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Foreword

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

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main fask of the joint technical committee is to prepare International Standards. Draft Intefnational
Standards pdopted by the joint technical committee are circulated to national bodies for voting. Pablication as
an International Standard requires approval by at least 75 % of the national bodies casting a vote.

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

ISO/IEC 14496-10 was prepared by Joint Technical Committee ISO/IEC JTC-1, ‘Information Technology,
Subcommiftee SC 29, Coding of Audio, Picture, Multimedia and Hypermedia Information.

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

This part off ISO/IEC 14496 is technically aligned with ITU-T Rec, H:264 but is not published as identicaltext.

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

— Part 1]Systems

— Part 21 Visual

— Part 31Audio

— Part 41 Conformance testing

— Part 5] Reference software

— Part 61Delivery Multimedia Integration Framework (DMIF)

— Part 71 Optimized-teference software for coding of audio-visual objects [Technical Report]

— Part 81Cartiage of ISO/IEC 14496 contents over IP networks

—  Part 9 Reference hardware descriptiorr{ fechmicatReport]

— Part 10: Advanced Video Coding

— Part 11: Scene description and application engine

— Part 12: ISO base media file format

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

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

Part 18: Font compression and streaming

Part 19: Synthesized texture stream

Part 20: Lightweight Application Scene Representation (LASeR) and Simple Aggregation Format (SAF)

ollowing parts are under preparation:

Part 21: MPEG-J GFX

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

Dn the cover, the words “Second edition” have been replaced by the words*Third edition”.

n 6.4.4, Figure 6-11 has been replaced.

[he last sentence of 7.1 has been replaced by the following: “WWhen syntax_element appear
hat a syntax element is parsed from the bitstream and the\bitstream pointer is advanceq
position beyond the syntax element in the bitstream parsing)process.”
n 8.4.1.3, Figure 8-1 has been renumbered as Figure'8-3.

n 8.4.2.2.1, Figure 8-2 has been renumbered as.Figure 8-4.

n D.2.20, Equation D-15, “film_‘grain_bit depth_luma_minus8” has been ¢
film_grain_bit_depth_chroma_minus8”;

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

5, it specifies
to the next
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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
video representation with substantially increased coding efficiency and enhanced robustness to network environments.
Toward these ends the ITU-T Video Coding Experts Group (VCEG) and the ISO/IEC Moving Picture Experts Group
(MPEG) formed a Joint Video Team (JVT) in 2001 for development of a new Recommendation | International Stapdard.

0.2 Pufpose
This subclayse does not form an integral part of this Recommendation | International Standard.

This Recommendation | International Standard was developed in response to the growing need for’higher compression of
moving picfures for various applications such as videoconferencing, digital storage media,”television broadgasting,
internet strepming, and communication. It is also designed to enable the use of the coded video representatign in a
flexible marner for a wide variety of network environments. The use of this Recommendation | International Sfandard
allows motign video to be manipulated as a form of computer data and to be stored onnvdrious storage media, tranymitted
and received over existing and future networks and distributed on existing and future broadcasting channels.

0.3 Apjplications
This subclayse does not form an integral part of this Recommendation{International Standard.

This Reconlmendation | International Standard is designed to cover a broad range of applications for video fontent
including but not limited to the following:

CATV  Cable TV on optical networks, copper, ete:

DBS Direct broadcast satellite video services

D$L Digital subscriber line video serviees

DTTB Digital terrestrial television‘broadcasting

ISM Interactive storage media (optical disks, etc.)

MMM  Multimedia mailing

MBPN  Multimedia serviees over packet networks

RTC Real-time conversational services (videoconferencing, videophone, etc.)
RYS Remotetvideo surveillance

S§M Serial'storage media (digital VTR, etc.)

0.4 Pubplication and versions of this International Standard

ational Standard

This International Standard 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 (2003) approved version of this Recommendation |
International Standard.

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

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 3 refers to the integrated text containing both the first technical
corrigendum (2004) and the first amendment, which is referred to as the "Fidelity range extensions".
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ITU-T Rec. H.264 | ISO/IEC 14496-10 version 4 (the current specification) refers to the integrated text containing the
first technical corrigendum (2004), the first amendment (the "Fidelity range extensions"), and an additional technical
corrigendum (2005). In the ITU-T, the next published version after version 2 was version 4 (due to the completion of the

drafti

0.5

ng work for version 4 prior to the approval opportunity for a final version 3 text).

Profiles and levels

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

This Recommendation | International Standard is designed to be generic in the sense that it serves a wide range of
applications, bit rates, resolutions, qualities, and services. Applications should cover, among other things, digital storage
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a, television broadcasting and real-time communications. In the course of creating this International Standard,

1s requirements from typical applications have been considered, necessary algorithmic elenden
oped, and these have been integrated into a single syntax. Hence, this International Standard will T
nterchange among different applications.

dering the practicality of implementing the full syntax of this International Standard, however, a limi
ts of the syntax are also stipulated by means of "profiles" and "levels". These and other related term
ed in clause 3.

ofile" is a subset of the entire bitstream syntax that is specified by this Recommendation | Internati
n the bounds imposed by the syntax of a given profile it is still possible to yrequire a very large v
mance of encoders and decoders depending upon the values taken by syntax elements in the bitstrea
fied size of the decoded pictures. In many applications, it is currently ficither practical nor economic t
ler capable of dealing with all hypothetical uses of the syntax within‘a“particular profile.

er to deal with this problem, "levels" are specified within each profile. A level is a specified set
ked on values of the syntax elements in the bitstream. These constraints may be simple limj
hatively they may take the form of constraints on arithmetie.ecombinations of values (e.g. picture width
e height multiplied by number of pictures decoded perseeond).

d video content conforming to this Recommendation | International Standard uses a common synta|
¢ a subset of the complete syntax, flags, paraméters, and other syntax elements are included in the

signal the presence or absence of syntactic elements that occur later in the bitstream.
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Overview of the design characteristics
subclause does not form an integral part of this Recommendation | International Standard.

oded representation specifi¢d jin the syntax is designed to enable a high compression capability for a
y. With the exception of the transform bypass mode of operation for lossless coding in the High 4:4
PCM mode of operatien in all profiles, the algorithm is typically not lossless, as the exact source sam
lly not preserved through the encoding and decoding processes. A number of techniques may be u
y efficient compression. Encoding algorithms (not specified in this Recommendation | International
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s spatial~prediction modes to exploit spatial statistical dependencies in the source signal for a
n vectors and intra prediction modes may be specified for a variety of block sizes in the picture. ]
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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 codes or arithmetic coding.

0.6.1

Predictive coding

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

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

0.6.2 Coding of progressive and interlaced video
This subclause does not form an integral part of this Recommendation | International Standard.

This Recommendation | International Standard specifies a syntax and decoding process for video that originated in either

progressive-scan or interlaced- scan form, whlch may be mixed together in the same sequence. The two fields of an

interlaced frp
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ay be coded separately or the two ﬁelds may be coded together asa frame Progresswe frames ard ty
ame. For interlaced video, the encoder can choose between frame coding and field coding. Frame-co
can be adaptively selected on a picture-by-picture basis and also on a more localized basis. 'within 4

plly works better when there is fast picture-to-picture motion.

fure partitioning into macroblocks and smaller partitions
se does not form an integral part of this Recommendation | International Standard:

us video coding Recommendations and International Standards, a macreblock, consisting of a 16x1
iples and two corresponding blocks of chroma samples, is used as the’\basic processing unit of thq
cess.

Lk can be further partitioned for inter prediction. The selection(of* the size of inter prediction partitid
rade-off between the coding gain provided by using motien compensation with smaller blocks 3
lata needed to represent the data for motion compensatioir, Jn this Recommendation | International St

ck can also involve the selection of the picture te be used as the reference picture from a number of
ecoded pictures. Motion vectors are encoded\differentially with respect to predicted values forme
led motion vectors.

motion estimation process in the cencoder and the selection of whether to use inter prediction
n of each region of the video content’is not specified in this Recommendation | International Standard

tial redundancy reduction
se does not form an intégral part of this Recommendation | International Standard.

pictures and prediction residuals have high spatial redundancy. This Recommendation | Intern
based on the use of’a block-based transform method for spatial redundancy removal. After inter prg
hsly-decoded samples in other pictures or spatial-based prediction from previously-decoded samples
bicture, the\fesulting prediction residual is split into 4x4 blocks. These are converted into the traj
re they.are“quantised. After quantisation many of the transform coefficients are zero or have low am|
be tepresented with a small amount of encoded data. The processes of transformation and quantisg

e coding is typically preferred when the video scene contains significant detail with limited motior].

liction process can form segmentations for motion representation as small as 4x4 luma samples in sizd,

e time.
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hreot specified in this Recommendation | International Standard.

0.7

How to read this specification

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

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

Throughout this specification, statements appearing with the preamble "NOTE -" are informative and are not an integral
part of this Recommendation | International Standard.
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3.1

3.2

Scope

document specifies ITU-T Recommendation H.264 | ISO/IEC International Standard’ ISO/IEC 14
2.

Normative references

following Recommendations and International Standards contain prOvisions that, through referenc

496-10 video

b in this text,

tute provisions of this Recommendation | International Standard. At’the time of publication, the editions indicated

valid. All Recommendations and Standards are subject to revision, and parties to agreements

mmendation | International Standard are encouraged to investigate the possibility of applying the most
e Recommendations and Standards listed below. Membefs\of IEC and ISO maintain registers of d
jational Standards. The Telecommunication Standardisation Bureau of the ITU maintains a list of g
[ Recommendations.

ITU-T Recommendation T.35 (2000),-Procedure for the allocation of ITU-T defined c
standard facilities

ISO/IEC 11578:1996, Informatioii technology — Open Systems Interconnection — Rem
Call (RPC)

ISO/CIE 10527:1991, CIE standard colorimetric observers

Definitions
le purposes of this ReCommendation | International Standard, the following definitions apply.

access unit:\A) set of NAL units always containing exactly one primary coded picture. In a
primary_coded picture, an access unit may also contain one or more redundant coded pictures
units notcontaining slices or slice data partitions of a coded picture. The decoding of an acce
results.in a decoded picture.

AC transform coefficient: Any transform coefficient for which the frequency index in one or bo
is non-zero.

based on this
recent edition
urrently valid
urrently valid

bdes for non-

te Procedure

ldition to the
or other NAL
s unit always

th dimensions

3.3

34

3.5

adaptive binary arithmetic decoding process: An entropy decoding process that derives the values 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
Recommendation | International Standard, that codes a sequence of bins and produces a bitstream that can be

decoded using the adaptive binary arithmetic decoding process.

alpha blending: A process not specified by this Recommendation | International Standard,

in which an

auxiliary coded picture is used in combination with a primary coded picture and with other data not specified
by this Recommendation | International Standard in the display process. In an alpha blending process, the

samples of an auxiliary coded picture are interpreted as indications of the degree of opacity (or,

equivalently,

the degrees of transparency) associated with the corresponding /uma samples of the primary coded picture.
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3.6

3.7

3.8

3.9
3.10
3.11

3.12

3.13

3.14

3.15

3.16

3.17

3.18

3.19

3.20

3.21

3.22
3.23

3.24

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

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

B slice: A slice that may be decoded using intra prediction from decoded samples within the same slice or inter
prdicrion fToTT previousty-decoded reference picinres, USINg at oSt tWO 7IoTIon VecToTs and reference yndices
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 elenrent onto a sef| of bin
stiings.

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.

bigstream: A sequence of bits that forms the representation of codéd pictures and associated data forming one
or|more coded video sequences. Bitstream is a collective term used to refer either to a NAL unit streqm or a
byte stream.

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

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

battom macroblock (of a macroblock pair): The macroblock within a macroblock pair that contajins the
samples in the bottom row of samples foer’the macroblock pair. For a field macroblock pair, the pottom
mgcroblock represents the samples from the region of the bottom field of the frame that lie within thespatial
region of the macroblock pair. For afeame macroblock pair, the bottom macroblock represents the saniples of
th¢ frame that lie within the bottom half of the spatial region of the macroblock pair.

brken link: A location in a bitstream at which it is indicated that some subsequent pictures in decoding order
mgay contain serious visuahartefacts due to unspecified operations performed in the generation of the bitstream.

byjte: A sequence of 8'bits, written and read with the most significant bit on the left and the least signifi¢ant bit
onlthe 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¢ positionlof the first bit in the bitstream. A bit or byte or syntax element is said to be byte-aligned when the
position-at which it appears in a bitstream is byte-aligned.

byte stream: An encapsulation of a NAL unit stream containing start code prefixes and NAL units as specified
in ATnex B-

can: A term used to refer to behaviour that is allowed, but not necessarily required.

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

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

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

3.27

3.28
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3.31
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coded field: A coded representation of a field.

coded frame: A coded representation of a frame.

coded picture: A coded representation of a picture. A coded picture may be either a coded field or a coded
frame. Coded picture is a collective term referring to a primary coded picture or a redundant coded picture, but

not to both together.

coded picture buffer (CPB): A first-in first-out buffer containing access units in decoding order specified in

the hypothetical reference decoder in Annex C.

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

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

R access unit
not including

component: An array or single sample from one of the three arrays (luma and two chroma) that nhake up a field

or frame.

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

bmplementary

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

complementary reference field pair: Two reference fields that.are in consecutive access unifs in decoding
order as two coded fields and share the same value of the frame~nhum syntax element, where the §econd field in

decoding order is not an IDR picture and does not include @ memory management control op
element equal to 5.

eration syntax

context variable: A variable specified for the adaptive binary arithmetic decoding process off a bin by an

equation containing recently decoded bins.

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

decoded picture: A decoded picture is, derived by decoding a coded picture. A decoded pictyre is either a

decoded frame, or a decoded field. Ad¢coded field is either a decoded top field or a decoded bott

m field.

decoded picture buffer (DPB)~A buffer holding decoded pictures for reference, output reordefing, or output

delay specified for the hypothetiecal reference decoder in Annex C.
decoder: An embodimentof a decoding process.
decoding order: The'order in which syntax elements are processed by the decoding process.

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

that reads a

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

modés 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 havin,
the cropped decoded pictures that are the output of the decoding process.

b, as its input,

decoder under test (DUT): A decoder that is tested for conformance to this Recommendation | International
Standard by operating the hypothetical stream scheduler to deliver a conforming bitstream to the decoder and
to the hypothetical reference decoder and comparing the values and timing of the output of the two decoders.

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

encoder: An embodiment of an encoding process.

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

3.49

3.50

3.51

3.52
3.53

3.54

3.55
3.56

3.57

3.58

3.59

3.60

3.61

3.62

3.63
3.64

3.65

3.66
3.67
3.68
3.69

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

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

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

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

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

frame: A frame contains an array of luma samples and two corresponding arrays of chroma samplesvA frame
cohsists of two fields, a top field and a bottom field.

frame macroblock: A macroblock representing samples from the two fields of a codéd\ frame. | When
mqcroblock-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 macrobldcks of a coded frame
may be frame macroblocks.

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

fr¢quency index: A one-dimensional or two-dimensional index associated with a transform coefficient prior to
an|inverse 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.

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

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

informative: A term used to refer to content provided in this Recommendation | International Standard| that is
not an integral part of this Recommendation | International Standard. Informative content does not egtablish
anfy mandatory requirements for conforimiance to this Recommendation | International Standard.

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

injtantaneous decoding tefresh (IDR) picture: A coded picture in which all slices are I or SI slides that
capses 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
cah be decoded without inter prediction from any picture decoded prior to the IDR picture. The first pidture of
eath coded video-sequence is an IDR picture.

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

inter_ prédiction: A prediction derived from decoded samples of reference pictures other than the purrent
detaded 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.

inverse transform: A part of the decoding process by which a set of transform coefficients are converted into
spatial-domain values, or by which a set of transform coefficients are converted into DC transform coefficients.
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3.77

3.78

3.79

3.80

3.81

3.82

3.83

3.84
3.85

ISO/IEC 14496-10:2005(E)

layer: One of a set of syntactical structures in a non-branching hierarchical relationship. Higher layers contain
lower layers. The coding layers are the coded video sequence, picture, slice, and macroblock layers.

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

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

list 0 (list 1).

list 0 (list 1) prpdi(‘ﬁnn' Inter ‘nrpdir*ﬁnn of the content of a slice nQing a reference index

pointing into

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 the implication of the ug

transfer characteristics that is often associated with the term luminance. The symbol L i§)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 samples.
of a slice or a macroblock pair into macroblocks is a partitioning.

macroblock-adaptive frame/field decoding: A decoding precess 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 macroblock raster s¢gn of the picture starting with zero fq
macroblock in a picture. When macroblock-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 mg
raster scan of the picture, and the macroblock address of the bottom macroblock of a macrobl
macroblock address of the corresponding top” macroblock plus 1. The macroblock addre
macroblock of each macroblock pair is aneyen number and the macroblock address of the botto
of each macroblock pair is an odd number:

macroblock location: The two-dimensional coordinates of a macroblock in a picture denoted 1
the top left macroblock of the picfure (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 macroblock row. from top to bottom. When macroblock-adaptive frame/field decoding
incremented by 2 for ¢ach® macroblock pair row from top to bottom, and is incremented by a
when a macroblock is a bottom macroblock.

macroblock pair:~A pair of vertically contiguous macroblocks in a frame that is couplg

throme signal

e of linear light
d instead of the

The division

which some
cks.

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

y (X,y). For
h macroblock

emented by 1
is in use, y is
h additional 1

d for use in

macroblock-adaptive frame/field decoding. The division of a slice into macroblock pairs is a parfitioning.

macroblock’ partition: A block of luma samples and two corresponding blocks of chroma sany
fromeapartitioning of a macroblock for inter prediction.

macroblock to slice group map: A means of mapping macroblocks of a picture into slice
mdcroblock to slice group map consists of a list of numbers, one for each coded macroblock,

ples resulting

groups. The
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.

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

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

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

3.87

3.88
3.89
3.90

3.91
3.92
3.93
3.94

3.95
3.96
3.97
3.98

3.99

3.100
3.101
3.102
3.103

3.104

3.105
3.106

3.107
3.108

3.109

3.110
3.111

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

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

NAL unit stream: A sequence of NAL units.
non-paired field: A collective term for a non-paired reference field or a non-paired non-reference field.

non-paired non-reference field: A decoded non-reference field that is not part of a complementary non-
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.
nan-reference frame: A frame coded with nal_ref idc equal to 0.

nan-reference picture: A picture coded with nal ref idc equal to 0. A non-reference)picture is not used for
infer prediction of any other pictures.

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

P jlice: A slice that may be decoded using intra prediction from deceded samples within the same slice ¢r inter
prediction from previously-decoded reference pictures, using at, most one motion vector and reference ipdex to
predict the sample values of each block.

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

parity: The parity of a field can be top or bottom,

partitioning: The division of a set into subsets'such that each element of the set is in exactly one of the subsets.

picture: A collective term for a field or a frame.

pigcture parameter set: A syntax stiucture containing syntax elements that apply to zero or more entirq coded
pidtures as determined by the picsparameter set id syntax element found in each slice header.

pig¢ture order count: A variable having a value that is non-decreasing with increasing picture position in
output order relative towthe previous IDR picture in decoding order or relative to the previous picture
coptaining the memoky )management control operation that marks all reference pictures as “unuded for
reference”.

prediction: Adembodiment of the prediction process.

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

ictive slice: See P slice

p

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

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

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

quantisation parameter: A variable used by the decoding process for scaling of transform coefficient levels.
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3.114
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random access: The act of starting the decoding process for a bitstream at a point other than the beginning of
the stream.

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

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

elements followed by an RBSP stop bit and followed by zero or more subsequent bits equal to 0.

ra

3.114

3.117

3.118

3.119

3.120
3.121

3.122

3.123

3.124

3.125

3.126

(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 appreximate 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 pait, 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 picturé is not required td
macroblocks in the primary coded picture. Redundant coded pictures have no normative
decoding process. See also primary coded picture.

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

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

reference index: An index into a reference 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
the decoding process of a P or(SP slice, there is one reference picture list. For the decoding g
slice, there are two reference picture lists.

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

reference picture list 1: A reference picture list used for inter prediction of a B slice. Referenc
is one of two lists of reference picture lists used for inter prediction for a B slice, with the other b
picturedist.0.

reféerence picture marking: Specifies, in the bitstream, how the decoded pictures are mai
prediction.

sence payload
RBSP can be
vero bit in the

resentation of
.

content of a
rming to this

contain all
effect on the

coded field or

es of a coded

s that may be

SP slice. For
rocess of a B

ice. All inter
two reference

b picture list 1
ping reference

ked for inter

reserved: The term reserved, when used in the clauses specifying some values of a particular s

ntax element,

3.127
3.128

3.129

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 coefficient levels generated by a zig-zag scan or a field scan. In other contexts, run refers to a number
of macroblocks.

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

3.132

3.133

3.134

3.135

3.136

3.137

3.138

3.139
3.140

3.141
3.142

3.143

3.144

3.145

3.146

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

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

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

shall: A term used to express mandatory requirements for conformance to this Recommendation | International
Standard. When used to express a mandatory constraint on the values of syntax elements or on the results
obtained by operation of the specified decoding process, it is the responsibility of the encoder to ensure that the
constraint is fulfilled  When nsed in reference to npemﬁnnq perfnrmed by the f]Pf'{)f]i}’lg‘r)V()f‘P\‘ﬂ‘ anv de oding
prpcess that produces identical results to the decoding process described herein conforms to the{ddcoding
prpcess 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 requirement for conformance fo this
Rdcommendation | International Standard.

SIj slice: A slice that is coded using prediction only from decoded samples withih the same slice and using
qupntisation of the prediction samples. An SI slice can be coded such that its decoded samples fan be
copstructed identically to an SP slice.

skjpped macroblock: A macroblock for which no data is coded other than an indication that the macroblock is
to Jbe decoded as "skipped". This indication may be common to severalmacroblocks.

slipe: An integer number of macroblocks or macroblock 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 macreblock pairs that are consecutive in the raster scan
within a slice group, these macroblocks or macroblock paifs are not necessarily consecutive in the raster scan
within the picture. The addresses of the macroblocks,are derived from the address of the first macrobldck in a
slipe (as represented in the slice header) and the macroblock to slice group map.

slice data partitioning: A method of partitioning selected syntax elements into syntax structures basg¢d on a
cafegory associated with each syntax element:;

slice group: A subset of the macroblocks*or macroblock pairs of a picture. The division of the pictifre into
slipe groups is a partitioning of the pieture. The partitioning is specified by the macroblock to slice group map.

sli[e group map units: The units.ef the map unit to slice group map.

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

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

SH slice: A slicésthat is coded using inter prediction from previously-decoded reference pictures, using it most
onk motion yeétor and reference index to predict the sample values of each block. An SP slice can bd coded
suth that its‘decoded samples can be constructed identically to another SP slice or an S7 slice.

stgrt/code prefix: A unique sequence of three bytes equal to 0x000001 embedded in the byte stream as 4 prefix
toleach’ 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.

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

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

sub-macroblock partition: A block of luma samples and two corresponding blocks of chroma samples
resulting from a partitioning of a sub-macroblock for inter prediction.
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switching I slice: See S/ slice.
switching P slice: See SP slice.

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

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

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

above the corresponding row of the bottom field.

top macroblock (of a macroblock pair): The macroblock within a macroblock pair that contains the samples

pair. For a frame macroblock pair, the top macroblock represents the samples of the frame_that,
top half of the spatial region of the macroblock pair.

transform coefficient: A scalar quantity, considered 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 integer quantity representing the value associated with a p
dimensional frequency index in the decoding process prior to scaling for.computation of a transfd
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 pa
element, indicates that the values have no specified meaning in this Recommendation | Internati
and will not have a specified meaning in the future as\an integral part of this Recommendation
Standard.

in the top row of samples for the macroblock pair. For a field macroblock pair, the top macroblock represents

e macroblock
lie within the

ciated with a
the decoding

articular two-
rm coefficient

I all universal

ticular syntax
onal Standard
| International

variable length coding (VLC): A reversible ‘procedure for entropy coding that assigns shorter bit strings to

symbols expected to be more frequent and.Jeriger bit strings to symbols expected to be less frequei

zig-zag scan: A specific sequential ordering of transform coefficient levels from (approximate
spatial frequency to the highest. Zig-zag scan is used for transform coefficient levels in frame mad

Abbreviations
CABAC: Context-based“Adaptive Binary Arithmetic Coding
CAVLC: Context-based Adaptive Variable Length Coding
CBR: Congtant/Bit Rate
CPB: Coded Picture Buffer
DPB:-Decoded Picture Buffer
DUT: Decoder under test

nt.

y) the lowest
roblocks.

4.7
4.8

4.9

4.10
4.11
4.12
4.13
4.14

FIFO: First-In, First-Out

HRD: Hypothetical Reference Decoder

HSS: Hypothetical Stream Scheduler

IDR: Instantaneous Decoding Refresh

LSB: Least Significant Bit

MB: Macroblock

MBAFF: Macroblock-Adaptive Frame-Field Coding
MSB: Most Significant Bit
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4.15 NAL: Network Abstraction Layer
4.16 RBSP: Raw Byte Sequence Payload

4.17 SEI: Supplemental Enhancement Information

4.18 SODB: String Of Data Bits

4.19 UUID: Universal Unique Identifier
4.20 VBR: Variable Bit Rate
4.21 VCL: Video Coding Layer

4.22 v
4.23 Vi

5 Co
NOTE -1

CCVartabte tengtirCoding

UT: Video Usability Information

nventions

thmetic operators

The following arithmetic operators are defined as follows.

integer di
0.
5.1 Ar
+
*
x 7
/

x %y
When order

Addition
Subtraction (as a two-argument operator) or negationas\a unary prefix operator)

Multiplication

he mathematical operators used in this Specification are similar to those used in the C programming language. Hpwever,
ision and arithmetic shift operations are specifically defined. Numbering and counting conyentions generally begin from

Exponentiation. Specifies x to the power ¢of>y. In other contexts, such notation is uded for

superscripting not intended for interpretatiomras exponentiation.

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

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

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

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

(i) The summation-6f-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.

of precedence is not indicated explicitly by use of parenthesis, the following rules apply

mulfiplication and division operations are considered to take place before addition and subtraction

wmultiplication and division operations in sequence are evaluated sequentially from left to right

addition and subtraction operations 1n sequence are evaluated sequentially from Iett to right

5.2 Logical operators

The following logical operators are defined as follows

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

x ||y

!

x?y:z

10

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 value of z
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Relational operators

The following relational operators are defined as follows

Greater than

Greater than or equal to
Less than

Less than or equal to
Equal to

Not equal to

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

appli
not td

54
The f

5.5
The f

&

x>>y

x<<y

++

Bit-wise operators

pbllowing bit-wise operators are defined as follows

Assignment operators

pbllowing arithmetic operators are defined as follows

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

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

lue "na" (not
is considered

representation
than another

resentation of

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

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

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

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

Assignment operator.

Increment, ie., x++ is equivalent to x = x + 1; when used in an array index, evaluates to t|
variabl¢ prior to the increment operation.

digits. This
h result of the

This function
f the left shift

he value of the

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

vattable prior to the decrement operation.

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

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

is equivalent

is equivalent

5.6

tox=x (3
NI

to—2¢ S

Range notation

The following notation is used to specify a range of values

5.7

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

Mathematical functions

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

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

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

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

Clipy(x,y,z)=2y ; z>y (5-5)
z ; otherwise

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

(a%(d /b)) *b; e==
InverpeRasterScan( a, b, c,d, e ) = (5-7)
(a/(d/b)*c; e==1

Log2|[ x ) returns the base-2 logarithm of x. (5-8)
LoglP( x ) returns the base-10 logarithm of x. (5-9)
Medipn( x,y,z)=x+y+z—Min( x, Min(y, z) ) — Max( x, Max(’y, z) ) 5-10)
. <«
Min(, y)=4° > *=°7 5-11)
y 5 X>Y
. >
Max(x,y)=1% * *77% 5-12)
y 5 X<Yy
Round( x ) = Sign( x ) * Floor( Abs( &)+ 0.5) 5-13)
sign{x)=) 1+ x>=0 5-14)
-1 ; x<0
Sqrt(|x ) = vx 5-15)

5.8 Variables; Syntax elements, and tables

Syntax elenmjents in the bitstream are represented in bold type. Each syntax element is described by its name (al| lower
case letters WitlT UTdETSCOTE CHATACIETS ), 115 OMNE O tWO SYItaX CatcgoTics, and One O 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
previously decoded syntax elements. When a value of a syntax element is used in the syntax tables or the text, it appears
in regular (i.e., not bold) type.

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

NOTE - The syntax is described in a manner that closely follows the C-language syntactic constructs.

Functions are described by their names, which are constructed as syntax element names, with left and right round
parentheses including zero or more variable names (for definition) or values (for usage), separated by commas (if more
than one variable).

A one-dimensional array is referred to as a list. A two-dimensional array is referred to as a matrix. Arrays can either be
syntax elements or variables. Subscripts or square parentheses are used for the indexing of arrays. In reference to a
visuaJ depiction of a matrix, the first subscript 1s used as a row (vertical) index and the second subscrifjt is used as a
colurhn (horizontal) index. The indexing order is reversed when using square parentheses rather than/|subscripts for
indexing. Thus, an element of a matrix s at horizontal position x and vertical position y may be denoted either as s[ X, y ]
orasfs

yX*

Binatfy notation is indicated by enclosing the string of bit values by single quote marks. » For example, '01000001'
reprepents an eight-bit string having only its second and its last bits equal to 1.

Hexadecimal notation, indicated by prefixing the hexadecimal number by "0x", may b€ used instead of bjinary notation
when| the number of bits is an integer multiple of 4. For example, 0x41 represents an eight-bit string hpving only its
secor]d and its last bits equal to 1.

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

A value equal to 0 represents a FALSE condition in a test statement. The value TRUE is represented by apy other value
different than zero.

5.9 Text description of logical operations

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

if( condition 0)
statement 0

else if ( condition 1)
statement 1

else /* informative remark.on rémaining condition */
statement n

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

—  Otherwise, if condition 1, statement 1

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

Each "If...Otherwise, if...Otherwise, ..." statement in the text is itroduced 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

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

© ISO/IEC 2005 — Al rights reserved 13
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else
statement n

may be described in the following manner:

.. a

s 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 true, statement 1

In the text, a
if(

st

if (

st

may be desc

W

W

—  condition la

—  condition 1b

Otherwise, statement n

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

ondition 0 )
itement 0
condition 1)
itement 1

Fibed in the following manner:
hen condition 0, statement 0

hen condition 1, statement 1

5.10 Precesses

Processes arg used to describe the decoding of syntax elements. A process has a separate specification and invoking. All
syntax elements and upper case variables that pertain to-the current syntax structure and depending syntax structyres 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 specificationyhas explicitly specified an output. The output is a variable that can
either be an ppper case variable or a lower case variable.

The assignmjent of variables is specifiedsas;follows.

- If involting a process, variables are explicitly assigned to lower case input or output variables of the process
specificption in case these de-not have the same name.

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

In the specification of aprocess, a specific macroblock may be referred to by the variable name having a value efqual to
the address ¢f the spe€ific macroblock.

6 Sourece,cod
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 bitstream can be in one of two formats: the NAL unit stream format or the byte stream format. The NAL unit stream
format is conceptually the more "basic" type. It consists of a sequence of syntax structures called NAL units. This
sequence is ordered in decoding order. There are constraints imposed on the decoding order (and contents) of the NAL
units in the NAL unit stream.
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The byte stream format can be constructed from the NAL unit stream format by ordering the NAL units in decoding
order and prefixing each NAL unit with a start code prefix and zero or more zero-valued bytes to form a stream of bytes.
The NAL unit stream format can be extracted from the byte stream format by searching for the location of the unique
start code prefix pattern within this stream of bytes. Methods of framing the NAL units in a manner other than use of the
byte stream format are outside the scope of this Recommendation | International Standard. The byte stream format is
specified in Annex 0.

6.2 Source, decoded, and output picture formats
This subclause specifies the relationship between source and decoded frames and fields that is given via the bitstream.

The video source that is represented by the bitstream is a sequence of either or both frames or fields (called collectively
pictufes) in decoding order.

The gource and decoded pictures (frames or fields) are each comprised of one or more sample arrays:
—  Luma (Y) only (monochrome), with or without an auxiliary array

—  Luma and two Chroma (YCbCr or YCgCo), with or without an auxiliary array,

—  Green, Blue and Red (GBR, also known as RGB), with or without an auxiliary array

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

For donvenience of notation and terminology in this specification, the variables’and terms associated with these arrays
are rg¢ferred to as luma (or L or Y) and chroma, where the two chroma aprays’are referred to as Cb and Crj regardless of
the agtual colour representation method in use. The actual colour representation method in use can be indidated in syntax
that ip specified in Annex E. The (monochrome) auxiliary arrays, which may or may not be present as auxiliary pictures
in a doded video sequence, are optional for decoding and can be uSed for such purposes as alpha blending.

The pariables SubWidthC, and SubHeightC are specified 41 Table 6-1, depending on the chroma format sampling
strucfure, which is specified through chroma format idc.>An entry marked as "-" in Table 6-1 denotes|an undefined
valug for SubWidthC or SubHeightC. Other values ‘of 'chroma format idc, SubWidthC, and SubHeightC may be
specified in the future by ITU-T | ISO/IEC.

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

chroma_format_ide’ |Chroma Format |SubWidthC |SubHeightC
0 monochrome - -
1 4:2:0 2 2
2 4:2:2 2 1
3 4:4:4 1 1

In m@nochrome sampling there is only one sample array, which shall nominally be considered the luma arrgy.

In 4:2:0sampling, each of the two chroma arrays has half the height and half the width of the luma array.

In 4:2:2 sampling, each of the two chroma arrays has the same height and half the width of the luma array.
In 4:4:4 sampling, each of the two chroma arrays has the same height and width as the luma array.

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

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

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

When the value of ohrnma_fnrmaf_idr is Pqnal to 1 _the nominal vertical and horizontal relative locations of Inma and
chroma samples in frames are shown in Figure 6-1. Alternative chroma sample relative locations may be indicated in
video usabil|ty information (see Annex E).

X

X

X X o o0

OX

X

O O

X X X X X X

X X X X X X

O O O Frame
X X X X X X

X X X X X X

O O O

X X X X X X

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

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

A frame corsists of two fields a§ described below. A coded picture may represent a coded frame or an individual coded
field. A cqded video sequence conforming to this Recommendation | International Standard may contain agbitrary
combinations of coded frames'and coded fields. The decoding process is also specified in a manner that allows $maller
regions of a coded framéto-be coded either as a frame or field region, by use of macroblock-adaptive frame-field cpoding.

Source and decoded-fields are one of two types: top field or bottom field. When two fields are output at the same tyme, or
are combingd to\be used as a reference frame (see below), the two fields (which shall be of opposite parity) are
interleaved. [Théfirst (i.e., top), third, fifth, etc. rows of a decoded frame are the top field rows. The second, fourth, sixth,
etc. rows of a decoded frame are the bottom field rows. A top field consists of only the top field rows of a decoded frame.
When the top field or bottom field of a decoded frame is used as a reference field (see below) only the even rows (for a
top field) or the odd rows (for a bottom field) of the decoded frame are used.

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

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

Top
Field O
X

0 Fole

e e a
[ ] .. [ ] ..
[ o [
[ ] ® [ ]
Guide Guide
X — Location of luma sample X — Location of luma’sample
O — Location of chroma sample O — Location oflehtoma sample

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

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

m fields.

ponding luma
tively.
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R OX B X & X e
R X & X 8 X
R X & X 8 X
B X B X ® 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

RIX & X & X e
X & X & X
RIX & X & X

Top
Field
R X R X R X
RIX & X & X
B X & X & X
[ ] .. [ ]
[ 0. °
[ ] [ ]
Guide Guide
X — Location-of luma sample X — Location of luma sample
O — Location of chroma sample O — Location of chroma sample

Bottom
Field

Figurp 624 ='Nominal vertical and horizontal sampling locations of 4:2:2 samples top and bottom field

J

When the value of chroma format idc is equal to 3, all array samples are co-sited for all cases of frames and fields and

the nominal locations in a frame and in fields are as shown in Figure 6-5 and Figure 6-6, respectively.
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R
R
R
P ERERE R
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B RR Y 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 fframe

B RR YRR e
R ARIR
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Field Field
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[ ) ° ° [ )
[ ] ° [ ]
Guide Guide
X £ Location of luma sample X — Location of luma sample
O + Location of chroma sample O — Location of chroma sample

Figure 6-6 — Nominal vertical and horizontal sampling locations of 4:4:4 samples top and bott01n fields

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

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

—  Otherwise, MbWidthC and MbHeightC are derived as

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

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

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

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

When macr¢block-adaptive frame/field decoding is in use, the.picture is partitioned into slices containing an [integer
number of njacroblock pairs as shown in Figure 6-8. Each magroblock pair consists of two macroblocks.

>

A macroblock pair

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

6.4 Inverse scanning processes and derivation processes for neighbours

This subclause specifies inverse scanning processes; i.e., the mapping of indices to locations, and derivation processes for
neighbours.
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Inverse macroblock scanning process

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 )

6.4.2

Macr
Figun
refer
inver|

6-3)

V= INverseRasterscan mbAddr, 16, 16, PicWidthInSamples,, 1)

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

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

x=x0

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

x =x0

y=yO + ( mbAddr % 2)

Inverse macroblock partition and Sub-macroblock partition scanning process

pblocks or sub-macroblocks mayi-be partitioned, and the partitions are scanned for inter predictior
e 6-9. The outer rectangles refer’to the samples in a macroblock or sub-macroblock, respectively. ]
to the partitions. The numbet in each rectangle specifies the index of the inverse macroblock pat
be sub-macroblock partition scan.

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

heigh
Tablg
macr
macr

t of macroblock partitions and sub-macroblock partitions are specified in Table 7-13, Table 7-14, T
7-18. MbPartWidth( ) and MbPartHeight( ) are set to appropriate values for each macroblock, dep
block type. SubMbPartWidth( ) and SubMbPartHeight( ) are set to appropriate values for each sub-m
bblock withymb_type equal to P_8x8, P_8x8ref0, or B_8x8, depending on the sub-macroblock type.

(6-4)

(6-5)

(6-6)

(6-7)

(6-8)

(6-9)

(6-10)

) as shown in
'he rectangles
tition scan or

the width and
hble 7-17, and
ending on the
hcroblock of a
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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
teted-ehromeseamples teted-ehromea-samples teted-chrome-samples teted-ehromeseamples
Sub-macfoblock 0 0 1
partitjons 0 0 1
1 2 3
Figure 6-9 - Macroblock partitions, sub-macroblock partitions, macroblock partitien scans, and sub-macrg

6.4.2.1

Input to this

Output of tl
relative to th

The inverse

x =|InverseRasterScan( mbPartldx, MbPartWidth( mb_type ), MbPartHeight( mb_type ), 16, 0)
y =|InverseRasterScan( mbPartldx, MbPartWidth( mb_type ), MbPartHeight( mb_type ), 16, 1)
6.4.2.2 Inperse sub-macroblock partition’scanning process

Inputs to th
subMbPartl

Output of
subMbPartl

The inverse

x=1

In

If mb_ty]

partition scans

Verse macroblock partition scanning process
process is the index of a macroblock partition mbPartldx,

iis process is the location (x,y ) of the upper-left fuma sample for the macroblock partition mb
e upper-left sample of the macroblock.

macroblock partition scanning process is specified by

s process are the index of,a macroblock partition mbPartldx and the index of a sub-macroblock p
X,

his process is the) location (x,y) of the upper-left luma sample for the sub-macroblock p
Ix relative to thelupper-left sample of the sub-macroblock.

sub-macrpblock partition scanning process is specified as follows.

be isequal to P_8x8, P_8x8ref0, or B_8x8,

block

Partldx

6-11)

6-12)

hrtition

hrtition

verseRasterScan( subMbPartldx, SubMbPartWidth( sub_mb _type[ mbPartldx ])

SubMbPartHeight( sub_mb_type[ mbPartldx ]), 8, 0)

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

SubMbPartHeight( sub_mb_type[ mbPartldx ]), 8, 1)

Otherwise,

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

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

22

(6-13)

(6-14)

(6-15)

(6-16)
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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
luma4x4BIlkldx relative to the upper-left luma sample of the macroblock.

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

Q Q 12 12
T

The ihverse 4x4 luma block scanning process is specified by

x =11

y=1I
6.4.4
Input]

Outp
luma

Figun

10111415

Figure 6-10 — Scan for 4x4 luma blocks

iverseRasterScan( luma4x4BIkIdx / 4, 8, 8, 16, 1) + InverseRasterScan(luma4x4BlkIdx % 4, 4, 4, 8,

Inverse 8x8 luma block scanning process
to this process is the index of an 8x8 luma block luma8x8Blkldx.

it of this process is the location (x,y) of the upper-left luma sample for the 8x8 luma blod
x8BIkIdx relative to the upper-left luma sample ofithe macroblock.

e 6-11 shows the scan for the 8x8 luma blocks:

Figure 6-11 — Scan for 8x8 luma blocks

iverseRasterScan( luma4x4Blkldx / 4, 8, 8, 16, 0 ) + InverseRasterScan( lumad4x4Blkldx % 4, 4,4, 8,0 ) (6-17)

) (6-18)

k with index

The inverse 8x8 luma block scanning process is specified by

6.4.5
Input

x = InverseRasterScan( luma8x8BIkIdx, 8, 8, 16, 0)
y = InverseRasterScan( luma8x8BIkldx, 8, 8, 16, 1)

Derivation process of the availability for macroblock addresses

to this process is a macroblock address mbAddr.

Output of this process is the availability of the macroblock mbAddr.
NOTE — The meaning of availability is determined when this process is invoked.

© ISO/IEC 2005 — All rights reserved
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The macroblock is marked as available, unless one of the following conditions is true in which case the macroblock shall
be marked as not available:

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

6.4.6  Derivation process for neighbouring macroblock addresses and their availability
This process can only be invoked when MbaffFrameFlag is equal to 0.

The outputs of this process are

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

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

- mbAddfC: the address and availability status of the macroblock above-right of the current macrobleck.
- mbAddiD: the address and availability status of the macroblock above-left of the current maéroblock.

Figure 6-12 ghows the relative spatial locations of the macroblocks with mbAddrA, mbAddsBy mbAddrC, and mbAddrD
relative to the current macroblock with CurrMbAddr.

mbAddrD | mbAddrB mbAddrG

mbAddrA | CurrMbAddr

Figure 6-12 — Neighbouring macroblocks for a given macroblock

Input to thg process in subclause 6.4:5J)is mbAddrA = CurrMbAddr— 1 and the output is whether the macijoblock
mbAddrA i available. In addition, mbAddrA is marked as not available when CurrMbAddr % PicWidthInMbs i equal
to 0.

Input to thel process in subclause 6.4.5 is mbAddrB = CurrMbAddr — PicWidthInMbs and the output is whether the
macroblock mbAddrB is available.

Input to the|process.in subclause 6.4.5 is mbAddrC = CurrMbAddr — PicWidthInMbs + 1 and the output is whether the
macroblock| mbAddrC is available. In addition, mbAddrC is marked as not available | when
( CurrMbAddr A4, 19 % PicWidthInMbs is equal to 0.

Input to the process i subCIAUSE 6.4-5 15 MOAGATD = CuTMbAddr— Pic Widthimvibs = 1—and the output {5 whether the
macroblock mbAddrD is available. In addition, mbAddrD is marked as not available when
CurrMbAddr % PicWidthInMbs is equal to 0.

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

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

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

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

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

mbAddrA, mbAddrB, mbAddrC, and mbAddrD have identical values regardless whether the current macroblock is the
top or the bottom macroblock of a macroblock pair.

Inputj
macr
( Cur

Inputj
the

Input]
whetl
( Cur

Input]
whetl
( Cur

6.4.8
Subc
Subc
Subc

mbAddrD mbAddrB mbAddrC

CurrMbAddr

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

to the process in subclause 6.4.5 is mbAddrA =2 *( CurrMbAddr/2—1) and the output is

IMbAddr /2 ) % PicWidthInMbs is equal to 0.

to the process in subclause 6.4.5 is mbAddrB=2 * ( CurrMbAddr / 2 — PicWidthInMbs ) and the out
acroblock mbAddrB is available.

to the process in subclause 6.4.5 is mbAddrC =2 * ( CurrMbAddr / 2 — PicWidthInMbs + 1) and]
ier the macroblock mbAddrC ‘s~ available. In addition, mbAddrC is marked as not ay
IMbAddr /2 + 1) % PicWidthInMbs is equal to 0.

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

Derivation processes for neighbouring macroblocks, blocks, and partitions
ause 60.4.8.1specifies the derivation process for neighbouring macroblocks.

ause 06+4-8.2 specifies the derivation process for neighbouring 8x8 luma blocks.

whether the

block mbAddrA is available. In additiony> mbAddrA is marked as not avajlable when

but is whether

the output is
pilable when

the output is
pilable when

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

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

Subclause 6.4.8.5 specifies the derivation process for neighbouring partitions.

Table 6-2 specifies the values for the difference of luma location ( XD, yD ) for the input and the replacement for N in
mbAddrN, mbPartldxN, subMbPartldxN, luma8x8BlkIdxN, luma4x4BlkIdxN, and chroma4x4BIlkIdxN for the output.
These input and output assignments are used in subclauses 6.4.8.1 to 6.4.8.5. The variable predPartWidth is specified
when Table 6-2 is referred to.
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Table 6-2 — Specification of input and output assignments for subclauses 6.4.8.1 to 6.4.8.5

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

Figure 6-14 [illustrates the relative location of the neighbouring macroblocks, blocks, or partitions A, B, C, and-1) to the
current macgoblock, partition, or block, when the current macroblock, partition, or block is in frame coding mode.

D B C
A Current
Macroblock
or Partition
or Block

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

6.4.8.1 Dgdrivation process for neighbouring macroblocks

Outputs of this process are

- mbAddfA: the address of the macroblock to\the left of the current macroblock and its availability status and
- mbAddyB: the address of the macroblock’above the current macroblock and its availability status.
mbAddrN (With N being A or B) is derived as follows.

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

- The derjvation processfor-neighbouring locations as specified in subclause 6.4.9 is invoked for luma locatiops with
(xN, yN ) equal to (xD; yD ), and the output is assigned to mbAddrN.

6.4.8.2 Dgdrivation.process for neighbouring 8x8 luma block

Input to this|precess is an 8x8 luma block index luma8x8BlkIdx.

The luma8x8Biktdxspecifics the 8x8 turma biocksof aTmacrobtock T a Taster scar.
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Outputs of this process are

mbA¢drN and luma8x8BlkIdxN (with N being A or B) are derived as follows.

6.4.8]3 Derivation process for neighbouring 4x4 laina blocks
Inputfto this process is a 4x4 luma block index luma4x4BIkIdx.

Outppits of this process are

mbA¢drN(and luma4x4BlkIdxN (with N being A or B) are derived as follows.

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

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

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

luma8x8BIkIdxB: the index of the 8x8 luma block above the 8x8 block with index luma8x8BIlkIdx and its
availability status.

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

The luma location ( XN, yN ) is specified by

xN = (luma8x8Blkldx % 2 ) * 8 + xD (6-21)
yN = (luma8x8Blkldx /2 ) * 8 + yD (6-22)
The derivation process for neighbouring locations as specified in subclause 6.4.9 is invoked for luma Jocations with
xN, yN ) as the input and the output is assigned to mbAddrN and ( xW, yW ).
The variable luma8x8BIkIdxN is derived as follows.

- If mbAddrN is not available, luma8x8BIlkIdxN is markéd as not available.

- Otherwise (mbAddrN is available), the 8x8 lumfa’block in the macroblock mbAddrN covefing the luma
location ( xW, yW ) shall be assigned to luma8x8BIkIdxN.

thbAddrA: either equal to CurrMbAddr or the address of the macroblock to the left of the current macrpblock and its
dvailability status,

Ibmadx4BlkIdxA: the index\of the 4x4 luma block to the left of the 4x4 block with index luma4x4BlkIdx and its
dvailability status,

thbAddrB: either equal to CurrMbAddr or the address of the macroblock above the current macrgblock and its
dvailability status,

Ibmadx4B1kIdxB: the index of the 4x4 luma block above the 4x4 block with index luma4x4BllkIdx and its
dvailability status.

[he.difference of luma location ( xD, vD ) is set according to Table 6-2

The inverse 4x4 luma block scanning process as specified in subclause 6.4.3 is invoked with luma4x4BlkIdx as the
input and ( x, y ) as the output.

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

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

The variable luma4x4BIkIdxN is derived as follows.
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- If mbAddrN is not available, luma4x4BIlkIdxN is marked as not available.

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

lo

cation ( xW, yW ) shall be assigned to luma4x4BIkIdxN.

6.4.8.4 Derivation process for neighbouring 4x4 chroma blocks

Input to this

process is a 4x4 chroma block index chroma4x4BlkIdx.

Outputs of this process are

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

- chroma¢x4BIlkIdxA (the index of the 4x4 chroma block to the left of the 4x4 chroma block with|
chroma4ix4BlkIdx) and its availability status,

- mbAddyB (either equal to CurrMbAddr or the address of the macroblock above the current maeroblock)
availability status,

index

and its

- chromaf#x4BIlkIdxB (the index of the 4x4 chroma block above the 4x4 chroma block with ihdex chroma4x4Blkldx)

and its 4vailability status.
mbAddrN and chroma4x4BIlkIdxN (with N being A or B) are derived as follows.

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

- Depend|
chroma

- If¢

- The chr
xN

yN

- The derivation-process for neighbouring locations as specified in subclause 6.4.9 is invoked for chroma lo

with ( x

=|InverseRasterScan( chroma4x4Blkldx, 4, 4, 8,0 )

=[InverseRasterScan( chroma4x4Blkldx / 4, 8, 8, 16, 1 ) +

Ix4BlkIdx is derived as follows

hroma format _idc is equal to 1 or 2, the following applies

InverseRasterScan( chroma4x4BlklIdx, 4, 4, 8, 1)

erwise (chroma_format_idc is equal to 3), the*following applies

InverseRasterScan( chroma4x4BlkIdx /-478, 8, 16,0 ) +
InverseRasterScan( chroma4x4BIKIdx % 4, 4, 4, 8,0)

InverseRasterScan( chroma4x4Blkldx % 4, 4, 4,8, 1)

bma location ( xN, yN,)'is specified by

= x +xD

=y+yD

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

ng on chroma format idc, the position ( x, y ) of the upper-left sample’of the 4x4 chroma block with index

6-25)

6-26)

6-27)

6-28)

6-29)

6-30)

cations

- The var

ablé chroma4x4BIkIdxN is derived as follows

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

- Otherwise (mbAddrN is available), the 4x4 chroma block in the macroblock mbAddrN covering the chroma
location ( xW, yW ) is assigned to chroma4x4BIkIdxN.

6.4.8.5 Derivation process for neighbouring partitions

Inputs to this process are

- amacroblock partition index mbPartldx

- acurrent sub-macroblock type currSubMbType

- asub-macroblock partition index subMbPartldx

28
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Outputs of this process are

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

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

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

mbAddrC\mbPartldxC\subMbPartldxC: specifying the macroblock or sub-macroblock partition to the right-above of
the  current  macroblock and its  availability = status, or the  sub-macroblock  partition
CurrMbAddr\mbPartIldx\subMbPartldx and its availability status,

thbAddrD\mbPartldxD\subMbPartldxD: specifying the macroblock or sub-macroblock partition te.thg left-above of
the  current  macroblock and its  availability = status, or the  sub-macroblodk  partition
furrMbAddr\mbPartldx\subMbPartldx and its availability status.

The inverse macroblock partition scanning process as described in subclause 6.4.2:1-1s invoked with|mbPartldx as
the input and ( x, y ) as the output.

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

+ If mb_type is equal to P_8x8, P 8x8ref0 or B_8x8, the inverse subsmdcroblock partition scanning process as
described in subclause 6.4.2.2 is invoked with subMbPartldx as the'input and ( xS, yS ) as the outpyt.

+ Otherwise, ( xS, yS)are setto (0, 0).

The variable predPartWidth in Table 6-2 is specified as follows.

+ Ifmb_type is equal to P_Skip, B_Skip, or B_Direct 16xV6, predPartWidth = 16.
+ Otherwise, if mb_type is equal to B_8x8, the following applies.

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

NOTE — When currSubMbType is equalto B_Direct 8x8 and direct_spatial mv_pred_flag is equal to [l, the predicted
motion vector is the predicted motionryvector for the complete macroblock.

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

+ Otherwise, if mb-_type is equal to P _8x8 or P_8x8refl,
predPartWidth = SubMbPartWidth( sub_mb_type[ mbPartldx ] ).

+ Otherwise, predPartWidth = MbPartWidth( mb_type ).
The difference of luma\location ( XD, yD ) is set according to Table 6-2.
The neighbouring luma location ( xN, yN ) is specified by
xN =x + xS+ xD (6-31)

yN =g+ yS + yD (6-32)

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

Depending on mbAddrN, the following applies.

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

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

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

- When the partition given by mbPartldxN and subMbPartIdxN is not yet decoded, the macroblock partition
mbPartIdxN and the sub-macroblock partition subMbPartldxN are marked as not available.
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NOTE - The latter condition is, for example, the case when mbPartldx = 2, subMbPartldx = 3, xD =4, yD = -1, i.e., when
neighbour C of the last 4x4 luma block of the third sub-macroblock is requested.

6.4.9

Derivation process for neighbouring locations

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

macroblock

Outputs of this process are

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

- (xW,y¥

than rel

Let maxW
respectively

- Ifthisp

md

- Otherw

md
m

Depending d

- If MbafffFrameFlag is equal to 0, the specification for neighbouting locations in fields and non-MBAFF fra

describg

- Otherw
describg

6.4.9.1 Sp
The specific

The derivati
mbAddrA, 1

Table 6-3 sp

the-locationxN,—N)expressed-relativeto-the uppe
tive to the upper-left corner of the current macroblock).
hnd maxH be variables specifying maximum values of the location components xN, xW¢and y)

maxW and maxH are derived as follows.

Focess is invoked for neighbouring luma locations,
xW =maxH =16
se (this process is invoked for neighbouring chroma locations),

xW = MbWidthC
xH = MbHeightC

n the variable MbaffFrameFlag, the neighbouring locations are derived as follows.

d in subclause 6.4.9.1 is applied.

se (MbaffFrameFlag is equal to 1), the speeification for neighbouring locations in MBAFF fra
d in subclause 6.4.9.2 is applied.

ecification for neighbouring locations\in fields and non-MBAFF frames
htions in this subclause are applied when MbaftFrameFlag is equal to O.

pn process for neighbouring maeroblock addresses and their availability in subclause 6.4.6 is invokd
hbAddrB, mbAddrC, and mbAddrD as well as their availability status as the output.

ecifies mbAddrN depending on ( xN, yN ).

Table 6-3 — Specification of mbAddrN

xN yN

<0

mbAddrN
mbAddrD

<0

(rather

N, YW,

6-33)

6-34)

6-35)

Imes as

mes as

d with

30

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

6.4.9.

xW = (xN + maxW ) % maxW
yW = ( yN + maxH ) % maxH

2 Specification for neighbouring locations in MBAFF frames

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

(6-36)

(6-37)

The derivation process for neighbouring macroblock addresses and their availability in subclause 6.4.7 is invoked with
mbAddrA, mbAddrB, mbAddrC, and mbAddrD as well as their availability status as the output.

Tablg
1. {

Unsp,

the cyirrent table rows.

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

pecification of a macroblock address mbAddrX depending on ( xN, yN ) and the following variables:
The variable currMbFrameFlag is derived as follows.
- If the macroblock with address CurrMbAddr is a frame macroblock, currMbFrameFlag is set d

- Otherwise (the macroblock with address CurrMbAddr is a field macroblock), currMbFrameF]
to 0.

The variable mbIsTopMbFlag is derived as follows.

- If the macroblock with address CurrMbAddr is a top maeroblock (CurrMbAddr % 2 i
mblsTopMbFlag is set equal to 1;

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

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

Otherwise (mbAddrX is available), mbAddiN is marked as available and Table 6-4 specifies mbA
depending on ( xN, yN ), currMbFrameFlag, mbIsTopMbFlag, and the variable mbAddrXFrame
derived as follows.

- If the macroblock mbAddrX«is.a frame macroblock, mbAddrXFrameFlag is set equal to 1,
- Otherwise (the macroblock'mbAddrX is a field macroblock), mbAddrXFrameFlag is set equal

ecified values (na) of the above flags in Table 6-4 indicate that the value of the corresponding flag is n

qual to 1,

ho is set equal

5 equal to 0),

% 2 is equal

ddrN and yM
Flag, which is

0 0.

pt relevant for
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Table 6-4 - Specification of mbAddrN and yM

g =
= o = 2
S =
HE :|E
= = o
£E 2 |% E z
2|2 = < g <
=1 < 2 £ 5
. . 1EE 2 3] ¢ 2 -
= = STE E E = E =
1 |mbAddrD mbAddrD +1 |yN
1 mbAddrA yN
0 0 Lo [mbAddra 0 mbAddrA+1 [(yN +maxH ) >>
< < 1 mbAddrD + 1 [2*yN¥
A mbAddD  [yN
0 |mbAddrD mbAddrD + 1) {¥N
1 mbAddrA yN
1 |mbAddrA 0 yN %2 == mbAddrA yN>>1
yN%2!1=0 mbAddrA +1 [yN>>1
1 1 mbAddrA + 1 |[yN
0 |mbAddrA yN %2 == mbAddrA ( yN + maxH ) >>
0 [yN%21=0 mbAddrA + 1 |( yN + maxH ) >>
<0 0. maxH - 1 | PN <(maxt/2) |mbAddrA yN <<I
1 |mbAddrA yN >= (\maxH / 2 )|mbAddrA + 1 |(yN <<1) - maxH
0 mbAddrA yN
0 yN.&(maxH /2) |mbAddrA (yN<<1)+1
0 |mbAddra |! yN >= (maxH /2 )lmbAddrA+1 |(yN<<1)+1-maxH
0 mbAddrA+1 |yN
1 |mbAddrB mbAddrB+1 |yN
1 1o [currMbAddr CurrMbAddr - 1|yN
.. maxW — 1|< mbAddrB+1 (2 *yN
0. maxW—1]<0 o L mbAddrB AT N
0 “jmbAddrB mbAddrB+1 |yN
0 .. maxW — 1[0 .. maxH - 1 CurrMbAddr CurrMbAddr  [yN
1 |mbAddrC mbAddrC+1 |yN
1 o fnot available not available  |na
>m 1 < mbAddrC +1 (2 *yN
axWi-1 <0 . 1 mbAddrC AdIC N
0 |mbAddrC mbAddrC+1 |yN
> maxW =1 |0 .. maxH - 1 not available not available  |na
maxt - 1 1ot available ot available  |na

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

32

xW = (xN + maxW ) % maxW

yW = ( yM + maxH ) % maxH

(6-38)

(6-39)
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7 Syntax and semantics

7.1 Method of describing syntax in tabular form

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

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

The following table lists examples of pseudo code used to describe the syntax. When syntax_element appears, it specifies
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.
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C | Descriptor

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

syntax_element 3 | ue(v)

conditioning statement

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

{

statement

statement

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

wihile( condition )

statement

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

dg

statement

wihile( condition )

/*[An “if ... else” structure specifies a test'0f whether a condition is true, and if
th¢ 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 statemient is omitted if no alternative statement
evpluation is needed */

if(| condition )

primary statement

elge

alternative statement

/*[A “for’structure specifies evaluation of an initial statement, followed by a test
of]a ¢ondition, 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 existence of a bitstream
pointer with an indication of the position of the next bit to be read by the decoding process from the bitstream.
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aligned( ) is specified as follows.

10:2005(E)

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

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

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

If more data follow in the byte stream, the return value of more_data_in_byte stream( ) is equal to

Otherwise, the return value of more data in byte stream( ) is equal to FALSE.

TRUE.

]
i

more

next |
Provi
speci

read |
equal

Categ
data

categ
speci
categ
categ
synta
syntaj
provi
mark

The f
separ
to 0 4

| tbsp_data( ) is specified as follows.

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

Otherwise, the return value of more rbsp_data( ) is equal to FALSE.

'he method for enabling determination of whether there is more data in the RBSP ig\specified by the
h Annex B for applications that use the byte stream format).

| rbsp_trailing data( ) is specified as follows.
If there is more data in an RBSP, the return value of more rbsp_trailing data( ) is equal to TRUE.
Otherwise, the return value of more rbsp_trailing data( ) is equalto FALSE.

bits( n ) provides the next bits in the bitstream for comparison‘purposes, without advancing the bits
des a look at the next n bits in the bitstream with n beingtits argument. When used within the 4
fied in Annex B, next_bits( n ) returns a value of 0 if fewer than n bits remain within the byte stream.

bits( n ) reads the next n bits from the bitstream and“advances the bitstream pointer by n bit positio]
to 0, read_bits( n ) is specified to return a value equal to 0 and to not advance the bitstream pointer.

ories (labelled in the table as C) specify the, pattitioning of slice data into at most three slice data pa
partition A contains all syntax elements-of category 2. Slice data partition B contains all synta
pry 3. Slice data partition C contains all\syntax elements of category 4. The meaning of other categor
fied. For some syntax elements, twoycategory values, separated by a vertical bar, are used. In th
pry value to be applied is further specified in the text. For syntax structures used within other syntax
pries of all syntax elements found within the included syntax structure are listed, separated by a
k element or syntax structute with category marked as "All" is present within all syntax structures th:
k element or syntax structure. For syntax structures used within other syntax structures, a numeric d
ded in a syntax table-dtithe location of the inclusion of a syntax structure containing a syntax element
ed as "All" is considered to apply to the syntax elements with category "All".

pbllowing descriptors specify the parsing process of each syntax element. For some syntax elements, ty
nted by a veértical bar, are used. In these cases, the left descriptors apply when entropy coding modd
nd 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

() is equal to

pplication (or

fream pointer.
yte stream as

s. When n is

rtitions. Slice
K elements of
y values is not
bse cases, the
structures, the
ertical bar. A
it include that
ategory value
with category

o descriptors,
flag is equal

descriptor is

specified in subclause 9.3.

© 1SS0

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

ecified by the

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

for this descriptor is specified in subclause 9.2.

f(n): fixed-pattern bit string using n bits written (from left to right) with the left bit first. The parsing process for

this descriptor is specified by the return value of the function read bits( n ).

nen

i(n): signed integer using n bits. When n is "v

in the syntax table, the number of bits varies in a manner

dependent on the value of other syntax elements. The parsing process for this descriptor is specified by the
return value of the function read bits( n) interpreted as a two’s complement integer representation with most

significant bit written first.
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7.3

7.3.1

36

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

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

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

u(n): unsigned integer using n bits. When n is "v" in the syntax table, the number of bits varies in a manner
dependent on the value of other syntax elements. The parsing process for this descriptor is specified by the
return value of the function read bits( n ) interpreted as a binary representation of an unsigned integer with most
significant bit written first

ue(}): unsigned integer Exp-Golomb-coded syntax element with the left bit first. The parsing process/for this
desgriptor is specified in subclause 9.1.
Syntax in tabular form
NAI:‘ unit syntax
nal unit( NumBytesInNALunit ) { C | Descriptor
forbidden_zero_bit All | f(1)
nal_ref _idc All | u(2)
nal_unit_type All | u(d)
NumBytesInRBSP = 0
for(1=1;1<NumBytesInNALunit; i++ ) {
if( 1+ 2 <NumBytesInNALunit && next_bits( 24 J5== 0x000003 ) {
rbsp_byte[ NumBytesInRBSP++ | All | b(8)
rbsp_byte[ NumBytesInRBSP++ | All | b(8)
i+=2
emulation_prevention_three_byte /* equal to 0x03 */ All | f(8)
} else
rbsp_byte[ NumBytesInRBSP++ | All | b(8)
i
}
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seq_parameter_set_rbsp( ) { C | Descriptor
profile_idc 0 [ u®
constraint_set0_flag 0 | ul)
constraint_setl flag 0 [ ul)
constraint_set2 flag 0 [ u)
constraint—set3—flag 0——uH
reserved_zero_4bits /* equal to 0 */ 0 | u4
level idc 0 |ru®)
seq_parameter_set_id 0N\ ue(v)
if( profile idc == 100 || profile idc == 110 ||
profile idc == 122 || profile idc == 144) {
chroma_format_idc 0 | ue(v)
if( chroma_format_idc == 3)
residual_colour_transform_flag 0 [ ul)
bit_depth_luma_minus8 0 | ue(v)
bit_depth_chroma_minus8 0 | ue(v)
qpprime_y_zero_transform_bypass_flag 0 | ul)
seq_scaling_matrix_present_flag 0 [ ul)
if( seq_scaling_matrix_present flag)
for(1=0;1<8;it++) {
seq_scaling_list present_ flag| i] 0 | ul)
if( seq_scaling_list present flag[i])
if(i<6)
scaling_list( ScalingList4x4[ 1], 16, 0
UseDefaultScalingMatrix4x4Flag[ i ])
else
scaling™list( ScalingList8x8[ i — 6 ], 64, 0
UseDefaultScalingMatrix8x8Flag[ i— 6 ] )
H
i
log2 -max_frame_num_minus4 ue(v)
pic_order_cnt_type ue(v)
if( pic_order _cnt type == 0)
log2_max_pic_order_cnt_Isb_minus4 0 | ue(v)
else if( pic_order cnt type == 1) {
delta_pic_order_always zero_flag 0 [ ul)
offset_for _non_ref pic 0 | se(v)
offset_for_top_to_bottom_field 0 | se(v)
num_ref frames in_pic_order_cnt_cycle 0 | ue(v)
for(i=0;1i<num_ref frames in pic order cnt cycle;i++ )
offset_for ref frame|i] 0 | se(v)
H
num_ref frames ue(v)
gaps_in_frame_num_value_allowed_flag u(l)
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pic_width_in_mbs_minusl 0 | ue(v)
pic_height_in_map_units minusl 0 | ue(v)
frame_mbs_only_flag 0 | ul)
if( frame mbs_only flag)
mb_adaptive frame_field_flag 0 | ul)
direct_8x8 inference_flag 0 [ u)
frame_cropping_flag 0 | ul)
if( frame_cropping_flag) {
frame crop left offset 0 | ue(v)
frame_crop_right offset 0 | ue(v)
frame_crop_top_offset 0 | ue(v)
frame_crop_bottom_offset 0 | ue(y)
i
vui_parameters_present_flag 0. “Hhu(l)
if( vui_parameters present flag)
vui_parameters( )
rbsp_trailing_bits( )
}
7.3.2.1.1 Schling list syntax
scgling_list( scalingList, sizeOfScalingList, useDefaultScalingMatrixFlag ) { C | Descriptor

lastScale = 8
nextScale = 8
for( j = 0; j < sizeOfScalingList; j++ ) {
if( nextScale !=0) {
delta_scale 0|1 | se(v)
nextScale = ( lastScale~delta_scale + 256 ) % 256
useDefaultScalingMatrixFlag = (j == 0 && nextScale == 0)
i

scalingList[ j ]& (hextScale == 0) ? lastScale : nextScale

lastScale =sscalingList[ j ]
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seq_parameter set extension rbsp( ) { C Descriptor
seq_parameter_set_id 10 | ue(v)
aux_format_idc 10 | ue(v)
if( aux_format idc != 0) {
bit_depth_aux_minus8 10 | ue(v)
alpha_incr_flag 10 | u(l)
alpha_opaque_value 10 | u(v)
alpha_transparent_value 10 | uv)
}
additional_extension_flag 10~ 1(1)
rbsp_trailing_bits() 10
H
Picture parameter set RBSP syntax
pic_parameter_set rbsp( ) { C | Descriptor
pic_parameter_set_id 1 | ue(v)
seq_parameter_set_id 1 | ue(v)
entropy_coding_mode_flag 1 | ul)
pic_order_present_flag 1 | u(l)
num_slice_groups_minusl 1 | ue(v)
if( num_slice_groups_minusl >0) {
slice_group_map_type 1 | ue(v)
if( slice_group_map _type == 0)
for( iGroup = 0; iGroup <= num_slice_groups_minus1; iGroup++)
run_length minus1|[ iGroup | 1 | ue(v)
else if( slice_group_map _type == 2)
for( iGreup= 0; iGroup < num_slice groups_minusl; iGroup++) {
top_left[ iGroup | 1 | ue(v)
bottom_right[ iGroup | 1 | ue(v)
¥
else if( slice_group map type == 3 ||
slice_group_map _type == 4 ||
slice group map type == 5) {
slice_group_change_direction_flag 1| 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(1=0;1<=pic_size in_map units_minusl; i++)
slice_group id[ 1] 1| uv)
H
}
num_ref idx_10_active_minusl 1 | ue(v)
num_ref idx_I1_active_minusl 1 | ue(v)
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weighted_pred_flag 1| uwl)
weighted_bipred_idc 1 | u®?)
pic_init_qp_minus26 /* relative to 26 */ 1 | se(v)
pic_init_qs_minus26 /* relative to 26 */ 1 | se(v)
chroma_qp_index_offset 1 | se(v)
deblocking_filter control_present_flag 1 | u(l)
constrained_intra_pred_flag 1 | ul)
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 | ul)
if( pic_scaling matrix_present flag)
for(i=0;1<6 + 2* transform_8x8 mode flag; i++) {
pic_scaling_list_present_flag| i ] 1hHhu(l)
if( pic_scaling_list present flag[i])
if(1i<6)
scaling_list( ScalingList4x4[ 1], 16, 1
UseDefaultScalingMatrix4x4Flag[i])
else
scaling_list( ScalingList8x8[ i—6 ], 64, 1
UseDefaultScalingMatrix8x8Flagfly— 6 ] )
H
second_chroma_qp_index_offset 1 | se(v)
i
rbsp_trailing_bits( ) 1
H
7.3.2.3 Supplemental enhancement information RBSP syntax
sel rbsp() { C | Descriptor
do
sei_message( ) 5
while( more-fbsp data( ) )
rbsp_trailing® bits( ) 5
H
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7.3.2.3.1 Supplemental enhancement information message syntax

sei_message( ) { C | Descriptor

payloadType =0
while( next bits(8) == OxFF ) {

ff_byte /* equal to OxFF */ 5 | (8)
payloadType += 255

H

last_payload_type byte 5 u(8)

payloadType += last_payload type byte

payloadSize =0
while( next_bits( 8 ) == OxFF) {

ff_byte /* equal to OxFF */ S 1(8)
payloadSize += 255

h

last_payload_size byte 5 u(8)

payloadSize += last_payload_size byte

sei_payload( payloadType, payloadSize ) 5

7.3.2}14  Access unit delimiter RBSP syntax

access_unit_delimiter_rbsp( ) { C | Descriptor
primary_pic_type 6 | u@®3)
rbsp_trailing bits( ) 6
H
7.3.2]5 End of sequence RBSP-syntax
end of seq rbsp() { C | Descriptor
H
7.3.216 » End of stream RBSP syntax
end of stream rbsp() { C | Descriptor

}
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7.3.2.7

Filler data RBSP syntax

filler_data_rbsp() {

C | Descriptor

while( next_bits( 8 ) == OxFF)

ff_byte /* equal to OxFF */ 9 | (8
rbsp_trailing_bits( ) 9
}
7.3.2.8 Slice layer without partitioning RBSP syntax
slipe layer without partitioning_rbsp( ) { C Descriptor
slice_header( ) 2
slice data( ) /* all categories of slice data( ) syntax */ 2134
rbsp_slice_trailing_bits( ) 2
H
7.3.2.9 Slice data partition RBSP syntax
7.3.2.9.1 Slice data partition A RBSP syntax
slite 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
}
7.3.2.9.2 Slice data partition B RBSP syntax
slife_data partition(b)layer rbsp() { C | Descriptor
slice_id All | ue(v)
if( redundant pic_cnt present flag )
redundant_pic_cnt All | ue(v)
slice /data( ) /* only category 3 parts of slice_data( ) syntax */ 3
bSp_stice traiiing bits() 3
H

42
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7.3.2

7.3.2
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Slice data partition C RBSP syntax
slice_data_partition c layer rbsp() { C | Descriptor
slice_id All | ue(v)
if( redundant_pic_cnt present flag)
redundant_pic_cnt All | ue(v)
slice_data( ) /* only category 4 parts of slice_data( ) syntax */ 4
rbsp_slice_trailing_bits( ) 4
i
10 RBSP slice trailing bits syntax
tbsp_slice_trailing bits( ) { C | Descriptor
rbsp_trailing_bits( ) All
if( entropy_coding_mode flag )
while( more rbsp_trailing_data( ) )
cabac_zero_word /* equal to 0x0000 */ All | f(16)
i
11 RBSP trailing bits syntax
rbsp_trailing_bits( ) { C | Descriptor
rbsp_stop_one_bit /* equal to 1 */ All | f(1)
while( !byte aligned( ) )
rbsp_alignment_zero_bit ./*equal to 0 */ All | f(1)
H
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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)
frame_num 2 u(v)
if( ![frame _mbs_only flag) {
field pic_flag 2 u(l)
if( field pic_flag)
bottom_field_flag 2 u(l)
|
if( nal_unit type == 5)
idr_pic_id 2 Uhue(v)
if( pic_order _cnt type == 0) {
pic_order_cnt_Isb 2 | uv)
if( pic_order present flag && !field pic flag)
delta_pic_order_cnt_bottom 2 | se(v)
|
if( pic_order_cnt_type == 1 && !delta_pic_order_always zero“flag) {
delta_pic_order_cnt[ 0 ] 2 se(v)
if( pic_order present flag && !field pic flag)
delta_pic_order_cnt[ 1 ] 2 se(v)
i
if( redundant pic_cnt present flag)
redundant_pic_cnt 2 | ue(v)
if( slice type == B)
direct_spatial mv_pred_flag 2 | u(l)
if( slice_type ==P || slice gype == SP ||slice type==B) {
num_ref idx_active_override flag 2 | u(l)
if( num_ref idx active override flag) {
num_ref idx 10 _active_minusl 2 | ue(v)
if( slicetype == B)
num' ref idx_11_active_minusl 2 | ue(v)
}
|
ret pic_list reordering( ) 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)
dec ref pic_marking( ) 2
if( entropy_coding mode flag && slice type != I && slice type != SI)
cabac_init_idc 2 | ue(v)
slice_qp_delta 2 | se(v)
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if( slice type == SP || slice type == SI) {
if( slice_type == SP)
sp_for_switch_flag u(l)
slice_qs_delta se(v)
}
if( deblocking_filter control present flag) {
disable_deblocking_filter_idc 2 | ue(v)
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)
}

7.3.3]1 Reference picture list reordering syntax

ref pic_list_reordering( ) { C | Descriptor
if( slice_type != I && slice type != SI) {
ref _pic_list reordering_flag 10 2 | u)
if( ref pic_list_reordering_flag 10 )
do {
reordering of pic_nums_idc 2 | ue(v)
if( reordering_of pic nums idc == 0 ||
reordering of pie‘nums idc == 1)
abs_diff pic_num_minusl 2 | ue(v)
else if( reordering of pic nums idc == 2)
long_term_pic_num 2 | ue(v)
} while¢reordering of pic nums idc != 3)
}
if( slicestype == B) {
ref* pic_list_reordering_flag 11 2 u(l)
if( ref pic_list reordering flag 11)
do {
reordering_ol_pic_nums_idc Z ue(v)
if( reordering_of pic nums idc == 0 ||
reordering_of pic nums idc == 1)
abs_diff pic_num_minusl 2 | ue(v)
else if( reordering of pic nums idc == 2)
long_term_pic_num 2 | ue(v)
} while( reordering_of pic nums idc != 3)
H
}
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7.3.3.2 Prediction weight table syntax

pred_weight table( ) { Descriptor
luma_log2 weight_denom 2 | ue(v)
if( chroma format idc != 0)
chroma_log2 weight_denom 2 | ue(v)
for(1=0; 1 <=num_ref idx 10 active minusl; i++) {
luma_weight 10 flag 2 u(l)
if( luma_weight 10 flag) {
tamma—weight 101171 ST(V)
luma_offset _10[ 1] 2 | se(v)
}
if (chroma format idec != 0) {
chroma_weight 10 _flag 2 J\a(l)
if( chroma_weight 10 flag)
for(j=0;j<2;j++){
chroma_weight 10[i][j ] se(v)
chroma_offset 10[i][]] se(v)
§
H
}
if( slice type == B)
for(1=0; 1 <=num_ref idx 11 _active minusl; j++)"{
luma_weight 11 _flag 2 | u(l)
if( luma_weight 11 _flag) {
luma_weight 11 1] 2 | se(v)
luma_offset 11]1] 2 | se(v)
H
if( chroma_format idc {=\.0") {
chroma_weight_I1\flag 2 | u(l)
if( chroma_weight 11 _flag)
for(j 034525 j++) {
chroma_weight 11[i][j] se(v)
chroma_offset 11[i][j] se(v)
i
}
1
}

46
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Decoded reference picture marking syntax
dec_ref pic_marking( ) { C | Descriptor
if( nal_unit_type == 5) {
no_output_of _prior_pics_flag 215 {ul)
long_term_reference flag 215 | u(l)
} else {
adaptive_ref pic_marking_mode_flag 215 | u(l)
if( adaptive ref pic _marking mode flag)
do {
memory_management_control_operation 2|5 | vew)
if( memory management control _operation == 1 ||
memory _management control operation == 3)
difference_of pic_nums_minusl 215 | ue(v)
if(memory management control operation == 2 )
long_term_pic_num 2|5 | ue(v)
if( memory management control operation == 3 ||
memory management control operation == 6)
long_term_frame_idx 215 | ue(v)
if( memory management control operation == 4 )
max_long_term_frame idx_plusl 215 | ue(v)
} while( memory management control operation != 0)
i
H
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7.3.4  Slice data syntax

slice_data() { C Descriptor

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

if( lentropy_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 )
moreDataFlag = more_rbsp_data( )
}else {
mb_skip_flag 2 ae(v)

moreDataFlag = !mb_skip flag
H
if( moreDataFlag ) {

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

i
if( lentropy_coding_mode_flag)

moreDataFlag = more_rbsp’ data( )

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

elset

end_of slice_flag 2 ae(v)

moreDataFlag = lend of slice flag

H
CurrMbAddr = NextMbAddress( CurrMbAddr )

} while( moreDataFlag )
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macroblock layer( ) {

Descriptor

mb_type

ue(v) | ae(v)

ifl mb_type == 1 PCM) {

while( !byte aligned( ) )

pem_alignment_zero_bit

f(1)

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

pcem_sample lumal i

u(v)

for(1=0;1<2 * MbWidthC * MbHeightC; i++)

pcem_sample chromal i ]

u(¥)

} else {

noSubMbPartSizeLessThan8x8Flag = 1

if( mb_type != 1 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 ]) > 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

u(l) | ae(fv)

<

mb_pred( mb_type )

}

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

coded_block paftern

me(Vv) | ag(v)

if( CodedBleckPatternLuma > 0 &&
transform 8x8 mode flag && mb type != I NxN &&
n¢SubMbPartSizeLessThan8x8Flag &&
(umb _type != B Direct 16x16 || direct 8x8 inference flag))

transform_size_8x8 flag

u(1) [ae(v)

<

}

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

mb_qp_delta

se(v) Jae(v)

residual( )

314
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7.3.5.1

50

Macroblock prediction syntax

mb_pred( mb_type) {

C | Descriptor

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

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

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

prev_intrad4x4 pred_mode_flag| luma4x4BIkIdx |

2 | u(l)|ae(v)

if( 'prPV_in‘rmAYA_prPd_mndP_ﬂng[ lumadx4R1kTdx ] )

rem_intrad4x4 pred_mode[ luma4x4BlkIdx |

2 | u@3)|ae(v)

}

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

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

prev_intra8x8 pred _mode flag| luma8x8BIkIdx |

2 nu(l) | ae(v)

if( !prev_intra8x8 pred mode flag[ luma8x8BlkIdx ] )

rem_intra8x8 pred_mode| luma8x8BlkIdx ]

2 | u@)|ae(v)

}

if( chroma_format idc != 0)

intra_chroma_pred_mode

2 | ue(v)|ae(v)

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

for( mbPartldx = 0; mbPartldx < NumMbPart( mb_typé.);) mbPartldx-++)

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

ref_idx_l10[ mbPartldx |

2 | te(v) | ae(v)

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

if( (num_ref idx 11 _active minusl*> 0 ||
mb_field decoding_flag.)&&
MbPartPredMode( mb_type, mbPartldx ) != Pred LO)

ref_idx_l1[ 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++)

mydN0[ mbPartldx ][ 0 ][ compldx ]

2 | se(v) | ae(v)

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

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

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

mvd_11[ mbPartldx ][ 0 ][ compldx ]

2 | se(v) |ae(v)
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7.3.5.2 Sub-macroblock prediction syntax

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

for( mbPartldx = 0; mbPartldx < 4; mbPartldx++ )
if( (num_ref idx 10 active minusl > 0 || mb_field decoding flag) &&
mb_type != P 8x8ref0 &&
sub_mb_type[ mbPartldx | !'= B_Direct 8x8 &&
SubMbPredMode( sub_mb_type[ mbPartldx ] ) != Pred L1)
rnf_idv_]ﬂ[ mbPartldx ] 2 te(xn) ! qP(V)
for( mbPartldx = 0; mbPartldx < 4; mbPartldx++ )
if( (num_ref idx 11 _active minusl > 0 || mb_field decoding flag) &&
sub_ mb_type[ mbPartldx | != B_Direct 8x8 &&
SubMbPredMode( sub_mb_type[ mbPartldx ]) != Pred L0)
ref_idx 11[ mbPartldx ] 2 | te(v) | aq(v)
for( mbPartldx = 0; mbPartldx < 4; mbPartldx++ )
if( sub_mb_type[ mbPartldx ] != B_Direct 8x8 &&
SubMbPredMode( sub_mb_type[ mbPartldx ]) != Pred L1)
for( subMbPartldx = 0;
subMbPartldx < NumSubMbPart( sub mb_type[ mbPartldx’] );
subMbPartldx++)
for( compldx = 0; compldx < 2; compldx++)
mvd_10[ mbPartldx ][ subMbPartldx ][ compldx 2 | se(v)]a¢
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 ] );
subMbPartldx++)
for( compldx = 0; compldx <¢2; compldx++)
mvd_11[ mbPartldx ][ subMbPartldx ][ compldx ] 2 | se(v)|a¢(v)

[ —~

v)
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7.3.5.3 Residual data syntax

residual( ) { C Descriptor

if( !lentropy coding mode flag)

residual_block = residual block cavlc

else

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

else
for(i=0;1<16;i++)
LumaLevel[ i8x8 *4 +14x4 ][1]=0
if( lentropy_coding mode flag && trafisform size 8x8 flag)
for(i=0;1<16;i++)
LumaLevel8x8[ i8x8 ][ 4 * i+ 14x4 | =
Lumabevel[ i8x8 * 4 +i4x4 ][ 1]

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

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

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

314

else

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

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

7.3.5.3.1 Residual block CAVLC syntax

residual_block cavlc( coeffLevel, maxNumCoeft ) {

Descriptor

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

coeffLevel[i1]=0

coeff_token

314

ce(v)

if( TotalCoeff( coeff token)>0) {

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

suffixLength = 1

else

suffixLength =0

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

if( i < TrailingOnes( coeff token ) ) {

trailing ones_sign_flag

314

u(l)

level[ 1] =1 -2 * trailing_ones_sign_flag

} else {

level prefix

314

ce(v)

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

if( suffixLength >0 || levelyprefix >=14) {

level_suffix

314

u(v)

levelCode += level suffix

}

if( level prefix’) >= 15 && suffixLength == 0)

levelCode += 15

if( level prefix >= 16)

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

(1 == TrailingOnes( coeff token) &&
TrailingOnes( coeff token ) <3)

levelCode +=2

if( levelCode % 2 == 0)

1 1r -3 1 1o 1 a 1
ICVCI T [ = (ICVECILCOAT ™ 27) I

else

level[ 1] = (-levelCode —1)>>1

if( suffixLength == 0)

suffixLength = 1

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

suffixLength++

}

if( TotalCoeff( coeff token ) < maxNumCoeff) {

© ISO/IEC 2005 — All rights reserved

53


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

ISO/IEC 14496-10:2005(E)

54

total_zeros 314 | ce(v)
zerosLeft = total zeros
} else
zerosLeft =0
for(1=0; 1< TotalCoeff( coeff token)—1;i++) {
if( zerosLeft>0) {
run_before 314 | ce(v)

run[ i ] =run_before

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

}

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

coeffNum = -1

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

coeffNum +=run[i]+ 1

coeffLevel] coeffNum ] = level[ i ]
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residual_block cabac( coeffLevel, maxNumCoeff') { C | Descriptor
if( maxNumCoeff == 64)
coded block flag=1
else
coded_block flag 314 | ae(v)
if( coded block flag) {
numCoeff = maxNumCoeff
i=0
do {
significant_coeff flag| i ] 314 faei)
if( significant coeff flag[i]) {
last_significant_coeff flag[i] 344 | ae(v)
if( last_significant coeff flag[i]) {
numCoeff=1i+1
for( j = numCoeff; j < maxNumCoeff; j++)
coeffLevel[ j]=0
i
H
it++
} while(1 < numCoeff- 1)
coeff abs_level minusl|[ numCoeff - 1 ] 314 | ae(v)
coeff sign_flag] numCoeff - 1 | 314 | ae(v)
coeffLevel[ numCoeff-1]=
(coeff abs_level minusl[ numCoeff—1]+1)*
(1 -2 * coeff sign flag] numCoeff—117)
for( 1 =numCoeff - 2; i >=0; i--)
if( significant coeffi\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])
} else
coefflLevel[1]=0
helse
for( 1= 0; i < maxNumCoeff; i++)
coeffLevel[1]=0
H
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7.4

7.4.1

Semantics

NAL unit semantics

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

NumBytesInNALunit specifies the size of the NAL unit in bytes. This value is required for decoding of the NAL unit.
Some form of demarcation of NAL unit boundaries is necessary to enable inference of NumBytesInNALunit. One such
demarcation method is specified in Annex B for the byte stream format. Other methods of demarcation may be specified
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Table 7-1 — NAL unit type codes

nal_unit_type Content of NAL unit and RBSP syntax structure C

0 Unspecified

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

2 Coded slice data partition A 2
slice data partition a layer rbsp()

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

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

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

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

7 Sequence parameter set 0

seq parameter set rbsp()

8 Picture parameter set 1
pic_parameter set rbsp( )

9 Access unit delimiter 6
access_unit_delimiter rbsp()

10 End of sequence 7
end of seq rbsp(\)

11 End of stream: 8
end of stream rbsp()

12 Filler data ’
fillertdata rbsp()

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

14.,18 Reserved

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

20..23 Reserved

24.31 Unspecified

NAL units having nal unit type equal to 13 and 19 may be discarded by decoders without affecting the decoding process
for NAL wunits having nal unit type not equal to 13 or 19 and without affecting conformance to this
Recommendation | International Standard.

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

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

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

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

NOTE - Slice data partitioning cannot be used for IDR pictures.
rbsp_byte| i] is the i-th byte of an RBSP. An RBSP is specified as an ordered sequence of bytes as follows.

The RBSP contains an SODB as follows.
- Ifthe SODB is empty (i.e., zero bits in length), the RBSP is also empty.
- Otherwise, the RBSP contains the SODB as follows.

1) THe first byte of the RBSP contains the (most significant, left-most) eight bits of the SODB; the next pyte of
th¢ RBSP shall contain the next eight bits of the SODB, etc., until fewer than eight bits of the SODDB renfain.

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

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

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

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

3) One or more cabac_zero_word 16-bit syntax elements equal to 0x0000-may be present in some RBSPs after the

Syntax strucfures having these RBSP properties are denoted in the syntax‘tables using an " _rbsp" suffix. These strpictures
shall be carfied within NAL units as the content of the rbsp byte[ i) \data bytes. The association of the RBSP|syntax

hen the boundaries of the RBSP are known, the decodet«can extract the SODB from the RBSP by concatenating|the bits
s of the RBSP and discarding the rbsp_stop_one_bit which is the last (least significant, right-most) bit equal tp 1, and
discarding any following (less significant, farther to the right)'bits that follow it, which are equal to 0. The data necessary for the
decoding process is contained in the SODB part of the RBSP.

emulation_prevention_three_byte is a byte equal t0.0x03. When an emulation prevention_ three byte is presenf in the
NAL unit, itfshall be discarded by the decoding process.

The last byt¢ of the NAL unit shall not be equal-to 0x00.

Within the NAL unit, the following three-byte sequences shall not occur at any byte-aligned position:

AL unit-any four-byte sequence that starts with 0x000003 other than the following sequences sHall not

- 0x00000300
- 0x00000301
- 0x00000302
- 0x00000303

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

7.4.1.1 Encapsulation of an SODB within an RBSP (informative)

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

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

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

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

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

The KBSP 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 oecur when the RBSP ends in a
cabad_zero word), a final byte equal to 0x03 is appended to the end of the data.

The fesulting sequence of bytes is then prefixed with the first byte of the NAL unitjcontaining the indicatipn of the type
of RBSP data structure it contains. This results in the construction of the entire NAL unit.

This process can allow any SODB to be represented in a NAL unit while ensuring that

o sequence of 8 zero-valued bits followed by a start code prefix, regardless of byte-alignment, is emulated within

- ]:0 byte-aligned start code prefix is emulated within the NAL unitand
he NAL unit.

7.4.112  Order of NAL units and association to coded pictures, access units, and video sequences

This pubclause specifies constraints on the order of NAL units in the bitstream. Any order of NAL units ir] the bitstream
obeying these constraints is referred to in the text as‘the decoding order of NAL units. Within a NAL unit] the syntax in
subclpuses 7.3, D.l, and E.1 specifies the .decoding order of syntax elements. Decoders conforming to this
Recommendation | International Standard shalldbe capable of receiving NAL units and their syntax elemen}s in decoding
order]

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

NPTE — The sequence and picture.parameter set mechanism decouples the transmission of infrequently changjng information
frpm the transmission of coded macroblock data. Sequence and picture parameter sets may, in some applicatior}s, be conveyed
"dqut-of-band" using a reliable, transport mechanism.

A pidture parameter set. RBSP includes parameters that can be referred to by the coded slice NAL units pr coded slice
data partition A NAL units of one or more coded pictures. Each picture parameter set RBSP is initially qonsidered not
activ¢ at the start gfithe operation of the decoding process. At most one picture parameter set RBSP is cornsidered active
at any given moeiment during the operation of the decoding process, and the activation of any particular picfure parameter
set RBSP restlts/in the deactivation of the previously-active picture parameter set RBSP (if any).

Whet a picture parameter set RBSP (with a particular value of pic_parameter_set id) is not active and it is|referred to by
a coIed slice NAL unit or coded slice data partition A NAL unit (using that value of pic parameter set id), it is
activated. This picture parameter set RBSP is called the active picture parameter set RBSP until it is deactivated by the
activation of another picture parameter set RBSP. A picture parameter set RBSP, with that particular value of
pic_parameter set id, shall be available to the decoding process prior to its activation.

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

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

set RBSP shall remain active for the entire coded video sequence.

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

Any sequence parameter set NAL unit containing the value of seq parameter set id for the active sequence parameter
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f the picture parameter: set and sequence parameter set that are active for the operation of the dg

ecified in the SEI'message semantics.

der of accesSunits and association to coded video sequences

conforfining to this Recommendation | International Standard consists of one or more coded video sequ

access
ffering

straints
RBSP,
becified
ich that

e of a

ameter set RBSP. For purposes of establishing constraints on the syntax.éléments of the sequence pafjameter

5P, the
ith the
quence
quence
present

ues of
syntax
picture
ements
Erwise-
syntax

in an

set and
of the
coding
unless

cnces.

d their

e0\sequence consists of one or more access units. The order of NAL units and coded pictures an

152

association t

: 1 1 1 11
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The first access unit of each coded video sequence is an IDR access unit. All subsequent access units in the coded video
sequence are non-IDR access units.

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

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

unit.

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

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

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

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

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 unit.

The gonstraints for the detection of the first VCL NAL unit of a primafy\coded picture are specified
7.4.112.4.

dccess unit delimiter NAL unit (when present)

sequence parameter set NAL unit (when present)

picture parameter set NAL unit (when present)

§EI NAL unit (when present)

WAL units with nal unit type in the range of 14 to 18, inclusive

first VCL NAL unit of a primary coded picture (always present)

in subclause

The following constraints shall be obeyed by the order of the coded(pietures and non-VCL NAL units within an access

unit.

ynit delimiter NAL unit in any access unit.
When any SEI NAL units are present, they shall precede the primary coded picture.

When an SEI NAL unit containing a buffering period SEI message is present, the buffering period SEI
Qe the first SEI message payload of the first SEI NAL unit in the access unit

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

redundant_pic_cnt.

parameter set NAL unit-having the same value of seq parameter set id as in the sequence parametei|
INAL unit.

When an access unit delimiter NAL unit is present, it shall be the first NAL unit. There shall be at mpst one access

message shall

When redundant coded picturés~are present, they shall be ordered in ascending order of [the value of

When a sequence parameter set extension NAL unit is present, it shall be the next NAL unit after a sequence

set extension

Vhen one or more coded slice of an auxiliary coded picture without partitioning NAL units is pres¢nt, they shall

follow the pfimary coded picture and all redundant coded pictures (if any).

Vhen an-end of sequence NAL unit is present, it shall follow the primary coded picture and all red
pictures)(if any) and all coded slice of an auxiliary coded picture without partitioning NAL units (if any

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

the last VCL NAL unit of the primary coded picture within the access unit, as this condition would specify the
access unit.

undant coded

).

the first VCL

NOTE - Sequence parameter set NAL units or picture parameter set NAL units may be present in an access unit, but cannot follow

start of a new

NOTE — When a NAL unit having nal unit type equal to 7 or 8 is present in an access unit, it may or may not be referred to in the

coded pictures of the access unit in which it is present, and may be referred to in coded pictures of subsequent access units.

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

Figure 7-1 1 Structure of an ac¢cess unit not containing any NAL units with nal_unit_type equal to 0, 7, 8, or|in the
rangeé of 12 to 18, inclusive, or in the range of 20 to 31, inclusive.

7.4.1.2.4 Dgtection of the first VCL NAL unit of a primary coded picture

This subclayse.specifies constraints on VCL NAL unit syntax that are sufficient to enable the detection of the fir§t VCL
NAL unit of each primary coded picture.

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.

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

- pic_parameter set id differs in value.
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- field pic_flag differs in value.
- Dbottom_field flag is present in both and differs in value.
- nal ref idc differs in value with one of the nal ref idc values being equal to 0.
- pic order cnt type is equal to0 for both and either pic order cnt Isb differs in value, or
delta_pic order cnt bottom differs in value.
- pic order cnt type is equal tol for both and either delta pic order cnt[ 0] differs in value, or

delta pic order cnt[ 1] differs in value.

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

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

DTE — Some of the VCL NAL units in redundant coded pictures or some non-VCL NAL units (eg. arl acces
AL unit) may also be used for the detection of the boundary between access units, and may therefore aid in the
rt of a new primary coded picture.

N
N
st
7.4.1
Each

The

2.5 Order of VCL NAL units and association to coded pictures
'VCL NAL unit is part of a coded picture.
rder of the VCL NAL units within a coded IDR picture is constrained as\follows.

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

therwise (arbitrary slice order is not allowed), the order of ¢oded slice of an IDR picture NAL units

drder of increasing macroblock address for the first macroblog¢k of each coded slice of an IDR picture N

The gqrder of the VCL NAL units within a coded non-IDR picture is constrained as follows.

f arbitrary slice order is allowed as specified in Aanex A, coded slice of a non-IDR picture NAL units
data partition A NAL units may have any ordertelative to each other. A coded slice data partition A N/
particular value of slice id shall precede any\present coded slice data partition B NAL unit with the
Jlice_id. A coded slice data partition A NAL unit with a particular value of slice id shall precede any
qlice data partition C NAL unit with the’same value of slice_id. When a coded slice data partition B N/
garticular value of slice_id is presenty/it shall precede any present coded slice data partition C NAL

ame value of slice id.

(Dtherwise (arbitrary slice order is not allowed), the order of coded slice of a non-IDR picture NAL 1{

5 unit delimiter

Hetection of the

may have any

shall be in the
[AL unit.

or coded slice
\L unit with a
same value of
present coded
AL unit with a
unit with the

inits or coded

dlice data partition A NAL units shall be in the order of increasing macroblock address for the first facroblock of

dach coded slice of ashon-IDR picture NAL unit or coded slice data partition A NAL unit. A co
gartition A NAL wnit-with a particular value of slice_id shall immediately precede any present co
gartition B NALyunit with the same value of slice_id. A coded slice data partition A NAL unit with a p
qf slice id shall*immediately precede any present coded slice data partition C NAL unit with the
dlice id, when a coded slice data partition B NAL unit with the same value of slice_id is not present.
dlice data‘partition B NAL unit with a particular value of slice id is present, it shall immediately prece
doded slice data partition C NAL unit with the same value of slice_id.

led slice data
Hed slice data
hrticular value
ame value of
When a coded
e any present

NAL
unit of the

primary coded pi_cture within the access unit.

rst VCL NAL

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

NAL units having nal unit type in the range of 20 to 23, inclusive, which are reserved, shall not precede

the first VCL

NAL unit of the primary coded picture within the access unit (when specified in the future by ITU-T | ISO/IEC).

7.4.2  Raw byte sequence payloads and RBSP trailing bits semantics

7.4.2.1 Sequence parameter set RBSP semantics

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

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

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

NOTE — When more than one of constraint set0 flag, constraint setl flag, or constraint set2 flag are equal to 1, the bitstream
obeys the[constraints o1 all of the indicated subclauscs O subclause A.Z.

constraint_set3_flag indicates the following.

—  Ifprofile idc is equal to 66, 77, or 88 and level idc is equal to 11, constraint_set3 flag equal to 1.indicates that the
bitstregm obeys all constraints specified in Annex A for level 1b and constraint_set3 flag equalte’0 indicafes that
the bit§tream may or may not obey all constraints specified in Annex A for level 1b.

—  Otherwise (profile idc is equal to 100, 110, 122, or 144 or level idc is not equal to|bl), the value off 1 for
constraint set3 flag is reserved for future use by ITU-T | ISO/IEC. constraint set3, flag shall be equal [to 0 in
bitstregms conforming to this Recommendation | International Standard/” when profile ide is| equal
to 100,110, 122, or 144 or level idc is not equal to 11. Decoders conforfwing to this Recommendation |
Internafional Standard shall ignore the value of constraint set3 flagz when profile idc is | equal
to 100,{110, 122, or 144 or level_idc is not equal to 11.

reserved_zdro_4bits shall be equal to 0. Other values of reserved_zero 4bits.may be specified in the future by [TU-T |
ISO/IEC. Dgcoders shall ignore the value of reserved_zero 4bits.

seq_paramgter_set_id identifies the sequence parameter set that is €eférred to by the picture parameter set. The vialue of
seq_paramefer set_id shall be in the range of 0 to 31, inclusive.

hen feasible, encoders should use distinct values of seq“parameter set id when the values of other sequence parameter
elements differ rather than changing the valuesiCof the syntax elements associated with a specific vplue of

_fojmat_idc specifies the chroma samplingselative to the luma sampling as specified in subclause 6]2. The
value of chrgma_format idc shall be in the range of 0to 3, inclusive. When chroma_format idc is not present, it ghall be
inferred to be equal to 1 (4:2:0 chroma format).

residual_colour_transform_flag equal todspecifies that the residual colour transform is applied as specified in
subclause 8.p. residual_colour_transfornt flag equal to 0 specifies that the residual colour transform is not applied| When
residual_colpur transform_flag is not préesent, it shall be inferred to be equal to 0.

bit_depth_lpma_minus8 specifiesithe bit depth of the samples of the luma array and the value of the luma quanfisation
parameter range offset QpBdQffsety, as specified by

Bi

—

tPepthy = 8 + bit\\depth_luma minus8 (7-1)
QpBdOffsety-=/'6 * bit_depth_luma_minus8 (7-2)

When bit_dg¢pth/ [tima_minus8 is not present, it shall be inferred to be equal to 0. bit depth luma minus8 shall b¢ in the
range Ofo i A, nelusiy o

bit_depth_chroma_minus8 specifies the bit depth of the samples of the chroma arrays and the value of the chroma
quantisation parameter range offset QpBdOffsetc, as specified by

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

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

The variable RawMbBits is derived as

RawMbBits = 256 * BitDepthy + 2 * MbWidthC * MbHeightC * BitDepthc (7-5)
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gpprime_y_zero_transform_bypass_flag equal to 1 specifies that, when QP'y is equal to 0, a transform bypass
operation for the transform coefficient decoding process and picture construction process prior to deblocking filter
process as specified in subclause 8.5 shall be applied. qpprime_y zero transform bypass_flag equal to 0 specifies that
the transform coefficient decoding process and picture construction process prior to deblocking filter process shall not
use the transform bypass operation. When qpprime_y zero transform bypass_flag is not present, it shall be inferred to
be equal to 0.

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

equal to 0.

The gcaling lists Flat 4x4 16 and Flat 8x8 16 are specified as follows:
Flat 4x4 16[i]=16, withi=0..15, (7-6)
Flat 8x8 16[i]=16, withi=0..63. 7-7)
seq_gcaling_list_present flag[ i | equal to 1 specifies that the syntax structure for scaling list i is present if the sequence
parameter set. seq_scaling_list present flag[ i ] equal to O specifies that the syntaxstructure for scaling list i is not
presept in the sequence parameter set and the scaling list fall-back rule set A specified in Table 7-2 shall bg used to infer
the s¢quence-level scaling list for index i.
Table 7-2 — Assignment of mnemonic names to scaling list indices and specification of fall-back rule
Vilue of Mnemonic name | Block MB Component Scaling list Scaling list Default
scaling list size prediction fall-back rule | fall-back rule s¢aling list
ipdex type set A set B
0 S1 4x4 Intra Y 4x4 Intra Y default sequence-level | Defaplt 4x4 Intra
scaling list scaling list
1 Sl 4x4 Intra Cb 4x4 Intra Cb scaling list scaling list Defaplt 4x4 Intra
fori=0 fori=0
2 Sl 4x4 Intra Cr 4x4 Intra Cr scaling list scaling list Defaplt 4x4 Intra
fori=1 fori=1
3 Sl 4x4 Inter Y 4x4 Inter Y default sequence-level | Defaplt 4x4 Inter
scaling list scaling list
4 Sl 4x4 IntefiCb 4x4 Inter Cb scaling list scaling list Defaplt 4x4 Inter
fori=3 fori=3
5 S1 4x4. Inter Cr 4x4 Inter Cr scaling list scaling list Defaplt 4x4 Inter
fori=4 fori=4
6 Sl 8x8 Intra Y 8x8 Intra Y default sequence-level | Defaplt 8x8 Intra
scaling list scaling list
7 SI 8x8 Inter V. 8x8 Inter Y default sequence-level | Defalilt 8x8 Inter
scaling list scaling list

Table 7-3 specfies the default scaling lists Default 4x4 Intra and Default 4x4 Inter. Table 7-4 specifies the default
scaling lists Default 8x8 Intra and Default 8x8 Inter.
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derivations §

The value of

Table 7-3 — Specification of default scaling lists Default 4x4 Intra and Default_4x4_Inter

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

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

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

Table 7-4 — Specification of default scaling lists Default 8x8 Intra and Default_8x8_Inter

10X U 1 Z K} 4 DS 0 / L] J I [ 11T 1127151494 |,1

Defaplt 8x8 Intra[idx] |6 [ 10 |10 |13 |11 |13 |16 |16 |16 |16 |18 |18 | 18 | 18 | I8&P2B

Defath 8x8 Imter[idx] |9 | 13 | 13 |15 |13 [15 17 [ 1717 171919 |19 | 1819 | 2]

Tabl

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 |27 128 |29 [30 |31

Defay

It 8x8 Intra[idx] |23 |23 |23 |23 |23 |25 |25 |25 |25 |25 {2525 |27 |27 |27 |27

Defay

It 8x8 Inter[idx] | 21 |21 |21 |21 |21 |22 |22 |22 |22 |@2)} 22|22 (24 (24|24 |24

Tabl

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

idx 32 133134 [35[36|37 38,3940 |41 |42 |43 |44 45|46 |47

Defay

It 8x8 Intrafidx] |27 |27 [27 [27 12929 |29 129(29 (292931 ]31]31]31]31

Defayf

It 8x8 Inter[idx] |24 |24 |24 |24 |25 |25 (25|25 |25 |25 |25|27 |27 |27 |27 |27

Tabld

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

idx 48 | 49 | 50,51 | 52 | S3 |54 | 55|56 |57 |58 59|60 6162463

Defau

1t 8x8 Intrafidx] |31 |33 "33 [33 |33 |33 |36 |36|36|36|38[38)38)|40/40 |42

Defay

It 8x8 Inter[idx] | 27 |\28| 28 | 28 |28 |28 {30 303030 |32(32[32]33]33]|35

Max}

log2_max_frame num_minus4 specifies the value of the variable MaxFrameNum that is used in frame num [related
s follows:
rameNum = 2( log2_max_frame_num_minus4 + 4 ) (7-8)
log2_ihax_frame num_minus4 shall be in the range of 0 to 12, inclusive.
pic_order_cnttype-speeifies-the-method-to-decodepicture-orderecount(as—speeifiedinsubelause 821 —The—~hlue of

pic_order cnt_type shall be in the range of 0 to 2, inclusive.

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

66

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

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

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

MaxPicOrderCntLsb = 2( log2_max_pic_order_cnt Isb_minus4 +4)

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

(7-9)

delta_pic_order_always_zero_flag equal to 1 specifies that delta pic_order cnt[ 0] and delta pic order cnt[ 1 | are
not present in the slice headers of the sequence and shall be inferred to be equal to 0. delta_pic_order always zero flag

equal

to 0 specifies that delta pic order cnt[ 0] is present in the slice headers of the s

delta pic_order cnt[ 1 ] may be present in the slice headers of the sequence.

equence and

offse
valug

offse
8.2.1

num |
subcl

offse
proce
range

num |
referg
pictu
subcl
A3.]

gaps|
and t

pic_width_in_mbs_minus]1 plus 1 specifies the width-of each decoded picture in units of macroblocks.

The ¥

The v

The v

pic_Hheight in_map units_minusl plus | specifies the height in slice group map units of a decoded frame

The ¥

£ £ . - 1 4 1 h DRSS | e 1 - ad £ e b A |
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of offset_for non_ref pic shall be in the range of -2*' to 2°' - 1, inclusive.

_for_top_to_bottom_field is used to calculate the picture order count of the bottom field in a)frdame
The value of offset_for_top_to_bottom_field shall be in the range of -2*' to 2°' - 1, inclusive,

| ref_frames_in_pic_order_cnt_cycle is used in the decoding process for picture(order count a
huse 8.2.1. The value of num_ref frames_in_pic_order cnt cycle shall be in the range of 0 to 255, in

_for_ref frame|i] is an element of a list of num_ref frames in pic_order cit, Cycle values used if
ss for picture order count as specified in subclause 8.2.1. The value of dffset for ref frame[i] §
of -2° t0 23! - 1, inclusive.

[ ref frames specifies the maximum number of short-term and-long-term reference frames, c
nce field pairs, and non-paired reference fields that may be used by the decoding process for inter pre
e in the sequence. num_ref frames also determines the size~of the sliding window operation a
huse 8.2.5.3. The value of num ref frames shall be in the{range of 0 to MaxDpbSize (as specifieq
or A.3.2), inclusive.

e decoding process in case of an inferred gap between values of frame num as specified in subclause

ariable for the picture width in units of magroblocks is derived as follows

PicWidthInMbs = pic_width _in_mbs~minusl + 1

ariable for picture width for the Juma component is derived as follows

PicWidthInSamples; = PieWidthInMbs * 16

ariable for picture width*for the chroma components is derived as follows

PicWidthInSamplesc = PicWidthInMbs * MbWidthC

ariables-RicHeightinMapUnits and PicSizeInMapUnits are derived as follows
RicHeightInMapUnits = pic_height in_map units minusl + 1

in 8.2.1. The

hs specified in

specified in
clusive.

the decoding
hall be in the

bmplementary
diction of any
b specified in

in subclause

|in_frame num_value_allowed_flag specifies the allowed values of frame num as specified in sybclause 7.4.3

8.2.5.2.

(7-10)

(7-11)

(7-12)

or field.

(7-13)

PicSizeInMapUnits = PicWidthInMbs * PicHeightInMapUnits

(7-14)

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

The

allowed range of wvalues for pic width in mbs minusl,

frame mbs_only flag is specified by constraints in Annex A.

pic_height in_map units_minusl,

and

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

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

The variable FrameHeightInMbs is derived as follows

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

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

direct_8x8 inference_flag specifies the method used in the derivation process for luma motion vectors for B_Skip,

412 171 £

B D‘ t 1/ 1L 1 n_J. PRI o I o) b A | - 1 1 Q
_Direct 1 xTo—antd— b DIrect—oX6—as— SPCCIHTet 1T suocrausc o=+

direct 8x8

1 1 £l M
I.4. YVIIUIT 11 4dIifv  IIios Ulll_y llas IS5 U\iu

nference flag shall be equal to 1.

frame_cro

parameter sdt. frame cropping_flag equal to 0 specifies that the frame cropping offset parameters are nQt\present.

frame_cro

samples of the pictures in the coded video sequence that are output from the decoding process,pinterms of a rect
region specified in frame coordinates for output.

The variablgs CropUnitX and CropUnitY are derived as follows:

If chro

Otherw

The framg
CropUnitX
frame

( CropUnitY]
to  (PicW
frame_crop |
( frame_crof]

When fran
frame_crop |

When chror
samples hay
specified lur

For decoded
frame coord

ing_flag equal to 1 specifies that the frame cropping offset parameters follow next in)the se

left_offset, frame_crop_right offset, frame_crop_top_offset, frame_crop_bottéom  offset spec

a format idc is equal to 0, CropUnitX and CropUnitY are derived as

CropUnitX =1
CropUnitY =2 — frame mbs_only flag

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

CropUnitX = SubWidthC
CropUnitY = SubHeightC * ( 2 — frame_mbs “enly flag)

cropping rectangle contains luma, “samples with horizontal frame coordinates
frame crop_left offset to PicWidthInSamples; — ( CropUnitX * frame crop right offset+ 1) and
coordinates from CropUnitY " frame crop top_offset to ( 16 * FrameHeightIn}
* frame_crop_bottom_offset + 1 ), ificlusive. The value of frame crop left offset shall be in the ran|
(idthInSamples; / CropUnitX ) —((frame crop right offset+ 1), inclusive; and the  valu
top offset shall be ii\\Jthe range of O to (16 * FrameHeightinMbs/ CropUr
_bottom_offset + 1), inclusive.

ne_cropping_flag is«.equal to 0, the values of frame crop left offset, frame crop right|

top_offset, and frame )crop bottom offset shall be inferred to be equal to 0.

ha format_idc s not equal to 0, the corresponding specified samples of the two chroma arrays
ing frame cOordinates ( x / SubWidthC, y / SubHeightC ), where ( x, y ) are the frame coordinates
ha samplés.

fields,the specified samples of the decoded field are the samples that fall within the rectangle spec
natés.

1 to O,
quence

ify the
ingular

7-16)
7-17)

7-18)
7-19)

from
vertical
Vbs ) —
pe of 0
3 of
itY ) —

| offset,

hre the
of the

fied in

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 Sc

aling list semantics

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

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

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

aux_format_idc equal to O indicates that there are no auxiliary coded pictures in the coded video sequence.
aux_format idc equal to 1 indicates that exactly one auxiliary coded picture is present in each access unit of the coded
video sequence, and that for alpha blending purposes the decoded samples of the associated primary coded picture in
each access unit should be multiplied by the interpretation sample values of the auxiliary coded picture in the access unit
in the display process after output from the decoding process. aux format idc equal to 2 indicates that exactly one
auxiliary coded picture exists in each access unit of the coded video sequence, and that for alpha blending purposes the

decoded sarnples of the ass001ated prlmary coded plcture in each access unit should not be multlphed by the

decomg process. aux_format _idc equal to 3 indicates that exactly one aux111ary coded picture exists in'ea
of the coded video sequence, and that the usage of the auxiliary coded pictures is unspecified:

aux_format idc shall be in the range of 0 to 3, inclusive. Values greater than 3 for aux format/idc a
indicqite the presence of exactly one auxiliary coded picture in each access unit of the coded video’sequenc
to be|specified in the future by ITU-T | ISO/IEC. When aux_format idc is not present, it shall be inferred

NPTE — Decoders conforming to this Recommendation | International Standard are not/fequired to decode
pictures.

bit_depth_aux_minus8 specifies the bit depth of the samples of the samplérarray of the auxiliary (
bit dppth _aux_minus8 shall be in the range of 0 to 4, inclusive.

alphg_incr_flag equal to 0 indicates that the interpretation sample valueMot each decoded auxiliary coded {
valug| is equal to the decoded auxiliary coded picture sample value forpurposes of alpha blending. alpha i
to 1 |ndicates that, for purposes of alpha blending, after decoding the auxiliary coded picture samples,
coded picture sample value that is greater than Min(alpha_opaque value, alpha transparent value) shoul
by orje to obtain the interpretation sample value for the auxiliary coded picture sample, and any auxiliary
sample value that is less than or equal to Min(alpha epague value, alpha_transparent value) should be
altergtion as the interpretation sample value for the decoded auxiliary coded picture sample value.

alphd_opaque_value specifies the interpretation sample value of an auxiliary coded picture sample
assodiated luma and chroma samples of the sapieraccess unit are considered opaque for purposes of alpha

ntput from the
ch access unit
The value of
re reserved to
e for purposes
to be equal to

huxiliary coded

oded picture.

bicture sample
ner flag equal
any auxiliary
| be increased
coded picture
used without

for which the
blending. The

number of bits used for the representation of the alpha opaque value syntax element is bit_depth_aux mings8 + 9 bits.

alphg_transparent_value specifies the ‘interpretation sample value of an auxiliary coded picture sample
assodiated luma and chroma samples-of the same access unit are considered transparent for purposes of a

The | number of bits wused ~for the representation of the alpha transparent value syntax
bit dppth _aux_minus8 + 9 bits
When alpha incr flag jssequal to 1, alpha transparent value shall not be equal to alpha opaq
Log2[ Abs( alpha_opaquie-value — alpha_transparent value )) shall have an integer value. A
alphal transparent valuethat is equal to alpha opaque value indicates that the auxiliary coded picture is n
alphal blending putposes.

NPTE - For_alpha blending purposes, alpha opaque value may be greater than alpha transparent value, or it nj

bha_trafsparent_value. Interpretation should be clipped to the

bha, trafisparent_value, inclusive.

sample values

range of alpha opaque value

for which the
pha blending.
element is

e value and
value of
t intended for

ay be less than
to

conformance with this Recommendatlon | Internatlonal Standard

)t required for

The syntax of each coded slice of an auxiliary coded picture shall obey the same constraints as a coded slice of a

redundant picture, with the following differences of constraints.

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

slice having nal unit_type equal to 5 (a slice of an IDR picture)

to that of a slice having nal unit_type equal to 1 (a slice of a non-IDR picture).

© ISO/IEC 2005 — All rights reserved

If the primary coded picture is an IDR picture, the auxiliary coded slice syntax shall correspond to that of a

Otherwise (the primary coded picture is not an IDR picture), the auxiliary coded slice syntax shall correspond
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—  The slices of an auxiliary coded picture (when present) shall contain all macroblocks corresponding to those of the
primary coded picture.

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

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

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

—  The value of chroma_format_idc shall be inferred to be equal to 0 for the decoding of the auxiliary coded pictures.

—  The value of bit_depth_luma_minus8 shall be inferred to be equal to bit_depth aux minus8 for the decoding of the
auxiliafy coded pictures.

NOTE —Alpha blending composition is normally performed with a background picture B, a foreground picture-F,/and a ¢lecoded
auxiliary foded picture A, all of the same size. Assume for purposes of example illustration that the chroma gesolution of B and F
have beer] upsampled to the same resolution as the luma. Denote corresponding samples of B, F and A by-bs f and a, respgctively.
Denote lujma and chroma samples by subscripts Y, Cb and Cr.

Define th¢ variables alphaRange, alphaFwt and alphaBwt as follows:
alphaRange = Abs( alpha_opaque value - alpha_transparent_value )
alphaFwt = Abs( a - alpha_transparent value )
alphaBwt = Abs( a - alpha opaque value )
Then, in glpha blending composition, samples d of the displayed picture D may be caleulated as
dy F (alphaFwt*fy + alphaBwt*by + alphaRange/2 ) / alphaRange
dcg|F (alphaFwt*fcg + alphaBwt*bcp + alphaRange/2 ) / alphaRange
dcr[F (alphaFwt*fcg + alphaBwt*bcr + alphaRange/2 ) / alphaRange

The samplles of pictures D, F and B could also represent red, green, arid’blue component values (see subclause E.2.1). Here we
have assuned Y, Cb and Cr component values. Each component, e.g\Y, is assumed for purposes of example illustration gbove to
have the Jame bit depth in each of the pictures D, F and B. Howevef;.different components, e.g. Y and Cb, need not have the same
bit depth fn this example.

When auy format idc is equal to 1, F would be the decoded*picture obtained from the decoded luma and chroma, and A would be
the decoded picture obtained from the decoded auxiliarys coded picture. In this case, the indicated example alpha Hlending
compositipn involves multiplying the samples of F by fdetors obtained from the samples of A.

A picture[format that is useful for editing or direct yiewing, and that is commonly used, is called pre-multiplied-black videp. If the
foreground picture was F, then the pre-multiplied<black video S is given by

sy f (alphaFwt*fy )/ alphaRange
scg F (alphaFwt*fcg) / alphaRangg
scr |F (alphaFwt*fcg) / alphaRange

Pre-multiplied-black video has thé'characteristic that the picture S will appear correct if displayed against a black backgroynd. For
a non-blagk background B, the.coniposition of the displayed picture D may be calculated as

dy [ sy + (alphaBwt*by+ alphaRange/2 ) / alphaRange
dcgfF scs + (alphaBwt*bep + alphaRange/2 ) / alphaRange
dcrfF scr + (@lphaBwt*ber + alphaRange/2 ) / alphaRange

When auy formatiidc is equal to 2, S would be the decoded picture obtained from the decoded luma and chroma, and 4 would
again be the decoded picture obtained from the decoded auxiliary coded picture. In this case, alpha blending composition does not
involve muitiplication of the samples of S by factors obtained from the samples of A.

additional_extension_flag equal to O 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.

7.4.2.2 Picture parameter set RBSP semantics

pic_parameter_set_id identifies the picture parameter set that is referred to in the slice header. The value of
pic_parameter set id shall be in the range of 0 to 255, inclusive.

seq_parameter_set_id refers to the active sequence parameter set. The value of seq parameter_set id shall be in the
range of 0 to 31, inclusive.
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entropy_coding_mode_flag selects the entropy decoding method to be applied for the syntax elements for which two
descriptors appear in the syntax tables as follows.

(Exp-Golomb coded, see subclause 9.1 or CAVLC, see subclause 9.2).

is applied (CABAC, see subclause 9.3).

If entropy_coding_mode_flag is equal to 0, the method specified by the left descriptor in the syntax table is applied

Otherwise (entropy_coding_mode flag is equal to 1), the method specified by the right descriptor in the syntax table

pic_order_present_flag equal to 1 specifies that the picture order count related syntax elements are present in the slice
headers as specified in subclause 7.3.3. pic_order present flag equal to O specifies that the picture order count related
syntax elements are not present in the slice headers.

num |
equal
speci

slice |
slice |

slice |

 slice_groups_minusl plus | specifies the number of slice groups for a picture. When num_slice gro
to 0, all slices of the picture belong to the same slice group. The allowed range of num_slice(groy
fied in Annex A.

group_map_type specifies how the mapping of slice group map units to slice groups:is coded.
group_map_type shall be in the range of 0 to 6, inclusive.

group_map_type equal to 0 specifies interleaved slice groups.

ips_minusl is
ips_minus] is

The value 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 group$,and a “leftover” slice group.

slice |group_map_type values equal to 3, 4, and 5 specify changing slice groups. When num_slice groups [minusl is not
equallto 1, slice_group map_type shall not be equal to 3, 4, or 5.

slice |

Slice

]

run_|
grouy
PicSi

top_left[ i ] and bottom ‘right[ i ]| specify the top-left and bottom-right corners of a rectangle, respectivel
ottom_right[ i J.are“slice group map unit positions in a raster scan of the picture for the slice group map units. For

and b
each
botto

t
)i

macroblocks.

group_map_type equal to 6 specifies an explicit assignment of a“slice group to each slice group map u

group map units are specified as follows.

f frame mbs_only flag is equal to 0 and mb_adaptive frame field flag is equal to 1 and the codd
rame, the slice group map units are macroblock paitmits.

Dtherwise, if frame _mbs_only flag is equal toMor a coded picture is a field, the slice group map uni

Dtherwise (frame mbs only flag is equal to 0 and mb_adaptive frame field flag is equal to O a
bicture is a frame), the slice group map units are units of two macroblocks that are vertically cont
rame macroblock pair of an MBAFFE-frame.

ength_minusl| i] is used to'specify the number of consecutive slice group map units to be assigned t
in raster scan order of slice/group map units. The value of run_length minusl[ i ] shall be in the
zeInMapUnits - 1, inclusive.

rectangle i, allvof the following constraints shall be obeyed by the values of the syntax elements to
m_right[ i

bp_left[\i] shall be less than or equal to bottom right[i] and bottom right[i] shall 1

icSizeInMapUnits.

nit.

d picture is a
ts are units of

nd the coded
guous as in a

b the i-th slice
range of 0 to

y. top_left[ i ]

p left[ 1] and

be less than

(top_Ieft[ 1 [ Y% PicWidthInMbs ") shall be Tess than or equal to the value of ( bottom_right[ 1 | % PicWidthInMbs ).

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_group_change_rate minusl is used to specify the variable SliceGroupChangeRate. SliceGroupChangeRate
specifies the multiple in number of slice group map units by which the size of a slice group can change from one picture
to the next. The value of slice_group change rate minusl shall be in the range of 0 to PicSizeInMapUnits — 1, inclusive.
The SliceGroupChangeRate variable is specified as follows:

SliceGroupChangeRate = slice_group change rate minusl + 1 (7-20)
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pic_size_in_map_units_minusl is used to specify the number of slice group map units in the picture.
pic_size in_map units_minusl shall be equal to PicSizeInMapUnits - 1.

slice_group_id[ i] identifies a slice group of the i-th slice group map unit in raster scan order. The size of the
slice_group id[ i ] syntax element is Ceil( Log2( num_slice_groups minusl + 1)) bits. The value of slice _group id[ i ]
shall be in the range of 0 to num_slice groups minusl, inclusive.

num_ref idx 10 _active_minusl specifies the maximum reference index for reference picture list O that shall be used to
decode each slice of the picture in which list O prediction is used when num_ref idx_active override flag is equal to 0
for the slice. When MbaffFrameFlag is equal to 1, num ref idx 10 active minusl is the maximum index value for the
decoding of frame macroblocks and 2 * num ref idx 10 active minusl + 1 is the maximum index value for the

decoding of

field macroblocks. The value of num_ref idx 10 active minusl shall be in the range of 0 to 31, inclusive.

num_ref_idx_ll_active_minusl has the same semantics as num_ref idx 10 active minusl with 10 and list @/1g

by 11 and lis

weighted p

weighted pred flag equal to 1 specifies that weighted prediction shall be applied to P and SP slices.

weighted b
weighted bi
weighted bi
weighted bi

pic_init_qp
slice layer Y
mb_qp_delt:
of -(26 + Qp

pic_init_qs |
value is mod
shall be in th

chroma_qp

for the Cb clhroma component. The value of chroma qp_index offset shall be in the range of -12 to +12, inclusive,

deblocking |
of the deblo
set of syntay
inferred valy

constrained
samples of 1
coded using
prediction, i
data and ded

redundant |
headers, dat|
partition A)
syntax elem

placed
1, respectively.

red_flag equal to O specifies that weighted prediction shall not be applied to P~and SP |slices.

slices.
slices.
hlue of

pred_ide equal to O specifies that the default weighted prediction shall béJapplied to B
pred idc equal to 1l specifies that explicit weighted prediction shall be'applied to B
pred_idc equal to 2 specifies that implicit weighted prediction shall be applied\to B slices. The v
pred_idc shall be in the range of 0 to 2, inclusive.

1 at the
hlue of
range

| minus26 specifies the initial value minus 26 of SliceQPy for each sliee,\ The initial value is modifie
when a non-zero value of slice qp_delta is decoded, and is modified further when a non-zero v
. is decoded at the macroblock layer. The value of piceinit gp_minus26 shall be in the
[BdOffsety ) to +25, inclusive.

initial
inus26

minus26 specifies the initial value minus 26 of SliceQSyfor all macroblocks in SP or SI slices. Thg
ified at the slice layer when a non-zero value of slice_gs'delta is decoded. The value of pic_init_gs_m
e range of -26 to +25, inclusive.

| index_offset specifies the offset that shall be added to QPy and QSy for addressing the table of QP(fvalues

filter_control_present_flag equal to 1-spécifies that a set of syntax elements controlling the characteristics
cking filter is present in the slice headeérs deblocking_filter control present flag equal to O specifies that the

elements controlling the charactetistics of the deblocking filter is not present in the slice headers ainfd their
es are in effect.

ecoded
blocks
d intra
esidual

| intra_pred_flag equal t0.0)specifies that intra prediction allows usage of residual data and d|
eighbouring macroblocks coded using Inter macroblock prediction modes for the prediction of macr

Intra macroblock prediction modes. constrained intra pred flag equal to 1 specifies constraine
h which case prediction of macroblocks coded using Intra macroblock prediction modes only uses 1
oded samples from-1 or SI macroblock types.

pic_cnt_present flag equal to 0 specifies that the redundant pic_cnt syntax element is not present In slice
h partitions/B, and data partitions C that refer (either directly or by association with a correspondifg data
to the picture parameter set. redundant pic_cnt_present flag equal to 1 specifies that the redundant pic_cnt

association ¥

entis present in all slice headers, data partitions B, and data partitions C that refer (either directly or by

h a corresponding data pa on A othe p e parame

transform_8x8 mode flag equal to 1 specifies that the 8x8 transform decoding process may be in use (see
subclause 8.5). transform 8x8 mode flag equal to 0 specifies that the 8x8 transform decoding process is not in use.
When transform 8x8 mode flag is not present, it shall be inferred to be 0.

pic_scaling_matrix_present_flag equal to 1 specifies that parameters are present to modify the scaling lists specified in
the sequence parameter set. pic_scaling matrix_present_flag equal to 0 specifies that the scaling lists used for the picture
shall be inferred to be equal to those specified by the sequence parameter set. When pic_scaling matrix_present flag is
not present, it shall be inferred to be equal to 0.

pic_scaling_list_present_flag[ i] equal to 1 specifies that the scaling list syntax structure is present to specify the
scaling list for index i. pic_scaling_list present flag[ i ] equal to O specifies that the syntax structure for scaling list i is
not present in the picture parameter set and that depending on the value of seq scaling matrix_present flag, the
following applies.
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— If seq_scaling matrix_present flag is equal to 0, the scaling list fall-back rule set A as specified in Table 7-2 shall
be used to derive the picture-level scaling list for index i.

—  Otherwise (seq_scaling matrix_present flag is equal to 1), the scaling list fall-back rule set B as specified in
Table 7-2 shall be used to derive the picture-level scaling list for index i.

second_chroma_qp_index_offset specifies the offset that shall be added to QPy and QSy for addressing the table of
QP¢ values for the Cr chroma component. The value of second chroma qp_index offset shall be in the range of -12 to

+12,

inclusive.

When second_chroma qp_index_offset is not present, it shall be inferred to be equal to chroma_qp_index_offset.

7.4.2.3 Supplemental enhancement information RBSP semantics

Supp
pictu

7.4.2
An §

es from VCL NAL units.

3.1 Supplemental enhancement information message semantics

FI NAL unit contains one or more SEI messages. Each SEI message consists of the,¥ariables speci

payldadType and size payloadSize of the SEI payload. SEI payloads are specified in Anfhex D. The derive
size fjayloadSize is specified in bytes and shall be equal to the number of bytes in the)SEI payload.

ff_byjte is a byte equal to OxFF identifying a need for a longer representation of the.syntax structure that it i

last_|

last_|

7.4.2

payload_type_byte is the last byte of the payload type of an SEI message:

bayload_size_byte is the last byte of the size of an SEI message.

4  Access unit delimiter RBSP semantics

The gccess unit delimiter may be used to indicate the type of slices present in a primary coded picture and ¢
detection of the boundary between access units. There is ng.normative decoding process associated with t
delintiter.

prim|

aAry pic_type indicates that the slice type valii€s for all slices of the primary coded picture are mem

listed in Table 7-5 for the given value of primary (pic_type.

Tablé7-5 — Meaning of primary_pic_type

emental Enhancement Information (SEI) contains information that is not necessary to decode the sanlples of coded

fying the type
H SEI payload

used within.

o simplify the
he access unit

bers of the set

primary_pic_type |'slice_type values that may be present in the primary coded picture
0 I

1 I,P

2 I,P,B

3 SI

4 SI, SP

5 I, SI

6 I, SI, P, SP

7 I, SI, P, SP, B

7.4.2.5 End of sequence RBSP semantics

The end of sequence RBSP specifies that the next subsequent access unit in the bitstream in decoding order (if any) shall
be an IDR access unit. The syntax content of the SODB and RBSP for the end of sequence RBSP are empty. No
normative decoding process is specified for an end of sequence RBSP.
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7.4.2.6 End of stream RBSP semantics

The end of stream RBSP indicates that no additional NAL units shall be present in the bitstream that are subsequent to
the end of stream RBSP in decoding order. The syntax content of the SODB and RBSP for the end of stream RBSP are
empty. No normative decoding process is specified for an end of stream RBSP.

7.4.2.7 Filler data RBSP semantics

The filler data RBSP contains bytes whose value shall be equal to 0xFF. No normative decoding process is specified for
a filler data RBSP.

ff_byte is a byte equal to OxFF.

7428 Sl
The slice lay

7.4.29 Sl

ce layer without partitioning RBSP semantics

er without partitioning RBSP consists of a slice header and slice data.

ce data partition RBSP semantics

7.4.2.9.1 Slice data partition A RBSP semantics

When slice
contains all

Category 2 s
syntax elem
slice_id ide
coded pictuy

lata partitioning is in use, the coded data for a single slice is divided into three sepatate partitions. Partjition A

yntax elements of category 2.

yntax elements include all syntax elements in the slice header and slice datassyntax structures other t
bnts in the residual( ) syntax structure.

itifies the slice associated with the data partition. Each slice shall\have a unique slice_id value wit]
e that contains the slice. When arbitrary slice order is not allowedyas specified in Annex A, the first sl

coded pictute, in decoding order, shall have slice id equal to 0 and the vatue of slice_id shall be incremented by

each subseq

The range o

Otherw

ient slice of the coded picture in decoding order.

slice id is specified as follows.

If MbaffFrameFlag is equal to 0, slice_id shall be in the range of 0 to PicSizeInMbs - 1, inclusive.

ise (MbaffFrameFlag is equal to 1), slice id shall be in the range of 0 to PicSizeInMbs / 2 - 1, inclusiv

7.4.2.9.2 Slice data partition B RBSP semantics

When slice
Slice data p4g

Category 3

han the

hin the
ce of a
bne for

-

Hata partitioning is in use, the codéd-data for a single slice is divided into one to three separate partitions.

rtition B contains all syntax elements of category 3.

yntax elements include all‘syntax elements in the residual( ) syntax structure and in syntax structur

within that s

ntax structure for collective macroblock types I and SI as specified in Table 7-10.

slice_id has [the same semantics ‘as specified in subclause 7.4.2.9.1.

redundant
redundant

ic_cnt shall be.equal to 0 for slices and slice data partitions belonging to the primary coded pictuj
ic_cnt shall’begreater than 0 for coded slices and coded slice data partitions in redundant coded p

When redunfdant_pic_(cnt'is not present, its value shall be inferred to be equal to 0. The value of redundant pic ¢
be in the ranjge of O%t0*127, inclusive.

The presencg ofarslice data partition B RBSP is specified as follows.

ts used

re. The
ctures.
ht shall

If the syntax elements of a slice data partition A RBSP indicate the presence of any syntax elements of category 3 in

the slice data for a slice, a 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.

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 ¢

74

ontains all syntax elements of category 4.
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Category 4 syntax elements include all syntax elements in the residual( ) syntax structure and in syntax structures used
within that syntax structure for collective macroblock types P and B as specified in Table 7-10.

slice_

id has the same semantics as specified in subclause 7.4.2.9.1.

redundant_pic_cnt has the same semantics as specified in subclause 7.4.2.9.2.

The presence of a slice data partition C RBSP is specified as follows.

If the syntax elements of a slice data partition A RBSP indicate the presence of any syntax elements of 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.

¢
S

7.4.2
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slice

The flirst macreblock address of the slice is derived as follows.

shall be present having the
lice id and redundant pic cnt as in the slice data partition A RBSP.

10 RBSP slice trailing bits semantics
b zero_word is a byte-aligned sequence of two bytes equal to 0x0000.

lumBytesInVcINALunits be the sum of the values of NumBytesInNALunit forall VCL NAL uni
e.

BinCountsInNALunits be the number of times that the parsing proc€ss function DecodeBin( )
huse 9.3.3.2, is invoked to decode the contents of all VCL NAL units of a coded pic
by _coding_mode_flag is equal to 1, BinCountsInNALunits shall ngt-exceed ( 32 + 3 ) * NumBytesl
hwMbBits * PicSizeInMbs ) + 32.

DTE — The constraint on the maximum number of bins resulting from decoding the contents of the slice layer N/
et by inserting a number of cabac zero word syntax elements\to increase the value of NumBytesInVcIN/
bac zero word is represented in a NAL unit by the three-byte)sequence 0x000003 (as a result of the constrain|
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.

Slice header semantics
I 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_lsb, delta_pic_order cnt bottom, delta_pic |
| pic_order cnt[ 1], sp_for switch flag, and slice group change cycle shall be the same in all slicg

| picture.

mb_in_slice specifics the address of the first macroblock in the slice. When arbitrary slice order is 1
fied in Annex Ay, the value of first mb_in_slice shall not be less than the value of first mb_in_slice]
bf the currerdf'picture that precedes the current slice in decoding order.

f MbaffFrameFlag is equal to 0, first mb_in_slice is the macroblock address of the first macrobloc

ntax elements
kame value of

ts of a coded

specified in
ture.  When
VcINALunits

AL units can be
ALunits. Each
ts on NAL unit

ield pic_flag,
brder_cnt[ 0 ],
headers of a

ot allowed as
for any other

k in the slice,

nd-first mb _in slice shall be in the range of 0 to PicSizelnMbs - 1_inclusive

Otherwise (MbaftfFrameFlag 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.
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Table 7-6 — Name association to slice_type

slice_type Name of slice_type
P (P slice)

B (B slice)

I (I slice)

SP (SP slice)

SI (SI slice)

P (P slice)

R (B slice)

I (I slice)
SP (SP slice)
SI (SI slice)

NeR el LN N o)W R, RN (VS I NS Il el

hlues in the range 5..9 specify, in addition to the coding type of the current slicey that all other sliceq
d picture shall have a value of slice_type equal to the current value of slice _type‘or equal to the curren
-5.

hit_type is equal to 5 (IDR picture), slice _type shall be equal to 2, 4, 7,.en9.
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 in use. The value of pic_parameter_set id shall be in th
nclusive.

is used as an identifier for pictures and shall be represented by log2 max_frame num minus4 + 4 bit
ame num is constrained as follows:

PrevRefFrameNum is derived as follows.
rrent picture is an IDR picture, PrevRefFrameNum is set equal to 0.
se (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 dd
ocess for an access unit that. confained a non-reference picture that followed the previous access
coding order that contained a'reference picture, PrevRefFrameNum is set equal to the value of fram
r the last of the "non-existing" reference frames inferred by the decoding process for gaps in fram
ecified in subclause 8:2.5.2.

therwise, PrevRefFrameNum is set equal to the value of frame num for the previous access unit in dd
der that contaified-a reference picture.

frame num<s constrained as follows.

rrentpicture is an IDR picture, frame num shall be equal to 0.

of the
t value

b range

5 in the

coding
unit in
e num
e num

coding

se (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 reierence picture as the preceding reierence picture, the value of irame_num
for the current picture shall not be equal to PrevRefFrameNum unless all of the following three conditions are true.

- the current picture and the preceding reference picture belong to consecutive access units in decoding order

- the current picture and the preceding reference picture are reference fields having opposite parity

- one or more of the following conditions is true

76

the preceding reference picture is an IDR picture

the preceding reference picture includes a memory management control _operation syntax element equal

to 5

NOTE — When the preceding reference picture includes a memory management control operation
element equal to 5, PrevRefFrameNum is equal to 0.

syntax
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PrevRefFrameNum

picture that precedes the preceding reference picture is not a reference picture

When the value of frame num is not equal to PrevRefFrameNum, the following applies.
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The ¥

There shall not be any previous field or frame in decoding order that is currently marked as "used
reference" that has a value of frame num equal to any value taken on by the variable UnusedShortTe
in the following:

10:2005(E)

there is a primary coded picture that precedes the preceding reference picture and the primary coded
the preceding reference picture does not have frame num equal to

there is a primary coded picture that precedes the preceding reference picture and the primary coded

for short-term
rmFrameNum

Unused Stort TermErame INUm = ¢ PTeVRETFTame NI = 1) 6 VaxE Tame N U
while( UnusedShortTermFrameNum != frame num )
UnusedShortTermFrameNum = ( UnusedShortTermFrameNum + 1 ) % MaxFrameNum

[he value of frame num is constrained as follows.

If gaps in frame num value allowed flag is equal to 0, the value of frame nuni-{or the curren
be equal to ( PrevRefFrameNum + 1 ) % MaxFrameNum.

Otherwise (gaps_in_frame num_value allowed flag is equal to 1), the follewinhg applies.

If frame num is greater than PrevRefFrameNum, there shall not be any non-reference p
bitstream that follow the previous reference picture and precededthe current picture in dec
which either of the following conditions is true.

The value of frame num for the non-reference pictute is less than PrevRefFrameNum.

The value of frame num for the non-reference, picture is greater than the value of framl
current picture.

Otherwise (frame num is less than PrevRefFrameNum), there shall not be any non-referer
the bitstream that follow the previous reference picture and precede the current picture in d
in which both of the following conditions are true.

The value of frame num for the:non-reference picture is less than PrevRefFrameNum.

The value of frame num for-the non-reference picture is greater than the value of framl
current picture.

ture including a memory _management control operation equal to 5 shall have frame num constraint

and, after the decoding of the surrent picture and the processing of the memory management contt
cture shall be inferred to havethad frame num equal to O for all subsequent use in the decoding prog
fied in subclause 7.4.1.2.4,

DTE — When the primary\eoded picture is not an IDR picture and does not contain memory management cd
ntax element equal tg 5, the value of frame num of a corresponding redundant coded picture is the same
me num in the,~ primary coded picture. Alternatively, the redundant coded picture
emory management, Control operation syntax element equal to 5 and the corresponding primary coded pic
cture.

|pic_flaglequal to 1 specifies that the slice is a slice of a coded field. field pic_flag equal to 0 specifie
ice of-acoded frame. When field pic_flag is not present it shall be inferred to be equal to 0.

(7-21)

t picture shall

ictures in the
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num for the
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hs the value of

includes a
ure is an IDR

5 that the slice

atidble MbaffFrameFlag is derived as follows.

MbaftfFrameFlag = ( mb_adaptive frame field flag && !field pic flag)

The variable for the picture height in units of macroblocks is derived as follows

PicHeightInMbs = FrameHeightInMbs / ( 1 + field pic_flag)

The variable for picture height for the luma component is derived as follows

PicHeightInSamples; = PicHeightInMbs * 16

The variable for picture height for the chroma component is derived as follows

PicHeightInSamplesc = PicHeightiInMbs * MbHeightC
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The variable

PicSizeInMbs for the current picture is derived according to:

PicSizeInMbs = PicWidthInMbs * PicHeightInMbs

The variable

The variable

MaxPicNum is derived as follows.

If field pic_flag is equal to 0, MaxPicNum is set equal to MaxFrameNum.
Otherwise (field pic_flag is equal to 1), MaxPicNum is set equal to 2*MaxFrameNum.

CurrPicNum is derived as follows.

If field pic_flag is equal to 0, CurrPicNum is set equal to frame num.

(7-26)

Otherw
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delta_pic_o
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202’ -1
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redundant |

value of red|
picture. Wh

se (field pic_flag is equal to 1), CurrPicNum is set equal to 2 * frame num + 1.

1 flag equal to 1 specifies that the slice is part of a coded bottom field. bottom field flag) equ
t the picture is a coded top field. When this syntax element is not present for the currentsliCe, it s
e equal to 0.

dentifies an IDR picture. The values of idr_pic_id in all the slices of an IDR picture shall remain unch
pnsecutive access units in decoding order are both IDR access units, the value of\idt pic id in the s
IDR access unit shall differ from the idr pic_id in the second such IDR access unit. The value of idr|
e range of 0 to 65535, inclusive.

nt_Isb specifies the picture order count modulo MaxPicOrderCntLsb for the top field of a coded fram:
1. The size of the pic_order cnt Isb syntax element is log2 max_gpi¢—order cnt Isb minus4 + 4 bi
pic_order cnt_Isb shall be in the range of 0 to MaxPicOrderCntLsb * 1, inclusive.

rder_cnt_bottom specifies the picture order count differencé/between the bottom field and the top fig
as follows.

current picture includes a memory managemént control operation equal to 5, the wal

c_order cnt bottom shall be in the range of ( 1 — MaxPicOrderCntLsb ) to 2°' - 1, inclusive.

se (the current picture does not include a memiory management control operation equal to 5), the v
c order cnt bottom shall be in the range of22”" to 2°' - 1, inclusive.

ntax element is not present in the bitstréam for the current slice, it shall be inferred to be equal to 0.

rder_cnt[ 0 | specifies the picture order count difference from the expected picture order count for
Hed frame or for a coded field as specified in subclause 8.2.1. The value of delta pic_order cnt[ 0 ] 3
of -2°! to 2% - 1, inclusive./When this syntax element is not present in the bitstream for the current
'red to be equal to 0.

fder_cnt[ 1] speciftessthe picture order count difference from the expected picture order count
of a coded frame(specified in subclause 8.2.1. The value of delta_pic_order cnt[ 1 ] shall be in the rar

inclusive. When +this syntax element is not present in the bitstream for the current slice, it shall be i
p 0.

pic_cnt shall be equal to 0 for slices and slice data partitions belonging to the primary coded pictu
undant ypic_cnt shall be greater than 0 for coded slices or coded slice data partitions of a redundant
en'redundant pic_cnt is not present in the bitstream, its value shall be inferred to be equal to 0. The Vj

al to 0
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NOTE - 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 pic_order present flag in the picture parameter set in use in a redundant coded picture is equal to
the value of pic_order present flag in the picture parameter set in use in the corresponding primary coded picture.

When present in the primary coded picture and any redundant coded picture, the following syntax elements shall have the
same value: field pic flag, bottom field flag, and idr pic_id.

When the value of nal ref idc in one VCL NAL unit of an access unit is equal to 0, the value of nal ref idc in all other
VCL NAL units of the same access unit shall be equal to 0.
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NOTE — The above constraint also has the following implications. If the value of nal ref idc for the VCL NAL units of the
primary coded picture is equal to 0, the value of nal ref idc for the VCL NAL units of any corresponding redundant coded picture
are equal to 0; otherwise (the value of nal ref idc for the VCL NAL units of the primary coded picture is greater than 0), the value
ofnal ref idc for the VCL NAL units of any corresponding redundant coded picture are also greater than 0.

The marking status of reference pictures and the value of frame num after the decoded reference picture marking process
as specified in subclause 8.2.5 is invoked for the primary coded picture or any redundant coded picture of the same
access unit shall be identical regardless whether the primary coded picture or any redundant coded picture (instead of the

primary coded picture) of the access unit would be decoded.

NOTE - The above constraint also has the following implications.

If a primary coded picture is not an IDR picture, the contents of the dec ref pic_marking( ) syntax structure must be identical in
all slice headers of the primary coded picture and all redundant coded pictures corresponding to the primary coded picture.

Otherwise (a primary coded picture 1s an IDR picture), the following applies.
If] a redundant coded picture corresponding to the primary coded picture is an IDR picture, théy<cpntents of the
dgc_ref pic_marking( ) syntax structure must be identical in all slice headers of the primary coded pictureandthe rpdundant coded
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cture corresponding to the primary coded picture.

herwise (a redundant picture corresponding to the primary coded picture is not an IDR picture); all slice
dundant picture must contain a dec ref pic_marking syntax( ) structure including a memory(mfanagement cd
Intax element equal to 5, and the following applies.

the value of long term reference flag in the primary coded picture is equal to 0, the decyref pic marking syn
e redundant coded picture must not include a memory management_control_operation syntax element equal to 6.
herwise (the value of long term reference flag in the primary coded picture is“equal to 1), the dec ref pic |
fucture of the redundant coded picture must include memory management conttol \Operation syntax elements ed
n decoding order, and the value of max_long term frame idx plusl must bé equal to 1, and the value of long |
hist be equal to 0.

alues of TopFieldOrderCnt and 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
her the primary coded picture or any redundant coded picture (instead of the primary coded picture
vould be decoded.

is no required decoding process for a coded slice or.coded slice data partition of a redundant coded j
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 c
| slice or coded slice data partition of a prishary picture.

DTE — When some of the samples in the.decoded primary picture cannot be correctly decoded due to err
insmission of the sequence and a coded tedundant slice can be correctly decoded, the decoder should replace thd

coded primary picture with the corresponding samples of the decoded redundant slice. When more than one
vers the relevant region of the primany picture, the redundant slice having the lowest value of redundant_pic_cnt

ndant slices and slice data ‘partitions having the same value of redundant pic_cnt belong to the sa
e. Decoded slices withihthe same redundant picture need not cover the entire picture area and shall nd

t spatial mv_pred\flag specifies the method used in the decoding process to derive motion vectors
s for inter predictien as follows.

S

direct spatial mv _pred flag is equal to 1, the derivation process for luma motion vectors
~Direct,\Ll6x16, and B Direct 8x8 in subclause 8.4.1.2 shall use spatial direct mode prediction a
ubclause 8.4.1.2.2.

headers of the
ntrol operation

tax structure of

marking syntax
ual to 5, 4, and
erm_frame idx

the decoding
cal regardless
of the access

icture. When
£ coded slice.
bnstraints as a

rs or losses in
samples of the
redundant slice
hould be used.

me redundant
t overlap.

and reference

for B_Skip,
s specified in

thérwise (direct spatial mv_pred flag is equal to 0), the derivation process for luma motion vectof

s for B_Skip,

num_

_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.

ref _idx_active override flag equal to0 specifies that the wvalues of the

syntax

elements

num_ref idx 10 active minusl and num_ref idx 11 active _minus] specified in the referred picture parameter set are in
effect. num ref idx active override flag equal to 1 specifies that the num ref idx 10 active minusl and
num_ref idx 11 _active minusl specified in the referred picture parameter set are overridden for the current slice (and
only for the current slice) by the following values in the slice header.

When the current slice is a P, SP, or B slice and field pic flag is equal to0 and the value of
num_ref idx 10 active minusl in the picture parameter set exceeds 15, num ref idx_active override flag shall be
equal to 1.
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When the current slice is a B slice and field pic_flag is equal to 0 and the value of num_ref idx 11 active_minusl] in the
picture parameter set exceeds 15, num_ref idx active override flag shall be equal to 1.

num_ref idx 10 _active_minusl specifies the maximum reference index for reference picture list O that shall be used to
decode the slice.

The range of num_ref idx 10_active_minusl is specified as follows.

If field pic_flag is equal to 0, num ref idx 10 active minusl shall be in the range of 0 to 15, inclusive. When

MbaffFrameFlag is equal to 1, num ref idx 10 active minusl is the maximum index value for the decoding of
frame macroblocks and 2 * num_ref idx 10 active minusl + 1 is the maximum index value for the decoding of
field macroblocks.

Othe

by 11 and lis

cabac_init_|
variables. T}

slice_qp_de
value of mb|

Slice

The value of

e (field pic_flag1s equal to ), num ret 1dx 10 active minusl shall be in the range of 0 to 31, in¢clu

S
num_ref_ri\l_ll_active_minusl has the same semantics as num_ref idx 10 active minusl with 10 and {50 1q

1, respectively.

dc specifies the index for determining the initialisation table used in the initialisation process for
le value of cabac_init_idc shall be in the range of 0 to 2, inclusive.

lta specifies the initial value of QPy to be used for all the macroblocks in the slice until modified
| qp_delta in the macroblock layer. The initial QPy quantisation parameter for.the slice is computed as:

Py =26 + pic_init qp_minus26 + slice qp_delta

slice_qp_delta shall be limited such that SliceQPy is in the range of =QpBdOffsety to +51, inclusive.

sp_for_swi

h_flag specifies the decoding process to be used to decode P, mac¢roblocks in an SP slice as follows.

If sp_fof switch flag is equal to 0, the P macroblocks in the SP slice)shall be decoded using the SP decoding j

for non{switching pictures as specified in subclause 8.6.1.

decodi

slice_qgs_de
the slice is ¢

QSy

The value of
for the deco
mode equal

Otherwise (sp_for switch flag is equal to 1), the P macrobloeks in the SP slice shall be decoded using the SP

process for switching pictures as specified in subelause 8.6.2.

a specifies the value of QSy for all the macroblocks in SP and SI slices. The QSy quantisation param
bmputed as:

=26 + pic_init_gs_minus26 + slicexgs’ delta
slice_gs_delta shall be limjted such that QSy is in the range of 0 to 51, inclusive. This value of QSy

ling of all macroblocks in Skslices with mb_type equal to SI and all macroblocks in SP slices with pre
o inter.

disable_de

locking_filter_ide- specifies whether the operation of the deblocking filter shall be disabled acros

block edges |of the slice andyspecifies for which edges the filtering is disabled. When disable deblocking filter id

present in t

slice heades, the value of disable deblocking_filter idc shall be inferred to be equal to 0.

The value of disablesdeblocking_filter idc shall be in the range of 0 to 2, inclusive.

slice_alpha | c( offset_div2 specifies the offset used in accessing the o and tc, deblocking filter tables for fj

operations

bive.

placed

context

by the

7-27)

Process

and SI

bter for

7-28)

is used
diction

b Some

C 1S not

Itering
when

ontrolled by the macroblocks within the slice. From this value, the offset that shall be applied

addressing these tables shall be computed as:

FilterOffsetA = slice_alpha c0_offset div2 <<1

(7-29)

The value of slice_alpha c0 offset div2 shall be in the range of -6 to +6, inclusive. When slice alpha c0 offset div2 is
not present in the slice header, the value of slice_alpha c0_offset div2 shall be inferred to be equal to 0.

slice_beta_offset_div2 specifies the offset used in accessing the [ deblocking filter table for filtering operations
controlled by the macroblocks within the slice. From this value, the offset that is applied when addressing the [ table of
the deblocking filter shall be computed as:

FilterOffsetB = slice_beta_offset div2 <<'1 (7-30)
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The value of slice_beta offset div2 shall be in the range of -6 to +6, inclusive. When slice beta offset div2 is not

present in the slice header the value of slice_beta offset div2 shall be inferred to be equal to 0.

slice_group_change cycle is used to derive the number of slice group map units in slice gr
slice_group _map _type is equal to 3, 4, or 5, as specified by

MapUnitsInSliceGroup0 = Min( slice_group change cycle * SliceGroupChangeRate, PicSizeInMapUnits )

The value of slice_group change cycle is represented in the bitstream by the following number of bits

Ceil( Log2( PicSizeInMapUnits + SliceGroupChangeRate + 1) )

The ¥

alue of slice_group change cycle shall be in the range of 0 to Ceil( PicSizeInMapUnits+SliceGroup
inclu$i

1veE.

7.4.3

The
chang

1 Reference picture list reordering semantics

syntax elements reordering of pic nums idc, abs diff pic num minusl, and long- term pic nur
re from the initial reference picture lists to the reference picture lists to be used for decoding the slice.

ic_list_reordering_flag 10 equal to 1 specifies that the syntax element reordering' of pic_nums_idc
fying reference picture list 0. ref pic list reordering flag 10 equal to O specifies that this syntax ¢
t.

ref p
speci
prese

ref pic_list reordering flag 10 is equal to 1, the number of times.that reordering of pic_nums_id
llowing ref pic list reordering flag 10 shall not exceed num refsidx 10 active minusl + 1.

oup 0 when

(7-31)

(7-32)

ChangeRate ),

h specify the

is present for
lement is not

c is not equal

specified in
ual to1l and
the reordered

is present for
lement is not

c is not equal

list produced
equal to 1 and
the reordered

which of the

reordering_of pic_nums-idc together with abs diff pic num minusl or long term pic num specifies
refergnce pictures are.ré=mapped. The values of reordering_of pic_nums_idc are specified in Table 7-7. The value of the
first | reordering)of pic nums_idc  that follows immediately after ref pic list reordering| flag 10  or
ref pjc_list reordering_flag 11 shall not be equal to 3.
Table 7-7 — Reordering_of pic_nums_idc operations for reordering of reference picture lists
reordering_of pic_nums_idc Reordering specified
0 abs_diff pic_num_ minusl is present and corresponds to a difference to
subtract from a picture number prediction value
1 abs_diff pic num minusl is present and corresponds to a difference to
add to a picture number prediction value
2 long term pic_num is present and specifies the long-term picture number
for a reference picture
3 End loop for reordering of the initial reference picture list
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abs_diff pic_ num_minusl plus | specifies the absolute difference between the picture number of the picture being
moved to the current index in the list and the picture number prediction value. abs diff pic num minus] shall be in the
range of 0 to MaxPicNum — 1. The allowed values of abs_diff pic num minusl are further restricted as specified in
subclause 8.2.4.3.1.

long_term_pic_num specifies the long-term picture number of the picture being moved to the current index in the list.
When decoding a coded frame, long_term pic_num shall be equal to a LongTermPicNum assigned to one of the
reference frames or complementary reference field pairs marked as "used for long-term reference". When decoding a
coded field, long_term pic_num shall be equal to a LongTermPicNum assigned to one of the reference fields marked as
"used for long-term reference".

7.4.3.2 Prediction weight table semantics

luma_log2 weight denom is the base 2 logarithm of the denominator for all luma weighting factors. Thé value of
luma log2 weight denom shall be in the range of 0 to 7, inclusive.

chroma_log2 weight_denom is the base 2 logarithm of the denominator for all chroma weighting factors:” The vilue of
chroma _log? weight denom shall be in the range of 0 to 7, inclusive.

luma_weight 10_flag equal to 1 specifies that weighting factors for the luma component of list 0_prediction are gresent.
luma_weight 10 flag equal to O specifies that these weighting factors are not present.

luma_weight 10[i] is the weighting factor applied to the luma prediction valde yfor list 0 prediction| using
RefPicListO] i ]. When luma weight 10_flag is equal to 1, the value of luma_weight.J0[/1 | shall be in the range ¢f —128
to 127, inclpsive. When luma weight 10 flag is equal to 0, luma weight I0[\i| shall be inferred to be equal
to 2]umaﬁlog27 eight_denom for RefPlCLlStO[ i ]

luma_offset| 10[ i | is the additive offset applied to the luma prediction value, for list 0 prediction using RefPicLiftO[ 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_wejght_10_flag equal to 1 specifies that weighting factors:for the chroma prediction values of list 0 prgdiction
are present. throma_weight 10 flag equal to 0 specifies that these*weighting factors are not present.

chroma_wejght 10[i][j] is the weighting factor applied\to the chroma prediction values for list 0 predictiof using
RefPicList0] i ] with j equal to 0 for Cb and j equal to 1sfor Cr. When chroma_ weight 10_flag is equal to 1, the vialue of
chroma_weight 10[ i ][ j ] shall be in the range of -128 to 127, inclusive. When chroma weight 10 flag is equpl to O,
chroma_weilht 10[ i ][ j ] shall be inferred to be equal to 2°hma-teg2-weight denom g1 R o fPicListO[ i ].

chroma_offset 10[i][j] is the additive offset applied to the chroma prediction values for list 0 prediction} using
RefPicList0] i ] with j equal to 0 for Cb.and’j equal to 1 for Cr. The value of chroma offset 10[ i ][j ] shall bq in the
range of -12B to 127, inclusive. When chroma weight 10 flag is equal to 0, chroma offset 10[ i ][ j ] shall be infgrred to
be equal to () for RefPicListO[ i ].

luma_weight 11 _flag, luma_weight 11, luma_offset_I1, chroma_weight_I1_flag, chroma_weight 11,
chroma_offset 11 have _the/ same semantics as luma weight 10 flag, luma weight 10, Iuma offset 10,
chroma_weight 10 flag, .¢chroma weight 10, chroma_offset 10, respectively, with 10, list 0, and List0 replaced| by 11,
list 1, and List1, respeetively.

7.4.3.3 Dgcoded reference picture marking semantics

The syntax |el€mients no_output of prior pics_flag, long term reference flag, adaptive ref pic_marking mode flag,
memory management _control operation, difference of pic_ nums minusl, long term frame idx, long term pic_num,
and max_long term frame idx_plusl specify marking of the reference pictures.

The marking of a reference picture can be "unused for reference", "used for short-term reference", or "used for long-term
reference", but only one among these three. When a reference picture is referred to as being marked as "used for
reference", this collectively refers to the picture being marked as "used for short-term reference" or "used for long-term
reference" (but not both). A reference picture that is marked as "used for short-term reference" is referred to as a short-
term reference picture. A reference picture that is marked as "used for long-term reference" is referred to as a long-term
reference picture”.

The syntax element adaptive ref pic_marking mode flag and the content of the decoded reference picture marking
syntax structure shall be identical for all coded slices of a coded picture.

The syntax category of the decoded reference picture marking syntax structure shall be inferred as follows.
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If the decoded reference picture marking syntax structure is in a slice header, the syntax category of the decoded
reference picture marking syntax structure shall be inferred to be equal to 2.

Otherwise (the decoded reference picture marking syntax structure is in a decoded reference picture marking
repetition SEI message as specified in Annex D), the syntax category of the decoded reference picture marking
syntax structure shall be inferred to be equal to 5.

no_output_of prior_pics_flag specifies how the previously-decoded pictures in the decoded picture buffer are treated
after decoding of an IDR picture. See Annex C. When the IDR picture is the first IDR picture in the bitstream, the value
of no_output_of prior pics_flag has no effect on the decoding process. When the IDR picture is not the first IDR picture
in the bitstream and the value of PicWidthInMbs, FrameHeightInMbs, or max_dec_frame buffering derived from the

active is
max |
no_o

no o

sequence parameter

set

different from the value of PicWidthInMbs,

C O
regardless of the~act

e o 5 as

dc 2 b Y
itput_of prior pics_flag equal to 1 may be inferred by the decoder,
hitput_of prior pics_flag.

term_reference_flag equal to 0 specifies that the MaxLongTermFrameldx variable is set gqual to

indices” and that the IDR picture is marked as “used for short-term reference”. long term referer
pecifies that the MaxLongTermFrameldx variable is set equal to 0 and that the currefit, DR picture is
bng-term reference” and is assigned LongTermFrameldx equal to 0. When, ntim ref frames i
term_reference flag shall be equal to O.

long |
framg
told
for 1
long |

tive_ref pic_marking mode_flag selects the reference picture marking /node of the currently deco
fied in Table 7-8. adaptive ref pic_marking mode flag shall be equal to 1 when the numbq
lementary field pairs, and non-paired fields that are currently markedas "used for long-term referen
num_ref frames, 1).
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Max

Table 7-8 — Interpretation of adaptive ref pic_marking mode_flag

FrameHeightInMbs, or
ceeding

sequence,
al value of

‘no long-term
ce flag equal
marked “used

equal to 0,

Hed picture as
r of frames,
e" is equal to

adaptive_ref pic_marking mode_flag | Reference picture marking mode specified

0 Sliding window reference picture marking mode: A marl
ptoviding a first-in first-out mechanism for short-term

pictures.

(ing mode
reference

Adaptive reference picture marking mode: A referen
marking mode providing syntax elements to specify nj
reference pictures as “unused for reference” and to assign
frame indices.

e picture
larking of
long-term

mem
mark
speci
mem
syntaj
sema
order]

pry_management_control_operation specifies a control operation to be applied to affect the refi
ng. The memory_management control operation syntax element is followed by data necessary for
fied by the value'ofl memory management control operation. The values and control operations a
ry_management> control_operation are specified in Table 7-9. The memory management con|
k clements ‘are processed by the decoding process in the order in which they appear in the slice hg
htics constraints expressed for each memory management control operation apply at the specific p
at which that individual memory _management control operation is processed.

brence picture
the operation
sociated with
trol_operation
tader, and the
bsition in that

For ipterpretation of memory management control operation, the term reference picture is interpreted as ft

llows.

— If the current picture is a frame, the term reference picture refers either to a reference frame or a complementary

reference field pair.

reference frame.

Otherwise (the current picture is a field), the term reference picture refers either to a reference field or a field of a

memory_management_control_operation shall not be equal to 1 in a slice header unless the specified reference picture is
marked as "used for short-term reference" when the memory management control operation is processed by the
decoding process.

memory_management _control_operation shall not be equal to 2 in a slice header unless the specified long-term picture

number refers to a reference picture that is marked as "used for long-term reference" when the
memory_management_control operation is processed by the decoding process.
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memory management control operation shall not be equal to 3 in a slice header unless the specified reference picture is
marked as "used for short-term reference" when the memory management control operation is processed by the
decoding process.

memory_management_control_operation shall not be equal to 3 or 6 if the value of the variable MaxLongTermFrameldx
is equal to "no long-term frame indices" when the memory management_control operation is processed by the decoding
process.

Not more than one memory _management control operation equal to 4 shall be present in a slice header.
Not more than one memory_management control operation equal to 5 shall be present in a slice header.

Not more than one memory _management control operation equal to 6 shall be present in a slice header.

memory mgnagement control operation shall not be equal to 5 in a slice header unmle§s no
memory_mdnagement_control_operation in the range of 1 to 3 is present in the same decoded reference pictiire parking
syntax strucqure.

A memory_pnanagement _control operation equal to 5 shall not follow a memory management control-operation equal
to 6 in the sgme slice header.

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 head¢r shall
not specify the current picture to be marked as "unused for reference".

NOTE - [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 combinatjons of
memory [nanagement control operation syntax elements are permitted that may affect the marking status of other r¢ference
pictures npore than once in the same slice header. In particular, it is permitted for a mé¢mory management control operatign equal
to 3 that $pecifies a long-term frame index to be assigned to a particular short-texm reference picture to be followed in the same
slice headler by a memory management control operation equal to 2, 3,4-or 6 that specifies the same reference pifture 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 operation
syntax element loop

1 Mark a short-term reference picture as
“unused for reference”

2 Mark a long-term reference picture as
“unused for reference”

3 Mark a short-term reference picture as
"used for long-term reference" and assign a
long-term frame index to it

4 Specify the maximum long-term frame index
and mark all long-term reference pictures

having long-term frame indices greater than
the maximum value as "unused for reference’

U

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 sssign a
long-term frame index to it

When decoding a field and a memory management_control_operation command equal to 3 is present that assigns a long-
term frame index to a field that is part of a short-term reference frame or part of a short-term complementary reference
field pair, another memory management control operation command to assign the same long-term frame index to the
other field of the same frame or complementary reference field pair shall be present in the same decoded reference
picture marking syntax structure.
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NOTE — The above requirement must be fulfilled even when the field referred to by the memory management control operation
equal to 3 is subsequently marked as "unused for reference" (for example when a memory management control operation equal
to 2 is present in the same slice header that causes the field to be marked as "unused for reference").

When the first field (in decoding order) of a complementary reference field pair includes a long term reference flag
equal to 1 or a memory management control operation command equal to 6, the decoded reference picture marking
syntax structure for the other field of the complementary reference field pair shall contain a
memory_management _control operation command equal to 6 that assigns the same long-term frame index to the other
field.

NOTE — The above requirement must be fulfilled even when the first field of the complementary reference field pair is

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").

diffeyence_of pic_nums_minusl is used (with memory management control operation equal to 3 ot
long-ferm frame index to a short-term reference picture or to mark a short-term reference picture)a
refer¢gnce”. When the associated memory management control operation is processed by the deceding
resulfing picture number derived from difference of pic nums_minusl shall be a picture numbgr assigned
refer¢nce pictures marked as "used for reference" and not previously assigned to a long-term frame index.

The resulting picture number is constrained as follows.

Iff field pic_flag is equal to 0, the resulting picture number shall be one of the“set of picture numbe
reference frames or complementary reference field pairs.

NOTE — When field pic flag is equal to 0, the resulting picture nuinbef must be a picture numbe]
complementary reference field pair in which both fields are marked a§‘'used for reference" or a fram
fields are marked as "used for reference". In particular, when field-pic flag is equal to 0, the marking
field or a frame in which a single field is marked @s “'used for reference" cannot be
memory management control operation equal to 1.

therwise (field pic flag is equal to 1), the resulting picfute’ number shall be one of the set of pig
gssigned to reference fields.

long [term_pic_num is used (with memory manageméntcontrol operation equal to 2) to mark a long-t

pictu

e as "unused for reference". When the associafed memory management control operation is pro

decodling process, long term_pic_num shall be equal to a long-term picture number assigned to one off
pictufes that is currently marked as "used for long=term reference".

The resulting long-term picture number is constrained as follows.

Iff field pic flag is equal to 0, the, résulting long-term picture number shall be one of the set of lon
fumbers assigned to reference. frames or complementary reference field pairs.

NOTE — When field pi¢ flag is equal to 0, the resulting long-term picture number must be a long-term
assigned to a complementary reference field pair in which both fields are marked as "used for referenc
which both fields.are marked as "used for reference". In particular, when field pic flag is equal to 0, t
non-paired_field ‘or a frame in which a single field is marked as "used for reference" cannot be
memory management control operation equal to 2.

therwise (field*pic_flag is equal to 1), the resulting long-term picture number shall be one of the se
picture numbers assigned to reference fields.

long [term™ frame_idx is used (with memory management control operation equal to 3 or 6) to assig

framg

index to a picture. When the associated memory management control operation is processed byj

) to assign a
“unused for
y process, the
to one of the

Is assigned to

I assigned to a

in which both
of a non-paired
affected by a

ture numbers

erm reference
cessed by the
the reference

b-term picture

picture number
b" or a frame in
he marking of a
affected by a

t of long-term

h a long-term
the decoding

procdss. the value nflnng term frame idx shall be in the range of 0 to MaxI nngTPrmFrﬂmPldy 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 plusl shall be in the range of 0 to num_ref frames, inclusive.

7.4.4 Slice data semantics

cabac_alignment_one_bit is a bit equal to 1.

mb_skip_run specifies the number of consecutive skipped macroblocks for which, when decoding a P or SP slice,
mb_type shall be inferred to be P_Skip and the macroblock type is collectively referred to as a P macroblock type, or for
which, when decoding a B slice, mb_type shall be inferred to be B_Skip and the macroblock type is collectively referred
to as a B macroblock type. The value of mb_skip run shall be in the range of 0 to PicSizeInMbs — CurrMbAddr,
inclusive.
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mb_skip_flag equal to | specifies that for the current macroblock, when decoding a P or SP slice, mb_type shall be
inferred to be P_Skip and the macroblock type is collectively referred to as P macroblock type, or for which, when
decoding a B slice, mb_type shall be inferred to be B_Skip and the macroblock type is collectively referred to as B
macroblock type. mb_skip flag equal to 0 specifies that the current macroblock is not skipped.

mb_field_decoding flag equal to O specifies that the current macroblock pair is a frame macroblock pair.
mb_field decoding flag equal to 1 specifies that the macroblock pair is a field macroblock pair. Both macroblocks of a
frame macroblock pair are referred to in the text as frame macroblocks, whereas both macroblocks of a field macroblock
pair are referred to in the text as field macroblocks.

When mb_field decoding flag is not present for either macroblock of a macroblock pair, the value of
mb_field decoding flag is derived as follows.

e slice,
for the

If there|is a neighbouring macroblock pair immediately to the left of the current macroblock pair in the saml
the valyie of mb_field decoding flag shall be inferred to be equal to the value of mb_field decoding_ flag
neighbguring macroblock pair immediately to the left of the current macroblock pair,

Other

same s
slice, th
the neig

Otherw
macrob

" in the
e same
lag for

se, if there is no neighbouring macroblock pair immediately to the left of the current magreblock pai
ice and there is a neighbouring macroblock pair immediately above the current macroblock pair in thi
e value of mb_field decoding flag shall be inferred to be equal to the value of mb (field decoding 1
hbouring macroblock pair immediately above the current macroblock pair,

ise (there is no neighbouring macroblock pair either immediately to the left or immediately above the furrent

lock pair in the same slice), the value of mb_field decoding_flag shall be ififerred to be equal to 0.

b flag equal to O specifies that another macroblock is following in the slice. end of slice flag eqyal to 1

end of the slice and that no further macroblock follows.

end_of slic
specifies thej

The functior] NextMbAddress( ) used in the slice data syntax table is specifiéd)in subclause 8.2.2.

7.4.5  Mdcroblock layer semantics

mb_type specifies the macroblock type. The semantics of mb_type.depend on the slice type.

nts the

| type )
by the

Tables and semantics are specified for the various macroblockitypes for I, SI, P, SP, and B slices. Each table presq
value of mb| type, the name of mb_type, the number of mactoblock partitions used (given by the NumMbPart( mb)
function), the prediction mode of the macroblock (when it is not partitioned) or the first partition (given

MbPartPred
MbPartPred
of mb_type
by "X macrd
Table 7-10 s
NOTE -

Mode( mb_type, 0) function) and the<prediction mode of the second partition (given §
Mode( mb_type, 1) function). When_a value is not applicable it is designated by “na”. In the text, th
nay be referred to as the macroblock'type and a value X of MbPartPredMode( ) may be referred to in {
block (partition) prediction mode®or as “X prediction macroblocks”.

hows the allowed collectivesmacroblock types for each slice_type.
[here are some macroblocktypes with Pred L0 prediction mode that are classified as B macroblock types.

Table7-10 — 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)

y the
E value
he text

transform_size 8x8 flag equal to 1 specifies that for the current macroblock the transform coefficient decoding process
and picture construction process prior to deblocking filter process for residual 8x8 blocks shall be invoked for luma
samples. transform_size 8x8 flag equal to 0 specifies that for the current macroblock the transform coefficient decoding
process and picture construction process prior to deblocking filter process for residual 4x4 blocks shall be invoked for
luma samples. When transform_size 8x8 flag is not present in the bitstream, it shall be inferred to be equal to 0.
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NOTE — When the current macroblock prediction mode MbPartPredMode( mb type,0) is equal to Intra 16x16,
transform_size 8x8 flag is not present in the bitstream and then inferred to be equal to 0.

When sub_mb_type[ mbPartldx ] (see subclause 7.4.5.2) is present in the bitstream for all 8x8 blocks indexed by
mbPartldx = 0..3, the variable noSubMbPartSizeLessThan8x8Flag indicates whether for each of the four 8x8 blocks the
corresponding SubMbPartWidth( sub_mb_type[ mbPartldx ] ) and SubMbPartHeight( sub_mb_type[ mbPartldx ]) are
both equal to 8.

NOTE —When noSubMbPartSizeLessThan8x8Flag is equal to 0 and the current macroblock type is not equal to I NxN,
transform_size 8x8 flag is not present in the bitstream and then inferred to be equal to 0.

Macroblock types that may be collectively referred to as I macroblock types are specified in Table 7-11.

The macroblock types for I slices are all I macroblock types.
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Table 7-11 — Macroblock types for I slices

<
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& % P = S 2

@ = ® =< o £ 5
2 = @ S 9 2 S b=
z E S g = - = =
| 4t ] A = o a §
o 1) | T | g o 3}
g @ £ == o 3] S
S % e £ =) =
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&/
0 I NxN 0 Intra_4x4 na Equation 7-33 | Equation 7-33
0 I NxN 1 Intra_8x8 na Equation 7-33 | Equation 7-33

1 I 16x16_0 0 0 na Intra_16x16 0 0 0

2 I 16x16_1 0 0 na Intra_16x16 1 0 0

3 I 16x16 2 0 0 na Intra_16x16 2 0 0

4 I 16x16 3 0 0 na Intra_16x16 3 0 0

5 I 16x16_ 0 10 na Intra_16x16 0 1 0

6 I 16x16 1 1 0 na Intra_16x16 1 1 0

7 [ 16x16 2 1 0 na Intra_16x16 2 1 0

8 I 16x16 3 10 na Intra_16x16 3 1 0

9 I 16x16_0 2 0 na Intra_16x16 0 2 0

10 [ 16x16 120 na Intra_16x16. 1 2 0

11 I 16x16.2 2 0 na Intra J16x16 2 2 0

12 I 16x16 3 2 0 na Intia 16x16 3 2 0
13 I 16x16 0 01 na Intra 16x16 0 0 15
14 I 16x16 1 01 na Intra_16x16 1 0 15
15 I 16x16 2 0 1 na Intra_16x16 2 0 15
16 I 16x16 3 0 1 na Intra_16x16 3 0 15
17 [ 16x16 0 1 1 na Intra_16x16 0 1 15
18 I lexl6 1 |1 na Intra_16x16 1 1 15
19 [ 16x16e2\M° 1 na Intra_16x16 2 1 15
20 [ 16x16 3 1 1 na Intra_16x16 3 1 15
21 INI6x16 0 2 1 na Intra_16x16 0 2 15
22 [ 16x16.1 2 1 na Intra_16x16 1 2 15
23 [ 16x16 2 2 1 na Intra_16x16 2 2 15
24 [ 16x16 3 2 1 na Intra_16x16 3 2 15
25 I PCM na na na na na

© ISO/IEC 2005 — All rights reserved



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

ISO/IEC 14496-10:2005(E)

The following semantics are assigned to the macroblock types in Table 7-11.
I NxN: A mnemonic name for mb_type equal to 0 with MbPartPredMode( mb_type, 0 ) equal to Intra_4x4 or Intra_8x8.

I 16x16 0 0 0,1 16x16 1 0 0,1 16x16 2 0 0,1 16x16 3 0 0,1 16x16 0 1 0,1 16x16 1 1 0,1 16x16 2 1 0,
I 16x16 3 1 0,1 16x16 0 2 0,1 16x16 1 2 0,1 16x16 2 2 0,1 16x16 3 2 0,1 16x16 0 0 1,1 16x16 1 0 1,
I 16x16 2 0 1,1 16x16 3 0 1,1 16x16 0 1 1,1 16x16 1 1 1,1 16x16 2 1 1,1 16x16 3 1 1,1 16x16 0 2 1,
I 16x16 1 2 1,1 16x16 2 2 1,1 16x16 3 2 1:the macroblock is coded as an Intra_16x16 prediction mode
macroblock.

>

To each Intra_16x16 prediction macroblock, an Intral6x16PredMode is assigned, which specifies the Intra 16x16
prediction mode. CodedBlockPatternChroma contains the coded block pattern value for chroma as specified in
Table_Z-15 When (‘hrnma_fnrmm_idr‘ is eqna] to 0 CodedBlackPatternChroma  shall  be equal to 0.
Cod'efBlockPatternLuma specifies whether, for the luma component, non-zero AC transform coeffieignt levels are

presept. CodedBlockPatternLuma equal to 0 specifies that all AC transform coefficient levels in the-luma [component of
the macroblock are equal to 0. CodedBlockPatternLuma equal to 15 specifies that at least on¢’ ofthe AC transform
coeff]cient levels in the luma component of the macroblock is non-zero, requiring scanning of A€ transfoym coefficient
levelg for all 16 of the 4x4 blocks in the 16x16 block.

Intra|4x4 specifies the macroblock prediction mode and specifies that the Intra 4x4 prediction process [is invoked as
specified in subclause 8.3.1. Intra_4x4 is an Intra macroblock prediction mode.

Intra|8x8 specifies the macroblock prediction mode and specifies that the Intra_8x8 prediction process [is invoked as
specified in subclause 8.3.2. Intra_8x8 is an Intra macroblock prediction mode;

Intra|16x16 specifies the macroblock prediction mode and specifies that theInhtra 16x16 prediction procesy is invoked as
specified in subclause 8.3.3. Intra_16x16 is an Intra macroblock prediction mode.

For almacroblock coded with mb_type equal to I PCM, the Intra Maacroblock prediction mode shall be infefred.
A macroblock 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 Table*7-12 and Table 7-11. The mb_type value 0 is specified in
Tablg 7-12 and the mb_type values 1 to 26 are specified in Table 7-11, indexed by subtracting 1 fron] the value of
mb_type.

Table 7-12 — Macroblock type with value 0 for SI slices

mb_type
Name of mb_type
MbPartPredMode
(mb_type, 0)
Intral6x16PredMode

CodedBlockPatternChroma
CodedBlockPatternLuma

0 SI Intra_4x4 na Equation 7-33 | Equation 7-33

The following semantics are assigned to the macroblock type in Table 7-12. The SI macroblock is coded as Intra_4x4
prediction macroblock.

Macroblock types that may be collectively referred to as P macroblock types are specified in Table 7-13.

The macroblock types for P and SP slices are specified in Table 7-13 and Table 7-11. mb_type values 0 to 4 are specified
in Table 7-13 and mb_type values 5 to 30 are specified in Table 7-11, indexed by subtracting 5 from the value of
mb_type.
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Table 7-13 — Macroblock type values 0 to 4 for P and SP slices

o ) @
o e 5 = < = - = R
=3 = A S 9 S 9 = =) 9
z £ == g 2= z & Tz
| - = ~ e RS ST | £
) o £ v € ) )
g @ =] =5 = = E A E
£ Z - & 8 & £ - 22
=] = = 2 2
z = =
0 P L0 16x16 1 Pred LO na 16 16
1 P LO LO 16x8 2 Pred LO Pred LO 16 8
2 P_LO_LO_8x16 2 Pred_LO Pred_LO 8 16
3 P 8x8 4 na na 8 8
4 P_8x8ref0 4 na na 8 8
inferred P_Skip 1 Pred LO na 16 16

The followinng semantics are assigned to the macroblock types in Table 7-13,

— P_LO_16x16: the samples of the macroblock are predicted with one‘luma macroblock partition of size 16x1p luma
sample§ and associated chroma samples.

— P_LO_IL0 MxN, with MxN being replaced by 16x8 or 8x16;'the samples of the macroblock are predicted using two
luma phrtitions of size MxXN equal to 16x8, or two luma partitions of size MxN equal to 8x16, and asspciated

chroma]samples, respectively.

— P _8x8:[for each sub-macroblock an additional syntax element (sub_mb_type) is present in the bitstream that
specifigs the type of the corresponding sub-mactoblock (see subclause 7.4.5.2).

—  P_8x8rpf0: has the same semantics as P_8%8-but no syntax element for the reference index (ref idx_10) is prgsent in
the bitgtream and ref idx 10[ mbPartldx?] shall be inferred to be equal to O for all sub-macroblocks [of the
macroblock (with indices mbPartldx-¢qual to 0..3).

—  P_Skip| no further data is present for the macroblock in the bitstream.
The following semantics are agsigned to the macroblock prediction modes (MbPartPredMode( )) in Table 7-13.

—  Pred LP: specifies that, the inter prediction process is invoked using list 0 prediction. Pred LO is ap Inter
macrobjock prediction'mode.

Macroblock|types that may be collectively referred to as B macroblock types are specified in Table 7-14.

The macrobloek-types for B slices are specified in Table 7-14 and Table 7-11. The mb_type values 0 to 22 are specified
in Table 7-14 and the mh_‘rvpe values 23 to 48 are qpe(‘iﬁed in Table 7-11_indexed by quhtm(“ring 23 from the valile of
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Table 7-14 — Macroblock type values 0 to 22 for B slices

@ @ @
o > 5 > < = - = A=
=9 = [-va=9 =2 =2 = Qo
z E z z £ £ zZz| 2
I = = a2 o =it £
) S g2 v v =2 =2
£ =) s £ =5 =5 = E ~E
=] N = 2 2
z = =
0 B _Direct_16x16 na Direct na 8 8
1 B L0 16x16 1 Pred LO na 16 16
2 B_L1_16x16 1 Pred_L1 na 16 16
3 B_Bi_16x16 1 BiPred na 16 16
4 B L0 LO 16x8 2 Pred LO Pred LO 16 8
5 B_LO_LO_8x16 2 Pred_LO PrédEO 8 16
6 B_L1 L1 16x8 2 Pred_L1 Pred L1 16 8
7 B L1 L1 816 2 Pred L1 Pred L1 8 16
8 B_LO_L1_16x8 2 Pred_LO Pred_L1 16 8
9 B_LO_L1_8x16 2 Pred{LO Pred_L1 8 16
10 B L1 LO 16x8 2 Pred L1 Pred LO 16 8
11 B_L1_LO_8x16 2 Pred_L1 Pred_LO 8 16
12 B_L0_Bi_16x8 2 Pred_LO BiPred 16 8
13 B L0 Bi 8x16 2 Pred LO BiPred 8 16
14 B_L1 _Bi_l6x8 2 Pred_L1 BiPred 16 8
15 B_L1 Bi_8x16 2 Pred_L1 BiPred 8 16
16 B™Bi1 L0 16x8 2 BiPred Pred LO 16 8
17 B_Bi_L0_8x16 2 BiPred Pred_LO 8 16
18 B_Bi_L1_16x8 2 BiPred Pred_L1 16 8
19 B Bi L1 8x16 2 BiPred Pred L1 8 16
20 B_Bi _Bi 16x8 2 BiPred BiPred 16 8
21 B_Bi_Bi_8x16 2 BiPred BiPred 8 16
22 B 8x8 4 na na 8 8
inferred B_Skip na Direct na 8 8
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The following semantics are assigned to the macroblock types in Table 7-14:

— B _Direct_16x16: no motion vector differences or reference indices are present for the macroblock in the bitstream.
The functions MbPartWidth( B_Direct 16x16 ), and MbPartHeight( B_Direct 16x16 ) are used in the derivation
process for motion vectors and reference frame indices in subclause 8.4.1 for direct mode prediction.

— B X 16x16 with X being replaced by L0, L1, or Bi: the samples of the macroblock are predicted with one luma
macroblock partition of size 16x16 luma samples and associated chroma samples. For a macroblock with type
B X 16x16 with X being replaced by either LO or L1, one motion vector difference and one reference index is
present 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_XO_ ]_MYN with X0 X1 rPfPrring to the first and second macroblock pm’ﬁﬁnn and heing er]m‘Pd by 10, L1,
or Bi, gnd MxN being replaced by 16x8 or 8x16: the samples of the macroblock are predicted using ¢wp luma
partitiops of size MxN equal to 16x8, or two luma partitions of size MxN equal to 8x16, and associated ¢hroma
samples, respectively. For a macroblock partition X0 or X1 with X0 or X1 being replaced by eithef L0 or 1.1, one
motion|vector difference and one reference index is present in the bitstream. For a macroblock partition X( or X1
with X{ or X1 being replaced by Bi, two motion vector differences and two reference indices are presenf in the
bitstrean for the macroblock partition.

— B _8x8:| for each sub-macroblock an additional syntax element (sub_mb_type) is present in the bitstream that
specifids the type of the corresponding sub-macroblock (see subclause 7.4.5.2).

—  B_Skipf no further data is present for the macroblock in the bitstream. The funetions MbPartWidth( B_Skip ), and
MbPartHeight( B_Skip ) are used in the derivation process for motion véctors and reference frame indjces in
subclause 8.4.1 for direct mode prediction.

The following semantics are assigned to the macroblock prediction modes (MbPartPredMode( )) in Table 7-14.

—  Direct: [no motion vector differences or reference indices are present for the macroblock (in case of B_$kip or
B Dirept 16x16) in the bitstream. Direct is an Inter macroblock'prediction mode.

—  Pred Lp: see semantics for Table 7-13.

— Pred L|I: specifies that the Inter prediction process.'ts invoked using list 1 prediction. Pred L1 is ap Inter
macrobjock prediction mode.

—  BiPred{ specifies that the Inter prediction prog¢ess is invoked using list 0 and list 1 prediction. BiPred is gn Inter
macroblock prediction mode.

pem_alignmient_zero_bit is a bit equal to.0:

pem_sample luma[ i] is a sample value/ The first pcm_sample luma[ i | values represent luma sample valueq in the
raster scan yvithin the macroblock. . The number of bits used to represent each of these samples is BitDepthy. | When
profile idc ip not equal to 100, 10122, or 144, pcm_sample luma] i | shall not be equal to 0.

pem_sample chroma[ i] is “a’/sample value. The first MbWidthC * MbHeightC pcm sample chroma[ i ] |values
represent Cb sample valfies'in the raster scan within the macroblock and the remaining MbWidthC * MbHeightC
pcm_sampld chroma[i-J(values represent Cr sample values in the raster scan within the macroblock. The numberof bits
used to represent_éaeh of these samples is BitDepthc. When profile idc is not equal to 100, 110, 122, pbr 144,
pcm_sampld chroma[ i | shall not be equal to 0.

coded_block pattern specifies which of the six 8x8 blocks - luma and chroma — may contain non-zero trapsform
coefficient levels. For macroblocks with prediction mode not equal to Intra 16x16, coded block pattern is present in the
bitstream and the variables CodedBlockPatternLuma and CodedBlockPatternChroma are derived as follows.

CodedBlockPatternLuma = coded_block pattern % 16
CodedBlockPatternChroma = coded block pattern/ 16 (7-33)

When coded block pattern is present, CodedBlockPatternLuma specifies, for each of the four 8x8 luma blocks of the
macroblock, one of the following cases.

- All transform coefficient levels of the four 4x4 luma blocks in the 8x8 luma block are equal to zero

- One or more transform coefficient levels of one or more of the 4x4 luma blocks in the 8x8 luma block shall be non-
zero valued.
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The meaning of CodedBlockPatternChroma is specified in Table 7-15.

Table 7-15 — Specification of CodedBlockPatternChroma values

10:2005(E)

CodedBlockPatternChroma | Description

0 All chroma transform coefficient levels are equal to 0.

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.

mb_qp_delta can change the value of QPy in the macroblock layer. The decoded value of mb{gp_delta

ranggd
when

The v

wher
slice.
of ea

The v

7.4.5
All sz

prev]
Intra |

prev|
Intra |

intral
Intra |
inclu:

1 =l £ P 1 1 1111 1 1
UTIC U TTIUTC CIITUITId AT U AlISTOTTIT COUITIVICITU ITVUIS SIIdIT UU TTUI=Z0TU Vallul

of —( 26 + QpBdOffsety / 2) to +( 25 + QpBdOffsety / 2 ), inclusive. mb_qp_delta shall be‘inferred tq
it is not present for any macroblock (including P_Skip and B_Skip macroblock types);

alue of QPy is derived as

QPy = ((QPyprey + mb_qp_delta + 52 + 2 * QpBdOffsety ) % ( 52 + QpBdOffsety ) ) - QpBdOffsq

e QPy prev is the luma quantisation parameter, QPy, of the previous‘macroblock in decoding order
For the first macroblock in the slice QPy pggy is initially set equal\to-SliceQPy derived in Equation 7
h slice.

alue of QP'y is derived as
QP'y = QPy + QpBdOffsety

1 Macroblock prediction semantics

mples of the macroblock are predicted. The prediction modes are derived using the following syntax ¢

 intradx4_pred_mode_flag| luma4x4Blkldx | and rem_intra4dx4 pred_mode[ luma4x4BIlkldx ]
[4x4 prediction of the 4x4 luma block-with index luma4x4Blkldx = 0..15.

 intra8x8_pred_mode_flag[ luma8x8Blkldx ]| and rem_intra8x8 pred_mode[ luma8x8BIkldx ]
| 8x8 prediction of the 8x8 lumablock with index luma8x8Blkldx = 0..3.

| chroma_pred_mode specifies the type of spatial prediction used for chroma in macroblocks using
[ 16x16 prediction, as-shewn in Table 7-16. The value of intra_chroma pred mode shall be in the rg
ive.

Table,7-16 — Relationship between intra_chroma_pred_mode and spatial prediction modz

khall be in the
be equal to 0

(7-34)

ty

in the current
27 at the start

(7-35)
lements.

specify the

the

specify

r Intra_4x4 or
nge of 0 to 3,

v

intra_chroma_pred_mode Intra Chroma Prediction Mode
0 DC
1 Horizontal
2 Vertical
3 Plane

ref_idx_l0[ mbPartldx | when present, specifies the index in reference picture list 0 of the reference picture to be used for
prediction.

The range of ref idx_10[ mbPartldx ], the index in list O of the reference picture, and, if applicable, the parity of the field
within the reference picture used for prediction are specified as follows.
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If MbaffFrameFlag is equal to 0 or mb_field decoding flag is equal to 0, the value of ref idx 10[ mbPartldx ] shall
be in the range of 0 to num_ref idx 10 active minusl, inclusive.

Otherwise (MbaftFrameFlag is equal tol and mb field decoding flag is equal to 1), the wvalue of
ref idx_10[ mbPartldx ] shall be in the range of 0 to 2 * num_ref idx 10 active minusl + 1, inclusive.

When only one reference picture is used for inter prediction, the values of ref idx 10[ mbPartldx ] shall be inferred to be
equal to 0.

ref _idx_11[ mbPartldx ] has the same semantics as ref _idx_10, with 10 and list O replaced by 11 and list 1, respectively.

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
assigned Co
Compldx =
motion vect

mvd_11[ mb

mb_type. The horizontal motion vector component difference 1s decoded first in decoding order

mpldx = 0. The vertical motion vector component is decoded second in decoding order and (s, -
1. The range of the components of mvd_10[ mbPartldx ][ 0 ][ compldx ] is specified by constraints
r variable values derived from it as specified in Annex A.

Partldx |[ O ][ compldx ] has the same semantics as mvd 10, with 10 and LO replaced by 1l a

and is
signed
on the

nhd L1,

respectively

7.4.5.2 Sub-macroblock prediction semantics

b
sub_mb_tylle[ mbPartldx | specifies the sub-macroblock types.

Tables and
presents the
the NumSuy|
SubMbPred
macroblock

h table
ven by

semantics are specified for the various sub-macroblock types for P{ and B macroblock types. Eac
value of sub_mb_type, the name of sub_mb_type, the number of-sub-macroblock partitions used (gi
bMbPart( sub_mb_type ) function), and the prediction modes of the sub-macroblock (given py the
Mode( sub mb_type ) function). In the text, the value of ,sub mb type may be referred to by “sub-
type”. In the text, the value of SubMbPredMode( ) may bedeferred to by “sub-macroblock prediction ]\;ode”.

w for

The interprd
"inferred" sfj

tation of sub_mb_type[ mbPartldx ] for P macroblock types is specified in Table 7-17, where the
ecifies values inferred when sub_mb_type[ mbPartldx*| is not present.

Table 7-17 — Sub-macrobleck types in P macroblocks

= - - - - P
< = <) < <) <)
= = ! u'e =% =%
5 5 £k | 2k $E | 5k

A A A A 2 A Heall =" o A
) w2 =2 ) 3] 2
g o & S E TE T E t &

) 27T = T ey S
=" R = 2 = = 2= =

z oz %’ z sz sz sz
2 2 =P = 2 2 2 = 2
EI El z El @ EI 7 El % El

2 ) ) ° ) )
= = = = = =

» » w2 ] w2 w2

inferred na na na na na
0 P_LO_8x8 1 Pred_LO 8 8

1 P_LO_8x4 2 Pred _LO 8 4

2 P_LO_4x8 2 Pred _LO 4 8

3 P_LO_4x4 4 Pred_LO 4 4

The following semantics are assigned to the sub-macroblock types in Table 7-17.

P L0 MxN, with MxN being replaced by 8x8, 8x4, 4x8, or 4x4: the samples of the sub-macroblock are predicted
using one luma partition of size MxN equal to 8x8, two luma partitions of size MxN equal to 8x4, or two luma
partitions of size MxN equal to 4x8, or four luma partitions of size MxN equal to 4x4, and associated chroma
samples, respectively.
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The following semantics are assigned to the sub-macroblock prediction modes (SubMbPredMode( )) in Table 7-17.
—  Pred LO: see semantics for Table 7-13.

The interpretation of sub_mb_type[ mbPartldx ] for B macroblock types is specified in Table 7-18, where the row for
"inferred" specifies values inferred when sub_mb_type[ mbPartldx ] is not present, and the inferred value "mb_type"
specifies that the name of sub_mb_type[ mbPartldx ] is the same as the name of mb_type for this case.

Table 7-18 — Sub-macroblock types in B macroblocks

P P P P P P

= = = = = =

= = - e > = = =T

s s 5 TS S 3 o =

A ¥ A A E A Hell-o] o A

= 52 == = 22 =2

E S E S E TE L E t E

T ES =3 ol iy £3

=) < 2 22 = = == &

2 Z & 2z Sz Sz | 22

2 2 EP = 2 2 2 =

EI El z El 7] EI 7] EI 2 EI

) ) = 2 2 2

Z H 2 H H H
inferred mb_type 4 Direct 4 4

0 B_Direct_8x8 4 Direct 4 4

1 B LO_8x8 1 PredyLO 8 8

2 B L1 8x8 1 Pred L1 8 8

3 B Bi 8x8 1 BiPred 8 8

4 B L0 8x4 2 Pred LO 8 4

5 B L0 4x8 2 Pred LO 4 8

6 B L1 8x4 2 Pred L1 8 4

7 B I 4x8 2 Pred LI 4 8

8 B Bi 8x4 2 BiPred 8 4

9 B Bi 4x8 2 BiPred 4 8

10 B _LO_4x4 4 Pred LO 4 4

11 B L1 4x4 4 Pred L1 4 4

12 B Bi 4x4 4 BiPred 4 4
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The following semantics are assigned to the sub-macroblock types in Table 7-18:

B_Skip

and B_Direct 16x16: no motion vector differences or reference indices are present for the sub-macroblock

in the bitstream. The functions SubMbPartWidth( ) and SubMbPartHeight( ) are used in the derivation process for

motion

vectors and reference frame indices in subclause 8.4.1 for direct mode prediction.

B_Direct 8x8: no motion vector differences or reference indices are present for the sub-macroblock in the bitstream.

The functions SubMbPartWidth( B_Direct 8x8 ) and SubMbPartHeight( B_Direct 8x8 ) are used in the derivation

process

for motion vectors and reference frame indices in subclause 8.4.1 for direct mode prediction.

B_X MxN, with X being replaced by L0, L1, or Bi, and MxN being replaced by 8x8, 8x4, 4x8 or 4x4: the samples

of the sub- macroblock are predlcted usmg one luma partltlon of size MxN equal to 8x8, or the samples of the sub-

macrob

The followit
—  Direct:
Pred L
Pred L
—  BiPred
ref_idx_10[
ref idx_11[

mvd_10[ mb
is applied to
which macr

mvd_11[ mb
7.4.53 R¢
The syntax 3

If entro
parsing

Otherw
used for

Depending
residual_blo
maxNumCo

oblock

QCIK g C
dicted using two luma part1t10ns of size MxN equal to 4x8 or the samples of the sub- macroblc ck are
d using four luma partitions of size MxN equal to 4x4, and associated chroma samples, respeetivgly. All
roblock partitions share the same reference index. For an MxN sub-macroblock partition’ in [a sub-
ock with sub_mb_type being B X MxN with X being replaced by either LO or L1, 0n8 ‘motion|vector
ce is present in the bitstream. For an MxN sub-macroblock partition in a sub-macroblock with sub_nfb_type
Bi_MxN, two motion vector difference are present in the bitstream

g semantics are assigned to the sub-macroblock prediction modes (SubMbPredMode( )) in Table 7-18.
see semantics for Table 7-14.
D: see semantics for Table 7-13.
| : see semantics for Table 7-14.
see semantics for Table 7-14.
mmbPartldx | has the same semantics as ref idx 10 in subclause 7.4.5.1.
mmbPartldx | has the same semantics as ref idx 11 in subelause 7.4.5.1.
Partldx |[ subMbPartldx ][ compldx | has the same semantics as mvd_10 in subclause 7.4.5.1, excepy that it
the sub-macroblock partition index with subMbPartldx. The indices mbPartldx and subMbPartldx sp¢cify to
block partition and sub-macroblock partitionimvd 10 is assigned.
Partldx |[ subMbPartldx |[ compldx ] has'the same semantics as mvd_11 in subclause 7.4.5.1.
sidual data semantics
tructure residual block( ), whieh is used for parsing the transform coefficient levels, is assigned as follows.
py_coding_mode_flag is _equal to 0, residual block is set equal to residual block cavle, which is uped for
the syntax elements fortransform coefficient levels.
se (entropy coding/mode_flag is equal to 1), residual block is set equal to residual block cabac, which is
parsing the syntax elements for transform coefficient levels.

on . mb'type, luma or chroma, and chroma format, the syntax  stfucture
ck( coéfflievel, maxNumCoeff) is used with the arguments coeffLevel, which is a list containing the
pffAransform coefficient levels that are parsed in residual_block( ) and maxNumCoeff as follows.

Depen

g on MbPartPredviode{ mb_type, 0 ), the following appiics.

If MbPartPredMode( mb_type, 0 ) is equal to Intra_16x16, the transform coefficient levels are parsed into the

list Intral6x16DCLevel and into the 16 lists Intral6x16ACLevel[ i ]. Intral6x16DCLevel contains the 16
transform coefficient levels of the DC transform coefficient levels for each 4x4 luma block. For each of the 16
4x4 luma blocks indexed by i =0..15, the 15 AC transform coefficients levels of the i-th block are parsed into
the i-th list Intral6x16ACLevel[ 1 ].

O

96

therwise (MbPartPredMode( mb_type, 0 ) is not equal to Intra_16x16), the following applies.

If transform_size 8x8 flag is equal to 0, for each of the 16 4x4 luma blocks indexed by i =0..15, the 16
transform coefficient levels of the i-th block are parsed into the i-th list LumaLevel[ i ].

Otherwise (transform size 8x8 flag is equal to 1), for each of the 4 8x8 luma blocks indexed by
i8x8 = 0..3, the following applies.
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7.4.5{3.1 Residual block CAVLC semantics

The

coeff]cient levels derived from coeff token.

The

coeft] token.

coeff] token specifies the total number of non-zero transform coefficient levels and the number of trailing
coeff]cient levels in a transform coefficient level scan. A trailingsone transform coefficient level is one

cons

transform coefficient levels. The range of coeff token is specified in subclause 9.2.1.

trail

level | prefix and level_suffix specify the malue of a non-zero transform coefficient level. The range of ley
level | suffix is specified in subclause 9.2.2:

total|

run

zero yalued transform ceéfficient level. The range of run_before is specified in subclause 9.2.3.
coefflLevel contains-maxNumCoeff transform coefficient levels for the current list of transform coefficient I

7.4.5{3.2 Reésidual block CABAC semantics

codef_block_ﬂag specifies whether the block contains non-zero transform coefficient levels as follows.

ISO/IEC 14496-10:2005(E)

—  If entropy_coding mode flag is equal to O, first for each of the 4 4x4 luma blocks indexed by
i4x4 =0..3, the 16 transform coefficient levels of the i4x4-th block are parsed into the
(18x8 * 4 + 14x4)-th list LumaLevel[ i8x8 * 4 + i4x4 ]. Then, the 64 transform coefficient levels of
the i8x8-th 8x8 luma block which are indexed by 4 * i + i4x4, where 1 =0..15 and i4x4 = 0..3, are

derived as LumaLevel8x8[ i8x8 |[ 4 * 1 + i4x4 | = LumaLevel[ i8x8 * 4 + i4x4 ][ i ].

NOTE — The 4x4 luma blocks with luma4x4Blkldx =i8x8 * 4 +14x4 containing every fourth transform

coefficient level of the corresponding i8x8-th 8x8 luma block with offset i4x4 are assumed to r
locations given by the inverse 4x4 luma block scanning process in subclause 6.4.3.

—  Otherwise (entropy coding mode flag is equal to 1), the 64 transform coefficient
18x8-th block are parsed into the i8x8-th list LumaLevel8x8[ i8x8 ].

Lo o1 4] A nYalvs £, £ oo 1 1 £ 41 425

epresent spatial

levels of the

1 1 VRSP | ) Wal 4 4+
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hroma blocks are parsed into the iCbCr-th list ChromaDCLevel[ iCbCr ].

ndexed by iCbCr=0..1, the 15 AC transform coefficient levels are parsed into the (i8x8*4:+ i4x4
CbCr-th chroma component ChromaACLevel[ iCbCr ][ i8x8*4 + i4x4 ].

function TotalCoeff( coeff token ) that is used in subclause 7.3.5.3.1 returns the number of non-

function TrailingOnes( coeff token ) that is used in subclause 7.3.5:3)\ returns the trailing ones

dcutive non-zero transform coefficient levels having an absolute value equal to 1 at the end of a sca

‘qumg_ones_sign_flag specifies the sign of a trailing onetransform coefficient level as follows.
trailing ones_sign flag is equal to 0, the corresponding transform coefficient level is decoded as +1.

therwise (trailing ones_sign flag equal to'l'), the corresponding transform coefficient level is decode

before specifies thesnumber of consecutive transform coefficient levels in the scan with zero value

\umC8x8 4x4

For each of the 4x4 chroma blocks, indexed by i4x4 = 0..3 and 18x8 = 0..NumC8x8 — 1, of ea¢h chronja component,

-th list of the

ero transform

derived from

one transform
bf up to three
n of non-zero

i as -1.

el prefix and

| zeros specifies the total number of zero-valued transform coefficient levels that are located before the position of
the 14st non-zero transform coeffieient level in a scan of transform coefficient levels. The range of total zer|
in subclause 9.2.3.

bs is specified

before a non-

evels.

If coded block flag is equal to 0, the block contains no non-zero transform coefficient levels.

Otherwise (coded block flag is equal to 1), the block contains at least one non-zero transform coefficient level.

significant_coeff_flag| i | specifies whether the transform coefficient level at scanning position i is non-zero as follows.

If significant_coeff flag[ i ] is equal to 0, the transform coefficient level at scanning position i is set equal to 0;

Otherwise (significant_coeff flag[ i] is equal to 1), the transform coefficient level at scanning positio
zero value.

n i has a non-

last_significant_coeff flag|i] specifies for the scanning position i whether there are non-zero transform coefficient
levels for subsequent scanning positions i + 1 to maxNumCoeff — 1 as follows.
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- If last_significant coeff flag[i] is equal to 1, all following transform coefficient levels (in scanning order)
block have value equal to 0..

of the

- Otherwise (last_significant coeff flag[ i] is equal to 0), there are further non-zero transform coefficient levels along

the scanning path.

coeff_abs level minusl[i] is the absolute value of a transform coefficient level minus 1. The wvalue of

coeff abs level minusl is constrained by the limits in subclause 8.5.
coeff_sign_flag] i ] specifies the sign of a transform coefficient level as follows.

- Ifcoeff sign flag is equal to 0, the corresponding transform coefficient level has a positive value.

- Otherw'nn leaaff cion floo 1o aciia 1ia- 1) _tha rracnanding teancfosy aooff oot 1oval boc o pmogativa volig

S O T ST oo s T o uartO—1 5t - CoOTT O S p oG St ot S TOT - COCT OOt IOV O oot o gt v oy oo

coeffLevel dontains maxNumCoeff transform coefficient levels for the current list of transform coefficient levels:

8 Decoding process
Outputs of this process are decoded samples of the current picture (sometimes referred to by thelvariable CurrPic).
This clause ¢lescribes the decoding process, given syntax elements and upper-case variables from clause 7.

The decodinpg process is specified such that all decoders shall produce numerically”identical results. Any dd

coding

process that|produces identical results to the process described here conforms to/the decoding process requiremgnts of

this Recommendation | International Standard.

Each picturg referred to in this clause is a primary picture. Each slice referred to in this clause is a slice of a {]
picture. Each slice data partition referred to in this clause is a slice data partition of a primary picture.

An overview of the decoding process is given as follows.
- The degoding of NAL units is specified in subclause 8.1.
- The professes in subclause 8.2 specify decoding processes‘using syntax elements in the slice layer and above.

- Vatiables and functions relating to picture otder count are derived in subclause 8.2.1. (only needed
invpked for one slice of a picture)

- Vatiables and functions relating to theluhacroblock to slice group map are derived in subclause 8.2.2
needed to be invoked for one slice ofla-picture)

rimary

to be

. (only

- Thq method of combining the (various partitions when slice data partitioning is used is described in subclause

8.2|3.

- When the frame num™ of the current picture is not equal to PrevRefFrameNum and is not ed

ual to

( PlevRefFrameNum(+ I ) % MaxFrameNum, the decoding process for gaps in frame num is performed

accprding to subclause 8.2.5.2 prior to the decoding of any slices of the current picture.

- A
listy construction specified in subclause 8.2.4 performed for derivation of reference picture list 0 (RefPig
and when decoding a B slice, reference picture list 1 (RefPicListl).

-

decoded reference picture marking process in subclause 8.2.5 specifies how the current picture is used
decoding process of inter prediction in later decoded pictures.

- The processes in subclauses 8.3, 8.4, 8.5, 8.6, and 8.7 specify decoding processes using syntax elements
macroblock layer and above.

he beginning of the decoding process for each P, SP, or B slice, the decoding process for reference picture

List0),

ed, the
in the

in the

- The intra prediction process for I and SI macroblocks, except for I PCM macroblocks as specified in
subclause 8.3, has intra prediction samples as its output. For I PCM macroblocks subclause 8.3 directly
specifies a picture construction process. The output are the constructed samples prior to the deblocking filter

process.

- The inter prediction process for P and B macroblocks is specified in subclause 8.4 with inter prediction samples

being the output.
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The transform coefficient decoding process and picture construction process prior to deblocking filter process
are specified in subclause 8.5. That process derives samples for I and B macroblocks and for P macroblocks in P

slices. The output are constructed samples prior to the deblocking filter process.

The decoding process for P macroblocks in SP slices or SI macroblocks is specified in subclause 8.6. That
process derives samples for P macroblocks in SP slices and for SI macroblocks. The output are constructed

samples prior to the deblocking filter process.

The constructed samples prior to the deblocking filter process that are next to the edges of blocks and
macroblocks are processed by a deblocking filter as specified in subclause 8.7 with the output being the decoded

samples.

8.1
Inputj
Outp

The
deco

Subc

Subc
nal u

Subc
nal U

Subc
nal U

Subc
nal_y

Subc
nal_y

NAL
Pictu]
paran
other
sequeg

Non

8.2

8.2.1
Outp

NAL unit decoding process
5 to this process are NAL units.
its of this process are the RBSP syntax structures encapsulated within the NAL units.

lecoding process for each NAL unit extracts the RBSP syntax structure from the NAD unit and the
ling processes specified for the RBSP syntax structure in the NAL unit as follows.

ause 8.2 describes the decoding process for NAL units with nal unit _type equal to 1 through 5.

auses 8.3 describes the decoding process for a macroblock or part of‘@” macroblock coded in N/
nit_type equal to 1, 2, and 5.

ause 8.4 describes the decoding process for a macroblock or, part’of a macroblock coded in N
nit_type equal to 1 and 2.

ause 8.5 describes the decoding process for a macroblecksor part of a macroblock coded in N
nit_type equal to 1 and 3 to 5.

ause 8.6 describes the decoding process for a macroblock or part of a macroblock coded in N
nit_type equal to 1 and 3 to 5.

ause 8.7 describes the decoding process for“a macroblock or part of a macroblock coded in N
nit_type equal to 1 to 5.

units with nal unit type equal to 7 and 8 contain sequence parameter sets and picture parameter sets|
e parameter sets are used in the decoding processes of other NAL units as determined by refereng
heter set within the slice headers,of each picture. Sequence parameter sets are used in the decoding
NAL units as determined/by~reference to a sequence parameter set within the picture paramete
nce.

rmative decoding process is specified for NAL units with nal unit type equal to 6, 9, 10, 11, and 12.

Slice decoding process

Deceoding process for picture order count

hts of.this process are TopFieldOrderCnt (if applicable) and BottomFieldOrderCnt (if applicable).

Pictute s—arepsed-lo-d al picty derings : decoding
subclauses 8.2.4.2.3 and 8.2.4.2.4), to represent picture order differences between frames or fields for

h operates the

AL units with

AL units with

AL units with

AL units with

AL units with

respectively.
e to a picture
b processes of
sets of each

f B slices (see

motion vector

derivation in temporal direct mode (see subclause 8.4.1.2.3), for implicit mode weighted prediction in B slices (see
subclause 8.4.2.3.2), and for decoder conformance checking (see subclause C.4).

Picture order count information is derived for every frame, field (whether decoded from a coded field or as a part of a
decoded frame), or complementary field pair as follows:

- Each coded frame is associated with two picture order counts, called TopFieldOrderCnt and BottomFieldOrderCnt
for its top field and bottom field, respectively.

- Each coded field is associated with a picture order count, called TopFieldOrderCnt for a coded top field and
BottomFieldOrderCnt for a bottom field.
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- Each complementary field pair is associated with two picture order counts, which are the TopFieldOrderCnt for its
coded top field and the BottomFieldOrderCnt for its coded bottom field, respectively.

TopFieldOrderCnt and BottomFieldOrderCnt indicate the picture order of the corresponding top field or bottom field
relative to the first output field of the previous IDR picture or the previous reference picture including a
memory_management_control operation equal to 5 in decoding order.

TopFieldOrderCnt and BottomFieldOrderCnt are derived by invoking one of the decoding processes for picture order
count type 0, 1, and 2 in subclauses 8.2.1.1, 8.2.1.2, and 8.2.1.3, respectively. When the current picture includes a
memory management control 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
BottomFieldOrderCmr—tempPicOrdercnt.

The bitstrean shall not contain data that results in Min( TopFieldOrderCnt, BottomFieldOrderCnt ) not equalto|0 for a
coded IDR frame, TopFieldOrderCnt not equal to O for a coded IDR top field, or BottomFieldOrderCnt nétequal fo 0 for
a coded IDR bottom field. Thus, at least one of TopFieldOrderCnt and BottomFieldOrderCnt shall be\egual to Offor the
fields of a cgded IDR frame.

When the cyrrent picture is not an IDR picture, the following applies.

- Considey the list variable listD containing as elements the TopFieldOrderCnt and BettomFieldOrderCnt|values
associatgd with the list of pictures including all of the following

- the fifst picture in the list is the previous picture of any of the following types
- an IDR picture
- apicture containing a memory management control operation equal to 5

- the fqllowing additional pictures.

- Ifdic_order cnt type is equal to 0, all other pictures that fellow in decoding order after the first picturg in the
listjand are not "non-existing" frames inferred by the decoding process for gaps in frame num specified in
subclause 8.2.5.2 and either precede the current picture in decoding order or are the current picture. [ When
pic| order cnt type is equal to 0 and the current picture is not a "non-existing" frame inferred by the dgcoding
progess for gaps in frame num specified in subelause 8.2.5.2, the current picture is included in listD priof to the
invpking of the decoded reference picture marking process.

- OtHerwise (pic_order cnt type is not equal to 0), all other pictures that follow in decoding order after the first
picture in the list and either precede the current picture in decoding order or are the current picture| When
pic| order cnt_type is not equal to_0,;the current picture is included in listD prior to the invoking of the decoded
refgrence picture marking process,

- Consideq the list variable listO_which contains the elements of listD sorted in ascending order. listO shall not ¢ontain
any of the following.

- a ppir of TopFieldQrderCnt and BottomFieldOrderCnt for a frame or complementary field pair that arg not at
corfsecutive positions in listO.

- aTppFieldOrderCnt that has a value equal to another TopFieldOrderCnt.
- aBpttomFicldOrderCnt that has a value equal to another BottomFieldOrderCnt.

- ottomEieldOrderCnt that hac o valhe aqnal t60 o0 ToanEialdOWdarCnt yinlace the BattomaEFialdO)erdor(]
a nt an
ottt rieraUracrchir—thdt—as—a—varde—egtdr—to—a—1r o pricraoratrchir— eSS e ottohriera IHaet

TopFieldOrderCnt belong to the same coded frame or complementary field pair.

The bitstream shall not contain data that results in values of TopFieldOrderCnt, BottomFieldOrderCnt, PicOrderCntMsb,
or FrameNumOffset used in the decoding process as specified in subclauses 8.2.1.1 to 8.2.1.3 that exceed the range of
values from -2°' to 2*'-1, inclusive.
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The function PicOrderCnt( picX ) is specified as follows:

if( picX is a frame or a complementary field pair )

PicOrderCnt( picX ) = Min( TopFieldOrderCnt, BottomFieldOrderCnt ) of the frame or complementary field

pair picX
else if( picX is a top field )

PicOrderCnt( picX ) = TopFieldOrderCnt of field picX
else if( picX is a bottom field )

PicOrderCnt( picX ) = BottomFieldOrderCnt of field picX

Then DiffPicOrderCnt( picA, picB ) is specified as follows:

The Bitstream shall not contain data that results in values of DiffPicOrderCnt( picA, picB ) used in-the ded
that dxceed the range of -2'° to 2'° - 1, inclusive.

Whe

8.2.1]1 Decoding process for picture order count type 0
This process is invoked when pic_order cnt_type is equal to 0.
Input]
Outphts of this process are either or both TopFieldOrderCunt-or BottomFieldOrderCnt.
The yariables prevPicOrderCntMsb and prevPicOrderCritLsb are derived as follows.

(8-1)

Di1ftfP1cOrderCnt( picA, picB ) = PicOrderCnt( picA ) - PicOrderCnt( picB )

same output order direction from X when both DiffPicOrderCnt( X, Y ) and DiffPicOrderCut(\X, Z ) are posi
ndgative.

NPTE — Many applications assign PicOrderCnt( X ) proportional to the sampling time of'the picture X relative
tifne of an IDR picture.

Iff the current picture is an IDR picture, prevPicOrderCntMsb is set equal to 0 and prevPicOrderCntL
tp 0.

therwise (the current picture is not,an)IDR picture), the following applies.

to 5, the following applies.

- If the previous teference picture in decoding order is not a bottom field, prevPicOrderCntM
to 0 and prevPicOrderCntLsb is set equal to the value of TopFieldOrderCnt for the prev
picture in/deeoding order.

equalto 0 and prevPicOrderCntLsb is set equal to 0.

4 Otherwise (the previous reference picture in  decoding order did not

(8-2)

oding process

NPTE — Let X be the current picture and Y and Z be two other pictures in the same sequence, Y and Z are considjred to be in the

ive or both are

o the sampling

the current picture includes a memory management control operation'equal to 5, PicOrderCnt( CunrPic ) shall be
greatgr than PicOrderCnt( any other picture in listD ).

to this process is PicOrderCntMsb of the previous referénce picture in decoding order as specified in this subclause.

b is set equal

4 If the previous reference picture in decoding order included a memory management control operation equal

b is set equal
ous reference

- Otherwise (the previous reference picture in decoding order is a bottom field), prevPicOrdefqCntMsb is set

include a

memory management control operation equal to 5), prevPicOrderCntMsb is set equal to PicOrderCntMsb of

the value of

the previous reference picture in decoding order and prevPicOrderCntLsb is set equal to

pic_order cnt_Isb of the previous reference picture in decoding order.

PicOrderCntMsb of the current picture is derived as follows:

if( ( pic_order cnt Isb < prevPicOrderCntLsb ) &&
( ( prevPicOrderCntLsb — pic_order cnt 1Isb ) >= ( MaxPicOrderCntLsb/2)))
PicOrderCntMsb = prevPicOrderCntMsb + MaxPicOrderCntLsb
else if( ( pic_order cnt Isb > prevPicOrderCntLsb ) &&
( (pic_order _cnt Isb — prevPicOrderCntLsb ) > ( MaxPicOrderCntLsb/2)))
PicOrderCntMsb = prevPicOrderCntMsb — MaxPicOrderCntLsb
else
PicOrderCntMsb = prevPicOrderCntMsb

© ISO/IEC 2005 — All rights reserved

(8-3)

101


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

ISO/IEC 1

4496-10:2005(E)

When the current picture is not a bottom field, TopFieldOrderCnt is derived as follows:

if( !field_pic_flag || !'bottom_field flag)

TopFieldOrderCnt = PicOrderCntMsb + pic_order cnt Isb (8-4)
When the current picture is not a top field, BottomFieldOrderCnt is derived as follows:
if( field pic_flag)
BottomFieldOrderCnt = TopFieldOrderCnt + delta_pic_order _cnt_bottom
else if( bottom_field flag) (8-5)
BottomFieldOrderCnt = PicOrderCntMsb + pic_order cnt Isb
8.2.1.2 Dg¢coding process for picture order count type 1
This procesq 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 subolause.
Outputs of this process are either or both TopFieldOrderCnt or BottomFieldOrderCnt.
The wvalues| of TopFieldOrderCnt and BottomFieldOrderCnt are derived as specifiedyin 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 manageément control operation equall to 5,
prevFrameNumOffset is set equal to 0.
- Otherwise (the previous picture in decoding order did not include a/memory management control operatiop equal
to 5), pevFrameNumOffset is set equal to the value of FrameNumOffset of the previous picture in decoding oyder.
NOTE — [When gaps_in_frame num_ value allowed flag is equal to_1)¢the previous picture in decoding order may be ja "non-
existing" frame inferred by the decoding process for gaps in frame nunispecified in subclause 8.2.5.2.
The derivatipn proceeds in the following ordered steps.
1. The varjable FrameNumOffset is derived as follows;
if( nal unit type == 5)
FfameNumOffset = 0
else if( prevFrameNum > frame num-) (8-6)
FrameNumOffset = prevFrameNumOffset + MaxFrameNum
else
FfameNumOffset = prevErameNumOffset
2. The varjable absFrameNum is’derived as follows:
if( num_ref frames<in pic order cnt cycle != 0)
alpsFrameNunt= FrameNumOffset + frame num
else (8-7)
alpsFrameNum = 0
if( na](_ref_idc == 0 && absFrameNum > 0)
absFrameNum——=absFrameiNum—=-t
3. When absFrameNum > 0, picOrderCntCycleCnt and frameNumInPicOrderCntCycle are derived as follows:
if( absFrameNum > 0) {
picOrderCntCycleCnt = ( absFrameNum — 1 ) / num_ref frames_in_pic_order cnt cycle
frameNumlInPicOrderCntCycle = ( absFrameNum — 1 ) % num_ref frames in_pic_order cnt cycle (8-8)
}
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4. The variable expectedDeltaPerPicOrderCntCycle is derived as follows:

expectedDeltaPerPicOrderCntCycle = 0
for(1=0; i<num ref frames in pic order cnt cycle; i++)
expectedDeltaPerPicOrderCntCycle += offset for ref frame[ i ] (8-9)

5. The variable expectedPicOrderCnt is derived as follows:

if( absFrameNum > 0 ){
expectedPicOrderCnt = picOrderCntCycleCnt * expectedDeltaPerPicOrderCntCycle
for( 1= 0; i <= frameNumlInPicOrderCntCycle; i++ )
expectedPicOrderCnt = expectedPicOrderCnt + offset for ref frame[ ]

} else
expectedPicOrderCnt = 0
if( nal_ref idc == 0) (8-10)

expectedPicOrderCnt = expectedPicOrderCnt + offset for non_ref pic

6. The variables TopFieldOrderCnt or BottomFieldOrderCnt are derived as follows:

if( !field pic flag) {

TopFieldOrderCnt = expectedPicOrderCnt + delta_pic_order cnt[ 0 ]

BottomFieldOrderCnt = TopFieldOrderCnt +

offset for top to bottom field + delta_pic_order cnt[ 1] (8-11)

} else if( !bottom _field flag)

TopFieldOrderCnt = expectedPicOrderCnt + delta_pic_order “ent] O ]
else

BottomFieldOrderCnt = expectedPicOrderCnt + offset <for top to bottom field + delta_pic_ordpr cnt[ 0 ]

8.2.1}3 Decoding process for picture order count type.2

This process is invoked when pic_order cnt type is equalto 2.

Outphts of this process are either or both TopField@fderCnt or BottomFieldOrderCnt.

Let pfevFrameNum be equal to the frame num.ofithe previous picture in decoding order.

Whe:Lthe current picture is not an IDR picture, the variable prevFrameNumOffset is derived as follows.

the previous picture in decodifig order included a memory management control operation| equal to 5,
prevFrameNumOffset is set equal-to 0.

- therwise (the previous picture in decoding order did not include a memory management control_operation equal
tp 5), prevFrameNumOQffset is set equal to the value of FrameNumOffset of the previous picture in dec¢ding order.

NPTE — When gaps/in-frame num value allowed flag is equal to 1, the previous picture in decoding order fay be a "non-
efisting" frame inferredby the decoding process for gaps in frame num specified in subclause 8.2.5.2.

The variable FrameNumOffset is derived as follows.

if( nalunit_type == 5)
FrameNumOffset = 0

¢lse 1f( prevFrameNum > frame num ) (8-12)
I AL L0 4 I AL LL VRS W & I h\as
I'TAIITINUIITUJIISCU — PlCVFldlllClV UIITUTISTL T IVIdAAT TAITICTIN UL

else

FrameNumOffset = prevFrameNumOffset

The variable tempPicOrderCnt is derived as follows:

if( nal_unit_type == 5)
tempPicOrderCnt = 0

else if( nal_ref ide == 0) (8-13)
tempPicOrderCnt = 2 * ( FrameNumOffset + frame num ) — 1
else

tempPicOrderCnt =2 * ( FrameNumOffset + frame num )
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The variables TopFieldOrderCnt or BottomFieldOrderCnt are derived as follows:

if( field pic_flag) {
TopFieldOrderCnt = tempPicOrderCnt
BottomFieldOrderCnt = tempPicOrderCnt
} else if( bottom_field flag)
BottomFieldOrderCnt = tempPicOrderCnt

else

TopFieldOrderCnt = tempPicOrderCnt

(8-14)

NOTE - Picture order count type 2 cannot be used in a coded video sequence that contains consecutive non-reference pictures that

would res

ult in_more than one of these pictures having the same value of TopFieldOrderCnt or more than one of these

ictures

having th
NOTE -P

822 De
Inputs to thi
Output of th

This procesy
NOTE -]

When num |
a size and s
8.2.2.4t0 8.

same value of BottomFieldOrderCnt.
icture order count type 2 results in an output order that is the same as the decoding order.

oding process for macroblock to slice group map
process are the active picture parameter set and the slice header of the slice to be decaded.
s process is a macroblock to slice group map MbToSliceGroupMap.

is invoked at the start of every slice.
[he output of this process is equal for all slices of a picture.

Klice_groups_minus| is equal to 1 and slice_group map_type is equal(toy3, 4, or 5, slice groups 0 and
hape determined by slice group change direction flag as shown.inT'able 8-1 and specified in sub
p.2.6.

Table 8-1 — Refined slice group map type

1 have
Clauses

S

lice_group_map_type

slice_group_change_direction_flag | refined slice group map type

Box-out clockwise

Box-out counter-clockwise

Raster scan

Reverse raster scan

Wipe right

Nl |=|[wW|wW
ol K=0 Hll Rl P ¥l Renl

Wipe left

In such a ca;
0 and the rej

slice group 1.

When num|
sizeOfUppel

sized

be, MapUnitsInSliceGroupO slice group map units in the specified growth order are allocated for slicg
maining PicSizelnMapUnits — MapUnitsInSliceGroupO slice group map units of the picture are alloc

| slice_groups=minusl is equal tol and slice group map type is equal to4 or 5, the V
LeftGroup is defined as follows:

fUpperLeftGroup = ( slice_group_change direction_flag ?

group
ted for

ariable

( PicSizeInMapUnits — MapUnitsInSliceGroup0 ) : MapUnitsInSliceGroup0 )

8-15)

The variable mapUnitToSliceGroupMap is derived as follows.

PicSizeInMapUnits — 1, inclusive, as specified by:

mapUnitToSliceGroupMap[i]=0

104

Otherwise (num_slice_groups_minus1 is not equal to 0), mapUnitToSliceGroupMap is derived as follows.

If num_slice groups_minusl is equal to 0, the map unit to slice group map is generated for all i ranging from 0 to

(8-16)

If slice group map type is equal to 0, the derivation of mapUnitToSliceGroupMap as specified in

subclause 8.2.2.1 applies.
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—  Otherwise, if slice _group map type is equal to 1, the derivation of mapUnitToSliceGroupMap as

specified in subclause 8.2.2.2 applies.

—  Otherwise, if slice_group map type is equal to2, the derivation of mapUnitToSliceGroupMap as

specified in subclause 8.2.2.3 applies.

—  Otherwise, if slice _group map type is equal to3, the derivation of mapUnitToSliceGroupMap as

specified in subclause 8.2.2.4 applies.

—  Otherwise, if slice _group map type is equal to4, the derivation of mapUnitToSliceGroupMap as

specified in subclause 8.2.2.5 applies.

—  Otherwise, if slice_group map type is equal to5, the derivation of mapUnitToSliceGroupMap as

specified in subclause 8.2.2.6 applies.

After
map
After

—  Otherwise (slice_group map_type is equal to 6), the derivation of mapUnitToSliceGroupM4
in subclause 8.2.2.7 applies.

derivation of the mapUnitToSliceGroupMap, the process specified in subclause 8.2.2.8 isninvoked
hnit to slice group map mapUnitToSliceGroupMap to the macroblock to slice group map MbToSI
derivation of the macroblock to slice group map as specified in subclause 8.2.2.8, the function NextM

is defined as the value of the variable nextMbAddress derived as specified by:

8.2.2
The S
The 1

8.2.2
The
The 1

i=n+1
while( i < PicSizeInMbs && MbToSliceGroupMap[ i ] = MbToSliceGroupMap[ n | )
it+;

nextMbAddress = i

1 Specification for interleaved slice group map type
pecifications in this subclause apply when slice_group map \type is equal to 0.

hap unit to slice group map is generated as specified by

i=0
do
for( iGroup = 0; iGroup <= num_slice «groups _minusl && i < PicSizeInMapUnits;
i+=run_length minusl[ iGroupH+]+1)
for(j =0;j <=run_length minusl1[ iGroup ] && i+ j < PicSizeInMapUnits; j++ )
mapUnitToSliceGroupMapl[ i +j ] = iGroup
while( 1 < PicSizeInMapUnits/)

2 Specification for dispersed slice group map type

pecifications in this subclause apply when slice _group map_type is equal to 1.

hap unit to slice grolp map is generated as specified by:

for( 1= 0;S/<PicSizeInMapUnits; i++ )
mapUnitToSliceGroupMap[ i ] = ( (1 % PicWidthInMbs ) +
(((1/PicWidthInMbs ) * (num_slice groups minusl + 1)
% (num_slice_groups minusl + 1)

p as specified

to convert the
ceGroupMap.
bAddress( n )

(8-17)

(8-18)

/2))
(8-19)

8.2.2.3 Specification for foreground with left-over slice group map type

The specifications in this subclause apply when slice _group map_type is equal to 2.

The map unit to slice group map is generated as specified by:

for( 1= 0; i < PicSizeInMapUnits; i++ )
mapUnitToSliceGroupMap[ i ] = num_slice_groups_minusl

for( iGroup = num_slice groups minusl — 1; iGroup >= 0; iGroup-- ) {
yTopLeft = top_left[ iGroup ] / PicWidthInMbs
xTopLeft = top_left[ iGroup ] % PicWidthInMbs
yBottomRight = bottom_right[ iGroup ] / PicWidthInMbs
xBottomRight = bottom_right[ iGroup ] % PicWidthInMbs
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for( y = yTopLeft; y <= yBottomRight; y++)
for( x = xTopLeft; x <= xBottomRight; x++)
mapUnitToSliceGroupMap[ y * PicWidthInMbs + x | = iGroup (8-20)
}

NOTE - The rectangles may overlap. Slice group 0 contains the macroblocks that are within the rectangle specified by top left[ 0 ]
and bottom_right[ 0 ]. A slice group having slice group ID greater than 0 and less than num_slice groups minusl contains the
macroblocks that are within the specified rectangle for that slice group that are not within the rectangle specified for any slice
group having a smaller slice group ID. The slice group with slice group ID equal to num_slice groups minusl contains the
macroblocks that are not in the other slice groups.

8.2.2.4 Specification for box-out slice group map types

The specificptions 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( i|= 0; i < PicSizeInMapUnits; i++ )

Bound, bottomBound ) = (X, y)

, yDir ) = (slice_group change direction flag — 1, slice_group change\diréction_flag )
= 0; k < MapUnitsInSliceGroup0; k += mapUnitVacant ) {

mapUnitVacant = ( mapUnitToSliceGroupMap[ y * PicWidthInMbs{tx'] == 1)

iff mapUnitVacant )

mapUnitToSliceGroupMap[ y * PicWidthInMbs + x ] =0 8-21)
iff xDir == -1 && x == leftBound ) {

leftBound = Max( leftBound — 1, 0)

x = leftBound

( xDir, yDir ) = (0, 2 * slice_group_change direction flag—1)

else if( xDir == 1 && x == rightBound ).§

rightBound = Min( rightBound + 1, PicWidthInMbs — 1 )

x = rightBound

( xDir, yDir ) = (0, 1 — 2 * slice_group, change direction_flag )

else if( yDir == -1 && y == tepBound ) {

topBound = Max( topBound —14-0 )

y = topBound

( xDir, yDir ) =( 1 —2 * slice_group change direction_flag, 0)

else if( yDir == 1 &&\y*'== bottomBound ) {

bottomBound = Min( bottomBound + 1, PicHeightInMapUnits — 1)
y = bottomBound

( xDir, yDir)%.(¢ 2 * slice_group change direction flag—1,0)

else

(x,y)£(x+xDir, y + yDir)

——

——

——

——

}

8.2.2.5 Specification for raster scan slice group map types

The specifications in this subclause apply when slice _group map_type is equal to 4.

The map unit to slice group map is generated as specified by:

for( 1= 0; i < PicSizeInMapUnits; i++ )
if( 1 < sizeOfUpperLeftGroup )
mapUnitToSliceGroupMap| i ] = slice_group change direction flag
else (8-22)
mapUnitToSliceGroupMap[ i ] = 1 —slice_group change direction flag

8.2.2.6 Specification for wipe slice group map types

The specifications in this subclause apply when slice_group map_type is equal to 5.
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The map unit to slice group map is generated as specified by:

k=0;
for(j = 0; j < PicWidthInMbs; j++)
for( 1= 0; i <PicHeightInMapUnits; i++ )
if( k++ < sizeOfUpperLeftGroup )

10:2005(E)

mapUnitToSliceGroupMap[ i * PicWidthInMbs + j ] = slice_group change direction flag

else (8-23)
mapUnitToSliceGroupMap| i * PicWidthInMbs + j ] = 1 —slice_group change direction_flag

8.2.2.7 Specification for explicit slice group map type
The gpecifications in this subclause apply when slice _group map_type is equal to 6.
The thap unit to slice group map is generated as specified by:

mapUnitToSliceGroupMap| i ] = slice_group id[ i ] (8-24)
for alll i ranging from 0 to PicSizeInMapUnits — 1, inclusive.
8.2.218 Specification for conversion of map unit to slice group map to macroblock to slice group map

For d
folloy

8.23

Input

N

ach value of i ranging from 0 to PicSizeInMbs — 1, inclusive, the macrgblock to slice group map i
vS.

f frame _mbs_only flag is equal to 1 or field pic flag is equal to 1£th¢ macroblock to slice group m:
Dy:

MbToSliceGroupMap| i ] = mapUnitToSliceGroupMap[4 ]

Dtherwise, if MbaffFrameFlag is equal to 1, the macroblock to slice group map is specified by:

MbToSliceGroupMap| i | = mapUnitToSliceGroupMap[i/2 ]

Dtherwise (frame _mbs_only flag is equal to:0 and mb_adaptive frame field flag is equal to 0 and fig
pqual to 0), the macroblock to slice group map is specified by:

MbToSliceGroupMap| i | = mapUnitToSliceGroupMap|[ (i/( 2 * PicWidthInMbs ) ) * PicWidth
+ (1 % PicWidthInMbs ) ]

Decoding process for.slice data partitioning

5 to this process are
h slice data partition A layer RBSP,

when syntax glemients of category 3 are present in the slice data, a slice data partition B layer RBSP h4
lice_id as-itthe slice data partition A layer RBSP, and

wvhen syntax elements of category 4 are present in the slice data, a slice data partition C layer RBSP h4
lice \id'as in the slice data partition A layer RBSP.

s specified as

ip is specified

(8-25)

(8-26)

1d_pic_flag is

nMbs
(8-27)

ving the same

ving the same

DTE~ The slice data partition B layer RBSP and slice data partition C layer RBSP need not be present.

Output of this process is a coded slice.

When slice data partitioning is not used, coded slices are represented by a slice layer without partitioning RBSP that
contains a slice header followed by a slice data syntax structure that contains all the syntax elements of categories 2, 3,

and 4

©1SO

(see category column in subclause 7.3) of the macroblock data for the macroblocks of the slice.
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When slice data partitioning is used, the macroblock data of a slice is partitioned into one to three partitions contained in
separate NAL units. Partition A contains a slice data partition A header, and all syntax elements of category 2.
Partition B, when present, contains a slice data partition B header and all syntax elements of category 3. Partition C,
when present, contains a slice data partition C header and all syntax elements of category 4.

When slice data partitioning is used, the syntax elements of each category are parsed from a separate NAL unit, which
need not be present when no symbols of the respective category exist. The decoding process shall process the slice data
partitions of a coded slice in a manner equivalent to processing a corresponding slice layer without partitioning RBSP by
extracting each syntax element from the slice data partition in which the syntax element appears depending on the slice

data partition assignment in the syntax tables in subclause 7.3.

NOTE - Syntax elements of category 3 are relevant to the decoding of residual data of I and SI macroblock types. Syntax elements
of category 4 are relevant to the decoding of residual data of P and B macroblock types. Category 2 encompasses all othe

r syntax

elements

partition 4
data parti
element t

82.4 De

This process

Decoded ref]
by the bitstr
Long-term 1
subclause 8.

Subclause 8

the assig]
and

the assig

Reference p
index into aj

elated to the decoding of macroblocks, and their information is often denoted as header information. The’ sl
\ header contains all the syntax elements of the slice header, and additionally a slice id that are used to asso¢iate
ions B and C with the slice data partition A. The slice data partition B and C headers contain the.slic€ id
at establishes their association with the slice data partition A of the slice.

oding process for reference picture lists construction
is invoked at the beginning of decoding of each P, SP, or B slice.

rence pictures are marked as "used for short-term reference” or "used for long-term reference" as sp
pam and specified in subclause 8.2.5. Short-term reference pictures are identifiéd by the value of fram
eference pictures are assigned a long-term frame index as specified\ by the bitstream and speci
D.5.

2.4.1 is invoked to specify

nment of variables FrameNum, FrameNumWrap, and PicNam to each of the short-term reference p

hment of variable LongTermPicNum to each of the long-term reference pictures.

jctures are addressed through reference indices @s specified in subclause 8.4.2.1. A reference inde
reference picture list. When decoding a P ox'SP slice, there is a single reference picture list RefPj

When decoding a B slice, there is a second independent teference picture list RefPicList] in addition to RefPicList

At the begin|
follows.

The initi
8.2.4.3.
The number

slices the ny
reference pi
8.2.4.1 Dg

This procesy

hing of decoding of each slice, referencg picture list RefPicList0, and for B slices RefPicListl, are deq

An initia] reference picture list RefPicList0-and for B slices RefPicListl are derived as specified in subclause 8

al reference picture list RefPicList0 and for B slices RefPicListl are modified as specified in sul

of entries in the modified reference picture list RefPicList0 is num_ref idx 10 active minusl + 1, an|
mber of entries, in~the modified reference picture list RefPicList] is num_ref idx 11 _active minusl
ture may app@ar at more than one index in the modified reference picture lists RefPicListO or RefPicl]

coding process for picture numbers

isinvoked when the decoding process for reference picture lists construction specified in subclause §

the decoded

reference picture marking process specified in subclause 8.2.5 is invoked.

ce data
he slice
syntax

ecified
b num.

ffied in

ctures,

K 1S an
cList0.
D.

ived as

2.42.

bclause

d for B
+1. A
istl.

2.4 or

The variables FrameNum, FrameNumWrap, PicNum, LongTermFrameldx, and LongTermPicNum are used for the
initialisation process for reference picture lists in subclause 8.2.4.2, the modification process for reference picture lists in
subclause 8.2.4.3, and for the decoded reference picture marking process in subclause 8.2.5.

To each short-term reference picture the variables FrameNum and FrameNumWrap are assigned as follows. First,
FrameNum is set equal to the syntax element frame num that has been decoded in the slice header(s) of the
corresponding short-term reference picture. Then the variable FrameNumWrap is derived as

if( FrameNum > frame num )

FrameNumWrap = FrameNum — MaxFrameNum
else

FrameNumWrap = FrameNum

(8-28)
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where the value of frame num used in Equation 8-28 is the frame num in the slice header(s) for the current picture.

Each long-term reference picture has an associated value of LongTermFrameldx (that was assigned to it as specified in
subclause 8.2.5).

To each short-term reference picture a variable PicNum is assigned, and to each long-term reference picture a variable
LongTermPicNum is assigned. The values of these variables depend on the value of field pic_flag and bottom field flag
for the current picture and they are set as follows.

- Iffield pic flag is equal to 0, the following applies.

- For each short-term reference frame or complementary reference field pair:

PicNum = FrameNumwrap (8-29)

For each long-term reference frame or long-term complementary reference field pair:

LongTermPicNum = LongTermFrameldx (8-30)

NOTE — When decoding a frame the value of MbaffFrameFlag has no influenge-on the derivations in subclauses
8.24.2,8.2.4.3,and 8.2.5.

- therwise (field pic_flag is equal to 1), the following applies.
4 For each short-term reference field the following applies.

- If the reference field has the same parity as the current field
PicNum = 2 * FrameNumWTrap + 1 (8-31)
- Otherwise (the reference field has the oppositeparity of the current field),
PicNum = 2 * FrameNumWrap (8-32)

4 For each long-term reference field the follewing applies.

- Ifthe reference field has the same-parity as the current field

LongTermPicNum = 2 * LongFermFrameldx + 1 (8-33)

- Otherwise (the reference field has the opposite parity of the current field),

LongTermPicNum = 2 * LongTermFrameldx (8-34)

8.2.412 Initialisation-process for reference picture lists

This |nitialisation proecess is invoked when decoding a P, SP, or B slice header.

RefP{cList0 and RefPicListl have initial entries as specified in subclauses 8.2.4.2.1 through 8.2.4.2.5.

uses 8.2.4.2.1
, respectively,
carded from the

When the number of entries in the initial RefPicList0 or RefPicListl produced as specified in subclauses 8.2.4.2.1
through 8.2.4.2.5 is less than num ref idx 10 active minusl + 1 or num_ref idx 11 _active minusl + 1, respectively,
the remaining entries in the initial reference picture list are set equal to "no reference picture".

8.2.4.2.1 Initialisation process for the reference picture list for P and SP slices in frames
This initialisation process is invoked when decoding a P or SP slice in a coded frame.

When this process is invoked, there shall be at least one reference frame or complementary reference field pair that is
currently marked as "used for short-term reference" or "used for long-term reference".
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The reference picture list RefPicListO is ordered so that short-term reference frames and short-term complementary
reference field pairs have lower indices than long-term reference frames and long-term complementary reference field
pairs.

The short-term reference frames and complementary reference field pairs are ordered starting with the frame or
complementary field pair with the highest PicNum value and proceeding through in descending order to the frame or
complementary field pair with the lowest PicNum value.

The long-term reference frames and complementary reference field pairs are ordered starting with the frame or
complementary field pair with the lowest LongTermPicNum value and proceeding through in ascending order to the
frame or complementary field pair with the highest LongTermPicNum value.

NOTE — A non-paired reference field is not used for inter prediction for decoding a frame, regardless of the value of

MbaffFrafneFlag.
For exampld, when three reference frames are marked as "used for short-term reference" with PicNum equakto)300, 302,
and 303 and|two reference frames are marked as "used for long-term reference" with LongTermPicNum equal to (J and 3,
the initial inflex order is:

RefPiclj
RefPiclj
RefPiclj
RefPiclj
RefPiclj

ist0[0] is set equal to the short-term reference picture with PicNum = 303,
ist0[ 1] is set equal to the short-term reference picture with PicNum = 302,
ist0[2] is set equal to the short-term reference picture with PicNum = 300,
ist0[3] is set equal to the long-term reference picture with LongTermPicNum = 0, and

ist0[4] is set equal to the long-term reference picture with LongTermPicNum = 3.

8.2.4.2.2 Injtialisation process for the reference picture list for P and SP(slices in fields

This initialig
Each field in

NOTE -
when dec

ation process is invoked when decoding a P or SP slice in@ coded field.

ListO.
ould be

cluded in the reference picture list RefPicList0 has a séparate index in the reference picture list RefPid

Vhen decoding a field, there are effectively at least twice,as many pictures available for referencing as there W
ding a frame at the same position in decoding order.

| lists of reference frames, refFrameListOShortTerm and refFrameListOLongTerm, are derived as fpllows.

of the formation of this list of frames, décoded reference frames, complementary reference field paits, non-
nce fields and reference frames in which a single field is marked "used for short-term reference" or "used for
ference" are all considered reference frames.

Two ordere
For purpose
paired refere
long-term re

All fram|
referency
complent
included
starting Y
to the ref

rt-term
) of a
field is
rdered
b order

es having one or more fields: marked "used for short-term reference" are included in the list of sho
frames refFrameListOShottTerm. When the current field is the second field (in decoding orde
entary reference field pair.and the first field is marked as "used for short-term reference", the first
in the list of short-tétm' reference frames refFrameListOShortTerm. refFrameListOShortTerm is
ith the reference frame with the highest FrameNumWrap value and proceeding through in descendin
erence frame with'the lowest FrameNumWrap value.

All fram|
reference
complen;
included
starting

order to the reference frame with the highest LongTermFrameldx value.

s having_gne-or more fields marked "used for long-term reference” are included in the list of lon
frames. refFrameListOLongTerm. When the current field is the second field (in decoding orde
entary reference field pair and the first field is marked as "used for long-term reference, the first
in_the’ list of long-term reference frames refFrameListOLongTerm. refFrameListOLongTerm is

ith” the reference frame with the lowest [ ongTermFrameldx value and proceeding through in asd

g-term
) of a
field is
rdered
ending

The process specified in subclause 8.2.4.2.5 is invoked with refFrameListOShortTerm and refFrameListOLongTerm given
as input and the output is assigned to RefPicList0.

8.2.4.2.3 Initialisation process for reference picture lists for B slices in frames
This initialisation process is invoked when decoding a B slice in a coded frame.

For purposes of the formation of the reference picture lists RefPicList0 and RefPicList] the term reference entry refers in
the following to decoded reference frames or complementary reference field pairs.

When this process is invoked, there shall be at least one reference entry that is currently marked as "used for short-term
reference" or "used for long-term reference".
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For B slices, the order of short-term reference entries in the reference picture lists RefPicList0 and RefPicList] depends
on output order, as given by PicOrderCnt( ). When pic_order cnt type is equal to 0, reference pictures that are marked

as "'n

on-existing" as specified in subclause 8.2.5.2 are not included in either RefPicList0 or RefPicListl.

NOTE — When gaps_in_frame num value allowed flag is equal to 1, encoders should use reference picture list reordering to
ensure proper operation of the decoding process (particularly when pic_order cnt type is equal to 0, in which case PicOrderCnt( )

is

not inferred for "non-existing" frames).

The reference picture list RefPicList0 is ordered such that short-term reference entries have lower indices than long-term
reference entries. It is ordered as follows.

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
P' Vs | YaPvYara) D N tl 1 £ 4 (al) Wia al 1 d RPN | i) - M £ ' 0 P AT AN d d'
coracrentCCurrr o), mese—varnes o Cniry stortrermarc—pracea—at tneoCgmMmMmmg—oTr et retsto—n deéscending

o}
aj
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L
rg
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pi
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8.24
This

Whein decoding a field, each field of a stored reference frame is identified as a separate reference picture

indeX
outpu
"non

N

W

h]g
The feference picture list RefPicList] is ordered so that short-term reference entries have lower indices t
referg

erjsure proper @peration of the decoding process (particularly when pic_order cnt type is equal to 0, in which case

der of PicOrderCnt( entryShortTerm ). All of the remaining values of entryShortTerm (when-pfe
pended to refPicList0 in ascending order of PicOrderCnt( entryShortTerm ).

he long-term reference entries are ordered starting with the long-term reference enfry -that h
bngTermPicNum value and proceeding through in ascending order to the long-term reférence entr
hest LongTermPicNum value.

nce entries. It is ordered as follows.

et entryShortTerm be a variable ranging over all reference entries that are*Currently marked as "used
ference". When some values of entryShortTerm are present having PicOrderCnt( entryShortTerm
cOrderCnt( CurrPic ), these values of entryShortTerm are placed at‘the beginning of refPicListl in ag
PicOrderCnt( entryShortTerm ). All of the remaining values of*entryShortTerm (when present) are {
refPicListl in descending order of PicOrderCnt( entryShortTerny).

bng-term reference entries are ordered starting with the long-term reference frame or complementary 1
ir that has the lowest LongTermPicNum value and proceeding through in ascending order to
ference entry that has the highest LongTermPicNum-value.

hen the reference picture list RefPicList] has-more than one entry and RefPicListl is identical to
cture list RefPicList0, the first two entries RefPicList1[ 0 ] and RefPicListl[ 1 ] are switched.

DTE — A non-paired reference field is not used’for inter prediction of frames (independent of the value of MbaftF

2.4 Initialisation process for reference picture lists for B slices in fields

nitialisation process is invoked when decoding a B slice in a coded field.

. The order of short-term reference pictures in the reference picture lists RefPicList0 and RefPicLi
t order, as given by-RicOrderCnt( ). When pic_order_cnt_type is equal to 0, reference pictures that
existing" as specified-in subclause 8.2.5.2 are not included in either RefPicList0 or RefPicListl.

DTE — When gaps, «in_frame num_value allowed flag is equal to 1, encoders should use reference picture li

not inferred for "non-existing" frames).

DTE — When decoding a field, there are effectively at least twice as many pictures available for referencing as
hen.decdding a frame at the same position in decoding order.

Thred
are d

sent) are then

is the lowest
y that has the

han long-term

for short-term

greater than
cending order
hen appended

eference field
the long-term

the reference

ameFlag).

with a unique
5t1 depend on
hre marked as

bt reordering to
PicOrderCnt( )

there would be

erived as follows. For purposes of the formation of these lists of frames the term reference entr

listLongTerm,

y refers in the

following to decoded reference frames, complementary reference field pairs, or non-paired reference fields. When
pic_order cnt type is equal to 0, the term reference entry does not refer to frames that are marked as "non-existing" as
specified in subclause 8.2.5.2.

Let entryShortTerm be a variable ranging over all reference entries that are currently marked as "used for short-term

reference". When some values of entryShortTerm are present having PicOrderCnt( entryShortTerm ) less than or

equal
refFrameListOShortTerm in descending order of PicOrderCnt( entryShortTerm ).
entryShortTerm (when present) are

to PicOrderCnt( CurrPic ), these values of entryShortTerm are placed at

All of the remain
then appended to refFrameListOShortTerm

PicOrderCnt( entryShortTerm ).
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NOTE - When the current field follows in decoding order a coded field fldPrev with which together it forms a
complementary reference field pair, fldPrev is included into the list refFrameListOShortTerm using PicOrderCnt( fldPrev )

and the ordering method described in the previous sentence is applied.

- Let entryShortTerm be a variable ranging over all reference entries that are currently marked as "used for short-term
reference". When some values of entryShortTerm are present having PicOrderCnt( entryShortTerm ) greater than
PicOrderCnt( CurrPic ), these values of entryShortTerm are placed at the beginning of refFrameList]ShortTerm in
ascending order of PicOrderCnt( entryShortTerm ). All of the remaining values of entryShortTerm (when present)

are then appended to refFrameList] ShortTerm in descending order of PicOrderCnt( entryShortTerm ).

NOTE - When the current field follows in decoding order a coded field fldPrev with which together it forms a
complementary reference field pair, fldPrev is included into the list refFrameList]l ShortTerm using PicOrderCnt( fldPrev )

and the ordering method described in the previous sentence is applied.

- refFramgListLongTerm is ordered starting with the reference entry having the lowest LongTermFrameldx za

proceedipg through in ascending order to the reference entry having highest LongTermFrameldx value.

NOTE - When the complementary field of the current picture is marked "used for long-term reference" it is included intg
refFramellistLongTerm. A reference entry in which only one field is marked as “used for long-term reference’isyincluded

list refFrameListLongTerm.

ue and

the list
into the

The process|specified in subclause 8.2.4.2.5 is invoked with refFrameListOShortTerm and refFrameListLongTernp given

as input and|the output is assigned to RefPicList0.

The process|specified in subclause 8.2.4.2.5 is invoked with refFrameList] ShortTerm and refFrameListLongTernph given

as input and|the output is assigned to RefPicList1.

When the refference picture list RefPicList] has more than one entry and RefPickistl is identical to the reference

list RefPicList0, the first two entries RefPicList1[0] and RefPicList1[1] are switehed.

8.2.4.2.5 Injtialisation process for reference picture lists in fields

Inputs of this process are the reference frame lists refFrameDistXShortTerm (with X may be 0 or
refFrameLisfLongTerm.

The referende picture list RefPicListX is a list ordered such that short-term reference fields have lower indices tha

112

picture

) and

h long-

term referenfe fields. Given the reference frame lists refFrameListXShortTerm and refFrameListLongTerm, it is dlerived
as follows.
Short-te reference fields are ordered by\“selecting reference fields from the ordered list of [frames

refFramgListXShortTerm by alternating between fields of differing parity, starting with a field that has th¢ same

rked as

used fof short-term reference”, the missing field is ignored and instead the next available stored reference field of the

chosen plarity from the ordered list ¢f frames refFrameListXShortTerm is inserted into RefPicListX. When thiere are
no more [short-term reference fields .of the alternate parity in the ordered list of frames refFrameListXShortTefm, the
next not [yet indexed fields of the\available parity are inserted into RefPicListX in the order in which they occuf in the

Long-tern reference «fields are ordered by selecting reference fields from the ordered list of
refFramgListLongTérm-by alternating between fields of differing parity, starting with a field that has the samg

not yet indexed fields of the avallable parlty are inserted into RefPicListX in the order in which they occur
ordered list of frames refFrameListLongTerm.

frames
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8.2.4.3 Reordering process for reference picture lists
When ref pic_list reordering flag 10 is equal to 1, the following applies.
- Let refldxL0 be an index into the reference picture list RefPicList0. It is initially set equal to 0.

- The corresponding syntax elements reordering of pic_nums_idc are processed in the order they occur in the
bitstream. For each of these syntax elements, the following applies.

- Ifreordering of pic nums_idc is equal to 0 or equal to 1, the process specified in subclause 8.2.4.3.1 is invoked
with refldxL0 as input, and the output is assigned to refldxLO0.

- Otherwise, if reordering of pic nums idc is equal to 2, the process specified in subclause 8.2.4.3.2 is invoked

- | Otherwise (reordering of pic nums idc is equal to3), the reordering process for referénc¢ picture list
RefPicList0 is finished.

When ref pic_list reordering flag 11 is equal to 1, the following applies.
- LetrefldxL1 be an index into the reference picture list RefPicListl. It is initially set equal-to 0.

- The corresponding syntax elements reordering of pic_nums_idc are processed\in the order they|occur in the
bitstream. For each of these syntax elements, the following applies.

- | If reordering of pic nums_idc is equal to 0 or equal to 1, the process specified in subclause 8.2.4.8.1 is invoked
with refldxL1 as input, and the output is assigned to refldxL1.

- | Otherwise, if reordering of pic nums idc is equal to 2, the proeéss specified in subclause 8.2.4.3.2 is invoked
with refldxL1 as input, and the output is assigned to refldxL1.

- | Otherwise (reordering of pic nums idc is equal t98)) ‘the reordering process for referenc¢ picture list
RefPicListl is finished.

8.2.413.1 Reordering process of reference picture lists'for short-term reference pictures
Inputto this process is an index refldxL.X (with X b¢ing 0 or 1).

Outppit of this process is an incremented index r¢fldxLX.

The yariable picNumLXNoWrap is derived as follows.

- Ifjreordering of pic nums idc is equal to 0

if( picNumLXPred — ( absdiff pic num minusl +1)<0)
picNumLXNoWrap =picNumLXPred — ( abs_diff pic num_minusl + 1 ) + MaxPicNum (8-35)
else
picNumLXNoWrap = picNumLXPred — ( abs_diff pic num minusl + 1)

- Otherwise (reordering_of pic nums idc is equal to 1),

if( picNumd=XPred + (‘abs_diff pic num minusl + 1) >= MaxPicNum )
pieNumLXNoWrap = picNumLXPred + ( abs_diff pic num minusl + 1 ) — MaxPicNum (8-36)
else
picNumLXNoWrap = picNumLXPred + ( abs_diff pic num_ minusl + 1)

picNumLXPred 1s the prediction value for the variable picNumLXNoWrap. When the process specified in this subclause
is invoked the first time for a slice (that is, for the first occurrence of reordering_of pic_nums_idc equal to 0 or 1 in the
ref pic list reordering( ) syntax), picNumLOPred and picNumL1Pred are initially set equal to CurrPicNum. After each
assignment of picNumLXNoWrap, the value of picNumLXNoWTrap is assigned to picNumLXPred.

The variable picNumLX is derived as follows

if( picNumLXNoWrap > CurrPicNum )

picNumLX = picNumLXNoWrap — MaxPicNum (8-37)
else

picNumLX = picNumLXNoWrap

picNumLX shall be equal to the PicNum of a reference picture that is marked as “used for short-term reference” and shall
not be equal to the PicNum of a short-term reference picture that is marked as "non-existing".
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The following procedure shall be conducted to place the picture with short-term picture number picNumLX into the
index position refldxLX, shift the position of any other remaining pictures to later in the list, and increment the value of
refldxLX.

for( cIdx = num_ref idx 1X active minusl + 1; cIdx > refldxLX; cldx--)
RefPicListX[ cldx ] = RefPicListX][ cldx — 1]
RefPicListX[ refldxLX-++ | = short-term reference picture with PicNum equal to picNumLX
nldx = refldxLX
for( cldx = refldxLX; cldx <= num_ref idx 1X active_minusl + 1; cldx++) (8-38)
if( PicNumF( RefPicListX][ cldx ] ) != picNumLX )
RefPicListX[ nldx++ ] = RefPicListX][ cldx ]

where the function PicNumF( RefPicListX[ cldx ] ) is derived as follows:

—  If the gicture RefPicListX[ cldx ] is marked as "used for short-term reference", PicNumF( RefPicListX[cldx ]) is
the PiclNum of the picture RefPicListX[ cldx ].

—  Otherwjise (the picture RefPicListX[cldx] is not marked as '"used for shortsterm referpnce"),
PicNunpF( RefPicListX[ cldx ] ) is equal to MaxPicNum.
NOTE — A value of MaxPicNum can never be equal to picNumLX.

NOTE — Within this pseudo-code procedure, the length of the list RefPicListX is temporarily made one element longer than the
length ne¢ded for the final list. After the execution of this procedure, only elements 0 through num ref idx IX active minusl of
the list nepd to be retained.

8.2.4.3.2 Rgordering process of reference picture lists for long-term referenge pictures
Input to this|process is an index refldxLX (with X being 0 or 1).
Output of th|s process is an incremented index refldxLX.

The following procedure shall be conducted to place the picture withdlong-term picture number long_term pic_nym into
the index pogition refldxLX, shift the position of any other remaining pictures to later in the list, and increment thg value
of refldxLX

for( dldx = num_ref idx 1X active minusl + 1; cldx > refldxLX; cldx--)
RpfPicListX[ cldx ] = RefPicListX][ cldx — 4]

RefPicListX[ refldxLX++ ] = long-term reference picture with LongTermPicNum equal to long_term pic_fum
nldx  refldxLX
for( dldx = refldxLX; cldx <= num_reflidx 1X active minusl + 1; cldx++) 8-39)
iff LongTermPicNumF( RefPicListX[ cldx | ) !=long_term pic num )
RefPicListX[ nldx++ ] = RefPicListX][ cldx ]

where the function LongTermPigNumF( RefPicListX][ cldx ] ) is derived as follows:

- If the  picture RefPicListX[ cldx ] is marked  as "used for  long-term  refepence",
LongT¢rmPicNumF (:RefPicListX][ cldx ] ) is the LongTermPicNum of the picture RefPicListX[ cldx ].

—  Otherwjise  (the~picture RefPicListX[cldx] is not marked as "used for long-term referpnce"),
LongTg¢rmPicNuinF( RefPicListX[ cldx ] ) is equal to 2 * ( MaxLongTermFrameldx + 1 ).
NOTE} A value of 2 * ( MaxLongTermFrameldx + 1 ) can never be equal to long_term pic_num.

NOTE — Withih this pseudo-code procedure, the length of the list RefPicListX is temporarily made one element longer than the
length needed for the final Tist. After the execution of this procedure, only elements 0 through num ref idx IX active minusl of
the list need to be retained.

8.2.5 Decoded reference picture marking process

This process is invoked for decoded pictures when nal_ref idc is not equal to 0.

NOTE — The decoding process for gaps in frame num that is specified in subclause 8.2.5.2 may also be invoked when nal _ref idc
is equal to 0, as specified in clause 8.

A decoded picture with nal_ref idc not equal to 0, referred to as a reference picture, is marked as “used for short-term
reference” or "used for long-term reference". For a decoded reference frame, both of its fields are marked the same as
the frame. For a complementary reference field pair, the pair is marked the same as both of its fields. A picture that is
marked as "used for short-term reference" is identified by its FrameNum and, when it is a field, by its parity. A picture
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that is marked as "used for long-term reference" is identified by its LongTermFrameldx and, when it is a field, by its
parity.

Frames or complementary field pairs marked as “used for short-term reference” or as "used for long-term reference" can
be used as a reference for inter prediction when decoding a frame until the frame, the complementary field pair, or one of
its constituent fields is marked as “unused for reference”. A field marked as “used for short-term reference” or as "used
for long-term reference" can be used as a reference for inter prediction when decoding a field until marked as “unused for
reference”.

A picture can be marked as "unused for reference" by the sliding window reference picture marking process, a first-in,
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
FrampNumWrap and its picture number PicNum, and a long-term reference picture is identified for-use in the decoding
procdss by its long-term picture number LongTermPicNum. When the current picture is ‘ot an |IDR picture,
subclpuse 8.2.4.1 is invoked to specify the assignment of the variables FrameNum, FrameNumWrap,| PicNum and
LonglermPicNum.
8.2.5]1 Sequence of operations for decoded reference picture marking process
Decofled reference picture marking proceeds in the following ordered steps.
1. All slices of the current picture are decoded.
2. Dppending on whether the current picture is an IDR picture, the following-applies.
- | Ifthe current picture is an IDR picture, the following applies.

- All reference pictures shall be marked as "unused for reference"

- Depending on long_term_reference flag, the following applies.

- If long_term reference flag is equal to@)-the IDR picture shall be marked as "used for short-term
reference" and MaxLongTermFrameldx Shall be set equal to “no long-term frame indices”.

- Otherwise (long_term_reference fldg is equal to 1), the IDR picture shall be marked as "used| for long-term
reference", the LongTermFrameldx for the IDR picture shall be set equal] to0, and
MaxLongTermFrameldx shall*be set equal to 0.

- | Otherwise (the current picture isnot an IDR picture), the following applies.
- Ifadaptive ref pic_marking mode flag is equal to 0, the process specified in subclause 8.2.5.3 is invoked.
- Otherwise (adaptive ref pic_marking mode flag is equal to 1), the process specified in subclduse 8.2.5.4 is
invoked.
3. When the current ‘picture is not an IDR picture and it was not marked as "used for long-term feference" by
memory managenient control operation equal to 6, it is marked as "used for short-term reference".
After] marking(the ‘current decoded reference picture, the total number of frames with at least one field mgrked as “used
for rdferenc®?; plus the number of complementary field pairs with at least one field marked as “used for rdference”, plus
the nfimber-of non-paired fields marked as “used for reference” shall not be greater than Max( num_ref frames, 1 ).
8.2.5.2 Decoding process for gaps in frame_num
This process is invoked when frame num is not equal to PrevRefFrameNum and is not equal to

( PrevRefFrameNum + 1 ) % MaxFrameNum.

NOTE — Although this process is specified as a subclause within subclause 8.2.5 (which defines a process that is invoked only
when nal _ref idc is not equal to 0), this process may also be invoked when nal ref idc is equal to 0 (as specified in clause 8). The
reasons for the location of this subclause within the structure of this Recommendation | International Standard are historical.

NOTE — This process can only be invoked for a conforming bitstream when gaps_in_frame num value allowed flag is equal
to 1. When gaps_in frame num value allowed flag is equal to 0 and frame num is not equal to PrevRefFrameNum and is not
equal to ( PrevRefFrameNum + 1) % MaxFrameNum, the decoding process should infer an unintentional loss of pictures.

When this process is invoked, a set of values of frame num pertaining to “non-existing” pictures is derived as all values
taken on by UnusedShortTermFrameNum in Equation 7-21 except the value of frame num for the current picture.
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The decoding process shall generate and mark a frame for each of the values of frame num pertaining to “non-existing”
pictures, in the order in which the values of UnusedShortTermFrameNum are generated by Equation 7-21, using the
“sliding window” picture marking process as specified in subclause 8.2.5.3. The generated frames shall also be marked as
“non-existing” and “used for short-term reference”. The sample values of the generated frames may be set to any value.
These generated frames which are marked as “non-existing” shall not be referred to in the inter prediction process, shall
not be referred to in the reordering commands for reference picture lists for short-term reference pictures (subclause
8.2.4.3.1), and shall not be referred to in the assignment process of a LongTermFrameldx to a short-term reference
picture (subclause 8.2.5.4.3).

When pic_order cnt type is not equal to 0, TopFieldOrderCnt and BottomFieldOrderCnt are derived for each of the
"non-existing" frames by invoking the decoding process for picture order count in subclause 8.2.1. When invoking the
process in subclause 8.2.1 for a particular "non-existing" frame, the current picture is considered to be a picture
considered Having frame num inferred to be equal to UnusedShortTermFrameNum, nal ref idc inferred to be/mndt equal
to 0, nall unit type inferred to be not equal to 5, field pic flag inferred to be eqal”|to O,
adaptive refl pic_marking mode_flag inferred to be equal to 0, delta_pic_order cnt[ 0 ] (if needed) inferfed-to b equal
to 0, and delta pic order cnt[ 1 ] (if needed) inferred to be equal to 0.
NOTE -
“non-exis|
lists for s
short-tern
memory 1
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reference picture (subclause 8.2.5.4.3). The decoding process should not infer an uninténtional picture loss
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pairefl reference field that has thé smiallest value of FrameNumWrap is marked as “unused for reference”. |
is a ffame or a complementary field pair, both of its fields are also marked as “unused for reference”.

8.2.5.4 Adaptive memory contiol decoded reference picture marking process

This process

The memory
the bitstrear
commands,

memory_ma

is invoked when adaptive ref pic marking mode flag is equal to 1.

_management-'control_operation commands with values of 1 to 6 are processed in the order they o
h after the current picture has been decoded. For each of these memory management control op
one of the processes specified in subclauses 8.2.5.4.1 to 8.2.5.4.6 is invoked depending on the v
nagement control operation. The memory management control operation command with valug
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eration
hlue of
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specifies the

end’of memory management control operation commands

Memory management control operations are applied to pictures as follows.

complementary reference field pairs specified.

individual reference fields specified.

8.2.5.4.1 Marking process of a short-term reference picture as “unused for reference”

This process

is invoked when memory management control_operation is equal to 1.

Let picNumX be specified by

picNumX = CurrPicNum — ( difference_of pic nums minusl + 1).
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Depending on field pic flag the value of picNumX is used to mark a short-term reference picture as “unused for
reference” as follows.

If field pic flag is equal to O, the short-term reference frame or short-term complementary reference field pair

specified by picNumX and both of its fields are marked as “unused for reference”.

Otherwise (field pic_flag is equal to 1), the short-term reference field specified by picNumX is marked as “unused

for reference”. When that reference field is part of a reference frame or a complementary reference

field pair, the

frame or complementary field pair is also marked as "unused for reference", but the marking of the other field is not

changed.

8.2.5.4.2 Marking process of a long-term reference picture as “unused for reference”
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8.2.5.4.4 Decoding process for MaxLongTermFrameldx

This

process is invoked when memory management control operation is equal to 4.

All pictures for which LongTermFrameldx is greater than max long_term frame idx plusl — 1 and that are marked as

"use

The

d for long-term reference" shall be marked as “unused for reference”.

variable MaxLongTermFrameldx is derived as follows.

If max_long_term frame idx plusl is equal to 0, MaxLongTermFrameldx shall be set equal to “no long-term frame

indices”.

Otherwise (max_long term frame idx plusl is greater than 0), MaxLongTermFrameldx shall be
max_long term frame idx plusl — 1.
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NOTE — The memory _management control operation command equal to 4 can be used to mark long-term reference pictures as

“unused

for reference”. The frequency of transmitting max long term frame idx plusl is not

specified by this

Recommendation | International Standard. However, the encoder should send a memory management control operation

command

equal to 4 upon receiving an error message, such as an intra refresh request message.

8.2.5.4.5 Marking process of all reference pictures as “unused for reference” and setting MaxLongTermFrameldx
to “no long-term frame indices”

This process

is invoked when memory management control_operation is equal to 5.

All reference pictures are marked as “unused for reference” and the variable MaxLongTermFrameldx is set equal to “no
long-term frame indices”.

8.2.5.4.6 Py
This procesy

When a vari
a long-term
as "unused f
not the comy

The curren
long_term f

When field
LongTermF

When field |
reference fig
long-term 14
assigned Lo

After markiy

for reference

the number
NOTE

memory _|
relative tq

8.3
This process

Inputs to thi
(where NxN|

Outputs of tl

If the m
deblock
macrob

Intra prediction process

0Cess Tor assigning a long-term frame index to the current picture
is invoked when memory management control_operation is equal to 6.
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'used for\long-term reference" and a

pic_flag is equal to 1 and the current picture is the second field: (in decoding order) of a complen
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ference), the complementary reference field pair is alse_marked as "used for long-term referend
ngTermFrameldx equal to long_term frame idx.

g the current decoded reference picture, the total number of frames with at least one field marked a
”, plus the number of complementary field pairs‘with at least one field marked as “used for referencg
f non-paired fields marked as “used for reference” shall not be greater than Max( num_ref frames, 1

Under some circumstances, the above statement may impose a constraint on the order in W

management control operation syntax element’equal to 6 can appear in the decoded reference picture marking
amemory management_control operatien syntax element equal to 1, 2, or 4.

is invoked for I and SI macroblock types.

5 process are constructed samples prior to the deblocking filter process and, for Intra NxN prediction
is equal to 4x4 or 8x8), the values of IntraNxNPredMode from neighbouring macroblocks.

his process are'specified as follows.

acroblock prediction mode is Intra_4x4 or Intra_8x8, the outputs are constructed luma samples prior t
ing filter process and (when chroma_format idc is not equal to 0) chroma prediction samples of the
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Otherwise, if mb_type is not equal to I PCM, the outputs are [uma prediction samples of the macroblock pred; and

(when chroma format _idc is not equal to 0) chroma prediction samples of the macroblock predc, where C is equal
to Cb and Cr.

equal to 0) chroma samples prior to the deblocking filter process.

The variable

MvCnt is set equal to 0.

Depending on the value of mb_type the following applies.

Otherw
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If mb_type is equal to I PCM, the process specified in subclause 8.3.5 is invoked.

ise (mb_type is not equal to I PCM), the following applies.
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—  If the macroblock prediction mode is equal to Intra_4x4, the specification in subclause 8.3.1

The decoding processes for Intra prediction modes are described for the luma component as follows.

applies.

—  Otherwise, if the macroblock prediction mode is equal to Intra_8x8, the specification in subclause 8.3.2

applies.

—  Otherwise (the macroblock prediction mode is equal to Intra_16x16), the specification in subclause 8.3.3

applies.

The decoding processes for Intra prediction modes for the chroma components are described in subclause
8.3.4. This process shall only be invoked when chroma format_idc is not equal to 0 (monochrome).

For afl 4x4 luma blocks of the luma component of a macroblock with luma4x4Blkldx = 0..15, the derivati
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Intra_4x4 prediction process for luma samples
process is invoked when the macroblock prediction mode is equal to Intra_4x4.

5 to this process are the values of Intra4x4PredMode (if available) or Intra8x8PredMode (if ay
bouring macroblocks or macroblock pairs.

ima component of a macroblock consists of 16 blocks of 4x4 luma samples. These'blocks are inverse
k4 luma block inverse scanning process as specified in subclause 6.4.3.

tradx4PredMode as specified in subclause 8.3.1.1 is invoked with luma4x4BlkIdx as well as Intra4x4]
x8PredMode that are previously (in decoding order) derived for adjacent macroblocks as the input ar
x4PredMode[ luma4x4BlkIdx ] as the output.

hch luma block of 4x4 samples indexed using luma4x4Blkldx'= 0..15,

'he Intra_4x4 sample prediction process in subclause 8.3.1.2 is invoked with luma4x4Blkldx an
amples prior (in decoding order) to the deblocking. filter process from adjacent luma blocks as the
utput are the Intra_4x4 luma prediction samples pred4x4;[ x, y ] with x, y =0..3.

'he position of the upper-left sample of a 4x4 Tuma block with index luma4x4BlklIdx inside the curref
5 derived by invoking the inverse 4x4 lumasblock scanning process in subclause 6.4.3 with luma4x4
hput and the output being assigned to (x0,yO ) and x, y=0..3.

pred;[ xO + x, yO +y | = pred4x4| x, y |
'he transform coefficient décgding process and picture construction process prior to deblocking fill

ima block S’ as the gutput.

1 Derivation process for the Intra4dx4PredMode

5 to this prggess are the index of the 4x4 luma block luma4x4Blkldx and variable arrays Intra4x4
ible) and Intra8x8PredMode (if available) that are previously (in decoding order) derived for adjacent

it of this process is the variable Intra4x4PredMode[ luma4x4BlkIdx ].

Tabl

ailable) from

scanned using

bn process for
PredMode and
d the variable

d constructed

input and the

ht macroblock
BlkIdx as the

(8-41)

ter process in

ubclause 8.5 is invoked, with pred; and luma4x4BlkIdx as the input and the constructed samples for the current 4x4

PredMode (if
macroblocks.

8=2specifies the values for Intradx4PredMode[ luma4x4BlklIdx ] and the associated names.
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Table 8-2 — Specification of Intra4dx4PredMode| luma4x4BIlkIdx | and associated names

Intra4x4PredMode| luma4x4BIkIdx | Name of Intra4x4PredMode| luma4x4BIklIdx ]
0 Intra_4x4 Vertical (prediction mode)
1 Intra_4x4 Horizontal (prediction mode)
2 Intra_4x4 DC (prediction mode)
3 Intra_4x4 Diagonal Down_Left (prediction mode)
4 Intra 4x4 Diagonal Down Right (prediction mode)
5 Intra_4x4 Vertical Right (prediction mode)
6 Intra_4x4 Horizontal Down (prediction mode)
7 Intra_4x4 Vertical Left (prediction mode)
8 Intra_4x4 Horizontal Up (prediction mode)

Intra4x4PredMode[ luma4x4Blkldx ] labelled O, 1, 3, 4, 5, 6, 7, and 8 represent directions of predictions as illustqated in
Figure 8-1.

v
-

~
]

Figure 8-1'— Intra_4x4 prediction mode directions (informative)

Intra4x4PredMode[ lumad4x4BIlkIdx ] is derived as follows.

—  The pr¢cess specified in subclause 6.4.8.3 is invoked with luma4x4BlklIdx given as input and the output is as§igned
to mbAddrA;Tuma4x4BlkIdxA, mbAddrB, and luma4x4BlkIdxB.

—  The vatfiable’ dcPredModePredictedFlag is derived as follows.

—  Ifany of the following conditions are true, dcPredModePredictedFlag is set equal to 1
—  the macroblock with address mbAddrA is not available
—  the macroblock with address mbAddrB is not available

—  the macroblock with address mbAddrA is available and coded in Inter prediction mode and
constrained _intra_pred_flag is equal to 1

—  the macroblock with address mbAddrB is available and coded in Inter prediction mode and
constrained _intra_pred_flag is equal to 1

—  Otherwise, dcPredModePredictedFlag is set equal to 0.
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If dcPredModePredictedFlag is equal to 1 or the macroblock with address mbAddrN is not coded in Intra_4x4

or Intra_8x8 macroblock prediction mode, intraMxMPredModeN is set equal to 2 (Intra_4x4 DC prediction

mode).

Intra_4x4 macroblock prediction mode or the macroblock with address mbAddrN is coded
macroblock prediction mode)), the following applies.

Otherwise (dcPredModePredictedFlag is equal to 0 and (the macroblock with address mbAddrN is coded in

in Intra 8x8

If the macroblock with address mbAddrN is coded in Intra_4x4 macroblock mode, intraMxMPredModeN

is set equal to Intra4x4PredMode[ luma4x4BIkIdxN ], where Intra4x4PredMode is the variable array

assigned to the macroblock mbAddrN.

8.3.1

This
the tr|

Inputj

Outp
luma

The fposition of the upper-left sample ofia-4x4 luma block with index luma4x4Blkldx inside the current

deriv
the o

Otherwise (the macroblock with address mbAddrN is coded in Intra 8x8 macto
intraMxMPredModeN is set equal to Intra8x8PredMode[ luma4x4BIkIdxN->
Intra8x8PredMode is the variable array assigned to the macroblock mbAddrN.

ntra4x4PredMode[ luma4x4BIlkldx ] is derived by applying the following procedure.

predIntra4x4PredMode = Min( intraMxMPredModeA, intraMxMPredModeB )
if( prev_intrad4x4 pred mode flag[ luma4x4BIklIdx ])
Intra4x4PredMode[ luma4x4Blkldx | = predIntra4x4PredMode
else
if( rem_intra4x4 pred mode[ luma4x4Blkldx ] < predIntra4x4PredMode )
Intradx4PredMode[ luma4x4Blkldx | =rem_intra4x4 pred mode[ lumad4x4Blkldx ]
else
Intra4x4PredMode[ luma4x4Blkldx | =rem_intra4x4 pred mode[ luma4x4Blkldx ] + 1

2 Intra_4x4 sample prediction

process is invoked for each 4x4 luma block of a macteblock with prediction mode equal to Intra_4x|
hnsform decoding process and picture construction precess prior to deblocking for each 4x4 luma bloc

to this process is the index of a 4x4 luma block(uma4x4BlkIdx.

it of this process are the prediction samples*pred4x4,[ x, y |, with x, y = 0..3 for the 4x4 luma blo
ix4BlkIdx.

bd by invoking the inverse 4x4 luma block scanning process in subclause 6.4.3 with luma4x4BlkIdx as
itput being assigned to ( xO,y0").

3 neighbouring samples ‘p[ x, y | that are constructed luma samples prior to the deblocking filter
,y=-1.3 and x = 0,.7%3"= -1, are derived as follows.

['he luma location(( XN, yN ) is specified by

xN = xO4%

YN&YO +y

['hedderivation process for neighbouring locations in subclause 6.4.9 is invoked for luma locations with

block mode),
2], where

(8-42)

4 followed by
k.

ck with index

macroblock is
the input and

process, with

(8-43)
(8-44)

(xN, yN) as

nput and MbAddrN and ( XW, yW ) as output.

Each sample p[ x, y ] withx =-1, y=-1..3 and x =0..7, 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 Inter prediction mode and constrained_intra pred flag

current macroblock does not have mb_type equal to SI.

x is greater than 3 and luma4x4Blkldx is equal to 3 or 11
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location ( xW, yW ) inside the macroblock mbAddrN is assigned to p[ X, y |.

Otherwise, the sample p[ X, y ] is marked as “available for Intra_4x4 prediction” and the luma sample at luma

When samples p[ x, -1 ], with x = 4..7 are marked as “not available for Intra_4x4 prediction,” and the sample p[ 3, -1 ] is
marked as “available for Intra_4x4 prediction,” the sample value of p[ 3, -1 ] is substituted for sample values p[ x, -1 ],
with x = 4..7 and samples p[ x, -1 ], with x = 4..7 are marked as “available for Intra_4x4 prediction”.

NOTE — Each block is assumed to be constructed into a picture array prior to decoding of the next block.

Depending on Intra4x4PredMode[ luma4x4BIkldx ], one of the Intra 4x4 prediction modes specified in subclauses
8.3.1.2.1 to 8.3.1.2.9 shall be used.

8.3.1.2.1 Specification of Intra_4x4_Vertical prediction mode

This Intra_4

This mode
prediction”.

The values g

pr

k4 prediction mode shall be used when Intra4x4PredMode[ luma4x4BlkIdx ] is equal to 0.

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

8.3.1.2.2 Specification of Intra_4x4 Horizontal prediction mode

This Intra_4

This mode
prediction”.

The values g

pr
8.3.1.2.3 Sp
This Intra_4

The values g

If all sa
the valu

pred4

Otherw
samples
samples

pred4

Otherw

k4 prediction mode shall be used when Intra4x4PredMode[ luma4x4BIkIdx"] is equal to 1.

f the prediction samples pred4x4,[ x, y ], with x, y = 0..3 aré\derived by

pd4x4 [ x,y ] =p[-1,y], withx,y=0..3

ecification of Intra_4x4_DC prediction mode
k4 prediction mode shall be used when Intra4x4PredMode[ luma4x4BlklIdx ] is equal to 2.
f the prediction samples pred4x4,[ x, y },@ith x, y = 0..3 are derived as follows.

mples p[ x, -1 ], with x = 0..3 and p[ 1, y ], with y = 0..3 are marked as “available for Intra_4x4 pred
s of the prediction samples pred4x4;|[ x, y ], with x, y = 0..3 are derived by

X4 [x,y]=(p[0,-1]+p[ly*1 ]+p[2,-1]+p[3,-1]+
p['130]+p[_1’1]+p['152]+p[_1’3]+4)>>3

se, if any samples- plx, -1 ], with x = 0..3 are marked as “not available for Intra 4x4 prediction”
pl -1,y ], with.y~= 0..3 are marked as “available for Intra_4x4 prediction”, the values of the prg
pred4x4; [ x5y}, with x, y = 0..3 are derived by

X4L[X7y]:(p[_190]+p[_19 1]+p[_192]+p[_1’3]+2)>>2

seydf any samples p[ -1,y ], with y = 0..3 are marked as “not available for Intra 4x4 prediction”

shall be used only when the samples p[x,-1] with x = 0..3 are marked as “available_ for-Intra 4x4

8-45)

shall be used only when the samples p[ -1,y ], with y = 0..3_are marked as “available for Infra 4x4

8-46)

ction”,

8-47)
and all
diction
8-48)

and all

sample
samples

2 1 | (13 dalel £ h SRS y, -, DS 2 41 1 £ 41
J dlIU TIdarRCU  adS avdlldauICU 1TUl IIIld =FAS plCUlbLlUll s UIU VA4AIUlsS UL U Pl

pred4x4;[ x, y ], with x, y=0 .. 3 are derived by

s 11 bR ) £
P —T , Wit Xx— U

pred4x4 [ x,y ] =(p[O0,-1 ]+p[1,-1]+p[2,-1]+p[3,-1]+2)>>2

iction

(8-49)

Otherwise (some samples p[ x, -1 ], with x = 0..3 and some samples p[ -1, y ], with y = 0..3 are marked as “not

available for Intra 4x4 prediction”), the values of the prediction samples pred4x4.[ x,y ], with x, y = 0..3 are

derived

by

pred4x4;[ x,y ] = (1 <<(BitDepthy — 1))

NOTE — A 4x4 luma block can always be predicted using this mode.
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8.3.1.2.4 Specification of Intra_4x4 Diagonal Down_Left prediction mode
This Intra_4x4 prediction mode shall be used when Intra4x4PredMode[ luma4x4BlkIdx ] is equal to 3.

This mode shall be used only when the samples p[x,-1] with x = 0..7 are marked as “available for Intra 4x4
prediction”.

The values of the prediction samples pred4x4;[ x, y ], with x, y = 0..3 are derived as follows.

- Ifxisequal to 3 and y is equal to 3,

preddx4 [ x,y]=(p[6,-1]1+3*p[7,-1]+2)>>2 (8-51)

- PTRETWise (X 1S N0t equal 1o 3 of y is not equal to 3),
preddx4 [ x,y]=(p[x+y,-1]+2*p[x+ty+1L,-1]+p[x+y+2,-1]+2)>>2 (8-52)

8.3.112.5 Specification of Intra_4x4_Diagonal_Down_Right prediction mode
This |ntra_4x4 prediction mode shall be used when Intra4x4PredMode[ luma4x4BIkIdx ] is)equal to 4.

This jmode shall be used only when the samples p[ x, -1 ] with x = 0..3 and p[ -1, y¢| with y = -1..3 gre marked as
“available for Intra_4x4 prediction”.

The values of the prediction samples pred4x4,[ x, y ], with x, y = 0..3 are derived.ds follows.

- Ifx is greater than y,
preddx4 [ x,y]=(p[x-y-2,-1]+2*p[x-y-1,-1 ]+p[x3Yy,-1]+2)>>2 (8-53)
- therwise if x is less than y,
preddx4d [ x,y]=(p[-1,y-x-2]+2*p[-l,ycx>1]+p[-l,y-x]+2)>>2 (8-54)
- therwise (x is equal to y),
preddx4 [ x,y]=(p[0,-1 ]+2 *p[-lg=P] +p[-1,0]+2)>>2 (8-55)
8.3.112.6 Specification of Intra_4x4 Vertical Right prediction mode

This |ntra_4x4 prediction mode shall(be used when Intra4x4PredMode[ luma4x4BIkIdx ] is equal to 5.

This jmode shall be used only, when the samples p[ x, -1 ] with x = 0..3 and p[ -1,y ] with y = -1..3 gre marked as
“avai'[able for Intra_4x4 predietion”.

Let the variable zZVR be-setequal to 2 * x —y.

The values of the prediction samples pred4x4,[ x, y ], with x, y = 0..3 are derived as follows.

- IfzVRis équalto 0, 2, 4, or 6,

preddxd [ X,y ] =(p[x-(y>>1)-1,-1]+p[x-(y>>1),-1]+1)>>1 (8-56)

- Otherwise, 11 zVR 1s equal to 1, 3, or 5,

preddxd [ X,y ] =(p[x-(y>>1)-2,-1]+2*p[x-(y>>1)-1-1]+p[x-(y>>1),-1]+2)>>2 (8-57)
- Otherwise, if zZVR is equal to -1,

pred4x4 [ X,y ]=(p[-1,0]+2*p[-1,-1]+p[0,-1]+2)>>2 (8-58)
- Otherwise (zVR is equal to -2 or -3),

preddx4 [ x,y]=(p[-l,y-1]1+2*p[-1,y-2]+p[-1,y-3]+2)>>2 (8-59)
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8.3.1.2.7 Specification of Intra_4x4_Horizontal Down prediction mode
This Intra_4x4 prediction mode shall be used when Intra4x4PredMode[ luma4x4BlkIdx ] is equal to 6.

This mode shall be used only when the samples p[ x, -1 ] with x = 0..3 and p[ -1,y ] with y = -1..3 are marked as
“available for Intra_4x4 prediction”.

Let the variable zZHD be set equal to 2 * y — x.
The values of the prediction samples pred4x4;[ x, y ], with x, y = 0..3 are derived as follows.

- IfzHDisequal to 0, 2,4, or 6,

predYAL[Y v]:(p[-] v-(X ]\-1]+p[-] v-(X ]\]—0—]\ 1 8_6())

- Otherwise, if zHD is equal to 1, 3, or 5,
predqx4 [ x, y | =(p[-L,y-(x>>1)-2]+2*p[-1,y-(x>>1)-1]+p[-l,y-(x>>1)]H2)>>2|8-61)
- Otherwise, if zHD is equal to -1,
pred4x4, [ X,y ]=(p[-1,0]+2*p[-1,-1]+p[0,-1]+2)>>2 8-62)
- Otherwise (zHD is equal to -2 or -3),
preddx4 [ x,y|=(p[x-1,-1]+2*p[x-2,-1 ] +p[x-3,-1]+2)>>2 8-63)
8.3.1.2.8 Specification of Intra_4x4 Vertical_Left prediction mode

This Intra_4k4 prediction mode shall be used when Intra4x4PredModef, [ama4x4BlkIdx ] is equal to 7.

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 df the prediction samples pred4x4,[ x, y ], with:X,"y = 0..3 are derived as follows.

- Ifyisequalto0or2,
preddxd [ x, y 1= (p[x+(y>>1),-1 [ +plx+(y>> 1)+ 1,-1 ]+ 1)>>1 8-64)
- Otherwise (y is equal to 1 or 3),

preddxd [ x, y 1= (p[x+ (y>> I, -1 1+2*p[x+(y>> 1)+ 1,1 J+p[ x+(y>>1)+2,-11+2)>$2
8-65)

8.3.1.2.9 Specification of Intra’ 4x4_Horizontal Up prediction mode
This Intra_4k4 prediction'mode shall be used when Intra4x4PredMode[ 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 Infra 4x4
prediction”.

Let the variable zHU be set equal to x +2 * y.
The values of the prediction samples pred4x4;[ x, y ], with x, y = 0..3 are derived as follows:
- IfzHU isequal to 0, 2, or 4
preddxd [ x, y 1= (p[ -1,y +(x>> 1) ]+p[-Ly+(x>> 1)+ 1]+1)>>1 (8-66)
- Otherwise, if zZHU is equal to 1 or 3

preddx4i [ x,y |=(p[-1,y +(x>1)]+2*p[ -1,y +(x>1)+1]+p[-l,y+(x>>1)+2]+2)>>2
(8-67)
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- Otherwise, if zZHU is equal to 5,

preddx4 [ x,y]1=(p[-1,2]+3 *p[-1,3]+2)>>2

- Otherwise (zHU is greater than 5),

8.3.2

pred4x4. [ X,y ]=p[-1,3]

Intra_8x8 prediction process for luma samples

This process is invoked when the macroblock prediction mode is equal to Intra_8x8.
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bouring macroblocks or macroblock pairs.

its of this process are 8x8 luma sample arrays as part of the 16x16 luma array of prediction s
block pred; .

uma component of a macroblock consists of 4 blocks of 8x8 luma samples. These blocks are inverse
verse 8x8 luma block scanning process as specified in subclause 6.4.4.

[l 8x8 luma blocks of the luma component of a macroblock with luma8x8BIkldx'= 0..3, the derivati
x8PredMode as specified in subclause 8.3.2.1 is invoked with luma8x8BIkldx as well as Intrad4x4]
x8PredMode that are previously (in decoding order) derived for adjacent macroblocks as the input an
x8PredMode[ luma8x8BlkIdx ] as the output.

e each luma block of 8x8 samples indexed using luma8x8BlklIdx =073, the following applies.

[he Intra 8x8 sample prediction process in subclause 8.342.2-1s invoked with luma8x8BIlkIdx an
amples prior (in decoding order) to the deblocking filter{pyocess from adjacent luma blocks as the
utput are the Intra_8x8 luma prediction samples pred8x8¢[ x, y | with x, y=0..7.

[he position of the upper-left sample of an 8x8 luma block with index luma8x8BlkIdx inside the curre
s derived by invoking the inverse 8x8 luma block,scanning process in subclause 6.4.4 with luma8x§
nput and the output being assigned to ( xO, yO.).and x, y =0..7.

pred; [ xO + x, yO +y | = pred8x8, [ x;¥]

[he transform coefficient decodingiprocess and picture construction process prior to deblocking fil
ubclause 8.5 is invoked with predi-and luma8x8BlkIdx as the input and the constructed samples for tl
uma block S’ as the outputs

1 Derivation proces$.for Intra8x8PredMode

5 to this process are_the index of the 8x8 luma block luma8x8BlkIdx and variable arrays Intra4x4
ible) and Intra8x8PredMode (if available) that are previously (in decoding order) derived for adjacent

it of this progess is the variable Intra8x8PredMode[ luma8x8BlkIdx ].

8-3 specifies the values for Intra8x8PredMode[ luma8x8Blkldx ] and the associated mnemonic names.
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Table 8-3 — Specification of Intra8x8PredMode| luma8x8BlkIdx | and associated names

Intra8x8PredMode| luma8x8BIlkIdx ] Name of Intra8x8PredMode[ luma8x8BIlkIdx |
0 Intra_8x8 Vertical (prediction mode)
1 Intra_8x8 Horizontal (prediction mode)
2 Intra_8x8 DC (prediction mode)
3 Intra_8x8 Diagonal Down_Left (prediction mode)
4 Intra8x8 Diagonal Down Right (prediction mode)
5 Intra 8x8 Vertical Right (prediction mode)
6 Intra_8x8 Horizontal Down (prediction mode)
7 Intra_8x8 Vertical Left (prediction mode)
8 Intra_8x8 Horizontal Up (predictionnmode)

Intra8x8PredMode[ luma8x8BlkIdx ] is derived as follows.

—  The prdcess specified in subclause 6.4.8.2 is invoked with luma8x8Blkldx given as input and the output is agsigned
to mbAlddrA, luma8x8BlkIdxA, mbAddrB, and luma8x8BlkIdxB.

—  The vatiable 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 ndt available

—| the macroblock with address mbAddrA is available and coded in Inter prediction mode and
constrained_intra_pred_flag is equal\to 1

—| the macroblock with address’"mbAddrB is available and coded in Inter prediction mode and
constrained _intra_pred_flagds'equal to 1

—  Otherwise, dcPredModePredictedFlag is set equal to 0.
—  For N Heing either replaced by-A*or B, the variables intraMxMPredModeN are derived as follows.

—  IffdcPredModePredictedFlag is equal to 1 or (the macroblock with address mbAddrN is not coded in In:lra_4x4
macroblock prediction mode and the macroblock with address mbAddrN is not coded in Intra_8x8 macioblock
prediction mede); intraMxMPredModeN is set equal to 2 (Intra_8x8 DC prediction mode).

—  Otherwise(dcPredModePredictedFlag is equal to 0 and (the macroblock with address mbAddrN is cgded in
Irjtra, 4x4 "'macroblock prediction mode or the macroblock with address mbAddrN is coded in Infra 8x8
maeroblock prediction mode)), the following applies. T

—  Ifthe macroblock with address mbAddrN is coded in Intra_8x8 macroblock 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 mode),
intraMxMPredModeN is derived by the following procedure, where Intra4x4PredMode is the variable
array assigned to the macroblock mbAddrN.

intraMxMPredModeN = Intra4x4PredMode[ luma8x8BIkIdxN * 4 +n ] (8-71)
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where the variable n is derived as follows

current macroblock, and the macroblock mbAddrN, the following applies.

macroblock mbAddrN is a field coded macroblock, and luma8x8Blkldx is equa
equal to 3.

10:2005(E)

If N is equal to A, depending on the variable MbaffFrameFlag, the variable luma8x8Blkldx, the

If MbaffFrameFlag is equal to 1, the current macroblock is a frame coded macroblock, the

1to 2, nis set

Otherwise (MbaftfFrameFlag is equal to 0 or the current macroblock is a field coded

macroblock or the macroblock mbAddrN is a frame coded macroblock or luma8x8BIkIdx is

not equal to 2), n is set equal to 1.

Otherwise (N 1s equal to B), n 1s set equal to 2.

Finally, given intraMxMPredModeA and intraMxMPredModeB, the variable Intra8x8PredMode[-lun
s derived by applying the following procedure.

predIntra8x8PredMode = Min( intraMxMPredModeA, intraMxMPredModeB )
if( prev_intra8x8 pred mode flag[ luma8x8BIkldx ] )
Intra8x8PredMode[ luma8x8Blkldx | = predIntra8x8PredMode
else
if( rem_intra8x8 pred mode[ luma8x8Blkldx ] < predIntra8x8PredMode )
Intra8x8PredMode[ luma8x8BlkIdx | =rem_intra8x8 pred modé[luma8x8Blkldx ]
else
Intra8x8PredMode[ luma8x8Blkldx | = rem_intra8x8 predmiode[ luma8x8Blkldx ]+ 1

2 Intra_8x8 sample prediction

process is invoked for each 8x8 luma block of a macroblgck with prediction mode equal to Intra 8x
hnsform decoding process and picture construction procéss prior to deblocking for each 8x8 luma bloc

to this process is the index of an 8x8 luma block luma8x8BlkIdx.

it of this process are the prediction samples, pred8x8;[ x, y ], with x, y=0..7 for the 8x8 luma blo
Rx8B1kIdx.

osition of the upper-left sample of an 8x8luma block with index luma8x8Blkldx inside the current
bd by invoking the inverse 8x8 luma block scanning process in subclause 6.4.4 with luma8x8BlkIdx as
itput being assigned to ( xO, yO ),

PS5 neighbouring samples p[x,.y’] that are constructed luma samples prior to the deblocking filter
,y=-1..7and x =0..15, y =1, are derived as follows.

[he luma location ( xNS:¥N ) is specified by

xN =x0 +x
yN = yQsy

['he derivation process for neighbouring locations in subclause 6.4.9 is invoked for luma locations with
nputand mbAddrN and ( xW, yW ) as output.

na8x8BlkIdx ]

(8-72)

B followed by
k.

tk with index

macroblock is
the input and

process, with

(8-73)
(8-74)

(xN, yN ) as

Each sample p[ x, y ] withx =-1, y=-1..7 and x =0..15, y = -1 is derived as follows.

prediction”

mbAddrN is not available,

tol,

location ( xW, yW ) inside the macroblock mbAddrN is assigned to p[ x, y |.

© ISO/IEC 2005 — All rights reserved

If any of the following conditions is true, the sample p[ x, y | is marked as “not available for Intra 8x8

the macroblock mbAddrN is coded in Inter prediction mode and constrained_intra_pred flag is equal

Otherwise, the sample p[ x, y ] is marked as “available for Intra 8x8 prediction” and the luma sample at luma
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When samples p[ X, -1 ], with x =8..15 are marked as “not available for Intra_8x8 prediction,” and the sample p[ 7, -1 ]
is marked as “available for Intra_8x8 prediction,” the sample value of p[ 7, -1 ] is substituted for sample values p[ x, -1 ],
with x = 8..15 and samples p[ x, -1 ], with x = 8..15 are marked as “available for Intra_8x8 prediction”.

NOTE — Each block is assumed to be constructed into a picture array prior to decoding of the next block.

The reference sample filtering process for Intra_8x8 sample prediction in subclause 8.3.2.2.1 is invoked with the samples
p[x,y]withx=-1,y=-1..7 and x=0..15, y = -1 (if available) as input and p'[ x, y ] withx=-1, y=-1..7 and x =0..15,
y =-1 as output.

Depending on Intra8x8PredMode[ luma8x8Blkldx ], one of the Intra 8x8 prediction modes specified in subclauses
8.3.2.2.2 t0 8.3.2.2.10 shall be used.

8.3.2.2.1 Rg

Inputs to th
Intra_8x8 sa

Outputs of
Intra_8x8 sa

When all saj

The val

pT 0,

The val

plx,
When all saf
The val

p[x,

The val
p'[ 15

When the s

follows.

If the sa
“not av

f]

—

ference samplefitterimg process for tirtra—8x8sample prediction
s process are the reference samples p[ x,y ] with x=-1, y=-1..7 and x=0..15, y=-1 (if availal
mple prediction.

this process are the filtered reference samples p'[ x,y] with x=-1, y=-1..7 and x/<0..15, y 5
mple prediction.

nples p[ x, -1 ] with x = 0..7 are marked as “available for Intra_8x8 prediction”, the following applies.
ue of p'[ 0, -1 ] is derived as follows.

p[ -1, -1 ] is marked as “available for Intra_8x8 prediction”, p'[ 0, -1 ] is\derived by

1 ]1=(p[-1,-1]1+2*p[0,-1]+p[1,-1]+2)>>2

therwise (p[ -1, -1 ] is marked as “not available for Intra_8x8 prédiction”), p'[ 0, -1 ] is derived by
-1]1=(3*p[0,-1]+p[1,-1]+2)>>2

ues of p'[ x, -1 ], with x = 1..7 are derived by
-1]1=(plx-1,-1 ]+ 2*p[x,-1 ]+p[x+1,-1]£2)>>2

ues of p'[ x, -1 ], with x = 8..14 are derived by
1 ]=(p[x-1,-1]1+2*p[x,-1J+p[x+],-1]+2)>>2

ue of p'[ 15, -1 ] is derived by
L= (p[14,-1]+3%p[15,-1]+2)>>2

hmple p[ -1, -1 ] is marked as “available for Intra 8x8 prediction”, the value of p[ -1, -1] is der

mple p[ 0,5} ] is marked as “not available for Intra_8x8 prediction” or the sample p[ -1, 0 ] is marked
hilableforIntra 8x8 prediction”, the following applies.

thé,sample p[ 0, -1 ] is marked as “available for Intra_8x8 prediction”, p'[ -1, -1 ] is derived by

nples p[ x, -1 ] with x = 7..15 are marked as-{‘available for Intra_8x8 prediction”, the following applies.

le) for

-1 for

8-75)

8-76)

8-77)

8-78)

8-79)

ved as

as

pl-1
is

p[-1

L ]=(37pl-I,-I']+pl0,-1]+2)>>2

marked as “available for Intra_8x8 prediction”), p'[ -1, -1 ] is derived by

,-11=(3*p[-1,-1]+p[-1,0]+2)>>2

as “available for Intra_8x8 prediction™), p'[ -1, -1 ] is derived by

p[-1

128

,-171=(p[0,-1]+2*p[-1,-1]+p[-1,0]+2)>>2
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(8-80)

Otherwise (the sample p[ 0, -1 ] is marked as “not available for Intra_8x8 prediction” and the sample p[ -1, 0 ]

(8-81)

Otherwise (the sample p[ 0, -1 ] is marked as “available for Intra_8x8 prediction” and the sample p[ -1, 0 ] is marked

(8-82)
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When all samples p[ -1, y ] with y =0..7 are marked as “available for Intra_8x8 prediction”, the following applies.
—  The value of p'[ -1, 0 ] is derived as follows.

— Ifp[-1,-1]is marked as “available for Intra_8x8 prediction”, p'[ -1, 0 ] is derived by
p[-1,0]=(p[-1,-1]+2*p[-1,0]+p[-1,1]+2)>>2 (8-83)

—  Otherwise (if p[ -1, -1 ] is marked as “not available for Intra_8x8 prediction”), p'[ -1, 0 ] is derived by

p[-1,0]=(3*p[-1,0]+p[-1,1]+2)>>2 (8-84)
_ ' 1 — vzed-bar
3 3 = Hrea-BYy
pl-Lyl=(pl-1,y-1T+2*p[-l,y]+p[-1,y+t1]+2)>>2 (8-85)

—  The value of p'[ -1, 7 ] is derived by
p[-1,71=(p[-1,6]1+3*p[-1,7]+2)>>2 (8-86)

8.3.2{2.2 Specification of Intra_8x8 Vertical prediction mode
This |ntra_8x8 prediction mode shall be used when Intra8x8PredMode[ luma8x&BIkIdx ] 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
prediftion”.

The values of the prediction samples pred8x8;[ x, y ], with x, y = 0..7(are derived by

pred8x8.[ X,y | =p'[ %, -1 ], with x, y=10..7 (8-87)

8.3.212.3 Specification of Intra_8x8 Horizontal prediction mode
This [ntra_8x8 prediction mode shall be used when Intfa8x8PredMode[ luma8x8Blkldx ] is equal to 1.

This [mode shall be used only when the samples p[ -1,y ], with y=0..7 are marked as ‘“available [for Intra 8x8
prediftion”.

The values of the prediction samples pred8x8.[ x, y ], with x, y = 0..7 are derived by
pred8x8.[ x, y ] =pT[ -1, y Jswith x, y=0..7 (8-88)

8.3.2]2.4 Specification of Intra: 8x8 DC prediction mode
This |ntra_8x8 prediction.mode shall be used when Intra8x8PredMode[ luma8x8BIkIdx ] is equal to 2.
The values of the predietion samples pred8x8;[ x, y ], with x, y = 0..7 are derived as follows.

— Ifall samples\p[ x, -1 ], with x =0..7 and p[ -1, y ], with y = 0..7 are marked as “available for Intra_8x§ prediction,”
the values of the prediction samples pred8x8;[ x, y ], with x, y = 0..7 are derived by

7 7
préd8x8, [ x.v1=( p'[x'~1]+ Y p[-Ly']+8) >>4 (8-89)

x'=0 »'=0

—  Otherwise, if any samples p[ x, -1 ], with x = 0..7 are marked as “not available for Intra_8x8 prediction” and all
samples p[ -1, y ], with y = 0..7 are marked as “available for Intra_8x8 prediction”, the values of the prediction
samples pred8x8,[ x, y ], with x, y =0..7 are derived by

pred8x8, [ x,y]= (ip’[—l, Y'1+4)>>3 (8-90)

»'=0
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—  Otherwise, if any samples p[ -1, y ], with y = 0..7 are marked as “not available for Intra_8x8 prediction” and all
samples p[ x, -1 ], with x = 0..7 are marked as “available for Intra_8x8 prediction”, the values of the prediction
samples pred8x8, [ x, y ], with x, y = 0..7 are derived by

pred8x8, [ x, y]:(ip'[x',—1]+4) >>3 (8-91)

x'=0

—  Otherwise (some samples p[ x, -1 ], with x =0..7 and some samples p[ -1, y ], with y = 0..7 are marked as “not
available for Intra_8x8 prediction”), the values of the prediction samples pred8x8,[ x, y |, with x, y = 0..7 are
derived by

pred xTx yv]=(1 ( Ritnpp‘rh‘ —1)) 8-92)

NOTE — An 8x8 luma block can always be predicted using this mode.
8.3.2.2.5 Specification of Intra_8x8 Diagonal Down_Left prediction mode
This Intra_8k8 prediction mode shall be used when Intra8x8PredMode[ luma8x8BIkIdx ] is equal to 3.

This mode [shall be used only when the samples p[x,-1] with x=0..15 are marked as {$available for Infra 8x8
prediction”.

The values df the prediction samples pred8x8;[ x, y ], with x, y =0..7 are derived as follows.
— Ifxisequal to 7 and y is equal to 7,
pred9x8. [ x, y 1 =(p'[14,-1 ] +3 *p[15,-1]1+2)>>2 8-93)

—  Otherwjse (x is not equal to 7 or y is not equal to 7),

preddx8 [ X, y | =(p[x+y,-1 ] +2*p[x+y+1,-1 ] +plnwy+2,-1]+2)>>2 8-94)

8.3.2.2.6 Specification of Intra_8x8_ Diagonal Down_Right prediction mode
This Intra_8k8 prediction mode shall be used when Intra8x8RredMode[ luma8x8BIkIdx ] is equal to 4.

This mode phall be used only when the samples p[ x3+1 ] with x=0..7 and p[ -1,y ] with y=-1..7 are matked as
“available fqr Intra_8x8 prediction”.

The values df the prediction samples pred8x8; [ x(y ], with x, y =0..7 are derived as follows.
— Ifxis greater than y,

preddx8 [ X,y |=(p[x-y-2,- Y+ 2*p[x-y-1L,-1]+p[x-y,-1]+2)>>2 8-95)

—  Otherwjse if x is less than yz

preddx8. [ x, y | =(p[*Ly-x-2]1+2*p[-l,y-x-1]+p[-l,y-x]+2)>>2 8-96)

—  Otherwjse (x is equal to y),
pred§x8. [ x5y 1= (p'[0,-1]+2*p[-1,-1]+p[-1,0]+2)>>2 8-97)

8.3.2.2.7 Specification of Intra_8x8 Vertical Right prediction mode

This Intra_8x8 prediction mode shall be used 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 are marked as
“available for Intra_8x8 prediction”.

Let the variable zVR be set equal to 2 * x —y.
The values of the prediction samples pred8x8;[ x, y ], with x, y =0..7 are derived as follows.

— IfzVRisequalto0,2,4,6,8,10, 12, or 14

pred8x8.[ X,y | = (p[x-(y>>1)-L-1]+p[x-(y>>1),-1]+1)>>1 (8-98)
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—  Otherwise, if zVR isequal to 1, 3,5,7,9, 11, or 13

pred8x8.[ X,y | =(p[x-(y>>1)-2,-1]+2*p[x-(y>>1)-L-1J+p[x-(y>>1),-1]+2)>>2

(8-99)
—  Otherwise, if zZVR is equal to -1,
pred8x8. [ X,y ]=(p[-1,0]+2*p'[-1,-1]+p[0,-1]+2)>>2 (8-100)
—  Otherwise (zVR is equal to -2, -3, -4, -5, -6, or -7),
pred8x8 [ X. v]=(p[-1.y-2*x-1]+2*p[-1.y-2*x-2]+p[-l.y-2*%x-31+2)>>2 (8-101)

8.3.212.8 Specification of Intra_8x8 Horizontal Down prediction mode
This [ntra_8x8 prediction mode shall be used when Intra8x8PredMode[ luma8x8Blkldx ] is equal.to 6.

This [mode shall be used only when the samples p[ x,-1] with x=10..7 and p[-1,y] with y=-1..7 dre marked as
“avaiIable for Intra_8x8 prediction”.

Let the variable zHD be set equal to 2 * y — x.

The yalues of the prediction samples pred8x8;[ x, y ], with x, y = 0..7 are derived ‘as/follows.

- fzHD is equal to 0, 2, 4, 6, 8, 10, 12, or 14
pred8x8. [ x, y 1= (p[-Ly-(x>> 1)-1]+p[-I,y-(x>> L)}¥1)>> 1 (8-102)
- Dtherwise, if zHD is equalto 1, 3,5, 7,9, 11, or 13

pred8x8.[ X,y | = (p[-I,y-(x>>1)-2]+2*p[Ly-(x>>1)-1]+p[-Ly-(x>>1)]+p)>>2

(8-103)
—  Otherwise, if zHD is equal to -1,
pred8x8, [ x,y = (p[-1,0]+2 *p[-Lr1 ]+p[0,-1]+2)>>2 (8-104)
—  Otherwise (zHD is equal to -2, -3, 4,75, -6, -7),
pred8x8 [ X, y = (p[x-2¥yr1, -1 | +2 *p[x-2%y-2,-1 ] +p[x-2*y-3,-1]+2)>>2 (8-105)

8.3.212.9 Specification of Intra' 8x8 Vertical Left prediction mode
This |ntra_8x8 predictionumode shall be used when Intra8x8PredMode[ luma8x8BIkIdx ] is equal to 7.

This |mode shall be\used only when the samples p[x,-1] with x=0..15 are marked as “available [for Intra 8x8
prediftion”.

The values ef'thie prediction samples pred8x8,[ X, y ], with x, y = 0..7 are derived as follows.

—  Ifyisequalto 0,2,4 or 6

pred8x8.[ X,y ] =(p[x+(y>>1),-1]+p[x+(y>1)+1,-1]+1)>1 (8-106)
—  Otherwise (y is equal to 1, 3, 5, 7),

pred8x8.[ X, y [=(p[x+(y>>1),-1]+2*p[x+(y>> 1)+ 1L-1]+p[x+(y>>1)+2,-1]+2)>>2
(8-107)
8.3.2.2.10 Specification of Intra_8x8 Horizontal Up prediction mode
This Intra_8x8 prediction mode shall be used when Intra8x8PredMode[ luma8x8Blkldx ] is equal to 8.

This mode shall be used only when the samples p[-1,y] with y=0..7 are marked as “available for Intra 8x8
prediction”.
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Let the variable zHU be set equal to x +2 * y.

The values of the prediction samples pred8x8,[ x, y ], with x, y = 0..7 are derived as follows:

-  IfzHU

pred8x8.[x, y 1= (p[-Ly+(x>>1)]+p[-Ly+(x>>1)+1]+1)>>1

isequalto 0,2, 4,6, 8, 10, or 12

—  Otherwise, if zZHU is equal to 1,3,5,7,9, or 11

(8-108)

pred8x8.[ x, y 1= (p[-1,y+(x>> 1) ]+2*p[-L,y+(x>> 1)+ 1]+p[-I,y+(x>>1)+2]+2)>>2

(8-109)
—  Otherwjse, if zHU is equal to 13,
pred§x8. [ X,y ]=(p[-1,6]+3 *p[-1,7]+2)>2 (8-110)
—  Otherwjse (zHU is greater than 13),
preddx8 [ x, y ]=p-1,7] (8-111)
8.3.3 Intra_16x16 prediction process for luma samples

This proces
prediction Iy

Outputs of this process are Intra prediction luma samples for the current macroblock pred; [ x, y ].

The 33 neig
X= _13 y=-

—  The de
assigne

—  Each sa

- I
p1

- 0O
I

Let pred; [ x
Intra_16x16

5 is invoked when the macroblock prediction mode is equal to Intra\16x16. It specifies how th
ma samples for the current macroblock are derived.

hbouring samples p[ x, y ] that are constructed luma sampl€s prior to the deblocking filter proces
..15 and with x = 0..15, y = -1, are derived as follows.

Fivation process for neighbouring locations in subclause 6.4.9 is invoked for luma locations with
1 to ( XN, yN ) as input and mbAddrN and ( xW, yW+) as output.

mple p[ X, y ] withx =-1, y=-1..15 and withx=0..15, y = -1 is derived as follows.

any of the following conditions is truethe sample p[ x, y ] is marked as “not available for Intra)
ediction”

mbAddrN is not available,
the macroblock mbAddrNris coded in Inter prediction mode and constrained_intra_pred flag is equa

the macroblock mbAddrN has mb_type equal to SI and constrained_intra_pred flag is equal to 1.

ma location ( xWyyW ) inside the macroblock mbAddrN is assigned to p[ x, y ].
y ] with x,§’='0..15 denote the prediction samples for the 16x16 luma block samples.

predictionmodes are specified in Table 8-4.

Table 8-4 — Specification of Intral6x16PredMode and associated names

e Intra

5, with

(x,y)

[ 16x16

to 1.

therwise, the sample p[ x, y ] is marked as “available for Intra 16x16 prediction” and the luma sathple at

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)

Depending on Intral6x16PredMode, one of the Intra_16x16 prediction modes specified in subclauses 8.3.3.1 to 8.3.3.4
shall be used.
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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”.

8.3.3.

predi [ x,y]=p[ x, -1 ], withx, y=0..15

2 Specification of Intra_16x16_Horizontal prediction mode

(8-112)

This Intra_16x16 prediction mode shall be used only when the samples p[-1, y] with y = 0..15 are marked as “available
for Intra_16x16 prediction”.

predtxvl=pl 1 v1 wathx v=0 15
+5 Y r

(8-113)

8.3.3
This

r LT > J 1 rL > J

3 Specification of Intra_16x16_DC prediction mode

Intra_16x16 prediction mode shall be used depending on whether the neighbouring Samples al

“aval

!

H
H

1

8.3.3
This

able for Intra_16x16 prediction” as follows.

all neighbouring samples p[ x, -1 ], with x = 0..15 and p[ -1, y ], with y = 0..15<are marked as
tra_16x16 prediction”, the prediction for all luma samples in the macroblock is given by:

15 15
predi[ X, y 1= (3 p[x',~1]+ > p[- 1, y]+16) >> 5. with x, y =0..15

x'=0 y'=0

therwise, if any of the neighbouring samples p[ x, -1 ], with x =©..15 are marked as "not available fq
rediction" and all of the neighbouring samples p[ -1, y ], with )= 0..15 are marked as “available {9
rediction”, the prediction for all luma samples in the macroblack is given by:

15 .
predi[ X,y ]= (Zp[_lj},V]jL 8) >> 4, with x, y = 0.15
y'=0

therwise, if any of the neighbouring samples pf -1, y ], with y = 0..15 are marked as "not available fq
rediction" and all of the neighbouring samples p[ x, -1 ], with x = 0..15 are marked as “available fo
rediction”, the prediction for all luma samples in the macroblock is given by:

15

predi [ x,y]= (ZP[X',—1]+8) $S 4, withx, y=0..15

x'=0

therwise (some of the neighbouring samples p[ x, -1 ], with x = 0..15 and some of the neighbourin,
,y ], with y = 0..15(@re " marked as “not available for Intra_16x16 prediction”), the prediction for all lu
he macroblock is given by:

pred.[ x, ¥4= ( 1 <<(BitDepthy — 1)), with x, y=0..15

4 Specification of Intra_16x16_Plane prediction mode

[ntra”16x16 prediction mode shall be used only when the samples p[ x, -1 ] with x = -1..15 and pJ[ -

re marked as

‘available for

(8-114)

r Intra 16x16
r Intra_16x16

(8-115)

r Intra 16x16
r Intra 16x16

(8-116)

b samples pJ[ -
ma samples in

(8-117)

,y]withy =

0..15

are marked as “available for Intra 16x106 prediction™.

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

and H and V are specified in Equations 8-122 and 8-123.
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H==§:(X44)*(p[8+XL—4]-p[6-XB-1]) (8-122)
\’=}é(yqi)*(pf4,8+yq-p[-L6-yq) (8-123)

y'=0

8.3.4  Intra prediction process for chroma samples

This process is invoked for I and SI macroblock types. It specifies how the Intra prediction chroma samples for the
current macroblock are derived.

Outputs of t

Both chrom
to each of th
remainder o
replacement

The neighb
X= _13 y=-

— The de
assigne

— Eachsa

- I
p1

- 0
c

Let pred¢[ x
samples.

Intra chromd

11s process are Intra prediction chroma samples for the current macroblock predcy| X, y | and predc,| X,

L blocks (Cb and Cr) of the macroblock shall use the same prediction mode. The prediction mode-is
e chroma blocks separately. The process specified in this subclause is invoked for each chromablock
f this subclause, chroma block refers to one of the two chroma blocks and the subscript)C is usd
of the subscript Cb or Cr.

uring samples p[ X,y ] that are constructed chroma samples prior to the deblockirig filter proces
..MbHeightC - 1 and with x = 0.MbWidthC - 1, y = -1, are derived as follows.

ivation process for neighbouring locations in subclause 6.4.9 is invoked/for-chroma locations with
1 to ( xN, yN ) as input and mbAddrN and ( xW, yW ) as output.

mple p[ X, y ] is derived as follows.

any of the following conditions is true, the sample p[ X, y ] is"marked as “not available for Intra
ediction”

mbAddrN is not available,
the macroblock mbAddrN is coded in Inter prediction mode and constrained_intra pred flag is equal

the macroblock mbAddrN has mb_type equal*to’ SI and constrained_intra_pred flag is equal to 1
current macroblock does not have mb_typeiequal to SI.

therwise, the sample p[ x, y ] is marked:as-*available for Intra chroma prediction” and the chroma sar]
mponent C at chroma location ( xWyW) inside the macroblock mbAddrN is assigned to p[ X, y |.

Ly ] with x =0.MbWidthC - 1 -y= 0..MbHeightC - 1 denote the prediction samples for the chroms

prediction modes are specified in Table 8-5.

Table 8-5 — Specification of Intra chroma prediction modes and associated names

yl

hpplied
In the
d as a

5, with

(xy)

hroma

[to 1.
aind the

nple of

block

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 on intra_chroma pred mode, one of the Intra chroma prediction modes specified in subclauses 8.3.4.1
to 8.3.4.4 shall be used.

8.3.4.1 Specification of Intra_Chroma_DC prediction mode

This Intra chroma prediction mode shall be used when intra_chroma_pred_mode is equal to 0.
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For each chroma block of 4x4 samples indexed by chroma4x4Blkldx =0..( 1 << ( chroma_format idc +1))—1, the
following applies.

— Depending on chroma_ format idc, the position of the upper-left sample of a 4x4 chroma block with index
chroma4x4Blkldx is derived as follows

—  Ifchroma format idc is equal to 1 or 2, the following applies

xO = InverseRasterScan( chroma4x4BIkldx, 4, 4, 8, 0 ) (8-124)

yO = InverseRasterScan( chroma4x4Blkldx, 4, 4, 8, 1) (8-125)

1 . 1 £ LIS 1 2 1 FANET] . 1.
= UUICTWIST (VI Ul TOTIIIAU TAC 1S CUdl tU J ), UIC 10O WIIlE dPPIICS

x0O = InverseRasterScan( chroma4x4Blkldx / 4, 8, 8, 16,0 ) +
InverseRasterScan( chroma4x4BlkIdx % 4, 4,4, 8,0 ) (8-126)

yO = InverseRasterScan( chroma4x4Blkldx / 4, 8, 8, 16,1 ) +
InverseRasterScan( chroma4x4Blkldx % 4, 4,4, 8, 1) (8-127)

- Jf(x0, yO)isequal to (0,0) or xO and yO are greater than 0, the values of the prediction samples
predc[ x + xO, y + yO ] with x, y = 0..3 are derived as follows.

-~ Ifall samples p[ x + xO, -1 ], with x=0..3 and p[ -1, y +yO ], with\y'= 0..3 are marked as “availlable for Intra
chroma prediction”, the values of the prediction samples predglx=+ xO, y + yO ], with x, y=0/3 are derived
as

3 3
pred.[x +x0,y +yO] :(Zp[x'+x0,—l] + Y p[-1,y'+y0)+ 4J >> 3, withx, y=0..3. (8-128)

x'=0 y'=0

—  Otherwise, if any samples p[ x +xO, -1 ],,with x=0..3 are marked as “not available for |Intra chroma
prediction” and all samples p[ -1, y +yO ] with y = 0..3 are marked as “available for Intra chronja prediction”,
the values of the prediction samples predc[ x + xO, y + yO ], with x, y = 0..3 are derived as

3
pred. [ x+x0,y+ yO]z(Zp[—l,y%yO] + 2] >> 2, withx, y=0..3. (8-129)
y'=0

—  Otherwise, if any samples p[-1,y+yO], with y=0.3 are marked as “not available for |Intra chroma
prediction” and all samples p[ x + xO, -1 ], with x = 0..3 are marked as “available for Intra chroma prediction”,
the values of theprediction samples predc[ x + xO, y + yO ], with x, y = 0..3 are derived as

x'=0

3
pred [ x + xOpy+yO] =(Zp[x’+x0,—l] + 2) >> 2, withx, y=0..3. (8-130)

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

—  Otherwise (some samples p[ x + xO, -1 ], with x =0..3 and some samples p[ -1, y +yO ], wi%\ y=0..3 are

predc[ x +xO, y + yO [ =( 1 << ( BitDepthc — 1)), with x, y = 0..3. (8-131)

—  Otherwise, if xO is greater than 0 and yO is equal to 0, the values of the prediction samples predc[ x + xO, y + yO |
with x, y = 0..3 are derived as follows.

— Ifall samples p[ x + xO, -1 ], with x = 0..3 are marked as “available for Intra chroma prediction”, the values of

the prediction samples predc[ x + xO, y + yO ], with x, y = 0..3 are derived as

3
pred.[x+x0,y+yO] :(Zp[x’+x0,—l] + 2) >>2, withx, y=0.3. (8-132)
x'=0
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—  Otherwise, if all samples p[ -1, y +yO ], with y=0..3 are marked as “available for Intra chroma prediction”,
the values of the prediction samples predc[ x + xO, y + yO ], with x, y = 0..3 are derived as

3
pred.[x+x0,y+ yO]z(Zp[—l,y‘+yO] + 2] >> 2, withx, y=0..3. (8-133)
y'=0

—  Otherwise (some samples p[ x + xO, -1 ], with x =0..3 and some samples p[ -1, y +yO ], with y=10..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. (8-134)

—  Otherwjse (xO is equal to 0 and yO is greater than 0), the values of the prediction samples predc[ x + xO{3+ yO ]
with x, [y = 0..3 are derived as follows.

—  If|all samples p[ -1, y +yO ], with y = 0..3 are marked as “available for Intra chroma prediction”, the vdlues of
the prediction samples pred[ x + xO, y + yO ], with x, y = 0..3 are derived as

3
pred}[ x +x0O, y + yO]:(Zp[—l,y'+yO]+2] >> 2, withx, y=0..3. (8-135)
y'=0

—  Otherwise, if all samples p[ x +xO, -1 ], with x = 0..3 are marked as “available for Intra chroma predjction”,
the values of the prediction samples predc[ x + xO, y + yO ], with x, ¥=07.3 are derived as

3
predf[ x + X0,y +yO] :(Zp[x’+x0,—l]+ 2) >>2, withx, y = 0/3. (3-136)

x'=0

—  Otherwise (some samples p[ x + xO, -1 ], with x = 0..30and some samples p[ -1, y +yO ], with y=4(..3 are
marked as “not available for Intra chroma prediction”), the values of the prediction spmples
ptedc[ x + xO, y + yO ], with x, y = 0..3 are derived-as

predd[ x +xO, y + yO ] = ( | << ( BitDepth¢ — L;)3), with x, y = 0..3. (8-137)

8.3.4.2 Specification of Intra_Chroma_Horizontal prediction mode
This Intra cjroma prediction mode shall be used when intra_chroma pred mode is equal to 1.

This mode shall be used only when the\samples p[ -1, y | with y = 0..MbHeightC - 1 are marked as "available f¢r Intra
chroma prediction".

The values df the prediction samiples predc[ x, y ] are derived as follows.

predd[ x, y 1=p[ -1, %] With x = 0..MbWidthC - 1 and y = 0..MbHeightC - 1 (8-138)

8.3.4.3 Specification'of Intra_Chroma_Vertical prediction mode
This Intra ciroma prediction mode shall be used when intra_chroma_pred_mode is equal to 2.

This mode ghallbe used only when the samples p[ x, -1 ] with x = 0.MbWidthC - 1 are marked as "available fgr Intra
chroma prediction".

The values of the prediction samples predc[ x, y ] are derived as follows.

predc X, v ]1=p[ %, -1 ], with x = 0..MbWidthC - 1 and y = 0..MbHeightC - 1 (8-139)

8.3.4.4 Specification of Intra_Chroma_Plane prediction mode
This Intra chroma prediction mode shall be used 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..MbHeightC - 1 are marked as "available for Intra chroma prediction".

The values of the prediction samples predc[ x, y ] are derived as follows.
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Let the variable xCF be set equal to4 * (chroma format idc == 3) and let the variable yCF
to 4 * (chroma format idc != 1).

predc[ x,y ]=Cliplc((a+b*(x—3—-xCF)+c*(y—-3-yCF)+16)>>5),
with x = 0..MbWidthC - 1 and y = 0..MbHeightC - 1

where:

and H

8.3.5
This
The ¥
- I
- O

The position of the upper-left luma sample of the curtent macroblock is derived by invoking the inverg

scanij

The d

When chroma_format idc is not"eéqual to 0 (monochrome), the constructed chroma samples prior to tl

procd

a=16* (p[ -1, MbHeightC - 1 ]+ p[ MbWidthC - 1,-17])

b=((34-29 * (chroma format idc ==3))*H+32)>>6

be set equal

(8-140)

(8-141)

(8-142)

T=(( 3d=29"*(Thromma_format [dc = 1))V +32 >0

[ and V are specified as

3+ xCF
H= > (x+1)*(p[4+xCF +x', - 1]-p[2 + xCF —x', ~ 1])
x'=0

3+yCF

V=Y (y+)*(p[-1,4+yCF+y']-p[-1,2+yCF-y'])
y'=0
Sample construction process for I PCM macroblocks
process is invoked when mb_type is equal to I PCM.
ariable dy is derived as follows.
MbaffFrameFlag is equal to 1 and the current macroblogk is/a field macroblock, dy is set equal to 2.

therwise (MbaffFrameFlag is equal to 0 or the current:macroblock is a frame macroblock), dy is set eq|

ing process in subclause 6.4.1 with CurrMbAddr as input and the output being assigned to ( xP, yP ).
onstructed luma samples prior to the deblecking process are generated as specified by:

for(1=0;1<256;it++)
S xP+(1%16),yP+dy * (&716)) ] =pem_sample lumal i ]

ss are generated as specified by:

for(1=0; 1 < MbWidthC * MbHeightC; i++) {
S'cy[ (xP / SabWidthC ) + (i % MbWidthC),
((yP + SubHeightC — 1 ) / SubHeightC ) + dy * (i/ MbWidthC ) ] =
pcm_sample chroma[ i ]
S'cd (%P / SubWidthC ) + (i % MbWidthC ),
( (yP + SubHeightC — 1 ) / SubHeightC ) + dy * (i/ MbWidthC ) | =
pem_sample chroma[ i + MbWidthC * MbHeightC ]

(8-143)

(8-144)

(8-145)

ual to 1.

e macroblock

(8-146)

ne deblocking

(8-147)

8.4

Inter prediction process

This process is invoked when decoding P and B macroblock types.

Outputs of this process are Inter prediction samples for the current macroblock that are a 16x16 array pred; of luma
samples and when chroma format idc is not equal to 0 (monochrome) two 8x8 arrays predc, and predc, of chroma
samples, one for each of the chroma components Cb and Cr.

The partitioning of a macroblock is specified by mb_type. Each macroblock partition is referred to by mbPartldx. When
the macroblock partitioning consists of partitions that are equal to sub-macroblocks, each sub-macroblock can be further
partitioned into sub-macroblock partitions as specified by sub_mb_type. Each sub-macroblock partition is referred to by
subMbPartldx. When the macroblock partitioning does not consist of sub-macroblocks, subMbPartldx is set equal to 0.

©1SO
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The following steps are specified for each macroblock partition or for each sub-macroblock partition.

The functions MbPartWidth( ), MbPartHeight( ), SubMbPartWidth( ), and SubMbPartHeight( ) describing the width and
height of macroblock partitions and sub-macroblock partitions are specified in Table 7-13, Table 7-14, Table 7-17, and
Table 7-18.

The range of the macroblock partition index mbPartldx is derived as follows.
- Ifmb_typeis equal to B_Skip or B_Direct 16x16, mbPartldx proceeds over values 0..3.

- Otherwise (mb type is not equal to B Skip or B Direct 16x16), mbPartldx proceeds over values
0..NumMbPart( mb_type ) — 1.

oblock

For each valae : - e part\h
partition in the macroblock are derived as follows.

- If mb type is not equal to P_8x8, P_8x8ref0, B_Skip, B Direct 16x16, or B_8x8, subMbPartldx isrset’equil to 0,
and par{Width and partHeight are derived as

partWidth = MbPartWidth( mb_type ) (8-148)
partHeight = MbPartHeight( mb_type ) (8-149)

- Otherwise, if mb_type is equal to P_8x8 or P_8x8refl, or mb_type is equal to B _8x§and sub_mb_type[ mbPartldx ]
is not ¢qual to B_Direct 8x8, subMbPartldx proceeds over values 0.NumSubMbPart( sub_mb_type ) —|l, and
partWidth and partHeight are derived as

partWidth = SubMbPartWidth( sub_mb_type[ mbPartldx ] ) (8-150)
partHeight = SubMbPartHeight( sub_mb_type[ mbPartldx ] ), (8-151)

- Otherwise (mb type is equal to B Skip or B Direct 16x16, or mb type is equal to B 8xB and
sub_mb| type[ mbPartldx ] is equal to B_Direct 8x8), subMbPartldx proceeds over values 0..3, and partWidth and
partHeight are derived as

partWidth = 4 (8-152)
partHeight = 4 (8-153)
When chroma format idc is not equal to-O\(imonochrome) the variables partWidthC and partHeightC are derived als

partWidthC = partWidth / SubWidthC (8-154)
partHeightC =partHeight / SubHeightC (8-155)

Let the varigble MvCnt be initially set equal to 0 before any invocation of subclause 8.4.1 for the macroblock.

The Inter pr¢diction process for a macroblock partition mbPartldx and a sub-macroblock partition subMbPartldx donsists
of the followWing ordered steps

1. Derivatjon/process for motion vector components and reference indices as specified in subclause 8.4.1.

Inputs to this process are

- a macroblock partition mbPartldx,

- a sub-macroblock partition subMbPartIdx.
Outputs of this process are

- luma motion vectors mvL0 and mvL1 and when chroma format idc is not equal to O (monochrome) the
chroma motion vectors mvCL0O and mvCL1

- reference indices refldxL0 and refldxL1
- prediction list utilization flags predFlagL.0 and predFlagl1

- the sub-macroblock partition motion vector count subMvCnt.
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2. The variable MvCnt is incremented by subMvCnt.

3. Decoding process for Inter prediction samples as specified in subclause 8.4.2.
Inputs to this process are
- a macroblock partition mbPartldx,
- a sub-macroblock partition subMbPartIdx.

- variables specifying partition width and height for luma and chroma (if available), partWidth, partHeight,
partWidthC (if available), and partHeightC (if available)

- luma motion vectors mvL0O and mvL1 and when chroma_format _idc is not equal to 0 (monochrome) the
chroma motion vectors mvCL0 and mvCL1

. reference indices refldxL0 and refldxL1
. prediction list utilization flags predFlagL.0 and predFlagl1
utputs of this process are

. inter prediction samples (pred); which are a (partWidth)x(partHeight) arrayxpredPart; of prpdiction luma
samples and when chroma_format_idc is not equal to 0 (monochrome) twon(partWidthC)x(partHgightC) arrays
predPartc,, and predPartcy, of prediction chroma samples, one for each of'the chroma components {Cb and Cr.

For upe in derivation processes of variables invoked later in the decoding procéssythe following assignmenty are made:

MvLO[ mbPartldx ][ subMbPartldx ] = mvLO (8-156)
MvLI1[ mbPartldx ][ subMbPartldx ] = mvL1 (8-157)
RefldxLO[ mbPartldx | = refldxL0 (8-158)
RefldxL1[ mbPartldx ] = refldxL1 (8-159)
PredFlagL0[ mbPartldx | = predFlagl.0 (8-160)
PredFlagL1[ mbPartldx ] = predFlagLi (8-161)

The location of the upper-left sample_of the partition relative to the upper-left sample of the macroblock|is derived by
involing the inverse macroblock partition scanning process as described in subclause 6.4.2.1 with mbPartI¢x as the input
and (|xP, yP ) as the output.

The Ipcation of the upper-leftisaimple of the macroblock sub-partition relative to the upper-left sample of the macroblock
partitjon is derived by inyoking the inverse sub-macroblock partition scanning process as described in subclause 6.4.2.2
with fubMbPartldx as the input and ( xS, yS ) as the output.

The macroblock prediction is formed by placing the partition or sub-macroblock partition prediction samples in their
correft relative-pgsitions in the macroblock, as follows.

The variable'pred; [ xP + xS +x, yP + yS +y ] with x =0 .. partWidth— 1, y =0 .. partHeight — 1 is derived|by
pred [ xP + xS + x, yP + yS + y ] = predPart, [ X, y ] (8-162)

When chroma format idc is not equal toO (monochrome) 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 ]
(8-163)
8.4.1  Derivation process for motion vector components and reference indices
Inputs to this process are
- a macroblock partition mbPartldx,

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

- luma motion vectors mvLO0 and mvL1 as well as the chroma motion vectors mvCL0 and mvCL1

- reference indices refldxL0 and refldxL1

- prediction list utilization flags predFlagl.0 and predFlagL1

- a sub-partition macroblock motion vector count variable subMvCnt

For the derivation of the variables mvL0 and mvL1 as well as refldxL0 and refldxL1, the following applies.

- If mb_type is equal to P_Skip, the derivation process for luma motion vectors for skipped macroblocks in P and SP
slices in subclause 8.4.1.1 is invoked with the output being the luma motion vectors mvL0 and reference indices

refldxL0} and predFlagLO0 is set equal to 1. mvL1 and refldxL1 are marked as not available and predFlagl]| is set

equal to ). The sub-partition motion vector count variable subMvCnt is set equal to 1.

- Otherwise| if mb_type is equal to B_Skip or B Direct 16x16 or sub_mb_type[ mbPartldx ] is equal to B/ Dire¢t 8x8,
the deriyation process for luma motion vectors for B Skip, B Direct 16x16, and B Direct 8x8 in B slices in
subclausg 8.4.1.2 is invoked with mbPartldx and subMbPartldx as the input and the output bging the luma motion
vectors thvL0, mvL1, the reference indices refldxL0, refldxL1, the sub-partition motion vectot)count subMvCnt, and
the predifction utilization flags predFlagL0 and predFlagL1.

- Otherwise| for X being replaced by either O or 1 in the variables predFlagL. X, mvLX, refldxLX, and in Pred LX]and in
the syntax elements ref idx 1X and mvd_1X, the following applies.

1. The|variables refldxL X and predFlagLX are derived as follows.

—| If MbPartPredMode( mb_type, mbPartldx ) or SubMbPredMode( sub_mb_type[ mbPartldx ] ) is efjual to
Pred LX or to BiPred,
refldxLX = ref idx_1X[ mbPartldx ] (B-164)
predFlagLX =1 (8-165)
—| Otherwise, the variables refldxLLX and predFlagl.X are specified by
refldxLX = -1 (8-166)
predFlagLX =0 (8-167)
2. The|variable subMvCnt for sub-paytition motion vector count is set equal to predFlagl.0 + predFlagL1.
3. The|variable currSubMbType.is derived as follows.
- [If the macroblocktype 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. Whdgn predFldghX 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 outpu{ being
mvplL Xz ‘The luma motion vectors are derived by

mvEX[ 0 J=mvpLX[ 0] F mvd IX[ mbPartldx ][ subMbPartldx J[ U ] 8-168)
mvLX[ 1 ]=mvpLX][ 1]+ mvd_IX[ mbPartldx ][ subMbPartldx ][ 1 ] (8-169)

For the derivation of the variables for the chroma motion vectors, the following applies. When predFlagL. X (with X being
either 0 or 1) is equal to 1, the derivation process for chroma motion vectors in subclause 8.4.1.4 is invoked with mvLX
and refldxLX as input and the output being mvCLX.

8.4.1.1

Derivation process for luma motion vectors for skipped macroblocks in P and SP slices

This process is invoked when mb_type is equal to P_Skip.

Outputs of this process are the motion vector mvL0 and the reference index refldxL0.

140
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The reference index refldxLO0 for a skipped macroblock is derived as follows.
refldxL0O = 0. (8-170)
For the derivation of the motion vector mvLO0 of a P_Skip macroblock type, the following applies.

- The process specified in subclause 8.4.1.3.2 is invoked with mbPartldx set equal to 0, subMbPartldx set equal to 0,
currSubMbType set equal to "na", and listSuffixFlag set equal to 0 as input and the output is assigned to mbAddrA,
mbAddrB, mvLOA, mvLOB, refldxLOA, and refldxLOB.

The variable mvLO is specified as follows.

- If any of the following conditions are true, both components of the motion vector mvLO are set equal to 0.

- mbAddrA 1s not available
- mbAddrB is not available
- refldxLOA is equal to 0 and both components of mvLOA are equal to 0
- refldxLOB is equal to 0 and both components of mvLOB are equal to 0

-| Otherwise, the derivation process for luma motion vector prediction as specified/in subclause 8.4.].3 is invoked
with mbPartldx = 0, subMbPartldx = 0, refldxL0, and currSubMbType = "na'"a$ inputs and the output is assigned
to mvLO.

NPTE — The output is directly assigned to mvLO0, since the predictor is equal to the'adtdal motion vector.
8.4.112 Derivation process for luma motion vectors for B_Skip, B_Direet_16x16, and B_Direct_8x8

This process is invoked when mb_type is equal to B_Skip or B_Direct, 16x16, or sub_mb_type[ mbPartldx ] is equal to
B_Dilrect 8x8.

Inputp to this process are mbPartldx and subMbPartIdx.

Outpfits of this process are the reference indices refldxl.0); refldxL1, the motion vectors mvLO and myLI1, the sub-
partitjon motion vector count subMvCnt, and the prediction list utilization flags, predFlagL0 and predFlagljl.

—

The derivation process depends on the value of direct, spatial mv_pred flag, which is present in the bitstregm in the slice
headgr syntax as specified in subclause 7.3.3, andis specified as follows.

- Iff direct_spatial mv_pred flag is equal to~I, the mode in which the outputs of this process are derived is referred to
gs spatial direct prediction mode.

- therwise (direct spatial mv_pred-flag is equal to 0), mode in which the outputs of this process fre derived is
eferred to as temporal direct-prediction mode.

Both[spatial and temporal direct prediction mode use the co-located motion vectors and reference indices gs specified in
subclpuse 8.4.1.2.1.

The potion vectors and reférence indices are derived as follows.

- spatial direct-prediction mode is used, the direct motion vector and reference index prediction mode specified in
bclause 8.4¢(1"2.2 is used, with subMvCnt being an output.

- therwises(temporal direct prediction mode is used), the direct motion vector and reference index pre¢diction mode
ecified in subclause 8.4.1.2.3 is used and the variable subMvCnt is derived as follows.

- LIf subMbPartldx is Pqnn] to 0 _subMvCnt is set Pqnnl 10?2

- Otherwise (subMbPartldx is not equal to 0), subMvCnt is set equal to 0.
8.4.1.2.1 Derivation process for the co-located 4x4 sub-macroblock partitions
Inputs to this process are mbPartldx and subMbPartIdx.

Outputs of this process are the picture colPic, the co-located macroblock mbAddrCol, the motion vector mvCol, the
reference index refldxCol, and the variable vertMvScale (which can be One To One, Frm To Fld or FId To Frm).

When RefPicListl[ 0 ] is a frame or a complementary field pair, let firstRefPicL1Top and firstRefPicL1Bottom be the
top and bottom fields of RefPicListl[ 0 ], respectively, and let the following variables be specified as

topAbsDiffPOC = Abs( DiffPicOrderCnt( firstRefPicL1Top, CurrPic ) ) (8-171)

bottomAbsDiffPOC = Abs( DiffPicOrderCnt( firstRefPicL1Bottom, CurrPic ) ) (8-172)
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The 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 frame containing
1 decoded frame RefPicListl[ 0 ]

a decoded field RefPicList1[ 0 ]

a L‘lU\/UL‘IUd ﬁalllC RCfFlbletl[ G
topAbsDiffPOC < (
bottomAbsDIfPOC firstRefPicL TTdp

0
0 a topAbsDiffPOC >= .
complementary bottomAbsDiffPOC figiRefPicL1 Bgttom
field pair
(CurrMbAddr & 1) == firstRefPicL1Tap
1
( CurrMbAddr & 1) '£0 firstRefPicL1Bgttom

When direct| 8x8 inference flag is equal to 1, subMbPartldx is set as follows.

subMbPartldx = mbPartldx (8-173)
Let PicCodingStruct( X ) be a function with the argument X being eitherCurrPic or colPic. It is specified in Table [8-7.

Table 8-7 — Specification ofPicCodingStruct( X )

¥ is coded with field pic flag equal to ... | mb\adaptive frame field flag | PicCodingStruct( X )

1 FLD
0 0 FRM
0 1 AFRM

With luma4g4Blkldx = mbPartldx:* 4 + subMbPartldx, the inverse 4x4 luma block scanning process as specified in
subclause 6.1.3 is invoked with-luma4x4Blkldx 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. Specifidqation of y"a macroblock address mbAddrX depending on PicCodingStruct( CurrPic )| and
PicCodingStruetfcolPic ).

NOTE’- It is not possible for CurrPic and colPic picture coding types to be either (FRM, AFRM) or (AFRM|, FRM)
becduse 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
row.

mbAddrCol is set equal to CurrMbAddr or to one of the following values.
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mbAddrColl =2 * PicWidthInMbs * ( CurrMbAddr / PicWidthInMbs ) +

( CurrMbAddr % PicWidthInMbs ) + PicWidthInMbs * ( yCol / 8) (8-174)
mbAddrCol2 =2 * CurrMbAddr + (yCol / 8) (8-175)
mbAddrCol3 =2 * CurrMbAddr + bottom_field flag (8-176)
mbAddrCol4 = PicWidthInMbs * ( CurrMbAddr / ( 2 * PicWidthInMbs ) ) +
( CurrMbAddr % PicWidthInMbs ) (8-177)
mbAddrCol5 = CurrMbAddr / 2 (8-178)
mbAddrCol6 =2 * ( CurrMbAddr / 2 ) + ( ( topAbsDiffPOC < bottomAbsDiffPOC ) ? 0: 1) (8-179)
mbAddrCol7 =2 * ( CurrMbAddr /2 ) + (yCol / 8) (8-180)
Table 8-8 — Specification of mbAddrCol, yM, and vertMvScale
2 I
] =} |
S g%
|3 3] = | —-
= Z S|%
4| % 5 3 2
£ £ E =| § % 2
b= =] | O
] = ]
g | ¢ 25 2 . z
A A E E|& E - 2
FLD CurrMbAddr |yCol One To One
FRM mbAddrColl |(2 *yCol) % 16 Hrm To Fid
FLD|
0 |mbAddrCol2 |(2 * yCol) % 16 Hrm To FId
AFRM | 2*CurrMbAddr
1 '|mbAddrCol3 |yCol Qne To One
* 1 1 [
FLD mbAddrCol4 8 (* (Currl\l/I;bAddr / PicWidthInMbs ) % 2) Hid_To_Frm
FRM +4*(yCol/8)
FRM CurrMbAddr |yCol (Qne To One
0 mbAddrCol5 |8 * ( CurrMbAddr % 2 ) +4 * (yCol / 8) Hld To Frm
FLD
1 mbAddrCol5 |yCol Qne To One
0 |CurrMbAddr |yCol (One To One
AFRM CurrMbAddr 0
. 1 |mbAddrCol6 |8 * (CurrMbAddr % 2)+4* (yCol/8) |Hd To Frm
ERNMN
0 |mbAddrCol7 |(2*yCol) % 16 Frm To FId
CurrMbAddr 1
1 |CurrMbAddr |yCol One To One

Let mbPartldxCol be the macroblock partition index of the co-located partition and subMbPartldxCol the sub-
macroblock partition index of the co-located sub-macroblock partition. The partition in the macroblock mbAddrCol
inside the picture colPic covering the sample ( xCol, yM ) shall be assigned to mbPartldxCol and the sub-macroblock
partition inside the partition mbPartldxCol covering the sample ( xCol, yM ) in the macroblock mbAddrCol inside the
picture colPic shall be assigned to subMbPartldxCol.
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The prediction utilization flags predFlaglL0Col and predFlagl.1Col are set equal to PredFlagl.O[ mbPartldxCol ] and
PredFlagL1[ mbPartldxCol ], respectively, which are the prediction utilization flags that have been assigned to the

macroblock

The motion

partition mbAddrCol\mbPartldxCol inside the picture colPic.

vector mvCol and the reference index refldxCol are derived as follows.

If the macroblock mbAddrCol is coded in Intra macroblock prediction mode or both prediction utilization flags,

predFlaglL0Col and predFlagl.1Col are equal to 0, both components of mvCol are set equal to 0 and refldxCol is set

equal to —

MvL
vecto
mbA

Othert
referg
Refld
have
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8.4.1.2.2 D¢
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Inputs to thi

Outputs of
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1.
2.

Let the

The pro
listSuffi
refldxL

The pro
listSuffi
refldxL

NOTE -
macroblo

4. The refq

1.

Otherwise, the following applies.

If predFlagL0Col is equal to 1, the motion vector mvCol and the reference index refldxCol are set equal to

[ mbPartldxCol || subMbPartldxCol | and RetldxLO] mbPartldxCol |, respectively, which are the
r mvLO and the reference index refldxLO that have been assigned to the (sub-)macroblock,
drCol\mbPartldxCol\subMbPartldxCol inside the picture colPic.

wise (predFlagL0OCol is equal to O and predFlagl.1Col is equal to 1), the motion vector.mvCol 3
nce index refldxCol are set equal to MvLI1[ mbPartldxCol ][ subMbPartldxCol ]
xL1[ mbPartldxCol ], respectively, which are the motion vector mvL1 and the referénce index refldx
been assigned to the (sub-)macroblock partition mbAddrCol\mbPartldxCol\subMbPartldxCol ins
e colPic.

rivation process for spatial direct luma motion vector and reference index prediction mode

is invoked when direct_spatial mv_pred flag is equal to 1 and any ef'the following conditions is true|
| type is equal to B_Skip

| type is equal to B_Direct 16x16

| mb_type[ mbPartldx ] is equal to B_Direct 8x8.

process are mbPartldx, subMbPartIdx.

his process are the reference indices refldxQ; refldxL1, the motion vectors mvL0O and mvL1, th
ion vector count subMvCnt, and the predictign list utilization flags, predFlaglL0 and predFlagL1.

be indices refldxLO and refldxL1 and ‘the variable directZeroPredictionFlag are derived by apply
dered steps.

ariable currSubMbType be set eqiral to sub_mb_type[ mbPartldx ].

cess specified in subclause 8.4.1.3.2 is invoked with mbPartldx = 0, subMbPartldx = 0, currSubMbTy,
xFlag = 0 as inputs and the output is assigned to the motion vectors mvLON and the reference
DN with N being replaced by A, B, or C.

cess specified in subclause 8.4.1.3.2 is invoked with mbPartldx = 0, subMbPartldx = 0, currSubMbTyj
xFlag = 1 astinputs and the output is assigned to the motion vectors mvLIN and the reference
[N with N-being replaced by A, B, or C.

The meotion vectors mvLON, mvLIN and the reference indices refldxLON, refldxL1N are identical for all 4
k partitions of a macroblock.

Inotion
hrtition

nd the

and
[1 that
de the

e sub-

ng the

be, and

indices

be, and
indices

k4 sub-

rence indices refldxL0, refldxL1, and directZeroPredictionFlag are derived by

refldxLLO0 = MinPositive( refldxLOA, MinPositive( refldxLOB, refldxLLOC ) )
refldxLL1 = MinPositive( refldxL.1A, MinPositive( refldxL1B, refldxL1C ) )
directZeroPredictionFlag = 0

where

MinPositive( X,y ) :{

144

Min(x,y)
Max(x,y) otherwise

if x>=0andy>=0

(8-181)
(8-182)
(8-183)

(8-184)
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When both reference indices refldxL0 and refldxL1 are less than 0,

refldxLO =0
refldxLL1 =0
directZeroPredictionFlag = 1

(8-185)
(8-186)
(8-187)

The process specified in subclause 8.4.1.2.1 is invoked with mbPartldx, subMbPartldx given as input and the output is
assigned to refldxCol and mvCol.

The variable colZeroFlag is derived as follows.

The tpotion vectors mvLX (with X being 0 or 1) are derived as follows.

The grediction utilization flags predFlagl.0 and predFlagl1 shall be derived as specified using Table 8-9.

If all of the following conditions are true, colZeroFlag is set equal to 1.

- RefPicListl[ 0 ] is currently marked as "used for short-term reference".
- refldxCol is equal to 0

- both motion vector components mvCol[ 0 ] and mvCol[ 1] lie in the range of -1 to.1 ‘in unit
follows.

- If the colocated macroblock is a frame macroblock, the units of mvCo][0.]”and mvCol[ 1
quarter luma frame samples.

of quarter luma field samples.

e current macroblock in cases when the current macroblock is a framewmacroblock and the colocated macro
hcroblock or when the current macroblock is a field macroblock and the colocated macroblock is a frame mal
i;ect differs from the use of mvCol[ 1] in the temporal direct mode’as‘specified in subclause 8.4.1.2.3, which ajj

S2852

motion vector of the colocated macroblock to use the same units‘as the units of a motion vector for the currg

uding Equation 8-190 or Equation 8-191 in these cases.

therwise, colZeroFlag is set equal to O.

[l
=

directZeroPredictionFlag is equal to 1

refldxLX is less than 0
- | refldxLX is equal to 0 and colZeroFlag is equal to 1

Otherwise, the process specified in subclause 8.4.1.3 is invoked with mbPartldx = 0, subMbPartldx 5
annd currSubMbType asdnputs and the output is assigned to mvLX.

NOTE - The\motion vector mvLX returned from subclause 8.4.1.3 is identical for all 4x4 sub-macrobld
a macroblock for which the process is invoked.

Table 8-9 — Assignment of prediction utilization flags

any of the following conditions is true, both.components of the motion vector mvLX are set equal to (.

5 specified as

] are units of

- Otherwise (the colocated macroblock is a field macroblock), the units.of mvCol[ 0 ] and mvCol[ 1 ] are units

DTE — For purposes of determining the condition above, the value mvCol[ 1-]\is.not scaled to use the units of a mption vector for

block is a field
croblock. This
plies scaling to
nt macroblock,

0, refldxLLX,

ck partitions of

refldx1.0 refldxI.1 predFlagl.0 predFlagl1
>=0 >=0 1 1
>=() <0 1 0
<0 >=0 0 1

The variable subMvCnt is derived as follows.

If subMbPartldx is not equal to O or direct 8x8 inference flag is equal to 0, subMvCnt is set equal to 0.

Otherwise (subMbPartldx is equal to 0 and direct 8x8 inference flag is equal to 1), subMvCnt is set equal to

predFlagl0 + predFLagL1.
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8.4.1.2.3 Derivation process for temporal direct luma motion vector and reference index prediction mode

This process is invoked when direct_spatial mv_pred flag is equal to 0 and any of the following conditions is true.

- mb_type is equal to B_Skip
- mb_type is equal to B_Direct 16x16
- sub_mb_type[ mbPartldx ] is equal to B_Direct 8x8.

Inputs to this process are mbPartldx and subMbPartIdx.

Outputs of this process are the motion vectors mvL0 and mvL1, the reference indices refldxLO and refldxL1, and the
prediction list utilization flags, predFlagl.0 and predFlagL1.

The process
assigned to

The referend

refld

refld

NOTE -
macroblo

Let refPicC
decoding th¢
specified as

146

If vertM

If fi

Oth
refl
that

Otherwis

If f1
pict
(re

specified in subclause 8.4.1.2.1 is invoked with mbPartldx, subMbPartldx given as input and the Ollltput is

olPic, mbAddrCol, mvCol, refldxCol, and vertMvScale.

e indices refldxL0 and refldxL1 are derived as follows.

K[LO = (( refldxCol <0) ? 0 : MapColToListO( refldxCol ) ) (

f the current macroblock is a field macroblock, refldxLL0 and refldxL1 index & list’of fields; otherwise (the
k is a frame macroblock), refldxL.0 and refldxL1 index a list of frames or complementary reference field pairs.

1 be a frame, a field, or a complementary field pair that was refertéd-by the reference index refldxCq
co-located macroblock mbAddrCol inside the picture colPic. The function MapColToList0( refldx
follows.

Scale is equal to One_To_One, the following applies.
eld pic_flag is equal to 0 and the current macroblock is$\a field macroblock, the following applies.

Let refldxLOFrm be the lowest valued reference index in the current reference picture list RefPicLi
references the frame or complementary field“pair that contains the field refPicCol. RefPicList
contain a frame or complementary field pair that contains the field refPicCol. The return v
MapColToList0( ) is specified as follows;

- If the field referred to by refldxCol has the same parity as the current macr
MapColToList0( refldxCol yreturns the reference index ( refldxLOFrm << 1)).

- Otherwise (the field .referred by refldxCol has the opposite parity of the current macroj
MapColToList0( refldxCol) returns the reference index ( ( refldxLOFrm <<1)+1).

prwise (field pic flag is, equal to 1 or the current macroblock is a frame macroblock), MapColT
1xCol ) returns the lowest valued reference index refldxL0 in the current reference picture list RefP)
references refPicCol:-"RefPicList0 shall contain refPicCol.

e, if vertMvSgale is equal to Frm_To_Fld, the following applies.

eld pic_flag'is equal to 0, let refldxLOFrm be the lowest valued reference index in the current re
ire listcRefPicList0 that references refPicCol. MapColToListO( refldxCol ) returns the referencd

Otht

1dxL’0Frm << 1 ). RefPicList0 shall contain refPicCol.

R188)
R-189)

current

I when
Col ) is

t0 that
D shall
\lue of

bblock,
block),
bListO(

icList0

ference
index

N1SE eld p flag ed a ManColTo 0 efld a eturn he lowe ed referen

b index

refldxL0 in the current eference picture list RefPicListO that references the field of refPicCol with the same
parity as the current picture CurrPic. RefPicList0 shall contain the field of refPicCol with the same parity as the
current picture CurrPic.

Otherwise (vertMvScale is equal to FId To Frm), MapColToListO( refldxCol ) returns the lowest valued reference
index refldxL0 in the current reference picture list RefPicList0 that references the frame or complementary field pair
that contains refPicCol. RefPicList0 shall contain a frame or complementary field pair that contains the field
refPicCol.

NOTE — A decoded reference picture that was marked as "used for short-term reference" when it was referenced in the
decoding process of the picture containing the co-located macroblock may have been modified to be marked as "used

for long-term reference" before being used for reference for inter prediction using the direct prediction mode
current macroblock.

for the
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Depending on the value of vertMvScale the vertical component of mvCol is modified as follows.

- IfvertMvScale is equal to Frm_To FId

mvCol[ 1 ]=mvCol[ 1]/2 (8-190)
- Otherwise, if vertMvScale is equal to Fld_To Frm

mvCol[ 1 ]=mvCol[ 1]*2 (8-191)
- Otherwise (vertMvScale is equal to One_To_One), mvCol[ 1 ] remains unchanged.

The vaartablescurrPiceOrEiald e and onicl oo darizad oc £ollongc
S reS-CHH 16 OS5

T IO Proos o pPIo S aro-atr v oaabToo

— Ifffield pic flag is equal to 0 and the current macroblock is a field macroblock, the following appliés:
—| currPicOrField is the field of the current picture CurrPic that has the same parity as the current magroblock.
—| picl is the field of RefPicList1[ O ] that has the same parity as the current macroblock.
—| The variable pic0 is derived as follows.

—If refldxL.0O % 2 is equal to 0, picO is the field of RefPicListO[ refldxL0 / 2}J'that has the samd parity as the
current macroblock.

—Otherwise (refldxL0 % 2 is not equal to 0), picO is the field of RefPiclastO[ refldxLO / 2 ] that has the opposite
parity of the current macroblock.

— Ofherwise (field pic_flag is equal to 1 or the current macroblock i§)a frame macroblock), currPicQrField is the
cyrrent picture CurrPic, picl is the decoded reference picture RefPicListl[ O ], and picO is the decqded reference
picture RefPicListO[ refldxL0 ].

The two motion vectors mvL0 and mvL1 for each 4x4 sub-magroblock partition of the current macroblock fare derived as
folloys:

NOTE - It is often the case that many of the 4x4 sub-macroblock partitions share the same motion 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 vectors and reference picturey.

—  If the reference index refldxL0 refers to aJong-term reference picture, or DiffPicOrderCnt( picl, picO ) is equal to 0,
he motion vectors mvL0, mvL1 for the direct mode partition are derived by

mvL0 = mvCol (8-192)
mvL1 =0 (8-193)

- Dtherwise, the motion)vectors mvL0, mvL1 are derived as scaled versions of the motion vector mv{ol of the co-
ocated sub-macroblock partition as specified below (see Figure 8-2)

tx=( 16384 + Abs(td/2))/td (8-194)
DistScaleFactor = Clip3( -1024, 1023, (tb *tx +32)>>6) (8-195)
mvL0 = ( DistScaleFactor * muCol + 128} >> 8 (8-196)
mvL1 =mvL0 — mvCol (8-197)

where tb and td are derived as follows.

tb = Clip3( -128, 127, DiffPicOrderCnt( currPicOrField, pic0 ) ) (8-198)
td = Clip3( -128, 127, DiffPicOrderCnt( picl, pic0 ) ) (8-199)

NOTE - mvLO0 and mvL1 cannot exceed the ranges specified in Annex A.

The prediction utilization flags predFlagl.0 and predFlagL1 are both set equal to 1.
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Figure 8-2 illustrates the temporal direct-mode motion vector inference when the current picture is temporally between
the reference picture from reference picture list 0 and the reference picture from reference picture list 1.
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Figure 8-2 —_Example for temporal direct-mode motion vector inference (informative)

rivation process for luma motion vector prediction
process are
Foblock partition index mbPartldx,
macroblock partition index subMbPartldx,
ence index of the current partition refldxLX (with X being 0 or 1),
wble currSubMbType.
s process is the prediction mvpLX ‘ef-the motion vector mvLX (with X being 0 or 1).

on process for the neighbouring/blocks for motion data in subclause 8.4.1.3.2 is invoked with mbH
Ix, currSubMbType, and listSuffixFlag = X (with X being 0 or 1 for refldxLX being refldxL0 or re

as the input and with mbAddrN\mbPartldxN\subMbPartIdxN, reference indices refldxLXN and the
XN with N being replaced by A, B, or C as the output.

ion process for_inedian luma motion vector prediction in subclause 8.4.1.3.1 is invoke
bPartldxN\subMbPartldxN, mvLXN, refldxLXN with N being replaced by A, B, or C and refldxLX
'pLX as the\gutput, unless one of the following is true.

Vidth(mb> type ) is equal to 16, MbPartHeight( mb type ) is equal to 8, mbPartldx is equal to
B is‘equal to refldxLX,

artldx,
TdxL1,
motion

I with
as the

0, and

mvpLX = mvLXB (

3-200)

- MbPartWidth( mb_type ) is equal to 16, MbPartHeight( mb_type ) is equal to 8, mbPartldx is equal to 1, and
refldxLXA is equal to refldxLX,

mvpLX = mvLXA

(8-201)

- MbPartWidth( mb_type ) is equal to 8, MbPartHeight( mb_type ) is equal to 16, mbPartldx is equal to 0, and
refldxLXA is equal to refldxLX,

mvpLX = mvLXA

148
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MbPartWidth( mb_type ) is equal to 8, MbPartHeight( mb_type ) is equal to 16, mbPartldx is equal to 1, and
refldxLLXC is equal to refldxLX,

mvpLX = mvLXC

Figure 8-3 illustrates the non-median prediction as described above.

8.4.1
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Figure 8-3 — Directional segmentation prediction (informative)

3.1 Derivation process for median luma motion vector prediction

5 to this process are

e motion vectors mvLXN (with N being replaced by A, By'or C) of the neighbouring partitions,
e reference indices refldxLXN (with N being replaced by A, B, or C) of the neighbouring partitions, aj
e reference index refldxLX of the current partition:

it of this process is the motion vector predictiorr mvpLX.
ariable mvpLX is derived as follows:

hen both partitions mbAddrB\mbPattldxB\subMbPartldxB and mbAddrC\mbPartldxC\subMbPart
ailable and mbAddrA\mbPartIldxA\subMbPartIdxA is available,

mvLXB = mvLXA
mvLXC = mvLXA
refldxLXB = tefldxLXA
refldxLXC = refldxLXA

epending on reference indices refldxLXA, refldxLXB, or refldxLXC, the following applies.

e neighbouring partitions mbAddrN\mbPartldxN\subMbPartldxN’(with N being replaced by A, B, or €

(8-203)

nd

[dxC are not

(8-204)
(8-205)
(8-206)

(8-207)

Tf one and onty one of the reference indices relldXL XA, TetldXLXB, or refldXLXC iS equat to the 1

ference index

refldxLX of the current partition, the following applies. Let refldxLXN be the reference index that is equal to

refldxLX, the motion vector mvLXN is assigned to the motion vector prediction mvpLX:

mvpLX = mvLXN

(8-208)

Otherwise, each component of the motion vector prediction mvpLX is given by the median of the corresponding

vector components of the motion vector mvLXA, mvLXB, and mvLXC:
mvpLX][ 0 ] =Median( mvLXA[ 0 ], mvLXB[ 0 ], mvLXC[0])

mvpLX][ 1 ]=Median( mvLXA[ 1 ], mvLXB[ 1 ], mvLXC[ 1])
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8.4.1.3.2 Derivation process for motion data of neighbouring partitions
Inputs to this process are

- the macroblock partition index mbPartldx,

- the sub-macroblock partition index subMbPartldx,

- the current sub-macroblock type currSubMbType,

- the list suffix flag listSuffixFlag

Outputs of this process are (with N being replaced by A, B, or C)

- mbAddrNmbPartidxiNwubMbParttdxiN-specifyimng meighbouring partitiors;

- the motign vectors mvLXN of the neighbouring partitions, and

- the refer¢gnce indices refldxLXN of the neighbouring partitions.

Variable natpes that include the string "LX" are are interpreted with the X being equal to listSuffixFlag.

The partitions mbAddrN\mbPartldxN\subMbPartldxN with N being either A, B, or C are deriyedn the following
ordered stepp.

1. Let mbAlddrD\mbPartldxD\subMbPartldxD be variables specifying an additional ngighbouring partition.

2. The progess in subclause 6.4.8.5 is invoked with mbPartldx, currSubMbType, anid'subMbPartldx as input and the
output is|assigned to mbAddrN\mbPartIdxN\subMbPartIdxN with N being reéplaced by A, B, C, or D.

3. When th¢ partition mbAddrC\mbPartldxC\subMbPartldxC is not available,'the following applies

mbAddrC = mbAddrD (8-211)
mbpartldxC = mbPartldxD (8-212)
subMbPartldxC = subMbPartIdxD (8-213)

The motion pectors mvLXN and reference indices refldxLXN (with N being A, B, or C) are derived as follows.

- If the macroblock partition or sub-macroblock partition mbAddrN\mbPartIldxN\subMbPartldxN is not availpble or
mbAddrN is coded in Intra prediction mode ‘or predFlagL.X of mbAddrN\mbPartldxN\subMbPartIdxN is equgl to 0,
both conjponents of mvLXN are set equalto 0 and refldxLXN is set equal to —1.

- Otherwige, the following applies.

- The | motion  vectop~~mvLXN and reference index  refldxLXN are set equal to
MvLK[ mbPartldxN ][subMbPartldxN ] and RefldxLX[ mbPartIldxN ], respectively, which are the motion| vector
mvLX and reference” index refldxLX that have been assigned to the (sub-)macroblock phrtition
mbAfdrN\mbPaptldxN\subMbPartIdxN.

- The yariablessmvLXN][ 1 ] and refldxLXN are further processed as follows.

- I the, surrent macroblock is a field macroblock and the macroblock mbAddrN is a frame macroblock

mvLXN[ T J=mvLXN[1]/2 (8-214)

refldxLXN = refldxLXN * 2 (8-215)

- Otherwise, if the current macroblock is a frame macroblock and the macroblock mbAddrN is a field
macroblock

mvLXN[ 1 ]=mvLXN[1]*2 (8-216)

refldxLXN = refldxLXN / 2 (8-217)

- Otherwise, the vertical motion vector component mvLXN[ 1 ] and the reference index refldxLXN remain
unchanged.
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4 Derivation process for chroma motion vectors

This process shall only be invoked when chroma format_idc is not equal to 0 (monochrome).

Inputs to this process are a luma motion vector mvLX and a reference index refldxLX.

Output of this process is a chroma motion vector mvCLX.

A chroma motion vector is derived from the corresponding luma motion vector.

10:2005(E)

The precision of the chroma motion vector components is 1 + (4 * SubWidthC ) horizontally and 1 + ( 4 * SubHeightC )
vertically.

NOTE - For example, when using the 4:2:0 chroma format, since the units of luma motion vectors are one-quarter luma sample

uf
ch
.
tol
fo

For tl

¢

[T T o W

8.4.2

Input

Iff chroma_format_idc is not equal to 1 or the current macroblock is a frame macroblock, the horizont

tts-and-chromathashatfhorizontal-and-verteal-resolutioncompared-totumar-the-tunits-of chromamotion—veetor
roma sample units, i.e., a value of 1 for the chroma motion vector refers to a one-eighth chroma sample disj
ample, when the luma vector applies to 8x16 luma samples, the corresponding chroma vector in 4:2:0 eliromd
4x8 chroma samples and when the luma vector applies to 4x4 luma samples, the corresponding chromajvector

rmat applies to 2x2 chroma samples.

he derivation of the motion vector mvCLX, the following applies.

omponents of the chroma motion vector mvCLX are derived as

mvCLX[ 0 ]=mvLX[ 0]
mvCLX[ 1 ]=mvLX[ 1]

therwise (chroma format idc is equal to 1 and the current macroblock is a field macroblock), only

omponent of the chroma motion vector mvCLX][ 0 ] is derived using Equation 8-218. The vertical con
hroma motion vector mvCLX] 1 ] is dependent on the parity<of the current field or the current macrd
eference picture, which is referred by the reference index refldxLX. mvCLX][ 1] is derived frg
ccording to Table 8-10.
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

5 to this process are

are one-eighth
lacement. For
format applies
n 4:2:0 chroma

1] and vertical

(8-218)
(8-219)

the horizontal
hponent of the
block and the
m mvLX[ 1]

e

a ml

acroblock pnrfiﬁnn n*ﬂ'\Psn'ﬂﬂyj

a sub-macroblock partition subMbPartIdx.

(if available) and partHeightC (if available)

vectors mvCLO0 and mvCL1

reference indices refldxLL0 and refldxL1

- prediction list utilization flags, predFlagl.0 and predFlagL1
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Outputs of this process are

the Inter prediction samples predPart, which are a (partWidth)x(partHeight) array predPart; of prediction luma

samples, and when chroma format idc is not equal to 0 (monochrome) two (partWidthC)x(partHeightC) arrays
predPartcy,, predPartc, of prediction chroma samples, one for each of the chroma components Cb and Cr.

Let predPartLO; and predPartL1; be (partWidth)x(partHeight) arrays of predicted luma sample values and when
chroma_format idc is not equal to 0 (monochrome) predPartLOcp, predPartL1c,, predPartLOc,, and predPartLlc, be

(partWidthC

)x(partHeightC) arrays of predicted chroma sample values.

For LX being replaced by either LO or L1 in the variables predFlagLX, RefPicListX, refldxLX, refPicLX, predPartLX,
the following is specified.

When pred

The ref
chroma|

agl.X 1s equal to I, the following applies.

erence picture consisting of an ordered two-dimensional array refPicLX; of luma samples and
| format_idc is not equal to 0 (monochrome) two ordered two-dimensional arrays refPicLXcy,. and refP

of chrotha samples is derived by invoking the process specified in subclause 8.4.2.1 with refldxX\and RefP

given as

The arr:
predParj
by mbH
refPicL

For C being
component
mbPartldx al
input.
8.4.2.1 R¢
Input to this

Output of th
two-dimensi

Depending
subclause 8.

If field j
Otherwi

field paif.

For the deriy

input.

iy predPartLX; and when chroma_format idc is not equal to 0 (monochrome) the\arrays predPartL.
LX¢; are derived by invoking the process specified in subclause 8.4.2.2 with the’current partition sp
artldx\subMbPartldx, the motion vectors mvLX, mvCLX (if available),(and the reference array
K, refPicL X, (if available), and refPicL X, (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
hd subMbPartldx and the array predPartLOc and predPartL1c aswell as predFlaglL0 and predFlagl1 g

ference picture selection process
process is a reference index refldxLX.

is process is a reference picture consisting of*a“two-dimensional array of luma samples refPicLX; a|
onal arrays of chroma samples refPicLXc, and refPicLXc,.

on field pic flag, the reference pictute’ list RefPicListX (which has been derived as specit
D 4) consists of the following.

ic_flag is equal to 1, each entry 0f RefPicListX is a reference field or a field of a reference frame.

e (field pic flag is equal td,0), each entry of RefPicListX is a reference frame or a complementary re

ation of the reference picture, the following applies.

If field

ic_flag is equalto 1, the reference field or field of a reference frame RefPicListX][ refldxLX ] is the

The outfut referencefield or field of a reference frame consists of a (PicWidthInSamples; )x(PicHeightInSar

array o
(PicWid

Otherwis

luma gamples refPicLX; and, when chroma format idc is not equal to0 (monochrome
InSamplesc)x(PicHeightInSamplesc) arrays of chroma samples refPicLX¢, and refPicLXc,.

e.(ficld pic flag is equal to 0), the following applies.

when
iCLXCr
cListX

:Cb and
ecified
s with

bles of
fied by
iven as

nd two

ied in

ference

output.

nples;)
, two
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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 consists
of a (PicWidthInSamples; )x(PicHeightInSamples;) array of luma samples refPicLX; and, when
chroma_format idc is not equal to 0 (monochrome), two (PicWidthInSamplesc)x(PicHeightInSamplesc) arrays of
chroma samples refPicL. X, and refPicL.Xc;.

Otherwise (the current macroblock is a field macroblock), the following applies.

- Let refFrame be the reference frame or complementary reference field pair RefPicListX[ refldxLX /2 ].
The field of refFrame is selected as follows.

If refldxLLX % 2 is equal to 0, the field of refFrame that has the same parity as the current macroblock is
the output.
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- Otherwise (refldxLX % 2 is equal to 1), the field of refFrame that has the opposite parity as the current
macroblock is the output.

- The  output reference field or field of a  reference frame  consists of a
(PicWidthInSamples; )x(PicHeightInSamples; /2) array of Iluma samples refPicLX; and, when
chroma_format _idc is not equal to 0 (monochrome), two (PicWidthInSamplesc)x(PicHeightInSamplesc / 2)
arrays of chroma samples refPicLX¢, and refPicLXc,.

The reference picture sample arrays refPicLX;, refPicLX, (if available), and refPicLXc, (if available) correspond to
decoded sample arrays S;, Sc, (if available), S, (if available) derived in subclause 8.7 for a previously-decoded reference
field or reference frame or complementary reference field pair or field of a reference frame.

8.4.2 2—Fractional-sample-interpolation-proeess

Inputk to this process are

- the current partition given by its partition index mbPartldx and its sub-macroblock partition index subMbPartldx,
- the width and height partWidth, partHeight of this partition in luma-sample units,

- g luma motion vector mvLX given in quarter-luma-sample units,

- g chroma motion vector mvCLX given in eighth-chroma-sample units, and

- the selected reference picture sample arrays refPicL X, refPicL Xy, and refRicl Xy
Outphits of this process are

- g (partWidth)x(partHeight) array predPartLX; of prediction luma sample values and

- When chroma format idc is not equal to 0 (monochrome) two (partWidthC)x(partHeightC) arrays predPartLXcy,
dnd predPartL X, of prediction chroma sample values.

Let (xAr, yAL ) be the location given in full-sample units 0f\the upper-left luma sample of the current partjition given by
mbPdrtldx\subMbPartldx relative to the upper-left luma.sample location of the given two-dimensional prray of luma
samplfes.

Let (|xInt, yInt, ) be a luma location given in full-sample units and ( xFracy, yFrac; ) be an offset givpn in quarter-
sample units. These variables are used only inside this subclause for specifying general fractional-sample lgcations inside
the rdference sample arrays refPicLX;, refPicL.X(, (if available), and refPicLXc, (if available).

For d¢ach luma sample location (0 <six; < partWidth, 0 <=y, <partHeight) inside the prediction luma|sample array
predRartLX;, the corresponding predietion luma sample value predPartLX; [ x;, y; ] is derived as follows:

- [he variables xInt;, yInt;, xFrac;, and yFrac are derived by

xIntp = xAp + ((myLX[ 0 ]>>2) +x( (8-220)
yintp =yA; *UmvLX[ 1 ]>>2)+y. (8-221)
xFrace=mvLX[ 0] & 3 (8-222)
yFrag=mvLX[ 1] &3 (8-223)

—  Theprediction luma sample value predPartLX; [ x;, y.. ] is derived by invoking the process specified in
ubclause-84-22 1 with ( scdnt—dnt—) (xFrac—vErac—)-andrefPic X oiven-asiput

uuuuuuu v THt Syt T ooy T oo e T o o e Sy St paes

When chroma_format idc is not equal to 0 (monochrome), the following applies.

Let ( xIntc, yIntc ) be a chroma location given in full-sample units and ( xFracc, yFracc ) be an offset given in one-eighth
sample units. These variables are used only inside this subclause for specifying general fractional-sample locations inside
the reference sample arrays refPicL Xy, and refPicL.X,.

For each chroma sample location (0 <=x¢ < partWidthC, 0 <=y < partHeightC) inside the prediction chroma sample
arrays predPartLXc, and predPartLXc,, the corresponding prediction chroma sample values predPartLXcy[ Xc, yc ] and
predPartL X[ Xc, yc ] are derived as follows:

—  Depending on chroma_format_idc, the variables xIntc, yIntc, xFracc, and yFracc are derived as follows.

— Ifchroma format idc is equal to 1,
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xIntc = ( xAr / SubWidthC ) + (mvCLX[ 0 ]>>3) + xc (8-224)
yIntc = ( yAp / SubHeightC ) + (mvCLX[ 1 [ >>3 ) + y¢ (8-225)
xFracc =mvCLX[ 0] & 7 (8-226)
yFracc=mvCLX[ 1] & 7 (8-227)

— Otherwise, if chroma_format idc is equal to 2,

xInte = (xAr / SubWidthC ) + (mvCLX[ 0 ] >>3 ) + xc (8-228)
yIntc = ( yAr / SubHeightC ) + (mvCLX[ 1 ]>>2) + yc (8-229)
xFrae—mveXH0H-&F £-230)
yHracc =(mvCLX[ 1] & 3)<<1 ($-231)
— OtHerwise (chroma format_idc is equal to 3),
xIftc = ( xAr / SubWidthC ) + (mvCLX[ 0 ]>>2) + xc (8-232)
yIntc = ( yAr / SubHeightC ) + (mvCLX[ 1 ]>>2) + yc (8-233)
xHracc=(mvCLX[ 0] &3 ) <<1 (8-234)
yHracc=(mvCLX[ 1] & 3)<<1 (8-235)

- The prgdiction sample value predPartLXc,[ Xc yc] is derived by invoking the process specified in subclause
8.4.2.2.2 with ( xIntc, yIntc ), ( xFracc, yFracc ) and refPicL. Xy, given as inpuf)

- The pr¢diction sample value predPartLXc[ Xc yc] is derived by, ilvoking the process specified in subclause
8.4.2.2.2 with ( xIntc, yIntc ), ( xFracc, yFracc ) and refPicLX, givenas input.

8.4.2.2.1 Lyma sample interpolation process

Inputs to thi$ process are

- aluma Jocation in full-sample units ( xInty, yInt; ),

- aluma Jocation offset in fractional-sample units.(&Frac;, yFrac, ), and
- the lumj sample array of the selected referenee picture refPicLX,

Output of thjs process is a predicted luma sample value predPartLX, [ x;, y ]
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Figure 8-4 — Integer samples (shaded blocks with uppér=case letters) and fractional sample positionq (un-shaded

The
folloy

In Fi
locat
the p
samp

of luiha samples are derived as follows:

blocks with lower-case letters) for quarter sample luma interpolation

ariable refPicHeightEffective;, which is the height of the effective reference picture luma array,
VS.

f MbaffFrameFlag is equal to Otor mb_field decoding flag is equal to 0, refPicHeightEffective, i
PicHeightInSamples; .

Dtherwise (MbaffFrameFlag is equal to 1 and mb_field decoding_flag is equal to 1), refPicHeightE{
bqual to PicHeightInSamples; /2.

bure 8-4, the posifions labelled with upper-case letters within shaded blocks represent luma samples
ons inside the given two-dimensional array refPicLX; of luma samples. These samples may be used
Fedicted luma-sample value predPartLX[ x;, y |. The locations ( xZ;, yZ; ) for each of the corres|
es Z, where Zmaybe A,B,C,D,E,F,G,H,,J, K, L, M, N, P, Q, R, S, T, or U, inside the given ar|

is derived as
s set equal to

fectiver is set

at full-sample
for generating
ponding luma
ray refPicLX;

xZ{ = Clip3( 0, PicWidthInSamples; — 1, xInt; + xDZ; )

yZ;, = Clip3( 0, refPicHeightEffective, — 1, yInt; + yDZ; ) (8-236)
Table 8-11 specifies ( xDZ, yDZ, ) for different replacements of Z.
Table 8-11 — Differential full-sample luma locations
Z A |B |C |D J|E |F |G |H |I J K |L [ M [N |P |Q |R |S |T |U
xDZ; | 0 1 0 1 2 |1-1 10 1 2 |3 2 1-1 10 1 2 |3 0 1 1
yDZ |2 |2 |[-1 |-1 |O |O |O |O |O |O 1 1 1 1 1 1 2 |12 |3 3
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Given the luma samples ‘A’ to ‘U’ at full-sample locations ( XA, yAr ) to (xUy, yUy ), the luma samples ‘a’ to ‘s’ at
fractional sample positions are derived by the following rules. The luma prediction values at half sample positions shall
be derived by applying a 6-tap filter with tap values ( 1, -5, 20, 20, -5, 1). The luma prediction values at quarter sample
positions shall be derived by averaging samples at full and half sample positions. The process for each fractional position
is described below.

— The samples at half sample positions labelled b shall be derived by first calculating intermediate values denoted as b,
by applying the 6-tap filter to the nearest integer position samples in the horizontal direction. The samples at half
sample positions labelled h shall be derived by first calculating intermediate values denoted as h; by applying the 6-

tap filter to the nearest integer position samples in the vertical direction:
bj=(E-5*F+20*G+20*H-5*1+17]) (8-237)
h=A=3*CF20*GF20*M=—5* R+ 1) 8-238)
The final prediction values b and h shall be derived using:
b=(liply((b;+16)>>5) (8-239)
h=liply((h; +16)>>5) (8-240)
— The samples at half sample position labelled as j shall be derived by first calculating intertnédiate value denot¢d as j;
by applyjing the 6-tap filter to the intermediate values of the closest half sample positions in either the horizdntal or
vertical direction because these yield an equal result.
Ji=c—5*%dd+20*h; +20*m; —5 *ee + ff, or (8-241)
j1=ap—5*bb+20*b; +20*s;, —5*gg+hh (8-242)
where infermediate values denoted as aa, bb, gg, s; and hh shall be defived by applying the 6-tap filter horizonfally in
the same manner as the derivation of b; and intermediate values dénpted as cc, dd, ee, m; and ff shall be derfved by
applying| the 6-tap filter vertically in the same manner as the derivation of hy. The final prediction value j shall be
derived ysing:
j=Cliply((j; +512)>>10) (8-243)
— The final prediction values s and m shall be derived-from s; and m; in the same manner as the derivation of bjand h,
as given py:
s =(liply((s; +16)>>5) (8-244)
m=Cliply((m; +16)>>5) (8-245)
— The samples at quarter sample positions labelled as a, ¢, d, n, f, 1, k, and q shall be derived by averaging with yipward
rounding of the two nearest sariiples at integer and half sample positions using:
a=(G+b+1)>1] (8-246)
c=(H+b+1)>xl (8-247)
d=(G+h+1)3>1 (8-248)
n=(M+hH)>>1 (8-249)
f=(b+jFy)>>1 (8-250)
i=(h&yF1)>1 (8-251)
k = (f+=mt+tr=>1 £8-252)
q=(j+s+1)>1 (8-253)

— The samples at quarter sample positions labelled as e, g, p, and r shall be derived by averaging with upward rounding
of the two nearest samples at half sample positions in the diagonal direction using

p=(

e=(b+h+1)>1 (8-254)
g=(b+m+1)>>1 (8-255)

h+s+1)>>1 (8-256)
r=(m+s+1)>1. (8-257)
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The luma location offset in fractional-sample units ( xFrac, yFrac; ) specifies which of the generated luma samples at
full-sample and fractional-sample locations is assigned to the predicted luma sample value predPartLX;[ x;, yp ]. This
assignment is done according to Table 8-12. The value of predPartLX; [ x;, y ] shall be the output.

Table 8-12 — Assignment of the luma prediction sample predPartLX, [ x, y. |

xFrac, 0 0 0 0 1 1 1 1 2 2 2 2 3 3 3 3

yFracp 0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3

predPartLX [ x;,y.] | G | d h n a e i p b f j q c g k r

8.4.212.2 Chroma sample interpolation process

This process shall only be invoked when chroma format_idc is not equal to 0 (monochrome).
Inputk to this process are

- g chroma location in full-sample units ( xIntc, ylntc ),

- g chroma location offset in fractional-sample units ( xFracc, yFracc ), and

- dhroma component samples from the selected reference picture refPicLXa.

Outptit of this process is a predicted chroma sample value predPartLXc[ Xenye 1.

In Fipure 8-5, the positions labelled with A, B, C, and D represent chroma samples at full-sample locatipns inside the
giver] two-dimensional array refPicLX¢ of chroma samples.

xFrac;| 8-xFrac,

8-yFrac,

Figure 8-5 — Fractional'sample position dependent variables in chroma interpolation and surroundjing 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
folloyvst

—  If™baffFframerag IS equat to 0 or mb_ficid_decoding_fiag 1S equat 1o U, TetPicHeigtEffectivee is set equal to
PicHeightInSamplesc.

—  Otherwise (MbaffFrameFlag is equal to 1 and mb_field decoding flag is equal to 1), refPicHeightEffectivec is set
equal to PicHeightInSamplesc / 2.

The sample coordinates specified in Equations 8-258 through 8-265 are used for generating the predicted chroma sample
value predPartLX[ x¢, yc |-

xAc = Clip3( 0, PicWidthInSamplesc — 1, xInt ) (8-258)
xB¢ = Clip3( 0, PicWidthInSamplesc — 1, xIntc + 1) (8-259)
xCc = Clip3( 0, PicWidthInSamplesc — 1, xIntc ) (8-260)
xD¢ = Clip3( 0, PicWidthInSamplesc — 1, xIntc + 1) (8-261)
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yAc = Clip3( 0, refPicHeightEffectivec — 1, yIntc ) (8-262)
yBc = Clip3( 0, refPicHeightEffectivec — 1, yIntc ) (8-263)
yCc = Clip3( 0, refPicHeightEffectivec — 1, ylntc + 1) (8-264)
yD¢ = Clip3( 0, refPicHeightEffectivec — 1, yIntc + 1) (8-265)

Given the chroma samples A, B, C, and D at full-sample locations specified in Equations 8-258 through 8-265, the
predicted chroma sample value predPartLX[ X¢, yc | is derived as follows:

predPartLXc[ xc, yc ] = (( 8 —xFracc ) * ( 8 — yFracc ) * A + xFrace * (8 — yFracc ) *B +

8.4.2.3 Weighted-samplepredictionproeess

Inputs to thi
- mbPartl
subMbH
predFla

predParj
dependi

when

(partWi
Cr (with
Outputs of tl

predPar|

when cl
arrays o

For macrobl|

If weig
8.4.2.3.

Otherw
8.4.2.3.

For macrobl

If weig
8.4.2.3.

Otherw
subclau
and out]

Otherw

(8 —xFracc ) * yFracc * C + xFracc * yFracc * D

+32)>>6 (8-266)

process are

dx: the current partition given by the partition index
artldx: the sub-macroblock partition index

b] 0 and predFlagl1: prediction list utilization flags

LX.: a (partWidth)x(partHeight) array of prediction luma samples (with LX 'being replaced by L(
ng on predFlagl0 and predFlagl1)

chroma format idc is not equal to0O (monochrome), predPartLXs, and predPa
(dthC)x(partHeightC) arrays of prediction chroma samples, one for@aeh of the chroma components
LX being replaced by L0 or L1 depending on predFlagL0 and predFlagl.1)

lis process are
L. a (partWidth)x(partHeight) array of prediction luma samples and

iroma_format idc is not equal to 0 (monochrome); predPartcy,, and predPartc,: (partWidthC)x(partHg
f prediction chroma samples, one for each of the chroma components Cb and Cr.

bcks or partitions with predFlagl.0 equal to 1,1n-P and SP slices, the following applies.

hted pred flag is equal to 0, the defaultoweighted sample prediction process as described in sul
is invoked with the same inputs and outputs as the process described in this subclause.

se (weighted pred flag is equalfto 1), the explicit weighted prediction process as described in sul
P is invoked with the same inpufs-and outputs as the process described in this subclause.

beks or partitions with predFlagl0 or predFlagl1 equal to 1 in B slices, the following applies.

hted bipred_idc is equal to 0, the default weighted sample prediction process as described in sul
is invoked with the same inputs and outputs as the process described in this subclause.

se, if weighted bipred idc is equal to 1, the explicit weighted sample prediction process as descr
se 8.4.2.3:2,%for macroblocks or partitions with predFlagl.0 or predFlagl1 equal to 1 with the same
puts as.theprocess described in this subclause.

sed(weighted bipred_idc is equal to 2), the following applies.

or L1

rtLXc.:
b and

ightC)

bclause

bclause

bclause

bed in
inputs

subclause 8.4.2.3.2 is invoked with the same inputs and outputs as the process described in this subclause.

If predFTagL0 1s equal to I and predFTagLT is equal to I, the implicit weighted sample prediction as described in

Otherwise (predFlagl0 or predFlagl.l are equal to 1 but not both), the default weighted sample prediction

process as described in subclause 8.4.2.3.1 is invoked with the same inputs and outputs as the process described
in this subclause.

8.4.2.3.1 Default weighted sample prediction process

Input to this

process are the same as specified in subclause 8.4.2.3.

Output of this process are the same as specified in subclause 8.4.2.3.

Depending on the available component for which the prediction block is derived, the following applies.
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If the luma sample prediction values predPart; [ x, y | are derived, the following applies with C set equal to L, x set
equal to 0 .. partWidth - 1, and y set equal to O .. partHeight - 1.

Otherwise, if the chroma Cb component sample prediction values predPartcy[ X, y ] are derived, the following
applies with C set equal to Cb, x set equal to 0 .. partWidthC - 1, and y set equal to 0 .. partHeightC - 1.

Otherwise (the chroma Cr component sample prediction values predPartc,[ X, y | are derived), the following applies
with C set equal to Cr, x set equal to 0 .. partWidthC - 1, and y set equal to O .. partHeightC - 1.

The prediction sample values are derived as follows.

8.4.213.2 Weighted sample prediction process
Inputo this process are the same as specified in subclause 8.4.2.3.
Outpit of this process are the same as specified in subclause 8.4.2.3.

Depepding on the available component for which the prediction/dlock is derived, the following applies.

The grediction sample values are derivéd as follows

If predFlagl0 is equal to 1 and predFlagl1 is equal to O for the current partition

predPart X, y | = prearanttocf X, v 1 (8-267)

Dtherwise, if predFlagL0 is equal to 0 and predFlagL1 is equal to 1 for the current partition

predPartc[ x, y |= predPartL1¢[ X, y ] (8-268)

Dtherwise (predFlagl0 and predFlagl1 are equal to 1 for the current partition),

predPartc[ x, y ] = ( predPartLOc[ x, y ] + predPartL1c[ x,y ]+ 1)>>1. (8-269)

Iff the luma sample prediction values predPart; [ x, y ] ate‘derived, the following applies with C set equal to L, x set
dqual to 0 .. partWidth - 1, and y set equal to O .. partHeight - 1.

therwise, if the chroma Cb component sample’/prediction values predPartc,[ x,y ] are derived, the following
dpplies with C set equal to Cb, x set equal to Q .>partWidthC - 1, and y set equal to O .. partHeightC - 1

therwise (the chroma Cr component sample prediction values predPartc,[ x, y ] are derived), the following applies
with C set equal to Cr, x set equal to 0-.. partWidthC - 1, and y set equal to O .. partHeightC - 1.

Iff the partition mbPartldx\subMbPartldx has predFlagl.0 equal to 1 and predFlagl1 equal to 0, the final predicted
dample values predPartc[ x; y | are derived by

if( logWD>=1)
predPartc[ x,'.] = Clipl( ( ( predPartLOc[ X, y ] * wo + 2°°¢VP 1) >> logWD ) + 0 )
else (8-270)
predPartc[ x, y | = Cliplc( predPartLOc[ X, y ] * wo + 0¢ )

thergwise, if the partition mbPartldx\subMbPartldx has predFlagL0 equal to 0 and predFlagl.1 equalfto 1, the final
predicted sample values predPartc[ x, y | are derived by

if( logWD >=1)
predPartc[ x, y ] = Cliplc( ( ( predPartL1c[ x, y ] * wy +2°¥VP 1) >> [ogWD ) + 0, )

else (8-271)
predPartc[ x, y ] = Cliplc( predPartL1c[ X,y | * wy + 0y )

Otherwise (the partition mbPartldx\subMbPartldx has both predFlaglLO and predFlagll equal to 1), the final
predicted sample values predPart([ x, y | are derived by

predPartc[ x, y ] = Cliple( ( ( predPartLOc[ x, y ] * woy + predPartL1c[ x, y ] * wy + 2'°¢VP ) >>
(logWD+ 1))+ ((0p+tor+1)>>1)) (8-272)

The variables in the above derivation for the prediction samples are derived as follows.
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- If weighted bipred_idc is equal to 2 and the slice_type is equal to B, implicit mode weighted prediction is used as
follows.

logWD = 5 (8-273)
00=0 (8-274)
0,=0 (8-275)

and w, and w are derived as follows.

- The yarmabtesTcmrPIcOTFTtd; pico; and pictare derived as fo1tows:

2

— | Iffield pic flagis equal to 0 and the current macroblock is a field macroblock, the following-applid

—  currPicOrField is the field of the current picture CurrPic that has the same parity as the furrent
macroblock.

—  The variable pic0 is derived as follows.

—  If refldxL.0 % 2 is equal to 0, picO is the field of RefPicListO[ refldxI«0 / 2 ] that has thp same
parity as the current macroblock.

—  Otherwise (refldxL0 % 2 is not equal to 0), picO is the field/f*RefPicListO[ refldxL0 /P ] that
has the opposite parity of the current macroblock.

—  The variable picl is derived as follows.

—  IfrefldxL1 % 2 is equal to 0, picl is the field of R&fPicListl[ refldxL1 /2 ] that has the same
parity as the current macroblock.

—  Otherwise (refldxL1 % 2 is not equal to 0)spi¢l is the field of RefPicListl[ refldxL.1 /P ] 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), currPic(QrField
is the current picture CurrPic, picl is RefPiclist [ refldxL1 ], and picO is RefPicListO[ refldxLoO ].

- The Yyariables tb, td, tx, and DistScaleFactor afe: derived from the values of currPicOrField, picO, picl using
Equations 8-198, 8-199, 8-194, and 8-195, respeétively.

- If DiffPicOrderCnt( picl, pic0 ) is equakto 0 or one or both of picl and picO is marked as "used for lorjg-term
refergnce" or ( DistScaleFactor >> 2 )<--64 or ( DistScaleFactor >> 2 ) > 128, w, and w; are derived as

wp =32 (8-276)

wh =32 (8-277)
- Othegwise,

wp = 64 — (DistScaleFactor >> 2) (8-278)

w} =DistScaleFactor >> 2 (8-279)

- Otherwise (weighted pred flag is equal to T in P or SP slices or weighted bipred idc equal to T in B slices), explicit
mode weighted prediction is used as follows.

- The variables refldxLOWP and refldxL1WP are derived as follows.

- If MbaffFrameFlag is equal to 1 and the current macroblock is a field macroblock

refldxLOWP = refldxLL.0 >> 1 (8-280)
refldxL1WP = refldxL1 >> 1 (8-281)

- Otherwise (MbaftFrameFlag is equal to 0 or the current macroblock is a frame macroblock),

refldxLOWP = refldxLO (8-282)
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refldxL1 WP = refldxL1

The variables logWD, w,, w1, 0y, and o; are derived as follows.

If C in predPartc[ x, y ] is replaced by L for luma samples
logWD = luma_log2 weight denom
wo = luma_weight 10[ refldxLOWP ]

wi = luma_weight 11 refldxL1WP ]

10:2005(E)

(8-283)

(8-284)
(8-285)

(8-286)

09 = luma_offset 10[ refldxLOWP ] * (1 << ( BitDepthy —8))
0; = luma offset 11[ refldxLIWP ] * (1 <<( BitDepthy —8))

Otherwise (C in predPartc[ x, y ] is replaced by Cb or Cr for chroma samples, ‘with iCb(]
iCbCr =1 for Cr),

logWD = chroma log2 weight denom

wo = chroma_weight 10[ refldxLOWP ][ iCbCr ]

w; = chroma_weight 11[ refldxL1WP ][ iCbCr ]

09 = chroma_offset 10[ refldxLOWP ][ iCbCr | * ( 1 <<¢BitDepthc —8))

0, = chroma_offset 11 refldxL1WP ][ iCbCr &)V << ( BitDepthc — 8 ) )

When explicit mode weighted prediction is used and the-partition mbPartldx\subMbPartldx has both pr

pred}

N|
cq

Iul
o1
Iul

8.5
filter

Input]
Lumd
predi

lagL.1 equal to 1, the following constraint shall be’obeyed
-128 <=wy+ w; <=((logWD == 7) 2127 :128)

DTE —For implicit mode weighted prediction, weights w, and w; are each guaranteed to be in the range of -
nstraint expressed in Equation 8-2947\ although not explicitly imposed, will always be met. For explicit

prediction with logWD equal to 7, when one of the two weights w, or w; is inferred to be equal to 128 (as a

ma_weight 10 flag, luma weight M} flag, chroma weight 10 flag, or chroma weight 11 flag equal to 0), the o
Wwp) must have a negative value/in order for the constraint expressed in Equation 8-294 to hold (and therefor]

Transform cog¢fficient decoding process and picture construction process prior to
process

5 to this pfocess are Intral6x16DCLevel (if available), Intral6x16ACLevel (if available), LumaLevel
Level8x8.(if available), ChromaDCLevel (if available), ChromaACLevel (if available), and availablg
Ction\sample arrays for the current macroblock for the applicable components pred;, predcy, or predc;.

N

Ima_weight 10 flag, luma (weight 11 _flag, chroma weight 10 flag, or chroma weight 11 flag must be equal to 1J).

(8-287)
(8-288)

r=0 for Cb,

(8-289)
(8-290)
(8-291)
(8-292)
(8-293)

edFlagl0 and

(8-294)

b4..128 and the
mode weighted
consequence of
ther weight (w;
e the other flag

deblocking

(if available),
Inter or Intra

DTE/— When decoding a macroblock in Intra 4x4 (or Intra 8x8) prediction mode, the luma component of

he macroblock

prediction array 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.

Outputs of this process are the constructed sample arrays prior to the deblocking filter process for the applicable
components Sy, S’cp, OF S’

NOTE — When decoding a macroblock in Intra 4x4 (or Intra 8x8) prediction mode, the luma component of the macroblock
constructed sample arrays prior to the deblocking filter process may not be complete, since for each 4x4 (or 8x8) luma block, the
Intra_4x4 (or Intra_8x8) prediction process for luma samples as specified in subclause 8.3.1 (or 8.3.2) and the process specified in
this subclause are iterated.

This subclause specifies transform coefficient decoding and picture construction prior to the deblocking filter process.

When the current macroblock is coded as P_Skip or B_Skip, all values of LumaLevel, LumaLevel8x8, ChromaDCLevel,
ChromaACLevel are set equal to 0 for the current macroblock.
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When residual_colour_transform_flag is equal to 1, the residual colour transform process as specified in subclause 8.5.13
is invoked.

8.5.1

Specification of transform decoding process for 4x4 luma residual blocks

This specification applies when transform_size 8x8 flag is equal to 0.

When the current macroblock prediction mode is not equal to Intra 16x16, the variable Lumalevel contains the levels
for the luma transform coefficients. For a 4x4 luma block indexed by luma4x4Blkldx = 0..15, the following ordered steps
are specified.

1.
2. The s
as thg
3. Whe
4. The
deriv
input
5. The 4
uij
Whe
data
6. The
luma:
8.5.2  Sp¢
When the
Intral6x16A
in the follow
1. The 4
a. T
I
b. T
as
2. Fora
a. The
la
162

The inverse transform coefficient scanning process as described in subclause 8.5.5 is invoked with
LumalLevel] luma4x4BlklIdx ] as the input and the two-dimensional array c as the output.

caling and transformation process for residual 4x4 blocks as specified in subclause 8.5.10 is inveked
input and r as the output.

procdss is suspended until after completion of the residual colour transform process™as specif
subclpuse 8.5.13, after the completion of which, the variable rj is set equal to Rgj with 1,()5~0..3 and this |
is continued.

= Cliply( pred [ xO +j, yO+i]+1;) (

residual_colour_transform_flag is equal to 1, the variable Ry is set equal to r; with 1, )= 0..3 aj

osition of the upper-left sample of a 4x4 luma block with index luma4x4Blkldx inside the macrob
bd by invoking the inverse 4x4 luma block scanning process in subclause 6:4.3 with luma4x4BlkIdx
and the output being assigned to ( xO, yO ).

x4 array u with elements u; for i, j = 0..3 is derived as

gpprime_y zero_transform bypass flag is equal to 1 and QP'y is equal to 0, the bitstream shall not
at result in a value of u;; as computed by Equation 8-295 that is not equal to pred, [ xO +j, yO +i]+

picture construction process prior to deblocking filter process in subclause 8.5.12 is invoke
ix4BlkIdx and u as the inputs.

cification of transform decoding procéss for luma samples of Intra_16x16 macroblock pre
mode

current macroblock prediction.mode is equal to Intra 16x16, the variables Intral6x16DCLeV

ing ordered steps:
x4 luma DC transform.coefficients of all 4x4 luma blocks of the macroblock are decoded.

he inverse transform’ coefficient scanning process as described in subclause 8.5.5 is invoke
tral6x16DCLevel as the input and the two-dimensional array c as the output.

he scaling-and transformation process for luma DC transform coefficients for Intra 16x16 macroblo
specifieduin subclause 8.5.8 is invoked with ¢ as the input and dcY as the output.

4x4,Tuma block indexed by luma4x4BIkldx = 0..15, the following ordered steps are specified.

with ¢

nd this
ied in
brocess

lock is
as the

R295)

ontain
Iij-

1 with

liction

el and

CLevel contain the levels for'the Tuma transform coefficients. The transform coefficient decoding pfoceeds

1 with

bk type

value from the array dcY. Figure 8-6 shows the assignment of the indices of the array dcY

OIC ITUITd WI [

ponding

to the

luma4x4BlkIdx. The two numbers in the small squares refer to indices i and j in dcYj;, and the numbers in

rge squares refer to luma4x4BlkIdx.
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8.5.3
This
The

. The inverse transform coefficient scanning process as described in sub¢lause 8.5.5 is invoked wi
. The scaling and transformation process for residual 4x4 blocks,as.specified in subclause 8.5.10 if

. When residual_colour_transform_flag is equal to 1, the’variable Ry j is set equal to 1;; with 1, j

. The position of the upper-left sample of a 4x4 [uma block with index luma4x4Blkldx inside the

. The picture construction process prior to deblocking filter process in subclause 8.5.12 is

Specification of transform decoding process for 8x8 luma residual blocks
specification applies when transform_size 8x8 flag is equal to 1.

pariable Lumalevel8x8[ luma8x8Blkldx ] with luma8x8BIkIdx = 0..3 contains the levels for the Iy

coeff]

cients for the lnma 8x 8 block with index lnma8xRRI1kIdx

Figure 8-6 — Assignment of the indices of dcY to luma4x4BlkIdx

The elements in lumaList with index k = 1..15 are specified as

lumaList[ k ] = Intral6x16ACLevel[ luma4x4BIkIdx J[ k-1 ]

the input and the two-dimensional array ¢ as the output.
c as the input and r as the output.

process is suspended until after completion of the ‘residual colour transform process as
subclause 8.5.13, after the completion of which, the Variable r;; is set equal to Rgjy with i, j 3
process is continued.

derived by invoking the inverse 4x4 luma.block scanning process in subclause 6.4.3 with lumg
the input and the output being assigned-to ( xO, yO ).

The 4x4 array u with elements u;; for1, j = 0..3 is derived as
u;j = Cliply( pred [ XO +j,yO *i] +15)

When qpprime_y_zerg_transform bypass_flag is equal to 1 and QP'y is equal to 0, the bitstr
contain data that result in a value of u;; as computed by 8-297 that is not equal to pred,[ xO +j, y!

luma4x4Blkldx and u as the inputs.

(8-296)

th lumalList as
invoked with

= 0..3 and this
specified in
£ 0..3 and this

macroblock is
4x4BI1kIdx as

(8-297)

eam shall not
D +1 ] + Tj.

invoked with

ma transform

For an 8x8 luma block indexed by luma8x8BlklIdx = 0..3, the following ordered steps are specified.

1. The inverse scanning process for 8x8 luma transform coefficients as described in subclause 8.5.6 is invoked with
LumaLevel8x8[ luma8x8BlklIdx ] as the input and the two-dimensional array c as the output.

2. The scaling and transformation process for residual 8x8 blocks as specified in subclause 8.5.11 is invoked with ¢ as
the input and r as the output.

3. When residual_colour_transform_flag is equal to 1, the variable Ry is set equal to r;; with i, j = 0..7 and this process
is suspended until after completion of the residual colour transform process as specified in subclause 8.5.13, after the
completion of which, the variable t;; is set equal to Rg; with i, j = 0..7 and this process is continued.
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8.5.4  Spdcification of transform decoding process for chroma samples

This procesq is invoked for each chroma component Cb and Cr seperately.

The position of the upper-left sample of an 8x8 luma block with index luma8x8Blkldx inside the macroblock is
derived by invoking the inverse 8x8 luma block scanning process in subclause 6.4.4 with luma8x8BlkIdx as the
input and the output being assigned to ( xO, yO ).

The 8x8 array u with elements u;; for i, j = 0..7 is derived as
ujj = Cliply( pred [ xO +j,yO +i]+1;) (8-298)

When gpprime_y zero_transform_bypass _flag is equal to 1 and QP'y is equal to 0, the bitstream shall not contain
data that result in a value of u;; as computed by Equation 8-298 that is not equal to pred; [ xO +j, yO +1i ] + 1.

The picture construction process prior to deblocking filter process in subclause 8.5.12 is invoked with
luma8x §Bikidxamduasthempurts:

For each cHroma component, the variables ChromaDCLevel[ iCbCr ] and ChromaACLevel[ iCb€ET ], with iChCr set
equal to 0 for Cb and iCbCr set equal to 1 for Cr, contain the levels for both components \of’the chroma trapsform

coefficients.
Let the varigble numChroma4x4Blks be set equal to (MbWidthC / 4) * (MbHeightC / 4).
For each chioma component, the transform decoding proceeds separately in the following ordered steps:

1.

The nuhChroma4x4Blks chroma DC transform coefficients of the 4x4 chroma blocks of the component indgxed by
iCbCr of the macroblock are decoded.

a. Depending on the variable chroma_format idc, the following applies.

—  If|chroma format idc is equal to 1, the 2x2 array c is derived using the inverse raster scanning process fpplied
td ChromaDCLevel as follows

ChromaDCLevel [iCbCr [0 ] ChromaDCLeyel[¢CbCr | 1]

ChromaDCLevel[ iCbCr ][ 2 ] ChromaDCLevel[ iCbCr ][ 3 ] ($-299)

—  Otherwise, if chroma format idc is equal to 2, the 2x4 array c is derived using the inverse raster sdanning
process applied to ChromaDCLevel as-follows

ChromaDCLevel[iCbCr[0]¢ ChromaDCLevel[iCbCr]2

ChromaDCLevel[iCbCg]1} ChromaDCLevel[iCbCr[5

Cc=

ChromaDCLevel[iCbCr[3] ChromaDCLevel[iCbCr6
[

]
]
| (8-300)
ChromaDCLevel[iCbCr[4] ChromaDCLevel[iCbCr]7]
—  Otherwise ((chroma_format idc is equal to 3), the inverse scanning process for transform coefficignts as
pecifiedsin subclause 8.5.5 is invoked with ChromaDCLevel[ iCbCr ] as the input and the two-dimehsional
4x4 array c as the output.

w2

b qu cealing and teo0c L f1 o0 catforel DPC trancf Flotante oo cmanafiad 20 ol aloscn 5 9 1
. 18-sealing-and-transformationprocessforchroma DCtransformecoefficientsasspeeifiedin-subelanse8.5.9 is

invoked with ¢ as the input and dcC as the output.

For each 4x4 chroma block indexed by chroma4x4Blkldx = 0..numChroma4x4Blks — 1 of the component indexed by
iCbCr, the following ordered steps are specified.

a. The variable chromalist, which is a list of 16 entries, is derived. The first entry of chromaList is the
corresponding value from the array dcC. Figure 8-7 shows the assignment of the indices of the array dcC to the
chroma4x4BlkIdx. The two numbers in the small squares refer to indices i and j in dcC;;, and the numbers in
large squares refer to chroma4x4BlkIdx.
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Figure 8-7 — Assignment of the indices of dcC to chroma4x4BIlkIdx:
(a) chroma_format_idc equal to 1, (b) chroma_format_idc equal to 2, (c) chroma_format idc equal to 3

The elements in chromaList with index k = 1..15 are specified as

chromaList[ k ] = ChromaACLevel[ chroma4x4BlkIdx J[k—1] (8-301)

B. The inverse scanning process for transform coefficients as specified in subclause 8.5.9 is [invoked with
chromalL ist as the input and the two-dimensional array c as the Qutput.

d. The scaling and transformation process for residual 4x4 blocks as specified in subclause 8.5.10 is ihvoked with ¢
as the input and r as the output.

d. Depending on the variable chroma format_idc, the p@sition of the upper-left sample of a 4x4 chroma block with
index chroma4x4BlkIdx inside the macroblock is derived as follows.

— Ifchroma format idc is equal to 1 or 2 {¢he following applies.

xO = InverseRasterScan( chroma4x4Blkldx, 4, 4, 8, 0) (8-302)
yO = InverseRasterScan( chroma4x4Blkldx, 4, 4, 8, 1) (8-303)

—  Otherwise (chroma format idc is equal to 3), the following applies.

xO = InverseRasterScan("'chroma4x4Blkldx / 4, 8, 8, 16,0 ) +
InverseRasterScan( chroma4x4Blkldx % 4, 4, 4, 8,0 ) (8-304)

yO =InverseRasterScan( chroma4x4Blkldx /4, 8, 8, 16, 1 ) +
InverseRasterScan( chroma4x4Blkldx % 4, 4,4, 8, 1) (8-305)

d. When residual _colour transform flag is equal tol, the wvariable xO' is setf equal to
X0 % (4 << transform_size 8x8 flag ), the variable yO' is set equal to yO % ( 4 << transform_size 8x8 flag),
and the following applies.

— If this process is invoked for the chroma component Cb, the variable Reppmy is set equal to 1 with
,j=0.3, m=x0"+1,n=y0'+j, and this process is suspended until after completion of the residual
colour transform process as specified in subclause 8.5.13, after which the variable 1; is set equal to Ry,
with i, j =0..3, m=x0'+1, n = yO' + j and this process is continued.

—  Otherwise (this process is invoked for the chroma component Cr), the variable R¢, m, is set equal to r; with
1,j=0.3, m=x0"'+1,n=y0'+j and this process is suspended until after the completion of the residual
colour transform process as specified in subclause 8.5.13, after which the variable 1; is set equal to Rg iy
with i, j =0..3, m=x0'+1, n = yO'+ j and this process is continued.

f.  The 4x4 array u with elements u; for i, j = 0..3 is derived as

u;j = Clipl¢( predc[ xO +j, yO +i] + 1) (8-306)
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When gpprime_y zero_transform bypass_flag is equal to 1 and QP'y is equal to 0, the bitstream shall not
contain data that result in a value of u; as computed by Equation 8-306 that is not equal to

prede[ xO +j, yO +1i ] + 1.

g. The picture construction process prior to deblocking filter process in subclause 8.5.12 is invoked with

chroma4x4Blkldx and u as the inputs.

8.5.5 Inverse scanning process for transform coefficients

Input to this process is a list of 16 values.

Output of this process is a variable ¢ containing a two-dimensional array of 4x4 values. In the case of transform
coefficients, these 4x4 values represent levels assigned to locations in the transform block. In the case of applying the

inverse scanning process to a scaling list, the output variable ¢ contains a two-dimensional array representing a 4x4

scaling matrjx.

The inverse| scanning process for transform coefficients maps the sequence of transform coefficient levels|to the
transform cdefficient level positions. Table 8-13 specifies the two mappings: inverse zig-zag scan andunverse field scan.
The inverse ig-zag scan shall be used for transform coefficients in frame macroblocks and the inverse field scan ghall be

used for trarfsform coefficients in field macroblocks.

The inverse scanning process for scaling lists maps the sequence of scaling list entties to the positions [in the

correspondiIg scaling matrix. For this mapping, the inverse zig-zag scan shall be used.

Figure 8-8 illustrates the scans.
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Figure 8-8 =4x4 block scans. (a) Zig-zag scan. (b) Field scan (informative)
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Table 8-13 provides theymapping from the index idx of input list of 16 elements to indices i and j of the two-dime
array c.
Table 8-13 — Specification of mapping of idx to ¢; for zig-zag and field scan
idx 0|1 ]2 |3 |4 |5]|6|7 8|9 ]|10]11]12|]13]|14]15
Zig-Zag | Coo | Cor | Cio | Coo | €11 | Co2 | Co3 | C1o | Co1 | Ca0 | €31 | Cop | Ci3 | €23 | C3p | Ca3
field | Coo | Cro | Co1 | €20 [ C30 [ Ci1 | €21 [ €31 | Coo [ C12 | € [ €30 | Co3 | Ci3 | Co3 | €33
166
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8.5.6 Inverse scanning process for 8x8 luma transform coefficients
Input to this process is a list of 64 values.

Output of this process is a variable ¢ containing a two-dimensional array of 8x8 values. In the case of transform
coefficients, these 8x8 values represent levels assigned to locations in the transform block. In the case of applying the
inverse scanning process to a scaling list, the output variable ¢ contains a two-dimensional array representing an 8x8
scaling matrix.

The inverse scanning process for transform coefficients maps the sequence of transform coefficient levels to the
transform coefficient level positions. Table 8-14 specifies the two mappings: inverse 8x8 zig-zag scan and inverse 8x8
field scan. The inverse 8x8 zig-zag scan shall be used for transform coefficients in frame macroblocks and the inverse
8x8 field scan shall be nsed for transform coefficients in field macroblocks

The fnverse scanning process for scaling lists maps the sequence of scaling list entries to th¢“pepitions in the
correpponding scaling matrix. For this mapping, the inverse zig-zag scan shall be used.

Figure 8-9 illustrates the scans.
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Figure 8<9 — 8x8 block scans. (a) 8x8 zig-zag scan. (b) 8x8 field scan (informative)

Tablg 8-14-provides the mapping from the index idx of the input list of 64 elements to indices i and|j of the two-
dimensienalarray c.
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Table 8-14 — Specification of mapping of idx to ¢;; for 8x8 zig-zag and 8x8 field scan

idx 0|1 |23 4|56 |7 |89 1011|1213 )14 |15

zig-zag Co0 | Co1 | €10 | €20 | €11 | Co2 [ Co3 [ C12 | Co1 | C30 | C40 | C31 | C22 | €13 | Co4 | Cos

field Coo | €10 | €20 | Co1 | Ci1 | €30 | Ca0 | Ca1 | Co2 | €31 | C50 | €60 | C70 | Ca1 | C12 | Co3

Table 8-14 (continued) — Specification of mapping of idx to cij for 8x8 zig-zag and 8x8 field scan

idx 16 | 17 |18 |19 | 20 | 21 | 22 |23 |24 |25 |26 |27 |28 29 30|31

218-7A8 | Ci4 | C3 | C32 [ Ca1 | C50 | Coo | Cs1 | Can | €33 | Coq4 | Ci5 | Co6 | Co7 | Ci6 | Co5 | C34

field C2 [ Cs1 | Ce1 | C71 | €32 | C13 | Co4 | C23 | Ca2 | C52 | Ce2 | C72 | C33 | C1a | Cos5 | Cof

Tqble 8-14 (continued) — Specification of mapping of idx to cij for 8x8 zig-zag and 8x8 fi¢ld scan

idx 32 133 134 |35|36 |37 383940 |41 |42 | 43 | 44 | 45) 46 | 47

Zig-zag | C43 | Cso | Cg1 | C70 | C71 | Ce2 | Cs53 | Cagq | C35 | Cog | €17 | Ca7 | C36.Cas5 | Cs4 | Co3

field C43 | C53 | Co3 | €73 | C34 | C15 | Co6 | Co5 | Caq | C54 | Coa | C74 4 C35 | Ci6 | Co6 | Cas

Tqble 8-14 (concluded) — Specification of mapping of idx to cij for 8x8-zig-zag and 8x8 field scan

idx 48 |49 |50 | 51 |52 |53 |54 55|56 | 57(D3S8 |59 | 60 | 61 | 62 | 63

21g-7a8 | C7p | C73 | Co4 | C55 | Ca6 | C37 | Ca7 | Cs6 | G5\ L74 | €75 | Co6 | C57 | Co7 | C76 | C77

field Css | Ce5 | €75 | C36 | Co7 | C17 | Ca6 | Cs6I\€e6 | C76 | C27 | C37 | Ca7 | C57 | Co7 | C77
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8.5.7  Derivation process for the chroma quantisation parameters and scaling function

Outputs of this process are:
—  QP¢: the chroma quantisation parameter for each chroma component Cb and Cr
—  QSc: the additional chroma quantisation parameter for each chroma component Cb and Cr required for decoding SP
and SI slices (if applicable)
NOTE — QP quantisation parameter values QPy and QSy are always in the range of —QpBdOffsety to 51, inclusive. QP
quantisation parameter values QP and QS are always in the range of —QpBdOffsetc to 51, inclusive..

The value of QP for a chroma component is determined from the current value of QPy and the value of
chroma_gp_index_offset (for Cb) or second _chroma_qp_index_offset (for Cr).
NPTE=Fhescatimgequations—arespectted such that theequivatent transformrcoefficrent tevet scatimgfactor dqubles for every

nerement of 6 in QPy. Thus, there is an increase in the factor used for scaling of approximately 12 % for each.inofease 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.ihdex denoted as qP;.

The yariable qP oy for each chroma component is derived as follows.

—  If the chroma component is the Cb component, qPogr is specified as

qPoriset = chroma_qp_index offset (8-307)

—  Ptherwise (the chroma component is the Cr component), qPosse is specified as
qPorret = second_chroma qp_index offset (8-308)
The value of qP; for each chroma component is derived as
qP; = Clip3( —QpBdOffsetc, 51, QPy + qPogrer ) (8-309)
The value of QP'c for the chroma components is derived as
QP'c = QP¢ + QpBdOffsetc (8-310)
The vyalue of BitDepth'c for the chroma componénts is derived as
BitDepth'c = BitDepth + residual *colour_transform flag (8-311)

Table 8-15 — Specification of QP as a function of qP,

qP; || <30 [ 30 | 31 [ 32533 |34 3536373839140 |41 |42 |43 |44 45|46 |47 |48 |49 |50 51

QPc|| =qP; | 29 | 30 {31 | 3232|3334 |34|35|35|36/|36|37 373738 [38[38[39([39]39]39

Wher the current slice is an SP or SI slice, QS¢ is derived using the above process, substituting QPy with|QSy and QPc
with QSc.

The function LevelScale( m, i, j ) is specified as follows.

—  The 4x4 matrix weightScale( i, j ) is specified as follows.
—  The variable mblsInterFlag is derived as follows.

—  If the current macroblock is coded using Inter macroblock prediction modes, mblsInterFlag is set equal
to 1.

—  Otherwise (the current macroblock is coded using Intra macroblock prediction modes), mblsInterFlag is
set equal to 0.

—  The variable iYCbCr derived as follows.

—  If the input array c relates to a luma residual block, iYCbCer is set equal to 0.
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—  Otherwise, if the input array c relates to a chroma residual block and the chroma component is equal
to Cb, iYCDCr is set equal to 1.

—  Otherwise (the input array c relates to a chroma residual block and the chroma component is equal to Cr),
1YCbCer is set equal to 2.

—  The inverse scanning process for transform coefficients as specified in subclause 8.5.5 is invoked with
ScalingList4x4[ iYCbCr + ( (mblsInterFlag == 1) ? 3 : 0)] as the input and the output is assigned to the 4x4

matrix weightScale.

LevelScale(m,i,j) = weightScale(i,j) *normAdjust(m,i,j) (8-312)

where

VmO

nornjAdjust(m, i, j)=1{v,,

Vm2

where the fifst and second subscripts of v are row and column indices, respectively, of the matrik specified as:

flo 16 13]
11 18 14
13 20 16
V= .
14 23 18
16 25 20
[18 29 23]

The function] LevelScale8x8( m, i, j ) is specified as follows:
—  The 8x§ matrix weightScale8x8( 1, j ) is specified as follows.

—  The variable mblsInterFlag is derived as follows.

to 1.

set equal to 0.

for (1% 2, j% 2) equal to (0,0),

for (1% 2, j%2)equal to (1,1), (8-313)

otherwise;

(8-314)

—| If the current macroblock is coded.using Inter macroblock prediction modes, mblsInterFlag is set equal

—| Otherwise (the current macroblock is coded using Intra macroblock prediction modes), mblsInterFlag is

—  The inverse scanning process for 8x8 luma transform coefficients as specified in subclause 8.5.6 is ifivoked

wiith ScalingList8x8[ mblsinterFlag ] as the input and the output is assigned to the 8x8 matrix weightScale8x8.

LevglScal&x8(m,i, j).= weightScabk8x&(, j) * normAdjus8x8(m,1, ) (8-315)
where
Vo Tor(i%4,j% 4)equalto (0,0),
v——For{+%2+%Dequatte-tH
for (1% 4, j % 4) equal to (2,2),
normAdjust8x8(m,i, )= | 72 OT0 eIV Dequalio(2.2), (8-316)
Vs for(1%4,j% 2)equalto (0,1)or (1% 2,]j% 4) equalto (1,0),
v, for(i%4,j%4)equalto (0,2)or (i%4,]% 4)equal to (2,0),
v,.s otherwise;

where the first and second subscripts of v are row and column indices, respectively, of the matrix specified as:
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(20 18 32 19 25 24]
22 19 35 21 28 26
26 23 42 24 33 31
v= ) (8-317)
28 25 45 26 35 33
32 28 51 30 40 38
136 32 58 34 46 43|

Scaling and transformation process for luma DC transform coefficients for Intra_16x16 macroblock type

Inputs to this process are transform coefficient level values for luma DC transform coefficients of Intra 16x16

macr

Outp
elem

Depe

blocks as a 4x4 array ¢ with elements c;;, where 1 and j form a two-dimensional frequency index.

hts of this process are 16 scaled DC values for luma 4x4 blocks of Intra_16x16 macroblocks as a-4x4 a
nts dcYs;.

hding on the values of qpprime_y_zero_transform bypass_flag and QP'y, the following applies.
[f gpprime_y zero transform bypass flag is equal to 1 and QP'y is equal to 0, the qutput dcY is deriv

dCYij = Gjj with 1,] =0..3

Otherwise (qpprime y_zero_transform_bypass_flag is equal to 0 or QPR'yds not equal to 0), the foll
this process specifies the output.

rray dcY with

bd as
(8-318)

owing text of

The ihverse transform for the 4x4 luma DC transform coefficients is specified by:
I 1 1 Ifcyp Co Cp» Cos|ll 1 K 1
_ 1 1 -1 -1jc, ¢y ¢, ¢yl K =1 -1 . (8-319)
I =1 =1 1fcy €y €y Chpfleyl -1 1
I =1 1 —=1|cy €5 €3 CuAid -1 1 -1

The 1|
value

After

itstream shall not contain data that results;in any element f; of f with i, j = 0..3 that exceeds the ra
s from —27 T BIPePhy) o 27 BitDerthy)_1 Sinclusive.

the inverse transform, scaling is.performed as follows.

[f QP'y is greater than or equalto 36, the scaled result shall be derived as

hge of integer

dcY;; = (f}; * LevelScale(QP'y %6,0,0)) << (QP'y /6-6), with i,j=0.3. (8-320)
—  Ptherwise (QP'y i1s.Jess than 36), the scaled result shall be derived as
dcY;; =L *LevelScale( QP'y %6,0,0) + 270y 55 (6-QP', /6), with i,j=0.3 (8-321)

The 1
integ

itstream shall not contain data that results in any element dcY;; of dcY with i, j = 0..3 that exceed
brwallies from —207 T BitDepthy) ¢ o7+ BitDepthy) 1 1 lusive.

5 the range of

NOTE — When entropy coding mode flag is equal to 0 and QP'y is less than 10 and profile idc is equal to 66, 77, or 88, 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

In

tra_16x16 macroblock type.

NOTE - Since the range limit imposed on the elements dcYj; of dcY is imposed after the right shift in Equation 8-321, a larger
range of values must be supported in the decoder prior to the right shift.

8.5.9

Scaling and transformation process for chroma DC transform coefficients

Inputs to this process are transform coefficient level values for chroma DC transform coefficients of one chroma
component of the macroblock as an (MbWidthC / 4)x(MbHeightC / 4) array ¢ with elements c;, where i and 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;.
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Depending on the values of qpprime_y zero transform_bypass_flag and QP'y, the following applies.
If gpprime_y zero transform_ bypass flag is equal to 1 and QP'y is equal to 0, the output dcC is derived as

dcCy; = ¢; with i=0..( MbWidthC/4 ) — 1 and j = 0..( MbHeightC /4 ) — 1. (8-322)

Otherwise (qpprime_y_zero_transform_bypass flag is equal to 0 or QP'y is not equal to 0), the following text of this
process specifies the output.

Depending on the variable chroma_format idc, the inverse transform is specified as follows.

If chroma_format idc is equal to 1, the inverse transform for the 2x2 chroma DC transform coefficients is specified

as
b 1Tew 11
=1 ¢y, 1 -1 (

Co -323)
Cyy

—  Otherwise, if chroma_format idc is equal to 2, the inverse transform for the 2x4 chroma DC transform coefficients
is specified as
| 1 1 1fcy cy
| 1 -1 -1 1
fo Co Cn (8-324)
| -1 -1 1fcy, cyfl
| -1 1 —1jcy cy
—  Otherwise (chroma_format idc is equal to 3), the inverse transformdor the 4x4 chroma DC transform coefficlents is
specifi¢d as follows.

— If| residual colour transform flag is equal to 1\\and the current macroblock prediction | mode
MbPartPredMode( mb_type, 0 ) is Intra 4x4 or Intta_8x8, the inverse transform for the 4x4 chroma DC
transform coefficients is specified as

fij=¢;j<<2 with i,j=0..3 (8-325)

—  Otherwise, the inverse transform for the 4x4 chroma DC transform coefficients is specified as

I 1 1fcy € Cpcfufl 1 1 1
e I -1 —1Ijc, ¢ (cp* c5fl 1 -1 -1 ($-326)
-1 =1 1fc, @y *Cp Cpfl -1 -1 1
-1 1 =1fcyf )¢ ¢ ¢yl -1 1T -1
The bitstreapn shall not cOntain data that results in any element f; of f with i, j = 0..3 that exceeds the range of finteger
values from |27+ BitDepti) 7 o7+ BitDepth'c) 1 "y lusive.
After the inverse transform, scaling is performed depending on the variable chroma_format idc as follows.
—  If chromalformat idc is equal to 1, the scaled result is derived as
dcC;; = ((f}; * LevelScale(QP'¢ %6,0,0)) << (QP'¢/6))>>5, with 1i,j=0,1 (8-327)
- If chroma_format idc is equal to 2, the following applies.
—  The variable QP'c pc is derived as
QP'cpc=QP'c+3 (8-328)

Depending on the value of QP'c p¢, the following applies.

If QP'c pc is greater than or equal to 36, the scaled result shall be derived as
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deC; = (f; * LevelScald QP'c. . %6,0,0)) << (QP'cpe /6-6), with i=0..3,j=0,1

—  Otherwise (QP'cpc is less than 36), the scaled result shall be derived as

(8-329)

deC; = (f; *LevelScale (QP'¢ pe %6,0,0)+2" 7> )55 (6 —QP' e /6), with i=0.3,j=0,1 (8-330)

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

—  IfQP'c is greater than or equal to 36, the scaled result shall be derived as

deC, = (f, * LevelScale( QP'%6,0,0)) << (QP'c /6-6), with i,j=0.3.

(8-331)

- Otherwise (QP'c is less than 36), the scaled result shall be derived as

deC; = (f} * LevelScal¢ QP'. %6,0,0)+2" <" )>> (6 QP /6), with i,j=0..3.

The bitstream shall not contain data that results in any element dcCj; of dcC with i, j £:0:.3 that exceed
integgr values from —20 " BiPePH) 4o 97+ Bitberth'c) 1 i clusive.

NPTE — When entropy_coding_mode_flag is equal to 0 and QP'c is less than 4 and prefile idc is equal to 66, 77,
off values that can be represented for the elements cij of ¢ may not be sufficient to reptesent the full range of values
ddqCij of dcC that could be necessary to form a close approximation of the content af\any possible source picture.

NPTE - Since the range limit imposed on the elements dcCij of dcC is imposed after the right shift in Equation §
$32, a larger range of values must be supported in the decoder prior to thetight shift.

o]

8.5.1) Scaling and transformation process for residual 4x4 blocks

Input]

component or an array relating to a residual block of a chroma‘omponent.

Outpfits of this process are residual sample values as 4x4<array r with elements rj;.

Depepding on the values of gqpprime_y zero transfofin bypass_flag and QP'y, the following applies.

[f gpprime_y zero transform bypass flagsis equal to 1 and QP'y is equal to 0, the output r is derived

Iij = Gjj with I,J =0.3

process specifies the output.

The variable bitDepth is detived as follows.

f the input array ¢'relates to a luma residual block, bitDepth is set equal to BitDepthy.

Dtherwise (thesinput array c relates to a chroma residual block), bitDepth is set equal to BitDepth'c.

The bitstream ghall not contain data that results in any element c;; of ¢ with i, j = 0..3 that exceeds the ra
valuels frome=2" bitDepth) ¢ H(7+bitDepth) 1 i clusive.

The yariable sMbFlag is derived as follows.

(8-332)
5 the range of

br 88, the range
of the elements

-327, 8-330, or

to this process is a 4x4 array ¢ with elements c; which.is _¢ither an array relating to a residual blodk of the luma

LS

(8-333)

Dtherwise (qpprime_y_zero_trafisform bypass_flag is equal to 0 or QP'y is not equal to 0), the following text of this

hge of integer

If mb_type is equal to SI or the macroblock prediction mode is equal to Inter in an SP slice, sMbFlag is set equal

tol,

Otherwise (mb_type not equal to SI and the macroblock prediction mode is not equal to Inter in
sMbFlag is set equal to 0.

The variable gP is derived as follows.

If the input array c relates to a luma residual block and sMbFlag is equal to 0

qP = QP'y

© ISO/IEC 2005 — All rights reserved

an SP slice),

(8-334)

173


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

ISO/IEC 1

4496-10:2005(E)

- Otherwise, if the input array c relates to a luma residual block and sMbFlag is equal to 1

qP =

QSy (8-335)

- Otherwise, if the input array c relates to a chroma residual block and sMbFlag is equal to 0

qP =

QP (8-336)

- Otherwise (the input array c relates to a chroma residual block and sMbFlag is equal to 1),

qP =

Scaling of 4

- Ifall ofjthe following conditions are true
- lisqqualto 0

- jisdqualto 0

- c relates to a luma residual block coded using Intra 16x16 prediction mode or ¢ rélatés to a chroma T
blocK
the variaple dy is derived by
do() = Cqo (
—  Otherwjse, the following applies.
—  If|qP is greater than or equal to 24, the scaled result shall be‘derived as follows
d; =(q; *LevelScald qP %6,1, j) ) <<(qP/6—4), withi, j<0..3 exceptas notedabove (
—  Otherwise (qP is less than 24), the scaled result shall be derived as follows
d; = (d; *LevelScale(qP % 6,1, ) + 27P0) 55 (4L gP / 6), withi,j=0..3 except as noted above (

The bitstrea
values from

The transfor

QSc (8-337)

k4 block transform coefficient levels ¢;; proceeds as follows.

m shall not contain data that results in any element d;; of d with i, j = 0..3 that exceeds the range of
_2(7+bitDepth) to 2(7+bitDepth) — l.ihclusive.

esidual

R-338)

R-339)

R-340)

integer

m process shall convert the block of scaled transform coefficients to a block of output samples in a fnanner

mathematicdlly equivalent to the fellowing.

First, each (horizontal) row of-scaled transform coefficients is transformed using a one-dimensional inverse transform as

follows.

A set of intefmediate yalues is computed as follows.
Cio = 1i0 + diZn with i=0.3 (3-341)
e = tig~"di, with §=0.3 (8-342)
ep=(d;>1)-dj;, with i=0.3 (8-343)
ey=dy +(dz>>1), with 1=0.3 (8-344)

The bitstream shall not contain data that results in any element ¢; of e with i, j = 0..3 that exceeds the range of integer

values from

_2(7 + bitDepth) to 2(7 +bitDepth) 1, inclusive.

Then, the transformed result is computed from these intermediate values as follows.

fo=ejpt+es with 1=0.3

174
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fii=ej tep, with 1=0.3 (8-346)
fo=ej—ep, with i=0.3 (8-347)
fiz=ejp—ej3, with i=0.3 (8-348)

The bitstream shall not contain data that results in any element f; of f with i, j = 0..3 that exceeds the range of integer
values from —2(7 *bitDepth) 4 H(7+bitDepth) 1 4 clusive.

Then, each (vertical) column of the resulting matrix is transformed using the same one-dimensional inverse transform as
follows.

A se ofintermediate values is r\r\mpnfpﬂ as follows

g = foj+ f, with j=0.3 (8-349)
gy =fo—fy, with j=0.3 (8-350)
&= (f;>>1)—-1fy, with j=0.3 (8-351)
g =f;+(f5>>1), with j=0.3 (8-352)

The bitstream shall not contain data that results in any element g; of g withd.j.= 0..3 that exceeds the rapge of integer
values from —27 PP 4o o7 bIDR) _q nclysive.

Then| the transformed result is computed from these intermediate values asfollows.

hoj = goj + g3, with j=0.3 (8-353)
hjj=gij+ gy, with j=0.3 (8-354)
hyj = gij— g, with j=0.3 (8-355)
hsj = goj — g3, with j=0.3 (8-356)

The bitstream shall not contain data that results in any element h;; of h with i, j = 0..3 that exceeds the rapge of integer
valuel from —2(7 7 itDepth) 4 H(7+bitDepth) _ 3374 clusive.

After| performing both the one-dimensional horizontal and the one-dimensional vertical inverse transforms|to produce an
arraylof transformed samples, the.final constructed residual sample values shall be derived as

r,=(h; +2°)>»>6 with i,j=0.3 (8-357)

8.5.11 Scaling and\transformation process for residual 8x8 luma blocks

Inpuf] to this process is an 8x8 array ¢ with elements c;; which is an array relating to an 8x8 residual blodk of the luma
compjonent.

Outpptsiofthis process are residual sample values as 8x8 array r with elements rj.

Depending on the values of gqpprime_y zero transform bypass_flag and QP'y, the following applies.

—  Ifgpprime_y zero transform bypass flag is equal to 1 and QP'y is equal to 0, the output r is derived as
I = Gjj with I,J =0..7 (8-358)

—  Otherwise (gpprime_y zero_transform_bypass_flag is equal to 0 or QP'y is not equal to 0), the following text of this
process specifies the output.

The bitstream shall not contain data that results in any element ¢; of ¢ with i, j = 0..7 that exceeds the range of integer
values from —2U7 7 BitDepthy) ¢ 77+ BitDepthy) 1 pcusive.
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The scaling process for 8x8 block transform coefficient levels c;j proceeds as follows.

— IfQP'y is greater than or equal to 36, the scaled result shall be derived as
d;; = (¢; *LevelScal8x8( QP'y %6,1, j) ) << (QP'y /6-6), with 1i,j=0..7.
—  Otherwise (QP'y is less than 36), the scaled result shall be derived as

d;; = (c; *LevelScal®x8(QP', %6,i, j) +27Y'*) >> (6 —QP'y /6), with i,j=0..7.

(8-359)

(8-360)

The bitstream shall not contain data that results in any element d;; of d with i, j = 0..7 that exceeds the range of integer

values from 27 BPerty g BHbert T cTusive.

The transform process shall convert the block of scaled transform coefficients to a block of output samples in-a fnanner

mathematicglly equivalent to the following.

First, each (horizontal) row of scaled transform coefficients is transformed using a one-dimensional ifiverse transform as

follows.

— A set of intermediate values e;; is derived by
eio = flip + dis, with i=0..7 (§-361)
ey =1 dis + dis — di7 — (diy >> 1), with i=0..7 (8-362)
ep =l — dyy, with i=0..7 (8-363)
e =l +di; —diz — (dz>> 1), with i=0..7 (8-364)
ey ={dip>>1)—dg, with i=0.7 (8-365)
eis =1 diy + diy + dis + (dis >> 1), with i=0..7 (8-366)
eis=flp+(dg>>1), with i=0..7 (8-367)
e =fliz +dis +di; + (di; >> 1), with i=0s7 (8-368)

—  Asecopd set of intermediate results fj;is)computed from the intermediate values ¢;; as
fio = ¢io + €is, With 1=10..7 (8-369)
fii = ¢ + (e >>2), withui=0..7 (8-370)
fn = ¢n + ey, with,'t='0..7 (8-371)
fis = ¢is + (e5>>2), with 1=0..7 (8-372)
fiy = gin{ey, with 1=0..7 (8-373)
fis=(e3>>2)—e;s, with 1=0.7 (8-374)
fis = €0 — €5, With 1=10..7 (8-375)
fi;=e;n— (e >>2), with i=0..7 (8-376)

—  Then, the transformed result g;; is computed from these intermediate values f; as
g0 = fip + fi7, with i=0..7 (8-377)
g = fip + fi5, with i=0..7 (8-378)
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g = fiu + £, with i=0..7 (8-379)
gy = fig + £y, with i=0.7 (8-380)
gu=fis— £, with i=0..7 (8-381)
gis = fi4 — fi3, with 1=0..7 (8-382)
gic = fi2 - fis, with 1=0..7 (8-383)
gi7 = in - fi7, with 1=0..7 (8-384)

Then| each (vertical) column of the resulting matrix is transformed using the same one-dimensional inv€rsg transform as
folloyvs.

— A set of intermediate values hy; is computed from the horizontally transformed value gj as

hoj = g + g4, With j=0..7 (8-385)
hjj=— g3+ g5i — g7 — (g7 >> 1), with j=0..7 (8-386)
hyj = goj — g4, With j=0.7 (8-387)
hsj =g+ g7 — & — (& >> 1), with j=0..7 (8-388)
hyj=(gy>>1)—gg, with j=0.7 (8-389)
hsj=— g+ g5+ g5 + (g5 >> 1), with j=0.7 (8-390)
hei = g5+ (g6 >> 1), with j=0..7 (8-391)
hyj = g3+ gsj + g + (g; >> 1), with j=10.7 (8-392)

— A second set of intermediate results k;; is'computed from the intermediate values h;; as

koj = h; + hg, with j=0..7 (8-393)
kyj = hy; + (hyy >> 2), with(j =0..7 (8-394)
kyj = hy; + hy;, with $:20..7 (8-395)
ksj = hy; + (hg>>2), with j=0..7 (8-396)
kyj = hyy=hy;, with j=0.7 (8-397)
ksi € (hz; >> 2) — hg;, with j=0..7 (8-398)
Ko = Doj — Ngj, With j = 0..7 (8-399)
kyj = hy; — (hy; >>2), with j=0..7 (8-400)

—  Then, the transformed result m;; is computed from these intermediate values k;; as

m; = ko + ky;, with j=0.7 (8-401)
my; =k + ks, with j=0.7 (8-402)
mzj = k4] + k3j, with _] =0..7 (8-403)
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mg; = kg + kyj, with j=0..7 (8-404)
my; = ke — kyj, with j=0..7 (8-405)
ms; = kg — ksj, with j=0..7 (8-406)
mg; = kyj — ksj, with j=0..7 (8-407)
my; = koj — kg, with j=0..7 (8-408)

The bitstream shall not contain data that results in any element eU, f,J, S, h;;, or ki for i and j in the range of 0..7,

(7+R«nm nv\

inclusive, th‘E €Xceeds the range of integer vatues 1rom —2 0 Tt inchsive.

The bitstrea
the range offinteger values from —2

shall not contain data that results in any element m; for i and j in the range of 0..7, inclusive,that @

(7 + BitDepthy) to 20+ BitDepthy) _ 33, inclusive.

After performing both the one-dimensional horizontal and the one-dimensional vertical inverse transforms to prod
array of trangformed samples, the final constructed residual sample values shall be derived as

1= (m; +2°)>>6 with i,j=0..7 (

8.5.12 Picfure construction process prior to deblocking filter process
Inputs to thi$ process are
—  luma4xpBIkldx or chroma4x4BlkIdx or luma8x8BlkIdx

— asample array u with elements u;; which is either a 4x4 luma block or a4x4 chroma block or an 8x8 luma blo

The positio
scanning prdcess in subclause 6.4.1 with CurrMbAddr as input and the output being assigned to ( xP, yP ).

When u is afluma block, for each sample u;; of the luma block, thesfollowing applies.

—  Dependling on the size of the block u, the following applies.

xceeds

Juce an

R-409)

ck

of the upper-left luma sample of the current macroblock-i§ derived by invoking the inverse macrfoblock

— Iffu is an 4x4 luma block, the position of the upper-left sample of the 4x4 luma block with| index
luma4x4BlkIdx inside the macroblock is derived by invoking the inverse 4x4 luma block scanning process in
sybclause 6.4.3 with luma4x4Blkldx as the‘input and the output being assigned to ( xO, yO ), and the vjariable
nE is set equal to 4.

- herwise (u is an 8x8 luma block); the position of the upper-left sample of the 8x8 luma block with index
luma8x8BlkIdx inside the macroblock is derived by invoking the inverse 8x8 luma block scanning pracess in
sybclause 6.4.4 with luma8x8BlklIdx as the input and the output being assigned to ( xO, yO ), and the Variable
nE is set equal to 8.

—  Depengling on the variable MbaffFrameFlag and the current macroblock, the following applies.
—  IffMbaffFrameElag is equal to 1 and the current macroblock is a field macroblock
'[ XP +xOy+j,yP+2*(yO+i)]=u; withi,j=0.nE-1 (8-410)

- herwise (MbaffFrameFlag is equal to 0 or the current macroblock is a frame macroblock),

SR+ %O+ 5P+ O+ —=u—with- i —0-nE—1 8-411)

When u is a chroma block, for each sample u;; of the 4x4 chroma block, the following applies.

—  The subscript C in the variable S'c is replaced with Cb for the Cb chroma component and with Cr for the Cr chroma

component.

—  Depending on the variable chroma_format idc, the position of the upper-left sample of a 4x4 chroma block with

index chroma4x4BlklIdx inside the macroblock is derived as follows.

— Ifchroma_ format idc is equal to 1 or 2, the following applies.

xO = InverseRasterScan( chroma4x4BIklIdx, 4, 4, 8, 0 ) (8-412)

yO = InverseRasterScan( chroma4x4Blkldx, 4, 4, 8, 1) (8-413)
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— Otherwise (chroma_format_idc is equal to 3), the following applies.

x0 = InverseRasterScan( chroma4x4Blkldx / 4, 8, 8, 16, 0 ) +
InverseRasterScan( chroma4x4BlkIdx % 4, 4,4, 8,0 )

yO =InverseRasterScan( chroma4x4Blkldx / 4, 8, 8, 16, 1 ) +
InverseRasterScan( chroma4x4BlkIdx % 4, 4,4, 8, 1)

Depending on the variable MbaffFrameFlag and the current macroblock , the following applies.

— If MbaffFrameFlag is equal to 1 and the current macroblock is a field macroblock

(8-414)

(8-415)

with i,j=0..3
- Otherwise (MbaffFrameFlag is equal to 0 or the current macroblock is a frame macrobloeky);

S'c[ ( xP/ subWidthC ) +xO + j, (yP / SubHeightC ) + yO +i ] =u; with i, j = 03

8.5.18 Residual colour transform process

Thi

s process is invoked when residual colour_transform_flag is equal to 1.

After| invoking, this process is suspended until the derivation of Ry j~Repi, and Re.j has been ¢
i, j =P..ijjMax, where ijMax is specified as follows.

At

f transform_size 8x8 flag is equal to 0, the variable ijMax is set-equal to 3.
Dtherwise (transform_size 8x8 flag is equal to 1), the variable ijMax is set equal to 7.

the resumption of this process, all values Ry, Reyjj, andiRe,j with i, j = 0..ijMax shall be available

invodations of the relevant processes specified in subclauses8.5.1, 8.5.2, 0, or 8.5.4

For epch i, j = 0..ijMax, the residual colour transform-is.¢omputed as

8.6
Thi

t=Ryi— Repjj>>1)
Rg,ij =t + Repjj
Rpjj=t—(Rerj>>1)
Ry jj = Ry jj + Ry

NPTE — The residual ‘colour transform is similar to the YCgCo transformation specified in Equations E-30)
Hpwever, the residual.colour transform operates on the decoded residual difference data within the decoding pro
ofjerating as a post=processing step that is outside the decoding process specified in this Recommendation | Internaty

Decoding process for P macroblocks in SP slices or SI macroblocks

s pracess is invoked when decoding P macroblock types in an SP slice type or an SI macroblock type in

S [ (XP 7 subWidithC ) + xO T J, ( ( yP + SubHeightC — 1)/ SubHeightC) + 2 ¥ (yO T 1) 1= u}

(8-416)

(8-417)

ompleted for

through prior

(8-418)
(8-419)
(8-420)
(8-421)

through E-33.
bess rather than
lonal Standard.

SI slices.

Inputs to this process are the prediction residual transform coefficient levels and the predicted samples for the current
macroblock.

Outputs of this process are the decoded samples of the current macroblock prior to the deblocking filter process.

This subclause specifies the transform coefficient decoding process and picture construction process for P macroblock
types in SP slices and SI macroblock type in SI slices.

An

NOTE — SP slices make use of Inter predictive coding to exploit temporal redundancy in the sequence, in a similar manner to P

slice coding. Unlike P slice coding, however, SP slice coding allows identical reconstruction of a slice even

when different

reference pictures are being used. SI slices make use of spatial prediction, in a similar manner to I slices. SI slice coding allows
identical reconstruction to a corresponding SP slice. The properties of SP and SI slices aid in providing functionalities for

bitstream switching, splicing, random access, fast-forward, fast reverse, and error resilience/recovery.

SP slice consists of macroblocks coded either as I macroblock types or P macroblock types.
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An Sl slice consists of macroblocks coded either as I macroblock types or SI macroblock type.

The transform coefficient decoding process and picture construction process prior to deblocking filter process for I
macroblock types in SI slices shall be invoked as specified in subclause 8.5. SI macroblock type shall be decoded as

described below.

When the current macroblock is coded as P_Skip, all values
equal to 0 for the current macroblock.

8.6.1  SP decoding process for non-switching pictures

of LumalLevel, ChromaDCLevel, ChromaACLevel are set

This process is invoked, when decoding P macroblock types in SP slices in which sp _for switch flag is equal to 0.

Inputs to thjs—processare Tmter prediction sampies for the current acroptock fronr subctause 84 amd the prediction
residual transform coefficient levels.
Outputs of this process are the decoded samples of the current macroblock prior to the deblocking filter préo¢ess.
This subclayise applies to all macroblocks in SP slices in which sp_for switch flag is equal to 0,"except thode with
macroblock prediction mode equal to Intra_4x4 or Intra_16x16. It does not apply to SI slices.
8.6.1.1 Luyma transform coefficient decoding process
Inputs to th{s process are Inter prediction luma samples for the current macroblock pred; from subclause 8.4 gnd the
prediction rdsidual transform coefficient levels, LumaLevel, and the index of the 4x4 latha block luma4x4BlkIdx.
The position] of the upper-left sample of the 4x4 luma block with index luma4x4Blkldx inside the current macrofjlock is
derived by ipvoking the inverse 4x4 luma block scanning process in subclause 6:4-3 with luma4x4BIlkIdx as the input and
the output bging assigned to ( X, y ).
Let the varigble p be a 4x4 array of prediction samples with element p;being derived as follows.
pij=pred[x+j,y+i] withi,j=0.3 (8-422)
The variablq p is transformed producing transform coefficients’c’ according to:
1 11 Ll P Por P . Pafl 2 1 1
o = 2 I =1 =2)py Py Pp Pl I -1 -2 (8-423)
1 -1 -1 LPy PayPn Pyl -1 -1 2
1 -2 2 -1]py Py P Pl -2 1 -1
The inversg transform coeffieient scanning process as described in subclause 8.5.5 is invoked with
LumaLevel[{luma4x4BlkIdx ] as the input and the two-dimensional array ¢' with elements c;j" as the output.
The predictipn residual tran§form coefficients ¢ are scaled using quantisation parameter QPy, and added to the trapsform
coefficients pf the predigtion block ¢” with i, j = 0..3 as follows.
Cijs = Cijp + ( ( ( Cijr * LCVCISC&IC( QPY % 6, 1,] ) * Aij ) << ( QPY /6 ) ) >> 10 ) (3-424)
where LevelSedle( m, i, j ) is specified in Equation 8-312, and where Aj; is specified as:
16 for (i,j)€{(0,0),(0,2),(2,0), (2,2)},
Ay =425 for (1,))€{(L1),(1,3),3.1),(3.3)}, (8-425)
20 otherwise;
The function LevelScale2( m, i, j ), used in the formulas below, is specified as:
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LevelScale2(m,i,j) =<w,_, for (i,j)e{(1,1),(1,3),(3,1),(3.,3)},
w,_, otherwise;

10:2005(E)

(8-426)

where the first and second subscripts of w are row and column indices, respectively, of the matrix specified as:

The

The
inpu

The

The

and u

8.6.1

Inputj
predi

This

by re
comp

For
to 0.

q
J

t

caling and transformation process for residual 4x4 blocks as specified_in subclause 8.5.10 is invoked
and r as the output.

4x4 array u with elements uy; is derived as follows.

u;; = Cliply( r; ) with 1,j =0..3

icture construction process prior to deblocking filtér'process in subclause 8.5.12 is invoked with Iy
as the inputs.

I

2 Chroma transform coefficient decoding process

5 to this process are Inter prediction-ghroma samples for the current macroblock from subclaus
Ction residual transform coefficientévels, ChromaDCLevel and ChromaACLevel.

process is invoked twice: once_forthe Cb component and once for the Cr component. The componen
placing C with Cb for the Gb component and C with Cr for the Cr component. Let iCbCr select the ¢
onent.

dach 4x4 block of theyeurrent chroma component indexed using chroma4x4Blkldx with chroma4x{

B, the following applies.

]
q

'he position,efithe upper-left sample of a 4x4 chroma block with index chroma4x4BIklIdx inside the
erived as/follows.

x 5 InverseRasterScan( chroma4x4Blkldx, 4, 4, 8,0 )

AR 14 44

(13107 5243 8066 |
11916 4660 7490
T 10082 4194 6554 (8-427)
9362 3647 5825
8192 3355 5243
| 7282 2893 4559
tesulting sum, ¢, is quantised with a quantisation parameter QSy and with i, j = 0..3 agfollows.
¢ = Sign( ¢;* ) * ((Abs( ¢ ) * LevelScale2( QSy % 6,1,j )+ (1 <<(14+QSy/6)))>>(15+QSy/6))
(8-428)

with ¢ as the

(8-429)

madx4BlkIdx

b 8.4 and the

is referred to
urrent chroma

IBlkIdx equal

macroblock is

(8-430)

P n Vs Q Lol 4 Q 1.\
TV SUIRASTCT OU AT I OTIIA T AT DIRTUAS ™, t, O, T )

¥
Let p be a 4x4 array of prediction samples with elements p;; being derived as follows.

pij=predc[ x +j,y+i] withi,j=0.3

(8-431)

(8-432)

The 4x4 array p is transformed producing transform coefficients c’( chroma4x4BIkIdx ) using Equation 8-423.

The variable chromalL.ist, which is a list of 16 entries, is derived. chromaList[ 0 ] is set equal to 0. chromaList[ k ]

with index k = 1..15 are specified as follows.

chromalList[ k ] = ChromaACLevel[ iCbCr ][ chroma4x4Blkldx [ k-1 ]
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input an

d the 4x4 array c' as the output.

The inverse transform coefficient scanning process as described in subclause 8.5.5 is invoked with chromalList as the

The prediction residual transform coefficients ¢ are scaled using quantisation parameter QP¢, and added to the

transform coefficients of the prediction block ¢® with i, j = 0..3 except for the combination i = 0, j = 0 as follows.

¢;i” = ¢;’( chroma4x4BIkIdx ) + ( ( (¢ * LevelScale( QPc % 6,1,j) * A; ) <<(QPc/6))>>10)

=0, j = 0 as follows. The derivation of cyo( chroma4x4Blkldx ) is described below in this subclause.

(8-434)

The resulting sum, ¢’, is quantised with a quantisation parameter QS¢ and with i, j = 0..3 except for the combination i

¢;j( chroma4x4BlkIdx ) = ( Sign( ¢;* ) * (Abs( ¢;;* ) * LevelScale2( QSc % 6,1,j) + (1 <<(14+QSc/6))))>>

(15T QSc70) (3-435)
- The scpling and transformation process for residual 4x4 blocks as specified in 8.5.10 isinvoked with
c( chrotha4x4BIlkIdx ) as the input and r as the output.
- The 4x4 array u with elements v is derived as follows.
U = jllplc( T ) with 1,] =0.3 (§-436)
- The pigture construction process prior to deblocking filter process in subclause 8.5.12 is invokefl with
chromafix4BlkIdx and u as the inputs.
The derivatipn of the DC transform coefficient level cyo( chroma4x4BIkIdx ) is-specified as follows. The DC trapsform
coefficients pf the 4 prediction chroma 4x4 blocks of the current component of'the macroblock are assembled intp a 2x2
matrix with Elements cgo"(chroma4x4BlkIdx) and a 2x2 transform is applied €0 the DC transform coefficients as follows
p P
i L1 e (0) cgoft 1 (8-437)

The chroma
using quanti

Lo &k -l

DC prediction residual transform coefficient levels, ChromaDCLevel[ iCbCr ][ k ] with k=0..3 are
sation parameter QP, and added to the prediction DC transform coefficients as follows.

I =1]cf(2) cgB )l -1

scaled

de;i® F de;® + (( ( ChromaDCLevel[ iCbCr ][ * 2 +1] * LevelScale( QP¢c % 6, 0, 0) * Agy ) <<(QPc/6))[>>9)
withi,j=0,1 (8-438)
The 2x2 arrdy dc’, is quantised using the quantisation parameter QS as follows.
dc;i" = ( Sign( dci® ) * ( Abs( dc;™) * LevelScale2( QSc % 6,0, 0)+ (1 <<(15+QSc/6))))>>(16+Q$c/6)
withi,j=0,1 (§-439)
The 2x2 arrdy f with elements fiand i, j = 0..1 is derived as follows.
1 1 \ ol 1
£ l }{dc% deq, }{ } . (8-440)
1 <1 dClO dcll I -1
Scaling of the"elements T;; of T is performed as follows.
coo(j ¥2+1)=((f;*LevelScale( QSc % 6,0,0) ) <<(QSc/6))>>5 withi, j=0,1 (8-441)

8.6.2 SP

and SI slice decoding process for switching pictures

This process is invoked, when decoding P macroblock types in SP slices in which sp_for switch flag is equal to 1 and
when decoding SI macroblock type in SI slices.

Inputs to this process are the prediction residual transform coefficient levels and the prediction sample arrays pred,

predc, and p

182

redc, for the current macroblock.
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8.6.2.1 Luma transform coefficient decoding process

Inputs to this process are prediction luma samples pred; and the luma prediction residual transform coefficient levels,
LumaLevel.

The 4x4 array p with elements p; with i, j = 0..3 is derived as in subclause 8.6.1.1, is transformed according to
Equation 8-423 to produce transform coefficients c. These transform coefficients are then quantised with the

quantisation parameter QSy, as follows:

¢i” = Sign( c;” ) * ((Abs( ¢’ ) * LevelScale2( QSy % 6,1,j )+ (1 <<(14+QSy/6)))>>(15+QSy/6))

withi,j=0..3 (8-442)

The mverse—transfornr—cocffretent auauuiuo ProcesSs—as desertbed—imr—subctause—855—ts—mvoked with

LumdLevel[ luma4x4BlkIdx ] as the input and the two-dimensional array ¢" with elements c;j" as the output)

The 4x4 array ¢ with elements c;; with i, j = 0..3 is derived as follows.

Cj = Cijr + Cijs with 1,] =0.3 (8-443)

The Jcaling and transformation process for residual 4x4 blocks as specified in subclayse»8:5.10 is invoked with ¢ as the

input|and r as the output.

The 4x4 array u with elements u;; is derived as follows.

u; = Cllply( I ) with I,J =0.3 (8-444)

The picture construction process prior to deblocking filter process inlsubclause 8.5.12 is invoked with lyma4x4BlklIdx

and u as the inputs.

8.6.2]2 Chroma transform coefficient decoding process

Inputk to this process are predicted chroma samples for.the current macroblock from subclause 8.4 and fhe prediction

residyal transform coefficient levels, ChromaDCLeveland 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 aind C with Cr for the Cr component. Let iCbCr select the cirrent chroma

complonent.

For dach 4x4 block of the current chroma component indexed using chroma4x4Blkldx with chroma4x4Blkldx equal

to 0..B, the following applies.

1. The 4x4 array p with elements p; with i, j = 0..3 is derived as in subclause 8.6.1.2, is transformed according to
KEquation 8-423 to produce transform coefficients c( chroma4x4BlkIdx ). These transform coefficlents are then
quantised with the quantisation parameter QSc, with i, j = 0..3 except for the combination i = 0, j = 0 ap follows. The
frocessing of ¢y ’((Chroma4x4BlkIdx ) is described below in this subclause.

¢;i” = ( Sign( &;’( chroma4x4BIkIdx ) ) * (8-445)
( Abs(¢;"( chroma4x4BIkIdx ) ) * LevelScale2( QSc % 6,1,j )+ (1 <<(14+QSc/6))))>>(|15+QSc/6)

- Thervariable chromaList, which is a list of 16 entries, is derived. chromaList[ O ] is set equal to 0. chromaList[ k ]

withhindex k = 1..15 are specified as follows.

chromaList[ k ] = ChromaACLevel[ iCbCr ][ chroma4x4BIkIdx ][ k-1 ]

(8-446)

The inverse transform coefficient scanning process as described in subclause 8.5.5 is invoked with chromalList as the
input and the two-dimensional array c'( chroma4x4BIkIdx ) with elements c;;'( chroma4x4BlklIdx ) as the output.

The 4x4 array c( chroma4x4Blkldx ) with elements c( chroma4x4Blkldx ) with i, j = 0.3 e

xcept for the

combination i = 0, j = 0 is derived as follows. The derivation of ¢y chroma4x4BlkIdx ) is described below.

¢;j( chroma4x4BlkIdx ) = ¢;'( chroma4x4BlkIdx ) + c;°

The scaling and transformation process for residual 4x4 blocks as specified in subclause 8.5.10 is
c( chroma4x4BlklIdx ) as the input and r as the output.

© ISO/IEC 2005 — All rights reserved
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The 4x4 array u with elements v is derived as follows.

W = Cllplc( rij ) with 1,_] =0.3 (8-448)

The picture construction process prior to deblocking filter process in subclause 8.5.12 is invoked with
chroma4x4BlkIdx and u as the inputs.

The derivation of the DC transform coefficient level cyo( chroma4x4Blkldx ) is specified as follows. The DC transform
coefficients of the 4 prediction 4x4 chroma blocks of the current component of the macroblock, ¢y’( chroma4x4BIkIdx ),
are assembled into a 2x2 matrix, and a 2x2 transform is applied to the DC transform coefficients of these blocks
according to Equation 8-437 resulting in DC transform coefficients dc;.

These DC tr

dCijS 3

ansform coefficients are then quantised with the quantisation parameter QSc, as given by:

F (Sign( de;? ) * ( Abs( dc;f ) * LevelScale2( QSc % 6,0,0) + (1 << (15+QSc/6))))>>
(16+QSc/6) withi,j=0, 1

(8-449)

The parsed ¢hroma DC prediction residual transform coefficients, ChromaDCLevel[ iCbCr [ k ] withhk= 0..3 arq added

to these quantised DC transform coefficients of the prediction block, as given by:

dc;j"  dc;;” + ChromaDCLevel[ iCbCr ][ j *2+i] withi,j=0, 1

R-450)

The 2x2 arrdy f with elements fjj and i, j = 0..1 is derived using Equation 8-440.

The 2x2 arrdy f with elements fj; and i, j = 0..1 is copied as follows.

coo(j[¥2+1i)=1; withi,j=0,1 R-451)

8.7 Deplocking filter process

A condition
a picture, ex|
disable deb
completion
for the entirg

1 filtering shall be applied to all NxN (where N =4 or N 8 for luma, and N = 4 for chroma) block e
Cept edges at the boundary of the picture and any edges:for which the deblocking filter process is disal
ocking_filter idc, as specified below. This filtering process is performed on a macroblock basis a
f the picture construction process prior to deblocking filter process (as specified in subclauses 8.5 a
decoded picture, with all macroblocks in a picture processed in order of increasing macroblock addre

Hges of
bled by
ter the
nd 8.6)
kses.

lock or

NOTE —
macroblo
available
deblockin|

Prior to the operation of the deblocking filter process for each macroblock, the deblocked samples of the macrol
k pair above (if any) and the macroblock "ot macroblock pair to the left (if any) of the current macroblock are
because the deblocking filter processwis_performed after the completion of the picture construction process
o filter process for the entire decoded(picture. However, for purposes of determining which edges are to be filterg

always
prior to
d when

disable d

the operaffion of the deblocking filter proCess:

The deblock
component,
through the
filtered, star
macroblock
chroma edgg

When intery]
applies.

eblocking filter idc is equal to 2;.macroblocks in different slices are considered not available during specified

ing filter process is invdked for the luma and chroma components separately. For each macroblock a
vertical edges are filtered first, starting with the edge on the left-hand side of the macroblock prod
pdges towards the(right-hand side of the macroblock in their geometrical order, and then horizontal ed|
ting with the .edge on the top of the macroblock proceeding through the edges towards the bottom)|
in their geametrical order. Figure 8-10 shows edges of a macroblock which can be interpreted as |
S.

steps of

d each
eeding
oes are
of the
ima or

reting the edges in Figure 8-10 as luma edges, depending on the transform size 8x8 flag, the following

Otherw

If transform_size 8x8 flag is equal to 0, both types, the solid bold and dashed bold luma edges are filtered.

ise (transform_size 8x8 flag is equal to 1), only the solid bold luma edges are filtered.

When interpreting the edges in Figure 8-10 as chroma edges, depending on chroma_format idc, the following applies.

If chroma_format idc is equal to 1 (4:2:0 format), only the solid bold chroma edges are filtered.

both types, the solid bold and dashed bold horizontal chroma edges are filtered

edges are filtered.

Otherw

184

ise (chroma format idc is equal to 0 (monochrome)), no chroma edges are filtered.

Otherwise, if chroma format idc is equal to 2 (4:2:2 format), the solid bold vertical chroma edges are filtered and

Otherwise, if chroma format idc is equal to 3 (4:4:4 format), both types, the solid bold and dashed bold chroma
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Horizontal Edges

bttt

f 44

I ! |
Vertical Edges

Figure 8-10 — Boundaries in a macroblock to be filtered

For the current macroblock address CurrMbAddr proceeding over values 0..PicSizelniMbs — 1, the following applies.

1. The derivation process for neighbouring macroblocks specified in subclause-/6.4.8.1 is invoked and the output is
issigned to mbAddrA and mbAddrB.

2. The variables fieldModeMbFlag, filterInternalEdgesFlag, filterLeftMbEdgeFlag and filterTopMbEdgeFlag are
lerived as follows.

—  The variable fieldModeMbFlag is derived as follows.
—  If any of the following conditions is true, fieldModeMbFlag is set equal to 1.
—  field pic_flagisequalto 1
—  MbaffFrameFlag is equal to 1.and the macroblock CurrMbAddr is a field macroblock
—  Otherwise, fieldModeMbFlag is:set equal to 0.
—  The variable filterInternalEdgesFlag is derived as follows.

—  If disable deblocking. filtér idc for the slice that contains the macroblock CurrMbAddr is pqual to 1, the
variable filterInternalEdgesFlag is set equal to O;

—  Otherwise (disable” deblocking_filter idc for the slice that contains the macroblock CurrNbAddr is not
equal to 1),ithe.variable filterInternalEdgesFlag is set equal to 1.

- The variablefilterLeftMbEdgeFlag is derived as follows.
—  If any.of the following conditions is true, the variable filterLeftMbEdgeFlag is set equal to
—) 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

— diqahlP_dPh]nr‘king_ﬁ]ter_id(‘ for the slice that contains the macroblock CurrMbAddr 1s 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.
—  If any of the following conditions is true, the variable filterTopMbEdgeFlag is set equal to 0.
—  MbaffFrameFlag is equal to 0 and CurrMbAddr is less than PicWidthInMbs.

—  MbaffFrameFlag is equal to 1, (CurrMbAddr>>1) is less than PicWidthInMbs, and the
macroblock CurrMbAddr is a field macroblock.
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—  MbaffFrameFlag is equal to 1, ( CurrMbAddr >> 1) is less than PicWidthInMbs, the macroblock
CurrMbAddr is a frame macroblock, and CurrMbAddr % 2 is equal to 0.

—  disable_deblocking_filter idc for the slice that contains the macroblock CurrMbAddr is equal to 1

—  disable_deblocking_filter idc for the slice that contains the macroblock CurrMbAddr is equal to 2
and the macroblock mbAddrB is not available

Otherwise, the variable filterTopMbEdgeFlag is set equal to 1.

3. Given the variables fieldModeMbFlag, filterInternalEdgesFlag, filterLeftMbEdgeFlag and filterTopMbEdgeFlag the
deblocking filtering is controlled as follows.

186

fq

fa

WS.

The process specified in subclause 8.7.1 is invoked with chromaEdgeFlag =0, verticalEdgeFlag =1,
fieldModeFilteringFlag = fieldModeMbFlag, and (xEj, yE,) = (0, k) with k=0..15 as input’and| S'. as
output.

hen filterInternalEdgesFlag is equal to 1, the filtering of the internal vertical lumaCedges is speciffied as
llows.

When transform_size 8x8 flag is equal to 0, the process specified in subclduse 8.7.1 is invokdd with
chromaEdgeFlag = 0, verticalEdgeFlag = 1, fieldModeFilteringFlag = fieldModeMbFlag, and
(xEy, YE) = (4, k) with k= 0..15 as input and S'; as output.

The process specified in subclause 8.7.1 is invoked with chremaEdgeFlag =0, verticalEdgeFlag =1,
fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, yE\) = (87k) with k=0..15 as input and| S'. as
output.

When transform_size 8x8 flag is equal to 0, the proc¢ess specified in subclause 8.7.1 is invokdd with
chromaEdgeFlag = 0, verticalEdgeFlag = 1, ficldModeFilteringFlag = fieldModeMbFlag, and
(xEy, YEy) = (12, k) with k = 0..15 as input and S';.as output.

hen filterTopMbEdgeFlag is equal to 1, the filtering of the top horizontal luma edge is specified as follows.

If MbaffFrameFlag is equal to 1, (CurrMbAddr % 2) is equal to 0, CurrMbAddr is greater than of equal
to 2 * PicWidthInMbs, the macroblock® CurrMbAddr is a frame macroblock, and the macioblock
(CurrMbAddr - 2 * PicWidthInMbs-% 1) is a field macroblock, the following applies.

— The process specified ~'in subclause 8.7.1 is invoked with chromaEdgeFlag=0,
verticalEdgeFlag = 0, fieldModeFilteringFlag = 1, and (xEy, YEy) = (k, 0) with k = 0..15 as input and
S'y as output.

— The process®\ specified in subclause 8.7.1 is invoked with chromaEdgeFlag=0,
verticalEdgeKlag = 0, fieldModeFilteringFlag = 1, and (xEy, YEy) = (k, 1) with k =0..15 as input and
S'y as oufput.

Otherwise,“the process specified in subclause 8.7.1 is invoked with chromaEdgeFlag=0,
verticatEdgeFlag = 0, fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, yEx) = (k, 0) with k= 0..15
as input’and S'; as output.

heir filterInternalEdgesFlag is equal to 1, the filtering of the internal horizontal luma edges is specified as
lows

When transform_size 8x8 flag is equal to 0, the process specified in subclause 8.7.1 is invoked with
chromaEdgeFlag = 0, verticalEdgeFlag = 0, fieldModeFilteringFlag = fieldModeMbFlag, and
(xEy, YEy) = (k, 4) with k= 0..15 as input and S'; as output.

The process specified in subclause 8.7.1 is invoked with chromaEdgeFlag =0, verticalEdgeFlag =0,
fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, yEy) = (k, 8) with k=0..15 as input and S', as
output.

When transform_size 8x8 flag is equal to 0, the process specified in subclause 8.7.1 is invoked with
chromaEdgeFlag = 0, verticalEdgeFlag = 0, fieldModeFilteringFlag = fieldModeMbFlag, and
(xEy, YEy) = (k, 12) with k = 0..15 as input and S'; as output.
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For the filtering of both chroma components with iCbCr=0 for Cb and iCbCr=1 for Cr,
applies.

When filterLeftMbEdgeFlag is equal to 1, the filtering of the left vertical chroma edge i
follows.

The process
verticalEdgeFlag = 1,

specified in subclause 8.7.1 is invoked with

fieldModeFilteringFlag = fieldModeMbFlag, and

chromaEdgeFlag =1,
(XEk, yEk) =

10:2005(E)

the following
s specified as

iCbCr,

(0,k)  with

k = 0..MbHeightC - 1 as input and S'c with C being replaced by Cb for iCbCr =0 and C being replaced

by Cr for iCbCr = 1 as output.

as follows

When filterInternalEdgesFlag is equal to 1, the filtering of the internal vertical chroma edge is specified

The process specified in subclause 8.7.1 is invoked with chromaEdgeEla
verticalEdgeFlag = 1, fieldModeFilteringFlag = fieldModeMbFlag, and (xEu.yEy)
k =0..MbHeightC - 1 as input and S'c with C being replaced by Cb foriCbCr =0
replaced by Cr for iCbCr = 1 as output.

When chroma_format idc is equal to 3, the process specified in subclause 8.7.1 is
chromaEdgeFlag =1, iCbCr, verticalEdgeFlag=1, fieldModeKilteringFlag = field
and (xEy, yEy) = (8, k) with k = 0..MbHeightC - 1 as input and S'¢ with C being repla
iCbCr = 0 and C being replaced by Cr for iCbCr = 1 as output.

When chroma format idc is equal to 3, the process specified in subclause 8.7.1 is
chromaEdgeFlag =1, iCbCr, verticalEdgeFlag = I~ fieldModeFilteringFlag = field
and (xEy, yEx) = (12, k) with k = 0..MbHeightC -l as’input and S'c with C being repla
iCbCr = 0 and C being replaced by Cr for iCbCr(= 1 as output.

When filterTopMbEdgeFlag is equal to 1, the filtering of the top horizontal chroma edge
follows.

If MbaffFrameFlag is equal to 1, (EurrMbAddr % 2) is equal to 0, CurrMbAddr is g
equal to 2 * PicWidthInMbs, _the) macroblock CurrMbAddr is a frame macrobl
macroblock (CurrMbAddr — 2¥PicWidthInMbs + 1) is a field macroblock, the follow]

The process specified in subclause 8.7.1 is invoked with chromaEdgeFla
verticalEdgeFlag =0,  fieldModeFilteringFlag = 1, and  (xEy, yEy) = (k,
k=0..MbWidth€ - 1 as input and S'c with C being replaced by Cb for iCbCr =
replaced by 'Cr for iCbCr = 1 as output.

The progess specified in subclause 8.7.1 is invoked with chromaEdgeFla
verticalEdgeFlag =0,  fieldModeFilteringFlag = 1, and  (xEy, yEy) = (k,
K5=0..MbWidthC - 1 as input and S'c with C being replaced by Cb for iCbCr =
replaced by Cr for iCbCr = 1 as output.

Otherwise, the process specified in subclause 8.7.1 is invoked with chromaEdgeFl
verticalEdgeFlag = 0, fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, yEy) i
k=0..MbWidthC - 1 as input and S'c with C being replaced by Cb for iCbCr = ()
replaced by Cr for iCbCr = 1 as output.

When filterInternalEdgesFlag is equal to 1, the filtering of the internal horizontal ch

yF —
b

1, iCbCr,
(4,k) with
and C being

invoked with
ModeMbFlag,
ced by Cb for

invoked with
ModeMbFlag,
ced by Cb for

s specified as

reater than or
bck, and the
ing applies.

o =1, iCbCr,
0)  with
D and C being

o =1, iCbCr,
1)  with
D and C being

1g = 1, iCbCer,
= (k, 0) with
and C being

roma edge is

specified as follows.

The process specified in subclause 8.7.1

verticalEdgeFlag = 0, fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, yEy) =

k =0..MbWidthC - 1 as input and S'c with C being replaced by Cb for iCbCr=0
replaced by Cr for iCbCr = 1 as output.

is invoked with chromaEdgeFlag=1,

iCbCr,
(k, 4) with
and C being

When chroma_format idc is not equal to 1, the process specified in subclause 8.7.1 is invoked with

chromaEdgeFlag =1, iCbCr, verticalEdgeFlag=0, fieldModeFilteringFlag = fieldModeMbFlag,

and (xEy, yEy) = (k, 8) with k = 0..MbWidthC - 1 as input and S'c with C being repla
iCbCr = 0 and C being replaced by Cr for iCbCr = 1 as output.
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When chroma_format idc is not equal to 1, the process specified in subclause 8.7.1 is invoked with
chromaEdgeFlag =1, iCbCr, verticalEdgeFlag=0, fieldModeFilteringFlag = fieldModeMbFlag,
and (xEy, yEy) = (k, 12) with k = 0..MbWidthC - 1 as input and S'c with C being replaced by Cb for
iCbCr = 0 and C being replaced by Cr for iCbCr = 1 as output.

NOTE — When field mode filtering (fieldModeFilteringFlag is equal to 1) is applied across the top horizontal
edges of a frame macroblock, this vertical filtering across the top or bottom macroblock boundary may involve
some samples that extend across an internal block edge that is also filtered internally in frame mode.

NOTE - For example, in 4:2:0 chroma format when transform_size 8x8 flag is equal to 0, the following applies.
3 horizontal luma edges, 1 horizontal chroma edge for Cb, and 1 horizontal chroma edge for Cr are filtered that
are internal to a macroblock. When field mode filtering (fieldModeFilteringFlag is equal to 1) is applied to the top
edges of a frame macroblock, 2 horizontal luma, 2 horizontal chroma edges for Cb, and 2 horizontal chroma edges
for Cr between the frame macroblock and the above macroblock pair are filtered using field mode filtering, for a

Finally, the
respectively

8.7.1  Fils

Inputs to thi
verticalEdge
relative to t

total of up to 5 horizontal luma edges, 3 horizontal chroma edges for Cb, and 3 horizontal chroma edge
filtered that are considered to be controlled by the frame macroblock. In all other cases, at most 4 honizont
2 horizontal chroma edges for Cb, and 2 horizontal chroma edges for Cr are filtered that are considerg
controlled by a particular macroblock.

arrays S’t, S’cy, S’cr are assigned to the arrays S;, Scy, Scr (Which represent the “‘decoded p

ering process for block edges

Flag, fieldModeFilteringFlag, and a set of nE sample locations (XEy;yEy), with k=0.nE - 1, ex]
he upper left corner of the macroblock CurrMbAddr. The set of sample locations (XEy, yEy) repres

sample locafions immediately to the right of a vertical edge (when verticalEdgeFlag 1s equal to 1) or immediately b

horizontal e
The variable
If chror

—  Otherw
Let s'be a v
- If chrom

- Otherwif
chroma ¢

- Otherwij
chroma ¢

The variablg
- If fieldM
- Otherwis

The positio
macroblock
(xL, yI).

Ige (when verticalEdgeFlag is equal to 0).

nE is derived as follows.

naEdgeFlag is equal to 0, nE is set equal to 16.

ise (chromaEdgeFlag is equal to 1), nE is set equal t0\('verticalEdgeFlag == 1) ? MbHeightC : MbW
iriable specifying a luma or chroma sample arrayy be derived as follows.

hEdgeFlag is equal to 0, s' represents the luma sample array S'; of the current picture.

e, if chromaEdgeFlag is equal to 1 and1CbCr is equal to 0, s' represents the chroma sample array S'c
omponent Cb of the current picture:

e (chromaEdgeFlag is equal to.lPand iCbCr is equal to 1), s’ represents the chroma sample array S'c
omponent Cr of the current'pitture.

dy is derived as follows,
odeFilteringFlag is ¢qual to 1 and MbaffFrameFlag is equal to 1, dy is set equal to 2.
e (fieldModeFilteringFlag is equal to 0 or MbaffFrameFlag is equal to 0), dy is set equal to 1.

h of the\upper-left luma sample of the macroblock CurrMbAddr is derived by invoking the
scanping process in subclause 6.4.1 with mbAddr = CurrMbAddr as input and the output being assig

5 for Cr
hl luma,
d to be

cture),

s process are chromaEdgeFlag, the chroma component index iCbCr (when\chromaEdgeFlag is equdl to 1),

bressed
ent the
elow a

'idthC.

of the

of the

nverse
rmed to

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
(yl + SubHeightC — 1) / SubHeightC.
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P3| pP2| p" | POJ 90| g1 | 92| g3

Figure 8-11 — Convention for describing samples across a 4x4 block horizontal or vertical boundary

For each sample location ( XEy, yEi ), k=0 .. nE - 1, the following applies.

- The filtering process is applied to a set of eight samples across a 4x4 block horizontal or vertical edge denoted as p;
and q; with i = 0..3 as shown in Figure 8-11 with the edge lying between p, and qo. p; and q; with i = 0..3 are specified

a

follows.

8.7.2

Input
edge

If verticalEdgeFlag is equal to 1,
Qi =8’[ xP + xEy +1i, yP + dy * yEj ]
pi=s[xP+xE—i—1,yP+dy * yEy ]

Otherwise (verticalEdgeFlag is equal to 0),
qi=s[xP+xE, yP+dy * (yEx+1)—(YEx % 2) ]
pi=s[xP+xE, yP+dy * (yEx—i—1)—(yEx % 2) ]

he process specified in subclause 8.7.2 is invoked with the sample values p; and q; (i = 0..3), chr
rticalEdgeFlag, and fieldModeFilteringFlag as input, and the/output is assigned to the filtered result
and q'; withi1=0..2.

he input sample values p; and q; with i = 0..2 are replaced by the corresponding filtered result sample
with i = 0..2 inside the sample array s’ as follows.

If verticalEdgeFlag is equal to 1,
s’[xP +xEx +1, yP +dy * yE( ] = q
s’[ xP +xEy—i-1, yP +dy * yEu] = p',
Otherwise (verticalEdgeFlag\is equal to 0),
s'[ XP + xEy, yP + dy* (yEx +1) - (yEc % 2) 1=
s’[ xP +xEy, yPFdy * (yEx—i—1)—(yEx%2)]=p"

Filtering/process for a set of samples across a horizontal or vertical block edge

5 to this-process are the input sample values p; and g; with i in the range of 0..3 of a single set of saml
that is to be filtered, chromaEdgeFlag, verticalEdgeFlag, and fieldModeFilteringFlag.

Outp

(8-452)

(8-453)

(8-454)
(8-455)

ymaEdgeFlag,
sample values

values p'; and

(8-456)

(8-457)

(8-458)

(8-459)

ples across an

itshof this process-are the filtered result Qamplp values p'i and r}'i with 11in the range of Q. 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 filtering strength
specified in subclause 8.7.2.1 is invoked with py, qo, and verticalEdgeFlag as input, and the output is assigned to bS.

- Otherwise (chromaEdgeFlag is equal to 1), the bS used for filtering a set of samples of a horizontal or vertical
chroma edge shall be set equal to the value of bS for filtering the set of samples of a horizontal or vertical luma edge,
respectively, that contains the luma sample at location ( SubWidthC * x, SubHeightC * y ) inside the luma array of
the same field, where ( X, y ) is the location of the chroma sample q, inside the chroma array for that field.

The process specified in subclause 8.7.2.2 is invoked with py, qo, p1, q1, chromaEdgeFlag, and bS as input, and the output

is ass

igned to filterSamplesFlag, indexA, a, and J3.
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Depending on the variable filterSamplesFlag, the following applies.

bS, B

If filterSamplesFlag is equal to 1, the following applies.

, and indexA given as input, and the output is assigned to p'; and q'; (i =0..2).

chromaEdgeFlag, a, and B given as input, and the output is assigned to p'; and q'; (i =0..2).

corresponding input samples p; and q;:

If bS is less than 4, the process specified in subclause 8.7.2.3 is invoked with p; and g; (i = 0..2), chromaEdgeFlag,

Otherwise (bS is equal to 4), the process specified in subclause 8.7.2.4 is invoked with p; and q; (i = 0..3),

Otherwise (filterSamplesFlag is equal to 0), the filtered result samples p'; and q; (i = 0..2) are replaced by the

foriF£0.2, Pi=Dpi (§-460)
fori$0..2, qi=q (g-461)
8.7.2.1 Dgrivation process for the luma content dependent boundary filtering strength

Inputs to thi
and verticall

Output of th
Let the varid

If Mbalf]
macrob

Otherw
The variablg

If the b
shall be

thq
m

thq
m

M
bo

M
bo

Otherw

mi
In

mi
wi

5 process are the input sample values py and qq of a single set of samples across an,edge that is to be
dgeFlag.

s process is the variable bS.
ble mixedModeEdgeFlag be derived as follows.

fFrameFlag is equal to 1 and the samples p, and q, are in different mactoblock pairs, one of which is
ock pair and the other is a frame macroblock pair, mixedModeEdgeFlag is set equal to 1

se, mixedModeEdgeFlag is set equal to 0.
bS is derived as follows.

ock edge is also a macroblock edge and any of the following conditions are true, a value of bS eq
the output:

samples py and qo are both in frame macrteblocks and either or both of the samples p, or q
icroblock 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 q
icroblock that is in a slice with slice<type equal to SP or SI

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 q isinja macroblock coded using an Intra macroblock prediction mode.

baffFrameFlag is equal %o I or field pic flag is equal to 1, and verticalEdgeFlag is equal to 1, and e
th of the samples po©O1yqp is in a macroblock that is in a slice with slice type equal to SP or SI

se, if any of the folowing conditions are true, a value of bS equal to 3 shall be the output:

xedModeEdgeFlag is equal to 0 and either or both of the samples p, or qy is in a macroblock coded u
ra macroblock prediction mode

xedModeEdgeFlag is equal to 0 and either or both of the samples p, or g is in a macroblock that is in|
th.slice type equal to SP or SI

filtered

a field

al to 4

is in a

is in a

ther or

ther or

King an

a slice

in

in

a macroblock coded using an Intra macroblock prediction mode

a macroblock that is in a slice with slice type equal to SP or SI

Otherwise, if the following condition is true, a value of bS equal to 2 shall be the output:

coefficient levels

190

Otherwise, if any of the following conditions are true, a value of bS equal to 1 shall be the output:

mixedModeEdgeFlag is equal to 1

mixedModeEdgeFlag is equal to 1, verticalEdgeFlag is equal to 0, and either or both of the samples p, or qq is

mixedModeEdgeFlag is equal to 1, verticalEdgeFlag is equal to 0, and either or both of the samples p, or q is

the luma block containing sample py or the luma block containing sample qo contains non-zero transform
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- mixedModeEdgeFlag is equal to 0 and for the prediction of the macroblock/sub-macroblock partition
containing the sample p, different reference pictures or a different number of motion vectors are used than for
the prediction of the macroblock/sub-macroblock partition containing the sample qq.

NOTE - The determination of whether the reference pictures used for the two macroblock/sub-macroblock partitions are
the same or different is based only on which pictures are referenced, without regard to whether a prediction is formed using

an index into reference picture list 0 or an index into reference picture list 1, and also without regard to whether or not the
index position within a reference picture list is different or not.

- mixedModeEdgeFlag is equal to 0 and one motion vector is used to predict the macroblock/sub-macroblock
partition containing the sample p, and one motion vector is used to predict the macroblock/sub-macroblock
partition containing the sample g 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 picturgs are used to
predict the macroblock/sub-macroblock partition containing the sample p, and two motion(veetors for the same
two reference pictures are used to predict the macroblock/sub-macroblock partition containing fthe sample q,
and the absolute difference between the horizontal or vertical component of the two metion vectgrs used in the
prediction of the two macroblock/sub-macroblock partitions for the same reference picture is greater than or
equal to 4 in units of quarter luma frame samples.

- mixedModeEdgeFlag is equal to 0 and two motion vectors for the same refererice picture are used to predict the
macroblock/sub-macroblock partition containing the sample p, and twg motion vectors for the spme reference
picture are used to predict the macroblock/sub-macroblock partition<coritaining the sample q, and both of the
following conditions are true:

The absolute difference between the horizontal or vertical-component of list 0 motion vectg
prediction of the two macroblock/sub-macroblock partitions is greater than or equal to 4 i
frame samples or the absolute difference between the herizontal or vertical component of th
vectors used in the prediction of the two macrabloek/sub-macroblock partitions is greater
to 4 in units of quarter luma frame samples.

The absolute difference between the horizontal or vertical component of list 0 motion vect
prediction of the macroblock/sub-macreblock partition containing the sample p, and the
vector used in the prediction of th¢(macroblock/sub-macroblock partition containing the|
greater than or equal to 4 in units of quarter luma frame samples or the absolute differenc
horizontal or vertical componenfof the list 1 motion vector used in the prediction of the ma
macroblock partition containing the sample p, and list 0 motion vector used in the pre
macroblock/sub-macroblock’partition containing the sample qo is greater than or equal tq
quarter luma frame samples.

NOTE — A vertical\difference of 4 in units of quarter luma frame samples is a difference of 2 in
luma field samples

rs used in the
quarter luma
e list 1 motion
than or equal

or used in the
list 1 motion
sample qq is
e between the
croblock/sub-
Hiction of the
4 in units of

units of quarter

- therwise, a value of bS-equal to 0 shall be the output.

8.7.212  Derivation process for the thresholds for each block edge

Input to this praCess are the input sample values py, qo, p1 and q; of a single set of samples across an edge that is to be
filter¢d, chromaEdgeFlag, and bS, for the set of input samples, as specified in 8.7.2.

Outptits of this process are the variable filterSamplesFlag, which indicates whether the input samples afe filtered, the
valug of'indexA, and the values of the threshold variables o and f3.

Let qP, and gP, be variables specifying quantisation parameter values for the macroblocks containing the samples p, and
qo, respectively. The variables qP, (with z being replaced by p or q) are derived as follows.

- If chromaEdgeFlag is equal to 0, the following applies.
- If the macroblock containing the sample z, is an I PCM macroblock, P, is set to 0.

- Otherwise (the macroblock containing the sample z, is not an I PCM macroblock), qP, is set to the value of QPy
of the macroblock containing the sample z.

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

- If the macroblock containing the sample z, is an I PCM macroblock, qP, is set to the value of QP¢ that
corresponds to a value of 0 for QPy as specified in subclause 8.5.7.
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- Otherwise (the macroblock containing the sample z, is not an I PCM macroblock), qP, is set to the value of QP¢
that corresponds to the value QPy of the macroblock containing the sample z, as specified in subclause 8.5.7.

Let qP,, be a variable specifying an average quantisation parameter. It is derived as follows.
qPa=(qP,+qPy+1)>>1 (8-462)

NOTE - In SP and SI slices, qP,, is derived in the same way as in other slice types. QSy from Equation 7-28 is not used in the
deblocking filter.

Let indexA be a variable that is used to access the a table (Table 8-16) as well as the tc, table (Table 8-17), which is used
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 PB—table-(Fab 6)- Ay and—ind are—d as QWS e—values of
FilterOffsetA and FilterOffsetB are the values of those variables specified in subclause 7.4.3 for the slice thdtgpntains

the macroblgck containing sample q..

indexA = Clip3( 0, 51, qP,, + FilterOffsetA ) (B-463)
indexB = Clip3( 0, 51, qP,, + FilterOffsetB ) (B-464)

The variablgs o' and B' depending on the values of indexA and indexB are specified in\Table 8-16. Depending on
chromaEdgdFlag, the corresponding threshold variables o and [ are derived as follows,

—  If chrothaEdgeFlag is equal to 0,

Q

=o' * (1 <<(BitDepthy - 8)) (8-465)
f=PB"* (1 <<(BitDepthy -8 )) (B-466)

—  Otherwjse (chromaEdgeFlag is equal to 1),

= o * (1 << ( BitDepthc— 8 ) ) (8-467)

Q

f=p'* (1 <<(BitDepthc—8)) (§-468)
The variablg filterSamplesFlag is derived by

filterfamplesFlag = (bS =0 && Abs(po—qo) <o && Abs(pi—po) <P && Abs(qi—qo)<B) (§-469)

Talle 8-16 — Derivation of offset dependent threshold variables o' and B' from indexA and indexB

indexA (for o) or indexB (for (")

O 1|2 |3 |45 |6 |7 |89 10111213 |14|15|16|17 1819|2021 22|23 |24 |25

a |O0O[OffO|]ONO[O]O]O|O[O[O]O]O]|O][O[O0O]|4 45|67 |8|9][10[12]13

1o} ojloH+=0(0|0(O0O|O|O|O|O|O|O[O|O|O|2]|2|2|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 127128129 (30|31(32(33[34[35[36|37[38[39[40 (41 |42 4344 |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

prle|o6 |77 (8899|1010 11 1112|1213 |13 (14|14 |15|15|16 |16 |17 |17 |18 |18
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8.7.2.3 Filtering process for edges with bS less than 4

Inputs to this process are the input sample values p; and q; (i = 0..2) of a single set of samples across an edge that is to be
filtered, chromaEdgeFlag, bS, B, and indexA, for the set of input samples, as specified in 8.7.2.

Outputs of this process are the filtered result sample values p'; and ¢'; (i = 0..2) for the set of input sample values.

The filtered result samples p'y and q'y are derived by

A= Clip3(—tc, te, ((((qo—Po) <<2)+(pi—q1)+4)>>3)) (8-470)
p'o=Clipl(po+A) (8-471)
q'o=Clipl(qo—A4) (8-472)

wher¢ the threshold tc is determined as follows.

- IflchromaEdgeFlag is equal to 0,
tc=tot ((a,<P)?1:0)+((ag<P)?1:0) (8-473)
- Otherwise (chromaEdgeFlag is equal to 1),
te=teo+ 1 (8-474)

Depepding on the values of indexA and bS the variable t'cy is specified\int Table 8-17. Depending on chr¢maEdgeFlag,
the c¢rresponding threshold variable tc is derived as follows.

—  If chromaEdgeFlag is equal to 0,
teo = t'co * (1 << ( BitDepthy —8)) (8-475)
—  Otherwise (chromaEdgeFlag is equal to 1),
teo = t'co * (1 << ( BitDepthc —8)) (8-476)
Let a} and a, be two threshold variables specified by
a, = Abs(p2—po) (8-477)
a;=Abs(q2—qo) (8-478)

The filtered result sample.p’; is derived as follows

- If|chromaEdgeElag is equal to 0 and a, is less than 3,
p't = p & Clip3(—teo, teo, (P2 + ((Po+ Gt 1)>>1)—(pr<<1)) >> 1) (8-479)
- Othefwise (chromaEdgeFlag is equal to 1 or a, is greater than or equal to 3),

P =pi (8-480)

The filtered result sample q'; is derived as follows

- IfchromaEdgeFlag is equal to 0 and a, is less than 3,
q'1=qi + Clip3(—tco, teo, (2t ((pot o+ 1)>>1)—(qi<<1)) >> 1) (8-481)
- Otherwise (chromaEdgeFlag is equal to 1 or ag is greater than or equal to B),

q'l = (8-482)

© ISO/IEC 2005 — All rights reserved 193


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

ISO/IEC 14496-10:2005(E)

The filtered result samples p'; and q', are always set equal to the input samples p, and q5:

p'z =Pz (8-483)

q2=qx (8-484)

Table 8-17 — Value of variable t'c, as a function of indexA and bS
indexA
01,234 |5|/6|7[8|9[10[1112|13]14|15|16|17 1819|2021 22|23 24|25
bS=1 0/{0/,0{0]0|0|O0O]0O0[O|O0O|O0O|O0O|O0O]|]O0O]O0O|0|O0]O0O[|O0O]O0O]O0O|O0O]O0O][TI]| a1
bS=2 0/[0/0]0]O0O|0O]O0O]O0O[O0O]O0O]O0O[O0O|O0O]O0O]O0O|0[O0O]O0O[O0O]O]O0 |1 ]|1|ANDL N
bS=3 0/[0/0]0]O0O|O]O]O[O|O]|O[O|O]O]OO|O T |[T]1T]T|1TNYT1T|1|N
Table 8-17 (concluded) — Value of variable t'c, as a function of indexA andbS
indexA
26 (2728129130 /31(32(33(34|35/36(37|38(39[40 41|42 434474546 |47|48|49 |50 pl1

bS=1 11|11 (1122|223 /3|3|4|4|45|6|6/|7 |89 ]10]11|3
bS=2 11 (1|11 (2222|333 /445586 |7 8|8 |10[1112]13]15(7
bS=3 1121212123 |3|3[4|4|4|5/6|6HA/8]9[10[11|13[14|16|18|20/23|P5
8.7.2.4 Filtering process for edges for bS equal to 4
Inputs to thip process are the input sample values p; and-g; (i = 0..3) of a single set of samples across an edge that s to be
filtered, the|variable chromaEdgeFlag, and the values of the threshold variables o and  for the set of samples, as
specified in pubclause 8.7.2.
Outputs of this process are the filtered result:sample values p'; and q'; (i = 0..2) for the set of input sample values.
Let a,, and aJ be two threshold variables ‘as/specified in Equations 8-477 and 8-478, respectively, in subclause 8.7.2|3.
The filtered fesult samples p'; (i = 6..2) are derived as follows.
- If chrompEdgeFlag is equdl to 0 and the following condition holds,

a, < && Abs(Po=qy) <((a>>2)+2) (8-485)

then the yariablesp'y, p'i, and p'; are derived by

p'o = [ 1 2%ps + 2%pg +2%qo + q1 +4)>>3 (R-486)

P1=(p2tpitpotq+2)>>2 (8-487)

P2 =(2%ps +3*p2+pitpotqot+4)>>3 (8-488)

p', are derived by

Otherwise (chromaEdgeFlag is equal to 1 or the condition in Equation 8-485 does not hold), the variables p'y, p';, and

p'o=(2%p +po+q+2)>>2 (8-489)
p'i =P (8-490)
pP2=p2 (8-491)
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The filtered result samples q'; (i = 0..2) are derived as follows.

- If chromaEdgeFlag is equal to 0 and the following condition holds,
ag<P && Abs(po—qo) <((a>>2)+2) (8-492)

then the variables q'y, q';, and ', are derived by

Qo= (p1+2%pg+2%qp +2%q; +qp +4)>>3 (8-493)
q1=(potdotqtq+t2)>>2 (8-494)
q2=(2*qs +3*q+qi tqo+tpo+4)>>3 (8-495)

- Ofherwise (chromaEdgeFlag is equal to 1 or the condition in Equation 8-492 does not hold), theyvariables q'o, q';, and

q'p are derived by
Qo=(2*q +qotp1+2)>>2 (8-496)
q1=q (8-497)
q42=q (8-498)
9 Parsing process

Inputk to this process are bits from the RBSP.
Outplits of this process are syntax element values.

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), te(v) (see subclause 9.1), ce(v) (see subclause 9.2), or ae(v) (see subclause 9.3).

9.1 Parsing process for Exp-Golomh-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). For syntax clémients 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 process are bits from.the RBSP.
Outpfits of this process are Syntax element values.

Syntgx elements coded as ue(v), me(v), or se(v) are Exp-Golomb-coded. Syntax elements coded as te(v) are truncated
Exp-Golomb-coded. \Fhe parsing process for these syntax elements begins with reading the bits starting [at the current
locatjon in the bifstréam up to and including the first non-zero bit, and counting the number of leading bits|that are equal
to 0. [This pra¢ess shall be equivalent to the following:

leadingZeroBits = -1;
for( b = 0; !b; leadingZeroBits++ )
b =read bits( 1)

The variable codeNum is then assigned as follows:

codeNum = 2'dingZeroBits _ 1 4 read bits( leadingZeroBits )

where the value returned from read bits( leadingZeroBits ) is interpreted as a binary representation of an unsigned
integer with most significant bit written first.

Table 9-1 illustrates the structure of the Exp-Golomb code by separating the bit string into “prefix” and “suffix” bits. The
“prefix” bits are those bits that are parsed in the above pseudo-code for the computation of leadingZeroBits, and are
shown as either 0 or 1 in the bit string column of Table 9-1. The “suffix” bits are those bits that are parsed in the
computation of codeNum and are shown as x; in Table 9-1, with i being in the range 0 to leadingZeroBits - 1, inclusive.
Each x; can take on values 0 or 1.
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Table 9-1 — Bit strings with “prefix” and “suffix” bits and assignment to codeNum ranges (informative)

Bit string form

Range of codeNum

Table 9-2 ill

Table 9-2 — Exp-Golomb bit strings and codeNum in explicit form and used(as ue(v) (informative)

Depending d

1 0

0 1 xp 1-2

00 1 x; X 3-6
0001 x, X9 xq 7-14
00001 %3 Xp X3 Xg 15-30
000001 x4 X3 X X1 Xp 31-62

ustrates explicitly the assignment of bit strings to codeNum values.

Bit string codeNum
1 0
010 1
011 2
00100 3
00102 4
004 O 5
QM1 11 6
00 01000 7
0001001 8
0001010 9

If the sy

n the“descriptor, the value of a syntax element is derived as follows.

ntax’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 the syntax element shall be determined first. The range
of this syntax element may be between 0 and x, with x being greater than or equal to 1 and is used in the derivation

of the value of a syntax element as follows

- If x is greater than 1, codeNum and the value of the syntax element shall be derived in the same way as for
syntax elements coded as ue(v)
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- Otherwise (x is equal to 1), the parsing process for codeNum which is equal to the value of the syntax element
is given by a process equivalent to:

b =read bits( 1)
codeNum = !b

9.1.1  Mapping process for signed Exp-Golomb codes
Input to this process is codeNum as specified in subclause 9.1.
Output of this process is a value of a syntax element coded as se(v).

The syntax element is assigned to the codeNum by ordering the syntax element by its absolute value in increasing order
and representing it gHven e ith—the e N e provides the
assighment rule.

Table 9-3 — Assignment of syntax element to codeNum for signed Exp-Golomb coded syntax elemgnts se(v)

codeNum | syntax element value

0 0

1 1

2 -1

3 2

4 2

5 3

6 -3

k DM Ceil(k+2)

9.1.2] Mapping process for coded block pattern
Inputfto this process is codeNum as_ specified in subclause 9.1.
Outppit of this process is a value of the syntax element coded block pattern coded as me(v).

Tablg 9-4 shows the assignment of coded block pattern to codeNum depending on whether the macroblgck prediction
modd is equal to Intra 4x4,Intra 8x8 or Inter.
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Table 9-4 — Assignment of codeNum to values of coded_block pattern for macroblock prediction modes

(a) chroma_format_idc is not equal to 0

codeNum coded_block_pattern
Intra_4x4, Inter
Intra_8x8
0 47 0
1 31 16
2 15 1
3 0 2
4 23 4
5 27 8
6 29 32
7 30 3
8 7 5
9 11 10
10 13 12
11 14 15
12 39 47
13 43 7
14 45 11
15 46 13
16 16 14
17 3 6
18 5 9
19 10 31
20 12 35
21 19 37
22 21 42
23 26 44
24 28 33
25 35 34
26 37 36
27 42 40
28 44 39
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codeNum coded_block_pattern
29 1 43
30 2 45
31 4 46
32 8 17
33 17 18
34 +8 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
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(b) chroma_format_idc is equal to 0

codeNum coded_block_pattern
Intra_dxd, Inter
Intra_8x8

0 15 0

1 0 1

2 7 2

3 11 4

4 13 8

5 14 3

6 3 5

7 5 10

8 10 12

9 12 15

10 1 7

11 2 11

12 4 13

13 8 14

14 6 6

15 9 9
9.2 CAVLC parsing process fortransform coefficient levels
This procesg is invoked when pafsing syntax elements with descriptor equal to ce(v) in subclause 7.3.5.3.1 and when
entropy_coding mode_flag is equal to 0.
Inputs to this process are\bits from slice data, a maximum number of non-zero transform coefficient| levels
maxNumCo¢ff, the luméa/block index luma4x4Blkldx or the chroma block index chroma4x4BlklIdx 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 index
luma4x4BIlkldx‘ft the chroma block with block index chroma4x4BlkIdx.

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, lev
level suffix (see subclause 9.2.2).

el prefix, and

The runs of zero transform coefficient levels before each non-zero transform coefficient level are derived by

parsing total zeros and run_before (see subclause 9.2.3).

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

Inputs to this process are bits from slice data, a maximum number of non-zero transform coefficient levels
maxNumCoeff, the luma block index luma4x4BIkIdx or the chroma block index chroma4x4BIlkIdx of the current block
of transform.

Outp

The
Tablg
coeff]

- Iffthe CAVLC parsing process is invoked for ChromaDCLevel, nC is derived as follows.

hts of this process are TotalCoeff( coeff token ) and TrailingOnes( coeff token ).

syntax 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
| token. VLC selection is dependent upon a variable nC that is derived as follows.

If chroma_format idc is equal to 1, nC is set equal to -1,
Otherwise, if chroma format_idc is equal to 2, nC is set equal to -2,
Otherwise (chroma_format idc is equal to 3), nC is set equal to (.
therwise, the following applies.
When the CAVLC parsing process is invoked for Intral6xd 6DCLevel, luma4x4BlkIdx is set equall
The variables blkA and blkB are derived as follows.

Let nA and nB. be/the number of non-zero transform coefficient levels (given by TotalCoeff{( coq
the block of transform coefficient levels blkA located to the left of the current block and the bloc
coefficientlevels blkB located above the current block, respectively.

With N replaced by A and B, in mbAddrN, blkN, and nN the following applies.

t columns of
en codeword

to 0.

If the CAVLC parsing process is invoked for Intral6x16DCLevel, Intral6x16ACLevel, or LymaLevel, the

process specified in subclause 6.4.8.3 is inyoked with luma4x4BlkIdx as the input, and the outj
to mbAddrA, mbAddrB, luma4x4BIkldxA, and luma4x4BlkIdxB. The 4x4 luma block
mbAddrA\luma4x4BlkldxA is assigned toblkA, and the 4x4 luma block
mbAddrB\luma4x4BlkIdxB is assigned to blkB.

Otherwise (the CAVLC parsiig process is invoked for ChromaACLevel), the process specifie
6.4.8.4 is invoked with e€hroma4x4Blkldx as input, and the output is assigned to mbAddr
chromad4x4BlkldxA, <sadd  chroma4x4BlkldxB. @ The 4x4 chroma block sj
mbAddrA\iCbCr\chroma4x4BlkldxA is assigned to blkA, and the 4x4 chroma block
mbAddrB\iCbCr\chroma4x4BIlkIdxB is assigned to blkB.

If any of the following conditions is true, nN is set equal to 0.

ut is assigned
specified by
pecified by

[l in subclause
A, mbAddrB,
pecified by
specified by

ff token )) in
k of transform

- mbAddrN is not available

- The current macroblock is coded using an Intra prediction mode, constrained intra_pred flag is equal
to 1 and mbAddrN is coded using Inter prediction and slice data partitioning is in use (nal unit_type is in

the range of 2 to 4, inclusive).

- The macroblock mbAddrN has mb_type equal to P_Skip or B_Skip

- All AC residual transform coefficient levels of the neighbouring block blkN are equal to 0 due to the
corresponding bit of CodedBlockPatternLuma or CodedBlockPatternChroma being equal to 0

Otherwise, if mbAddrN is an I PCM macroblock, nN is set equal to 16.

Otherwise, nN is set equal to the value TotalCoeff( coeff token ) of the neighbouring block blkN.
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NOTE - The values nA and nB that are derived using TotalCoeff( coeff token ) do not include the DC transform
coefficient levels in Intra_16x16 macroblocks or DC transform coefficient levels in chroma blocks, because these
transform coefficient levels are decoded separately. When the block above or to the left belongs to an Intra_16x16
macroblock, or is a chroma block, nA and nB is the number of decoded non-zero AC transform coefficient levels.

NOTE - When parsing for Intral6x16DCLevel, the values nA and nB are based on the number of non-zero
transform coefficient levels in adjacent 4x4 blocks and not on the number of non-zero DC transform coefficient
levels in adjacent 16x16 blocks.

- Given the values of nA and nB, the variable nC is derived as follows.
- If both mbAddrA and mbAddrB are available, the variable nC is set equal to (nA+nB + 1) >> 1.

- Otherwise (mbAddrA is not available or mbAddrB is not available), the variable nC is set equal to nA + nB.

The value of TotalCoeff( coeff token ) resulting from decoding coeff token shall be in the range of 0 to maxNunI]Coeff,
inclusive.
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Table 9-5 — coeff_token mapping to TotalCoeff( coeff token ) and TrailingOnes( coeff token )

E2 | 25 0<=nC<2 2<=nC<4 4<=nC<8 |8<=nC | nC==-1 nC==-2
F2 | 23
=2 S
0 0 1 1 1111 000011 | 01 1
0 1 0001 01 0010 11 0011 11 000000 | 000111 | 0001 111
1 1 01 10 1110 000001 | 1 0l
0 2 0000 0111 0001 11 0010 11 000100 | 000100 (9001110
1 2 0001 00 0011 1 01111 0001 01 | 0001,10 | 0001|101
2 2 001 011 1101 0001 10 | @01 001
0 3 0000 0011 1 0000 111 0010 00 0010 Q0> 0000 11 | 0000/0011 1
1 3 0000 0110 0010 10 01100 0010'01 | 0000011 | 0001100
2 3 0000 101 0010 01 01110 001010 | 0000010 | 0001011
3 3 0001 1 0101 1100 0010 11 | 000101 | 0000|1
0 4 0000 0001 11 0000 0111 0001 111 001100 | 000010 | 0000j0011 0
1 4 0000 0011 0 0001 10 0101 0 001101 | 0000 0000[0010 1
0011
2 4 0000 0101 0001 01 0101 1 001110 | 0000 0001{010
0010
3 4 0000 11 0100 1011 0011 11 | 0000000 | 000001
0 5 0000 0000 111 0000 0100 0001 011 010000 | - 0000{0001 11
1 5 0000 0001 10 0000 110 01000 010001 | - 0000[0001 10
2 5 0000 0010,1 0000 101 0100 1 010010 | - 0000{0010 0
3 5 0000-£00 00110 1010 0100 11 | - 0001{001
0 6 0000 000001111 | 00000011 1 0001 001 010100 | - 0000[0000 111
1 6 0000 0000 110 0000 0110 0011 10 010101 | - 0000{0000 110
2 6 0000 0001 01 0000 0101 0011 01 010110 | - 0000{0001 01
3 6 0000 0100 0010 00 1001 0101 11 | - 0001{000
0 7 0000 0000 0101 1 | 0000 0001 111 0001 000 011000 | - 0000 0000 0111
1 7 0000 0000 01110 | 0000 0011 0 0010 10 011001 | - 0000 0000 0110
2 7 0000 0000 101 0000 0010 1 0010 01 011010 | - 0000 0000 101
3 7 0000 0010 0 0001 00 1000 0110 11 | - 0000 0001 00
0 8 0000 0000 01000 | 0000 0001 011 0000 1111 011100 | - 0000 0000 0011 1
1 8 0000 0000 01010 | 0000 0001 110 0001 110 011101 | - 0000 0000 0101
2 8 0000 00000110 1 | 0000 0001 101 0001 101 011110 | - 0000 0000 0100
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3 8 0000 0001 00 0000 100 01101 o111 11 | - 0000 0000 100
0 9 0000 0000 0011 11 | 0000 0000 1111 0000 1011 100000 | -
1 9 0000 0000 0011 10 | 0000 0001 010 0000 1110 100001 | -
2 9 0000 0000 0100 1 0000 0001 001 0001 010 100010 | -
3 9 0000 0000 100 0000 0010 0 0011 00 100011 | -
0 10 0000 0000 0010 11 | 0000 0000 1011 000001111 | 100100 | -
1 10 0000 0000001010 | 00000000 1110 00001010 100101 | -
2 ||0 0000 0000 0011 01 | 0000 0000 1101 0000 1101 1001 10 | -
3 1o 0000 0000 0110 0 0000 0001 100 0001 100 1001 11 | -
0 1 0000 0000 0001 111 | 0000 0000 1000 000001011 | 101000 | -
1 1 0000 0000 0001 110 | 0000 0000 1010 000001110 | 101001 | -
2 i 0000 0000 0010 01 | 0000 0000 1001 0000 1001 101010 =~
3 1 0000 0000 0011 00 | 0000 0001 000 0000 1100 1010\ -
0 12 0000 0000 0001 011 | 0000000001111 | 000001000 | F03T00 | -
1 12 0000 0000 0001 010 | 0000000001110 | 000001010 Q| 101101 | -
2 12 0000 0000 0001 101 | 0000 00000110 1 | 000068101 | 101110 | -
3 12 0000 0000 0010 00 | 0000 0000 1100 0000 1000 101111 | -
0 13 (1)(1)(1)(1) 0000 0000 0000 0000 0101 1. & 0000 001101 | 110000 | -
1 13 0000 0000 0000 001 | 0000 000001010 | 000000111 | 110001 | -
2 13 0000 0000 0001 001 | 0000.0000 0100 1 | 000001001 | 110010 | -
3 13 0000 0000 0001 100 G000 000001100 | 000001100 | 110011 | -
0 Ij4 0000 0000 0000 0000 0000 00111 | 0000001001 | 110100 | -
1011
1 4 0000 000070000 0000 0000 0010 11 | 0000001100 | 110101 | -
1110
2 4 000070000 0000 0000 0000 00110 | 0000001011 | 110110 | -
1101
3 4 0000 0000 0001 000 | 0000 0000 0100 0 | 0000001010 | 1101 11 | -
0 15 000U 000U UU0UU 000U 000U UUTU U1 000U O0UT U1 I'TTU U0 -
0111
1 15 0000 0000 0000 0000 0000 0010 00 | 0000 001000 | 111001 | -
1010
2 15 0000 0000 0000 0000 0000 0010 10 | 0000 0001 11 | 111010 | -
1001
3 15 0000 0000 0000 0000 0000 0000 1 | 00000001 10 | 111011 | -
1100
0 16 0000 0000 0000 0000 0000 0001 11 | 0000 000001 | 111100 | -
0100
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1 16 0000 0000 0000 0000 0000 0001 10 | 0000 0001 00 | 111101 | -
0110
2 16 0000 0000 0000 0000 0000 0001 01 | 0000000011 | 111110 | -
0101
3 16 0000 0000 0000 0000 0000 0001 00 | 0000000010 | 111111 | -
1000
9.2.2  Parsing process for level information
Inputs to this process are bits from slice data, the number of non-zero transform caefficient levels
TotalCoeff( coeff token ), and the number of trailing one transform coefficient levels TrailingOnes( coeff token ).

Outptit of this process is a list with name level containing transform coefficient levels.

Initiafly an index i is set equal to 0. Then the following procedure is iteratively applied TrailingOnes( coeff]

to de

Follo

The
deco

ode the trailing one transform coefficient levels (if any):
A 1-bit syntax element trailing_ones_sign flag is decoded and evaluated as follpws:

If trailing_ones_sign flag is equal to 0, the value +1 is assigned to leyel[.i].
~  Otherwise (trailing_ones_sign_flag is equal to 1), the value -1 is assighed to level[ i ].

The index i is incremented by 1.

wing the decoding of the trailing one transform coefficient levelsy/a variable suffixLength is initialised|

[f TotalCoeff( coeff token ) is greater than 10 and TrailingOnes( coeff token ) is less than 3, suffixLe
equal to 1.

Otherwise (TotalCoeff( coeff token ) is less than or‘¢qual to 10 or TrailingOnes( coeff token ) is equa
suffixLength is set equal to 0.

ollowing procedure is then applied iteratively ( TotalCoeff( coeff token ) — TrailingOnes( coeff tok
le the remaining levels (if any):

The syntax element level prefix is decoded as specified in subclause 9.2.2.1.

The variable levelSuffixSize is setiequal to the variable suffixLength with the exception of the followi
When level prefix is equal to 14 and suffixLength is equal to 0, levelSuffixSize is set equal to 4.
When level prefix is greater than or equal to 15, levelSuffixSize is set equal to level prefix - 3.

The syntax element level suffix is decoded as follows.

If levelSuffixSize is greater than 0, the syntax element level suffix is decoded as unsigned integg
represéntation u(v) with levelSuffixSize bits.

Otherwise (levelSuffixSize is equal to 0), the syntax element level suffix shall be inferred to be g

A variable levelCode is set equal to ( Min( 15, level prefix ) << suffixLength ) + level suffix.

| token ) times

as follows.

hgth is set

to 3),

en ) ) times to

g two cases.

=3

qual to 0.

When level prefix is greater than or equal to 15 and suffixLength is equal to 0, levelCode 1s incremented by 15.

When level prefix is greater than or equal to 16, levelCode is incremented by (1<<( level prefix —3)) —4096.

When the index i is equal to TrailingOnes( coeff token ) and TrailingOnes( coeff token ) is less than 3, levelCode

is incremented by 2.
The variable level[ i ] is derived as follows.

If levelCode is an even number, the value ( levelCode + 2 ) >> 1 is assigned to level[ i ].

Otherwise (levelCode is an odd number), the value ( -levelCode — 1) >> 1 is assigned to level[ i ]

When suffixLength is equal to 0, suffixLength is set equal to 1.
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- When the absolute value of level[ i ] is greater than ( 3 << (' suffixLength — 1 ) ) and suffixLength is less than 6,
suffixLength is incremented by 1.

- The index i is incremented by 1.

9.2.2.1 Parsing process for level_prefix
Inputs to this process are bits from slice data.
Output of this process is level prefix.

The 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 shall be
equivalent tgthefottowing:

leddingZeroBits = -1

fof( b = 0; !b; leadingZeroBits++ )
b =read bits( 1)

leyel prefix = leadingZeroBits

Table 9-6 illustrates the codeword table for level prefix.

Table 9-6 — Codeword table for level_prefix (informative)

level_prefix | bit string

0 1
01
001
0001
0000 1
0000.04
0000001
0000 0001
0000 0000 1
0000 0000 01
0000 0000 001
0000 0000 0001

(0| |||k~ |[W|[N]|—

—£
(=)

—_
—_

12 0000 0000 0000 1

13 0000 0000 0000 01
14 0000 0000 0000 001
15 0000 0000 0000 0001

9.2.3  Pausing 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 maxNumCoeft.

Output of this process is a list of runs of zero transform coefficient levels preceding non-zero transform coefficient levels
called run.

Initially, an index i is set equal to O.
The variable zerosLeft is derived as follows.

- If the number of non-zero transform coefficient levels TotalCoeff( coeff token ) is equal to the maximum number of
non-zero transform coefficient levels maxNumCoeff, a variable zerosLeft is set equal to 0.
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Otherwise (the number of non-zero transform coefficient levels TotalCoeff( coeff token ) is less than the maximum

number of non-zero transform coefficient levels maxNumCoeff), total zeros is decoded and zerosLeft is set equal to
its value.

The VLC used to decode total zeros is derived as follows:

I

f maxNumCoeff is equal to 4, one of the VLCs specified in Table 9-9 (a) is used.

Otherwise, if maxNumCoeff is equal to 8, one of the VLCs specified in Table 9-9 (b) is used.

The following procedure is then applied iteratively ( TotalCoeff( coeff token )— 1) times:

Otherwise (maxNumCoeff is not equal to 4 and not equal to 8), VLCs from Table 9-7 and Table 9-8 are used.

]

]
S

]

Final

[he 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(zerosl|
set equal to run_before.

Otherwise (zerosLeft is equal to 0), run[ i ] is set equal to 0.

'he value of run[ i] is subtracted from zerosLeft and the result assigned to zerosLeft-’The result of t
hall be greater than or equal to 0.

'he index i is incremented by 1.

y the value of zerosLeft is assigned to run[ i ].

Table 9-7 — total_zeros tables for 4x4 blocks with TotalCoeff( coeff token) 1 to 7

eft. run[ 1] is

he subtraction

total_zeros TotalCoeff(Coeff token )
1 2 3 4 5 6 7
0 1 111 0J01 00011 | 0101 0000 01 | 0000 01
1 011 110 111 111 0100 00001 | 00001
2 010 101 110 0101 0011 111 101
3 0011 100 101 0100 111 110 100
4 0010 011 0100 110 110 101 011
5 0001 1 0101 0011 101 101 100 11
6 0001 0 0100 100 100 100 011 010
7 0000 11 0011 011 0011 011 010 0001
8 0000 10 0010 0010 011 0010 0001 001
9 0000 011 00011 | 00011 | 0010 0000 1 | 001 0000 00
10 0000010 00010 100010 10001010001 000000
11 0000 0011 0000 11 | 000001 | 00001 | 00000
12 0000 0010 0000 10 | 00001 | 00000
13 0000 0001 1 | 000001 [ 0000 00
14 0000 0001 0 | 0000 00
15 0000 0000 1
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Table 9-8 — total_zeros tables for 4x4 blocks with TotalCoeff( coeff token ) 8 to 15

total_zeros TotalCoeff( coeff_token )
8 9 10 11 12 13 14 | 15
0 0000 01 | 000001 | 0000 1 | 0000 | 0000 [ 000 [ 00 | O
1 0001 0000 00 | 00000 [ 0001 | 0001 | 001 | O1 |1
2 00001 | 0001 001 001 | 01 1 1
3 011 11 11 010 [1 01
4 11 10 10 1 001
5 10 001 01 011
6 010 01 0001
7 001 0000 1
8 0000 00

Table 9-9 — total_zeros tables for chroma DC 2x2 and 2x4 blocks

(a) Chroma DC 2x2 block (4:2:0 chroma.sampling)

(b).Chroma DC 2x4 block (4:2:2 chroma sampling)

TotalCoeff( coeff/ token )
total_zeros
1 2 3
0 1 1 1
1 01 01 0
2 001 00
3 000

TotalCoeff( coeff token )
total zeros

1 2 3 4 5 6 7
0 1 000 000 110 00 00 0
1 010 01 001 00 01 01 1
3 0010 100 10 10 11
4 0011 101 110 111
5 0001 110 111
6 00001 | 111
7 0000 0
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Table 9-10 — Tables for run_before

run_before | zerosLeft
1(2 [3 |4 5 6 >6
0 1|1 11|11 11 11 111
1 0|01[10]|10 | 10 | 000 | 110
2 - 1001|0101 |O11|o001] 101
3 - |- 00 | 001 | 010 | O11 | 100
4 - |- - 000 | 001 | 010 | O11
5 - |- - - 000 | 101 | 010
6 - |- - - - 100 | 001
7 - - - - - 0001
8 - - - - - 00001
9 - - - - - - 000001
10 - - - - - - 0000001
11 - |- - - - 3 00000001
12 - |- - - - - 000000001
13 - |- - - - - 0000000001
14 - |- d - - - 00000000001

9.2.4] Combining level and run information

Input]to this process are a list of transfdrm coefficient levels called level, a list of runs called run, and the nhmber of non-
zero fransform coefficient levels TotalCoeff( coeff token ).

Outptit of this process is an list coeffLevel of transform coefficient levels.

A variable coeffNum is gét'equal to -1 and an index i is set equal to ( TotalCoeff( coeff token) — 1 ). The following
procddure is iteratively(applied TotalCoeff( coeff token ) times:

- doeffNum is ineremented by run[ i ] + 1.
- doeffLevel[_coeffNum ] is set equal to level[ i ].

- Theindéx i is 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 .. byiniax ) of parsed bins is compared to the set of bin strings given by the binarization process
after decoding of each bin. When the sequence matches a bin string in the given set, the corresponding value shall be
assigned to the syntax element.

In case the request for a value of a syntax element is processed for the syntax element mb_type and the decoded value of
mb_type is ¢qual to I PCM, the decoding engine shall be initialised after the decoding of any pcm_alignment, zpro bit
and all pcm |sample luma and pcm_sample chroma data as specified in subclause 9.3.1.2.

The whole CABAC parsing process is illustrated in the flowchart of Figure 9-1 with the abbreviation' SE for|syntax
element.

CABACParsing(SE)

First SE in Yes

slice ? I
Initialisation of

context variables

Ne Initialisation of
decoding engine
I

A,

Get Binarization(SE)

binldx = -1

|

Get ctxIdx(binldx)

l

DecodeBin(ctxldx)

(Bgseeesbgiiay) N
Binarization(SE) ?

Yes

== mb_typ
&& value(b,...,b
I_PCM?

Einidx) == Yes +
Initialisation of
decoding engine

Nc ‘

Figure 9-1 — Illustration of CABAC parsing process for a syntax element SE (informative)

9.3.1 Initialisation process

Outputs of this process are initialised CABAC internal variables.
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The processes in subclauses 9.3.1.1 and 9.3.1.2 are invoked when starting the parsing of the slice data of a slice in
subclause 7.3.4.

The process in subclause 9.3.1.2 is also invoked after decoding any pcm_alignment zero_ bit and all pcm_sample luma
and pcm_sample_chroma data for a macroblock of type I PCM.

9.3.1.1 Initialisation process for context variables

Outputs of this process are the initialised CABAC context variables indexed by ctxIdx.

Table 9-12 to Table 9-23 contain the values of the variables n and m used in the initialisation of context variables that are
assigned to all syntax elements in subclauses 7.3.4 and 7.3.5 except for the end-of-slice flag.

Fore

N|
m|

The 1
Equaj

In T4
numb
depet
initia

1.

FCIT COIMEXt variapie; the two vartabtes pStatetdxamd vatvitP Sare imitiatised:

DTE - The variable pStateldx corresponds to a probability state index and the variable vaIMPS corresponds\te
pst probable symbol as further described in subclause 9.3.3.2.

wo values assigned to pStateldx and valMPS for the initialisation are derived from SliceQRy, which
ion 7-27. Given the two table entries (m, n ),

preCtxState = Clip3( 1, 126, ( ( m * Clip3( 0, 51, SliceQPy ))>>4)+n)
if( preCtxState <= 63 ) {
pStateldx = 63 - preCtxState
valMPS =0
} else {
pStateldx = preCtxState - 64
valMPS =1
}

ble 9-11, the ctxIdx for which initialisation isxaeeded for each of the slice types are listed. Also list
er that includes the values of m and n needed’ for the initialisation. For P, SP and B slice type, th
ids also on the value of the cabac init.ide syntax element. Note that the syntax element names do
isation process.

he value of the

is derived in

bd is the table
b initialisation
not affect the

Table 9-11 — Association of ¢txIdx and syntax elements for each slice type in the initialisation process

Slice type
Syntax element Table
SI 1 P, SP B
mb._skip_flag Table 9-13 11-13 2426
. Table 9-14
slice_data( 9.
mb_field decoding_flag Table 9-18 70-72 70-72 70-72 70-72
Table 9-12
mb_type Table 9-13 0-10 3-10 14-20 27-35
Table 9-14
transform_size 8x8 flag Table 9-16 na 399-401 399-401 399-401
macroblock layer( )
coded_block pattern (luma) Table 9-18 73-76 73-76 73-76 73-76
coded block pattern (chroma) Table 9-18 77-84 77-84 77-84 77-84
mb_gp_delta Table 9-17 60-63 60-63 60-63 60-63
mb_pred( ) prev_intra4x4 pred_mode flag Table 9-17 68 68 68 68
rem_intra4x4 pred_mode Table 9-17 69 69 69 69
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prev_intra8x8 pred_mode flag Table 9-17 na 68 68 68
rem_intra8x8 pred mode Table 9-17 na 69 69 69
intra_chroma pred_mode Table 9-17 64-67 64-67 64-67 64-67
ref_idx_10 Table 9-16 54-59 54-59
ref idx 11 Table 9-16 54-59
b, pred() and mvd 10[ ][]0 ] Table 9-15 40-46 40-46
sub_mb_pred() mud 1[1[}{0] Tahle 015 40-46
mvd 10[][][ 1] Table 9-15 47-53 47-53
mvd H[][][1] Table 9-15 47-53
Table 9-13
sub_mb pred( ) sub_mb_type 21-23 36-39
Table 9-14
coded block flag Table 9-18 85-104 85-104 85-104 84-104
Table 9-19 105-165 105-165 105-165 105-165
significant_coeff flag[ | Table 9-22 277-337 277-337 277-337 27¥-337
& —coetl_Tag Table 9-24 402-416 402-416 40p-416
Table 9-24 436-450 436-450 436-450
residual blgck_cabac() Table 9-20 1662226 166-226 166-226 16p-226
last_significant_coeff flag[ ] Table 9-23 338-398 338-398 338-398 338-398
S8 —coetl_tlag Table 9-24 417-425 417-425 41§-425
Table 9-24 451-459 451-459 45]-459
ff abs_level minusl|] Table 9-21 227-275 227-275 227-275 227-275
coetl_abs_fevel_minus fFable 9-24 426-435 426-435 426-435

NOTE —|ctxldx equal to 276 is associated with theend of slice flag and the bin of mb_type, which specifies the | PCM
macroblo¢k type. The decoding process specified.in subclause 9.3.3.2.4 applies to ctxIdx equal to 276. This decoding process,
however, [may also be implemented by usingthe decoding process specified in subclause 9.3.3.2.1. In this case, the initia) values
associated with ctxIdx equal to 276 are speéified to be pStateldx = 63 and valMPS =0, where pStateldx = 63 representy a non-
adapting probability state.

Table 9:12'— Values of variables m and n for ctxIdx from 0 to 10

Initialisation ctxldx

variables 0 1 2 3 4 5 6 7 8 9 10
m 20 2 3 20 2 3 28 | 23 -6 -1 7
f 5 | 54 74 | <15 | 54 74 | 127 | 104 | 53 54 51
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Table 9-13 — Values of variables m and n for ctxIdx from 11 to 23

Value of Initialisation ctxldx
cabac_init ide | variables n | 12| 3| 14| 15|16 ]| 17 | 18| 19| 20| 21| 22| 23
0 m 23 | 23 | 21 1 0o | 37| s a3 | -1 1 2| 4 | 17
n 33 2 0 9 49 | s | s7 | 78 | 65 | 62 | 49 | 73 | 50
1 m 2 | 4 | 16| 2 4 | 2| 2 6 | 13 | 5 9 3 10
n 25 0 0 9 41 s | 65 | 71 | 79 | 52| s0 | 70 | 54
2 m 29 | 25 | 14 | 0| 3 | 27| 26 | 4 | 24| s o 17 | 14
n 16 0 0 s1 | 62 | 99 | 16 | 8 | 102 | szi|s7 | 3| 57

Table 9-14 — Values of variables m and n for ctxIdx from 24 te39

Walue of Initialisatio ctxldx
cabde init_ide | nvariables | | 05 | 26 | 27 | 28 | 20 | 30 | 31 | 32439 | 34 | 35 | 36 | 37 | 38 | 39
0 m 18 9 | 20|26 16| 9 |46 20| -13]-11] 1 |-6]-17]-6] 9
n 64 | 43 | 0 | 67 | 90 | 104 | 127 |90l 67 | 78 | 65 | 62 | 86 | of | 61 | 45
1 m 2 | 19 [ 40 | 57| 41 |26 | Ay | 15| 4| 6 |35 |6 || 0] s
n 3 [ 2] 0| 2 | 36| 6127|101 76| 70|79 | 52|60 | 0o | 52] 43
2 m 2020 [ 29 | 54 | 372 | 32| 2| 2| 4|24 5| 6 |-14] 6] 4
n 40 [ 10| o | o f M2 [ 97 | 127|117 | 74 | 85 | 102 | 57 | 93 | s | 44 | 55

Table 9-15 — Values of variables m and n for ctxIdx from 40 to 53

\Jalue of Initialisation ctxldx

cabge_init_ide | variables 4 o | 4 | 4 43 | 44 | 45 | 46 | 47 | 48 | 49 | s0 | 51| 52 | s3

0 m 306 | 11| 6 | 7| 5| 2 o | 3 |0 s | 4l 3] o
n 60 | 81 | 96 | 55 | 67 | 86 | 88 | s8 | 76 | 94 | 54 | 69 || s1 | s8

1 m 2 | 5 | 10| 2 2 | 3| 3 1| 36 o | 3l 7] s
n 60 | 82 | 96 | 59 | 75 | 87 | 100 | s6 | 74 | 85 | 59 | s1 || 86 | 95

2 m T 15 [ 21 | 19 ] 20 | 4 5 T 5 [ 3] 35 6| 3 | -
n 89 | 103 | 116 | 57 | 58 | 84 | 96 | 63 | 8 | 106 | 63 | 75 | 90 | 101
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Table 9-16 — Values of variables m and n for ctxIdx from 54 to 59, and 399 to 401

ctxIdx
Value of cabac_init_idc | Initialisation variables
54 | 55 |56 | 57 | 58 | 59 | 399 | 400 | 401
I slices m na |na|na|f na |na|na| 31 31 25
n na |na|na| na |na|na| 21 31 50
0 m TS5 4571 12 11 14
n 67 174 | 74 1 g0 [ 72 | 58 | 40 51 59
1 m -1 -1 1 21510 | 25 21 21
n 66 | 77 | 70 | 86 | 72 | 61 | 32 | 49 54
2 m 3|42 |-12|-7]1 21 19 17
n 55179 75| 97 | 50 | 60 | 33 50 | o6l

Table 9-17 — Values of variables m and n for ctxIdx from 60 to 69

Initialisation ctxldx
iabl.
variables 60 61 62 63 64 65 66 67 68 | 69
m 0 0 0 0 -9 4 0 7 13 3
n 41 63 63 63 83 86 97 72 41 62
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I and SI Value of cabac_init_idc Value of cabac_init_idc
slices — ! :llilisSI S
ctxldx 1 ctxldx 1

m n m n m n m n m n m n m n m n
70 0 11 0 45 13 15 7 34 88 -11 | 115 | -13 | 108 | -4 92 5 78
71 1 55 -4 78 7 51 -9 88 89 -12 | 63 -3 46 0 39 -6 55
72 0 69 -3 96 2 80 | -20 | 127 90 -2 68 -1 65 0 65 4 61
73 -17 | 127 | <27 | 126 | -39 | 127 | -36 | 127 91 -15 ] 84 | -1 57 | -15 | 84 |[14/] 83
74 -13 | 102 | -28 | 98 | -18 | 91 | -17 | 91 92 -13 ] 104 | -9 93 | -35 | 1274 -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 9212 | 104 | -11 | 104
77 =21 | 107 | 28 | 82 | -35 | 98 | -25 | 86 95 -10 | 90 | -8 87 -9 91 | -11 | 91
78 27 | 127 | 20 | 94 | 24 | 102 | -12 | 89 96 -30 | 129N\W23 | 126 | -31 | 127 | -30 | 127
79 31| 127 | <16 | 83 | -23 | 97 | -17 | 91 97 -1 74 5 54 3 55 0 65
80 =24 | 127 | -22 | 110 | -27 | 119 | -31 | 127 98 26 97 6 60 7 56 | -2 79
81 181 95 | 21| 91 | 24 | 99 | -14 | 76 29 -7 91 6 59 7 55 0 72
82 =27 | 127 | -18 | 102 | -21 | 110 | -18 | 103 100 220 | 127 | 6 69 8 61 -4 92
83 21 ( 114 | -13 | 93 | -18 | 102 | -13 490 101 -4 56 | -1 48 -3 53 -6 56
84 -30 | 127 | <29 | 127 | <36 | 127437 | 127 102 -5 82 0 68 0 68 3 68
85 -17 1 123 | -7 92 0 80 | 11 80 103 -7 76 | -4 69 -7 74 | -8 71
86 12 ) 115 | -5 89 -5 89 5 76 104 S22 1125 | -8 88 -9 88 | -13 | 98
87 -16 | 122 | -7 96 -7 94 2 84
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Table 9-19 — Values of variables m and n for ctxIdx from 105 to 165

I and SI Value of cabac_init_idc Value of cabac_init_idc
i -~ I and SI =
slices slices
ctxIdx 0 1 2 ctxIdx 0 1 2
m n m n m n m n m n m n m n m n

105 -7 93 -2 85 | -13 | 103 | -4 | 86 136 -13 | 101 5 53] 0 [58] -5 75

106 -11 | 87 -6 78 | -13 | 91 | -12 | 88 137 -13 | 91 22 | 61| -1 |60 -8 80

107 -3 77 | -1 75 -9 89 | -5 | 82 138 -12| 94 0 |56 -3 [61]-21] 8

108 =5 7t =7 77 =419 =3 7 139 =t0—T—88 O 5618 67T =21 03

109 -4 63 2 54 -8 76 -4 | 67 140 -16 | 84 | -13 | 63 | -25 | 84 | -13 | 31

110 -4 | 68 5 50 | <12 87 | -8 | 72 141 10| 86 | -5 | 60 | -14 | 74 | 25 | 64

111 -12 | 84 -3 68 | -23 | 110 | -16 | 89 142 -7 83 -1 )62 -5 | 65| 229+ 94

112 -7 62 1 50 | -24 | 105 | -9 | 69 143 -13 | 87 4 | 57| 5 524 9 75

113 -7 65 6 42 | -10 | 78 -1 ] 59 144 -19 | 94 -6 | 69 | 2\M\757 | 17 | 63

114 8 61 -4 81 | -20 | 112 | 5 66 145 1 70 4 | 571,0 (61| -8 74

115 5 56 1 63 | -17 | 99 4 | 57 146 0 72 14 N397| -9 | 69| -5 35

116 -2 66 -4 70 | <78 | 127 | 4 | 71 147 -5 74 4 51 -11 70| -2 27

117 1 64 0 67 | -70 | 127 | -2 | 71 148 18 | 59 13 | 68 | 18 | 55| 13 91

118 0 61 2 57 | -50 | 127 | 2 | 58 149 87y 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 15} 0 95 9 63| 7 |61 8 77

121 7 52 4 64 -5 78 -1 | 69 152 -4 75 7 50| 9 | 41| -10 | 66

122 10 | 35 1 61 -4 71 0 | 62 153 2 72 16 {39 18 | 25| 3 62

123 0 44 11 35 -8 72 - PS5l 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 | 48 471 0 30

127 5 44 13 36 -6 75 -6 | 53 158 0 62 -1 ] 59 51| -3 23

9

126 0 46 13 | 29 7 70 3141 157 -13 | 69 5160 0 | 44 1 7
0
2

128 31 17 | -10-{\93 -8 89 8 | 76 159 0 65 0 | 59 46 | 21 | 74

129 1 51 -7 73 | 34| 119 | -9 | 78 160 21 37 | 22 |33 | 19 | 38| 16 | 66

130 7 50 -2 73 -3 75 | -11 | 83 161 -15 | 72 5 | 44| 4 | 66| -23 | 124

131 28 19 13 | 46 | 32 | 20 9 |52 162 9 57 14 [ 43| 15 | 38| 17 | 37

132 o | 33 9 49 | 30 | 22 0 | 67 163 16 | 54 -1 78 12 | 42 | 44 | -18

133 14 | 62 -7 | 100 | -44 | 127 | -5 | 90 164 0 62 0 [60] 9 | 34| 50 | -34

134 -13 ] 108 | 9 53 0 54 1 67 165 12 | 72 9 |69 0 |89 | -22] 127

135 -15 | 100 | 2 53 -5 61 | -15 | 72
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Table 9-20 — Values of variables m and n for ctxIdx from 166 to 226

I al'ld SI Value of cabac_init_idc I and SI Value of cabac_init_idc
slices .
ctxldx 0 1 2 ctxldx slices 1 2

m | n m | n m n |m/| n m | n m n m n m n
166 241 0 1128 | 4 45 | 4 | 39 197 26 | -17 | 28 3 36 | -28 | 28 -3
167 15 9 2 40| 10 | 28 | O | 42 198 30 | 25 | 28 4 38 | 28 | 24 10
168 8 | 25| 3 (44| 10 | 31 7 | 34 199 28 | 20 | 32 0 38 | 27 | 27 0
169 13118 | 0 |49 33 | -11 | 11 | 29 200 33123 34| -1 34 | -18 | 34 }-14
170 15 9 0 46| 52 | 43| 8 | 31 201 37 | -27 | 30 6 35 | -16 | 62+ 44
171 13119 | 2 |44 18 15| 6 | 37 202 33 1 -23 | 30 6 34 | -14N|-39 | -34
172 10| 37 | 2 | 51| 28 0 7 | 42 203 40 | -28 | 32 9 32 -8 19 117
173 12| 18 | 0 | 47| 35 | 22| 3 | 40 204 38 | -17 | 31 | 19/\37 -6 31 2
174 6 |29 | 4 |39 38 | -25| 8 | 33 205 33 | -11 | 26 4~ 27| 35 0 36 | 2P
175 201 33 | 2 | 62| 34 0 13 | 43 206 40 | -15 |\26 30 | 30 10 | 24 | 3B
176 15130 | 6 |46 | 39 | -18 | 13 | 36 207 41 | ~6 37 | 20 | 28 18 | 34 15
177 4 | 45 | 0 [ 54| 32 |-12| 4 | 47 208 38 1 28 | 34 [ 26 | 25 | 30 | 2p
178 1 58 | 3 | 54102 |-94 | 3 | 55 209 41 | 17 | 17| 70 | 29 | 41 | 22 | B
179 0|62 | 2 |58 0 0 2 | 58 210 30 | -6 1 67 0 75 | 20 | 3¢
180 7 | 61 4 |63 ] 56 | -15| 6 | 60 211 271 3 5 59 2 72 19 | 3
181 12| 38 | 6 | 51| 33 -4 8\ 44 212 26 | 22 | 9 67 8 77 | 27 | 4
182 11|45 | 6 | 57| 29 104311 | 44 213 371-16 16| 30 | 14 | 35 19 16
183 15139 | 7 | 53] 37 (N5 | 14| 42 214 35 -4 | 18| 32 18 | 31 15 | 3p
184 11|42 | 6 | 52|, 5F | 29| 7 | 48 215 38 -8 | 18| 35 17 | 35 15 | 3p
185 13| 44 | 6 4957 39 9 | 4| 56 216 38 -3 |22 29 | 21 30 | 21 2»
186 16 | 45 | 11, | 45| 52 | -34| 4 | 52 217 371 3 |24 31 17 | 45 | 25 | 21
187 12 | AIyY 14 | 36 | 69 | -58 | 13 | 37 218 38 5 [ 23| 38 | 20 | 42 | 30 | 2
188 10149 | 8 | 53| 67 | -63 | 9 | 49 219 421 0 18 | 43 18 | 45 | 31 12
189 30| 34 | -1 | 82 | 44 S5 119 58 220 351 16 | 20 | 41 27 | 26 | 27 16
190 18| 42 | 7 | 55| 32 7 10 | 48 221 391 22 | 11| 63 16 | 54 | 24 | 42
191 10| 55 | -3 | 78 | 55 | -29 | 12 | 45 222 14| 48 | 9 59 7 66 0 B
192 17 | 51 | 15| 46 | 32 1 0 | 69 223 27137 | 9 64 | 16 | 56 14 | 56
193 17 | 46 | 22 | 31 0 0 |20 33 224 21| 60 | -1 | 94 | 11 73 15 | 57
194 0 |8 | -1 |8 | 27 | 36| 8 | 63 225 12| 68 | -2 | 89 10 | 67 | 26 | 38
195 26 | -19 [ 25| 7 33 | 25|35 -18 226 2 197 |-9 | 108 | -10 | 116 | -24 | 127
196 22 [ -17 [ 30| -7 | 34 | -30 | 33 | -25
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Table 9-21 — Values of variables m and n for ctxIdx from 227 to 275

I and SI Value of cabac_init_idc Value of cabac_init_idc
i - - I and SI - =
slices slices
ctxIdx 0 1 2 ctxIdx 0 1 2
m n m n m n m n m n m n m n m n

227 3171 -6 76 | -23 | 112 | -24 | 115 252 -12 | 73 -6 | 55| -16 |72 -14 | 75

228 -6 | 42| -2 44 | -15 | 71 | 22| 82 253 -8 76 0 | 58] -7 (69 ]|-10]| 79

229 -5 1501 0 45 -7 61 -9 62 254 -7 80 0 [64] -4 |69 -9 83

230 3 154] 0 52 0 53 0 53 255 -9 88 3174 -5 |74 -12 | 92

231 2 162 -3 64 | -5 66 0 59 256 -17 | 110 | -10 [ 90 | -9 | 86 | -18 { L6O8

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 7T ANA2°] 11 | 31| -2 58

236 -9 | 91| -17 | 102 | -34 | 127 | -29 | 127 261 -4 74 1 59| 5 52 1 58

237 S 167 -9 77 | -21 | 101 | -21 | 100 262 13, 86| -2 [ 58] -2 | 55| -13 | 78

238 5127 3 24 -3 39 | -14 | 57 263 213 [ 96 3172 2 |67 9 83

239 31391 0 42 -5 53 | -12 | 67 264 -11 | 97 -3 | 81 0 [73 | -4 81

240 22 44 0 48 -7 61 | -11 | 71 265 19| 117 | <11 [ 97 | -8 | 89 | -13 | 99

241 0 [46 | O 55 | -11 | 75 | -10 |77 266 -8 78 0 [58 ]| 3 52| -13 | 81

242 -16 | 64 | -6 59 | -15 | 77 |=2l'| 85 267 -5 33 8 5 7 4 -6 38

243 -8 | 68| -7 71 | -17 \©O1 7| -16 | 88 268 -4 | 48 10 [ 14| 10 | 8 | -13 | 62

244 -10 | 78 | -12 | 83 [(-25%]| 107 | -23 | 104 269 -2 53 14 | 18 | 17 | 8 -6 58

245 -6 | 77 | -11 |87\ | 25 | 111 | -15 | 98 270 -3 62 13 |27 |16 | 19| -2 59

246 -10 | 86 | 40,7119 | -28 | 122 | -37 | 127 271 -13 1 71 2 |40 3 [37|-16| 73

247 -12 (92 1 58 | -11 | 76 | -10 | 82 272 -10 | 79 0 [58] -1 |61 |-10] 76

248 -ISNp55 | -3 29 | -10 | 44 -8 48 273 -12 | 86 3170 -5 [ 73] -13 | 86

249 <10 | 60 | -1 36 | -10 | 52 -8 61 274 -13 1 90 6 [ 79 -1 |70 | 9 83

250 -6 | 62 1 38 | -10 | 57 -8 66 275 -14 | 97 -8 |8 | 4 |78 -10 | 87

251 4 1 65| 2 43 -9 58 -7 70
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1 aI‘ld SI Value of cabac_init_idc I and SI Value of cabac_init_idc
slices .
etxldx 1 ctxdx | Stices 0 1 2

m n m n m n m n m |n|m|n|m|n|m/|n
277 -6 | 93 | -13 | 106 | 21 | 126 | 22 | 127 308 -16 [ 96 | -1 | 51 | -16 | 77 | -10 | 67
278 -6 | 84 | -16 | 106 | 23 | 124 | -25 | 127 309 -7 18 |7 (149 2 |64| 1 |68
279 -8 | 79 | -10 | 87 | 20 | 110 | 25 | 120 310 -8 |8 | 8|52 2 |61]| 0 |77
280 Y 6 | 21 | 114 [ =26 [ 120 | =27 | 127 31T T8 | 9 [ 4T 0 |07 4
281 -1 71 | -18 | 110 | 25 | 124 | -19 | 114 312 9 |8 | 6 |47 -3 |64 |~00]|Pp8
282 0 62 | -14 | 98 | -17 | 105 | 23 | 117 313 -13 (88 | 2 |55 2 (AT V-5 |8
283 2 | 60 | 22| 110 | 27 | 121 | 25 | 118 314 4 | 66| 13|41 | ~3,|65| 7 |Pp5
284 2 | 59 | 21| 106 | -27 | 117 | 26 | 117 315 301 77|10 | 44N[--3 | 66 | 5 59
285 S50 75 | -18 | 103 | -17 | 102 | 24 | 113 316 3176 6°NSO | 0 | 62| 2 |p5
286 30 62 | 21| 107 | 26 | 117 | 28 | 118 317 -6 | 164,5 |53 9 | 51| 14 | p4
287 -4 | 58 | 23| 108 | -27 | 116 | -31 | 120 318 100 58 | 13| 49| -1 |66 | 15 | p4
288 9 | 66 | 26 | 112 | -33 | 122 | -37 | 124 319 N |76 4163 2|71 5 50
289 -1 79 | -10 | 96 | -10 | 95 | -10 | 94 320 -1 |8 6 |64 2 |75] 2 |foO
290 0 71 | -12| 95 | -14 | 100 | -15 | 102 321 7199269 -1 |70 -2 |f6
291 3 68 | -5 91 -8 | 95 | -10.'99 322 -4 (95| 2|59 -9 |72 -18 | B6
292 10 | 44 | 9 | 93 | -17 | 111 | =13)| 106 323 2 [ 95] 6 |70 14 | 60| 12 | [O
293 71 62 | 22| 94 | 28 | 114 | -50 | 127 324 0 |76 |10 |44 | 16 | 37| 5 h4
294 151 36 | -5 86 | -6.\[N89 | -5 92 325 S 174009 |31 0 |47 -12 | f0
295 14 | 40 9 67 ">2 | 80 | 17 | 57 326 0 [70 | 12|43 | 18 | 35| 11 | p5
296 16 | 27 | -4 {80 | 4 | 82 | -5 86 327 AL 75 3 |53 11 |37 5 56
297 12 | 29 | -107] 8 | -9 | 8 | -13 | %4 328 1 | 68| 14|34 | 12 |41 | 0 | p9
298 1 4401 -1 70 | -8 81 | -12 | 91 329 0 [65] 10|38 | 10 |41 | 2 |Pp5
299 208\L/36 7 60 | -1 72 | 2| 77 330 14 (73 3|52 2 |48 -6 |4
300 18 | 32 9 58 5 64 0 71 331 3 1621340 12 [ 41| 5 b4
301 5 42 5 61 1 67 | -1 73 332 4 | 62|17 (32|13 |41 ]| 7 |p4
302 1 48 | 12 | 50 9 56 4 64 333 -1 |68 7 |44 0 |59] -6 |f6
303 6 550 Y 69 -7 8T 334 B IS A R I A 7 T I S eV M B 2
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 - - I and SI - =
slices slices
ctxIdx 0 1 2 ctxIdx 0 1 2
m n m n m n m n m n m | n | m n m n

338 15 6 14 11 {19] -6 | 17 | -13 369 32 | -26 | 31 | -4 | 40 | -37 | 37 | -17

339 6 19 11 14 | 18| -6 |16 | -9 370 371 -30 | 27| 6 | 38| -30 | 32 1

340 7 16 9 11 | 14| 0 17 | -12 371 44 | 32 |1 34| 8 | 46 | -33 | 34 15

341 12 14 18 11 | 26 | -12 | 27 | -21 372 34| -18 | 30 | 10 | 42 | -30 | 29 15

342 18 13 | 21 9 31 | -16 | 37 | -30 373 34 | -15 (24 |22 |40 | 24 | 24 | 25

343 13 11 23 -2 | 33| 25| 41 | 40 374 40 | -15 | 33 | 19 | 49 | -29 | 34 ND22

344 13 15 | 32 | -15 | 33 | -22 | 42 | 41 375 33 | -7 [ 22] 32|38 | -12}(31 16

345 15 16 | 32 | -15 | 37 | -28 | 48 | -47 376 351 -5 ] 26| 31 | 40 |\HO | 35 18

346 12 | 23 | 34 | -21 | 39| -30 | 39 | -32 377 331 0 |21 |41 (38| -3 | 31 28

347 13 | 23 | 39 | -23 | 42| -30 | 46 | -40 378 38 2 | 26 [\44v| 46 | -5 | 33 | 41

348 15 | 20 | 42 | -33 | 47| 42| 52 | -51 379 33 | 13 (237147 | 31| 20 | 36 | 28

349 14 | 26 | 41 | 31 | 45| -36 | 46 | -41 380 23 | 35N 16 | 65 | 29 | 30 | 27 | 47

350 14 | 44 | 46 | 28 | 49 | -34 | 52 | -39 381 B4 58 | 14 | 71 | 25| 44 | 21 62

351 17 | 40 | 38 | -12 | 41 | -17 | 43 | -19 382 29 | -3 8 | 60| 12| 48 | 18 | 31

352 17 | 47 | 21 29 |32 9 32| 11 383 26| 0 6 (63 11| 49 | 19 | 26

353 24 17 | 45 | 24 | 69 | -71 | 61 | -85 384 22 | 30 | 17| 65| 26 | 45 | 36 | 24

354 21 21 53 | -45 | 63 | -63 | 5651846 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 | T\|.-74 | 81 | -67 387 34 -3 (2623 (2721 |24 30

357 22 | 29 | 43 | <1971 54 | -39 | 45| -20 388 34| 3 |27 (32|33] 20 | 31 29

358 19 | 35 | 39 W10 | 52| -35 | 35| -2 389 36 | -1 | 28|23 |26 28 | 22 | 41

359 14 | 50 |.80 9 41 | -10 | 28 | 15 390 34 5 |28 (24|30 24 | 22| 42

360 10 | ST\ 18 | 26 [ 36| 0 |34 | 1 391 32| I1 [ 23|40 |27 ] 34 | 16 | 60

361 7 63 | 20 | 27 |40 | -1 | 39 1 392 350 5 [ 24|32 18] 42 | 15 | 52

362 2 | 77 0 57 |30 14 | 30 | 17 393 34 | 12 [ 28|29 | 25| 39 | 14 | 60

363 -4 82 | -14 | 82 |28 | 26 | 20 | 38 394 39 | 11 | 23|42 | 18| 50 3 78

364 -3 94 -5 75 | 23| 37 | 18 | 45 395 301 29 | 19|57 | 12| 70 | -16 | 123

365 9 69 | -19 | 97 | 12| 55 | 15 | 54 396 341 26 | 22|53 |21 54 | 21 53

366 -12 1109 | 35 [ 125 | 11 | 65 | O | 79 397 29 | 39 |22 |61 |14 | 71 | 22 | 56

367 36 | -35 | 27 0 [37]-33]36]|-16 398 19 66 | 11 | 8 | 11 | 83 | 25 | 61

368 36 | -34 | 28 0 39| -36 | 37 | -14
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Table 9-24 — Values of variables m and n for ctxIdx from 402 to 459

1 Value of cabac_init_idc
slices slices
ctxIdx 0 1 2 ctxIdx 0 1 2

Value of cabac_init_idc

402 17 | 120 | 4 | 79| -5 8 | -3 78 431 -2 55 | -12 | 56 | -9 | 57 | -12 | 59

403 20 (112 -7 [ 71 -6 | 81 | -8 | 74 432 0 61 -6 | 60 | -6 | 63 | -8 | 63

404 -18 | 114 | -5 | 69 | -10 | 77 | 9 | 72 433 1 64 -5 | 62 | -4 | 65 -9 | 67

405 -11 | 85 9 |70 | -7 | 81 | -10| 72 434 0 68 -8 | 66 | -4 | 67 | 6,68

406 150092 | -8 | 66| -17 ] 80 | -18 | 75 435 -9 92 | -8 | 76 | -7 | 82 |#-10 | |79

407 -14 | 89 | -10 | 68 | -18 | 73 | -12 | 71 436 -14 | 106 | -5 85 -3 81 -3 78

408 26| 71 | <19 | 73| 4 | 74 | -11 | 63 437 -13 | 97 -6 | 81 3176 | -8 |74

409 15 81 | -12 [ 69| -10 | 83 | -5 | 70 438 1519 | -0 | 77 | -7 | T2 9 | |72

410 -14 1 80 | -16 | 70 | -9 | 71 | -17 | 75 439 -12 | 90 47 | 81 -6 | 78 | -10 |72

411 0 68 | -15 |67 | -9 | 67 | -14| 72 440 -18G~88 | -17 | 80 | -12 | 72 | -18 | |75

412 -14 | 70 | 20 | 62 | -1 61 | -16 | 67 441 10| 73 | -18 | 73 | -14 | 68 | -12 | |71

413 24 | 56 | -19 | 70 | -8 66 | -8 | 53 442 -9 79 4 | 74 | -3 | 70 | -11 [|63

414 23| 68 | -16 | 66 | -14 | 66 | -14 | 59 443 -14 | 86 | -10 | 83 -6 | 76 | -5 70

415 24| 50 | 22 165] 0 59 | 94052 444 -10 | 73 9 171 -5 | 66 | -17 |75

416 11 74 | 20 [ 63 | 2 59 11 | 68 445 -10 | 70 9|67 | -5 | 62 | -14 |72

417 23 | -13 9 2| 17 210 | 9 -2 446 -10 | 69 -1 61 0 57 | -16 | |67

418 26 | -13 | 26 | 94|32 | -13 | 30 | -10 447 -5 66 8 | 66 | 4 | 6l -8 | [53

419 40 | -15 | 33((¢9 | 42 | -9 | 31 -4 448 -9 64 | -14 | 66 | -9 | 60 | -14 |59

420 49 | -14.\89 | -7 | 49 | -5 | 33 -1 449 -5 58 0 59 1 54 | 9 [[52

421 44 3 41 | -2 | 53 0 33 7 450 2 59 2 59 2 58 | -11 |68

422 45 6 45 3 | 64 3 31 12 451 21 | -10 | 21 | -13 | 17 | -10 | 9 -2

423 44 | 34 | 49 | 9 | 68 10 | 37 | 23 452 24 | -11 | 33 | -14 | 32 | -13 | 30 |[-10

424 33 | 54 | 45 | 27| 66 | 27 | 31 | 38 453 28 -8 39 { -7 | 42| 9 | 31 -4

425 19 82 | 36 | 59| 47 | 57 | 20 | 64 454 28 -1 46 | -2 | 49 | -5 33 -1

426 -3 75 -6 | 66 | -5 71 9 |71 455 29 3 51 2 53 0 33 7

427 -1 23 -7 135 0 24 | -7 | 37 456 29 9 60 6 64 3 31 12

428 1 34 -7 1 42| -1 36 | -8 | 44 457 35 | 20 | 61 17 | 68 | 10 | 37 | 23

429 1 43 -8 | 45| -2 | 42 | -11 | 49 458 29 | 36 | 55 | 34 | 66 | 27 | 31 | 38

430 0 54 | -5 | 48| -2 | 52 | -10 | 56 459 14 | 67 | 42 | 62 | 47 | 57 | 20 | 64
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9.3.1.2 Initialisation process for the arithmetic decoding engine

This process is invoked before decoding the first macroblock of a slice or after the decoding of any
pcm_alignment zero bit and all pcm_sample luma and pcm_sample chroma data for a macroblock of type I PCM.

Outputs of this process are the initialised decoding engine registers codIRange and codlOffset both in 16 bit register
precision.

The status of the arithmetic decoding engine is represented by the variables codlRange and codlOffset. In the
initialisation procedure of the arithmetic decoding process, codIRange is set equal to 0x01FE and codIOffset is set equal
to the value returned from read bits( 9 ) interpreted as a 9 bit binary representation of an unsigned integer with most
significant bit written first.

The bitstreal

NOTE -
precision,

m shall not contain data that results 1 a value ot codlOf1set being equal to OxOIFE or OxO1FF.

[he description of the arithmetic decoding engine in this Recommendation | International Standard utilizes. 16"bit
However, the minimum register precision for the variables codIRange and codIOffset is 9 bits.

register

9.3.2  Binarization process

Input to this|process is a request for a syntax element.

Output of th|s process is the binarization of the syntax element, maxBinldxCtx, ctxIdxOffset, and bypassFlag.
Table 9-25 specifies the type of binarization process, maxBinldxCtx, and ctxIdxOffset) associated with each [syntax
element.

enated
iven in

The specifig
unary / k-th
subclauses 9

ation of the unary (U) binarization process, the truncated unary (TU)-binarization process, the conca
order Exp-Golomb (UEGK) binarization process, and the fixed-length (FL) binarization process are g
.3.2.1 t0 9.3.2.4, respectively. Other binarizations are specified in)subclauses 9.3.2.5 t0 9.3.2.7.

Except for 1 slices, the binarizations for the syntax element mb_type as specified in subclause 9.3.2.5 consist|of bin

strings giver
used for the
the coded b
the prefix an
The two set
suffix part, 4

Associated ¥

(ctxIdxOffsg
each of thes
prefix part v
element.

The use of

aS ‘Gna”
decoded

equal t¢ 1, wherebypassFlag is used to indicate that for parsing the value of the bin from the bitstre

Decode

]
Ifnov

by a concatenation of prefix and suffix bit strings. ThedUEGk binarization as specified in 9.3.2.3, w
binarization of the syntax elements mvd 1X (X =0, {)-and coeff abs level minusl, and the binariza
ock pattern also consist of a concatenation of prefix and suffix bit strings. For these binarization prg
d the suffix bit string are separately indexed using'the binldx variable as specified further in subclaus

of prefix bit strings and suffix bit strings are teferred to as the binarization prefix part and the binat
pspectively.

vith each binarization or binarization-part of a syntax element is a specific value of the context inde3
t) variable and a specific value of the maxBinldxCtx variable as given in Table 9-25. When two val
e variables are specified for on€ Syntax element in Table 9-25, the value in the upper row is related
hile the value in the lowertow is related to the suffix part of the binarization of the corresponding

e DecodeBypass process and the variable bypassFlag is derived as follows.

ue is assigned ¢o etxIdxOffset for the corresponding binarization or binarization part in Table 9-25 1
all bins of therbit strings of the corresponding binarization or of the binarization prefix/suffix part s
by invoking.the DecodeBypass process as specified in subclause 9.3.3.2.3. In such a case, bypassFlal

Bypass process shall be applied.

Otherw

hich is
tion of
cesses,
£ 9.3.3.
ization

offset

bes for

to the
syntax

hbelled
hall be
o is set
hm the

se>for each pnccihlp value of bhinldx up to the me‘iﬁm‘l value of MaxRinldxCitx gi\mn in Tahle

D-25, a

specific value of the variable ctxIdx is further specified in subclause 9.3.3. bypassFlag is set equal to 0.

The possible values of the context index ctxIdx are in the range 0 to 459, inclusive. The value assigned to ctxIdxOffset
specifies the lower value of the range of ctxIdx assigned to the corresponding binarization or binarization part of a syntax
element.

ctxIdx = ctxIdxOffset = 276 is assigned to the syntax element end of slice flag and the bin of mb_type, which specifies
the I PCM macroblock type as further specified in subclause 9.3.3.1. For parsing the value of the corresponding bin from
the bitstream, the arithmetic decoding process for decisions before termination (DecodeTerminate) as specified in
subclause 9.3.3.2.4 shall be applied.
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NOTE — The bins of mb_type in I slices and the bins of the suffix for mb_type in SI slices that correspond to the same value of
binldx share the same ctxIdx. The last bin of the prefix of mb_type and the first bin of the suffix of mb_type in P, SP, and B slices
may share the same ctxIdx.

Table 9-25 — Syntax elements and associated types of binarization, maxBinldxCtx, and ctxIdxOffset

Syntax element Type of binarization maxBinldxCtx ctxIdxOffset
mb_type prefix and suffix prefix: 0 prefix: 0
(SIslices only) as specified in subclause 9.3.2.5 suffix: 6 suffix: 3
mb_type (I slices only) as specified in subclause 9.3.2.5 6 3
mb_skip flag _
(P, SP slices only) FL, eMax=1 0 1
. prefix and suffix prefix: 2 prefix: 14
mb_type (P, SP slices only) as specified in subclause 9.3.2.5 suffix: 5 suffix; 1.7
sub_mb_type . .
(P, SP slices only) as specified in subclause 9.3.2.5 2 21
mb_skip flag _
(B slices only) FL, cMax=1 \ 24
. prefix and suffix prefix: 3 prefix: 27
mb_type (B slices only) as specified in subclause 9.3.2.5 suffix: 5 suffix: 32
sub_mb_type (B slices only) as specified in subclause 9.3.2.5 3 36
prefix: 4 prefix: 40
mvd_I0[JL]L0 ], mvd HLILICO] suffix: na suffix: na (uses Dec¢deBypass)

prefix and suffix as'given by UEG3
with signedValFlag=1, uCoff=9

prefix: 4 prefix: 47
mvd_100JLI0T ], mvd HEICIET] suffix: na suffix: na (uses Dec¢deBypass)
ref idx 10, ref idx 11 U 2 54
mb_qp_delta as specified in subclause 9.3.2.7 2 60
intra_chroma pred_mode TU, cMax=3 1 64
prev_intra4x4 pred mode flag, _ 0 68
prev_intra8x8 pred_mode_flag FL, cMax=1
rem_l.ntra4x4 _pred,‘'mode, FL. cMax=7 0 69
rem_intra8x8 pred mode
mb_field-decoding_flag FL, cMax=1 0 70
prefix and suffix prefix: 3 prefix: 73
coded_block_pattern as specified in subclause 9.3.2.6 suffix: 1 suffix: 77
coded block flag FL, cMax=1 0 85
significant_coeff flag _
(frame coded blocks with ctxBlockCat < 5) FL, cMax=1 0 105
last_significant coeff flag _
(frame coded blocks with ctxBlockCat < 5) FL, eMax=1 0 166
coeff abs level minusl prefix and suffix as given by UEGO prefix: 1 prefix: 227
(blocks with ctxBlockCat < 5) with signedValFlag=0, uCoff=14 suffix: na suffix: na, (uses DecodeBypass)
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coeff sign flag FL, cMax=1 0 na, (uses DecodeBypass)

end_of slice flag FL, cMax=1 0 276
significant_coeff flag _

(field coded blocks with ctxBlockCat < 5) FL, cMax=1 0 277
last_significant coeff flag _

(field coded blocks with ctxBlockCat < 5) FL, cMax=1 0 338

transform_size 8x8 flag FL, cMax=1 0 399
significant coeff flag -

(frame coded blocks with ctxBlockCat == 5) i, GV N il

last significant coeff flag _

(frame coded blocks with ctxBlockCat == 5) FL, cMax=1 0 417

coeff abs level minusl prefix and suffix as given by UEGO prefix: 1 prefix: 426
(blpcks with ctxBlockCat == 5) with signedValFlag=0, uCoff=14 suffix: na suffix: may, (uses DecodeBypalss)

significant_coeff flag _

(field codled blocks with ctxBlockCat == 5) FL, cMax=1 0 436
last_significant _coeff flag _

(field coded blocks with ctxBlockCat == 5) FL, eMax=1 0 431

9.3.2.1 Unary (U) binarization process

Input to this
Output of th

The bin stri
indexed by 1|
to 0.

Table 9-26 i

process is a request for a U binarization for a syntax elerient.

s process is the U binarization of the syntax element.

lustrates the bin strings of the unary binarization for a syntax element.

Table 9-26 — Bin-string of the unary binarization (informative)

ng of a syntax element having (unsigned intéger) value synElVal is a bit string of length synEl}Val + 1
Binldx. The bins for binldx less than synElVal are equal to 1. The bin with binldx equal to synElVal ik equal

Value of syntax element Bin string
0 (I_NxN) 0

1 110
2 1110
3 111]1
4 1 1 1 0
5 1|11 0

binldx 0|1]2 415

9.3.2.2 Truncated unary (TU) binarization process

Input to this process is a request for a TU binarization for a syntax element and cMax.

224
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Output of this process is the TU binarization of the syntax element.

For syntax element (unsigned integer) values less than cMax, the U binarization process as specified in subclause 9.3.2.1
is invoked. For the syntax element value equal to cMax the bin string is a bit string of length cMax with all bins being
equal to 1.

NOTE - TU binarization is always invoked with a cMax value equal to the largest possible value of the syntax element being
decoded.

9.3.2.3 Concatenated unary/ k-th order Exp-Golomb (UEGK) binarization process

Input to this process is a request for a UEGk binarization for a syntax element, signedValFlag and uCoff.

Output of this process is the UEGk binarization of the syntax element.

A UKEGKk bin string is a concatenation of a prefix bit string and a suffix bit string. The prefix of theé\
specified by invoking the TU binarization process for the prefix part Min( uCoff, Abs( synElVal ) )(ofa s
valug synElVal as specified in subclause 9.3.2.2 with cMax = uCoff, where uCoff > 0.

The

S

[s

EGk bin string is derived as follows.

one of the following is true, the bin string of a syntax element having value synElVal consists only
tring,

signedValFlag is equal to 0 and the prefix bit string is not equal to the\bijt string of length uCof
equal to 1.

signedValFlag is equal to 1 and the prefix bit string is equal tg_the’bit string that consists of a s
value equal to 0.

therwise, the bin string of the UEGk suffix part of a synfax element value synElVal is specified]
quivalent to the following pseudo-code:

if( Abs( synElVal) >= uCoff) {
sufS = Abs( synElVal ) — uCoff
stopLoop =0
do {
if( sufS >= (1<<k)){
put( 1)
sufS = sufS — ( 1<<k)
k++
} else {
put(0)
while( k— =)
put(EsufS >>k) & 0x01)
stopLoop~= 1

} whilef, fstopLoop )
}
if( signedValFlag && synElVal = 0)

if¢ synElVal > 0)
put( 0)

inarization is

yntax element

of a prefix bit

f with all bits

ingle bit with

by a process

else
put( 1)

NOTE - The specification for the k-th order Exp-Golomb (EGk) code uses 1’s and 0’s in reverse meaning for the unary part of the
Exp-Golomb code of 0-th order as specified in subclause 9.1.

9.3.2.4 Fixed-length (FL) binarization process

Input to this process is a request for a FL binarization for a syntax element and cMax.

Output of this process is the FL binarization of the syntax element.
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FL binarization is constructed by using an fixedLength-bit unsigned integer bin string of the syntax element value, where
fixedLength = Ceil( Log2( cMax + 1) ). The indexing of bins for the FL binarization is such that the binldx = 0 relates to
the least significant bit with increasing values of binldx towards the most significant bit.

9.3.2.5 Binarization process for macroblock type and sub-macroblock type

Input to this
Output of th

process is a request for a binarization for syntax elements mb_type or sub_mb_type.

is process is the binarization of the syntax element.

The binarization scheme for decoding of macroblock type in I slices is specified in Table 9-27.

For macroblock types in SI slices, the binarization consists of bin strings specified as a concatenation of a prefix and a

suffix bit str

g as foHows:

The prefix bit string consists of a single bit, which is specified by by = ((mb_type == SI)? 0:1). Fer\the

element valy
for which b

Table 9-27 fpr macroblock type in I slices indexed by subtracting 1 from the value of mb_type in SLslices.

The binariz
Table 9-28.

The bin str
concatenatig
specified in

Table 9-27, indexed by subtracting 5 from the value of mb_type.

mb_type eqyal to 4 (P_8x8refD) is not allowed..

For I macrg
concatenatig

subtracting 23 from the value of mb_type.

tion schemes for P macroblock types in P and SP slices and for B macroblocks iri\B-slices are spec

ng for I macroblock types in P and SP slices corresponding to mb_type Jvalues 5 to 30 consis
n of a prefix, which consists of a single bit with value equal to 1 as speeifiéd in Table 9-28 and a syffix as

syntax

e for which b is equal to 0, the bin string only consists of the prefix bit string. For the syntax elemert value
is equal to 1, the binarization is given by concatenating the prefix by and the suffix bit string as spec

fied in

fied in

s of a

block types in B slices (mb_type values 23 to 48) the binarization consists of bin strings specifigd as a
n of a prefix bit string as specified in Table 9-28 and suffix bit strings as specified in Table 9-27, indgxed by
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Table 9-27 — Binarization for macroblock types in I slices

Value (name) of mb_type

0 (I_4x4)

1 (_16x16_0_0_0)

2(1 16x16 1 0 0)

3(116x16 2 0 0)

4 16x16 3 0 Q)

5(1_16x16 0 1 0)

6 (1_16x16_1_1_0)

7 (1 16x16 2 1 0)

8 (1 16x16_3_1 0)

9 (1_16x16_0_2_0)

10 (1 16x16_1 2 0)

11 (I_16x16_2 2 0)

12 (1 16x16_3 2. 0)

13 (1_16x16_0 0 1)

14 (1_16x16_1 0 1)

15 (1_16x16 2 0 1)

16 (1_16x16_3 0 1)

17 (1_16x16,071_1)

18 (L16%16_1 1 1)

19 (I"16x16 2 1 1)

20 (1_16x16 3 1 1)

21 (1_16x16_0 2 1)

22 (L 16x16_1 2 1)

23(1_16x16 2 2 1)

241 16x16 3 2_1)

25 (I_PCM)

binldx

Bin string
0

1 0
1 0
1 0
1 0]
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0]
1 1
0 1
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Table 9-28 — Binarization for macroblock types in P, SP, and B slices

Slice type | Value (name) of mb_type | Bin string
0 (P_LO _16x16) 0 0
1 (P_LO_LO_16x8) 0 1
2 (P_LO_LO_8x16) 0 1

P, SP slice
3 (P_8x8) 0 0
4 (P_8x8ref0) na
5 to 30 (Intra, prefix only) 1
0 (B_Direct_16x16) 0
1 (B_LO_16x16) 1 0
2 (B_L1_16x16) 1 0
3 (B_Bi_16x16) 1 1 0
4 (B_LO_LO_16x8) 1 1 1
5(B_LO_LO 8x16) 1 1 0
6(B_L1 L1 _16x8) 1 1 1
7(B_L1_L1_8x16) 1 1 0
8 (B_LO_L1_16x8) 1 1 1
9(B_LO L1 _8x16) 1 1 0
10 (B_L1_LO_16x8) 1 1 1
11 (B_L1_LO_8x16) 1 1 0

B slice
12 (B_LO_Bi (16x8) 1 1 0 0
13 (B(LO,'Bi_8x16) 1 1 0 1
14(B_L1_Bi_16x8) 1 1 1 0
15 (B_L1_Bi 8x16) 1 1 1 1
16 (B_Bi_L0_16x8) 1 1 0 0
17 (B_Bi_L0_8x16) 1 1 0 1
18 (B_Bi L1 _16x8) 1 1 1 0
19 (B_Bi_L1_8x16) 1 1 1 1
20 (B_Bi_Bi_16x8) 1 1 0 0
21 (B_Bi_Bi 8x16) 1 1 0 1
22 (B_8x8) 1 1 1
23 to 48 (Intra, prefix only) | 1 1 1

binldx 0 1 5 6
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For P, SP, and B slices the specification of the binarization for sub_mb_type is given in Table 9-29.

Table 9-29 — Binarization for sub-macroblock types in P, SP, and B slices

9.3.2
Inputj
Outp

The |
binar
not e

Slice type | Value (name) of sub_mb_type | Bin string
0 (P_LO_8x8) 1
1 (P_LO_8x4) 0 0
P, SP slice
2 (P_LO_4x8) 0 1 1
3P 10 4xd) 0 1 0
0 (B_Direct 8x8) 0
1 (B_LO_8x8) 1 0 0
2 (B_L1 8x8) 1 0 1
3 (B_Bi_8x8) 1 1 0 0 0
4 (B_LO_8x4) 1 1 0 0 1
5 (B_LO_4x8) 1 1 0 1 0
B slice 6 (B_L1_8x4) 1 1 0 1 1
7 (B_L1_4x8) 1 1 1 0 0 0
8 (B_Bi_8x4) 1 1 1 0 0 1
9 (B_Bi_4x8) 1 1 1 0 1 0
10 (B_LO_4x4) 1 1 1 0 1 1
11 (B_L1 4x4) 1 1 1 1 0
12 (B_Bi_4x4) 1 1 1 1 1
binldx 0 1 2 3 4 5

6 Binarization precess for coded block pattern
to this process is arequest for a binarization for the syntax element coded block pattern.
it of this prgcess is the binarization of the syntax element.

inarizatien’of coded block pattern consists of a prefix part and (when present) a suffix part. The pre
zation 1$ given by the FL binarization of CodedBlockPatternLuma with cMax = 15. When chroma |

fix part of the
| format_idc is
atternChroma

jual’to 0 (monochrome), the suffix part is present and consists of the TU binarization of CodedBlockH

with

LIVid)&— A. Thc lCidLiUIlbhip bClWCCIl Lhc leuc Uf th SyHtdXx CIC[IICIIL bUdCd_‘UlUka)dlLCIIl d[ld

CodedBlockPatternLuma and CodedBlockPatternChroma is given as specified in subclause 7.4.5.

9.3.2.7 Binarization process for mb_qp_delta

Input

to this process is a request for a binarization for the syntax element mb_qp_delta.

Output of this process is the binarization of the syntax element.

he values of

The bin string of mb_qp_delta is derived by the U binarization of the mapped value of the syntax element mb_qp_delta,
where the assignment rule between the signed value of mb_qp_delta and its mapped value is given as specified in
Table 9-3.
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9.3.3

Decoding process flow

Input to this process is a binarization of the requested syntax element, maxBinldxCtx, bypassFlag and ctxIdxOffset as
specified in subclause 9.3.2.

Output of this process is the value of the syntax element.

This process specifies how each bit of a bit string is parsed for each syntax element.

After parsing each bit, the resulting bit string is compared to all bin strings of the binarization of the syntax element and
the following applies.

If the bit string is equal to one of the bin strings, the corresponding value of the syntax element is the output.

Otherw

While parsir

When the b
variable binl
parsing the
9.3.2.3 and

Note that fo

se (the bit string is not equal to one of the bin strings), the next bit is parsed.
g each bin, the variable binldx is incremented by 1 starting with binldx being set equal to 0 for the firg

inarization of the corresponding syntax element consists of a prefix and a suffix binatization paj
dx is set equal to O for the first bin of each part of the bin string (prefix part or suffix part)."In this cas
refix bit string, the parsing process of the suffix bit string related to the binarizations speécified in sub
.3.2.5 is invoked depending on the resulting prefix bit string as specified in subglatses 9.3.2.3 and

the binarization of the syntax element coded block pattern, the suffix bit string is present regardles

t bin.

rt,, the
e, after
clauses
D.3.2.5.
of the

prefix bit strjng of length 4 as specified in subclause 9.3.2.6.

Depending gqn the variable bypassFlag, the following applies.

- If bypassFlag is equal to 1, the bypass decoding process as specified in ‘stubclause 9.3.3.2.3 shall be appliied for
parsing fthe value of the bins from the bitstream.

- Otherwise (bypassFlag is equal to 0), the parsing of each bin is specified by the following two ordered steps:
1. Giyen binldx, maxBinldxCtx and ctxIdxOffset, ctxIdx is.detived as specified in subclause 9.3.3.1.
2. Gipen ctxIdx, the value of the bin from the bitstream as‘specified in subclause 9.3.3.2 is decoded.

9.3.3.1 Dgrivation process for ctxIdx

Inputs to thi$ process are binldx, maxBinldxCtx and.ctxIdxOffset.

Output of th

Table 9-30
related to
coeff abs 1q

s process is ctxIdx.

t those
and

hows the assignment of ctxIdx“increments (ctxIdxInc) to binldx for all ctxIdxOffset values excep)
the syntax elements ,ceded block flag, significant coeff flag, last significant coeff flag
vel _minusl.

The ctxIdx f
bin string or]

0 be used with a specific'binldx is specified by first determining the ctxIdxOffset associated with th
part thereof. The etxIdx is determined as follows.

b given

hich is
ess for
itry.

If the ctx
found inl
ctxIdxIn

IdxOffset is listed in Table 9-30, the ctxIdx for a binldx is the sum of ctxIdxOffset and ctxIdxInc, W
Table 9-30./When more than one value is listed in Table 9-30 for a binldx, the assignment prog
for that binldx is further specified in the subclauses given in parenthesis of the corresponding table ef

Otherwide (etxIdxOffset is not listed in Table 9-30), the ctxIdx is specified to be the sum of the following|terms:
ctxIdxOfffset/and  ctxIdxBlockCatOffset(ctxBlockCat) as specified in Table 9-31 and ctxldxInc(ctxBlogkCat).
Subclause 9.3.3.1.3 specifies which ctxBlockCat is used. Subclause 9.3.3.1.1.9 specifies the assignment of
ctxIdxInc(ctxBlockCat) for coded block flag, and subclause 9.3.3.1.3 specifies the assignment of
ctxIdxInc(ctxBlockCat) for significant coeff flag, last significant coeff flag, and coeff abs level minusl.

All bins with binldx greater than maxBinldxCtx are parsed using ctxIdx assigned to maxBinldxCtx.

All entries in Table 9-30 labelled with “na” correspond to values of binldx that do not occur for the corresponding
ctxIdxOffset.

ctxIldx =276 is assigned to the binldx of mb type indicating the I PCM mode. For parsing the value of the
corresponding bins from the bitstream, the arithmetic decoding process for decisions before termination as specified in
subclause 9.3.3.2.4 shall be applied.
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Table 9-30 — Assignment of ctxIdxInc to binldx for all ctxIdxOffset values except those related to the syntax
elements coded_block flag, significant_coeff flag, last_significant_coeff flag, and coeff _abs level minusl

IdxOffset binldx
etxldxOffse 0 1 2 3 4 5 >=6
0 0,1,2 na na na na na
(subclause 9.3.3.1.1.3) na
012 5,6 6,7
3 (subclause 9.3.3.1.1.3) ctxIdx=276 3 4 (9su3b(3:lalluzs;3 (9su3b(3:lalluzs;3 7
1 (cnkn]fnuopakz'l 3111 na na na na na na
2,3
14 0 1 (subclause na na na nh
9.3.3.1.2)
2,3
17 0 ctxIdx=276 1 2 (subclause 3 3
93.3.1.2)
21 0 1 2 na na na n
0,1,2
24 (subclause 9.3.3.1.1.1) na na na na na n
4,5
0,1,2 >
27 T 3 (subclause 5 5 5 3
(subclause 9.3.3.1.1.3) 933.12)
2,3
32 0 ctxIdx=276 1 2 (subclause 3 3
9.3.3.1.2)
2,3
36 0 1 (subclause 3 3 3 nh
93.3.1.2)
0,1,2
40 (subclause 9.3.3.1.1.7) 3 4 > 6 6 ¢
0,1,2
47 (subclause 9.3.3.1.1.7) 3 4 3 6 6 ¢
0,1,2,3 4
>4 (subclause 9.3.3.1:46) 4 > > > > N
0,1 §
60 (subclause'9:3:3.1.1.5) 2 3 3 3 3 h
0:1,2
64 (subclause 9.3.3.1.1.8) 3 3 na na na np
68 0 na na na na na n
69 0 0 0 na na na n
0,1,2
70 (subclause 9.3.3.1.12) na na na na na n
0123 0,1,2,3 0,1,2,3 0,1,2,3
73 Y (subclause | (subclause | (subclause na na nh
(subclause 9.3.3.1.14) | 933717 4) | 933.1.14) | 933.1.14)
IR 4567
71 > (subclause na na na na na
(subclause 9.3.3.1.1.4) 933.1.14)
276 0 na na na na na na
0,1,2
399 (subclause 9.3.3.1.1.10) na na na na na na

Table 9-31 shows the values of ctxIdxBlockCatOffset depending on ctxBlockCat for the syntax elements
coded block flag, significant coeff flag, last significant coeff flag, and coeff abs level minusl. The specification of
ctxBlockCat is given in Table 9-33.
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Table 9-31 — Assignment of ctxIdxBlockCatOffset to ctxBlockCat for syntax elements coded_block_flag,

significant_coeff flag, last_significant_coeff flag, and coeff abs level minusl

9.3.3.1.1 Agsignment process of ctxIdxInc using neighbouring syntax elements

Subclause 9
Subclause 9
Subclause 9
Subclause 9
Subclause 9
Subclause 9
Subclause 9
Subclause 9
Subclause 9

Subclause 9

9.3.3.1.1.1
Output of th

When Mbaf
pair  with
mb_field dd

The derivati
to mbAddrA

Let the varia

If mbAd
to 0.

ctxBlockCat (as specified in Table 9-33)
Syntax element

0 1 2 3 4 5
coded_block flag 0 4 8 12 16 na
significant_coeff flag 0 15 29 44 47 0
rstislgmﬁcanticoeffiﬂa 0 15 29 44 47 0
coeff abs level minusl 0 10 20 30 39 0

3.3.1.1.1 specifies the derivation process of ctxIdxInc for the syntax element mb_skip flag.

3.3.1.1.2 specifies the derivation process of ctxIdxInc for the syntax elementmb_field decoding flag.
3.3.1.1.3 specifies the derivation process of ctxIdxInc for the syntax elenieat/mb_type.

3.3.1.1.4 specifies the derivation process of ctxIdxInc for the syntax@lement coded block pattern.

3.3.1.1.5 specifies the derivation process of ctxIdxInc for the syntax element mb_qp_delta.

3.3.1.1.6 specifies the derivation process of ctxIdxInc for the Syntax elements ref idx 10 and ref idx ]1.

3.3.1.1.7 specifies the derivation process of ctxIdxInc for‘the syntax elements mvd 10 and mvd _11.

3.3.1.1.8 specifies the derivation process of ctxldxInc-for the syntax element intra_chroma pred modg¢.

3.3.1.1.9 specifies the derivation process of ctxldxInc for the syntax element coded block flag.

3.3.1.1.10 specifies the derivation processof ctxIdxInc for the syntax element transform_size 8x8 fla

Derivation process of ctxIdxInc forjthe syntax element mb_skip flag
s process is ctxIdxInc.

'FrameFlag is equal to 1 andahb_field decoding flag has not been decoded (yet) for the current mact
top macroblock address 2 * ( CurrMbAddr/2), the inference rule for the syntax @
coding_flag as specified'in subclause 7.4.4 shall be applied.

bn process for neighbouring macroblocks specified in subclause 6.4.8.1 is invoked and the output is a
and mbAddrB:

ble condTermFlagN (with N being either A or B) be derived as follows.
IrN, is not available or mb_skip flag for the macroblock mbAddrN is equal to 1, condTermFlagN is sd

set equal

to 1.

The variable ctxIdxInc is derived by

ctxIdxInc = condTermFlagA + condTermFlagB

9.3.3.1.1.2

Derivation process of ctxIdxInc for the syntax element mb_field_decoding_flag

Output of this process is ctxIdxInc.

oblock
lement

signed

t equal

Otherwise (mbAddrN is available and mb_skip flag for the macroblock mbAddrN is equal to 0), condTermFlagN is

9-1)

The derivation process for neighbouring macroblock addresses and their availability in MBAFF frames as specified in
subclause 6.4.7 is invoked and the output is assigned to mbAddrA and mbAddrB.
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When both macroblocks mbAddrN and mbAddrN + 1 have mb_type equal to P_Skip or B_Skip, the inference rule for
the syntax element mb_field decoding flag as specified in subclause 7.4.4 shall be applied for the macroblock
mbAddrN.

Let the variable condTermFlagN (with N being either A or B) be derived as follows.

- If any of the following conditions is true, condTermFlagN is set equal to O,

- 0

mbAddrN is not available
the macroblock mbAddrN is a frame macroblock.

therwise, condTermFlagN is set equal to 1.

The ¥

9.3.3
Input]
Outp

The ¢
to mh

Let the variable condTermFlagN (with N being either A or B) be derived@s;follows.

- I

- O
The v

ariable ctxIdxInc is derived by

ctxIdxInc = condTermFlagA + condTermFlagB

1.1.3 Derivation process of ctxIdxInc for the syntax element mb_type
to this process is ctxIdxOffset.
it of this process is ctxIdxInc.

erivation process for neighbouring macroblocks specified in subclause 6.4:8.Lis invoked and the outy
AddrA and mbAddrB.

any of the following conditions is true, condTermFlagN is set equal to 0
mbAddrN is not available
ctxIdxOffset is equal to 0 and mb_type for the macroblock mbAddrN is equal to SI
ctxIdxOffset is equal to 3 and mb_type for the macroblock mbAddrN is equal to I NxN
ctxIdxOffset is equal to 27 and the macroblock mbAddrN is skipped
ctxIdxOffset is equal to 27 and mb_typecfor the macroblock mbAddrN is equal to B_Direct 16x16
therwise, condTermFlagN is set equalto 1.
ariable ctxIdxInc is derived as

ctxIdxInc = condTermFlagA + condTermFlagB

1.1.4 Derivation process of ctxIdxInc for the syntax element coded_block pattern
5 to this process,are-ctxIdxOffset and binldx.

it of this prdgess is ctxIdxInc.

hding en‘the value of the variable ctxIdxOffset, the following applies.

ctxIdxOffset is equal to 73, the following applies

©1SO

(9-2)

ut is assigned

9-3)

The derivation process for neighbouring 8x8 luma blocks specified in subclause 6.4.8.2 is invoked with
luma8x8BlkIdx = binldx as input and the output is assigned to mbAddrA, mbAddrB, luma8x8BlkIdxA, and

luma8x8BlkIdxB.
Let the variable condTermFlagN (with N being either A or B) be derived as follows.
- Ifany of the following conditions are true, condTermFlagN is set equal to 0

- mbAddrN is not available

- mb_type for the macroblock mbAddrN is equal to I PCM

- the macroblock mbAddrN is not the current macroblock CurrMbAddr and the macroblock mbAddrN is not

skipped and ( ( CodedBlockPatternLuma >> luma8x8BIkIdxN ) & 1) is not equal to 0 for
CodedBlockPatternLuma for the macroblock mbAddrN

/IEC 2005 — All rights reserved
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the macroblock mbAddrN is the current macroblock CurrMbAddr and the prior decoded bin value by of

coded_block pattern with k = luma8x8BIkIdxN is not equal to 0.

therwise, condTermFlagN is set equal to 1.

- The variable ctxIdxInc is derived as

ctxIdxInc = condTermFlagA + 2 * condTermFlagB

- Otherwise (ctxIdxOffset is equal to 77), the following applies.

(9-4)

- The derivation process for neighbouring macroblocks specified in subclause 6.4.8.1 is invoked and the output is

assig
- Lett}

- If
eq

- 0

- Thev

NOTE
CodedBlq

9.3.3.1.15
Output of th

Let prevMb
When the cu

Let the varig
- Ifany of]
- prev)
- mb t

- Ther
Code

- mb (g

ned to mbAddrA and mbAddrB.

je variable condTermFlagN (with N being either A or B) be derived as follows.

jual to 1

therwise, if any of the following conditions is true, condTermFlagN is set equal to 0

mbAddrN is not available or the macroblock mbAddrN is skipped

binldx is equal to 0 and CodedBlockPatternChroma for the macroblock mbAddrN is equal to 0
binldx is equal to 1 and CodedBlockPatternChroma for the macroblock\mbAddrN is not equal to 2
therwise, condTermFlagN is set equal to 1.

ariable ctxIdxInc is derived as
ctxIdxInc = condTermFlagA + 2 * condTermFlagB + ( (binldx == 1)?4:0)

When a macroblock uses an Intra 16x16 prediction” mode, the values of CodedBlockPatternLur]
ckPatternChroma for the macroblock are derived from mbs type as specified in Table 7-11.

Derivation process of ctxIdxInc for the syntax element mb_qp_delta
s process is ctxIdxInc.

Addr be the macroblock address of, the macroblock that precedes the current macroblock in decoding
rrent macroblock is the first mactoblock of a slice, prevMbAddr is marked as not available.

ble ctxIdxInc be derived as follows.

the following conditions.is true, ctxIdxInc is set equal to 0
IbAddr is not available or the macroblock prevMbAddr is skipped
ype of the macroblock prevMbAddr is equal to I PCM

hacroblogkprevMbAddr is not coded in Intra_16x16 prediction mode and both CodedBlockPatternLu
(dBlockRatternChroma for the macroblock prevMbAddr are equal to 0

p.<delta for the macroblock prevMbAddr is equal to 0

mbAddrN is available and mb_type for the macroblock mbAddrN is equal to I PCM, condTérmFlagN is set

(9-5)

ha and

order.

ma and

- Otherwise, ctxIdxInc is set equal to 1.

9.3.3.1.1.6

Input to this

Derivation process of ctxIdxInc for the syntax elements ref idx 10 and ref idx_I1

process is mbPartldx.

Output of this process is ctxIdxInc.

The interpretation of ref idx 1X and Pred LX within this subclause is specified as follows.

—  Ifthis process is invoked for the derivation of ref idx 10, ref idx 1X is interpreted as ref idx 10 and Pred LX is
interpreted as Pred LO.
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—  Otherwise (this process is invoked for the derivation of ref idx_11), ref idx IX is interpreted as ref idx 11 and
Pred LX is interpreted as Pred L1.

Let currSubMbType be set equal to sub_mb_type[ mbPartldx ].

The derivation process for neighbouring partitions specified in subclause 6.4.8.5 is invoked with mbPartldx,
currSubMbType, and subMbPartldx =0 as input and the output is assigned to mbAddrA\mbPartldxA and
mbAddrB\mbPartIdxB.

With ref idx IX[ mbPartldxN | (with N being either A or B) specifying the syntax element for the macroblock
mbAddrN, let the variable refldxZeroFlagN be derived as follows.

- If MbaffFrameFlag is equal to 1, the current macroblock is a frame macroblock, and the macroblock mbAddrN is a
fifId macroblock

refldxZeroFlagN = ( (ref idx 1X[ mbPartldxN ]>1)?0:1) (9-6)
- Otherwise,
refldxZeroFlagN = ( (ref idx 1X[ mbPartldxN ]>0)?0:1) 9-7)

Let the variable predModeEqualFlagN be specified as follows.
- Ifthe macroblock mbAddrN has mb_type equal to P_8x8 or B_8x8, the follosying applies.

4 If SubMbPredMode( sub mb type[ mbPartldxN ]) is not equal’to Pred LX and not equjl to BiPred,
predModeEqualFlagN is set equal to 0, where sub_mb_type Specifies the syntax element for the macroblock
mbAddrN.

4 Otherwise, predModeEqualFlagN is set equal to 1.
- Qtherwise, the following applies.

4 If MbPartPredMode( mb_type, mbPartldxN ) ™S not equal to Pred LX and not equall to BiPred,
predModeEqualFlagN is set equal to 0,swhere mb_type specifies the syntax element for the macroblock
mbAddrN.

4 Otherwise, predModeEqualFlagN iss€t’'equal to 1.
Let the variable condTermFlagN (with Nebeing either A or B) be derived as follows.
- Iflany of the following conditions(is true, condTermFlagN is set equal to 0
- | mbAddrN is not available
- | the macroblock mpAddrN has mb_type equal to P_Skip or B_Skip
- | The macroblocksmbAddrN is coded in Intra prediction mode
- | predModeEqgnalFlagN is equal to 0
- | refldxZeroFlagN is equal to 1
- Otherwise, condTermFlagN is set equal to 1.

The variable ctxIdxInc 1s derived as

ctxIdxInc = condTermFlagA + 2 * condTermFlagB (9-8)

9.3.3.1.1.7 Derivation process of ctxIdxInc for the syntax elements mvd_l0 and mvd_I1
Inputs to this process are mbPartldx, subMbPartldx, and ctxIdxOffset.

Output of this process is ctxIdxInc.

The interpretation of mvd 1X and Pred LX within this subclause is specified as follows.

—  Ifthis process is invoked for the derivation of mvd 10, mvd_1X is interpreted as mvd 10 and Pred L.X is interpreted
as Pred LO.
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—  Otherwise (this process is invoked for the derivation of mvd_11), mvd IX is interpreted as mvd 11 and Pred LX is
interpreted as Pred L1.

Let currSubMbType be set equal to sub_mb_type[ mbPartldx ].

The derivation process for neighbouring partitions specified in subclause 6.4.8.5 is invoked with mbPartldx,
currSubMbType, and subMbPartldx as input and the output is assigned to mbAddrA\mbPartldxA\subMbPartldxA and
mbAddrB\mbPartldxB\subMbPartIdxB.

Let the variable compldx be derived as follows.
- If etxIdxOffset is equal to 40, compldx is set equal to 0.

- Otherwise-febddOfsetisequal-to-4Peompldis-set-equal-to—-

Let the varigble predModeEqualFlagN be specified as follows.
- If the macroblock mbAddrN has mb_type equal to P_8x8 or B_8x8, the following applies.

- If SubMbPredMode( sub_mb_type[ mbPartldxN ]) is not equal to Pred LX and not, equal to BiPred,
preiModeEqualFlagN is set equal to 0, where sub_mb_type specifies the syntax elentent’for the macgoblock
mbAddrN.

- OtHerwise, predModeEqualFlagN is set equal to 1.
- Otherwise, the following applies.

- If [MbPartPredMode( mb_type, mbPartldxN ) is not equal to PRred”LX and not equal to BiPred,
preiModeEqualFlagN is set equal to 0, where mb_type specifies the syntax element for the macgoblock
mbAddrN.

- OtHerwise, predModeEqualFlagN is set equal to 1.

Let the varigble absMvdCompN (with N being either A or B) be derived as follows.
- If any of]the following conditions is true, absMvdCompN is set equal to O

- mbAgdrN is not available

- the nfacroblock mbAddrN has mb_type equalte’P_Skip or B_Skip

- The thacroblock mbAddrN is coded in Intfa)prediction mode

- predModeEqualFlagN is equal to 0
- Otherwige, the following applies

- If compldx is equal to 1, MbaffFrameFlag is equal to 1, the current macroblock is a frame macroblock, and the
macrpblock mbAddrN js ‘afield macroblock

absMvdCompN=Abs( mvd_1X[ mbPartIdxN ][ subMbPartldxN ][ compldx ] ) * 2 (9-9)

- Othefwise, if eompldx is equal to 1, MbaffFrameFlag is equal to 1, the current macroblock is a field macrpblock,
and the macroblock mbAddrN is a frame macroblock

ab AV t‘lpnmp\T = Al‘\c( mvr]_]Y[ mbPartldxN ][ subMbPartldx N ][ f‘f\mpTI‘IV ] ) 2 9_10)
- Otherwise,
absMvdCompN = Abs( mvd_1X[ mbPartIdxN ][ subMbPartldxN ][ compldx ] ) (9-11)
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The variable ctxIdxInc is derived as follows

If (absMvdCompA + absMvdCompB ) is less than 3, ctxIdxInc is set equal to 0.
Otherwise, if (absMvdCompA + absMvdCompB ) is greater than 32, ctxIdxInc is set equal to 2.

Otherwise ( ( absMvdCompA + absMvdCompB ) is in the range of 3 to 32, inclusive), ctxIdxInc is set equal to 1.

9.3.3.1.1.8 Derivation process of ctxIdxInc for the syntax element intra_chroma_pred_mode

Output of this process is ctxIdxInc.

The derivation process for neighbouring macroblocks specified in subclause 6.4.8.1 is invoked and the output is assigned
to mbAddrA and mbAddrB.

Let tle variable condTermF lagN (with N being replaced by either A or B) be derived as follows.

Iflany of the following conditions is true, condTermFlagN is set equal to 0
- | mbAddrN is not available

- | The macroblock mbAddrN is coded in Inter prediction mode

- | mb_type for the macroblock mbAddrN is equal to | PCM

- | intra_chroma pred mode for the macroblock mbAddrN is equal to 0

Otherwise, condTermFlagN is set equal to 1.

The yariable ctxIdxInc is derived by

ctxIdxInc = condTermFlagA + condTermFlagB

9.3.311.1.9 Derivation process of ctxIdxInc for the syntax element coded_block_flag

Inpufto this process is ctxBlockCat and additional input is specified as follows.

If|ctxBlockCat is equal to 0, no additional input
Otherwise, if ctxBlockCat is equal to 1 or 2, luma4x4BlkIdx
Otherwise, if ctxBlockCat is equal to 3, the ghroma component index iCbCr

Otherwise (ctxBlockCat is equal to 4), chroma4x4BlklIdx and the chroma component index iCbCr

Outptit of this process is ctxIdxInc( ctxBlockCat ).

Let the variable transBlockN (with N'being either A or B) be derived as follows.

If|ctxBlockCat is equal toy0, the following applies.

assigned to mbAddrN (with N being either A or B).

- | The variable transBlockN is derived as follows.

block of macroblock mbAddrN is assigned to transBlockN

= VOtherwise, transBlockN is marked as not available.

- | The derivation pracess for neighbouring macroblocks specified in subclause 6.4.8.1 is invoked and

- If mbAddrN is available and the macroblock mbAddrN is coded in Intra_16x16 prediction mode]

Otherwise, if ctxBlockCat is equal to 1 or 2, the following applies.

(9-12)

the output is

the luma DC

-  The derivation process for neighbouring 4x4 luma blocks specified in subclause 6.4.8.3 is invoked with
luma4x4BIlkldx as input and the output is assigned to mbAddrN, luma4x4BIlkIdxN (with N being either A or

B).

—  The variable transBlockN is derived as follows.

- If mbAddrN is available, the macroblock mbAddrN is not skipped, mb_type for the macroblock
mbAddrN is not equal to I PCM, ( ( CodedBlockPatternLuma >> ( luma4x4BIkIdxN >>2)) & 1) is not
equal to 0 for the macroblock mbAddrN, and transform_size 8x8 flag is equal to 0 for the macroblock
mbAddrN, the 4x4 luma block with index luma4x4BIkIdxN of macroblock mbAddrN is assigned to

transBlockN.
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Otherwise, if mbAddrN is available, the macroblock mbAddrN is not skipped,
( ( CodedBlockPatternLuma >> ( luma4x4BIkIdxN >>2)) & 1) is not equal to 0 for the macroblock
mbAddrN, and transform_size 8x8 flag is equal to 1 for the macroblock mbAddrN, the 8x8 luma block

with index ( luma4x4BIkIdxN >> 2 ) of macroblock mbAddrN is assigned to transBlockN.

Otherwise, transBlockN is marked as not available.

- Otherwise, if ctxBlockCat is equal to 3, the following applies.

- The derivation process for neighbouring macroblocks specified in subclause 6.4.8.1 is invoked and the output is
assigned to mbAddrN (with N being either A or B).

- The variable transBlockN is derived as follows.

- I

- O
- Otherwi{

- The
chror]
B).

- Thev

- I
n
cl
tQ

- O

Let the varig
- Ifany of]
- mbA

- mbA
1 PC

- The
macr
(nal |

- Otherwif
-  mbA
- mb t

- Otherwi{

mbAddrN is available, the macroblock mbAddrN is not skipped, mb_type for the macroblock mbA;
t equal to I PCM, and CodedBlockPatternChroma is not equal to 0 for the macroblock nmibAdd
jroma DC block of chroma component iCbCr of macroblock mbAddrN is assigned to transBlockN.

therwise, transBlockN is marked as not available.
e (ctxBlockCat is equal to 4), the following applies.

Herivation process for neighbouring 4x4 chroma blocks specified in subclatse 6.4.8.4 is invoke]
ha4x4BlklIdx as input and the output is assigned to mbAddrN, chroma4x4BIlkIdxN (with N being eith

ariable transBlockN is derived as follows.

t equal to I PCM, and CodedBlockPatternChroma is equal to’2 for the macroblock mbAddrN, t
iroma block with chroma4x4BlkIdxN of the chroma component iCbCr of macroblock mbAddrN is a
transBlockN.

therwise, transBlockN is marked as not available.

ble condTermFlagN (with N being either A or‘B).be derived as follows.

the following conditions is true, condTermFlagN is set equal to 0

1drN is not available and the current maeroblock is coded in Inter prediction mode

1drN is available and transBlockl is*not available and mb_type for the macroblock mbAddrN is not ¢
M

current macroblock is coded in Intra prediction mode, constrained intra pred flag is equal to
block mbAddrN is available and coded in Inter prediction mode, and slice data partitioning is
init_type is in the range of 2 through 4, inclusive).

e, if any of the following conditions is true, condTermFlagN is set equal to 1
HdrN is not-agailable and the current macroblock is coded in Intra prediction mode
ype forthe macroblock mbAddrN is equal to I PCM

ey.condTermFlagN is set equal to the value of the coded block flag of the transform block transBlocl

IdrN is
‘N, the

d with
er A or

mbAddrN is available, the macroblock mbAddrN is not skipped;.mb_type for the macroblock mbAddrN is

he 4x4
signed

qual to

1, the
in use

kN that

was decoded forthe Tmacrobiock mbAddrN

The variable ctxIdxInc( ctxBlockCat ) is derived by

ctxIdxInc( ctxBlockCat ) = condTermFlagA + 2 * condTermFlagB

9.3.3.1.1.10

Derivation process of ctxIdxInc for the syntax element transform_size 8x8 flag

Output of this process is ctxIdxInc.

(9-13)

The derivation process for neighbouring macroblocks specified in subclause 6.4.8.1 is invoked and the output is assigned
to mbAddrA and mbAddrB.
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Let the variable condTermFlagN (with N being either A or B) be derived as follows.
- Ifany of the following conditions is true, condTermFlagN is set equal to 0.

- mbAddrN is not available

- transform_size 8x8 flag for the macroblock mbAddrN is equal to 0
- Otherwise, condTermFlagN is set equal to 1.

The variable ctxIdxInc is derived by

ctxIdxInc = condTermFlagA + condTermFlagB (9-14)

9.3.3]1.2 Assignment process of ctxIdxInc using prior decoded bin values

Inputp to this process are ctxIdxOffset and binldx.

Outppit of this process is ctxIdxInc.

Tablg 9-32 contains the specification of ctxIdxInc for the given values of ctxIdxOffset and-binldx.

For efch value of ctxIdxOffset and binldx, ctxIdxInc is derived by using some of the values of prior decodled bin values
( bo, by, bs,..., by ), where the value of the index k is less than the value of binldx.

Table 9-32 — Specification of ctxIdxInc for specific values of ctxIdxOffset and binldx

Value (name) of ctxIdxOffset | binldx ctxIdxInc

4 (bs =0)?5:6
3

5 (bs = 0)?6:7
14 2 (by =1)?72:3
17 4 (b3 I=0)?2:3
27 2 (by =0)74:5
32 4 (bs =0)?2:3
36 2 (by I=0)?2:3

9.3.3]1.3 Assignment process of ctxIdxInc for syntax elements significant_coeff flag, last_significant coeff flag,
and coeff_abs_level minusl

Inputk to this processiare ctxIdxOffset and binldx.
Outpht of this process is ctxIdxInc.

The fassignment process of ctxldxInc for syntax elements significant coeff flag, last significant cqeff flag, and
coeff] ab§/level minusl as well as for coded block flag depends on categories of different blocks d¢noted by the
variable ctxBlockCat. The specification of Tese DIOCK Categorics 1S givel i 1abic 9-33.
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Table 9-33 — Specification of ctxBlockCat for the different blocks

Block description maxNumCoeff ctxBlockCat

block of luma DC transform coefficient levels (i.e., list Intral6x16DCLevel as described in

16 0
subclause 7.4.5.3)
block of luma AC transform coefficient levels (i.e., list Intral6x16ACLevel[ i ] as described 15 1
in subclause 7.4.5.3)
block of 16 luma transform coefficient levels (i.e., list LumaLevel[ i] as described in

16 2
subclause 7.4.5.3)
block of chrofna DC transform coefficient levels 4 * NumC8x8 3
block of chroma AC transform coefficient levels 15 4
block of 64 lhma transform coefficient levels (i.e., list LumaLevel8x8[ i ] as described in

64 5
subclause 7.4/5.3)

Let the varig
7.4.5.3.

For the syn
ctxBlockCat

ctxId|

where levelll

For the syn
variable ctx]

ctxId

where levelll

For the s
ctxBlockCaf
levelListIdx

ble levelListldx be set equal to the index of the list of transform coefficientlevels as specified in sul

tax elements significant coeff flag and last significant coeff flag(in‘\blocks with ctxBlockCat
I=3, the variable ctxIdxInc is derived by

kInc = levelListldx

istldx ranges from 0 to maxNumCoeff — 2, inclusive.

ax elements significant coeff flag and last significant coeff flag in blocks with ctxBlockCat ==
dxInc is derived by

kInc = Min( levelListldx / NumC8x8, 2 )

istldx ranges from 0 to 4 * NumC8x8 =2, inclusive.

yntax elements significant coeff flag and last significant coeff flag in 8x8 luma blocks
== 5, Table 9-34 contains. the specification of ctxldxInc for the given values of levelListldx,
ranges from 0 to 62, inclusiye;}

bclause

5 and

9-15)

3, the

9-16)

with
where
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Table 9-34 — Mapping of scanning position to ctxIdxInc for ctxBlockCat == §
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Let numDecodAbsLevelEql denotes the accumulated number of decoded transform coefficient levels with absolute
value equal to 1, and let numDecodAbsLevelGtl denotes the accumulated number of decoded transform coefficient
levels with absolute value greater than 1. Both numbers are related to the same transform coefficient block, where the
current decoding process takes place. Then, for decoding of coeff abs level minusl, ctxIdxInc for
coeff abs level minusl is specified depending on binldx as follows.

- Ifbinldx is equal to 0, ctxIdxInc is derived by

ctxIdxInc = ( ( numDecodAbsLevelGtl =0 ) ? 0: Min( 4, 1 + numDecodAbsLevelEql ) ) 9-17)

- Otherwise (binldx is greater than 0), ctxIdxInc is derived by

ctxIdkInc =5 F Min( 4 — ( ctxBlockCat == 3 ), numDecodAbsLevelGtl ) 9-18)

9.3.3.2 Arithmetic decoding process

Inputs to this process are the bypassFlag, ctxIdx as derived in subclause 9.3.3.1, and the state variables)codIRarjge and
codIOffset of the arithmetic decoding engine.

Output of th|s process is the value of the bin.

Figure 9-2 illustrates the whole arithmetic decoding process for a single bin. For decoding the value of a bin, the ¢ontext
index ctxIdx is passed to the arithmetic decoding process DecodeBin(ctxIdx), which isspecified as follows.

- IfbypagsFlag is equal to 1, DecodeBypass( ) as specified in subclause 9.3.3.2.37s\invoked.

- Otherwise, if bypassFlag is equal to 0 and ctxIdx is equal to 276, DecodeTerminate( ) as specified in subclause
9.3.3.2.4 is invoked.

- Otherwise (bypassFlag is equal to 0 and ctxIdx is not equal to 276), DecodeDecision( ) as specified in subclause
9.3.3.2.] shall be applied.

DecodeBin(ctxldx]

Yes j

DecodeBypass

Nc¢

E—
@ "

DecodeTerminate

Nc
'

‘ ‘ DecodeDecision(ctxldx)

A 4

Done

Figure 9-2 — Overview of the arithmetic decoding process for a single bin (informative)

NOTE - Arithmetic coding is based on the principle of recursive interval subdivision. Given a probability estimation p( 0 ) and
p(1)=1-p(0)of abinary decision ( 0, 1), an initially given code sub-interval with the range codIRange will be subdivided into
two sub-intervals having range p( 0 ) * codIRange and codIRange — p( 0 ) * codIRange, respectively. Depending on the decision,
which has been observed, the corresponding sub-interval will be chosen as the new code interval, and a binary code string pointing
into that interval will represent the sequence of observed binary decisions. It is useful to distinguish between the most probable
symbol (MPS) and the least probable symbol (LPS), so that binary decisions have to be identified as either MPS or LPS, rather
than 0 or 1. Given this terminology, each context is specified by the probability p; ps of the LPS and the value of MPS (valMPS),
which is either 0 or 1.
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The arithmetic core engine in this Recommendation | International Standard has three distinct properties:

9.3.3
Inpuj
Outp
Figuy

2.1

Givel
curre

9.3.3

Inputj
assog

Outp

Depe
deriv

The probability estimation is performed by means of a finite-state machine with a table-based transition process between 64
different representative probability states { ppps(pStateldx) |0 <=pStateldx <64 } for the LPS probability pps. The
numbering of the states is arranged in such a way that the probability state with index pStateldx = 0 corresponds to an LPS
probability value of 0.5, with decreasing LPS probability towards higher state indices.

The range codIRange representing the state of the coding engine is quantised to a small set {Q,...,Q4} of pre-set
quantisation values prior to the calculation of the new interval range. Storing a table containing all 64x4 pre-computed
product values of Q;* prps(pStateldx) allows a  multiplication-free  approximation of the product
codIRange * pyps(pStateldx).

For syntax elements or parts thereof for which an approximately uniform probability distribution is assumed to be given a

separate simplified encoding and decoding bypass process is used.

> tArithmeticdecodi for--bi tecisi

5 to this process are ctxldx, codIRange, and codIOffset.

its of this process are the decoded value binVal, and the updated variables codIRange and cedlOffset.
e 9-3 shows the flowchart for decoding a single decision (DecodeDecision).

'he value of the variable codIRangeLPS is derived as follows.

Given the current value of codIRange, the variable qCodIRangeldx is derived‘by

gCodIRangeldx =( codIRange >> 6 ) & 0x03

Given qCodIRangeldx and pStateldx associated with ctxldx, the-value of the variable rangeTabLH
in Table 9-35 is assigned to cod[RangeLPS:

codIRangeLPS = rangeTabLPS[ pStateldx ][ qCodIRangeldx ]

'he variable codIRange is set equal to codIRange — codIRangeLPS and the following applies.

If codlOffset is greater than or equal to codIRange, the variable binVal is set equal to 1 - vaIMPS
decremented by codIRange, and codIRangeis'set equal to codIRangeLPS.

Otherwise, the variable binVal is set.equal to vaIMPS.

W the value of binVal, the state tramsition is performed as specified in subclause 9.3.3.2.1.1. Dep
ht value of codIRange, renormalizatien is performed as specified in subclause 9.3.3.2.2.

2.1.1 State transition process

5 to this process are the _current pStateldx, the decoded value binVal and valMPS values of the cg
lated with ctxIdx.

nding on the decoded value binVal, the update of the two variables pStateldx and vaIMPS associated
bd as follows:

ift binVal == valMPS)

its of this process‘are the updated pStateldx and valMPS of the context variable associated with ctxIdx.

(9-19)

S as specified

(9-20)

codIOffset is

ending on the

ntext variable

with ctxIdx is

pStateldx = transIdxMPS( pStateldx )

else {
if( pStateldx == 0)
valMPS =1 — valMPS
pStateldx = transIdxLPS( pStateldx )

}

(9-21)

Table 9-36 specifies the transition rules transldxMPS() and transIdxLPS() after decoding the value of valIMPS and
1 — valMPS, respectively.
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DecodeDecision (ctxldx)

qCodIRangeldx = (codlRange>>6) & 3
codIRangeLPS = rangeTabLPS[pStateldx][qCodIRangeldx]
codlRange = codIRange - codlRangeLPS

Yes codlOffset >= codIRange No—,

binVal = lvalMPS _

CoaTONSeT = CoaTOTSet - CoaIRANge inVal =

codIRange = codIRangeLPS pStateldx = transldxMPS[pStateldx]

S

pStateldx == 0? Yesj
‘ valMPS = 1 - valMPS
No ‘

pStateldx = transldxLPS[pStateldx]

v

RenormD

Figure 9-3 — Flowchart for decoding a decision
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qCodIRangeldx qCodIRangeldx
pStateldx pStateldx
0 1 2 3 0 1 2 3
0 128 176 208 240 32 27 33 39 45
1 128 167 197 227 33 26 31 37 43
2 128 158 187 216 34 24 30 35 41
3 123 150 178 205 35 23 28 33 39
i 116 142 169 195 36 22 27 32 37
b 111 135 160 185 37 21 26 30 35
105 128 152 175 38 20 24 29 33
I 100 122 144 166 39 19 23 27 31
J 95 116 137 158 40 18 22 26 30
J 90 110 130 150 41 17 21 25 28
10 85 104 123 142 42 I'e6. 20 23 27
11 81 99 117 135 43 15 19 22 25
12 77 94 111 128 44 14 18 21 24
13 73 89 105 122 45 14 17 20 23
14 69 85 100 116 46 13 16 19 22
15 66 80 95 110 47 12 15 18 21
16 62 76 90 104 48 12 14 17 20
17 59 72 86 99 49 11 14 16 19
18 56 69 81 94 50 11 13 15 18
19 53 65 77 89 51 10 12 15 17
20 51 62 73 85 52 10 12 14 16
21 48 39 69 80 53 9 11 13 15
22 46 56 66 76 54 9 11 12 14
23 43 53 63 72 55 8 10 12 14
24 41 50 59 69 56 8 9 11 13
25 39 48 56 65 57 7 9 11 12
6 37 45 54 62 58 7 9 10 12
27 35 43 51 59 59 7 8 10 11
28 33 41 48 56 60 6 8 9 11
29 32 39 46 53 61 6 7 9 10
30 30 37 43 50 62 6 7 8 9
31 29 35 41 48 63 2 2 2 2
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Table 9-36 — State transition table

pStateldx 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
transIdxLPS | 0 0 1 2 2 4 4 5 6 7 8 9 9 11 11 12
transldxMPS | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
pStateldx 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
transIdxLPS | 13 13 15 15 16 16 18 18 19 19 21 21 22 22 23 24
transldxMPS_| 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
pStateldx 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
transldxLPS| | 24 25 26 26 27 27 28 29 29 30 30 30 31 32 32 33
transldxMP$ | 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
pStateldx 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
transldxLPS| | 33 33 34 34 35 35 35 36 36 36 37 37. 37 38 38 63
transIldxMP§ | 49 50 51 52 53 54 55 56 57 58 59 60 61 62 62 63

9.3.3.2.2 R¢
Inputs to thi
Outputs of tl

A flowchart
and further {

- If codIR:

- Otherwis
codIRan

The bitstrea
completion

normalization process in the arithmetic decoding engine
process are bits from slice data and the variables codIRange and codIOffset.
his process are the updated variables codIRange and codIOffset.

of the renormalization is shown in Figure 9-4, Thée current value of codlRange is first compared to
teps are specified as follows.

x0100

inge is greater than or equal to 0x0100, ndaenormalization is needed and the RenormD process is finighed;

e (codlRange is less than 0x0100){ the renormalization loop is entered. Within this loop, the vjlue of

be is doubled, i.e., left-shifted by~lLand a single bit is shifted into codlOffset by using read_bits( 1).

n shall not contain data that results in a value of codlOffset being greater than or equal to codIRange upon

f this process.

codIRange< 0x010C

246

~
Yes
h 4

codIRange = codIRange << *
codIOffset = codlOffset << *
codlOffset = codlOffset | read_bits(1)

Figure 9-4 — Flowchart of renormalization
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9.3.3.2.3 Bypass decoding process for binary decisions

Inputs to this process are bits from slice data and the variables codIRange and codIOffset.

Outputs of this process are the updated variable codlOffset and the decoded value binVal.

The bypass decoding process is invoked when bypassFlag is equal to 1. Figure 9-5 shows a flowchart of the
corresponding process.

First, the value of codlOffset is doubled, i.e., left-shifted by 1 and a single bit is shifted into codlOffset by using
read_bits( 1 ). Then, the value of codlOffset is compared to the value of codIRange and further steps are specified as
follows.

The

decremented by codIRange.
therwise (codIOffset is less than codIRange), the variable binVal is set equal to 0.

bitstream shall not contain data that results in a value of codlOffset being greater than orequal to co

completion of this process.

DecodeBypass

codlOffset = codlOffset <& 1
codlOffset = codlOffset | read-bits(1
lers

codlOffset >=
codIRange
binval =1

codlOffset = codlOffset - codIRange

Figure 9-5= Flowchart of bypass decoding process

!

binVal =0

9.3.312.4 Decoding process for binary decisions before termination

Inputp to this process are pitsfrom slice data and the variables codIRange and codIOffset.

Outphits of this process are the updated variables codIRange and codlOffset, and the decoded value binVal.

This

special decoding routine applies to decoding of end of slice flag and of the bin indicating the

correpponding ‘to’ ctxIdx equal to 276. Figure 9-6 shows the flowchart of the corresponding decoding pro

spec

ified as follows.

First,[théwalue of codIRange is decremented by 2. Then, the value of codlOffset is compared to the value
and further steps are specified as follows.

codIOffset is

dIRange upon

I PCM mode
cess, which is

of codIRange

If codIOffset is greater than or equal to codIRange, the variable binVal is set equal to 1, no renormalization is carried
out, and CABAC decoding is terminated. The last bit inserted in register codlOffset is equal to 1. When decoding

end of slice flag, this last bit inserted in register codlOffset is interpreted as rbsp_stop_one_bit.

Otherwise (codIOffset is less than codIRange), the variable binVal is set equal to 0 and renormalization is performed

as specified in subclause 9.3.3.2.2.

NOTE — This procedure may also be implemented using DecodeDecision(ctxIdx) with ctxldx = 276. In the case where
the decoded value is equal to 1, seven more bits would be read by DecodeDecision(ctxldx) and a decoding process

would have to adjust its bitstream pointer accordingly to properly decode following syntax elements.
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DecodeTerminate

‘ codIRange = codIRange-2 ‘

codlOffset >= codIRange

Yes

i

binVal =1

binVal =(

RenormD

9.34
This subclay
Inputs to thi
Outputs of tl

This inform
described inl
are called i
EncodeBypa

DecodeTernpinate, respectively. The state of the arithmeti€ ‘encoding engine is represented by a value of the

codlLow po
range of thaf

9.3.4.1
This subclay

In

This process
and all pcm |

Outputs of ¢
encoding en

In the initig
Furthermorg

NOTE —
the counf

Arithmetic encoding process (informative)

[tialisation process for the arithmeti¢ encoding engine (informative)

Figure 9-6 — Flowchart of decoding a decision before termination

se does not form an integral part of this Recommendation | InternationahStandard.
process are decisions that are to be encoded and written.
iis process are bits that are written to the RBSP.

ative subclause describes an arithmetic encoding engine/that matches the arithmetic decoding
subclause 9.3.3.2. The encoding engine is essentially.symmetric with the decoding engine, i.e., pro
1 the same order. The following procedures are described in this section: InitEncoder, EncodeDg
ss, EncodeTerminate, which correspond te, TInitDecoder, DecodeDecision, DecodeBypass

nting to the lower end of a sub-interval and.a value of the variable codIRange specifying the corresp
sub-interval.

se does not form an integral parf of this Recommendation | International Standard.

is invoked before encoding-the first macroblock of a slice, and after encoding any pcm_alignment Z7
sample luma and pcm ‘sample chroma data for a macroblock of type I PCM.

bine.

lisation proecedure of the encoder, codlLow is set equal to 0, and codIRange is set equal to O
 a firstBitElag is set equal to 1, and bitsOutstanding and symCnt counters are set equal to 0.

engine
edures
cision,
, and
ariable
onding

ero_bit

his process are the-values codlLow, codIRange, firstBitFlag, bitsOutstanding, and symCnt of the arifhmetic

x01FE.

[he niinimum register precision required for codILow is 10 bits and for CodIRange is 9 bits. The precision reqy

MaxBin(

ers_bitsOutstanding and symCnt should be sufficiently large to prevent overflow of the related registers
ntlnSli the maximum total numl i isions t in_on

precision required for the variables bitsOutstanding and symCnt is given by Ceil( Log2( MaxBinCountInSlice + 1 ) ).

9.3.4.2 Encoding process for a binary decision (informative)

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

ired for
When

the minimum |register

Inputs to this process are the context index ctxIdx, the value of binVal to be encoded, and the variables codIRange,
codlLow and symChnt.

Outputs of this process are the variables codIRange, codlLow, and symCnt.

Figure 9-7 shows the flowchart for encoding a single decision. In a first step, the variable codIRangeLLPS is derived as

follows.

248
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Given the current value of codIRange, codlRange is mapped to the index qCodIRangeldx of a quantised value of
codIRange by using Equation 9-19. The value of qCodIRangeldx and the value of pStateldx associated with ctxIdx are
used to determine the value of the variable rangeTabLPS as specified in Table 9-35, which is assigned to codIRangeLPS.
The value of codIRange — codIRangeLPS is assigned to codIRange.

In a second step, the value of binVal is compared to vaIMPS associated with ctxIdx. When binVal is different from
valMPS, codIRange is added to codlLow and codIRange is set equal to the value codlRangeL.PS. Given the encoded
decision, the state transition is performed as specified in subclause 9.3.3.2.1.1. Depending on the current value of
codIRange, renormalization is performed as specified in subclause 9.3.4.3. Finally, the variable symCnt is incremented
by 1.

6codeDecision(cthdx,binV@

qCodIRangeldx = (codIRange >> 6) & 3
codIRangeLPS = rangeTabLPS[pStateldx][qCodIRangeldx]
codIRange = codIRange - codIRangeLPS

yYes

codlLow = codILow + codIRange No
codIRange = codIRangeLP$S
No—i

pStateldx != 0
valMPS = 1 valMP$§

PR ,

pStateldx = transldxLPS[pStateldx] pStateldx = transldxMPS[pStateldx]

RenormE

;

‘ symCnt = symCnt + 1 ‘

Figure 9-7 — Flowchart for encoding a decision

binVal !=
valMP$S

9.3.4.3 Renormalization process in the arithmetic encoding engine (informative)
This subclause does not form an integral part of this Recommendation | International Standard.
Inputs to this process are the variables codIRange, codlLow, firstBitFlag, and bitsOutstanding.

Outputs of this process are zero or more bits written to the RBSP and the updated variables codIRange, codlLow,
firstBitFlag, and bitsOutstanding.

Renormalization is illustrated in Figure 9-8.
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RenormE

P
<

codIRange < 0x10C

codlLow < 0x100

NG 266 "\I
codlLow = codlLow - 0x100
bitsOutstanding = bitsOutstanding + *

codlLow = codlLow - 0x200

No 3 J,-

PutBit(0) PutBit(1)

A

codIRange = codIRange << 1

codlLow = codlLow << 1

Figure 9-8 — Flowchart of renormalization in the encoder

The PutBit(]) procedure described in Figure 9-9 provides carry over control. It uses the function WriteBits( B, I ) that
writes N bity with value B to the bitstream and advances the bitstream pointer by N bit positions. This function afsumes
the existencg of a bitstream pointer with an indication of the position of the next bit to be written to the bitstream| by the
encoding process.
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PutBit(B)

:Yes

firstBitFlag = ( WriteBits(B, 1)

b 4

itsOutstanding > @ Yes —
v
WriteBits(1 - B, 1)
No

bitsOutstanding = bitsOutstanding -

%

Figure 9-9 — Flowchart of PutBit(B)

9.3.4}/4 Bypass encoding process for binary decisions (informative)

This pubclause does not form an integral part of this Recommendation ¢ International Standard.
Inputp to this process are the variables binVal, codILow, codIRangeg, bitsOutstanding, and symCnt.
Outppit of this process is a bit written to the RBSP and the updated variables codlLow, bitsOutstanding, and|symCnt.

This fencoding process applies to all binary decisions with' bypassFlag equal to 1. Renormalization is ifgcluded in the
specification of this process as given in Figure 9-10.

© ISO/IEC 2005 — All rights reserved 251


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

ISO/IEC 14496-10:2005(E)

EncodeBypass(binVal)

codlLow = codlLow << 1

[ @

codlLow = codlLow + codIRange

PutBit(1)

1 !

v

PutBit(0) codlLow = codILow, *0x400

codlLow = codiLow - 0x200
bitsOutstanding = bitsOutstanding +*

|

.

symCnt = symCnt + 1

Figure 9-10.— Flowchart of encoding bypass

9.3.4.5 Encoding process for a binary decision before termination (informative)

This subclay
Inputs to thi

Outputs of
bitsOutstand

se does not form angintegral part of this Recommendation | International Standard.

process are the variables binVal, codIRange, codlLow, bitsOutstanding, and symCnt.

his processwareé zero or more bits written to the RBSP and the updated variables codlLow, codlRange,

ing, and\.symCnt.

This encodi

ng routine shown in Figure 9-11 applies to encoding of the end of slice flag and of the bin indicatjng the
I PCM mb_[ypeboth associated with ctxIdx equal to 276.

252
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EncodeTerminate(binVal)

codIRange = codIRange - 2

codlLow = codIlLow + codIRange

¢

RenormE

EncodeFlush

symCnt = symCnt + 1

o

Figure 9-11 — Flowchart of encoding a decision before.termination

When the value of binVal to encode is equal to 1, CABAC encoding-is terminated and the flushing proce

Figun
end

e 9-12 is applied. In this flushing procedure, the last bit writfen by WriteBits( B, N ) is equal to 1. W
f slice flag, this last bit is interpreted as the rbsp_stop_ofie jbit.

EncodeFlush

‘ codIRange = 2 ‘

v

RenormE

v

PutBit((codILow >> 9) & 1)

.

WriteBits(((codlLow >> 7) & 3) [ 1, 2|

Done

Hure shown in
‘hen encoding

Figure 9-12 — Flowchart of flushing at termination
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9.3.4.6 Byte stuffing process (informative)
This subclause does not form an integral part of this Recommendation | International Standard.
This process is invoked after encoding the last macroblock of the last slice of a picture and after encapsulation.

Inputs to this process are the number of bytes NumBytesInVcINALunits of all VCL NAL units of a picture, the number
of macroblocks PicSizeInMbs in the picture, and the number of binary symbols BinCountsInNALunits resulting from
encoding the contents of all VCL NAL units of the picture.

Outputs of this process are zero or more bytes appended to the NAL unit.
Let the variable k be set equal to Ceil( ( Ceil( 3
NLA . — NDanandin

* (32 * BinCountsInNALunits — RawMbBits * PicSizeInMbs ) + 1024 )
— NumBytes a-theariable kthefolovwdnaapphe

- Ifkis Igss than or equal to 0, no cabac_zero word is appended to the NAL unit.

- Otherwfse (k is greater than 0), the 3-byte sequence 0x000003 is appended k times to the.NAL unit after
encapsuflation, where the first two bytes 0x0000 represent a cabac_zero_word and the third byte/0x03 represpnts an
emulatipn_prevention_three byte.
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Annex A
Profiles and levels

(This annex forms an integral part of this Recommendation | International Standard)

Profiles and levels specify restrictions on bitstreams and hence limits on the capabilities needed to decode the bitstreams.
Profiles and levels may also be used to indicate interoperability points between individual decoder implementations.

NOTE - This Recommendation | International Standard does not include individually selectable “options” at the decoder, as this
would increase interoperability difficulties.

Each|profile specifies a subset of algorithmic features and limits that shall be supported by all decodets\¢onforming to
that grofile.

NPTE — Encoders are not required to make use of any particular subset of features supported in a profile.

Each| level specifies a set of limits on the values that may be taken by the syntax elements of this
Recommendation | International Standard. The same set of level definitions is used witH all profiles, put individual
implgmentations may support a different level for each supported profile. For any|given profile, leyels generally
correppond to decoder processing load and memory capability.

Al Requirements on video decoder capability

Capabilities of video decoders conforming to this Recommendation | Intétnational Standard are specified ip terms of the
ability to decode video streams conforming to the constraints of profileés and levels specified in this Anfjex. For each
such profile, the level supported for that profile shall also be expressed.

Specific values are specified in this annex for the syntax elements profile idc and level idc. All ofher values of
profile_idc and level idc are reserved for future use by ITU-T{ ISO/IEC.

NPTE - Decoders should not infer that when a reserved value,of profile idc or level idc falls between the values $pecified in this
Re¢commendation | International Standard that this indicates*intermediate capabilities between the specified profiles or levels, as
there are no restrictions on the method to be chosen bydTU-T | ISO/IEC for the use of such future reserved values.

A2 Profiles

A.2.1 Baseline profile

Bitstjeams conforming to the Baselinle profile shall obey the following constraints:

—  Pnly I and P slice types may-be present.

—  NAL unit streams shall.not contain nal_unit_type values in the range of 2 to 4, inclusive.
—  Pequence parameter sets shall have frame_mbs_only flag equal to 1.

—  The syntax elements chroma_format idc, bit depth luma_ minus8, bit_depth chfoma minus8,
ipprime_y <ero_transform bypass flag, and seq scaling matrix present flag shall not be presenf in sequence
barameter.sets.

—  Pictufe parameter sets shall have weighted pred flag and weighted bipred idc both equal to 0.

—  Pictufe parameter sets shall have entropy_coding_mode flag equal to 0.

—  Picture parameter sets shall have num_slice groups minusl in the range of 0 to 7, inclusive.

—  The syntax elements transform_8x8 mode flag, pic_scaling matrix_present flag, and
second chroma qp_index offset shall not be present in picture parameter sets.

—  The syntax element level prefix shall not be greater than 15.
—  The level constraints specified for the Baseline profile in subclause A.3 shall be fulfilled.

Conformance of a bitstream to the Baseline profile is specified by profile idc being equal to 66.

© ISO/IEC 2005 — Al rights reserved 255


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

ISO/IEC 14496-10:2005(E)

Decoders conforming to the Baseline profile at a specific level shall be capable of decoding all bitstreams in which
profile idc is equal to 66 or constraint set0 flag is equal to 1 and in which level idc and constraint_set3 flag represent a
level less than or equal to the specified level.

A2.2

Main profile

Bitstreams conforming to the Main profile shall obey the following constraints:

—  Onlyl,

The

P, and B slice types may be present.

NAL unit streams shall not contain nal unit_type values in the range of 2 to 4, inclusive.

Arbitrary slice order is not allowed.

elements chroma format ir‘r\j bit I‘pr]’\ luma minana bit r‘]ppﬂ‘\ chroma n

gpprim
parame

Picture
Picture

The
second |

The lev
Conformand

Decoders ¢
profile idc i
level less thg

A.2.3 Ex

Bitstreams ¢

Sequen|

The

gpprim
parame

Picture
Picture

The
second|

The lev
Conformand

Decoders cq
profile idc i

The syntax element level prefix shall not be greater than 15 (when present).

The syfjtax element level\ptrefix shall not be greater than 15 (when present).

svntax
J

by zero_transform_bypass_flag, “and sea_scaling_mgtrix _p;esent:ﬂag shall not be pregent in{se
€er sets.

parameter sets shall have num_slice _groups minusl equal to 0 only.
parameter sets shall have redundant_pic_cnt present flag equal to 0 only.

syntax elements transform_8x8 mode flag, pic_scaling_matrix‘.present flag,
|chroma_qp_index_offset shall not be present in picture parameter sets.

el constraints specified for the Main profile in subclause A.3 shall be fulfili€d.
e of a bitstream to the Main profile is specified by profile _idc beingequal to 77.

nforming to the Main profile at a specified level shall be capable of decoding all bitstreams in
5 equal to 77 or constraint_setl flag is equal to 1 and in whigh level idc and constraint set3 flag repj
n or equal to the specified level.

tended profile

pnforming to the Extended profile shall obey the following constraints:

Ce parameter sets shall have direct 8x8 inference flag equal to 1.
syntax elements chroma_formatzjdc, bit_depth luma minus8, bit_depth _chroma 1
b v zero_transform_bypass_flag, and-seq scaling_matrix_present flag shall not be present in se

er sets.
parameter sets shall have entropy.coding mode flag equal to 0.
parameter sets shall have nimy ‘slice_groups_minus] in the range of 0 to 7, inclusive.

syntax elements transform 8x8 mode flag, pic_scaling matrix_present flag,
|chroma_qp_index_offset shall not be present in picture parameter sets.

el constraints,specified for the Extended profile in subclause A.3 shall be fulfilled.
e of a bitstream to the Extended profile is specified by profile idc being equal to 88.

nforming to the Extended profile at a specified level shall be capable of decoding all bitstreams in

ninusy,
quence

and

which
esent a

hinusg,
quence

and

which

5 ‘equal to 88 or constraint_set2 flag is equal to 1 and in which level idc represents a level less than o

r equal

to specified

evel.

Decoders conforming to the Extended profile at a specified level shall also be capable of decoding all bitstreams in which
profile idc is equal to 66 or constraint set0 flag is equal to 1, in which level idc and constraint_set3 flag represent a
level less than or equal to the specified level.

A24 Hi
Bitstreams ¢
—  Onlyl,

Arbitra

256

gh profile

onforming to the High profile shall obey the following constraints:

P, and B slice types may be present.

NAL unit streams shall not contain nal unit type values in the range of 2 to 4, inclusive.

ry slice order is not allowed.
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Picture parameter sets shall have num_slice groups minus] equal to 0 only.

Picture parameter sets shall have redundant pic_cnt_present flag equal to 0 only.

Sequence parameter sets shall have chroma_format_idc in the range of 0 to 1 inclusive.
Sequence parameter sets shall have bit_depth luma minus8 equal to O only.

Sequence parameter sets shall have bit_depth chroma minus8 equal to 0 only.

Sequence parameter sets shall have qpprime_y zero_transform bypass_flag equal to 0 only.

The level constraints specified for the High profile in subclause A.3 shall be fulfilled.

Conformance of a bltstream to the High proﬁle is spemﬁed by proﬁle ide belng equal to 100 Decoders conforming to

the High pro

repre
- 1

A.2.5

profile idc is equal to 77 or 100, or

onstraint_setl flag is equal to 1.

High 10 profile

Bitstjeams conforming to the High 10 profile shall obey the following constraints:

Conf
the 1
const]
cond

- 1

A.2.6
Bitst;

Only I, P, and B slice types may be present.

INAL unit streams shall not contain nal unit type values in the range of 2t0“4, inclusive.
Arbitrary slice order is not allowed.

Picture parameter sets shall have num_slice groups_minusl equal.to 0 only.

Picture parameter sets shall have redundant_pic_cnt_present{flag equal to 0 only.

Sequence parameter sets shall have chroma format_idc 4 the range of 0 to 1 inclusive.
Sequence parameter sets shall have bit_depth luma_mniinhus8 in the range of 0 to 2 inclusive.
Sequence parameter sets shall have bit_depth chroma minus8 in the range of 0 to 2 inclusive.
Sequence parameter sets shall have qpprime . y\zero transform bypass_flag equal to 0 only.

The level constraints specified for the High, 10 profile in subclause A.3 shall be fulfilled.

rmance of a bitstream to the High 10~profile is specified by profile idc being equal to 110. Decoders
ligh 10 profile at a specific level shall be capable of decoding all bitstreams in which
raint_set3 flag represent a level less than or equal to the specified level and either or both of
tions are true:

brofile idc is equal to 773,100, or 110, or

onstraint_setl flag'is‘equal to 1.

High 4:23:2'profile

eams conforming to the High 4:2:2 profile shall obey the following constraints:
nly(T,,P, and B slice types may be present.

AL/ unit streams shall not contain nal_unit_type values in the range of 2 to 4, inclusive.

onstraint set3 flag

conforming to
evel idc and
the following

Arbitrary slice order is not allowed.

Picture parameter sets shall have num_slice groups minus] equal to 0 only.

Picture parameter sets shall have redundant pic_cnt_present flag equal to 0 only.

Sequence parameter sets shall have chroma_format_idc in the range of 0 to 2 inclusive
Sequence parameter sets shall have bit_depth luma minus8 in the range of 0 to 2 inclusive.
Sequence parameter sets shall have bit_depth chroma minus8 in the range of 0 to 2 inclusive.
Sequence parameter sets shall have qpprime_y zero_transform bypass_flag equal to 0 only.

The level constraints specified for the High 4:2:2 profile in subclause A.3 shall be fulfilled.
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Conformance of a bitstream to the High 4:2:2 profile is specified by profile idc being equal to 122. Decoders conforming
to the High 4:2:2 profile at a specific level shall be capable of decoding all bitstreams in which in which level idc and
constraint_set3 flag represents a level less than or equal to the specified level and either or both of the following
conditions are true:

—  profile idc is equal to 77, 100, 110, or 122, or
— constraint_setl flag is equal to 1.

A.2.7  High 4:4:4 profile

Bitstreams conforming to the High 4:4:4 profile shall obey the following constraints:
—  Only I, P, and B slice types may be present.

—  NAL uhit streams shall not contain nal unit type values in the range of 2 to 4, inclusive.

—  Arbitrary slice order is not allowed.

—  Picture| parameter sets shall have num_slice_groups_minus]1 equal to 0 only.

—  Picture| parameter sets shall have redundant_pic_cnt present flag equal to 0 only.

—  Sequerice parameter sets shall have bit_depth luma minus8 in the range of 0 to 4 inclusivé:

—  Sequerice parameter sets shall have bit_depth _chroma minus8 in the range of 0 to 4 inclusive.
—  The leyel constraints specified for the High 4:4:4 profile in subclause A.3 shall beAnlfilled.

Conformancde of a bitstream to the High 4:4:4 profile is specified by profile idc beifig\equal to 144. Decoders confprming
to the High #:4:4 profile at a specific level shall be capable of decoding all bitstreams in which in which level idc and
constraint_s¢t3 flag represent a level less than or equal to the specified level and either or both of the following
conditions afe true:

—  profile [idc is equal to 77, 100, 110, 122, or 144, or

—  constrajnt_setl flag is equal to 1.

A3 Le¢vels
The followig is specified for expressing the constraints‘in this Annex.
- Letaccgss unit n be the n-th access unit in decoding order with the first access unit being access unit 0.

- Let pictpre n be the primary coded picture or-the corresponding decoded picture of access unit n.

A3.1 Lgvel limits common to the Baseline, Main, and Extended profiles
Let the varigble fR be derived as follows.

- Ifpictuge n is a frame, fR is'set equal to 1 + 172.

- Otherwise (picture n is.a\field), R is set equal to 1 + (172 * 2).

Bitstreams ¢onforming\to the Baseline, Main, or Extended profiles at a specified level shall obey the following
constraints:

a) Th¢ nominal removal time of access unit n (with n > 0) from the CPB as specified in subclause C.1.2, shtisfies

the otieodat tbot & (oo 4 { iQ s 4o o aqaol +0 WA VAR » PPNNPEEPN PV 1 VAV § MPRPRS D here
CoOfRStTratt—That—trat )G 1) 15 g CatCtah— o CquarTo—Tvria Xt T IO TZCH VIO S —— v Xvio T o5 1), W

MaxMBPS is the value specified in Table A-1 that applies to picture n — 1, and PicSizeInMbs is the number of
macroblocks in picture n — 1.

b) The difference between consecutive output times of pictures from the DPB as specified in subclause C.2.2,
satisfies the constraint that At 4,,( n ) >= Max( PicSizeInMbs + MaxMBPS, fR ), where MaxMBPS is the value
specified in Table A-1 for picture n, and PicSizeInMbs is the number of macroblocks of picture n, provided that
picture n is a picture that is output and is not the last picture of the bitstream that is output.

c¢) The sum of the NumBytesInNALunit variables for access unit 0 is less than or equal to
384 * ( PicSizeInMbs + MaxMBPS * (t,(0) - t,4,( 0) ) ) + MinCR, where MaxMBPS and MinCR are the values
specified in Table A-1 that apply to picture 0 and PicSizeInMbs is the number of macroblocks in picture 0.
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The sum of the NumBytesInNALunit variables for access unit n (with n > 0) is less than or equal to
384 * MaxMBPS * (t(n)-t(n—1))+ MinCR, where MaxMBPS and MinCR are the values specified in

Table A-1 that apply to picture n.

PicWidthInMbs * FrameHeightInMbs <= MaxFS, where MaxFS is specified in Table A-1
PicWidthInMbs <= Sqrt( MaxFS * 8 )

FrameHeightInMbs <= Sqrt( MaxFS * 8 )

max_dec_frame buffering <= MaxDpbSize, where MaxDpbSize is
Min( 1024 * MaxDPB / ( PicWidthInMbs * FrameHeightInMbs * 384 ), 16 ) and MaxDPB
Table A-1 in units of 1024 bytes.

equal

to
is given in

For the VCL HRD parameters, BitRate[ SchedSelldx ] <= 1000 * MaxBR and CpbSize[ SchedSe]IIdx] <= 1000

* MaxCPB for at least one value of SchedSelldx, where BitRate[ SchedSelldx ] is given by Equa
CpbSize[ SchedSelldx ] is given by Equation E-38 when vcl_hrd parameters present flag is equa
and MaxCPB are specified in Table A-1 in units of 1000 bits/s and 1000 bits, respectively. The {
satisfy these conditions for at least one value of SchedSelldx in the range 0 to cpb_ent’ minusl, ing

tion E-37 and

to 1. MaxBR
itstream shall
lusive.

For the NAL HRD parameters, BitRate[ SchedSelldx ] <= 1200 * MaxBR and CpbSize[ SchedSelldx ] <= 1200

* MaxCPB for at least one value of SchedSelldx, where BitRate[ SchedSelldx] is given by Equa
CpbSize[ SchedSelldx ] is given by Equation E-38 when nal hrd parameters present flag equal
and MaxCPB are specified in Table A-1 in units of 1200 bits/s and 1200, bits, respectively. The |
satisfy these conditions for at least one value of SchedSelldx in therange O to cpb_cnt_minus].

Vertical motion vector component range luma motion vectots .does not exceed MaxVmvR in
frame samples, where MaxVmvR is specified in Table A-1
NOTE — When chroma_format_idc is equal to 1 and the‘current macroblock is a field macroblock, th

component range for chroma motion vectors may exce¢d MaxVmvR in units of luma frame samples, duf
of deriving chroma motion vectors as specified in subelause 8.4.1.4.

Horizontal motion vector range does not excé¢d the range of -2048 to 2047.75, inclusive, in
samples

Number of motion vectors per two consecutive macroblocks in decoding order (also applying to
the last macroblock of a slice and the first macroblock of the next slice in decoding order, and in
applying to the total from the last macroblock of the last slice of a picture and the first macrobld
slice of the next picture in detoding order) does not exceed MaxMvsPer2Mb, where MaxVN
specified in Table A-1. The nismber of motion vectors for each macroblock is the value of the vz
after the completion of the\jntra or inter prediction process for the macroblock.

Number of bits of macroblock layer( ) data for any macroblock is not greater than 3200. 1
entropy_coding niode flag, the bits of macroblock layer( ) data are counted as follows.

- If entropy_coding mode flag is equal to 0, the number of bits of macroblock layer( ) data i
number\of bits in the macroblock layer( ) syntax structure for a macroblock.

- Otherwise (entropy_coding_mode flag is equal to 1), the number of bits of macroblock layd
macroblock is given by the number of times read bits( 1) is called in subclauses 9.3.3.2.2)
when parsing the macroblock layer( ) associated with the macroblock.

tion E-37 and
to 1. MaxBR
itstream shall

units of luma

E motion vector
e to the method

units of luma

the total from
barticular also
ck of the first
fvsPer2Mb is
riable MvCnt

Depending on

5 given by the

r( ) data for a
and 9.3.3.2.3

Table A-1 specifies the limits for each level. Entries marked "-" in Table A-1 denote the absence of a corresponding
limit. For purposes of comparison of level capabilities, a level shall be considered to be a lower (higher) level than some
other level if the level appears nearer to the top (bottom) row of Table A-1 than the other level.

A level to which the bitstream conforms shall be indicated by the syntax elements level idc and constraint set3 flag as
follows.

- Iflevel idc is equal to 11 and constraint_set3 flag is equal to 1, the indicated level is level 1b.

- Otherwise (level idc is not equal to 11 or constraint_set3 flag is not equal to 1), level idc shall be set equal to a
value of ten times the level number specified in Table A-1 and constraint_set3 flag shall be set equal to 0.
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Table A-1 — Level limits

Max Max
Max video CPB size
Max de.coded bit rate MaxBR MaxCPB Vertical MV . Max number of
macroblock| Max picture . . component Min .
Level . . . (1000 bits/s, (1000 bits, . motion vectors
processing |frame size |buffer size 1200 bits/s 1200 bits range compression er two
number | © pa¢e MaxFS | MaxDPB y > | MaxVmvR ratio per -
cpbBrVclFactor | cpbBrVclFactor . consecutive MBs
MaxMBPS | (MBs) (1024 . . (luma frame MinCR
(MB/s) bvtes for bits/s, or bits, or samples) MaxMyvsPer2Mb
X'Z'O) cpbBrNalFactor | cpbBrNalFactor P
- bits/s) bits)
1 485 99 14875 6t T75 =64,163-757 =
1b 1 485 99 148.5 128 350 [-64,+63.75] 2 .
1.1 3 000 396 337.5 192 500 [-128,+127.75] 2 -
1.2 6 000 396 891.0 384 1000 [-128,+127.75] 2 -
1.3 11 880 396 891.0 768 2 000 [-128,+127.75] 2 -
2 11 880 396 891.0 2 000 2 000 [-128,+127.75] 2 -
2.1 19 800 792 1782.0 4 000 4 000 [-256,+255751 2 -
2.2 D0 250 1620 3037.5 4 000 4 000 [-256,4255.75] 2 -
3 10 500 1620 30375 10 000 10 000 [-256,+255.75] 2 32
3.1 08 000 3 600 6 750.0 14 000 14 000 [-512,+511.75] 4 16
3.2 216 000 5120 7 680.0 20 000 20 000 [-512,+511.75] 4 16
4 245760 8192 12 288.0 20 000 25.000 [-512,+511.75] 4 16
4.1 245 760 8192 12 288.0 50 000 62 500 [-512,+511.75] 2 16
4.2 322 240 8 704 13 056.0 50 000 62 500 [-512,+511.75] 2 16
5 389 824 22080 | 41400.0 135 000 135000 [-512,+511.75] 2 16
5.1 83 040 36864 | 69120.0 240 000 240 000 [-512,+511.75] 2 16
Levels with pon-integer level numbers ifi Table A-1 are referred to as “intermediate levels”.
NOTE — All levels have the same status, but some applications may choose to use only the integer-numbered levels.
Informative subclause A.3.4 shows) the effect of these limits on frame rates for several example picture formats.
A3.2 Lgvel limits common to the High, High 10, High 4:2:2, and High 4:4:4 profiles
Let the varigble fR be/detived as follows.
- If pictuge n ig"a frame, fR is set equal to 1 + 172.
- Otherwise\(picture n is a field), fR is set equal to 1 + (172 * 2).

Bitstreams conforming to the High, High 10, High 4:2:2, or High 4:4:4 profiles at a specified level shall obey the
following constraints:

a)

b)

260

The nominal removal time of access unit n (with n > 0) from the CPB as specified in subclause C.1.2, satisfies
the constraint that t,,(n)-t(n-1) is greater than or equal to Max( PicSizeInMbs + MaxMBPS, fR ), where
MaxMBPS is the value specified in Table A-1 that applies to picture n — 1, and PicSizeInMbs is the number of
macroblocks in picture n — 1.

The difference between consecutive output times of pictures from the DPB as specified in subclause C.2.2,
satisfies the constraint that At, 4,,( n ) >= Max( PicSizeInMbs + MaxMBPS, fR ), where MaxMBPS is the value
specified in Table A-1 for picture n, and PicSizeInMbs is the number of macroblocks of picture n, provided that
picture n is a picture that is output and is not the last picture of the bitstream that is output.
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PicWidthInMbs * FrameHeightInMbs <= MaxFS, where MaxFS is specified in Table A-1
PicWidthInMbs <= Sqrt( MaxFS * 8 )
FrameHeightInMbs <= Sqrt( MaxFS * 8 )

max_dec frame buffering <= MaxDpbSize, where MaxDpbSize is equal
to Min( 1024 * MaxDPB / ( PicWidthInMbs * FrameHeightInMbs * 384 ), 16 ) and MaxDPB is specified in
Table A-1.

Vertical motion vector component range does not exceed MaxVmvR in units of luma frame samples, where
MaxVmvR is specified in Table A-1.

A—units of luma

samples.

Number of motion vectors per two consecutive macroblocks in decoding order (also applying to [the total from
the last macroblock of a slice and the first macroblock of the next slice in decoding erder) dops not exceed
MaxMvsPer2Mb, where MaxMvsPer2Mb is specified in Table A-1. The number of ‘motion vegtors for each
macroblock is value of the variable MvCnt after the completion of the intra or inter prediction process for the
macroblock.

Number of bits of macroblock layer( ) data for any macroblock is not “greater than 128 + RawMbBits.
Depending on entropy coding_mode_flag, the bits of macroblock layer(Y)-data are counted as follpws.

- If entropy coding mode flag is equal to 0, the number of bits"of macroblock layer( ) data i$ given by the
number of bits in the macroblock layer( ) syntax structure for-a macroblock.

- Otherwise (entropy_coding_mode flag is equal to 1), the'number of bits of macroblock laygr( ) data for a
macroblock is given by the number of times read_bits( 1 ) is called in subclauses 9.3.3.2.2[ and 9.3.3.2.3
when parsing the macroblock layer( ) associated-with the macroblock.

Tablg A-1 specifies the limits for each level. Entries marked "-" in Table A-1 denote the absence of a forresponding

limit,|

A leviel to which the bitstream conforms shall be indicated by the syntax element level idc as follows.

- flevel idc is equal to 9, the indicated leyelis level 1b.

—  Dtherwise (level idc is not equal to 9), level idc shall be set equal to a value of ten times the level number specified

A33

n Table A-1.

Profile-specific level limits

In bitstreams conforming to the Main, High, High 10, High 4:2:2, or High 4:4:4 profiles, the removal time of
access unit 0 shall® satisfy the constraint that the number of slices in picture 0 is less than or equal
to ( PicSizeInMbs+ MaxMBPS * (t(0)-t.,(0)) )+ SliceRate, where SliceRate is the valuq specified in
Table A-4 that.applies to picture 0.

In bitstreams conforming to the Main, High, High 10, High 4:2:2, or High 4:4:4 profiles, the diffefence between
consecutive removal time of access units n and n - 1 (with n > 0) shall satisfy the constraint that the number of
slices in picture n is less than or equal to MaxMBPS * (t(n)-t(n- 1))+ SliceRate, where SliceRate is the
value specified in Table A-4 that applies to picture n.

d)

In bitstreams conforming to the Main, High, High 10, High 4:2:2, or High 4:4:4 profiles, sequence parameter
sets shall have direct 8x8 inference flag equal to 1 for the levels specified in Table A-4.
NOTE - direct 8x8 inference flag is not relevant to the Baseline profile as it does not allow B slice types (specified in

subclause A.2.1), and direct 8x8 inference flag is equal to 1 for all levels of the Extended profile (specified in subclause
A2.3).

In bitstreams conforming to the Main, High, High 10, High 4:2:2, or High 4:4:4 or Extended profiles, sequence
parameter sets shall have frame mbs_only flag equal to 1 for the levels specified in Table A-4 for the Main,
High, High 10, High 4:2:2, and High 4:4:4 profiles and in Table A-5 for the Extended profile.

NOTE - frame _mbs _only flag is equal to 1 for all levels of the Baseline profile (specified in subclause A.2.1).
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e)

2

h)

A.3.3.1 Bgselineprofile limits

In bitstreams conforming to the Main, High, High 10, High 4:2:2, or High 4:4:4 or Extended profiles, the value
of sub_mb_type in B macroblocks shall not be equal to B Bi 8x4, B Bi 4x8, or B Bi 4x4 for the levels in
which MinLumaBiPredSize is shown as 8x8 in Table A-4 for the Main, High, High 10, High 4:2:2, and
High 4:4:4 profiles and in Table A-5 for the Extended profile.

In bitstreams conforming to the Baseline and Extended profiles, ( xInt, — XInty, + 6 ) * ( ylnty. — ylnt,, + 6)
<= MaxSubMbRectSize in macroblocks coded with mb type equal to P_8x8, P 8x8ref0 or B 8x8 for all
invocations of the process specified in subclause 8.4.2.2.1 used to generate the predicted luma sample array for a
single reference picture list (reference picture list 0 or reference picture list 1) for each 8x8 sub-macroblock,
where NumSubMbPart( sub_mb_type ) > 1, where MaxSubMbRectSize is specified in Table A-3 for the
Baseline profile and in Table A-5 for the Extended profile and

— | xInty,y is the maximum value of xInt; among all luma sample predictions for the sub-macroblock
— | ylnty;, is the minimum value of yInt; among all luma sample predictions for the sub-macroblock

— | yInty,y is the maximum value of yInt; among all luma sample predictions for the sub-macroblock

In Bitstreams conforming to the High, High 10, High 4:2:2, or High 4:4:4 profile, for the V€L HRD parajneters,
BitRate[ SchedSelldx ] <= cpbBrVclFactor * MaxBR and CpbSize[ SchedSelldx <<= cpbBrVclFdctor *
MakCPB for at least one value of SchedSelldx, where cpbBrVclFactor lis” specified in Table A-2,
BitRate[ SchedSelldx ] is specified by Equation E-37 and CpbSize[ SchedSelldx ]yis specified by Equatiqn E-38
when vel hrd parameters present flag is equal to 1. MaxBR and MaxCPB,afe specified in Table A-1 in units
of ¢pbBrVclFactor bits/s and cpbBrVclFactor bits, respectively. The bitstream shall satisfy these conditipns for
at lpast one value of SchedSelldx in the range 0 to cpb_cnt_minusl, inclusive.

In Bitstreams conforming to the High, High 10, High 4:2:2, or High4:4:4 profile, for the NAL HRD parameters,
BitRate[ SchedSelldx ] <= cpbBrNalFactor * MaxBR and CpbSize[ SchedSelldx ] <= cpbBrNalFagtor *
MakCPB for at least one value of SchedSelldx, where) cpbBrNalFactor is specified in Table A-2,
BitRate[ SchedSelldx ] is specified by Equation E-37 and.CpbSize[ SchedSelldx ] is specified by Equatign E-38
when nal_hrd parameters_present flag equal to 1. MaxBR and MaxCPB are specified in Table A-1 in ynits of
cphiBrNalFactor bits/s and cpbBrNalFactor bits, respectively. The bitstream shall satisfy these conditionp for at
leagt one value of SchedSelldx in the range 0 to cpb ™ cnt_minusl.

Table A-2 — Specification of cpbBrVclFactor and cpbBrNalFactor

Profile ™~ |cpbBrVclFactor |cpbBrNalFactor
High 1250 1500
High 10 3 000 3600
High 4:2:2 4 000 4 800
High 4:4:4 4 000 4800

Table A-3 specifies limits for each level that are specific to bitstreams conforming to the Baseline profile. Entries Trlarked
"-"in Table |A-3-denotethe-absence of acorresponding lmit-

262

© ISO/IEC 2005 — All rights reserved


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

Table A-3 — Baseline profile level limits

ISO/IEC 14496-10:2005(E)

Level number | MaxSubMbRectSize
1 576
1b 576
1.1 576
1.2 576
1.3 576
2 /0
2.1 576
2.2 576
3 576
3.1 -
3.2 -
4 -
4.1 -
4.2 -
5 -
5.1 -

A.3.3.2 Main, High, High 10, High 4:2:2, or High 4:4:4 profile limits

Tablg A-4 specifies limits for each level that _are 'specific to bitstreams conforming to the Main, H
High}4:2:2, or High 4:4:4 profiles. Entries marked "-" in Table A-4 denote the absence of a corresponding limit.
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Table A-4 — Main, High, High 10, High 4:2:2, or High 4:4:4 profile level limits

Level number | SliceRate MinLumaBiPredSize direct 8x8 inference_flag frame_mbs_only flag
1 - - - 1
1b - - - 1
1.1 - - - 1
1.2 - - - 1
1.3 - - - 1
2 - - = T
2. - - - -
2. - - - -
3 22 - 1 a
3. 60 8x8 1 -
3. 60 8x8 1 -
4 60 8x8 1 -
4. 24 8x8 1 -
4. 24 8x8 1 1
5 24 8x8 I 1
5. 24 8x8 1 1
A.3.3.3 Extended Profile Limits
Table A-5 specifies limits for each level that are spedific to bitstreams conforming to the Extended profile. [Entries
marked "-" ih Table A-5 denote the absence of a cortesponding limit.
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