 (B-385)

Then, each (vertical) column of the resulting matrix is transformed using the same one-dimensional inverse transform as
follows.

— A set of intermediate values h;j is computed from the horizontally transformed value gj; as

hOj = 8oj + 45 with _] =0..7 (8_386)
h2j = 8oj — £4j» with _] =0..7 (8'388)
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hsj =g+ g7 — g3 — (g3i>> 1), with j=0..7 (8-389)
hyy = (g >> 1) — g, with j=0.7 (8-390)
hsj=—gij + g7 + &5 T (g5 >> 1), with j=0..7 (8-391)
hej = g5+ (g6 >> 1), with j=0.7 (8-392)
hy = g5+ gsi + g + (21, >> 1), with j=0.7 (8-393)
— A second set of intermediate results k;; is computed from the intermediate values h;; as
koj = hgj + hej, with j=0..7 (8-394)
kij="hy; + (hy>>2), with j=0..7 (8-395)
koj = hy; + hyj, with j=0.7 (8-396)
ksj = hs; + (hs; >> 2), with j=10..7 (8-397)
ky4j = hy; — hy;, with j=0.7 (8-398)
ksj = (hsj >> 2) — hs;, with j=10..7 (8-399)
ki = ho; — hej, with j=0.7 (8-400)
ks = hy; — (hy; >> 2), with 3=10..7 (8-401)
- Then, the transformed.result m; is computed from these intermediate values kj; as
myg; = koj + kyj, With™j=0..7 (8-402)
my; = ki Hks;, with j=0.7 (8-403)
nhy= kyj + ks, with j=0.7 (8-404)
ms; = ke + kyj, with j=0..7 (8-405)
my; = k¢j — kyj, with j=0..7 (8-406)
ms; = kuj — ks, with j=0..7 (8-407)
mg; = koj — ksj, with j=0..7 (8-408)
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my; = ko — ks, with j=0..7 (8-409)

The bitstream shall not contain data that result in any element e;;, fj;, gi%, h;;, or k;j for i and j in the range of 0..7, inclusive,
that exceeds the range of integer values from —207 PP ¢ 27 FbitDerth) _ 7 Hinclysive.

The bitstream shall not contain data that result in any element my; for i and j in the range of 0..7, inclusive, that exceeds
the range of integer values from —27 " PP o 27 +PIDP) _ 33 nc]ysive.

After performing both the one-dimensional horizontal and the one-dimensional vertical inverse transforms to produce an
array of transformed samples, the final constructed residual sample values are derived as

rj=(m;+2°)>>6 with i,j=0.7 (8-410)

8.5.14 Picture construction process prior to deblocking filter process

Inputs to thi$ process are

— asample array u with elements u;; which is a 16x16 luma block or an (MbWidthC)x(MbHeightC) chroma blgck or a
4x4 luma block or a 4x4 chroma block or an 8x8 luma block or, when ChromaArrayType’is equal to 3, pn 8x8
chromd block,

—  when yis not a 16x16 luma block or an (MbWidthC)x(MbHeightC) chroma block, @ block index luma4x4BlkIdx or
chromd4x4Bl1kIdx or luma8x8BIkIdx or cb4x4BIlklIdx or cr4x4BlkIdx or cb8x8Blkidx or cr8x8BIlkIdx.

The position} of the upper-left luma sample of the current macroblock is deriyed-by invoking the inverse macjoblock
scanning prdcess in subclause 6.4.1 with CurrMbAddr as input and the output:being assigned to ( xP, yP ).

When u is a luma block, for each sample u;; of the luma block, the followifg ordered steps are specified:
1. Depdnding on the size of the block u, the following applies.

— | Ifuis a 16x16 luma block, the position ( xO, yO ) of the upper-left sample of the 16x16 luma blocl inside
the macroblock is set equal to ( 0, 0 ) and the variable nE is set equal to 16.

— | Otherwise, if u is an 4x4 luma block, the position of the upper-left sample of the 4x4 luma block with index
luma4x4BlkIdx inside the macroblock is-detived by invoking the inverse 4x4 luma block scanning process
in subclause 6.4.3 with luma4x4Blkldx-ds 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 index
luma8x8Blkldx inside the macroblock is derived by invoking the inverse 8x8 luma block scanning process
in subclause 6.4.5 with luma8x8Blkldx as the input and the output being assigned to ( xO, yO ), and the
variable nE is set equalito 8.

2. Depdnding 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

S xPEXO +j, yP+2 % (yO+i)]=u; withi,j=0.nE -1 (B-411)

— | Otherwise (MbaffFrameFlag is equal to 0 or the current macroblock is a frame macroblock),

SU[XP+x0+j,yP+yO+i]=u; withi,j=0.nE— 1 (8-412)

When u is a chroma block, for each sample u;; of the chroma block, the following ordered steps are specified:

1. 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.

2. Depending on the size of the block u, the following applies.

— If uis an (MbWidthC)x(MbHeightC) Cb or Cr block, the variable nW is set equal to MbWidthC, the
variable nH is set equal to MbHeightC, and the position (xO, yO) of the upper-left sample of the
(nW)x(nH) Cb or Cr block inside the macroblock is set equal to (0, 0 ).
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Otherwise, if u is a 4x4 Cb or Cr block, the variables nW and nH are set equal to 4 and, depending on the
variable ChromaArrayType, the position of the upper-left sample of a 4x4 Cb or Cr block with index

chroma4x4BlklIdx inside the macroblock is derived as follows.

If ChromaArrayType is equal to 1 or 2, the following applies.

xO = InverseRasterScan( chroma4x4BIkldx, 4, 4, 8, 0)

yO = InverseRasterScan( chroma4x4BIklIdx, 4, 4, 8, 1)

Othervise /{“lwnmo Arras T‘mn is-equalto ’2\ the-position-of-theupper-left comr\]n ofthe
=) TN ) 34 oPP

(8-413)

(8-414)

4x4 Cb block

with 1ndex cb4x4BlkIdx or the 4x4 Cr block with index cr4x4Blkldx inside the macrobl
by invoking the inverse 4x4 Cb or Cr block scanning process in subclause 6.4.4 with' cl
cr4x4Blkldx as the input and the output being assigned to ( xO, yO ).

Otherwise (u is an 8x8 Cb or Cr block when ChromaArrayType is equal to 3), the'variables 1
set equal to 8 and the position of the upper-left sample of the 8x8 Cb blockwith index cb8x
Cr block with index cr8x8BlklIdx inside the macroblock is derived by invoking the inverse
block scanning process in subclause 6.4.6 with cb8x8Blkldx or cr8x8BlkIdx as the input 3
being assigned to ( xO, yO ).

Depending on the variable MbaffFrameFlag and the current macroblocks.the following applies.

If MbaffFrameFlag is equal to 1 and the current macroblockas)a field macroblock

S'c[ (xP / subWidthC ) + xO +j, ( ( yP + SubHeightC <1 ) / SubHeightC ) +2 * (yO +1) ]
withi=0.nH—-1 and j=0.0W—

Otherwise (MbaffFrameFlag is equal to 0 or.the current macroblock is a frame macroblock),

S'c[ ( xP/ subWidthC ) + xO +j, ( yP+«SubHeightC ) + yO +i]=u;
withi=0.nH—1 and j=0.0W —

8.5.1

This
Intra |
The g

b Intra residual transform-bypass'decoding process

process is invoked when TransformBypassModeFlag is equal to 1, the macroblock prediction mo
4x4, Intra_8x8, or Intra_16x16, and the applicable intra prediction mode is equal to the vertical or ho
rocess for the Cb and Cr components is applied in the same way as for the luma (L or Y) component.
Inputf to this process are

fwo variables nW'and nH,
h variable hotPredFlag,

hn (nW)x(nH) array r with elements r; which is either an array relating to a residual transform-bypag

Output.of this process is a modified version of the (nW)x(nH) array r with elements r;; containing the resy

uma component or an array relating to a residual transform-bypass block of the Cb and Cr component.

ock is derived
4x4B1klIdx or

W and nH are
BIklIdx or the
8x8 Cb or Cr
nd the output

= uij

1 (8-415)

(8-416)

e is equal to
Fizontal mode.

s block of the

i1t of the intra

s 1t c 1 1 1
resiauartr dIISTOTIII=D ypdsSs UCCOUIILE PIOCCSS.

f;

Let fbe a temporary (nW)x(nH) array with elements f;;, which are derived by

fij=r; withi=0.nH—-1 and j=0.nW -1

Depending on horPredFlag, the following applies.

If horPredFlag is equal to 0, the modified array r is derived by

i
ru = z ka
k=0

withi=0.nH-1 and j=0.0W -1
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Otherwise (horPredFlag is equal to 1), the modified array r is derived by

withi=0.nH-1 and j=0.0W -1

Decoding process for P macroblocks in SP slices or SI macroblocks

(8-419)

This process is invoked when decoding P macroblock types in an SP slice type or an SI macroblock type in SI slices.

Inputs to thi
macroblock.

Outputs of tl

This subclag
types in SP {

NOTE -
slice codi
reference
identical
bitstream

An SP slice
An SI slice d

The transfor
macroblock

When the cy
equal to 0 fo

8.6.1 SP
This process

Inputs to th
residual tran

Outputs of'tl

This subclal
macroblock

8.6.1.1 Luy

Inputs to thi
prediction rd

s process are the prediction residual transform coefficient levels and the predicted samples for-the

iis process are the decoded samples of the current macroblock prior to the deblocking filterprocess.

se specifies the transform coefficient decoding process and picture construction progc€ss for P mact
lices and SI macroblock type in SI slices.

BP slices make use of Inter predictive coding to exploit temporal redundancy in the sequefice, in a similar man
ng. Unlike P slice coding, however, SP slice coding allows identical reconstruction of a slice even when d
pictures are being used. SI slices make use of spatial prediction, in a similar manner-to I slices. SI slice coding
feconstruction to a corresponding SP slice. The properties of SP and SI slicesvaid in providing functional
kwitching, splicing, random access, fast-forward, fast reverse, and error resiliencé/recovery.

Consists of macroblocks coded either as I macroblock types or P macroblock types.
onsists of macroblocks coded either as I macroblock types ot SI macroblock type.

m coefficient decoding process and picture construction ‘process prior to deblocking filter proces
types in S slices is invoked as specified in subclause 8.5. SI macroblock type is decoded as described

rrent macroblock is coded as P_Skip, all values-of LumaLevel, ChromaDCLevel, ChromaACLevel
r the current macroblock.

decoding process for non-switching pictures
is invoked, when decoding P macroblock types in SP slices in which sp_for switch flag is equal to 0

s process are Inter prediction samples for the current macroblock from subclause 8.4 and the prg
sform coefficient levels.

his process are the decoded samples of the current macroblock prior to the deblocking filter process.

ise applies to all miacroblocks in SP slices in which sp for switch flag is equal to 0, except tho
prediction mode equal to Intra_4x4 or Intra_16x16. It does not apply to SI slices.

ma transform- coefficient decoding process

s process,are Inter prediction luma samples for the current macroblock pred; from subclause 8.4
sidual transform coefficient levels, LumaLevel, and the index of the 4x4 luma block luma4x4BIlkIdx.

The positio

current

oblock

her to P
ifferent

allows
ties for

s for I
below.

are set

diction

e with

ind the

ofithe nppPr-]Pﬁ Qﬂmp]P of the 4x4 Ilnma block with index lnmadx4RBI1kIdx inside the cnrrent macroh

lock 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 varial

by = predL[ X +j, y +1 ] with 1,_] =0..3

The variable

202

ble p be a 4x4 array of prediction samples with element p;; being derived as

p is transformed producing transform coefficients c” according to:
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1 I 1 Ll 1P Poi Pox DPos 12 1 1

o= 2 I -1 -2 «/ P P P P | 1 I -1 -2 (8-421)
I -1 -1 Ll 1Po Pa Pn P I -1 -1 2
I =2 2 —1] |psy P31 P32 P33 I -2 1 -1

The inverse scanning process for 4x4 transform coefficients and scaling lists as specified in subclause 8.5.6 is invoked
with LumaLevel[ luma4x4BlklIdx ] as the input and the two-dimensional array ¢" with elements ¢;;" as the output.

The prediction residual transform coefficients ¢ are scaled using quantisation parameter QPy, and added to the transform
coefficients of the prediction block ¢” with i, j = 0..3 as follows:

¢’ =c;” + (( (¢ * LevelScale4x4( QPy % 6,1, ) * A; ) << (QPy /6))>>10) (8-422)

wher¢ LevelScale4x4( m, i, j ) is specified in Equation 8-317, and where Aj; is specified as

16 for (i,) €{(0,0),(0.2),(2,0), (2.2)},
A;=125 for (i,j)e{(1,1),(1,3),3,1),(3,3)}, (8-423)
20 otherwise;

The flainction LevelScale2( m, i, j ), used in the formulas below, is specificd-as

WmO fOI‘ (1’.]) € {(030), (052), (2’0)9 (2’2)},
LevelScale2(m,i, ) =1 w,, for (i,j)e{(1,1),(33),(3,1).(3.3)}, (8-424)

w otherwise;

m2

wher¢ the first and second subscripts of w are row'and column indices, respectively, of the matrix specified|as

(13107 5243 8066
11916 4660 7490
10082 4194 6554
9362 3647 - 5825
8192 3355 5243
| 7282 (2893 4559

(8-425)

The resultingsum, ¢, is quantised with a quantisation parameter QSy and with i, j = 0..3 as follows:

o ~Sign( ¢;* ) * ((Abs( ¢ ) * LevelScale2( QSy % 6,1,j )+ (1 <<(14+QSy/6)))>>(15+QSy/6))
(8-426)

The scaling and transformation process for residual 4x4 blocks as specified in subclause 8.5.12 is invoked with c as the
input and r as the output.

The 4x4 array u with elements u;; is derived by

u; = Cliply( 1 ) with i, j = 0.3 (8-427)

The picture construction process prior to deblocking filter process in subclause 8.5.14 is invoked with luma4x4BlkIdx
and u as the inputs.
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8.6.1.2 Chroma transform coefficient decoding process

Inputs to this process are Inter prediction chroma samples for the current macroblock from subclause 8.4 and the
prediction residual transform coefficient levels, ChromaDCLevel and ChromaACLevel.

This process is invoked twice: once for the Cb component and once for the Cr component. The component is referred to
by replacing C with Cb for the Cb component and C with Cr for the Cr component. Let iCbCr select the current chroma
component.

For each 4x4 block of the current chroma component indexed using chroma4x4Blkldx with chroma4x4Blkldx equal
to 0..3, the following ordered steps are specified:

1. The position of the upper-left sample of a 4x4 chroma block with index chroma4x4BlkIdx inside the macroblock
is defived as

x F InverseRasterScan( chroma4x4Blkldx, 4,4, 8, 0) (8-428)

y F InverseRasterScan( chroma4x4Blkldx, 4,4, 8, 1) (8-429)

2. Letpbe a 4x4 array of prediction samples with elements p;; being derived as

piF predc[ x+j,y+1i] withi,j=0.3 (B-430)

=t

3. The 4x4 array p is transformed producing transform coefficients c?( chroma4x4BlkIdx ) using Equation 8-421.

4. The yariable chromaList, which is a list of 16 entries, is derived. chromaList[ 0 ] is set equal to 0. chromallist[ k ]
with [index k = 1..15 are specified as follows:

chromalList[ k ] = ChromaACLevel[ iCbCr ][ chroma4x4BIkldx [[ k—1 ] (B-431)

5. The |nverse scanning process for 4x4 transform coefficients and scaling lists as specified in subclause $.5.6 is
invoked with chromalList as the input and the 4x4.array ¢" as the output.

6. The prediction residual transform coefficient$~¢' are scaled using quantisation parameter QPC, and added to the
transform coefficients of the prediction blogk c¢® with i, j = 0..3 except for the combination i = 0, j = 0 as folllows:

¢;j|= ¢;i"( chroma4x4BIklIdx ) + (-((¢;" * LevelScale4x4( QPc % 6,1,j) * Aj ) <<(QPc/6))>>10) (B-432)

7. The [resulting sum, c°, is quantised with a quantisation parameter QSc and with i, j = 0..3 except [for the
combination i = 0, j =(0yas follows. The derivation of cyy( chroma4x4Blkldx ) is described below |in this
subclause.

¢;j| chroma4x4Blkldx ) = ( Sign( ¢;° ) * ( Abs( ¢;* ) * LevelScale2( QSc % 6,1,j ) +

(1<<(14+QSc/6))))>>(15+QSc/6) (8-433)

8. The $ealing and transformation process for residual 4x4 blocks as specified in subclause 8.5.12 is invok¢d with
c¢( chrommaxaBikidx ) asthe mputand Tas the owput;

9. The 4x4 array u with elements u;; is derived by

u; = Cllplc( Tj ) with l,_] =0.3 (8-434)

10. The picture construction process prior to deblocking filter process in subclause 8.5.14 is invoked with
chroma4x4BlkIdx and u as the inputs.

The derivation of the DC transform coefficient level co( chroma4x4Blkldx ) is specified as follows. The DC transform
coefficients of the 4 prediction chroma 4x4 blocks of the current component of the macroblock are assembled into a 2x2
matrix with elements cy,"(chroma4x4BlkIdx) and a 2x2 transform is applied to the DC transform coefficients as follows:
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(8-435)

The chroma DC prediction residual transform coefficient levels, ChromaDCLevel[ iCbCr ][ k ] with k =0..3 are scaled

using

quantisation parameter QP, and added to the prediction DC transform coefficients as follows:

dc;® = de;® + ((( ChromaDCLevel[ iCbCr ][ j * 2 +1i ] * LevelScale4x4( QPc % 6, 0,0) * Ay ) << (QPc/6))
>>0 )

The 2

Scalij

8.6.2

This
when|

Input
predg

8.6.2

Input
Lums

The
Equa

withi,j=0, 1

(8-436)

er-0OS —as follows:
s WS

;" = ( Sign( dc;* ) * ( Abs( dc;* ) * LevelScale2( QSc % 6, 0,0) + (1 <<(15+QSc/6)))) >=(16
with 1, j=0,)1
x2 array f with elements f; and i, j = 0..1 is derived as
- 1 1 >kdcgo dey, *1 1
1 1] |dc,, dc, 1 -1

ng of the elements fj; of fis performed as follows:

00(j *2+1)=((f;* LevelScaled4x4( QSc % 6,0,0) ) << (QS/ 6 ) ) >>5 withi, j=0, 1

SP and SI slice decoding process for switching pictures

brocess is invoked, when decoding P macroblock types in SP slices in which sp for switch flag is
decoding SI macroblock type in SI slices.

5 to this process are the prediction residual*transform coefficient levels and the prediction sample
L, and predc, for the current macroblock.

1 Luma transform coefficient decoding process

5 to this process are predictionluma samples pred; and the luma prediction residual transform coe
Level.

x4 array p with elements p; with i, j = 0..3 is derived as in subclause 8.6.1.1, is transformed
ion 8-421 to produce transform coefficients cP. These transform coefficients are then quanti

quanfisation parameter ‘QSy, as follows:

The 1

¢;i” = Sign(<;” ) * ((Abs( ¢’ ) * LevelScale2( QSy % 6,1,j )+ (1 <<(14+QSy/6)))>>(15+
with1i,j=0.3

nverse scanning process for 4x4 transform coefficients and scaling lists as specified in subclause 8.

+QSc/6)
(8-437)

(8-438)

(8-439)

bqual to 1 and

arrays predp,

ficient levels,

according to
sed with the

RSy /6) )
(8-440)

b.6 is invoked

with LumaLevel[ luma4x4BlkIdx ] as the input and the two-dimensional array ¢" with elements ¢;;" as the output.

The 4x4 array ¢ with elements c¢;; with i, j = 0..3 is derived by

cj=cif +¢; withi,j=0.3

(8-441)

The scaling and transformation process for residual 4x4 blocks as specified in subclause 8.5.12 is invoked with ¢ as the

input

and r as the output.

The 4x4 array u with elements v is derived by

© IS0

u;; = Cliply( 1) withi,j=0..3

/IEC 2009 — All rights reserved

(8-442)

205


https://iecnorm.com/api/?name=92f5e1be16847efa8d09b895b0af51ed

ISO/IEC 14496-10:2009(E)

The picture construction process prior to deblocking filter process in subclause 8.5.14 is invoked with luma4x4BlkIdx
and u as the inputs.

8.6.2.2 Chroma transform coefficient decoding process

Inputs to this process are predicted chroma samples for the current macroblock from subclause 8.4 and the prediction
residual transform coefficient levels, ChromaDCLevel and ChromaACLevel.

This process is invoked twice: once for the Cb component and once for the Cr component. The component is referred to
by replacing C with Cb for the Cb component and C with Cr for the Cr component. Let iCbCr select the current chroma
component.

For each 4x4 block of the current chroma component indexed using chroma4x4Blkldx with chroma4x4Blkldx equal
to 0..3, the fpllowing ordered steps are specified:

1. The #x4 array p with elements p; with i, j = 0..3 is derived as in subclause 8.6.1.2, is transformed according to
Equation 8-421 to produce transform coefficients c¢”( chroma4x4BIlkIdx ). These transform coefficients afe then
quanfised with the quantisation parameter QS¢, with i, j = 0..3 except for the combination i =10,y = 0 as fpllows.
The processing of cy”( chroma4x4BIkIdx ) is described below in this subclause.

¢;j]= ( Sign( ¢;?( chroma4x4BIkldx ) ) * ( Abs( ¢;’( chroma4x4BlkIdx ) ) *

LevelScale2( QSc % 6,1, )+ (1<<(14+QSc/6))))>> (15 +QSc/6) (B-443)

2.  The yariable chromaList, which is a list of 16 entries, is derived. chromaList[,0 ] is set equal to 0. chromallist[ k ]
with [index k = 1..15 are specified as follows:

chromalList[ k ] = ChromaACLevel[ iCbCr ][ chroma4x4Blkldx, [[&)—~ 1 ] (B-444)

3. The |nverse scanning process for 4x4 transform coefficients<and scaling lists as specified in subclause §.5.6 is
involted with chromaList as the input and the two-dimensional array c'( chroma4x4BlkIdx ) with elements
¢;j' ( dhroma4x4BlkIdx ) as the output.

4. The Px4 array c( chroma4x4Blkldx ) with elements c;( chroma4x4Blkldx ) with i, j = 0..3 except for the
combination i =0, j = 0 is derived as follows. Th& derivation of cyy( chroma4x4Blkldx ) is described below

¢;j| chroma4x4BIlkIdx ) = ¢;'( chroma4x4BlkIdx ) + c;* (R-445)

5. The $caling and transformation precess for residual 4x4 blocks as specified in subclause 8.5.12 is invok¢d with
c( chroma4x4BIlkIdx ) as the input-and r as the output.

6. The 4x4 array u with eleménts*u; is derived by

£

il Cliple( ;) withilj=0.3 (B-446)

7. The [picture .€onstruction process prior to deblocking filter process in subclause 8.5.14 is invokefl with
chrofma4x4BlklIdx and u as the inputs.

The derivatipn ¢f'the DC transform coefficient level cyo( chroma4x4BlkIdx ) is specified as follows. The DC trapsform
coefficients of the 2 prediction 4x4 chroma biocks of The CUITent COMPONENt Of e MAacrobiock; Cop ¢ chromagxdBlkIdx ),
are assembled into a 2x2 matrix, and a 2x2 transform is applied to the DC transform coefficients of these blocks
according to Equation 8-435 resulting in DC transform coefficients dc;".

These DC transform coefficients are then quantised with the quantisation parameter QSc, as given by
de;” = ( Sign(dc;” ) * (Abs( dc;” ) * LevelScale2( QSc %6, 0,0)+ (1 <<(15+QSc/6))))>>
(16 +QSc/6) withi,j=0, 1 (8-447)
The parsed chroma DC prediction residual transform coefficients, ChromaDCLevel[ iCbCr ][ k ] with k =0..3 are added

to these quantised DC transform coefficients of the prediction block, as given by

dc;" = dc;;" + ChromaDCLevel[ iCbCr ][ j *2+1i] withi,j=0, 1 (8-448)
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The 2x2 array f with elements fj; and i, j = 0..1 is derived using Equation 8-438.

The 2x2 array f with elements fj; and i, j = 0..1 is copied as follows:

8.7

Coo(j*2+i)=1; withi,j=0, 1

Deblocking filter process

10:2009(E)

(8-449)

A conditional filtering process is specified in this subclause that is an integral part of the decoding process which shall be
applied by decoders conforming to the Baseline, Extended, Main, High, High 10, High 4:2:2, and High 4:4:4 Predictive
profiles. For decoders conforming to the High 10 Intra, High 4:2:2 Intra, High 4:4:4 Intra, and CAVLC 4:4:4 Intra

pro

The tonditional filtering process is applied to all NxN (where N=4 or N=28 for luma, N =4&\for
ChromaArrayType is equal to 1 or 2, and N =4 or N = 8 for chroma when ChromaArrayType is.equal to ]
of a flicture, except edges at the boundary of the picture and any edges for which the deblocking filter proc
by disable deblocking filter idc, as specified below. This filtering process is performed omnja macroblock
complletion of the picture construction process prior to deblocking filter process (as spegified in subclause

for

The d
comp
throu
filters
macr
chron

When interpreting the edges in Figure 8-10 as;luma edges, depending on the transform size 8x8 flag,

app

Whet

files, the filtering process specified in this subclause, or one similar to it, should be applied but is not xeg

t

NPTE 1 — Prior to the operation of the deblocking filter process for each macroblock, the deblocked samples of thd
mhpcroblock pair above (if any) and the macroblock or macroblock pair to the left (if‘any) of the current macrob
aviailable because the deblocking filter process is performed after the completion ‘et the picture construction
ddblocking filter process for the entire decoded picture. However, for purposes 0f determining which edges are to
dipable deblocking_filter idc is equal to 2, macroblocks in different slices.dre)considered not available during sy
the operation of the deblocking filter process.

entire decoded picture, with all macroblocks in a picture processed in order of increasing macroblocl

eblocking filter process is invoked for the luma and chroma{components separately. For each macrob
onent, vertical edges are filtered first, starting with the.édge on the left-hand side of the macroblo
ph the edges towards the right-hand side of the macroblo€k in their geometrical order, and then horizg
d, starting with the edge on the top of the macroblogk proceeding through the edges towards the
block in their geometrical order. Figure 8-10 shows edges of a macroblock which can be interpref]
ha edges.

ligs.
[f transform_size 8x8 flag is equakta)0, both types, the solid bold and dashed bold luma edges are filf

Dtherwise (transform_size 8x8flag is equal to 1), only the solid bold luma edges are filtered.

interpreting the edges in Figure 8-10 as chroma edges, depending on ChromaArrayType, the followir
[f ChromaArrayType is equal to 1 (4:2:0 format), only the solid bold chroma edges are filtered.

Dtherwise, if ChremaArrayType is equal to 2 (4:2:2 format), the solid bold vertical chroma edges a
both types, the solid'bold and dashed bold horizontal chroma edges are filtered.

Dtherwise, ifChromaArrayType is equal to 3 (4:4:4 format), the following applies.

Iftranisform_size 8x8 flag is equal to 0, both types, the solid bold and dashed bold chroma edgg

Otherwise (transform_size 8x8 flag is equal to 1), only the solid bold chroma edges are filtered

uired.

chroma when
) block edges
ess 1s disabled
basis after the
s 8.5 and 8.6)
k addresses.
macroblock or
ock are always
rocess prior to
e filtered when
ecified steps of

lock and each
ck proceeding
ntal edges are
bottom of the
ed as luma or

the following

ered.

g applies.

re filtered and

s are filtered.

1 : pri A =) : 3 o 1 3 £ 3
UICTWISC (VIHNUIIAAITAY 1 yPC IS C(uUdl 10 U), 110 CIITOIIld CUZCS daIC 1ICITU.
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For the curfent macroblock address CurrMbAddr proceeding over values 0..PicSizeInMbs — 1, the following
steps are spe

1.

2.

208

Horizontal Edges

bt

The
assig]

The
derivi

a.

f 44

| Vertical Eages |

Figure 8-10 — Boundaries in a macroblock to be filtered

cified:

Herivation process for neighbouring macroblocks specified in subclause6.4.10.1 is invoked and the o
ned to mbAddrA and mbAddrB.

yariables fieldMbInFrameFlag, filterInternalEdgesFlag, filterLeftMbEdgeFlag and filterTopMbEdgeH
ed as specified by the following ordered steps:

The variable fieldMbInFrameFlag is derived as follows.

—  If MbaffFrameFlag is equal to 1 and mb_field decoding flag is equal to 1, fieldMbInFrame|
set equal to 1.

—  Otherwise (MbaffFrameFlag is -equal to 0 or mb field decoding flag is equal
fieldMbInFrameFlag is set equal to-0.

The variable filterInternalEdgesFlag.is derived as follows.

— Ifdisable deblocking. filter idc for the slice that contains the macroblock CurrMbAddr is equ
the variable filterIntérnalEdgesFlag is set equal to 0.

—  Otherwise (disable deblocking filter idc for the slice that contains the macroblock CurrMb/
not equal to (1)) the variable filterInternalEdgesFlag is set equal to 1.

The variable filterLeftMbEdgeFlag is derived as follows.
—  If any of 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

rdered

htput is

lag are

Flag is

to 0),

al to 1,

Addr is

—  disable deblocking filter idc for the slice that contains the macroblock CurrMbAddr is equal

to1,

—  disable deblocking filter idc for the slice that contains the macroblock CurrMbAddr is equal

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.
—  Ifany 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,

© ISO/IEC 2009 — All rights r
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MbaffFrameFlag is equal to 1, ( CurrMbAddr >> 1) is less than PicWidthIn
macroblock CurrMbAddr is a field macroblock,

macroblock CurrMbAddr is a frame macroblock, and CurrMbAddr % 2 is equal t

tol,

to 2 and the macroblock mbAddrB is not available.

Otherwise, the variable filterTopMbEdgeFlag is set equal to 1.

10:2009(E)

Mbs, and the

MbaffFrameFlag is equal to 1, (CurrMbAddr>>1) is less than PicWidthInMbs, the

00,

disable deblocking_filter idc for the slice that contains the macroblock CurrMbAddr is equal

disable deblocking_filter idc for the slice that contains the macroblock CurrMbAddr is equal

Given

a.

the  variables  fieldMbInFrameFlag, filterInternalEdgesFlag,  filterLeftMbEd

filterTopMbEdgeFlag the deblocking filtering is controlled as follows.

When filterLeftMbEdgeFlag is equal to 1, the left vertical luma edge is filtered (by-invokir
specified in subclause 8.7.1 with chromaEdgeFlag = 0, vertical
fieldModeInFrameFilteringFlag = fieldMbInFrameFlag, and (xEy, yEy) = (0,/k)with k=0..15
and S', as the output.

When filterInternalEdgesFlag is equal to 1, the filtering of the internal vertical luma edges i

the following ordered steps:

i.  When transform_size 8x8 flag is equal to 0, the process specified in subclause 8.7.1 i
chromaEdgeFlag = 0, verticalEdgeFlag =1, fieldModelnFrameFilteringFlag = fieldM}
and (xEy, yEy) = (4, k) with k = 0..15 as the inputs dnd*S'; as the output.

ii.
fieldModeInFrameFilteringFlag = fieldMblnErameFlag, and (xEy, yEy) = (8, k) with k
inputs and S'; as the output.

iii. When transform_size 8x8 flag is equal’to 0, the process specified in subclause 8.7.1 i

chromaEdgeFlag = 0, verticalEdgeFlag =1, fieldModelnFrameFilteringFlag = fieldM}

and (xEy, yEy) = (12, k) with k =0..15 as the inputs and S', as the output.

When filterTopMbEdgeFlag isiequal to 1, the filtering of the top horizontal luma edge i
follows.

If MbaffFrameFlag\is equal to 1, (CurrMbAddr % 2) is equal to 0, CurrMbAddr is g
equal to 2 * PicWidthInMbs, the macroblock CurrMbAddr is a frame macroblock, and t}
(CurrMbAddr<2 * PicWidthInMbs + 1) is a field macroblock, the following orde
specified:

The process specified in subclause 8.7.1 is invoked with
verticalEdgeFlag = 0, fieldModelnFrameFilteringFlag = 1, and (xEy, yEy) = (k, 0)
as the inputs and S'; as the output.

ii. The process specified in subclause 8.7.1 is invoked with
verticalEdgeFlag = 0, fieldModelnFrameFilteringFlag = 1, and (xEy, yEy) = (k, 1)
as the inputs and S'; as the output.

1.

beFlag  and

g the process
[EdgeFlag =1,
as the inputs

s specified by

invoked with
InFrameFlag,

The process specified in subclause 8.7.1 is inveked with chromaEdgeFlag = 0, verticalEdgeFlag = 1,

=0..15 as the

invoked with
InFrameFlag,

5 specified as

reater than or
e macroblock
red steps are

chromalEdgeFlag = 0,

with k =0..15

chromalEdgeFlag = 0,

with k =0..15

© ISO/IEC 2009 — Al rights reserved

Otherwise, he process Sspecilied 1  subcClause  &./7.1

1S invoked with chromaEdgeFlag =0,

verticalEdgeFlag = 0, fieldModelnFrameFilteringFlag = fieldMbInFrameFlag, and (xEy, yEy) = (k, 0)

with k= 0..15 as the inputs and S', as the output.

When filterInternalEdgesFlag is equal to 1, the filtering of the internal horizontal luma edges is specified by

the following ordered steps:

1.

il.

When transform_size 8x8 flag is equal to 0, the process specified in subclause 8.7.1 is invoked with
chromaEdgeFlag = 0, verticalEdgeFlag =0, fieldModelnFrameFilteringFlag = fieldMbInFrameFlag,
and (xEy, yEy) = (k, 4) with k = 0..15 as the inputs and S' as the output.

The process specified in subclause 8.7.1 is invoked with chromaEdgeFlag = 0, verticalEdgeFlag = 0,
fieldModeInFrameFilteringFlag = fieldMbInFrameFlag, and (xEy, yEy) = (k, 8) with k=0..15 as the
inputs and S'f as the output.
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iii. When transform_size 8x8 flag is equal to 0, the process specified in subclause 8.7.1 is invoked with
chromaEdgeFlag = 0, verticalEdgeFlag =0, fieldModelnFrameFilteringFlag = fieldMbInFrameFlag,
and (xEy, yEy) = (k, 12) with k = 0..15 as the inputs and S', as the output.

e. When ChromaArrayType is not equal to 0, for the filtering of both chroma components, with iCbCr = 0 for
Cb and iCbCr = 1 for Cr, the following ordered steps are specified:

i.  When filterLeftMbEdgeFlag is equal to 1, the left vertical chroma edge is filtered by invoking the
process specified in subclause 8.7.1 with chromaEdgeFlag=1, iCbCr, verticalEdgeFlag=1,
fieldModeInFrameFilteringFlag = fieldMbInFrameFlag, and (xEy, yEy) = (0, k) with
k =0..MbHeightC — 1 as the inputs and S'c with C being replaced by Cb for iCbCr =0 and C being
replaced by Cr for iCbCr = 1 as the output.

ii. When filterInternalEdgesFlag is equal to 1, the filtering of the internal vertical chromaygdge is
specified by the following ordered steps:

(1) When ChromaArrayType is not equal to 3 or transform size 8x8 flag is equal~to 0, the process
specified in subclause 8.7.1 is invoked with chromaEdgeFlag = 1, iCbCr, verticalEdgeFlag = 1,
fieldModeInFrameFilteringFlag = fieldMbInFrameFlag, and (XEiYEK) = (4, k) with
k =0..MbHeightC — 1 as the inputs and S'c with C being replaced by|Cb for iCbCr = 0|and C
being replaced by Cr for iCbCr = 1 as the output.

(2) When ChromaArrayType is equal to 3, the process specified in'subclause 8.7.1 is invok¢d with
chromaEdgeFlag =1, iCbCr, verticalEdgeFlag = 1, fieldModeInFrameFilteringFlag =
fieldMbInFrameFlag, and (xEj, yEy) = (8, k) with k = 0..MbHeightC — 1 as the inputs gnd S'c
with C being replaced by Cb for iCbCr=0 and C being replaced by Cr for iCbCr = 1| as the
output.

(3) When ChromaArrayType is equal to 3 and transform size 8x8 flag is equal to 0, the process
specified in subclause 8.7.1 is invoked with'chromaEdgeFlag =1, iCbCr, verticalEdgeFlag = 1,
fieldModeInFrameFilteringFlag = fieldMblnFrameFlag, and (xEx, YEy) = (12, k) with
k =0..MbHeightC — 1 as the inputs an&S/c with C being replaced by Cb for iCbCr = 0|and C
being replaced by Cr for iCbCr = 1 as(the output.

iii. When filterTopMbEdgeFlag is equal to 1, the filtering of the top horizontal chroma edge is secified
as follows.

or equal to 2 * PicWidthInMbs, the macroblock CurrMbAddr is a frame macroblock, gnd the
macroblock (CurtMbAddr — 2 * PicWidthInMbs + 1) is a field macroblock, the following
ordered steps afe specified:

—  If MbaffFrameFlag is equal to 1, (CurrMbAddr % 2) is equal to 0, CurrMbAddr is grea{r than

(1) The process specified in subclause 8.7.1 is invoked with chromaEdgeFlag =1, |iCbCer,
verticalEdgeFlag = 0, fieldModeInFrameFilteringFlag =1, and (xEy, yEy) =(k, 0) with
K=0..MbWidthC — 1 as the inputs and S'c with C being replaced by Cb for iCbCr ¥ 0 and
C being replaced by Cr for iCbCr = 1 as the output.

(2) The process specified in subclause 8.7.1 is invoked with chromaEdgeFlag =1, [iCbCer,
verticalEdgeFlag = 0, fieldModelnFrameFilteringFlag=1, and (xEy, yEy) =(k, 1) with
k =0..MbWidthC — 1 as the inputs and S'c with C being replaced by Cb for iCbCr 0 and
C being replaced by Cr for iCbCr = 1 as the output.

—  Otherwise, the process specified in subclause 8.7.1 is invoked with chromaEdgeFlag = 1, iCbCer,
verticalEdgeFlag = 0, fieldModeInFrameFilteringFlag = fieldMbInFrameFlag, and
(xEy, YEi) = (k, 0) with k = 0.MbWidthC — 1 as the inputs and S'c with C being replaced by Cb
for iCbCr = 0 and C being replaced by Cr for iCbCr = 1 as the output.

iv. When filterInternalEdgesFlag is equal to 1, the filtering of the internal horizontal chroma edge is
specified by the following ordered steps:

(1) When ChromaArrayType is not equal to 3 or transform size 8x8 flag is equal to 0, the process
specified in subclause 8.7.1 is invoked with chromaEdgeFlag = 1, iCbCr, verticalEdgeFlag = 0,
fieldModeInFrameFilteringFlag = fieldMbInFrameFlag, and  (xE,, yEx)=(k, 4) with
k =0..MbWidthC — 1 as the inputs and S'c with C being replaced by Cb for iCbCr=0 and C
being replaced by Cr for iCbCr = 1 as the output.
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(2) When ChromaArrayType is not equal to 1, the process specified in subclause 8.7.1 is invoked
with chromaEdgeFlag=1, iCbCr, verticalEdgeFlag=0, fieldModelnFrameFilteringFlag=
fieldMbInFrameFlag, and (XEy, YEy) = (k, 8) with k = 0.MbWidthC — 1 as the inputs and S'c with
C being replaced by Cb for iCbCr = 0 and C being replaced by Cr for iCbCr = 1 as the output.

(3) When ChromaArrayType is equal to 2, the process specified in subclause 8.7.1 is invoked with
chromaEdgeFlag =1, iCbCr, verticalEdgeFlag = 0, fieldModeInFrameFilteringFlag =
fieldMbInFrameFlag, and (xEj, yEi) = (k, 12) with k = 0..MbWidthC — 1 as the inputs and S'c
with C being replaced by Cb for iCbCr=0 and C being replaced by Cr for iCbCr=1 as the

output.

(4) When ChromaArrayType is equal to 3 and transform size 8x8 flag is equal to 0, the process

——specificd T subctause 87 s mvoked-with chromaEdgeftag =1, 17€bCr;verticaiE dgeFlag = 0,
fieldModeInFrameFilteringFlag = fieldMbInFrameFlag, and (xE,, yE\) =({g)| 12) with

k =0..MbWidthC — 1 as the inputs and S'c with C being replaced by Cb.foriCh
being replaced by Cr for iCbCr = 1 as the output.
NOTE 2 — When field mode filtering (fieldModelnFrameFilteringFlag is equal to™)~1s applied

horizontal edges of a frame macroblock, this vertical filtering across the top or béttom macrobloch
involve some samples that extend across an internal block edge that is also filtered internally in fra

NOTE 3 — For example, in 4:2:0 chroma format when transform_size, 8%8_ flag is equal to ()
applies. 3 horizontal luma edges, 1 horizontal chroma edge for Cb, .and™ horizontal chroma {
filtered that are internal to a macroblock. When field mode filtering (fieldModelnFrameFilteringFl
is applied to the top edges of a frame macroblock, 2 horizontal lutha; 2 horizontal chroma edge
horizontal chroma edges for Cr between the frame macroblock™and the above macroblock pair aj
field mode filtering, for a total of up to 5 horizontal luma-edges, 3 horizontal chroma edges
horizontal chroma edges for Cr filtered that are considered tebe controlled by the frame macrobl
cases, at most 4 horizontal luma, 2 horizontal chroma edges for Cb, and 2 horizontal chroma e
filtered that are considered to be controlled by a partiCular macroblock.

Depepding on separate colour plane flag the following appli€s.

[f separate colour plane flag is equal to 0, the arrays\S't, S'cy, S'c; are assigned to the arrays Sy, S
Fepresent the decoded picture), respectively.

Dtherwise (separate_colour plane flag is equal'to 1), the following applies.

of the decoded picture).

Otherwise, if colour plane id 1s-equal to 1, the arrays S'| is assigned to the array Sc, (which rep
component of the decoded picture).

Otherwise (colour plane/id is equal to 2), the arrays S'. is assigned to the array Sc, (which rep
component of the decoded picture).

8.7.1| Filtering proeess-for block edges

Input
vertid
exprd
repre
imme

K to this process,are chromaEdgeFlag, the chroma component index iCbCr (when chromaEdgeFlag
alEdgeFlag,{fieldModeInFrameFilteringFlag, and a set of nE sample locations (xE, yEy), with
ssed relative to the upper left corner of the macroblock CurrMbAddr. The set of sample locati
sent thevsample locations immediately to the right of a vertical edge (when verticalEdgeFlag is
diately below a horizontal edge (when verticalEdgeFlag is equal to 0).

Cr=0 and C

across the top
boundary may
me mode.

the following
dge for Cr are
ho is equal to 1)
5 for Cb, and 2
e filtered using
for Cb, and 3
ck. In all other
dges for Cr are

Cbs SCr (Wthh

If colour plane id is equal to 0, the artays S'f is assigned to the array S; (which represent the lujna component

resents the Cb

resents the Cr

is equal to 1),
k=0.nE -1,
ns (XEy, YEy)
bqual to 1) or

The variable nE is derived as follows.

If chromaEdgeFlag is equal to 0, nE is set equal to 16.

Otherwise  (chromaEdgeFlag to 1),
MbHeightC : MbWidthC.

- is nE is set to

equal equal

Let s' be a variable specifying a luma or chroma sample array. s' is derived as follows.

If chromaEdgeFlag is equal to 0, s' represents the luma sample array S'; of the current picture.

the chroma component Cb of the current picture.

chroma component Cr of the current picture.

© ISO/IEC 2009 — Al rights reserved

(verticalEdgeFlag == 1)?

Otherwise, if chromaEdgeFlag is equal to 1 and iCbCr is equal to 0, s' represents the chroma sample array S'cy, of

Otherwise (chromaEdgeFlag is equal to 1 and iCbCr is equal to 1), s' represents the chroma sample array S'c; of the
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The variable

dy is set equal to (1 + fieldModelnFrameFilteringFlag).

The position of the upper-left luma sample of the macroblock CurrMbAddr is derived by invoking the inverse
macroblock scanning process in subclause 6.4.1 with mbAddr = CurrMbAddr as input and the output being assigned to

(xL, yI).

The variables xP and yP are derived as follows.

—  If chromaEdgeFlag is equal to 0, xP is set equal to xI and yP is set equal to yI.

—  Otherwise (chromaEdgeFlag is equal to 1), xP is set equal to xI / SubWidthC and yP is set equal to
(yI + SubHeightC — 1) / SubHeightC.

b3 | %) b1 Po Qo Qi Q2 q3

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 ordered steps are\speCified:

1. The filtering process is applied to a set of eight samples across a 4x4 bloCk Horizontal or vertical edge denpted as
pi anfl q; with i = 0..3 as shown in Figure 8-11 with the edge lying between p, and qo. p; and q; with i = (..3 are
specified as follows.

—  [If verticalEdgeFlag is equal to 1,
qi =S xP + xEx +1, yP + dy * yE, ] (8-450)
pi=s[xP+xE,—i—1,yP+dy * yE, ] (B-451)
—  Otherwise (verticalEdgeFlag is equal-to 0),
qi = S[xP+XxE, yP+dy * (yBi+1) — (yEx % 2) ] (-452)
pi = STXP +xEy, yPAdy * (yE, i~ 1)~ (yE,%2) ] (B-453)

2. The process specified in’subclause 8.7.2 is invoked with the sample values p; and q; (i = 0..3), chromaEdgeFlag,
and verticalEdgeFlag as the inputs, and the output is assigned to the filtered result sample values p'; and {'; with
i=0J.2.

3. The Input/sample values p; and g; with i = 0..2 are replaced by the corresponding filtered result sample vallues p';

and (

“with1 = 0..2 inside the sample array s' as follows.

—  IfverticalEdgeFlag is equal to 1,

s xP +xE, +1, yP +dy * yE, ] =¢ (8-454)

s[xP+xE,—i—1, yP +dy * yE, ] =p} (8-455)

—  Otherwise (verticalEdgeFlag is equal to 0),

212

S[xP+xE,, yP+dy * (yEx+1) = (yEc % 2) ] =1 (8-456)

S[xP+xEy, yP+dy * (yEx—1—1)—(yEx%2)]=p} (8-457)
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8.7.2  Filtering process for a set of samples across a horizontal or vertical block edge

10:2009(E)

Inputs 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 across an

edge that is to be filtered, chromaEdgeFlag, and verticalEdgeFlag.
Outputs of this process are the filtered result sample values p'; and q'; with i in the range of 0..2.
The content dependent boundary filtering strength variable bS is derived as follows.

—  If chromaEdgeFlag is equal to 0, the derivation process for the content dependent boundary filt

ering strength

specified in subclause 8.7.2.1 is invoked with py, qo, and verticalEdgeFlag as input, and the output is assigned to bS.

- Otherw1$e (chromaEdgeFlag is equal to 1), the bS used for ﬁlterlng a set of samples of a horlzontal or vertical

espectlvely, that contalns the luma sample at locatlon ( SuledthC * X, SubHelghtC *y) 1n51de the
he same field, where ( x, y ) is the location of the chroma sample q, inside the chroma array forthat fi

igal luma edge,

luma array of
eld.

Let filterOffsetA and filterOffsetB be the values of FilterOffsetA and FilterOffsetB as specified instibclauge 7.4.3 for the

slice that contains the macroblock containing sample .

Let qP, and gP, be variables specifying quantisation parameter values for the macroblocks-containing the samples p, and

qo, reppectively. The variables qP, (with z being replaced by p or q) are derived as follows.
- f chromaEdgeFlag is equal to 0, the following applies.
+  Ifthe macroblock containing the sample z, is an I PCM macroblogck;, gP, is set to 0.

+  Otherwise (the macroblock containing the sample z, is not anJPCM macroblock), qP, is set t
QPy of the macroblock containing the sample z.

—  Dtherwise (chromaEdgeFlag is equal to 1), the following applies.

+  Otherwise (the macroblock containing the sample z, is not an I PCM macroblock), qP, is set equ|
of QP that corresponds to the value QPy of the macroblock containing the sample z, a
subclause 8.5.8.

The grocess specified in subclause 8.7.2.2 is‘invoked with py, qo, p1, q1, chromaEdgeFlag, bS, filterOffsetA.
qP,, and qP, as inputs, and the outputs areassigned to filterSamplesFlag, indexA, o, and .

The variable chromaStyleFilteringFlag'is set by

chromaStyleFilteringElag,= chromaEdgeFlag && ( ChromaArrayType != 3)

Depehding on the variablg filterSamplesFlag, the following applies.
- f filterSamplesFlag is equal to 1, the following applies.

+ If_bS-is less than 4, the process specified in subclause 8.7.2.3 is invoked with p; and
¢hromaEdgeFlag, chromaStyleFilteringFlag, bS, B, and indexA given as input, and the output is
and q'; (1= 0..2).

b the value of

+  If the macroblock containing the sample z, is an I RCM macroblock, qP, is set equal to the valge of QP that

corresponds to a value of 0 for QPy as specified insubclause 8.5.8.
al to the value

specified in

filterOffsetB,

(8-458)

a 1 = 0.2),
assigned to p';

—  Otherwise (bS is equal to 4), the process specified in subclause 8.7.2.4 is invoked with p; and g; (i = 0..3),
chromaEdgeFlag, chromaStyleFilteringFlag, a, and B given as input, and the output is assigned to p'; and q';

(1=0.2).
—  Otherwise (filterSamplesFlag is equal to 0), the filtered result samples p'; and q'; (i = 0..2) are re
corresponding input samples p; and q;:

fori=0..2, p'i = Dpi

fori= 02, q'i =i

© ISO/IEC 2009 — Al rights reserved
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8.7.2.1 Derivation process for the luma content dependent boundary filtering strength

Inputs to this process are the input sample values p, and q, of a single set of samples across an edge that is to be filtered
and verticalEdgeFlag.

Output of this process is the variable bS.

Let the varia

ble mixedModeEdgeFlag be derived as follows.

—  If MbaffFrameFlag is equal to 1 and the samples py and q, are in different macroblock pairs, one of which is a field
macroblock pair and the other is a frame macroblock pair, mixedModeEdgeFlag is set equal to 1.

—  Otherwise, mixedModeEdgeFlag is set equal to 0.

The variable

— Iftheb
the outj

—  thd

md

—  thq

md

- M
bo|

- M
bo|

—  Otherw|

—  mi

Infra macroblock prediction mode,

— mi
wi

—  mi

in

— mi

in

—  Otherwj

—  tra
bl
ley

—  trg
bl
ley

bS is derived as follows.

ock edge is also a macroblock edge and any of the following conditions are true, a value of bS equal
ut:

samples po and qo are both in frame macroblocks and either or both of the samples' p, or q
croblock coded using an Intra macroblock prediction mode,

samples py and qo are both in frame macroblocks and either or both of the’samples p, or qq
croblock that is in a slice with slice type equal to SP or SI,

paffFrameFlag is equal to 1 or field pic flag is equal to 1, and verticalEdgeFlag is equal to 1, and e
th of the samples p, or gy is in a macroblock coded using an Intra macroblock prediction mode,

baffFrameFlag is equal to 1 or field pic flag is equal to 1, and verticalEdgeFlag is equal to 1, and e
th of the samples p or gy is in a macroblock that is in a slice with slice type equal to SP or SI.

ise, if any of the following conditions are true, a value of bS equal to 3 is the output:

xedModeEdgeFlag is equal to 0 and either or both of'the samples p, or qq is in a macroblock coded y|

xedModeEdgeFlag is equal to 0 and either or both of the samples py or qq is in a macroblock that is in
th slice type equal to SP or SI,

xedModeEdgeFlag is equal to 1, verticalEdgeFlag is equal to 0, and either or both of the samples pg
p macroblock coded using an Intra macroblock prediction mode,

xedModeEdgeFlag is equal to, I; werticalEdgeFlag is equal to 0, and either or both of the samples pg
p macroblock that is in a sliee with slice type equal to SP or SI.

ise, if any of the following conditions is true, a value of bS equal to 2 is the output:

nsform_size 8x8 flaglis equal to 1 for the macroblock containing the sample p, and the 8x8 luma tra
ck associated with/the 8x8 luma block containing the sample p, contains non-zero transform coe
els,

nsform_size 8x8 flag is equal to O for the macroblock containing the sample py and the 4x4 luma tral
ck assoctated with the 4x4 luma block containing the sample p, contains non-zero transform coe
els;

to 4 is

is in a

is in a

ther or

ther or

sing an

a slice

DT qp 1S

DT qp 1S

nsform

fficient

nsform
fficient

—  tranSTOTTT SiZe_8X3_{1ag IS cqual to 1 1OT IS MACTODIOCK COMAININE e Sampie q and the 8X8 tuma ransform
block associated with the 8x8 luma block containing the sample qo contains non-zero transform coefficient
levels,

— transform_size 8x8 flag is equal to O for the macroblock containing the sample ¢y and the 4x4 luma transform
block associated with the 4x4 luma block containing the sample qo contains non-zero transform coefficient
levels.

—  Otherw

- mi

ise, if any of the following conditions are true, a value of bS equal to 1 is the output:

xedModeEdgeFlag is equal to 1,

— 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 qp,
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NOTE 1 — 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 O or an index into reference picture
without regard to whether the index position within a reference picture list is different.

list 1, and also

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
partition containing the sample gy and the absolute difference between the horizontal or vertical component 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 are used to
predict the macroblock/sub-macroblock partition containing the sample p, and two motion vectors for the same
two reference pictures are used to predict the macroblock/sub-macroblock partition containing the sample q

and the absolute difference between the horizontal or vertical component of the two motion vest
prediction of the two macroblock/sub-macroblock partitions for the same reference picturé.is g
equal to 4 in units of quarter luma frame samples,

mixedModeEdgeFlag is equal to 0 and two motion vectors for the same reference picture’ are used
macroblock/sub-macroblock partition containing the sample p, and two motion vectors for the s
picture are used to predict the macroblock/sub-macroblock partition containing the sample q, a
following conditions are true:

The absolute difference between the horizontal or vertical component of list 0 motion vectd
prediction of the two macroblock/sub-macroblock partitions is.greater than or equal to 4 i
frame samples or the absolute difference between the horizontal or vertical component of th
vectors used in the prediction of the two macroblock/subi=macroblock partitions is greater
to 4 in units of quarter luma frame samples,

The absolute difference between the horizontal orertical component of list 0 motion vect
prediction of the macroblock/sub-macroblock partition containing the sample p, and the
vector used in the prediction of the macrobleck/sub-macroblock partition containing thej
greater than or equal to 4 in units of quarterluma frame samples or the absolute differenc
horizontal or vertical component of ‘the list 1 motion vector used in the pred
macroblock/sub-macroblock partition~¢entaining the sample po and list 0 motion vecto
prediction of the macroblock/sub-macroblock partition containing the sample q is greater
to 4 in units of quarter luma frame-samples.

NOTE 2 — A vertical difference’of 4 in units of quarter luma frame samples is a difference of 2 in

rs used in the
reater than or

to predict the
hme reference
nd both of the

rs used in the
quarter luma
e list 1 motion
than or equal

or used in the
list 1 motion
sample ¢ is
e between the
ction of the
r used in the
than or equal

units of quarter

luma field samples

—  Otherwise, a value of bS equal to 0 is the output.

8.7.2{2 Derivation process for'the thresholds for each block edge

Inputp to this process are

—  the input sample valies p, qo, p1 and q; of a single set of samples across an edge that is to be filtered,
—  the variables ¢hromaEdgeFlag and bS, for the set of input samples, as specified in 8.7.2,

—  the variables filterOffsetA, filterOffsetB, qP,, and qP,.

Outputs/of-this process are the variable filterSamplesFlag, which indicates whether the input samples alle filtered, the
valuelofundexA, and the values of the threshold variables o and 3

Let gP,, be a variable specifying an average quantisation parameter. It is derived as

Py =(qP, +qPg+1)>>1 (8-461)

NOTE — In SP and SI slices, qP,, is derived in the same way as in other slice types. QSy from Equation 7-30 is not used in the
deblocking filter.

Let indexA be a variable that is used to access the o table (Table 8-16) as well as the tc, table (Table 8-17), which is used
in filtering 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
access the B table (Table 8-16). The variables indexA and indexB are derived as

indexA = Clip3( 0, 51, qP,, + filterOffsetA ) (8-462)
indexB = Clip3( 0, 51, qP,, + filterOffsetB ) (8-463)
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The variables o' and B' depending on the values of indexA and indexB are specified in Table 8-16. Depending on
chromaEdgeFlag, the corresponding threshold variables o and B are derived as follows.

—  If chromaEdgeFlag is equal to 0,

a=a'* (1 <<(BitDepthy —8)) (8-464)

B=Pp"* (1 <<(BitDepthy —8)) (8-465)

—  Otherwjise (chromaEdgeFlag is equal to 1),

= o' * (1 <<( BitDepthc — 8 )) (B-466)

Q

B{=P'* (1 <<(BitDepthc —8)) (R-467)

The variable| filterSamplesFlag is derived by

filterfamplesFlag = (bS =0 && Abs(py—qo) <o && Abs(p; —po ) <P/ && Abs(q;—qo)<P) (P-468)

TaBle 8-16 — Derivation of offset dependent threshold variables o' and B' from indexA and indexB

indexA (for a) or indéxB*(for ")

O 1234|567 |89 |1011]|1213"|14|15|16|17 |18 (1920|2122 |23 |24{|25

o lOjO}jO|jO|]O|]O[O|]O]O|]O]O|O0NOC|O]O|O]|4|4|5|6]|T7]|8]9|10]12]]13

B 10(0)JO0O|0O]O[O|O]O]O|O|O0ONNO|[O[O|O]|]O]|222]|3]|3|3|3]|4]4] 4

Table 8-16 (concluded) — Derivation of indexA and indexB from offset dependent threshold variables o' and B'

indexA (for ') or indexB (for ')

26 (27|28 129 (30|31 32833 |34 |35[36|37(38|39[40|41|42|43 |44 |45|46 |47 |48 |49 |50]| 51

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

B o6 (6 7|7 [[8& 8|99 |10{1011|11|12]12 (13|13 |14 |14 |15|15|16|16 |17 |17 |18]||18

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, chromaStyleFilteringFlag, 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 q'; (i = 0..2) for the set of input sample values.

Depending on the values of indexA and bS, the variable t'cy is specified in Table 8-17. Depending on chromaEdgeFlag,
the corresponding threshold variable tc is derived as follows.

—  If chromaEdgeFlag is equal to 0,

teo = t'eo * (1 << ( BitDepthy — 8 )) (8-469)
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too = t'co * (1 << ( BitDepthc — 8 )) (8-470)
Table 8-17 — Value of variable t'c, as a function of indexA and bS
indexA
O/ 1 (234|567 |89 |10(11]12|13|14|15|16|17|18|19]20|21|22|23 /2425
bS=1 0,0/0/0[/0/0O0JO]O|0O0O]0OJO]O]O]0O/O]JO]O]O]l0O0/O0O]O]lO0]O 11
bS =P o,0(0j0[0O|O|O]O|O]O|O]O]O]O|O|O]O]O|O0O|O0O]O0O]|T1 ]| 11
bS =B 0/,0(0|0[O0O|O|O]O|O]OJO]O]O]OJOfO]O| L |1 |1]1 -1ix1 1|1
Table 8-17 (concluded) — Value of variable t'c, as a function of indexA’and bS
indexA
26127 128129130|31|32(33|34|35|36(37(38(39|40 41 |42,43|44|45|46 |47 |48 4095051

bS =|1 (1111112222333 /4|/4)4[5/6]6|7 8|9 |10/11]13
bS=pR (11|11 2{2(2,2{3[3|3|4[4|/S"5]6|7 8|8 [10/11|12]1B3|15]|17
bS =3 121222333444 |5|646|7|8|9|[10/11]13[14|16/|18]20/23]|25
The threshold variables a, and a4 are derived by

a, = Abs(p2—po) (8-471)

ag=Abs(q2—qo) (8-472)
The threshold variable t¢ is determined as\follows.
- f chromaStyleFilteringFlag is\equal to 0,

te=teot ((a,<P)?2L:0)+((ag<P)?1:0) (8-473)
—  Dtherwise (chromaStyleFilteringFlag is equal to 1),

tC = tCO + 1 (8-474)
Let (lipl()/be a function that is replaced by Cliply() when chromaEdgeFlag is equal to 0 and by (liplc() when
chrorhaEdgeFlag is equal to 1.

The filtered result samples p'y and q'y are derived by

The filtered result sample p'; is derived as follows

A =Clip3(—te, te, ((((Q=Po) <<2)+(p1—q)+4)>>3))

p'o=Clipl(po+A)
q'o=Clipl(qo—A)

—  If chromaStyleFilteringFlag is equal to 0 and a,, is less than j3,

© ISO/IEC 2009 — Al rights reserved

p'1 = p1 + Clip3( —tco, tco, (P2 +((po+ Qo+ 1)>>1)—(p<<1)) > 1)

(8-475)
(8-476)
(8-477)

(8-478)
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—  Otherwise (chromaStyleFilteringFlag is equal to 1 or a, is greater than or equal to f3),

P1=p (8-479)

The filtered result sample q'; is derived as follows

—  If chromaStyleFilteringFlag is equal to 0 and ag is less than 3,

q1=qi + Clip3( —tco, teo, (@2 + ((po+ o+ 1)>>1)—(qi<<1)) >> 1) (8-480)

—  Otherwijse (chromaStyleFilteringFlag is equal to 1 or a, is greater than or equal to 3)

q'l =i (3-481)

The filtered fesult samples p', and q', are always set equal to the input samples p, and qy:

p2=p2 (8-482)
q2= 2 (B-483)

8.7.2.4 Filtering process for edges for bS equal to 4

Inputs to thi$ process are the input sample values p; and q; (i = 0..3) of a singleset of samples across an edge that |s to be
filtered, chrgmaEdgeFlag, chromaStyleFilteringFlag, and the values of{the threshold variables o and B for thq set of
samples, as gpecified in subclause 8.7.2.

Outputs of this process are the filtered result sample values p'; and:q4.(i = 0..2) for the set of input sample values.
Let a, and aJ be two threshold variables as specified in Equatigns'8-471 and 8-472, respectively, in subclause 8.7.2]3.
The filtered fesult samples p'; (i = 0..2) are derived as follows.

—  If chromaStyleFilteringFlag is equal to 0 and thefollowing condition holds,

a,<ft && Abs(po—qo) <((a>>2)%2) (B-484)

then th¢ variables p'g, p'y, and p', are.derived by

plo={p2t2%p: +2%py + 2%qp+ q; +4)>>3 (R-485)
P1={pP2tpP1 TP t2)>>2 (B-486)
p2={2*ps 53*p2+p1+potqot+4)>>3 (B-487)

—  Otherwise (chromaStyleFilteringFlag is equal to 1 or the condition in Equation 8-484 does not hold), the variables
p'o, p'1» and p'; are derived by

po=(2*pi +potq +2)>>2 (8-488)
P =pi (8-439)
p'z = pz (8-490)

The filtered result samples q'; (i = 0..2) are derived as follows.
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—  If chromaStyleFilteringFlag is equal to 0 and the following condition holds,

;<P && Abs(po—qo)<((a>>2)+2) (8-491)

then the variables q'y, q', and q'; are derived by

Qo= (p1+2%pg+2%q +2%q +qp +4)>>3 (8-492)
q1=(potqotqitq+2)>2 (8-493)
q2=(2%q +3*q+qi+qotpo+4)>>3 (8-494)

—  Ptherwise (chromaStyleFilteringFlag is equal to 1 or the condition in Equation 8-491 does nhot hold)| the variables
10, q'1, and q'; are derived by

Qo=(2*q +qotp+2)>>2 (8-495)

qi=q (8-496)

q2=q2 (8-497)
9 Parsing process

Input to this process are bits from the RBSP.
Outplits of this process are syntax element values.

This process is invoked when the descriptor @f-a syntax element in the syntax tables in subclause 7.3 is ¢qual to ue(v),
me(v), se(v), te(v) (see subclause 9.1), ce(y) (see subclause 9.2), or ae(v) (see subclause 9.3).

9.1 Parsing process for Exp~Golomb codes

This process is invoked when the descriptor of a syntax element in the syntax tables in subclause 7.3 is ¢qual to ue(v),
me(v), se(v), or te(v). Fer\syntax elements in subclauses 7.3.4 and 7.3.5, this process is invoked only when
entropy_coding_mode_flag)is equal to 0.

Inputk to this processiare bits from the RBSP.
Outplits of thisprocess are syntax element values.

Syntgx elemenits coded as ue(v), me(v), or se(v) are Exp-Golomb-coded. Syntax elements coded as te(v) are truncated
Exp-Golomb-coded. The parsing process for these syntax elements begins with reading the bits starting[at the current
locationnin the bitstream up to and including the first non-zero bit, and counting the number of leading bits|that are equal
to 0. This process is specified as follows:

leadingZeroBits = —1
for( b = 0; !b; leadingZeroBits++ ) 9-1)
b =read bits( 1)

The variable codeNum is then assigned as follows:

codeNum = 2'e2dingZeroBits _ 1 4 read bits( leadingZeroBits ) (9-2)

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
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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.

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
=% 36
0001 x, %9 Xg 7..14
00001 x5 X, X Xp 15..30
000001 x4 X3 X5 X1 Xp 31..62

Table 9-2 illpstrates 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
0 0,180 O 3
0N0 1 01 4
00110 5
00111 6
000100O0O 7
0001001 8
00010160 9

Depending on the descriptor, the value of a syntax element is derived as follows.
—  If the syntax element is coded as ue(v), the value of the syntax element is equal to codeNum.

—  Otherwise, if the syntax element is coded as se(v), the value of the syntax element is derived by invoking the
mapping process for signed Exp-Golomb codes as specified in subclause 9.1.1 with codeNum as the input.

—  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 possible values for the syntax element is determined
first. The range of this syntax element may be between 0 and x, with x being greater than or equal to 1 and the range
is used in the derivation of the value of the syntax element value as follows
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elements coded as ue(v)

is given by a process equivalent to:

b =read bits( 1)
codeNum = 'b
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Mapping process for signed Exp-Golomb codes

Input to this process is codeNum as specified in subclause 9.1.

Outp

If x is greater than 1, codeNum and the value of the syntax element is derived in the same way as for syntax

Otherwise (x is equal to 1), the parsing process for codeNum which is equal to the value of the syntax element

9-3)

The {
and 1
assigi

1

9.1.2
Input
Outpy

Tablg
mode

1tof this-process-is-a-value-ofa-syntax-element coded-as-se()-
yntax element is assigned to the codeNum by ordering the syntax element by its absolute value nym
lepresenting the positive value for a given absolute value with the lower codeNum. Table 9-3
iment rule.
able 9-3 — Assignment of syntax element to codeNum for signed Exp-Golomb cod¢d’ syntax elem|
codeNum | syntax element value

0 0

1 1

2 -1

3 2

4 -2

5 3

6 -3

k D! Ceil( k=2)

Mapping process for coded block pattern

is equal todntra 4x4, Intra_8x8 or Inter.

to this process is codeNum-as specified in subclause 9.1.
it of this process is.a value of the syntax element coded block pattern coded as me(v).

9-4 shows theassignment of coded block pattern to codeNum depending on whether the macrobl

creasing order
provides the

ents se(v)

ck prediction

Table 9-4 — Assignment of codeNum to values of coded_block_pattern for macroblock prediction modes

© IS0

(4) LNINoIMaArray 1ypeis equar to 1 or 2

codeNum coded_block pattern
Intra_4x4, Intra_8x8 Inter
0 47 0
1 31 16
2 15 1
3 0 2

/IEC 2009 — All rights reserved
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(a) ChromaArrayType is equal to 1 or 2

codeNum coded_block pattern
Intra_4x4, Intra_8x8 Inter
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 %
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
29 1 43
30 2 45
31 4 46
32 8 17
33 17 18
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codeNum coded_block pattern
Intra_4x4, Intra_8x8 Inter
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
47 41 41

© ISO/IEC 2009 — Al rights reserved
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(b) ChromaArrayType is equal to 0 or 3

codeNum coded_block pattern
Intra_4x4, Intra_8x8 Inter
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 procesy is invoked when patsing syntax elements with descriptor equal to ce(v) in subclause 7.3.5.3.2 an

entropy_coding mode_flag isequal to 0.

Inputs to this process are\“bits from slice data, a maximum number of non-zero transform coefficient
maxNumCog¢ff, the lumia block index luma4x4Blkldx or the chroma block index chroma4x4BIkIdx, cb4x4BIK
crdx4BlkIdx of the current block of transform coefficient levels.

Output of this process is the list coeffLevel containing transform coefficient levels of the luma block with block

I when

levels
(Idx or

¢ index

luma4x4Blk[dx er the chroma block with block index chroma4x4Blkldx, cb4x4BlkIdx or cr4x4Blkldx.

The process 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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The non-zero transform coefficient levels are derived by parsing trailing_ones_sign flag
and level suffix (see subclause 9.2.2).

The runs of zero transform coefficient levels before each non-zero transform coeffic
derived by parsing total zeros and run_before (see subclause 9.2.3).

The level and run information are combined into the list coeffLevel (see subclause 9.2.4).

Parsing process for total number of transform coefficient levels and trailing ones

, level prefix,

ient level are

Inputs to this process are bits from slice data, a maximum number of non-zero transform coefficient levels
maxNumCoeff, the luma block index luma4x4Blkldx or the chroma block index chroma4x4BIkIdx, cb4x4Blkldx or
crd4x4BlkIdx of the current block of transform coefficient levels.

Outplits of this process are TotalCoeff( coeff token ), TrailingOnes( coeff token ), and the variable nC-

The
Tablg

2
3.
4

yntax element coeff token is decoded using one of the six VLCs specified in the six right-mo
9-5. Each VLC specifies both TotalCoeff( coeff token ) and TrailingOnes( coeff token)\for a gi
coeff] token. VLC selection is dependent upon a variable nC that is derived as follows.

fthe CAVLC parsing process is invoked for ChromaDCLevel, nC is derived as follows.

+  If ChromaArrayType is equal to 1, nC is set equal to —1,

+  Otherwise (ChromaArrayType is equal to 2), nC is set equal to —2,

Dtherwise, the following ordered steps are specified:

1. When the CAVLC parsing process is invoked for Intral6x169DCLevel, luma4x4BIkldx is set equ
When the CAVLC parsing process is invoked for Cblntral6x16DCLevel, cb4x4BlkIdx is set eqy
When the CAVLC parsing process is invoked for €rIntral 6x16DCLevel, cr4x4Blkldx is set equ
The variables blkA and blkB are derived as fallows.

If the CAVLC parsing process is invoked for Intral6x16DCLevel, Intral6x16ACLevel, ¢
the process specified in subclause 6.4.10.4 is invoked with luma4x4BlkIdx as the input,
is assigned to mbAddrA, mbAddrB, luma4x4BlkIdxA, and luma4x4BlkIdxB. The 4x]
specified by mbAddrA\luma4x4BlkIdxA is assigned to blkA, and the 4x4 luma block
mbAddrB\luma4x4BIkldxB is assigned to blkB.

Otherwise, if -the® CAVLC parsing process 1is invoked for Cblntral(
CbIntral 6x16AClLevel, or CbLevel, the process specified in subclause 6.4.10.6 is

5t columns of
ven codeword

al to 0.
hal to 0.

al to 0.

r LumalLevel,
ind the output
¥ luma block
specified by

x16DCLevel,
invoked with

cb4x4BIlkIdx as the input, and the output is assigned to mbAddrA, mbAddrB, cb4x4BlkldxA, and

cb4x4BlkldxB. The 4x4 Cb block specified by mbAddrA\cb4x4BIkIdxA is assigned to
4x4 Cb block specified by mbAddrB\cb4x4BlkIdxB is assigned to blkB.

Otherwise, if the CAVLC parsing process is invoked for Crintral6x16DCLevel, Crintralg
or-CrLevel, the process specified in subclause 6.4.10.6 is invoked with cr4x4Blkldx as
the output is assigned to mbAddrA, mbAddrB, cr4x4BlkldxA, and cr4x4BlkldxB. The
specified by mbAddrA\cr4x4BlkldxA is assigned to blkA, and the 4x4 Cr block
mbAddrB\cr4x4BlkIdxB is assigned to blkB.

blkA, and the

x16ACLevel,
the input, and
4x4 Cr block
specified by

uinerwise (e CAVLU pdarsing process 15 mvoked 101 UCNTOmdaACLEVEl), The Proces

s specified in

subclause 6.4.10.5 is invoked with chroma4x4BlkIdx as input, and the output is assigned to mbAddrA,
mbAddrB, chroma4x4BlkldxA, and chroma4x4BlkldxB. The 4x4 chroma block specified by
mbAddrA\iCbCr\chroma4x4BIlkIdxA is assigned to blkA, and the 4x4 chroma block specified by
mbAddrB\iCbCr\chroma4x4BlkIdxB is assigned to blkB.

5. The variable availableFlagN with N being replaced by A and B is derived as follows.

© ISO/IEC 2009 —

If any of the following conditions is true, availableFlagN is set equal to 0:

mbAddrN is not available,

the current macroblock is coded wusing an Intra macroblock prediction mode,
constrained intra_pred flag is equal to 1, mbAddrN is coded using an Inter macroblock prediction
mode, and slice data partitioning is in use (nal_unit_type is in the range of 2 to 4, inclusive).
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—  Otherwise, availableFlagN is set equal to 1.
6. For N being replaced by A and B, when availableFlagN is equal to 1, the variable nN is derived as follows.
—  If any of the following conditions is true, nN is set equal to 0:
—  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.

NOTE 1 — The values nA and nB that are derived using TotalCoeff( coeff token ) do not includg [the DC
transform coefficient levels in Intra 16x16 macroblocks or DC transform coefficient levels in chromrablocks,
because these transform coefficient levels are decoded separately. When the block above or to the\left bejongs to
an Intra_16x16 macroblock, or is a chroma block, nA and nB is the number of decoded non-zere” AC transform
coefficient levels.

NOTE 2 — When parsing for Intral6x16DCLevel, CbIntral6x16DCLevel, or Crintral6x16DCLevel, th¢ 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.

7. Tlhe variable nC is derived as follows.

- If availableFlagA is equal to 1 and availableFlagB is equal to [} the variable nC is set equal to
(nA+nB+1)>>1.

- Otherwise, if availableFlagA is equal to 1 (and availableFlagB is equal to 0), the variable n( is set
equal to nA.

- Otherwise, if availableFlagB is equal to 1 (and availableFlagA is equal to 0), the variable n( is set
equal to nB.

- Otherwise (availableFlagA is equal to 0 and awvailableFlagB is equal to 0), the variable nC is sqt equal
to 0.

The value of TotalCoeff( coeff token ) resulting from decoding coeff token shall be in the range of 0 to maxNumCoef,
inclusive.
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Table 9-5 — coeff_token mapping to TotalCoeff( coeff _token ) and TrailingOnes( coeff_token )

23| 23 0<=nC<2 2<=nC<4 4<=nC<8 |8<=nC | nC==-1 nC==-2
EE | 22
=2 N
0 0 1 11 1111 000011 | 01 1
0 1 0001 01 0010 11 0011 11 000000 | 0001 11 | 0001 111
1 1 01 10 1110 000001 | 1 o
0 2 0000 0111 0001 11 0010 11 000100 | 0001 00 ) 170001 110
1 2 0001 00 0011 1 01111 0001 01 | 0001\0” | 0001 101
2 2 001 011 1101 0001 10 | <001 001
0 3 0000 0011 1 0000 111 0010 00 0010007 0000 11 | 000¢ 0011 1
1 3 0000 0110 0010 10 01100 001001 | 0000011 | 000 100
2 3 0000 101 0010 01 01110 001010 | 0000010 | 000§ 011
3 3 0001 1 0101 1100 0010 11 | 0001 01 | 0004 1
0 4 0000 0001 11 0000 0111 0001 H1 001100 | 000010 | 000¢ 00110
1 4 0000 0011 0 0001 10 0101 0 001101 | 00000011 | 000¢ 0010 1
2 4 0000 0101 0001 01 0101 1 001110 | 0000 0010 | 000§ 010
3 4 0000 11 0100 1011 0011 11 | 0000 000 | 0004 01
0 5 0000 0000 111 0000 0100 0001 011 010000 | - 000¢ 0001 11
1 5 0000 0001 10 0006110 01000 010001 | - 000¢ 0001 10
2 5 0000 0010 1 0000 101 0100 1 010010 | - 0004 0010 0
3 5 0000 100 00110 1010 010011 | - 0001 001
0 6 0000 0000 0111 1 0000 0011 1 0001 001 010100 | - 0004 0000 111
1 6 00000000110 0000 0110 0011 10 010101 | - 000¢ 0000 110
2 6 00000001 01 0000 0101 0011 01 010110 | - 000¢ 0001 01
3 6 0000 0100 0010 00 1001 010111 | - 0001 000
0 7 0000 0000 0101 1 0000 0001 111 0001 000 011000 | - 000( 0000 0111
1 7 0000 0000 0111 0 0000 0011 0 0010 10 011001 | - 000( 0000 0110
2 7 0000 0000 101 0000 0010 1 0010 01 011010 | - 0000 0000 101
3 7 0000 0010 0 0001 00 1000 011011 | - 0000 0001 00
0 8 0000 0000 0100 0 0000 0001 011 0000 1111 011100 | - 0000 0000 0011 1
1 8 0000 0000 0101 0 0000 0001 110 0001 110 o111 o1 | - 0000 0000 0101
2 8 0000 0000 0110 1 0000 0001 101 0001 101 011110 | - 0000 0000 0100
3 8 0000 0001 00 0000 100 01101 oI | - 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 | - -
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Table 9-5 (continued) — coeff token mapping to TotalCoeff( coeff token ) and TrailingOnes( coeff token )

Epal f_;; 0<=nC<2 2<=nC<4 4<=nC<8 |8<=nC | nC==-1 nC==-2

EE c g

=2 N
2 9 0000 0000 0100 1 0000 0001 001 0001 010 100010 | - -
3 9 0000 0000 100 0000 0010 0 0011 00 100011 | - -
0 1 0000 0000 0010 11| 0000 0000 1011 000001111 | 100100 | - -
1 1 0000 0000 0010 10 | 0000 0000 1110 0000 1010 100101 | - -
2 1 0000 0000 0011 01 | 0000 0000 1101 0000 1101 100110 | - -
3 1 0000 0000 0110 0 0000 0001 100 0001 100 100111 | - -
0 11 0000 0000 0001 111 | 0000 0000 1000 000001011 | 101000 | - -
1 11 0000 0000 0001 110 | 0000 0000 1010 000001110 | 1010 0}/ -
2 11 0000 0000 0010 01 | 0000 0000 1001 0000 1001 1040\0 | - -
3 1] 0000 0000 0011 00 | 0000 0001 000 0000 1100 olo1n |- -
0 12 0000 0000 0001 011 | 0000000001111 | 0000 01090 | 101100 | - -
1 12 0000 0000 0001 010 | 00000000 01110 | 00000104 0 | 101101 | - -
2 12 0000 0000 0001 101 | 0000000001101 | 000D 01101 | 101110 | - -
3 12 0000 0000 0010 00 | 0000 0000 1100 0000 1000 101111 | - -
0 13 0000 0000 0000 1111 | 0000 0000 01041~ | 0000 001101 | 110000 | - -
1 13 0000 0000 0000 001 | 0000 000001010 | 000000111 | 110001 | - -
2 13 0000 0000 0001 001 | 0000°0900 0100 1 | 000001001 | 110010 | - -
3 13 0000 0000 0001 100 {000 0000 01100 | 000001100 | 110011 | - -
0 14 0000 0000 0000 1011 " 0000 0000 0011 1 | 0000 001001 | 110100 | - -
1 14 0000 0000 00061110 | 0000 0000 0010 11 | 0000 001100 | 110101 | - -
2 14 0000 0000'0400 1101 | 0000 0000 00110 | 00000010 11 | 110110 | - -
3 14 00006000 0001 000 | 0000 0000 01000 | 00000010 10 | 1101 11 | - -
0 19 0400 0000 0000 0111 | 0000 0000 0010 01 | 0000 0001 01 | 111000 | - -
1 19 0000 0000 0000 1010 | 0000 0000 0010 00 | 0000 001000 | 111001 | - -
2 15 0000 0000 0000 1001 | 0000 0000 0010 10| 0000 0001 11 | 111010 | - -
3 15 0000 0000 0000 1100 | 0000 0000 0000 1 | 0000 0001 10 | 111011 | - -
0 16 0000 0000 0000 0100 | 0000 0000 0001 11 | 0000 000001 | 111100 | - -
1 16 0000 0000 0000 0110 | 0000 0000 0001 10 | 0000 0001 00 | 111101 | - -
2 16 0000 0000 0000 0101 | 0000 0000 0001 01 | 0000 0000 11 | 111110 | - -
3 16 0000 0000 0000 1000 | 0000 0000 0001 00 | 0000 0000 10 | 111111 | - -
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levels

TotalCoeff( coeff token ), and the number of trailing one transform coefficient levels TrailingOnes( coeff token ).

Output of this process is a list with name level containing transform coefficient levels.

Initially an index i is set equal to 0. Then the following procedure is iteratively applied TrailingOnes( coeff token ) times
to decode the trailing one transform coefficient levels (if any):

1. 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 level[ i ].
—  Otherwise (trailing_ones sign_flag is equal to 1), the value —1 is assigned to level[ i ].
2.| The index i is incremented by 1.
Follofving the decoding of the trailing one transform coefficient levels, a variable suffixLength i§ initialised| as follows.
—  [f TotalCoeff( coeff token ) is greater than 10 and TrailingOnes( coeff token ) is less-than 3, suffixLepgth is set
equal to 1.
—  Ptherwise (TotalCoeff( coeff token ) is less than or equal to 10 or TrailingOnes(‘coeff token ) is equal to 3),
suffixLength is set equal to 0.
The following procedure is then applied iteratively ( TotalCoeff( coeff token\)*— TrailingOnes( coeff token ) ) times to
decode the remaining levels (if any):
1.[ The syntax element level prefix is decoded as specified in subelause 9.2.2.1.
2.| The variable levelSuffixSize is set equal to the variable~suffixLength with the exception of the following two
cases:
—  When level prefix is equal to 14 and suffixlength is equal to 0, levelSuffixSize is set equal to §,
—  When level prefix is greater than or equal'té 15, levelSuffixSize is set equal to level prefix — 3.
3.| The syntax element level suffix is decodedias follows.
—  IflevelSuffixSize is greater than.0), the syntax element level suffix is decoded as unsigned integer
representation u(v) with levelSuffixSize bits.
—  Otherwise (levelSuffixSize'1s equal to 0), the syntax element level suffix is inferred to be equal to 0.
4. A variable levelCode is set-equal to ( Min( 15, level prefix ) << suffixLength ) + level suffix.
5. When level prefix.iS:greater than or equal to 15 and suffixLength is equal to 0, levelCode is increm¢nted by 15.
6. When level prefix is greater than or equal to 16, levelCode is incremented by (1<<( level prefix —3)) — 4096.
7.] When theyindex i is equal to TrailingOnes( coeff token) and TrailingOnes( coeff token ) is| less than 3,
levelCade is incremented by 2.
8.| Thevariable level i ] is derived as follows.
Vv 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 ].
9. When suffixLength is equal to 0, suffixLength is set equal to 1.
10. When the absolute value of level[ i ] is greater than ( 3 << ( suffixLength — 1 ) ) and suffixLength is less than 6,
suffixLength is incremented by 1.
11. 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.
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The parsing process for this syntax element consists in reading the bits starting at the current location in the bitstream up
to and including the first non-zero bit, and counting the number of leading bits that are equal to 0. This process is

specified as follows:

leadingZeroBits = —1
for( b = 0; !b; leadingZeroBits++ )

b =read bits( 1)
level prefix = leadingZeroBits

Table 9-6 illustrates the codeword table for level prefix.

NOTE — The value of level prefix is constrained to not exceed 15 in bitstreams conforming to the Baseline, Main, and Extended

profiles, as specified in subclauses A.2.1, A.2.2, and A.2.3, respectively. In bitstreams conforming to other profiles, it has been
reported that-the value of level prpﬁv cannot exceed (11 + hifnppfh\ with ]‘\ifnppﬂ*\ being the variable Ritnppfhl for transform

(9-4)

coefficient blocks related to the luma component and being the variable BitDepthc for transform coefficient blocks related to a

chroma cqmponent.

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 00007001
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

9.2.3  Parsing process for run information

Inputs to this process

are bits

from slice data,

the number of non-zero transform coefficient levels

TotalCoeff( coeff token ), and the maximum number of non-zero transform coefficient levels maxNumCoeff.

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 0.

The variable zerosLeft is derived as follows.
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—  If the number of non-zero transform coefficient levels TotalCoeff( coeff token ) is equal to the maximum number of
non-zero transform coefficient levels maxNumCoeft, a variable zerosLeft is set equal to 0.

—  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.
Let the variable tzVicIndex be equal to TotalCoeff( coeff token ).
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 (maxNumCoeff is not equal to 4 and not equal to 8), VLCs from Table 9-7 and 9-8 areused|
The fpllowing procedure is then applied iteratively ( TotalCoeff( coeff token ) — 1) times:

1.[ 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. run[ i ] is
set equal to run_before.

—  Otherwise (zerosLeft is equal to 0), run[ i ] is set equal to 0.

2.| The value of run[ i ] is subtracted from zerosLeft and the result assigned to zerosLeft. The result of fhe subtraction
shall be greater than or equal to 0.

3.| The index i is incremented by 1.

Finally the value of zerosLeft is assigned to run[ i ].
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Table 9-7 — total_zeros tables for 4x4 blocks with tzVlcIndex 1 to 7

total zeros tzVicIndex
1 2 3 4 5 6 7
0 1 111 0101 00011 | 0101 0000 01 | 0000 01
1 011 110 111 111 0100 00001 | 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 0000011 00011 | 00011 | 0010 0000 1 |.001 0000 00
10 0000010 00010 | 00010 | 00010 | 0001 0000 00 | -
11 0000 0011 0000 11 | 000001 | 00001, 00000 | - -
12 0000 0010 0000 10 | 00001 | 00000/| - - -
13 0000 0001 1 | 000001 | 0000 00,4 - - -
14 0000 0001 0 | 000000 | - - - - -
15 00000000 1 | - N - - - -

Table 9-8 — total:Zeros tables for 4x4 blocks with tzVicIndex 8 to 15

total_zeros tzVicIndex
8 9 10 11 12 13 14 | 15

0 000001 | 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 0l

4 11 10 10 1 001 | - - -
5 10 001 01 011 | - - - -
6 010 01 0001 - - - - -
7 001 00001 | - - - - - -
8 0000 00 | - - - - - - -
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Table 9-9 — total_zeros tables for chroma DC 2x2 and 2x4 blocks

(a) Chroma DC 2x2 block (4:2:0 chroma sampling)

tzVicIndex

total_zeros
1 2 3
0 1 1 1
1 01 01 0
2 001 00 -
3 000 - -

(b) Chroma DC 2x4 block (4:2:2 chroma sampling)

tzVlcIndex
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 0 10 1 -
3 0010 100 10 10 11 - -
4 0011 101 140 111 - - -
5 0001 110 111 - - - -
6 0000 1- {7111 - - - - -
7 00000 | - - - - - -
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Table 9-10 — Tables for run_before

run_before | zerosLeft
112 3 4 5 6 >6

0 1|1 11 | 11 11 11 111

1 0]01] 1010 10 | 000 | 110

2 - 100|011 01 011 | 001 | 101

3 - |- 00 | 001 | 010 | O11 | 100

4 - - - 000 | 001 | 010 | O11

5 - - - - 000 | 101 | 010

6 -0 - - - - 100 | 001

7 -0 - - - - - 0001

8 - - - - - 00001

9 -0 - - - - - 000001

10 - - - - - - 0000001

11 - - - - - - 00000001

12 - - - - - 2 000000001

13 - - - - - - 0000000001

14 - - - - - - 00000000001
9.2.4  Colnbining level and run information
Input to thig process are a list of transform ‘coefficient levels called level, a list of runs called run, and the number of
non-zero trapsform coefficient levels TotalCoeff( coeff token ).
Output of this process is an list coeffLevel of transform coefficient levels.
A variable doeffNum is set equal’to —1 and an index i is set equal to ( TotalCoeff( coeff token ) — 1 ). The following
procedure is|iteratively applied TiotalCoeff( coeff token ) times:

1. coefI:!um is incremented by run[ i ] + 1.
2. coeffLevel[ coeffNum ] is set equal to level[ 1 ].

3. The Index\iis decremented by 1.

9.3 CABAC parsing process for slice data

This process is invoked when parsing syntax elements with descriptor ae(v) in subclauses 7.3.4 and 7.3.5 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..byingx ) 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 is 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 value of

mb t
pem |

The 1
elemg

ype 1s equal to I PCM, the decoding engine 1s 1nitialised after the decoding of any pcm_alignment_z
sample luma and pcm_sample chroma data as specified in subclause 9.3.1.2.

wvhole CABAC parsing process is illustrated in the flowchart of Figure 9-1 with the abbreviation
nt.

bro_bit and all

SE for syntax
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CABACParsing(SE)

Yesﬁ
Initialisation of
context variables
v
No Initialisation of
decoding engine
]

A

Get Binarization(SE)

binldx++

Get ctxIdx(binldx)

l

DecodeBin(ctxldx)

(Bgs-esBpinax) IN
Binarization(SE) ?

== mb_type
&& value(by,...,by; 4.} ==

Yesﬁ
I_PCM?

Initialisation of
decoding engine

No
|

Figure 9-1 — Illustration of CABAC parsing process for a syntax element SE (informative)

9.3.1 Initialisation process
Outputs of this process arednitialised CABAC internal variables.

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 glice in
subclause 7.p.4.

The process|in‘subclause 9.3.1.2 is also invoked after decoding any pcm_alignment zero bit and all pcm_samplg luma

1 1 | £ 1l 1 £ I_DCNA
and pcm_sarnple—ehroma-datator-amaerobloekoftype—PEM:

9.3.1.1 Initialisation process for context variables
Outputs of this process are the initialised CABAC context variables indexed by ctxIdx.

Tables 9-12 to 9-33 contain the values of the variables n and m used in the initialisation of context variables that are
assigned to all syntax elements in subclauses 7.3.4 and 7.3.5 except for the end-of-slice flag.

For each context variable, the two variables pStateldx and valMPS are initialised.

NOTE 1 — The variable pStateldx corresponds to a probability state index and the variable vaIMPS corresponds to the value of the
most probable symbol as further described in subclause 9.3.3.2.

The two values assigned to pStateldx and valMPS for the initialisation are derived from SliceQPy, which is derived in
Equation 7-29. Given the two table entries ( m, n ), the initialisation is specified by the following pseudo-code process:

236 © ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=92f5e1be16847efa8d09b895b0af51ed

ISO/IEC 14496-10:2009(E)

preCtxState = Clip3( 1, 126, ( ( m * Clip3( 0, 51, SliceQPy ) )>>4)+n)
if( preCtxState <= 63 ) {
pStateldx = 63 — preCtxState

valMPS =0 (9-5)
} else {

pStateldx = preCtxState — 64

valMPS =1

}

In Table 9-11, the ctxIdx for which initialisation is needed for each of the slice types are listed. Also listed is the table
number that includes the values of m and n needed for the initialisation. For P, SP and B slice type, the initialisation
depends also on the value of the cabac init idc syntax element. Note that the syntax element names do not affect the
initialisation process.
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Table 9-11 — Association of ctxIdx and syntax elements for each slice type in the initialisation process

Slice type
Syntax element Table
SI I P, SP B
. Table 9-13
‘ mb_skip flag Table 9-14 11..13 24.26
slice_data( )
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 p7.35
Table 9-14
transform_size 8x8 flag Table 9-16 na 399..401 399..401 3P9..401
macroblocH layer( )
coded block pattern (luma) Table 9-18 73..76 73..76 73.76 V3..76
coded_block pattern (chroma) Table 9-18 77..84 77..84, 77..84 V7..84
mb_qp_delta Table 9-17 60..63 60..63 60..63 h0..63
prev_intra4x4_pred_mode_flag Table 9-17 68 68 68 68
rem_intra4x4_pred_mode Table 9-17 69 69 69 69
mb_pred() 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<1/ 64..67 64..67 64..67 b4..67
ref_idx_10 Table 9-16 54..59 b4..59
ref idx 11 Table 9-16 b4..59
mb_pred| ) and mvd_10[ ][ ][ 0] Table 9-15 40..46 10..46
b_mb_pred|
sub_mb_pred() mvd 11 ][04 Table 9-15 10..46
mvd_10[ J[}]f 1] Table 9-15 47..53 17..53
myd 1 J[1[ 1] Table 9-15 17..53
Table 9-13
sub_mb_pred( ) sub_mb_type[ ] 21.23 B6..39
Table 9-14
Table 9-18 85..104 85..104 85..104 45..104
residual blodk_cabac(}) coded block flag Table 9-25 460..483 460..483 460..483 460..483
Table 9-33 1012..1023 1012..1023 10[12..1023
Table 9-19 105..165 105..165 105..165 105..165
Table 9-22 277..337 277..337 277..337 277..337
Table 9-24 402..416 402..416 402..416
significant_coeff flag] | Table 9-24 436..450 436..450 436..450
& —coetlTag Table 9-26 484.571 484.571 484.571
Table 9-30 776..863 776..863 776..863
Table 9-28 660..689 660..689 660..689
Table 9-29 718..747 718..747 718..747
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Table 9-11 (continued) — Association of ctxIdx and syntax elements for each slice type in the initialisation process

Slice type
Syntax element Table
SI I P, SP B
Table 9-20 166..226 166..226 166..226 166..226
Table 9-23 338..398 338..398 338..398 338..398
Table 9-24 417..425 417..425 417..425
last_significant_coeff flag] ] Table 9-24 451..459 451..459 451..459
- - - Table 9-27 572..659 572..659 572..659
Table 9-31 864..951 864..951 864..951
Table 9-28 690..707 690.,707] 690..707
Table 9-29 748..765 748..761 748..765
Table 9-21 227..275 227..275 227..279 227..275
Table 9-24 426..435 426..439 426..435
coeff abs level minusl[ ] Table 9-32 952..1011 952..101|t 952..1011
Table 9-28 708,717 708..717 708..717
Table 9-29 766775 766..771 766..775

NPTE 2 — ctxldx equal to 276 is associated with the end of slice flag and the bim of mb_type, which specifies the I PCM
mpcroblock type. The decoding process specified in subclause 9.3.3.2.4 appliesyto ctxIdx equal to 276. This defoding process,
hgwever, may also be implemented by using the decoding process specifiedn subclause 9.3.3.2.1. In this case, the initial values
aspociated with ctxIdx equal to 276 are specified to be pStateldx =63 and valMPS =0, where pStateldx =3 represents a
ngn-adapting probability state.

Table 9-12 — Values of variables m'and n for ctxIdx from 0 to 10

Initialisation ctxldx
variables
0 ! 2 3 4 5 6 7 8 9 | 10
m 20 2 3 20 2 3 —28 -23 —6 -1 7
n -15 54 T4 =15 54 74 127 104 53 54 51

Table 9-13 — Values of variables m and n for ctxIdx from 11 to 23

Vallue of Initialisation ctxldx
cabactinit idc | variables 11 2| 3| 14| 15| 16| 17 18 | 19 | 20 | 21 2 | 23
0 m 3 | 23 | 21 1 o | 37| s | -13 | -1 1 2| -4 | 17
n 33 2 0 9 49 | 118 | 57 | 718 | 65 | 62 | 49 || 713 | 50
1 m 2 | 34 | 16 | 2 4 | 29 | 2 -6 | -13 | 5 9 3 | 10
n 25 0 0 9 a1 |18 | 65 | 71 | 79 | 52 | s0 | 70 | 54
2 m 29 | 25 | 14 | <10 | 3 | 27| 26 | -4 | 24 | 5 6 | -17 | 14
n 16 0 0 51 62 | 99 | 16 | 85 | 102 | 57 | 57 | 73 | 57
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Table 9-14 — Values of variables m and n for ctxIdx from 24 to 39

Value of Initialisation ctxldx
cabac_init ide | variables | )\ o5 | 26 | 27 | 28 | 20 | 30 | 31 | 32 | 33 | 34 | 35| 36 | 37 | 38 | 30
0 m 181 9 | 2026|169 |=46|-20]| 1 |-13|-11|1]|-6|-17]-6] 9
n 64 | 43 | 0 | 67 | 90 | 104 | 127 | 104 | 67 | 78 | 65 | 62 | 86 | 95 | 61 | 45
1 m 26 | 19| 40 | 57 | 41 | 26 | —45|-15| 4| -6 |-13] 5 | 6 |-13] 0 | 8
n 34 | 2] 0o | 2 |36 ] 60 [ 127101 ] 76| 71| 79| 52| 60| 90| 52| 43
2 m 20 | 20 | 20 | 54 | 37 | 12 | 32| 22| 2| -4 | 24| 5 | -6 | 14426 | 4
n 40 [ 10 ] o | o | 42|97 |127]117| 74 | 85 | 102 | 57 | 93 | 88| 44| | 55

Table 9-15 — Values of variables m and n for ctxIdx from 40 to)53

Value of Initialisation ctxldx

cabac_init_idq | variables 40 | 41 |42 43 | 44 | 45 | 46 | 47 |48 | 49 | s0 | s1 | s2|| s3

0 m 3| -6 | -11| 6 7 | -5 | 2 oM 3 | -10 ] 5 4 | 3] o
n 60 | 81 | 96 | 55 | 67 | 86 | s8€<| 58 | 76 | 94 | 54 | 69 | s1|]| 88

1 m 2 | = | -10| 2 2 | 3 X3 1 3 | o | 3| 7| -5
n 60 | 82 | 96 | 59 | 75 |8 | 100 | 56 | 74 | 85 | 59 | 81 | s6|| 95

2 m 11| -5 | 21 | 19 | 20| 4 6 1 -5 | -13 | 5 6 | -3|] -1
n 80 | 103 | 116 | 52 58 | 84 | 96 | 63 | 85 | 106 | 63 | 75 | 90| 101

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| na | na|na| 31 31 25
n na | na | na| na | na|na| 21 31 50
0 m =71 -5|-4| -5 |-7]|1 12 11 14
n 67 | 74 | 74| 80 | 72 | 58 | 40 51 59
1 m -1 ] -1] 1 -2 |-5|0 25 21 21
n 66 | 77 | 70 | 86 | 72 | 61 | 32 | 49 54
2 m 34| 2|-12|-7|1 21 19 17
n 55179 (75| 97 | 50 | 60 | 33 50 61
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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

Table-9-18—Values of variables Tmamd rfor ctxtdxfromr 76-to 04—
I :llilge sSI Value of cabac_init_idc I ar'n dsI Value of cabac (init-idd
ctxIdx 0 1 2 ctxldx | SO 0 i 2

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 [ |08 | —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 90 -2 68,4 "1 65 0 65 4 61
73 =17 | 127 | =27 | 126 | =39 | 127 | =36 | 127 91 -15+1)84 | -1 57 | —15 | 84 | —14 83
74 -13 [ 102 | 28 | 98 | —18 | 91 | —17 | 91 92 513 | 104 | -9 93 | =35 | 127 | =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 | -1 104
77 —21 | 107 | =28 | 82 | =35 | 98 | —25 | 86 95 -10 | 90 | -8 87 | -9 91 | -1 91
78 =27 | 127 | =20 | 94 | —24 | 102 | “12+| 89 96 =30 | 127 | =23 | 126 | =31 | 127 | =3 127
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 —18 | 95 | 21 | 91 424 | 99 | —14 | 76 99 -7 91 6 59 7 55 0 72
82 =27 | 127 | =18 |02 | —21 | 110 | —18 | 103 100 -20 | 127 6 69 8 61 —4 92
83 =21 | 114 | <13 93 | -18 | 102 | =13 | 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 —175I23 | -7 92 0 80 11 80 103 -7 76 | —4 69 | -7 74 | -8 71
86 -12 | 115 | =5 8 | -5 89 5 76 104 —22 | 125 | -8 88 -9 88 | —13 | 98
87 -16 | 122 | -7 9% | -7 94 2 84
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Table 9-19 — Values of variables m and n for ctxIdx from 105 to 165

T and SI Value of cabac_init_idc Value of cabac_init_idc
. -~ 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 -2 | 61| -1 |60 =8 80

107 -3 71 -1 75 -9 89 -5 | 82 138 -12 | 94 0 56 | 3 | 61 | 21| 83
1118 =5 71 -7 77 | —14 | 92 -3 |72 139 —-10 | 88 0 56 | =8 | 67 | =21 | 64
149 —4 63 2 54 -8 76 -4 | 67 140 -16 | 84 | —13 | 63 | =25 | 84 | —13[\ 3]
11I0 —4 68 5 50 | -12 | 87 -8 | 72 141 -10 | 86 =5 | 60 | —14 | 74 |\ <257 64
111 -12 | 84 -3 68 | =23 | 110 | —16 | 89 142 =7 83 -1 | 62| =5 [-65) 29 | %4
112 -7 62 1 50 | 24 | 105 | -9 | 69 143 -13 | &7 4 57 5 52 9 75
118 -7 65 6 42 | 10| 78 -1 |59 144 -19 | 94 -6 | 69 2 57 17 63

114 8 61 —4 81 | —20 | 112 5 66 145 1 70 4 57 0 61 | =8 74

115 5 56 1 63 | —17 | 99 4 57 146 0 72 4 (39| -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 8 59 13 | 68| 18 | 55| 13 91

118 0 61 2 57 | =50 | 127 2 58 149 -8 | 102 3 64| -4 | 71 3 65

119 -2 78 -2 76 | —46 | 127 | -1 | 74 150 —15 | 100 1 61 0 58| =7 69

120 1 50 11 35 —4 66 -4 | 44 151 0 95 9 63 7 61 8 71

121 7 52 4 64 =5 78 —> [ 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

128 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 55 -6 | 42 156 15 46 11 | 48 9 47 0 30

126 0 46 13 29 =7 70 -3 | 41 157 -13 | 69 =5 | 60 0 44 1 7

127 5 44 13 36 -6 75 -6 | 53 158 0 62 -1 |59 0 51| -3 23

128 31 ¥y | -10 | 93 -8 89 8 76 159 0 65 0 59 2 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

T'and SI Value of cabac_init_idc Value of cabac_init_idc
slices — ! :]Iil::iesSl ——
ctxIdx 1 2 ctxIdx 1 2

m n m | n m n m n m n m n m n m n
166 24 0 11 | 28 4 45 4 39 197 26 | —-17 | 28 3 36 | 28 | 28 -3
167 15 9 2 140 10 28 0 42 198 30 | 25 | 28 4 38 | 28 | 24 10
168 8 25 3 144 10 31 7 34 199 28 | —20 | 32 0 38 | 27| 27 0
169 13 | 18 0 |49 | 33 | —-11 |11 ] 29 200 33 | 23| 34| -1 34 | —18 | 340\ 14
170 15 9 0 |46 | 52 | 43| 8 31 201 37 | —27 | 30 6 35 | —164\52" | |44
171 13| 19 2 | 44| 18 15 6 37 202 33 | —23 | 30 6 34 |, <137 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 37 -6 31 25
174 6 29 4 139 38 | 25| 8 33 205 33 | —11 | 26(] 427 35 0 36 29
175 20 | 33 2 | 62| 34 0 13 ] 43 206 40 | —15 \267 | 30 30 10 24 33
176 15 | 30 6 | 46| 39 | -18 | 13| 36 207 41 |C=67| 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 154102 |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 4 163 5 | —-15] 6 60 211 27 3 5 59 2 72 19 31
181 12 | 38 6 | 51| 33 —4 8 44 212 26 | 22 9 67 8 77 27 44
182 11 | 45 6 | 57| 29 10711 | 44 213 37 | -16 | 16 | 30 14 35 19 16
183 15| 39 7 |53 | 37 -5 | 14| 42 214 351 4 | 18| 32 18 31 15 36
184 11 | 42 6 | 52 NS | 29| 7 48 215 38 -8 | 18| 35 17 35 15 36
185 13 | 44 6 [(55%] 39 | -9 4 56 216 381 -3 |22] 29 21 30 21 28
186 16 | 45 | W [ 45| 52 | 34| 4 52 217 37 3 24 | 31 17 45 25 21
187 12 | A4l 14 136 | 69 | —58 | 13 | 37 218 38 5 23 | 38 20 42 30 20
188 O\ 49 8 [ 53| 67 | 63| 9 49 219 42 0 18 | 43 18 45 31 12
189 30| 34 | -1 |8 | 44 | =5 | 19| S8 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 27 | 37 9 64 16 56 14 56
193 17 | 46 | 22 | 31 0 0 20 | 33 224 211 60 | -1 | 94 11 73 15 57
194 0 89 | -1 | 84 | 27 36 8 63 225 12| 68 | =2 | 89 10 67 26 38
195 26 | -19 | 25| 7 33 | 25 | 35| —18 226 2 97 | -9 | 108 | =10 | 116 | =24 | 127
196 22 | -17 130 | =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 and SI - -
slices slices
ctxldx 0 1 2 ctxIdx 0 1 2

m n m n m n m n m n m n m n m n
227 -3 |71 | -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 |50 0 45 =7 61 -9 62 254 =7 80 0 64| -4 |169| 9 83
250 -3 | 54 0 52 0 53 0 53 255 -9 88 -3 | 74| -5 [ 74| 12| 92
231 -2 62| 3 64 -5 66 0 59 256 =17 | 110 | =10 | 90 | -9 | 86 | —18-[\108

232 0 58| 2 59 | 11| 77 | 14 | 85 257 -11 | 97 0 70 2 66 | <4 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 42 11 | 31 | =2 58
236 =9 | 91 | =17 | 102 | =34 | 127 | =29 | 127 261 —4 74 1 59 5 52 1 58
237 =5 |1 67| -9 77 | =21 | 101 | =21 | 100 262 -13 | 86 2 [ 58| 2 [ 55|13 | 78
238 =5 |27 3 24 -3 39 | —14 | 57 263 —13 | (96 -3 | 72| 2 | 67| -9 83
239 -3 139 0 42 =5 53 | —12 | 67 264 “TN 97 -3 | 81 0 73| —4 81
240 -2 | 44 0 48 -7 61 | —11 | 71 265 =19 | 117 | =11 | 97 | -8 [ 89 | =13 | 99
241 0 46 0 55 | 11| 75 | -10 | 77 266 -8 78 0 58 3 52 | -13 | 81
242 -16 | 64 | —6 59 | =15 | 77 | =21 | 88 267 =5 33 8 5 7 4 -6 38
243 -8 | 68| -7 71 | =17 | 91 | —167;,788 268 —4 48 10 | 14 | 10 8 | -13 | 62
244 —10 | 78 | =12 | 83 | —25 | 107 4~—23 | 104 269 2 53 14 | 18 | 17 8 -6 58
245 =6 | 77 | —11 | 87 | =25 | | 15 | 98 270 -3 62 13 127 16 | 19| 2 59
246 —-10 | 86 | =30 | 119 | €287 122 | =37 | 127 271 -13 | 71 2 40 3 37| -16 | 73

247 -12 | 92 1 S8\ —11 | 76 | —10 | 82 272 -10 | 79 0 58 -1 | 61| —-10]| 76

248 -15 | 55| -3 29 | 10 | 44 -8 48 273 -12 | 86 -3 70| =5 [ 73 | -13 | 86

249 =10 | 60 ¢ 51 36 | —10 | 52 -8 61 274 -13 | 90 -6 [ 79| -1 | 70 | -9 83

250 -6 ( 62 1 38 | —10 | 57 -8 66 275 -14 | 97 -8 [ & | -4 | 78 | —10 | 87
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Table 9-22 — Values of variables m and n for ctxIdx from 277 to 337

T'and SI Value of cabac_init_idc Value of cabac_init_idc
slices — ! :]lilisSl ——
ctxIdx 1 ctxIdx 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 | 88| 7 |49 | 2 | 64 1 68
279 -8 79 | -10 | 87 | —20 | 110 | =25 | 120 310 -8 | 8 | 8 | 52 2 61 0 77
280 0 66 | —21 | 114 | =26 | 126 | =27 | 127 311 -7 |8 | 9 |41 | -6 | 67 2 64
281 -1 71 | —18 | 110 | =25 | 124 | —-19 | 114 312 -9 |8 | 6 | 47| -3 | 64 0 68
282 0 62 | —14 | 98 | —17 | 105 | =23 | 117 313 -13 [ 88| 2 |55 2 57| -5 | 78
283 -2 60 | —22 | 110 | =27 | 121 | =25 | 118 314 4 66 | 13 | 41 {\B | 65 7 55
284 -2 59 | =21 | 106 | =27 | 117 | =26 | 117 315 =3 | 77 | 10 |144°| -3 | 66 5 59
285 -5 75 | —18 | 103 | =17 | 102 | —24 | 113 316 =3 |76 6 | 50 0 62 2 65
286 -3 62 | 21 | 107 | =26 | 117 | —28 | 118 317 -6 |\76M 5 | 53 9 51 14 | 54
287 -4 58 | =23 | 108 | =27 | 116 | =31 | 120 318 104758 [ 13 [ 49| -1 | 66 | 15 | 44
288 -9 66 | =26 | 112 | =33 | 122 | =37 | 124 319 -1 |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 =7 1992169 -1 [70]| =2 ] 76
291 3 68 =5 91 -8 95 | —-10"N"99 322 —14 95| 2|59 -9 | 72| -18| 86
292 10 44 | -9 93 | =17 | 111 Y13 | 106 323 2 951 6 |70 | 14 | 60| 12 | 70
293 -7 62 | =22 | 94 | 28| l4 | —50 | 127 324 0 76 | 10 | 44 | 16 | 37 5 64
294 15 36 | -5 86 | 76 89 | -5 92 325 =5 | 74| 9 | 31 0 47 | -12 ] 70
295 14 40 9 6N 2 80 17 57 326 0 70 | 12 | 43 | 18 | 35| 11 | 55
296 16 27 | -4 80 | 4 82 | -5 86 327 -1 (75 3 | 53| 11 | 37 5 56
297 12 29 [\=s10 | 85 -9 8 | -13 | 94 328 1 68 | 14 | 34 | 12 | 41 0 69
298 1 4471 -1 70 | -8 81 | —12 | 91 329 0 65110 | 38 | 10 | 41 2 65
299 20, 36 7 60 | -1 72 | 2 77 330 -14 | 73 | -3 | 52 2 48 —6 | 74
300 18 32 9 58 5 64 0 71 331 3 62| 13 |40 | 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 13 (75| 7 | 38 3 50 | —11 | 82
304 17 46 18 49 1 69 5 64 335 11 [ 55|13 (50| 19 |40 | -2 | 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 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 37130 |27 6 | 38| -30| 32 1

340 7 16 9 11 14 0 17 | —12 371 44 | =32 | 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 | 24 235

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 | —k2\) 3l 16

345 15 16 32 | —15 | 37 | 28 | 48 | —47 376 35| =5 | 26 | 31 | 40 |\~10 | 35 18

346 12 23 34 | 21 | 39| =30 | 39 | 32 377 33 0 21 | 41(] 38| -3 31 28

347 13 23 39 | 23 | 42| =30 | 46 | —40 378 38 2 26 \447| 46 | 5 33 41

348 15 20 42 | 33 | 47 | —42 | 52 | 51 379 33 | 13 _(237| 47 | 31| 20 36 28

349 14 26 41 | —31 | 45 | —36 | 46 | —41 380 23 | 35| 16 | 65| 29| 30 27 47

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 | 77T N=74 | 81 | =67 387 34| -3 |26 23|27 21 24 30

357 22 29 43 | —19(] 54 | -39 | 45 | —20 388 34 3 27 | 32| 33| 20 31 29

358 19 35 39 |50 | 52| 3535 | 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 5. 18 26 | 36 0 34 1 391 32| 11 | 23|40 | 27| 34 16 60

361 7 63 20 27 |40 | -1 | 39 1 392 35 5 24 | 32 | 18| 42 15 52

362 32 71 0 57 |30 | 14 |30 | 17 393 34 12 | 28129 | 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 34| 26 | 22|53 |21 | 54 21 53

366 —12 | 109 | =35 | 125 | 11 | 65 0 79 397 29 | 39 | 22|61 | 14| 71 22 56

367 36 | 35| 27 0 37 | =33 | 36 | —16 398 191 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

ISO/IEC 14496-10:2009(E)

Value of cabac_init_idc Value of cabac_init_idc
slices slices
ctxIdx 1 ctxIdx 1

m n m n m n m n m n m n m n m n
402 -17 | 120 | =4 | 79 | =5 85 -3 78 431 -2 55 | 12| 56 -9 57 | 121 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 | -5 62 —4 65 -9 67
405 -11 | 85 -9 170 | -7 81 | -10 | 72 434 0 68 -8 66 —4 67 | (56 68
406 -15 | 92 -8 | 66 | -17 | 80 | -18 | 75 435 -9 92 | =8 76 =7 82 ) 1 79
407 —-14 | 8 | -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 33 76 | -8 74
409 -15 | 81 | —-12 | 69 | —-10 | &3 -5 70 438 -15 ] 90 | —10 | |97 =7 72 | -9 72
410 -14 | 80 | -16 | 70 | -9 71 | =17 | 75 439 -12 | 90 | 7 81 —6 78 | -1 72
411 0 68 | —15 | 67 | -9 67 | 14 | 72 440 —18 | 8817 | 80 | —12 | 72 | -1 75
412 -14 | 70 | —20 | 62 | -1 61 | —-16 | 67 441 -100~73 | —-18 | 73 | -14 | 68 | —13 | 71
413 24| 56 | -19| 70 | -8 66 | -8 53 442 =9 79 | —4 74 -3 70 | -1 63
414 -23 | 68 | -16 | 66 | —14 | 66 | —14 | 59 443 -14 | 86 | —10 | 83 —6 76 | -5 70
415 —24 | 50 | —22 | 65 0 59 | -9 52 444 -10 | 73 -9 71 -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 =21 17 | —-10 9 -2 446 -10 | 69 | -1 61 0 57 | 14 | 67
418 26 | 13| 26 | -9 | 32 | —137,730 | —10 447 =5 66 | -8 66 —4 61 -8 53
419 40 | 15| 33 | -9 | 42 49 | 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 | (=21 53 0 33 7 450 2 59 2 59 2 58 | -1 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 | 35 0 24 | -7 37 456 29 9 60 6 64 3 3] 12
428 1 34 -7 142 | -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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Table 9-25 — Values of variables m and n for ctxIdx from 460 to 483

T and SI Value of cabac_init_idc Value of cabac_init_idc
. -~ I and SI -~
slices .
slices

ctxldx 0 1 2 ctxIdx 0 1 2

460 -17 | 123 | =7 92 0 80 11 80 472 -17 | 123 | =7 92 0 80 11 80

461 —-12 | 115 | =5 89 -5 89 5 76 473 -12 | 115 | =5 89 -5 89 5 76

462 -16 | 122 | -7 96 -7 94 2 84 474 —-16 | 122 | -7 96 —7 94 2 84

463 —11 | 115 | -13 | 108 | —4 92 5 78 475 —11 | 115 | -13 | 108 | —4 92 5 48

464 -12 | 63 -3 46 0 39 -6 55 476 -12 | 63 -3 46 0 39 =6 55

465 -2 68 -1 65 0 65 4 61 477 -2 68 -1 65 0 65 4 61

466 -15 | &4 -1 57 | —-15 | 84 | -14 | 83 478 -15 | &4 -1 57 | s1504784 | —14 | 83

467 —-13 | 104 | -9 93 | =35 | 127 | =37 | 127 479 —-13 | 104 | -9 93~ | =35 | 127 | =37 | 127

468 -3 70 -3 74 -2 73 =5 79 480 -3 70 -3 74 -2 73 =5 79

469 -8 93 -9 92 | —12 | 104 | —11 | 104 481 -8 93 =9 92 | —12 | 104 | —11 | 104

470 —-10 | 90 -8 87 -9 91 | —11 | 91 482 -10,| 90| —8 87 -9 91 | —11 | 91

471 =30 | 127 | =23 | 126 | =31 | 127 | =30 | 127 483 800 | 127 | =23 | 126 | =31 | 127 | =30 | 127
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Table 9-26 — Values of variables m and n for ctxIdx from 484 to 571

ISO/IEC 14496-10:2009(E)

I :llilge SSI Value of cabac_init_idc I ar'n dsI Value of cabac_init_idc
ctxIdx 1 ctxIdx slices 1

m n m n m n m n m n m n m n m n
484 -7 93 -2 8 | -13 | 103 | —4 | 86 528 -7 93 -2 8 | —13 | 103 | —4 | 86
485 -11 | 87 | -6 78 | —13 | 91 | —12 | 88 529 -11 | 87 | -6 78 | -13 | 91 | —12 | 88
486 -3 77 | -1 75 -9 89 | -5 | 82 530 -3 77 | -1 75 -9 89 |55 | 82
487 -5 71 -7 77 | -14 | 92 | 3 |72 531 -5 71 -7 77 | -14 | 92 3 | 72
488 —4 63 2 54 | -8 76 | -4 | 67 532 —4 63 2 54 | -8B 76 | 4 | 67
489 —4 68 5 50 | -12 | 87 | -8 | 72 533 -4 68 5 SOUN=12 | 87 | —§ | 72
490 -12 | 84 | 3 68 | =23 | 110 | —16 | 89 534 -12 | 84 | 3 68 | —23 | 110 | —1¢ | 89
491 =7 62 1 50 | 24 | 105 | -9 | 69 535 =7 62 1 50 | =24 | 105 | -9 | 69
492 -7 65 6 42 | —-10 | 78 | -1 | 59 536 -7 65 6 42 | -10 | 78 -1f | 59
493 8 61 —4 81 | —20 | 112 5 66 537 8 61 —4 81 | =20 | 112 5 66
494 5 56 1 63 | —17 | 99 4 57 538 5 56 1 63 | -17 | 99 4 57
495 -2 66 | —4 70 | =78 | 127 | -4 | 71 539 -2 66 | —4 70 | 78 | 127 | -4 | 71
496 1 64 0 67 | =70 | 127 | =2 | 540 1 64 0 67 | =70 | 127 | -2 | 71
497 0 61 2 57 | =50 | 127 2 58 641 0 61 2 57 | =50 | 127 2 58
498 -2 78 -2 76 | 46 | 427 | -1 | 74 542 -2 78 | 2 76 | —46 | 127 | —1| | 74
499 1 50 11 35 ®4J| 66 | —4 | 44 543 1 50 11 35 -4 66 | —4] | 44
500 7 52 4 64 —5 78 | -1 | 69 544 7 52 4 64 | -5 78 =1f | 69
501 10 35 1 61 —4 71 0 62 545 10 35 1 61 —4 71 0 62
502 0 44 11 35 -8 72 | -7 | 51 546 0 44 11 35 -8 72 | -7 | 51
503 11 38 18 25 2 59 | 4 | 47 547 11 38 18 25 2 59 | 4 |47
504 1 45 12 24 | -1 55 -6 | 42 548 1 45 12 24 | -1 55 —6| | 42
505 0 46 13 29 | -7 70 | -3 | 41 549 0 46 13 29 | -7 70 | 3| | 41
506 5 44 13 36 =0 5 =6 33 550 5 44 13 36 —6 5 =0 53
507 31 17 | =10 | 93 -8 89 8 76 551 31 17 | —-10 | 93 -8 89 8 76
508 1 51 -7 73 | 34 | 119 | -9 | 78 552 1 51 -7 73 | 34 | 119 | -9 | 78
509 7 50 | 2 73 -3 75 | —11 | 83 553 7 50 | 2 73 -3 75 | -11 | 83
510 28 19 13 46 32 20 9 52 554 28 19 13 46 32 20 9 52
511 16 33 9 49 30 22 0 67 555 16 33 9 49 30 22 0 67
512 14 62 =7 | 100 | —44 | 127 | =5 | 90 556 14 62 | =7 | 100 | —44 | 127 | =5 | 90
513 -13 | 108 9 53 0 54 1 67 557 —13 | 108 9 53 0 54 1 67
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Table 9-26 (continued) — Values of variables m and n for ctxIdx from 484 to 571

I al}d SI Value of cabac_init_idc I and SI
slices slices
ctxIdx 0 1 2 ctxIdx 0 1 2

Value of cabac_init_idc

514 —15 | 100 2 53 =5 61 | —15 | 72 558 —15 | 100 2 53 =5 61 | —15 | 72

515 —13 | 101 5 53 0 58 =5 |75 559 —13 | 101 5 53 0 58 =5 |75

51 -13 | 91 -2 61 -1 60 -8 | 80 560 -13 | 91 2 61 -1 60 -8 | 80

517 -12 | %4 0 56 -3 61 | —21 | 83 561 -12 | %4 0 56 -3 61 | —24\[)83

518 —-10 | 88 0 56 -8 67 | 21 | 64 562 —-10 | 88 0 56 -8 67N =21 | 64

519 -16 | 84 | 13 | 63 | =25 | 84 | —13 | 31 563 -16 | 84 | -13 | 63 | 25084 | —13 | 31

52 -10 | 86 =5 60 | —14 | 74 | 25 | 64 564 —-10 | 86 =5 60 INY4 | 74 | 25 | 64

521 -7 83 -1 62 =5 65 | 29 | 94 565 -7 83 -1 62 -5 65 | 29 | %4

522 -13 | 87 4 57 5 52 9 75 566 -13 | 87 4 57 5 52 9 75

528 -19 | %4 -6 69 2 57 17 | 63 567 -19 | % "6 69 2 57 17 | 63

524 1 70 4 57 0 61 -8 | 74 568 1 70 4 57 0 61 -8 | 74

525 0 72 14 39 -9 69 =5 |35 569 0 72 14 39 -9 69 =5 |35

52 =5 74 4 51 | —-11 | 70 -2 |27 570 =5 74 4 51 | —-11 | 70 -2 |27

527 18 59 13 68 18 55 13 | 91 571 18 59 13 68 18 55 13 | 91
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Table 9-27 — Values of variables m and n for ctxIdx from 572 to 659

I'and SI Value of cabac_init_idc Value of cabac_init_idc

. I and SI
slices slices
ctxldx 0 1 2 ctxIdx 0 1 2
m n m n m n m n m n m n m n m n

572 24 0 11 | 28 4 45 4 39 616 24 0 11 | 28 4 45 4 39

573 15 9 2 |40 | 10 28 0 42 617 15 9 2 | 40| 10 28 0 42

574 8 25 3 144 10 31 7 34 618 8 25 3 144 10 31 7 4

575 13 | 18 0 |49 | 33 | -1l | 11| 29 619 13| 18 0 | 49| 33 | —11L~\11 P9

576 15 9 0 |46 | 52 | 43 | 8 31 620 15 9 0 | 46 | 52 |43 | 8 1

577 13 | 19 2 | 44| 18 15 6 37 621 13| 19 2 | 44 | (I8 15 6 7

578 10 | 37 2 | 51| 28 0 7 42 622 10 | 37 2 |81V 28 0 7 2

579 12 | 18 0 | 47| 35 | =223 40 623 12 | 18 0147 | 35 | 22| 3 a0

580 6 29 4 |39 38 | 25| 8 33 624 6 29 4 |39 38 | 25| 8 3

581 20 | 33 2 | 62| 34 0 13 | 43 625 20 |" 33 2 | 62| 34 0 13 i3

582 15 | 30 6 |46 | 39 | —-18 | 13| 36 626 15| 30 6 | 46 | 39 | -18 | 13 6

583 4 45 0 | 54| 32 |-12| 4 47 627 4 45 0 |54 | 32 |12 | 4 7

584 1 58 3 |54 ]102|-94 ]| 3 55 628 1 58 3 154 ]102|-94 )| 3 bS5

585 0 62 2 | 58 0 0 2 58 629 0 62 2 | 58 0 0 2 b8

586 7 61 4 | 63| 56 | =] 6 60 630 7 61 4 | 63| 5 | -15| 6 0

587 12 | 38 6 | 51| 33 —4 8 44 631 12 | 38 6 | 51| 33 —4 8 4

588 11 | 45 6 | S0 29 10 | 11 | 44 632 11| 45 6 | 57| 29 10 | 11 4

589 15 | 39 7,153 | 37 =5 | 14| 42 633 15| 39 7 | 53| 37 -5 | 14 2

590 11 | 42 6 | 52| 51 | 29| 7 48 634 11| 42 6 | 52| 51 | 29| 7 23

591 13\ | 44 6 | 55| 39 -9 4 56 635 13 | 44 6 | 55| 39 -9 4 b6

592 16 | 45 11 | 45| 52 | 34| 4 52 636 16 | 45 11 | 45| 52 | 34| 4 b2

593 12 | 41 14 |36 | 69 | =58 | 13 | 37 637 12 | 41 14 136 | 69 | =58 | 13 7

594 10 49 8 33 67 =03 9 49 638 10 49 8 33 07 —63 9 19

595 30| 34 | -1 | 82| 44 =5 | 19| 58 639 301 34 | -1 | 82 | 44 =5 | 19| 58

596 18 | 42 7 155 32 7 10 | 48 640 18 | 42 7 |55 32 7 10 | 48

597 10 | 55 | -3 |78 | 55 | =29 | 12| 45 641 10| 55 | -3 |78 | 55 | 29 | 12| 45

598 17 | 51 15 | 46 | 32 1 0 69 642 17 | 51 15 | 46 | 32 1 0 69

599 17 | 46 | 22 | 31 0 0 20| 33 643 17| 46 | 22 | 31 0 0 20 | 33

600 0 89 | -1 | 84 | 27 36 8 63 644 0 8 | -1 | 84 | 27 36 8 63

601 26 | -19 | 25| 7 33 | 25 | 35| —18 645 26 | -19 | 25| 7 33 | 25 | 35 | —18
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Table 9-27 (continued) — Values of variables m and n for ctxIdx from 572 to 659

I'and SI Value of cabac_init_idc Value of cabac_init_idc

. I and SI
slices slices
ctxldx 0 1 2 ctxIdx 0 1 2
m n m n m n m n m n m n m n m n

602 22 | -17 | 30 | =7 | 34 | =30 | 33 | =25 646 22 | =17 | 30 | =7 | 34 | =30 | 33 | 25

603 26 | -17 | 28 | 3 36 | 28 | 28| 3 647 26 | -17 | 28 | 3 36 | 28 | 28| 3

604 30 | 25|28 | 4 38 | 28 | 24| 10 648 30| 25| 28 | 4 38 | 28 [ 24| 10

605 28 | 201 32| 0O 38 | 27 | 27 0 649 28 | =20 [ 32| O 38 | =27 | 27 0

606 33 | 23 |34 | -1 | 34 | -18| 34| —-14 650 33 | 23 |34 | -1 | 34 | -18 | B4\ 14

607 37 | 27130 | 6 35 | —16 | 52 | —44 651 371 27130 | 6 35 | A6yT52 | 44

608 33| 23130 | 6 34 | -14 | 39 | —24 652 331 23130 | 6 3R V=14 | 39 | 24

609 40 | 28 | 32 | 9 32 -8 | 19| 17 653 40 | 28 | 32| 9 32 -8 | 19| 17

610 38 | =17 | 31 | 19 | 37 -6 | 31| 25 654 38 | =17 | AN |JI9 | 37 -6 | 31| 25

611 33 | 11| 26 | 27 | 35 0 36 | 29 655 33 | —1Ix] 26 | 27 | 35 0 36 | 29

612 40 | —15 | 26 | 30 | 30 10 | 24 | 33 656 40- <15 | 26 | 30 | 30 10 | 24 | 33

613 41 | =6 | 37 | 20 | 28 18 | 34 | 15 657 41 | =6 | 37 | 20 | 28 18 | 34| 15

614 38 1 28 | 34 | 26 25 | 30| 20 658 38 1 28 | 34 | 26 25 [ 30| 20

615 41 17 | 17 | 70 | 29 41 (22| 73 659 41 | 17 | 17 | 70 | 29 41 (22| 73
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Table 9-28 — Values of variables m and n for ctxIdx from 660 to 717

Value of cabac_init_idc Value of cabac_init_idc
slices .
ctxIdx 0 1 2 ctxIdx slices 1

m n m n m n m n m n m n m n m n
660 -17 1120 | -4 | 79| =5 |8 | 3 |78 689 2 59 2 59 2 58 | 11 | 68
661 20| 112 | =7 71| =6 | 81| -8 | 74 690 23 | —13 9 -2 |17 | -10 9 -2
662 —-18 | 114 | =5 | 69 | =10 | 77 | -9 | 72 691 26 | -13 | 26 | -9 |32 | —-13 | 30 | —10
663 -11 | 8 | =9 |70 | =7 | 81 | =10 | 72 692 40 | —15 | 33 -9 (42| -9 3 —4
664 -15] 92 | -8 | 66| -17 | 80 | —18 | 75 693 49 | 14 | 39 | -7 |49 | =5 33 -1
665 —14 | 8 | —-10 | 68 | —18 | 73 | —12 | 71 694 44 3 41 -2 | 53 0 33 7
666 =26 | 71 | -19 | 73| -4 | 74 | —11 | 63 695 45 6 45 3 64 3 31 12
667 -15| 81 | —-12 | 69 | -10 | 83 | =5 | 70 696 44 | 34 49 9 68 | 10 37 23
668 -14 ] 8 | —-16 |70 | =9 | 71| -17 |75 697 33 | 54 45 27 | 66 | 27 31 38
669 0 68 | —15 | 67| =9 | 67| —-14| 72 698 19 /82 36 59 | 47 | 57 20 64
670 -14 ] 70 | 20 | 62 | -1 | 61 | —16 | 67 699 2b| —-10 | 21 | —13 | 17 | —10 9 -2
671 241 56 | -19 |70 | -8 | 66 | -8 | 53 700 24 | —11 | 33 | —-14 | 32 | -13 | 30 |[|-10
672 —23 | 68 | -16 | 66 | —14 | 66 | —14 | 59 701 28 | -8 39 | -7 |42 -9 31 —4
673 24| 50 | 22 | 65 0 59 | 294052 702 28 | -1 46 | -2 | 49| -5 33 -1
674 -11 | 74 | =20 | 63 2 SO 11 | 68 703 29 3 51 2 53 0 33 7
675 —14 1106 | =5 | 8 | -3 81 | -3 | 78 704 29 9 60 6 64 3 31 12
676 -13 ] 97 | -6 | 8I\|L-3 |76 | -8 | 74 705 35 1 20 61 17 | 68 | 10 37 23
677 -15 ] 90 | —10({#7 | =7 | 72| -9 | 72 706 29 | 36 55 34 | 66 | 27 31 38
678 =12 | 90 \s7 |81 | —6 | 78 | —10 | 72 707 14 | 67 42 62 | 47 | 57 20 64
679 —18 |(887| -17 | 80 | 12 | 72 | 18 | 75 708 -3 75 -6 66 | 5| 71 -9 71
680 100 73 | -18 | 73 | —14 | 68 | —12 | 7] 709 -1 ] 23 -7 35 0 24 | -7 37
681 =917 | 4 | 74| -3 |70 | -11| 63 710 1 34 | -7 | 42 | -1]| 36 | -8 44
682 -14| 8 | —-10 [ 83 | =6 |76 | =5 | 70 711 1 43 -8 45 | 2| 42 | —-11 || 49
683 10| 73 | -9 |71 | =5 | 66 | —17 | 75 712 0 54 | -5 48 | 2| 52 | 10 | 56
684 -10| 70 | -9 |67 | -5 | 62| 14| 72 713 2| 55 | -12| 56 | 9| 57 | —-12 | 59
685 -10 | 69 | -1 | 61 0 57 | —-16 | 67 714 0 61 -6 60 | 6| 63 -8 63
686 -5 66 | 8 [ 66| —4 | 61| -8 |53 715 1 64 | -5 62 | 4| 65 -9 67
687 -9 | 64 | 14|66 | -9 |60 |—-14 | 59 716 0 68 -8 66 -4 | 67 —6 68
688 -5 58 0 59 1 54 | -9 | 52 717 9192 -8 76 =71 82 -10 | 79
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Table 9-29 — Values of variables m and n for ctxIdx from 718 to 775

I Value of cabac_init_idc
slices slices
ctxIdx 0 1 2 ctxIdx 0 1 2

Value of cabac_init_idc

718 =17 | 120 [ =4 | 79| =5 [ 8 | -3 |78 747 2 59 2 59 2 58 | —11 | 68

719 20 | 112 { =7 |71 | =6 [ 81 | -8 | 74 748 23 | —-13 9 -2 | 17 | —-10 9 -2
720 —18 | 114 | =5 [ 69 | -10 | 77 | -9 | 72 749 26 | 13 | 26 -9 |32 | -13 | 30 | -10
21 -11 | &5 -9 | 70| =7 | 81 | —10 | 72 750 40 | -15 | 33 -9 |42 -9 31 -4

7R2 -15 | 92 -8 | 66 | -17 | 80 | —18 | 75 751 49 | 14 | 39 -7 149 | -5 33 ~1

23 —-14 | 8 | -10 | 68 | =18 | 73 | =12 | 71 752 44 3 41 -2 | 53 0 33 7

24 26| 71 (19 [ 73 | =4 | 74 | —11 | 63 753 45 6 45 3 64 3 31 12

RS -15 | 81 [ —-12 [ 69 | -10 [ 83 | =5 | 70 754 44 | 34 49 9 687 10 37 23

726 -14 | 8 |(-16 [ 70 | =9 [ 71 | =17 | 75 755 33 | 54 45 QW | 66 | 27 31 38

7 0 68 | —15 | 67| -9 | 67| 14| 72 756 19 | 82 36 59 | 47 | 57 20 64

728 —-14 | 70 | 20 [ 62 | -1 [ 61 | —16 | 67 757 21 | ~10)" 21 | -13 | 17 | —10 9 -2

29 24| 56 [ -19 |70 | -8 | 66 | =8 | 53 758 24 1)-11 | 33 | —-14 | 32 | -13 | 30 | —-10

B0 —23 | 68 [ 16 | 66 | —14 | 66 | —14 | 59 759 28 | -8 39 =7 |42 -9 31 —4

781 —24 | 50 [ 22 | 65 0 59| -9 | 52 760 28 | -1 46 -2 149 | -5 33 -1

B2 11| 74 | =20 | 63 2 59 | —11 |68 761 29 3 51 2 53 0 33 7

B3 —14 | 106 | =5 | 85| -3 | 81 | =3 | 78 762 29 9 60 6 64 3 31 12

B4 -13 | 97 -6 | 81| 3 NZ6| -8 | 74 763 35 | 20 61 17 | 68 | 10 37 23

BS =15 | 90 | =10 | 77 [ (=%~ 72 | -9 | 72 764 29 | 36 55 34 | 66 | 27 31 38

786 -12 | 90 =7 [(8IN| -6 | 78 | —10 | 72 765 14 | 67 42 62 | 47 | 57 20 64

37 —-18 | 88 [ 17780 | —12 | 72 | —18 | 75 766 -3 75 -6 66 | 5| 71 -9 71

B8 =10 | 73N\ -18 | 73 | —14 | 68 | —12 | 71 767 -11 23 -7 35 0 24 =7 37

B9 -9 79 -4 | 74| -3 | 70 | —11 | 63 768 1 34 -7 42 | -1 | 36 -8 44

THO =14 | 8 | 10 [ 83 | =6 [ 76 | =5 | 70 769 1 43 -8 45 | 2| 42 | -11 | 49

741 -10 | 73 -9 | 71| =5 | 66| 17|75 770 0 54 =5 48 | 2| 52 | 10| 56

742 -10 | 70 -9 | 67| 5 | 62| 14|72 771 2| 55 |12 | 56 | 9| 57 |12 | 59

743 -10 | 69 -1 | 61 0 57 | —16 | 67 772 0 61 -6 60 | 6| 63 -8 63

744 =5 66 -8 | 66| 4 | 61| 8 |53 773 1 64 =5 62 | -4 | 65 -9 67
745 -9 64 | —-14 | 66 | -9 | 60 | =14 | 59 774 0 68 -8 66 -4 | 67 -6 68
746 =5 58 0 59 1 54| -9 | 52 775 -9 1 92 -8 76 -7 | 82 -10 | 79
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Table 9-30 — Values of variables m and n for ctxIdx from 776 to 863

ISO/IEC 14496-10:2009(E)

I :llilge sSI Value of cabac_init_idc I ar'n dsI Value of cabac_init_idc
ctxIdx 1 ctxIdx slices 1

m n m n m n m n m n m n m n m n
776 -6 93 | =13 | 106 | =21 | 126 | =22 | 127 820 -6 93 | —13 | 106 | =21 | 126 | =22 | 127
777 -6 84 | —16 | 106 | —23 | 124 | =25 | 127 821 -6 84 | —16 | 106 | —23 | 124 | =25 | 127
778 -8 79 | -10 | 87 | =20 | 110 | =25 | 120 822 -8 79 | -10 | 87 | =20 | 110 | ~2% | 120
779 0 66 | 21 | 114 | =26 | 126 | =27 | 127 823 0 66 | —21 | 114 | =26 | 426 —271 | 127
780 -1 71 | 18 | 110 | =25 | 124 | —19 | 114 824 -1 71 | —18 | 110 | —25J124 | -1 114
781 0 62 | —14 | 98 | —17 | 105 | =23 | 117 825 0 62 | —14 | 98(_\=17 | 105 | —23 | 117
782 -2 60 | —22 | 110 | =27 | 121 | =25 | 118 826 -2 60 | 22N 110 | =27 | 121 | =23 | 118
783 -2 59 | =21 | 106 | =27 | 117 | =26 | 117 827 -2 594,21 | 106 | =27 | 117 | -2 117
784 -5 75 | —18 | 103 | —17 | 102 | —24 | 113 828 -5 75| —18 | 103 | =17 | 102 | =24 | 113
785 -3 62 | —21 | 107 | =26 | 117 | —28 | 118 829 X3 62 | —21 | 107 | =26 | 117 | =2 118
786 —4 58 | —23 | 108 | =27 | 116 | =31 | 120 830 —4 58 | —23 | 108 | =27 | 116 | -3 120
787 -9 66 | =26 | 112 | =33 | 122 | =37 | 124 831 -9 66 | —26 | 112 | =33 | 122 | =37 | 124
788 -1 79 | 10 | 96 | -10 | 95 | —10 | 94 832 -1 79 | 10 | 96 | -10 | 95 | -1 94
789 0 71 | -12 | 95 | —14 | 100 | —15*| 102 833 0 71 | -12 | 95 | —14 | 100 | —13 | 102
790 3 68 | -5 91 -8 95¢) —-10 | 99 834 3 68 | -5 91 -8 95 | -1 99
791 10 44 | -9 93 | —¥y 111 | —13 | 106 835 10 44 | -9 93 | =17 | 111 | —13 | 106
792 =7 62 | =22 | 94328 | 114 | =50 | 127 836 =7 62 | 22| 94 | 28 | 114 | -5 127
793 15 36 | =5 86 | —6 8 | -5 92 837 15 36 | -5 86 | —6 8 | -5 92
794 14 40 9 67 | 2 80 17 57 838 14 40 9 67 | 2 80 17 57
795 16 27 | -4 80 | 4 82 =5 86 839 16 27 | 4 80 | 4 82 =5 86
796 12 29 | -10 | 85 -9 8 | -13 | %4 840 12 29 | -10 | 85 -9 8 | 13 | %4
797 1 44 | -1 70 | -8 81 | -12 | 91 841 1 44 | -1 70 | -8 81 | -13 | 91
798 20 36 7 60 =1 12 =2 77 842 20 36 7 60 =1 12 =2 77
799 18 32 9 58 5 64 0 71 843 18 32 9 58 5 64 0 71
800 5 42 5 61 1 67 | -1 73 844 5 42 5 61 1 67 | -1 73
801 1 48 12 50 9 56 4 64 845 1 48 12 50 9 56 4 64
802 10 62 15 50 0 69 | -7 81 846 10 62 15 50 0 69 | -7 81
803 17 46 18 49 1 69 5 64 847 17 46 18 49 1 69 5 64
804 9 64 17 54 7 69 15 57 848 9 64 17 54 7 69 15 57
805 —12 | 104 | 10 41 -7 69 1 67 849 -12 | 104 | 10 41 -7 69 1 67
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Table 9-30 (continued) — Values of variables m and n for ctxIdx from 776 to 863

T and SI Value of