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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

Wlth par l\./bll(«ll fl\.«}do Uf L\.d\./hlll\./al a\.«llvll‘y ISO ulld IEC tU\yhlll\yul \.aU]JJ]Jlltl.\.a\’D \.«\J}labulut\.« pessy f;\.«ldo \Jf lllULual lllL\.«l\aDL
Other infernational organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in, thg
work. In|the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JT'C-1.

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

The maip task of the joint technical committee is to prepare International Standards. Draft Internatienal Standard
adopted [by the joint technical committee are circulated to national bodies for voting. Publication a$ an Internationa
Standard requires approval by at least 75 % of the national bodies casting a vote.

ISO/TEC| 14496-10 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information/technology, Subcommitteq
SC 29, doding of audio, picture, multimedia and hypermedia information.

This secgnd edition cancels and replaces the first edition (ISO/IEC 14496-10:2003) which has been technically revised.
This par{ of ISO/IEC 14496 is technically aligned with ITU-T Rec. H.264 but i$aiot published as identical text.

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

—  Parw 1: Systems

—  Parn 2: Visual

—  Parn 3: Audio

—  Pany 4: Conformance testing

— Pant 5: Reference sofiware

—  Paw 6: Delivery Multimedia Integration Framework (DMIF)

— Pany 7: Optimized reference softwarefor coding of audio-visual objects
—  Pany 8: Carriage of ISO/IEC_14496 contents over IP networks

— Pant 9: Reference hardwdredescription

—  Pan 10: Advanced Video' Coding

—  Parny 11: Scene deseription and application engine

—  Pany 12: ISObase media file format

—  Pary 13<Intellectual Property Management and Protection (IPMP) extensions
—  Pant 14 MP4 file format

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

0.1 Prologue

[his 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 di
hind advances in video coding technology have progressed, the need has arisen for an industry standard for cof
ideo representation with substantially increased coding efficiency and enhanced robustness to.network envir

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

).2 Purpose
[his subclause does not form an integral part of this Recommendation | Internatiohal Standard.

[his Recommendation | International Standard was developed in response to the’growing need for higher compr
moving pictures for various applications such as videoconferencing, digital storage media, television broa
nternet streaming, and communication. It is also designed to enablé/the use of the coded video represental
[lexible manner for a wide variety of network environments. The-use' of this Recommendation | International
hllows motion video to be manipulated as a form of computer data and to be stored on various storage media, tr
hind received over existing and future networks and distributed on‘existing and future broadcasting channels.

).3 Applications
[his subclause does not form an integral part of thistRecommendation | International Standard.

Chis Recommendation | International Standardis designed to cover a broad range of applications for vide
ncluding but not limited to the following:

CATV  Cable TV on optical'networks, copper, etc.

DBS Direct broadcast-satellite video services

DSL Digital subseriber line video services

DTTB  Digital tervestrial television broadcasting

ISM Interactive storage media (optical disks, etc.)

MMM Multimedia mailing

MSPN _Multimedia services over packet networks

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

SSM Serial storage media (digital VTR, etc.)

ersified,
mpressed
pnments.

[oward these ends the ITU-T Video Coding Experts Group (VCEG) and the ISO/IEC Moving-Picture Experts Group

andard.

ession of
dcasting,
fion in a
Standard
nsmitted

content

0.4 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
media, television broadcasting and real-time communications. In the course of creating this Specification, various
requirements from typical applications have been considered, necessary algorithmic elements have been developed, and
these have been integrated into a single syntax. Hence, this Specification will facilitate video data interchange among

different applications.
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Considering the practicality of implementing the full syntax of this Specification, however, a limited number of subsets
of the syntax are also stipulated by means of "profiles" and "levels". These and other related terms are formally defined in
clause 3.

A "profile" is a subset of the entire bitstream syntax that is specified by this Recommendation | International Standard.
Within the bounds imposed by the syntax of a given profile it is still possible to require a very large variation in the
performance of encoders and decoders depending upon the values taken by syntax elements in the bitstream such as the
specified size of the decoded pictures. In many applications, it is currently neither practical nor economic to implement a
decoder capable of dealing with all hypothetical uses of the syntax within a particular profile.

In order to—deat-with—thts l)lU‘UlClll, Yevelst—are bpcuiﬁcd withireach plUﬁ‘lC. Atevetts= bpcuiﬁcd sct-ofconstramt
imposed| on values of the syntax elements in the bitstream. These constraints may be simple limits on values
Alternatively they may take the form of constraints on arithmetic combinations of values (e.g. picture width multiplied by
picture height multiplied by number of pictures decoded per second).

Coded video content conforming to this Recommendation | International Standard uses a common syntax. In order t
achieve 4 subset of the complete syntax, flags, parameters, and other syntax elements are included in the-bitstream tha
signal th¢ presence or absence of syntactic elements that occur later in the bitstream.

0.5 Overview of the design characteristics
This subglause does not form an integral part of this Recommendation | International Stagdard.

The cod¢d representation specified in the syntax is designed to enable a high compression capability for a desired imagg
quality. The algorithm is not lossless, as the exact source sample values are typically'not preserved through the encoding
and decgding processes. A number of techniques may be used to achievethighly efficient compression. Encoding
algorithmhs (not specified in this Recommendation | International Standard) may select between inter and intra coding fof
block-shaped regions of each picture. Inter coding uses motion vecters“for block-based inter prediction to exploif
temporal| statistical dependencies between different pictures. Intra coding,uses various spatial prediction modes to exploif
spatial statistical dependencies in the source signal for a single picture. Motion vectors and intra prediction modes may b
specified for a variety of block sizes in the picture. The prediction residual is then further compressed using a transforny
to remoye spatial correlation inside the transform block befote it is quantised, producing an irreversible process tha
typically] discards less important visual information while forming a close approximation to the source samples. Finally|
the motipn vectors or intra prediction modes are combined with the quantised transform coefficient information ang
encoded [using either variable length codes or arithmetic-eoding.

0.5.1 [Predictive coding
This subglause 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 ar
specified. Intra coding is done withgut reference to other pictures. Intra coding may provide access points to the codeq
sequencd where decoding can beégin and continue correctly, but typically also shows only moderate compression
efficiencly. Inter coding (predietive or bi-predictive) is more efficient using inter prediction of each block of sampls
values fipm some previously~decoded picture selected by the encoder. In contrast to some other video coding standards
pictures foded using bi-predictive inter prediction may also be used as references for inter coding of other pictures.

The application of the'three coding types to pictures in a sequence is flexible, and the order of the decoding process i
generally not the‘same as the order of the source picture capture process in the encoder or the output order from thq
decoder [for display. The choice is left to the encoder and will depend on the requirements of the application. Thg
decoding order is specified such that the decoding of pictures that use inter-picture prediction follows later in decoding
order th; i i i

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

0.5.3  Picture partitioning into macroblocks and smaller partitions
This subclause does not form an integral part of this Recommendation | International Standard.

As in previous video coding Recommendations and International Standards, a macroblock, consisting of a 16x16 block
of luma samples and two corresponding blocks of chroma samples, is used as the basic processing unit of the video
decoding process.

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

[ypically, the encoder calculates appropriate motion vectors and other data elements represented in the video data
stream. This motion estimation process in the encoder and the selection of whethér to use inter predictiop for the
Fepresentation of each region of the video content is not specified in this Recomruendation | International Standafd.

).5.4  Spatial redundancy reduction
[his subclause does not form an integral part of this RecommendationMnternational Standard.

Both source pictures and prediction residuals have high spatial redundancy. This
Recommendation | International Standard is based on the use ofa block-based transform method for spatial redundancy
femoval. After inter prediction from previously-decoded samiples in other pictures or spatial-based predictjon from
breviously-decoded samples within the current picture, the‘resulting prediction residual is split into 4x4 blockp. These
hire converted into the transform domain where they are quantised. After quantisation many of the transform copfficients
hire zero or have low amplitude and can thus be represented with a small amount of encoded data. The professes of
ransformation and quantisation in the encoder are'not specified in this Recommendation | International Standard

D.6 How to read this specification
[his subclause does not form an integral/part of this Recommendation | International Standard.

t is suggested that the reader starts 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
he order to parse syntax elements from the bitstream. See subclauses 7.1-7.3 for syntactical order and see subdlause 7.4
for semantics; i.e., the scope, restrictions, and conditions that are imposed on the syntax elements. The actual pgrsing for
most syntax elements.is/specified in clause 9 (Parsing process). Finally, clause 8 (Decoding process) specifieq how the
byntax elements aré-mapped into decoded samples. Throughout reading this specification, the reader should refer to
tlauses 2 (Normative references), 4 (Abbreviations), and 5 (Conventions) as needed. Annexes A through E alsq form an
ntegral part 9fthis Recommendation | International Standard.

Annex A-defines three profiles (Baseline, Main, and Extended), each being tailored to certain application domhins, and
efimes(the so-called levels of the profiles. Annex B specifies syntax and semantics of a byte stream format for| delivery
b ceded video as an ordered stream of bytes. Annex C specifies the hypothetical reference decoder and its use|to check
Jilbll CdlIIl dlld dUL«UdU[ L«UllfUlllldllbU. Allllc)& D prbiﬁUb SYIIldX dlld bCllldllLibb fUl bUl)plUlllCllLdl Cll}ldllbclllUIIL illl I'l‘nathIl
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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Information technology — Coding of audio-visual objects —

Part 10:
Advanced Video Coding

| Scope

[his document specifies ITU-T Recommendation H.264 | ISO/IEC International Standard, ISO/IEC 14496-
coding.

D Normative references

[he following referenced documents are indispensable for the application of this document. For dated referen|

he edition cited applies. For undated references, the latest edition ,Gf. the referenced document (inclu
hmendments) applies.
— ITU-T Recommendation T.35 (2000), Procedure for/the allocation of ITU-T defined codes
standard facilities
— ISO/IEC 11578:1996, Information technology>= Open Systems Interconnection — Remote P
Call (RPC)
— ISO/CIE 10527:1991, CIE standard colorimetric observers
B Definitions
For the purposes of this Recommendationj-International Standard, the following definitions apply.
B.1 access unit: A set of NAL units always containing exactly one primary coded picture. In additi

primary coded pictures-an access unit may also contain one or more redundant coded pictures or o
units not containing\slices or slice data partitions of a coded picture. The decoding of an access un
results in a decoded picture.

8.2 AC transform,coefficient: Any transform coefficient for which the frequency index in one or both di
is non-zero-
B.3 adaptive binary arithmetic decoding process: An entropy decoding process that derives the valug

froma bitstream produced by an adaptive binary arithmetic encoding process.

B.4 adaptive binary arithmetic encoding process: An entropy encoding process, not normatively specifi
Recommendation | International Standard, that codes a sequence of bins and produces a bitstream th

10 video

ces, only
ling any

for non-

rocedure

n to the
her NAL
t always

mensions

s of bins

bd in this
it can be

decoded using the adaptive binary arithmetic decoding process.

3.5 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 smaller than the macroblock address of the first macroblock of some other

preceding slice of the same coded picture.

3.6 B slice: A slice that may be decoded using intra prediction from decoded samples within the same slice or inter
prediction from previously-decoded reference pictures, using at most two motion vectors and reference indices

to predict the sample values of each block.
3.7 bin: One bit of a bin string.

3.8 binarization: A set of bin strings for all possible values of a syntax element.
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3.9

3.10

3.11

3.12

3.13

3.14

3.15

3.16

3.17

3.18

3.19

3.19.1
3.20

3.21

3.22

3.23

3.24

3.25

3.26

3.27

3.28

binarization process: A unique mapping process of all possible values of a syntax element onto a set of bin
strings.

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

bi-predictive slice: See B slice.

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

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

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

bottom macroblock (of a macroblock pair): The macroblock within a macroblock pair that contains thd
samples in the bottom row of samples for the macroblock pair. For a field macroblockypuir, the botton
macroblock represents the samples from the region of the bottom field of the frame that lie within the spatia
region of the macroblock pair. For a frame macroblock pair, the bottom macroblockrepresents the samples of
the frame that lie within the bottom half of the spatial region of the macroblock pait.

broken link: A location in a bitstream at which it is indicated that some subsequent pictures in decoding orde
may contain serious visual artefacts due to unspecified operations performed,in/the generation of the bitstream.

byte: A sequence of 8 bits, written and read with the most significant bit\on the left and the least significant bif
on the right. When represented in a sequence of data bits, the most sighificant bit of a byte is first.

byte-aligned: A position in a bitstream is byte-aligned when the‘position is an integer multiple of 8 bits fron}
the position of the first bit in the bitstream. A bit or byte ot spntax element is said to be byte-aligned when thd
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 Annex 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 thd
application to refer to classés ) of synfax elements in a manner not specified in thi
Recommendation | International Standard.

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

NOTE - The term ehroma is used rather than the term chrominance in order to avoid the implication of the use of lineaf
light transfer gharacteristics that is often associated with the term chrominance.

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, bu

not to botn togetner.

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.

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

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

© ISO/IEC 2004 — All rights reserved


https://standardsiso.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

ISO/IEC 14496-10:2004(E)

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

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

3.31 complementary reference field pair: Two reference fields that are in consecutive access units in decoding
order as two coded fields and share the same value of the frame num syntax element, where the second field in
decoding order is not an IDR picture and does not include a memory management control operation syntax
element equal to 5.

B.32 context variable: A variable specified for the adaptive binary arithmetic decoding process of a\}Jfin by an
equation containing recently decoded bins.

B.33 DC transform coefficient: A transform coefficient for which the frequency index is zero inall dimensjons.

B.34 decoded picture: A decoded picture is derived by decoding a coded picture. A decoded picture i either a
decoded frame, or a decoded field. A decoded field is either a decoded top field or a decoded bottom fidld.

B.35 decoded picture buffer (DPB): A buffer holding decoded pictures for referenge)/output reordering, pr output
delay specified for the hypothetical reference decoder in Annex C.

B.36 decoder: An embodiment of a decoding process.

B.37 decoding order: The order in which syntax elements are processed by-the decoding process.

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

B.39 direct prediction: An inter prediction for a block for whigh*ho motion vector is decoded. Two direct pyediction
modes are specified that are referred to as spatial directprediction and temporal prediction mode.

B.40 decoder under test (DUT): A decoder that is tested for conformance to this Recommendation | Intgrnational
Standard by operating the hypothetical stream<scheduler to deliver a conforming bitstream to the dedoder and
to the hypothetical reference decoder and comparing the values and timing of the output of the two dedoders.

B.41 emulation prevention byte: A byte equal to 0x03 that may be present within a NAL unit. The pr¢sence of
emulation prevention bytes ensures.that no sequence of consecutive byte-aligned bytes in the NAL unifg contains
a start code prefix.

B.42 encoder: An embodiment of anencoding process.

B.43 encoding process: A pfecess, not specified in this Recommendation | International Standard, that pfoduces a
bitstream conformingto.this Recommendation | International Standard.

B.44 field: An assembly-of alternate rows of a frame. A frame is composed of two fields, a top field and ja bottom
field.

B.45 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.

B.46 field macroblock pair: A macroblock pair decoded as two field macroblocks.

B.47 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 macrobflocks.

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

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

3.50 frame macroblock: A macroblock representing samples from the two fields of a coded frame. When
macroblock-adaptive frame/field decoding is not in use, all macroblocks of a coded frame are frame
macroblocks. When macroblock-adaptive frame/field decoding is in use, some macroblocks of a coded frame
may be frame macroblocks.

3.51 frame macroblock pair: A macroblock pair decoded as two frame macroblocks.
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3.52

3.53

3.54

3.55

3.55.1

3.56

3.57

3.58
3.59

3.60
3.61
3.62
3.63

3.64

3.65

3.66

3.67

3.68

3.69

3.70

3.71

frequency 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
variability of conforming NAL unit streams or conforming byte streams that an encoding process may produce.

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

I slice; A slice that is not an SI slice that is decoded using prediction only from decoded samples within th

same slice.

informative: A term used to refer to content provided in this Recommendation | International Standard\that i
not an integral part of this Recommendation | International Standard. Informative content does net’ establisl
any mandatory requirements for conformance to this Recommendation | International Standard.

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

instantaneous decoding refresh (IDR) picture: A coded picture containing only slices with [ or SI slice type.
that causes the decoding process to mark all reference pictures as "unused for referénce”" immediately afte
decoding the IDR picture. After the decoding of an IDR picture all following coded pictures in decoding orde
can be decoded without inter prediction from any picture decoded prior to the IDR picture. The first picture o
each coded video sequence is an IDR picture.

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

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

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 slice.
intra slice: See I slice.

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

layer: One of a set of syntactical strictutes in a non-branching hierarchical relationship. Higher layers contair
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 thi
Recommendation | International Standard. The same set of levels is defined for all profiles, with most aspect
of the definition of eachylevel being in common across different profiles. Individual implementations mayj
within specified constraints, support a different level for each supported profile. In a different context, level i
the value of a transform coefficient prior to scaling.

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

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

luma: An ﬂde{‘fiVP QpPPifving that a Qﬂmp]P arrav _or Qing]f‘ Qnmp]? is erquPn‘ring the monochrome siona
&

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 use of linear light
transfer characteristics that is often associated with the term luminance. The symbol L is sometimes used instead of the
symbol Y to avoid confusion with the symbol y as used for vertical location.

macroblock: A 16x16 block of luma samples and two corresponding blocks of chroma samples. The division
of a slice or a macroblock pair into macroblocks is a partitioning.

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

macroblock address: When macroblock-adaptive frame/field decoding is not in use, a macroblock address is
the index of a macroblock in a macroblock raster scan of the picture starting with zero for the top-left
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macroblock in a picture. When macroblock-adaptive frame/field decoding is in use, the macroblock address of
the top macroblock of a macroblock pair is two times the index of the macroblock pair in a macroblock pair
raster scan of the picture, and the macroblock address of the bottom macroblock of a macroblock pair is the
macroblock address of the corresponding fop macroblock plus 1. The macroblock address of the fop
macroblock of each macroblock pair is an even number and the macroblock address of the bottom macroblock
of each macroblock pair is an odd number.

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

B.73 macroblock pair: A pair of vertically contiguous macroblocks in a frame that isnceupled for use in
macroblock-adaptive frame/field decoding. The division of a slice into macroblock paifs.is a partitioning.

B.74 macroblock partition: A block of luma samples and two corresponding blocks ofchroma samples [resulting
from a partitioning of a macroblock for inter prediction.

B.75 macroblock to slice group map: A means of mapping macroblocks of a’picture into slice gropps. The
macroblock to slice group map consists of a list of numbers, one for_each’coded macroblock, specifying the
slice group to which each coded macroblock belongs.

B.76 map unit to slice group map: A means of mapping slice group*madp units of a picture into slice grdups. 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 belougs.

B.76.1 may: A term used to refer to behaviour that is alloweds 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" {s used to
provide emphasis.

B.77 memory management control operation: Seven operations that control reference picture marking.

B.78 motion vector: A two-dimensional vectordsed for inter prediction that provides an offset from the coprdinates
in the decoded picture to the coordinates in a reference picture.

B.78.1 must: A term used in expressing'an observation about a requirement or an implication of a requiremgnt that is
specified elsewhere in this Récommendation | International Standard. This term is used exclusivgly in an
informative context.

B.79 NAL unit: A syntax structure containing an indication of the type of data to follow and bytes containing that
data in the form of-an RBSP interspersed as necessary with emulation prevention bytes.

B.80 NAL unit stream: A sequence of NAL units.

B.81 non-paired. field: A collective term for a non-paired reference field or a non-paired non-reference fieldl.

B.82 non-paired non-reference field: A decoded non-reference field that is not part of a complemengary non-
refepence field pair.

B.83 non-paired reference field: A decoded reference field that is not part of a complementary reference figld pair.

B.84 non-reference field: A field coded with nal_ref idc equal to 0.

385 Mon-reference frame: A jrame coded with nal_tef_idc equal to U-

3.86 non-reference picture: A picture coded with nal_ref idc equal to 0. A non-reference picture is not used for
inter prediction of any other pictures.

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

3.87 opposite parity: The opposite parity of top is bottom, and vice versa.

3.88 output order: The order in which the decoded pictures are output from the decoded picture buffer.
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3.89

3.90

3.91
3.92
3.93
3.93.1

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

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

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

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

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

picture: A collective term 1or a field or a frame.

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

picture order count: A variable having a value that is non-decreasing with increasing picture position it
output order relative to the previous /DR picture in decoding order or relative to the prévious picture
containing the memory management control operation that marks all reference pictures-as “unused fo
reference”.

prediction: An embodiment of the prediction process.

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

predictive slice: See P slice.

predictor: A combination of specified values or previously decoded sample values or data elements used in thd
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 §
bitstream conforming to this Recommendation | International Standard. The primary coded picture contains al
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 Reeommendation | International Standard.
quantisation parameter: A variable used by\the decoding process for scaling of transform coefficient levels.

random access: The act of starting theldecoding process for a bitstream at a point other than the beginning of
the stream.

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

raw byte sequence payload (RBSP): A syntax structure containing an integer number of byfes that i
encapsulated in‘a NAL unit. An RBSP is either empty or has the form of a string of data bits containing synta;
elements followed by an RBSP stop bit and followed by zero or more subsequent bits equal to 0.

raw byte'sequence payload (RBSP) stop bit: A bit equal to 1 present within a raw byte sequence payload
(RBSP)-after a string of data bits. The location of the end of the string of data bits within an RBSP can bq

identified by searching from the end of the RBSP for the RBSP stop bit, which is the last non-zero bit in thg
RBSP

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

redundant coded picture: A coded representation of a picture or a part of a picture. The content of a
redundant coded picture shall not be used by the decoding process for a bitstream conforming to this
Recommendation | International Standard. A redundant coded picture is not required to contain all
macroblocks in the primary coded picture. Redundant coded pictures have no normative effect on the
decoding process. See also primary coded picture.

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

reference index: An index into a reference picture list.

reference picture: A picture with nal_ref idc not equal to 0. A reference picture contains samples that may be
used for inter prediction in the decoding process of subsequent pictures in decoding order.

reference picture list: A list of short-term picture numbers and long-term picture numbers that are assigned to
reference pictures.

b. 115

B.114

B.115

8.116

8.117
8.118

8.119

8.120
8.120.1

8.120.2

8.120.3

relerence picture Iist U: A rejerence picture list Used 10T mier prediciion ol a P, B, of SF slice. |All inter
prediction used for P and SP slices uses reference picture list 0. Reference picture list O is one of two feference
picture lists used for inter 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. Reference picfure list 1
is one of two lists of reference picture lists used for inter prediction for a B slice, with the.other being feference
picture list 0.

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

reserved: The term reserved, when used in the clauses specifying some\valties of a particular syntax|element,
are for future use by ITU-T | ISO/IEC. These values shall not bel used in bitstreams conforming to this
Recommendation | International Standard, but may be wused) in future extensions pf this
Recommendation | International Standard by ITU-T | ISO/IEC.

residual: The decoded difference between a prediction of a-sample or data element and its decoded value.

run: A number of consecutive data elements representediin the decoding process. In one context, thg 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 § 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 betyeen the
columns and the intended vertical distance between the rows of the /uma sample array in a frame.| Sample
aspect ratio is expressed as /:v, where /4 is horizontal width and v is vertical height (in arbitrary units pf 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 entjre coded
video sequences as determined by the content of a seq parameter set id syntax element found in the picture
parameter set veferred to by the pic_parameter set id syntax element found in each slice header.

shall: A terniused to express mandatory requirements for conformance to this Recommendation | Intdrnational
Standard. “When used to express a mandatory constraint on the values of syntax elements or on the results
obtainied\by operation of the specified decoding process, it is the responsibility of the encoder to ensurg that the
congstraint is fulfilled. When used in reference to operations performed by the decoding process, any Hecoding
process that produces identical results to the decoding process described herein conforms to the Hecoding
process requirements of this Recommendation | International Standard.

should: A term used to refer to behaviour of an implementation that is encouraged to be followpd under

3.121

3.122

3.123

VB 4add b B . s Josat 4 dost 4 £ £ th
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Recommendation | International Standard.

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

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

slice: An integer number of macroblocks or macroblock pairs ordered consecutively in the raster scan within a
particular slice group. For the primary coded picture, the division of each slice group into slices is a
partitioning. Although a slice contains macroblocks or macroblock pairs that are consecutive in the raster scan
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3.124

3.125

3.126
3.127

3.128

3.129

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

within a slice group, these macroblocks or macroblock pairs are not necessarily consecutive in the raster scan
within the picture. The addresses of the macroblocks are derived from the address of the first macroblock in a
slice (as represented in the slice header) and the macroblock to slice group map.

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

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

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

slice header: A part of a coded slice containing the data elements pertaining to the first or all macrobfoek.
represented in the slice.

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

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

start code prefix: A unique sequence of three bytes equal to 0x000001 embedded in the byte stream as a prefi
to each NAL unit. The location of a start code prefix can be used by a decoder tojidentify the beginning of :
new NAL unit and the end of a previous NAL unit. Emulation of start code ptefixes is prevented within NA!
units by the inclusion of emulation prevention bytes.

string of data bits (SODB): A sequence of some number of bits represénting syntax elements present within :
raw byte sequence payload prior to the raw byte sequence payloadstop bit. Within an SODB, the left-most bi
is considered to be the first and most significant bit, and the right“mest bit is considered to be the last and leas
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(0f the macroblock.

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

switching I slice: See SI slice.

switching P slice: See SP slice.

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

syntax structure: Zero or mere'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 (ef)a macroblock pair): The macroblock within a macroblock pair that contains the sample
in the top row-of samples for the macroblock pair. For a field macroblock pair, the top macroblock represent
the samples-ffom the region of the top field of the frame that lie within the spatial region of the macroblock
pair. Fot & frame macroblock pair, the top macroblock represents the samples of the frame that lie within thg
top halfof the spatial region of the macroblock pair.

transform coefficient: A scalar quantity, considered to be in a frequency domain, that is associated with §
pm'ﬁmﬂﬂr one-dimensional or two-dimensional frp/}upnm; index in an inverse transform part of the decading

process.

transform coefficient level: An integer quantity representing the value associated with a particular two-
dimensional frequency index in the decoding process prior to scaling for computation of a transform coefficient
value.

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

unspecified: The term unspecified, when used in the clauses specifying some values of a particular syntax
element, indicates that the values have no specified meaning in this Recommendation | International Standard
and will not have a specified meaning in the future as an integral part of this Recommendation | International
Standard.
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3.144  variable length coding (VLC): A reversible procedure for entropy coding that assigns shorter bit strings to
symbols expected to be more frequent and longer bit strings to symbols expected to be less frequent.

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

4 Abbreviations

4.1 CABAC: Context-based Adaptive Binary Arithmetic Coding
4.2 CAVLC: Context-based Adaptive Variable Length Coding
4.3 CBR: Constant Bit Rate

1.4 CPB: Coded Picture Buffer

4.5 DPB: Decoded Picture Buffer

1.6 DUT: Decoder under test

1.7 FIFO: First-In, First-Out

4.8 HRD: Hypothetical Reference Decoder

4.9 HSS: Hypothetical Stream Scheduler

1.10 IDR: Instantaneous Decoding Refresh

t.11 LSB: Least Significant Bit

4.12 MB: Macroblock

4.13 MBAFF: Macroblock-Adaptive Frame-Field Coding
1.14 MSB: Most Significant Bit

1.15 NAL: Network Abstraction Layer

1.16 RBSP: Raw Byte Sequence Payload

1.17 SEI: Supplemental Enhancemedt Information
1.18 SODB: String Of Data Bits

1.19 UUID: Universal Unique Identifier

1.20 VBR: Variable Bit.Rate

1.21 VCL: Videol€oding Layer

4.22 VLC: Vartable Length Coding

1.23 VUL Video Usability Information

J Conventions

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

5.1 Arithmetic operators

The following arithmetic operators are defined as follows.
+ Addition
- Subtraction (as a two-argument operator) or negation (as a unary prefix operator)

* Multiplication
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< | =

superscripting not intended for interpretation as exponentiation.

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

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

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

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

~ N A

>

When or]

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

0y Modulus. Remainder of x divided by y, defined only for integers x and y with x >= 0 and y %0,
der of precedence is not indicated explicitly by use of parenthesis, the following rules apply

—  multiplication and division operations are considered to take place before addition and subtraction
—  multiplication and division operations in sequence are evaluated sequentially from left to right

— addition and subtraction operations in sequence are evaluated sequentially fromi¢ft to right

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

5.2 Logical operators

The follgwing logical operators are defined as follows

x|[|| y Boolean logical "or" of x and y

! Boolean logical "not"

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

The folldwing relational operators are defined as follows

>

A NV

5.4 Bit-wise opérators

The folldwing bit<wise operators are defined as follows

&

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

Greater than

Greater than or equal to
Less than

Less than or equal to
Equal to

Not equal to

Bit-wise "and". When operating on integer arguments, operates on a two's complement representation
of the integer value. When operating on a binary argument that contains fewer bits than anothe

arcument the shorter aroumen
=] 3

x>>y

x<<y

10

Bit-wise "or". When operating on integer arguments, operates on a two's complement representation of
the integer value. When operating on a binary argument 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 integer representation of x by y binary digits. This
function is defined only for positive integer values of y. Bits shifted into the MSBs as a result of the
right shift shall have a value equal to the MSB of x prior to the shift operation.

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

The following arithmetic operators are defined as follows

= Assignment operator.

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

variable prior to the increment operation.

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

variable prior to the decrement operation.

= Tncrement by amount specilied, 1.e., X T= 3 is equivalent to X = X T 3, and X T= (-3) Is ¢
to x =x + (-3).

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

5.6 Range notation
[he following notation is used to specify a range of values

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

5.7 Mathematical functions

[he following mathematical functions are defined as follows

Abs(x)=) X 3 x>=0
-X ; x<0
Ceil( x ) the smallest integer greater than or equal.to x.

Clipl( x )= Clip3( 0, 255,x)

x ; z<Xx
Clip3(x,y,z)= y 5 z>)

z ; otherwise

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

(a%(d /b)) *b; e==

InverseRasterSean( a, b, c,d, e ) =
{ (a/(d/b))*c; e==1

Log2( x ) returns the base-2 logarithm of x.

Fogl0( x ) returns the base-10 logarithm of x.

X % Q0

uivalent

juivalent

(5-1)

(5-2)

(5-3)

(5-4)

(5-5)

(5-6)

(5-7)

(5-8)

h g A AR Q. ya AN o TAN A [ o WA QoD Q ya 0/ N o W WA
LUINdF AFDIRSUAIITA;Y 7 — T&A 727 T Y7 47) O T INASICTIOUAIN A 70 4, Y 70 £, 47)

Median( x,y,z)=x+y+z—Min( x, Min(y, z) ) — Max( x, Max(y, z))

Min(x,y)=1" * ¥
y 5 X>Yy
Max(x,y)= X 5 X>=y
y 5 X<y
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RasterScan( x, y, ny ) =x+y * ny (5-13)
Round( x ) = Sign( x ) * Floor( Abs(x)+0.5) (5-14)
Sign(x):{l ; x>=0 (5-15)
-1 ; x<0
Sqrt(x) = vx (5-16)
5.8 [Variables, syntax elements, and tables

Syntax elements in the bitstream are represented in bold type. Each syntax element is described by its name_(all lowef
case lett¢rs with underscore characters), its one or two syntax categories, and one or two descriptors for its“method o
coded representation. The decoding process behaves according to the value of the syntax element and ¢o.the values o

previous

in regulay (i.e., not bold) type.

In some
variables

underscdre characters. Variables starting with an upper case letter are derived for the/decoding of the current syntay

structure]

process for later syntax structures mentioning the originating syntax structure of the variable. Variables starting with

lower ca

In some
numerics
values at
undersco

NOTH

Function
parenthe
than one

Square

Two-dinjensional arrays are sometimes also specified using matrix notation using subscripts for indexing.

NOTH
horiz
referr

Binary 1
represen

Hexadec|
when thg
second aj

Numeric|

A value

Ty

y decoded syntax elements. When a value of a syntax element is used in the syntax tables orthe text, it appear:

cases the syntax tables may use the values of other variables derived from syntdx jelements values. Sucl
appear in the syntax tables, or text, named by a mixture of lower case and upper case letter and without any

and all depending syntax structures. Variables starting with an upper case l€tter may be used in the decoding

e letter are only used within the subclause in which they are derived.

cases, "mnemonic" names for syntax element values or variable values are used interchangeably with theif
1 values. Sometimes "mnemonic" names are used without any associated numerical values. The association o
ild names is specified in the text. The names are constructed £rom one or more groups of letters separated by af
re character. Each group starts with an upper case letter and-may contain more upper case letters.

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

s are described by their names, which are constructed as syntax element names, with left and right roung
bes including zero or more variable names (for définition) or values (for usage), separated by commas (if morg
variable).

arentheses are used for indexing in lists o arrays. Lists or arrays can either be syntax elements or variables
E — The index order for two-dimensional arrays using square parentheses and subscripts is interchanged. A sample a

ntal position x and vertical positiony'in a two-dimensional sample array denoted as s[ x, y ] would, in matrix notation, b
bd to as Syy.
yX

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

mal notation, indicated by prefixing the hexadecimal number by "0x", may be used instead of binary notatior
number of bits_is’an integer multiple of 4. For example, 0x41 represents an eight-bit string having only it
hd its last bit§requal to 1.

hl values-not enclosed in single quotes and not prefixed by "0x" are decimal values.

equahto 0 represents a FALSE condition in a test statement. The value TRUE is represented by any other valu

different

than zero.

12
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5.9 Text description of logical operations

In the 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 remaining condition */

statement n

may be described in the following manner:

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

—  If condition 0, statement 0

—  Otherwise, if condition 1, statement 1

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

Fach "If...Otherwise, if...Otherwise, ..." statement in the text is introduced with)"... as follows" or "... the f
hpplies" immediately followed by "If ... ". The last condition of the "If...Otherwise, if...Otherwise, ..." is a
'Otherwise, ...". Interleaved "If...Otherwise, if...Otherwise, ..." statements ¢an be identified by matching "... as

pr "'.... the following applies" with the ending "Otherwise, ...".

n the text, a statement of logical operations as would be describedqnpseudo-code as

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

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

else
statement n

may be described in the following manner:

... as follows / ... the following applies.
—  Ifall of the following conditions are true, statement 0
—  condition-0a
—  cofdition Ob
—  Otherwise, if any of the following conditions are true, statement 1
&/~ condition la
—  condition 1b

—  Otherwise, statement n

ollowing
ways an
follows"

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

if( condition 0)
statement 0

if ( condition 1)
statement 1

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

When condition 1, statement 1

© ISO/IEC 2004 — All rights reserved
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5.10 Processes

Processes are 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 structures are
available in the process specification and invoking. A process specification may also have a lower case variable explicitly
specified as the input. Each process specification has explicitly specified an output. The output is a variable that can
either be an upper case variable or a lower case variable.

The assignment of variables is specified as follows.

- If invoking a process variables are explicitly assigned to lower case input or output variables of the process
spedification in case these do not have the same name.

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

In the specification of a process, a specific macroblock may be referred to by the variable name having a valug equal t
the addrgss of the specific macroblock.

6 Source, coded, decoded and output data formats, scanning processes, anid neighbouring
relgtionships
6.1 Bitstream formats

This subflause specifies the relationship between the NAL unit stream and byte stfeaim, either of which are referred to a
the bitstgeam.

The bitsfream can be in one of two formats: the NAL unit stream format or'the byte stream format. The NAL unit strean
format i§ conceptually the more "basic" type. It consists of a sequenceof syntax structures called NAL units. Thi
sequencq is ordered in decoding order. There are constraints imposed on the decoding order (and contents) of the NAL
units in the NAL unit stream.

The bytqd stream format can be constructed from the NAL unit stream format by ordering the NAL units in decoding
order andl prefixing each NAL unit with a start code prefixiand 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 uniquq
start codp prefix pattern within this stream of bytes, Methods of framing the NAL units in a manner other than use of thg
byte strepm format are outside the scope of this Recommendation | International Standard. The byte stream format i
specified in Annex B.

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

The viddo source that is represenited by the bitstream is a sequence of either or both frames or fields (called collectively
pictures)|in decoding order.

The source and decoded/pictures (frames or fields) are each comprised of three sample arrays, one luma and two chrom:
sample afrays.

The varipble ChromaFormatFactor is specified in Table 6-1, depending on the chroma format sampling structure. Thg
value of [ChrémaFormatFactor shall be inferred equal to 1.5, indicating 4:2:0 sampling. In monochrome sampling there i
only ong sample array, which may nominally be considered a luma array. In 4:2:0 sampling, each of the two chrom:
arrays has half the height and half the width of the Tuma 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.

NOTE — Other values may be valid for future versions of this Recommendation | International Standard.
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Table 6-1 — ChromaFormatFactor values

Chroma
Format ChromaFormatFactor
monochrome 1
4:2:0 1.5
4:2:2 2
4:4:4 3

Chis Recommendation | International Standard represents colour sequences using 4:2:0 chroma samplirig. The
he luma sample array of each picture is an integer multiple of 16. The width of the chroma sample.arrays of ead
hire an integer multiple of 8. The height of the luma sample array of each coded picture (whethiér it is a coded fi

f any coded frames are present within a coded video sequence that contains coded fields*or contains coded fi§
hse macroblock-adaptive frame-field coding, the height of the luma sample array of all goded frames in the cod
bequence is an integer multiple of 32 and the height of each chroma sample array forf these frames is an integer
bf 16. The width or height of pictures output from the decoding process need nof be an integer multiple of 16 ar
kpecified using a cropping rectangle.

[he width of fields coded referring to a specific sequence parameter set i§'the same as that of frames coded re
he same sequence parameter set (see below). The height of fields coded referring to a specific sequence paramg
half that of frames coded referring to the same sequence parameter,set.(see below).

[he nominal vertical and horizontal relative locations of luma-and chroma samples in frames are shown in Fi
Alternative chroma sample relative locations may be indicatedun video usability information (see Annex E).

X X X X X X

O (0] (@) YY)
X x X X X X

X X X X X X

o o o

X X X X X X

X X X X X X

o o o

X X X X X X

Guide:

width of
h picture
ame or a

toded field) is an integer multiple of 16 and the height of each chroma array for these pictunes/s an integer mulffiple of 8.

mes that
ed video
multiple
)d can be

erring to
ter set is

oure 6-1.

X _=Lacation of luma sample

O = Location of chroma sample

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

A frame consists of two fields as described below. A coded picture may represent a coded frame or an individual coded

field. A coded video sequence conforming to this Recommendation | International Standard may contain

arbitrary

combinations of coded frames and coded fields. The decoding process is also specified in a manner that allows smaller
regions of a coded frame to be coded either as a frame or field region, by use of macroblock-adaptive frame-field coding.

© ISO/IEC 2004 — All rights reserved
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Source and decoded fields are one of two types: top field or bottom field. When two fields are output at the same time, or
are combined to be used as a reference frame (see below), the two fields (which shall be of opposite parity) are
interleaved. The first (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. The first (i.e., top) row is numbered as row number 0; the second
row is numbered as row number 1; the third row is numbered as row number 2, etc. A top field consists of only the top
field rows of a frame, and a bottom field consists of only the bottom field rows of a frame. When the top field or bottom
field of a decoded frame is used as a reference field (see below) only the even-numbered rows (for a top field) or the odd-
numbered rows (for a bottom field) of the decoded frame are used.

The nominal vertical and horizontal relative locations of luma and chroma samples in top and bottom fields are shown in
Figure 612. The nominal vertical sampling relative locations of the chroma samples in a top field are specified as shifted
up by orfe-quarter luma sample height relative to the field-sampling grid. The vertical sampling locations of the chiroms
samples |in a bottom field are specified as shifted down by one-quarter luma sample height relative to the field-sampling
grid. Altgrnative chroma sample relative locations may be indicated in the video usability information (see Anfiex E).

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

O X
O X
O X

O O O
XX X X X X
X X X X X X
O O O
X X X X X X
) ° , .
: Top field % : Bottom field %
Gide: Guide:
X = Location of luma sample X = Location of luma sample
O =Location of chroma sample O =Location of chroma sample

Figure 6-2 — Nominal vertieal and horizontal sampling locations of samples top and bottom fields.

6.3 Spatial subdivision of pictures and slices

This subflause speeifies how a picture is partitioned into slices and macroblocks. Pictures are divided into slices. A slics
is a seqyence of macroblocks, or, when macroblock-adaptive frame/field decoding is in use, a sequence of macrobloc}
pairs.

E h 1l Je s 2 d £ 16161 d 4+ Qs:Q alo 1 AV.VA N 1] ] d 41
ach MmaerooroeK—is COTNPTITISCO 0T ONC TOAT O TUTHA alIG— tw U~ OAT CTH O SAaTpTIC—artay Ss Wl atTooToUK-adaptrve

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 6-3.
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Figure 6-3 — A picture with 11 by 9 macroblocks that is partitioned into two slices

When macroblock-adaptive frame/field decoding is in use, the picture is partitioned into'slices containing ah integer
humber of macroblock pairs as shown in Figure 6-4. Each macroblock pair consists of two macroblocks.

A

A macroblock pair

Figure 6-4 — Partitioning of the decoded frame into macroblock pairs.

b.4 Inverse'scanning processes and derivation processes for neighbours

[his subclaus¢ specifies inverse scanning processes; i.e., the mapping of indices to locations, and derivation prodesses for
heighbours.

b.4.1. ' Inverse macroblock scanning process

nput to this process s 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 O,

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

y = InverseRasterScan( mbAddr, 16, 16, PicWidthInSamples, 1) (6-2)
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- Otherwise (MbaffFrameFlag is equal to 1), the following applies.

xO = InverseRasterScan( mbAddr / 2, 16, 32, PicWidthInSamples, 0 ) (6-3)
yO = InverseRasterScan( mbAddr / 2, 16, 32, PicWidthInSamples;, 1) (6-4)
Depending on the current macroblock the following applies.
- Ifthe current macroblock is a frame macroblock
x =x0 (6339
y=yO + (mbAddr%2)* 16 (6-6)
- Otherwise (the current macroblock is a field macroblock),
x =x0 (6-7)
y=yO + ( mbAddr % 2) (6-8)
6.4.2 [Inverse macroblock partition and sub-macroblock partition scanning process
Macroblpcks or sub-macroblocks may be partitioned, and the partitions are scanhied* for inter prediction as shown i
Figure 615. The outer rectangles refer to the samples in a macroblock or sub-maeroblock, respectively. The rectangle
refer to the partitions. The number in each rectangle specifies the index of~the inverse macroblock partition scan of
inverse sub-macroblock partition scan.
The fundtions MbPartWidth( ), MbPartHeight( ), SubMbPartWidth( );.and SubMbPartHeight( ) describing the width ang
height of macroblock partitions and sub-macroblock partitions are gpecified in Table 7-10, Table 7-11, Table 7-14, and
Table 7-]5. MbPartWidth( ) and MbPartHeight( ) are set to apptopriate values for each macroblock, depending on thq
macroblgck type. SubMbPartWidth( ) and SubMbPartHeight( ).are set to appropriate values for each sub-macroblock of §
macroblgck with mb_type equal to P_8x8, P_8x8ref0, or B 8%8, depending on the sub-macroblock type.
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
parfitions
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
associated chroma samples associated chroma samples |associated chroma samples |associated chroma samples
Sub-macroblock 0 0 1
Hartitions 0 0 1
1 2 3

Figure 6-5 — Macroblock partitions, sub-macroblock partitions, macroblock partition scans, and sub-macroblock
partition scans.

6.4.2.1

Inverse macroblock partition scanning process

Input to this process is the index of a macroblock partition mbPartIdx.

18
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Output of this process is the location (X, y) of the upper-left luma sample for the macroblock partition mbPartldx

relative to the upper-left sample of the macroblock.

The inverse macroblock partition scanning process is specified by

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 Inverse sub-macroblock partition scanning process

(6-9)

(6-10)

nputs to this process are the index of a macroblock partition mbPartldx and the index of a sub-macroblock
subMbPartldx.

Dutput of this process is the location (x,y) of the upper-left luma sample for the sub-macroblock
subMbPartldx relative to the upper-left sample of the sub-macroblock.

[he inverse sub-macroblock partition scanning process is specified as follows.

If mb_type is equal to P_8x8, P_8x8ref0, or B_8x8,

x = InverseRasterScan( subMbPartldx, SubMbPartWidth( sub_mb_type[ mbPattldx ] ),
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)

b.4.3  Inverse 4x4 luma block scanning process
nput to this process is the index of a 4x4 luma 'block luma4x4BlkIdx.

Dutput of this process is the location.(X,y) of the upper-left luma sample for the 4x4 luma block w
uma4x4BIkldx relative to the upper-lefyyluma sample of the macroblock.

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

8119 112113

1011114 |15

Figure 6-6 — Scan for 4x4 luma blocks.

partition

partition

(6-11)

(6-12)

(6-13)

(6-14)

th index

The inverse 4x4 luma block scanning process is specified by

x = InverseRasterScan( luma4x4BIklIdx / 4, 8, 8, 16, 0 ) + InverseRasterScan( luma4x4BIkldx % 4, 4, 4, 8, 0)
y = InverseRasterScan( luma4x4Blkldx / 4, 8, 8, 16, 1 ) + InverseRasterScan( luma4x4Blkldx % 4, 4,4, 8, 1)

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

Output of this process is the availability of the macroblock mbAddr.

© ISO/IEC 2004 — All rights reserved
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NOTE — The meaning of availability is determined when this process is invoked.

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 current slice

6.4.5 Derivation process for neighbouring macroblock addresses and their availability

This pro¢ess can only be invoked when MbaffFrameFlag is equal to 0.

The outpputs of this process are

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

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

- mbAddrC: the address and availability status of the macroblock above-right of the current macroblock.
- mbAddrD: the address and availability status of the macroblock above-left of the current/maetroblock.

Figure 67 shows the relative spatial locations of the macroblocks with mbAddrA, mbAddiB, mbAddrC, and mbAddrD
relative tp the current macroblock with CurrMbAddr.

mbAddrD | mbAddrB mbAddrC

mbAddrA | CurrMbAddr

Figure 6-7 — Neighbouring macroblocks for a given macroblock

Input to|the process in subclause 6.4.4 is mbAddrA = CurrMbAddr— 1 and the output is whether the macroblock
mbAddrA is available. In addition, mbAddrA is marked as not available when CurrMbAddr % PicWidthInMbs is equal
to 0.

Input to[the process in subclause 6.4.4 is mbAddrB = CurrMbAddr — PicWidthInMbs and the output is whether thg
macrobl¢ck mbAddrB isyavailable.

Input to the processtiti subclause 6.4.4 is mbAddrC = CurrMbAddr — PicWidthInMbs + 1 and the output is whether thg
macroblgck mbAddrC is available. In addition, mbAddrC is marked as not available whe
( CurrMbAddr'¥1 ) % PicWidthInMbs is equal to 0.

Input to the_process in subclause 6.4.4 is mbAddrD = CurrMbAddr — PicWidthInMbs - 1 and the output is whether thq
macroblock mbAddrD is available. In addition, mbAddrD is marked as not available when
CurrMbAddr % PicWidthInMbs is equal to 0.

6.4.6  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 6-8 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

op or the bottom macroblock of a macroblock pair.

mbAddrD mbAddrB mbAddrC

CurrMbAddr

Figure 6-8 — Neighbouring macroblocks for a given'macroblock in MBAFF frames

nput to the process in subclause 6.4.4 is mbAddrA =2 * (CurrMbAddr/2—1) and the output is whq
macroblock mbAddrA is available. In addition, “mbAddrA is marked as not availablg
CurrMbAddr / 2 ) % PicWidthInMbs is equal to 0.

nput to the process in subclause 6.4.4 is mbAddrB =2\* ( CurrMbAddr / 2 — PicWidthInMbs ) and the output is
he macroblock mbAddrB is available.

nput to the process in subclause 6.4.4 is mbAddrC =2 * ( CurrMbAddr / 2 — PicWidthInMbs + 1) and the
whether the macroblock mbAddrC is. available. In addition, mbAddrC is marked as not availab
CurrMbAddr / 2 + 1) % PicWidthInMbs Gs equal to 0.

nput to the process in subclause 6.44 is mbAddrD =2 * ( CurrMbAddr / 2 — PicWidthInMbs - 1 ) and the
whether the macroblock mbAddrD is available. In addition, mbAddrD is marked as not availab
CurrMbAddr / 2 ) % PicWidthInMbs is equal to 0.

h.4.7  Derivation processes for neighbouring macroblocks, blocks, and partitions
Subclause 6.4.7.1 speeifies the derivation process for neighbouring macroblocks.
Subclause 6.4.7-2\specifies the derivation process for neighbouring 8x8 luma blocks.
Subclause 6.4(7.3 specifies the derivation process for neighbouring 4x4 luma blocks.
Subclause 6.4.7.4 specifies the derivation process for neighbouring 4x4 chroma blocks.

Subclause 6.4.7.5 specifies the derivation process for neighbouring partitions.

ther the
when

whether

putput is
e when

butput is
e when

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, luma4x4BIlkIdxN, and chroma4x4BIlkIdxN for the output.

These input and output assignments are used in subclauses 6.4.7.1 to 6.4.7.5. The variable predPartWidth is
when Table 6-2 is referred to.

Table 6-2 — Specification of input and output assignments for subclauses 6.4.7.1 to 6.4.7.5

N xD yD

A -1 0

© ISO/IEC 2004 — All rights reserved
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0 -1
predPartWidth -1
-1 -1

Figure 6-9 illustrates the relative location of the neighbouring macroblocks, blocks, or partitions A, B, C, and D to the
current macroblock, partition, or block, when the current macroblock, partition, or block is in frame coding mode.

6.4.7.1
Outputs
- mbA
- mbA
mbAddr]
- The

- The
(xN

6.4.7.2
Input to
The lum:

Outputs

- mbA
avai

D B C
A Current
Macroblock
or Partition
or Block

Figure 6-9 — Determination of the neighbouring macroblock, blocks, and partitions (informative)

Derivation process for neighbouring macroblocks
bf this process are
LddrA: the address of the macroblock to the left of the'current macroblock and its availability status and
L ddrB: the address of the macroblock above the cutrent macroblock and its availability status.
N (with N being A or B) is derived as follows.
difference of luma location ( xD, yD )is'set according to Table 6-2.

derivation process for neighbouring locations as specified in subclause 6.4.8 is invoked for luma locations with
, YN ) equal to ( xD, yD ), and.the output is assigned to mbAddrN.

Derivation process for neighbouring 8x8 luma block

his process is an 8x8,Jutha block index luma8x8BlkIdx.
18x8BlkIdx specifiesthe 8x8 luma blocks of a macroblock in a raster scan.
bt this processyare

LddrA: eithet equal to CurrMbAddr or the address of the macroblock to the left of the current macroblock and it
ability/Status,

- lum

18X 8B1kIdxA: the index of the 8x8 luma block to the left of the 8x8 block with index luma8x8BlkIdx and it

availability status,

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

- luma8x8BIlkIdxB: the index of the 8x8 luma block above the 8x8 block with index luma8x8Blkldx and its
availability status.

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

- The
- The

22

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

luma location ( xN, yN ) is specified by
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xN = (luma8x8Blkldx % 2 ) * 8 + xD (6-17)
yN = (luma8x8Blkldx /2 ) * 8 + yD (6-18)

- The derivation process for neighbouring locations as specified in subclause 6.4.8 is invoked for luma locations with
( xN, yN ) as the input and the output is assigned to mbAddrN and ( xW, yW ).
- The variable luma8x8BIlkIdxN is derived as follows.

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

- Otherwise (mbAddrN is available), the 8x8 luma block in the macroblock mbAddrN covering, the luma
location ( xW, yW ) shall be assigned to luma8x8BIlkIdxN.

b.4.7.3 Derivation process for neighbouring 4x4 luma blocks
nput to this process is a 4x4 luma block index luma4x4BIkIdx.
Dutputs of this process are

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

lumad4x4BlkIdxA: the index of the 4x4 luma block to the left of the 4x4 block with index luma4x4BlkIdx and its
availability status,

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

luma4x4BlkIdxB: the index of the 4x4 luma block aboye<the 4x4 block with index luma4x4Blkld§ and its
availability status.

MbAddrN and luma4x4BIkIdxN (with N being A or B) are dérived as follows.
The difference of luma location ( xD, yD ) is set according to Table 6-2.

The inverse 4x4 luma block scanning process\as specified in subclause 6.4.3 is invoked with luma4x4BIkIfdx as the
input and ( X, y ) as the output.

The luma location ( XN, yN ) is specified by
xN =x+ xD (6-19)
yN=y+yD (6-20)

The derivation procéss) for neighbouring locations as specified in subclause 6.4.8 is invoked for luma locatjons with
( xN, yN ) as the.nput and the output is assigned to mbAddrN and ( xW, yW ).
The variable(urma4x4BIkIdxN is derived as follows.

- IftmbAddrN is not available, luma4x4BIlkIdxN is marked as not available.

- «—Otherwise (mbAddrN is available), the 4x4 luma block in the macroblock mbAddrN covering the luma
location ( xW, yW ) shall be assigned to luma4x4BlkIdxN.

b.4:7.4 _ Derivation process for neighbouring 4x4 chroma blocks

Input to this is a current 4x4 chroma block 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,

- chroma4x4BIlkldxA: the index of the 4x4 chroma block to the left of the chroma 4x4 block with index
chroma4x4Blkldx and its availability status,

- mbAddrB: either equal to CurrMbAddr or the address of the macroblock above the current macroblock and its
availability status,
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- chroma4x4BIlkIdxB: the index of the 4x4 chroma block above the chroma 4x4 block index chroma4x4BlkIdx and its
availability status.

The derivation process for neighbouring 8x8 luma block is invoked with luma8x8Blkldx = chroma4x4BIlkIdx as the input

and with mbAddrA, chroma4x4BIkIdxA = luma8x8BIkIdxA, mbAddrB, and chroma4x4BlkldxB = luma8x8BlkIdxB as

the output.

6.4.7.5 Derivation process for neighbouring partitions

Inputs to this process are

- amgcroblock partition index mbPartldx

- acufrent sub-macroblock type currSubMbType

- asub-macroblock partition index subMbPartldx

Outputs pf this process are

- mbAddrA\mbPartldxA\subMbPartldxA: specifying the macroblock or sub-macroblock partitien/to the left of thq
currgnt macroblock and its availability status, or the sub-macroblock partitiof
CurfMbAddr\mbPartldx\subMbPartldx and its availability status,

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

- mbAddrC\mbPartldxC\subMbPartldxC: specifying the macroblock or sub-thacroblock partition to the right-above of
the | current  macroblock and its  availability  status, < ot the  sub-macroblock  partition
CurfMbAddr\mbPartldx\subMbPartldx and its availability status,

- mbAddrD\mbPartldxD\subMbPartldxD: specifying the macrobloek or sub-macroblock partition to the left-above of
the | current macroblock and its  availability _(status, or the  sub-macroblock  partition
CurfMbAddr\mbPartldx\subMbPartldx and its availability status.

mbAddr]

- The
the i

- The

— If mb_type is equal to P_8x8, P_8x8ref0 or B_8x8, the inverse sub-macroblock partition scanning process a

q

- The

— Ifmb type is equalie’P_Skip, B Skip, or B Direct 16x16, predPartWidth = 16.

N, mbPartldxN, and subMbPartldx (with N being ACB; C, or D) are derived as follows.

inverse macroblock partition scanning process~as described in subclause 6.4.2.1 is invoked with mbPartldx a
nput and ( X, y ) as the output.

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

escribed in subclause 6.4.2.2 js-inivoked with subMbPartldx as the input and ( xS, yS ) as the output.
therwise, ( XS, yS ) are set'to/( 0, 0).
variable predPartWidth-in"Table 6-2 is specified as follows.

Dtherwise, ifanb. type is equal to B_8x8, the following applies.

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

NOTE — When currSubMbType is equal to B_Direct 8x8 and direct_spatial mv_pred flag is equal to 1, the predicted
motion vector is the predicted motion vector for the complete macroblock.

— Otherwise, predPartWidth = SubMbPartWidth( sub_mb_type| mbPartldx | ).

— Otherwise, if mb_type is equal to P_8x8 or P_8x8ref0,
predPartWidth = SubMbPartWidth( sub_mb_type[ mbPartldx ] ).

— Otherwise, predPartWidth = MbPartWidth( mb_type ).

- 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 (6-21)
yN=y+yS+yD (6-22)
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- The derivation process for neighbouring locations as specified in subclause 6.4.8 is invoked for luma locations 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,

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.

h.4.8  Derivation process for neighbouring locations

nput to this process is a luma or chroma location ( xN, yN ) expressed relative to/the“upper left corner of thg current
macroblock

Dutputs of this process are

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

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

et maxWH be a variable specifying a maximum value of’the location components xN, yN xW, and yW. mpaxWH is
Herived as follows.

If this process is invoked for neighbouring luma‘locations,
maxWH = 16 (6-23)
Otherwise (this process is invoked foreighbouring chroma locations),
maxWH = 8 (6-24)

Depending on the variable MbaffFrameFlag, the neighbouring luma locations are derived as follows.

If MbaffFrameFlag is equal to 0, the specification for neighbouring luma locations in fields and non-MBAHF frames
as described in subclause 6.4.8.1 is applied.

Otherwise (MbatfFrameFlag is equal to 1), the specification for neighbouring luma locations in MBAFF frames as
described in Subclause 6.4.8.2 is applied.

b.4.8.1 -Specification for neighbouring luma locations in fields and non-MBAFF frames

[he speeifications in this subclause are applied when MbaffFrameFlag is equal to 0.

[hederivation process for neighbouring macroblock addresses and their availability in subclause 6.4.5 is invgked with
mbAddrA, mbAddrb, mbAddrC, and mbAddrD as well as their availability status as the output.

Table 6-3 specifies mbAddrN depending on ( XN, yN ).
Table 6-3 — Specification of mbAddrN

xN yN mbAddrN
<0 <0 mbAddrD
<0 0. maxWH-1 | mbAddrA
0. maxWH-1 | <0 mbAddrB

© ISO/IEC 2004 — All rights reserved 25


https://standardsiso.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

ISO/IEC 14496-10:2004(E)

0. maxWH -1 0. maxWH -1 CurrMbAddr

>maxWH - 1 <0 mbAddrC

>maxWH - 1 0. maxWH -1 | notavailable

>maxWH -1 not available

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

6.4.8.2
The speg

The deri
mbAddr]

Table 6-
1. Spe

2. Dep

Unspecified values (na),of the above flags in Table 6-4 indicate that the value of the corresponding flag is not relevant for

the curre

vation process for neighbouring macroblock addresses and their availability in subclausé\674.6 is invoked with
A\, mbAddrB, mbAddrC, and mbAddrD as well as their availability status as the outputt

XW = (XN + maxWH ) % maxWH (6-25)
yW = (yN + maxWH ) % maxWH (6-26)

Specification for neighbouring luma locations in MBAFF frames

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

L specifies the macroblock addresses mbAddrN and yM in two ordered steps:

ification 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 equal to 1,

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

The variable mblsTopMbFlag is derived as follows.

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

- Otherwise (the macroblock with address CurtMbAddr is a bottom macroblock, CurrMbAddr % 2 is equaj
to 1), mblsTopMbFlag is set equal to 0.

ending on the availability of mbAddrX, thefellowing applies.
If mbAddrX is not available, mbAddsN is'marked as not available.

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

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

nt table rows.
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Table 6-4 - Specification of mbAddrN and yM

o0
2 o = E
el g E
Ele = 3
== i & = z
= = = = =} =
S ERRE £ g
Z Z = _% :CD _<‘o S :g >
= = | 3|E £ = £ £ %
1 |mbAddrD mbAddrD +1  |yN
1 mbAddrA yN
Lo [mbAddra g MbAddrA +1_|oyN + maxWH ) 3> 1
<0 <0 1 mbAddrD + I V[2*yN
N mbAddrD yN
0 |mbAddrD mbAddtDA+ 1 |yN
1 mbAddrA yN
1 |mbAddrA 0 yN%2==0 mbAddrA yN >> 1
yN %2 1=0 mbAddrA + 1 |[yN>> 1
1 1 mbAddrA + 1 |[yN
0 |mbAddrA yN %2 == mbAddrA (yN+ maxWH ) 3> 1
0. 0 [yN%21=0 mbAddrA + 1 |[(yN+maxWH) }> 1
<0 maxWH - 1 yN <(maxWH/2) |mbAddrA yN <<1
1 1 |mbAddrA yN>=¢maxWH /2 ) |mbAddrA+1 |(yN<<1)-maxWH
0 mbAddrA yN
0 yN <(maxWH/2) |mbAddrA (YN<<1)+1
0 [mbAddrA |1 |yN >= ( maxw /2 ) [bAddrA +1 fng\;zl )+ 1=
0 mbAddrA+1 |yN
1 |mbAddrB mbAddrB+1 [yN
0. ' o [currMbAddr CurrMbAddr - 1 [yN
- l< mbAddrB+1 |2 *yN
IlnaxVVH 0 ) )" |mbAddrB AddD N
0 |mbAddrB mbAddrB+1 |yN
0. 0.. CurrMbAddr  |yN
maxWH - |maxWH - CurrMbAddr
1 1
1 |mbAddrC mbAddrC+1 [yN
' [0 |not available not available na
>maxWH | _ 1 mbAddrC +1 [2*yN
2 0 . I |mbAddrC (2 ddC N
0 ImhAddrC mbhAddrC + 1 yN
0.. not available na
_>1maxWH maxWH - not available
1
> maxWH . not available na
1 not available

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

xW = (xN + maxWH ) % maxWH

yW = (yM + maxWH ) % maxWH
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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 data element is read (extracted) from the bitstream and the bitstream pointer.

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(®)

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,
specifies evaluation of a statement (or compound statement) repeatedly until the
condition is no longer true */

while( condition )

statement

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

do

statement

while( condition )

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

if('condition )

primm’v statement

else

alternative statement

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

for( initial statement; condition; subsequent statement )

primary statement
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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.

byte aligned( ) is specified as follows.

- If the current position in the bitstream is on a byte boundary, i.e., the next bit in the bitstream is the first bit in a
byte, the return value of byte aligned( ) is equal to TRUE.

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

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

- If more data follow in the byte stream, the return value of more data in_byte stream( ) is eqtial to TRUE.
- Otherwise, the return value of more data_in_byte stream( ) is equal to FALSE.
more_rbsp_data( ) is specified as follows.

- If there is more data in an RBSP before rbsp_trailing_bits( ), the return value-of more rbsp data( ) is| equal to
TRUE.

- Otherwise, the return value of more rbsp data( ) is equal to FALSE.

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

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

hext bits( n ) provides the next bits in the bitstream for ‘comparison purposes, without advancing the bitstrean} pointer.
Provides a look at the next n bits in the bitstream-with n being its argument. When used within the byte dtream as
bpecified in Annex B, next_bits( n ) returns a valug,of 0 if fewer than n bits remain within the byte stream.

fead_bits( n ) reads the next n bits from the bitstream and advances the bitstream pointer by n bit positions. When n is
pqual to 0, read_bits( n ) is specified to retutiia value equal to 0 and to not advance the bitstream pointer.

Categories (labelled in the table as C).specify the partitioning of slice data into at most three slice data partitiops. Slice
ata partition A contains all syntax-elements of category 2. Slice data partition B contains all syntax elements of
category 3. Slice data partition-CContains all syntax elements of category 4. The meaning of other category valjies is not
bpecified. For some syntax/elements, two category values, separated by a vertical bar, are used. In these dases, the
Category value to be applied.is further specified in the text. For syntax structures used within other syntax structures, the
tategories of all syntaX-elements found within the included syntax structure are listed, separated by a verticql bar. A
byntax element or syntax structure with category marked as "All" is present within all syntax structures that indlude that
fyntax element of Syntax structure. For syntax structures used within other syntax structures, a numeric categ¢ry value
pbrovided in a Syfitax table at the location of the inclusion of a syntax structure containing a syntax element with|category
marked as*All" is considered to apply to the syntax elements with category "All".

[he following descriptors specify the parsing process of each syntax element. For some syntax elements, two defcriptors,
sepdrated by a vertical bar, are used. In these cases, the left descriptors apply when entropy coding mode_flag is equal
o0 and the right descriptor applies when entropy coding mode flag is equal to 1.

- ae(v): context-adaptive arithmetic entropy-coded syntax element. The parsing process for this descriptor is
specified in subclause 9.3.

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

- 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 ).
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7.3

7.3.1

30

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.

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.i
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_ rhannef
dependent on the value of other syntax elements. The parsing process for this descriptor is spetified by thg
return value of the function read_bits( n ) interpreted as a binary representation of an unsigned integer with mos
significant bit written first.

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

Syntax in tabular form

NAL unit syntax
nal_unit( NumBytesInNALunit ) { C | Descriptor
forbidden_zero_bit All | f(1)
nal_ref idc All | u(2)
nal_unit_type All | u(5)

NumBytesInRBSP = 0

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

if( 1+ 2 < NumBytesInNALunit && next” bits( 24 ) == 0x000003 ) {

rbsp_byte[ NumBytesInRBSP+4 ] All | b(8)

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

i+=2

emulation_prevention’ three_byte /* equal to 0x03 */ All | f(8)
} else

rbsp_byte[ NdmBytesInRBSP++ | All | b(8)
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7.3.2  Raw byte sequence payloads and RBSP trailing bits syntax

7.3.2.1 Sequence parameter set RBSP syntax

seq_parameter_set_rbsp( ) { C | Descriptor

profile_idc 0 | u®
constraint_set()_flag 0 | ul)
constraint_setl flag 0 | u(l)
constraint_set2 flag 0 | u(l)
reserved_zero_Sbits /* equal to 0 */ 0 | u®)
level idc 0 | u®
seq_parameter_set_id 0 | ue(v)
log2 max_frame num_minus4 0N\ ue(v)
pic_order_cnt_type 0 | ue(v)
if( pic_order _cnt _type == 0)

log2_max_pic_order_cnt_Isb_minus4 0 | ue(v)
else if( pic_order cnt type == 1) {

delta_pic_order_always zero_flag 0 | u(l)

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 camt_eycle; i++)

offset_for ref frame|i|] 0 | se(v)

H
num_ref frames 0 | ue(v)
gaps_in_frame_num_value_allowed_flag 0 |ul)
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_onlyflag )

mb_adaptive frame_field_flag 0 | ul)
direct_8x8 (inference flag 0 | ul)
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(v)
H
vui_parameters_present_flag 0 | u(l)
if( vui_parameters_present flag)

vui_parameters( ) 0
rbsp_trailing_bits( ) 0

H
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7.3.2.2 Picture parameter set RBSP syntax

32

pic_parameter_set rbsp( ) { C | Descriptor
pic_parameter_set_id 1 | ue(v)
seq_parameter_set_id 1 | ue(v)
entropy_coding_mode_flag I | u(l)
pic_order_present_flag 1| uwl)
—mumstice—groups—minust ety
if( num_slice_groups_minusl >0) {
slice_group_map_type 1 | ue(v)
if( slice_group _map type == 0)
for( iGroup = 0; iGroup <= num_slice_groups_minusl; iGroup++)
run_length minus1|[ iGroup | 1 | ue(w)
else if( slice_group map type == 2)
for( iGroup = 0; iGroup < num_slice_groups_minus1; iGroup++) {
top_left[ iGroup ] 1 | ue(v)
bottom_right[ iGroup | 1 | ue(v)
H
else if( slice_group map type == 3 ||
slice_group _map type == 4 ||
slice group map type == 5) {
slice_group_change_direction_flag 1 | u(l)
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
H
num_ref idx 10_active _minus1 1 | ue(v)
num_ref idx_I1_active minusl 1 | ue(v)
weighted_pred_flag 1| uwl)
weighted_bipred\idc 1 | u®2)
pic_init_qp_‘minus26 /* relative to 26 */ 1 | se(v)
pic_init s> minus26 /* relative to 26 */ 1 | se(v)
chroma/qp_index_offset 1 | se(v)
deblocking_filter_control_present_flag I | u(l)
constrained_intra_pred_flag 1| uwl)
redundant_pic_cnt_present_flag I | u(l)
rbsp_trailing_bits( ) 1
H
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sei_rbsp() { C | Descriptor
do
sei_message( ) 5
while( more rbsp_data( ) )
rbsp_trailing_bits( ) 5
f
[.3.2.3.1 Supplemental enhancement information message syntax
sei_message( ) { €~ | Descriptor
payloadType =0
while( next_bits( 8 ) == OxFF) {
ff_byte /* equal to OxFF */ 5 f(8)
payloadType += 255
H
last_payload_type byte 5 | u®)
payloadType += last_payload type byte
payloadSize =0
while( next bits(8) == O0xFF ) {
ff_byte /* equal to OxFF */ 5 | f(8)
payloadSize += 255
H
last_payload_size byte 5 u(8)
payloadSize += last_payload (Size byte
sei_payload( payloadType, payloadSize ) 5
H
7.3.2.4  Access unit delimiter RBSP syntax
access) unit_delimiter_rbsp( ) { C | Descriptor
primary_pic_type 6 | u@3)
tbsp_trailing_bits( ) 6
H
7.3.2.5 End of sequence RBSP syntax
end of seq rbsp() { C | Descriptor

}
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7.3.2.6

End of stream RBSP syntax

end of stream rbsp() {

C | Descriptor

}

7.3.2.7

Filler data RBSP syntax

filler_data rbsp( NumBytesInRBSP ) {

C | Descriptor

while( next bits( 8 ) == OxFF)

ff_byte /* equal to OxFF */

f(8)

rbsp_trailing_bits( )

7.3.2.8

Slice layer without partitioning RBSP syntax

slice_layer without partitioning rbsp( ) {

C Descriptor

slice_header( )

slice_data( ) /* all categories of slice_data( ) syntax */

21314

rbsp_slice_trailing_bits( )

7.3.2.9

7.3.2.9.1

Slice data partition RBSP syntax

Slice data partition A RBSP syntax

slice_data_partition a layer rbsp( )X

Descriptor

slice_header( )

slice_id

ue(v)

slice_data( ) /* onlyeategory 2 parts of slice_data( ) syntax */

rbsp_slice_trailingbits( )

NN A

7.3.2.9.2

Slice datapartition B RBSP syntax

slice data partition b layer rbsp() {

C | Descriptor

slice_id

3 | ue(v)

if( redundant_pic_cnt present flag)

redundant_pic_cnt

ue(v)

slice_data( ) /* only category 3 parts of slice_data( ) syntax */

tbsp_slice_trailing_bits( )

34
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7.3.2.9.3 Slice data partition C RBSP syntax

slice_data_partition c layer rbsp() { C | Descriptor
slice_id 4 | ue(v)
if( redundant_pic_cnt present flag)

redundant_pic_cnt 4 | ue(v)

slice_data() /* only category 4 parts of slice_data( ) syntax */ 4
rbsp slice trailing bits() 4

i

7.3.2.10

RBSP slice trailing bits syntax

tbsp_slice_trailing bits( ) {

C- | Descriptor

rbsp_trailing_bits( ) All
if( entropy_coding _mode flag)
while( more rbsp_trailing_data( ) )
cabac_zero_word /* equal to 0x0000 */ All | f(16)
H
7.3.2.11 RBSP trailing bits syntax
rbsp_trailing_bits( ) { C | Descriptor
rbsp_stop_one_bit /* equal to 1 */ All | f(1)
while( !byte aligned( ) )
rbsp_alignment_zero_bit /* equalo’ 0 */ All | f(1)
H
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 | uv)
iffframe _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 | ue(v)
if( pic_order cnt type == 0) {
pic_order_cnt_Isb 2 | uv)
if( pic_order present flag && !field pic flag)
delta_pic_order_cnt_bottom 2 | se(v)
}
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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)

}
if( redundant_pic_cnt present flag )

redundant_pic_cnt 2 | ue(v)
lf\ DlibC_typU - B )

direct_spatial mv_pred_flag 2 | u(l)

if( slice type ==P || slice_type == SP ||slice type==B) {

num_ref idx_active_override_flag 2 | u(l)

if( num_ref idx active override flag) {

num_ref idx_10_active_minusl 2 | uelw)

if( slice type == B)

num_ref idx_I1_active_minusl 27| ue(v)

}
ref 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 = && slice type != SI)
cabac_init_idc 2 | ue(v)
slice_qp_delta 2 | se(v)

if( slice type == SP || slice type ==~SI) {
if( slice type == SP)

sp_for_switch_flag 2 | u(l)
slice_qs_delta 2 | se(v)
}
if( deblocking_filter ‘control present flag) {
disable_deblocking_filter_idc 2 | ue(v)
if( disable “deblocking_filter ide != 1) {
slicealpha_c0_offset_div2 2 | se(v)
slice_beta_offset_div2 2 | se(v)
)
3

if( num_slice groups minusl >0 &&
slice_group map type >=3 && slice group map type <=5)
slice_group_change_cycle 2 | uv)
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ref pic_list reordering() { C | Descriptor
if( slice type != 1 && slice type != SI) {
ref pic_list reordering_flag 10 2 u(l)
if( ref pic_list reordering flag 10)
do {
reordering—of—pic—nmums—idc 2—uetvy
if( reordering of pic nums idc == 0 ||
reordering of pic nums idc == 1)
abs_diff pic_num_minusl 2 | ue)
else if( reordering_of pic nums idc == 2)
long_term_pic_num 207 ue(v)
} while( reordering_of pic nums idc != 3)
}
if( slice type == B) {
ref pic_list_reordering_flag 11 2 u(l)
if( ref pic_list reordering flag 11)
do {
reordering_of pic_nums_idc 2 | ue(v)
if( reordering of pic nums idc == 0 ||
reordering of pic nums idc == 1)
abs_diff pic_num_minusl 2 | ue(v)
else if( reordering of pic nums idch== 2)
long_term_pic_num 2 | ue(v)
} while( reordering_of pic nums idc != 3)
}
}
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7.3.3.2

38

Prediction weight table syntax

pred weight table() { C | Descriptor
luma_log2 weight_denom 2 | ue(v)
chroma_log2 weight_denom 2 | ue(v)
for(i=0;1i<=num ref idx 10 active minusl; i++) {
luma_weight 10_flag 2 | u(l)
tftoma—werght16—ftag
luma_weight 10[ 1] se(v)
luma_offset _10[ i ] se(v)
H
chroma_weight 10 flag 2 [ u(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
H
if( slice type == B)
for(i=0;1i<=num ref idx 11 _active minusl; i++) {
luma_weight 11 _flag 2 u(l)
if( luma_weight 11 flag) {
luma_weight 111 ] se(v)
luma_offset 11]1] se(v)
H
chroma_weight 11 _flag 2 [ u(l)
if( chroma_weight 11 _flag)
for(j=0;j<2;j++) {
chroma_weight 11\ [[j ] se(v)
chroma_offset\11[i][]] se(v)
H
H
H
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dec_ref pic_marking() { C | Descriptor
if( nal_unit_type == 5) {
no_output_of _prior_pics_flag 215 | u(l)
long_term_reference flag 215 | u(l)
} else {
adaptive ref—pic—marking—mode—fiag 2H-5—uth
if( adaptive ref pic_marking mode flag)
do {
memory_management_control_operation 2|5 | ne)
if( memory management control_operation == 1 ||
memory_management _control operation == 3)
difference_of pic_nums_minusl 2|5 | ue(v)
if(memory management control operation == 2 )
long_term_pic_num 215 | ue(v)
if( memory management control operation == 3 ||
memory management control operation == 6)
long_term_frame idx 215 | ue(v)
if( memory management control_operation = =-&)
max_long_term_frame idx_plusl 215 | ue(v)
} while( memory _management_control operation != 0)
}
}

© ISO/IEC 2004 — All rights reserved

39


https://standardsiso.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

ISO/IEC 14496-10:2004(E)

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 + MbaffFrameFlag )

moreBatattag—1
prevMbSkipped = 0
do {
if( slice type !'= 1 && slice type != SI)
if( lentropy_coding_mode flag) {

mb_skip_run 2 ue(V)
prevMbSkipped = (mb_skip run>0)
for( 1=0; i<mb_skip run; i++)
CurrMbAddr = NextMbAddress( CurrMbAddr )
moreDataFlag = more_rbsp_data( )
} else {
mb_skip_flag 2 ae(v)

moreDataFlag = Imb_skip flag

}
if( moreDataFlag ) {

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

i
if( lentropy_coding mode_flagy)

moreDataFlag = more_rbsp .data( )

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

else\f

énd_of slice flag 2 ae(v)

moreDataFlag = lend of slice flag

H
CurrMbAddr = NextMbAddress( CurrMbAddr )

}+ while( moreDataFlag )
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7.3.5 Macroblock layer syntax

macroblock layer() { C | Descriptor
mb_type 2 ue(v) | ae(v)
if(mb_type==1 PCM) {
while( !byte aligned() )

pem_alignment_zero_bit 2 f(1)
fUl( i G, i "56 % ClllUlllarUllllatrdbtUl, i : : )
pem_byte[ 1] 2 u(8)
} else {

if( MbPartPredMode( mb_type, 0) != Intra 4x4 &&
MbPartPredMode( mb_type, 0) != Intra 16x16 &&
NumMbPart( mb type) == 4)

sub_mb_pred( mb_type ) 2
else
mb_pred( mb_type ) 2
if( MbPartPredMode( mb_type, 0) != Intra 16x16)
coded_block pattern 2 me(Vv) | ae(v)

if( CodedBlockPatternLuma > 0 | | CodedBlockPatternChroma > 0 | |
MbPartPredMode( mb_type, 0 ) == Intra 16x16 )~{
mb_qp_delta 2 se(v) | ae(v)

residual( ) 314
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7.3.5.1

42

Macroblock prediction syntax

mb_pred( mb_type ) {

C | Descriptor

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

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

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

prev_intrad4x4 pred_mode_flag[ luma4x4BlkIdx |

2 | u(l)|ae(v)

if( !prev_intra4x4 pred mode flag| luma4x4BIkIdx ] )

rem_intra4x4_pred_mode| luma4x4BlkIdx |

2 | u@@)|ae(v)

}

intra_chroma_pred_mode

2 | ue(v) | ae(v)

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

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

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

ref_idx_10[ mbPartIdx |

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 L0V

ref_idx_11[ mbPartldx |

2 | te(v) | ae(v)

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

if( MbPartPredMode ( mb_type, mbPartldx ) '=\Pred L1)

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

mvd_10[ mbPartldx ][ 0 ][ compldx]

2 | se(v)|ae(v)

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

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

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

mvd_11[ mbPartIdx[ 0 ][ compldx ]

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

sub mb pred( mb type) {

Descriptor

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

sub_mb_type[ mbPartldx |

ue(v) | ae(v)

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

if( (num_ref idx 10 active minusl > 0 || mb_field decoding flag) &&
mb_type != P_8x8ref0 &&
sub_mb_type[ mbPartldx ] = B Direct 8x8 &&

SubMbPredMode( sub_mb_type[ mbPartldx ]) != Pred L1)

ref_idx_10[ mbPartldx |

te(v) | ae(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 |

te(v) | ae(v)

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

if( sub_mb_type[ mbPartldx ] != B_Direct 8x8 &&
SubMbPredMode( sub_ mb type[ mbPartldx ] ) != Pred L1)

for( subMbPartldx = 0;
subMbPartldx < NumSubMbPart( sub_mb_type[ mbPastldx ] );
subMbPartldx++)

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

mvd_10[ mbPartldx ][ subMbPartldx ][ compldx |

se(v) | ae(v)

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

if( sub_mb_type[ mbPartldx ] != B_Direct 8x8 ‘&&
SubMbPredMode( sub_mb_type[ mbPartldx }') != Pred LO)

for( subMbPartldx = 0;
subMbPartldx < NumSubMbPart( sub_mb_type[ mbPartldx ] );
subMbPartldx++)

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

mvd_11[ mbPartldx ][ subMbPartldx ][ compldx ]

se(v) | ae(v)
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7.3.5.3 Residual data syntax

residual( ) { C Descriptor

if( lentropy_coding_mode flag)

residual_block = residual block cavlc

else

residual_block = residual block cabac

Tt vbPartPredModetmb—type; O ——Tmtra—16xt6)
residual_block( Intral6x16DCLevel, 16 ) 3
for( 18x8 = 0; i8x8 < 4; i8x8++) /* each luma 8x8 block */
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) 34
}else {
if( MbPartPredMode( mb_type, 0 ) == Intra 16x16)
for(1=0;1<15;i++)
Intral6x16ACLevel[ i8x8 *4 +i4x4 ][1]=0

else
for(i=0;1<16;i++)
LumaLevel[ i8x8 *4 +i4x4 J[1]=0

H
for(iCbCr = 0; iCbCr < 2; iCbCr++)
if( CodedBlockPatternChroma & 3 ) /%'chroma DC residual present */
residual_block( ChromaDCLevel{;iCbCr ], 4 ) 314
else
for(i=0;1<4;itt)
ChromaDCLevel[(iGbCr J[1]=0
for(iCbCr = 0; iCbCr <27 iCbCr++)
for( 14x4 = 0; i4x4-< 4; i4x4++)

if( CodedBlockPatternChroma & 2 )
/* chiroma AC residual present */
residual block( ChromaACLevel[ iCbCr ][ i4x4 ], 15) 3|4

élse
for(1=0;1<15;i++)
ChromaACLevel[ iCbCr ][ 14x4 ][1]=0
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7.3.5.3.1 Residual block CAVLC syntax

residual_block cavlc( coeffLevel, maxNumCoeff') { C | Descriptor
for( 1= 0; 1 < maxNumCoeff; i++)
coeffLevel[i]=0
coeff_token 314 | ce(v)
if( TotalCoeff( coeff token)>0) {

H TotalCoeffl coeff token) 10— & & TraihnaOnes{coefftoken)<3)
H—+-O+tat HH- SH—toKEeH—) T oo ETIResSt-coeH—toKehH—

suffixLength =1

else
suffixLength =0

for(i=0; i < TotalCoeff( coeff token ); i++)
if( 1 < 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 = ( level prefix << suffixLength )

if( suffixLength >0 || level prefix >=14) {
level suffix 314 | u(v)
levelCode += level suffix

}
if( level prefix == 15 && suffixbéngth == 0)

levelCode += 15

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

if( levelCode % 2 _=<0)
level[ 1] = (levelCode +2)>>1
else

level[i\}= (—levelCode — 1 ) >> 1
if( suffixLength == 0)
suffixLength = 1

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

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

total_zeros 314 | ce(v)

zerosLeft = total _zeros

} else

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

run[ i ] = run_before

} else
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run[i]=0

zerosLeft = zerosLeft — run[ 1 ]

}

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

coeffNum = -1

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

coeffNum +=run[i]+1

coeffl evell coeffNum- 1 =levell 11
L J L J
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7.3.5.3.2 Residual block CABAC syntax

residual_block cabac( coeffLevel, maxNumCoeff) { C | Descriptor
coded_block flag 314 | ae(v)
if( coded block flag) {

numCoeff = maxNumCoeff

i=0

do

significant_coeff flag| i | 314 | ae(v)

if( significant coeff flag[i]) {

last_significant_coeff flag[i] 314 | ae(v)
if( last_significant coeff flag[i]) {
numCoeff=1+1
for( j = numCoeff; j < maxNumCoeff; j++)
coeffLevel[j]=0

H
H
i++
} 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 <A g4+ 1) *
(1-2 * coeff sign flag[ numCoeff - ])

for( 1 =numCoeff-2;1>=0;i--) {

if( significant_coeff flag[i]) {

coeff abs_level minusIfi] 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
coeffLével[i]=0

}

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

74 Semantics

7.4.1 NAL unit semantics

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

NumBytesInNALunit specifies the size of the NAL unit in bytes. This value is required for decoding of the NAL unit.
Some form of demarcation of 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
outside of this Recommendation | International Standard.

© ISO/IEC 2004 — All rights reserved 47


https://standardsiso.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

ISO/IEC 14496-10:2004(E)

forbidde

n_zero_bit shall be equal to 0.

nal_ref_idc not equal to 0 specifies that the content of the NAL unit contains a sequence parameter set or a picture
parameter set or a slice of a reference picture or a slice data partition of a reference picture.

nal ref idc equal to 0 for a NAL unit containing a slice or slice data partition indicates that the slice or slice data

partition

is part of a non-reference picture.

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

data partition NAL units of the picture.

nal_ref {dc shall not be equal to 0 for IDR NAL units, i.e., NAL units with nal_unit_type equal to 5.
nal_ref {dc shall be equal to 0 for all NAL units having nal unit_type equal to 6, 9, 10, 11, or 12.
nal_unif| type specifies the type of RBSP data structure contained in the NAL unit as specified in Table 7-1.\VCL NAI]|

units are

non-VCIL NAL units.

The column marked "C" in Table 7-1 lists the categories of the syntax elements that may be presentin the NAL unit. I

addition,
RBSP ds
the syntd

one syntpx element is present in the RBSP data structure having a syntax element catégory value equal to the value of
nal_unit|type and not categorized as "All".

specified as those NAL units having nal unit_type equal to 1 to 5, inclusive. All remaining N AL inits are called

syntax elements with syntax category "All" may be present, as determined by the syntax and semantics of thq
ta structure. The presence or absence of any syntax elements of a particular listed\Category is determined fron}
x and semantics of the associated RBSP data structure. nal unit_type shall not(be)equal to 3 or 4 unless at leas

Table 7-1 — NAL unit type code$

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 witheut partitioning rbsp()

2 Coded slice data partition A 2
slice datal 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

48

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 ?
filler data rbsp()
13..23 Reserved
24.31 Unspecified
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NAL units that use nal unit type equal to 0 or in the range of 24..31, inclusive, shall not affect the decoding process
specified in this Recommendation | International Standard.

NOTE — 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.

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
M IDR picture INAL Uit

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
hal unit_type shall be 5 in all other VCL NAL units of the same coded picture. Such a picture is refefred’to ap an IDR
bicture.

NOTE - Slice data partitioning cannot be used for IDR pictures.

'bsp_byte| i] is the i-th byte of an RBSP. An RBSP is specified as an ordered sequence of bytesas follows.

he RBSP contains an SODB as follows.
If the 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)-¢ight bits of the SODB; the next byte of
the RBSP shall contain the next eight bits of the SODB, etc., untit\fewer than eight bits of the SODB r¢main.

2) rbsp_trailing_bits( ) are present after the SODB as follows:

i)  The first (most significant, left-most) bits of the final RBSP byte contains the remaining bits of the SODB,
(if any)
ii) The next bit consists of a single rbsp_stop_one_bit equal to 1, and

iil) When the rbsp stop one bit is not\’the last bit of a byte-aligned byte, one ¢r more
rbsp_alignment zero bit is present to résult in byte alignment.

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

Byntax structures having these RBSP prop€ities are denoted in the syntax tables using an "_rbsp" suffix. These §tructures
thall be carried within NAL units as(the*content of the rbsp_byte[ i ] data bytes. The association of the RBYP syntax
structures to the NAL units shall be as specified in Table 7-1.

NOTE - When the boundaries,ofithe RBSP are known, the decoder can extract the SODB from the RBSP by concatenatipg the bits
of the bytes of the RBSP and\discarding the rbsp_stop one bit, which is the last (least significant, right-most) bit equaj to 1, and
discarding any following (less significant, farther to the right) bits that follow it, which are equal to 0. The data necessgry for the
decoding process is containéd in the SODB part of the RBSP.

emulation_prevention_three_byte is a byte equal to 0x03. When an emulation_prevention_three byte is pres¢nt in the
NAL unit, it shall be"discarded by the decoding process.

[he last byte'of-the NAL unit shall not be equal to 0x00.

Within thesNAL unit, the following three-byte sequences shall not occur at any byte-aligned position:
- #0x000000
-~ (0x000001
- 0x000002

Within the NAL unit, any four-byte sequence that starts with 0x000003 other than the following sequences shall not
occur at any byte-aligned position:

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

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
rbsr_ctnp_nnr—-_hit er‘ring atthe end of the RBSP _and

—  to gnable a NAL unit to have a size larger than that of the SODB under some circumstances (using one or mofs
cabjic_zero word).

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

The RBYP 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 byfe 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 onlytogccur when the RBSP ends in
cabac_zdqro_word), a final byte equal to 0x03 is appended to the end of the data.

The resulting sequence of bytes is then prefixed with the first byte of the NAIf\unit containing the indication of the typq
of RBSP|data structure it contains. This results in the construction of the entire NAL unit.

This progess can allow any SODB to be represented in a NAL unit while ensuring that
—  no byte-aligned start code prefix is emulated within the NAL unit, and

— no Jequence of 8 zero-valued bits followed by a start code "prefix, regardless of byte-alignment, is emulated withif
the NAL unit.

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

This subflause specifies constraints on the order of NAL units in the bitstream. Any order of NAL units in the bitstreanj
obeying these constraints is referred to in the text.as the decoding order of NAL units. Within a NAL unit, the syntax i1
subclausps 7.3, D.1, and E.1 specifies the_decoding order of syntax elements. Decoders conforming to thi
Recommjendation | International Standard shall be capable of receiving NAL units and their syntax elements in decoding
order.

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

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

A picturg parameter set‘RBSP includes parameters that can be referred to by the coded slice NAL units or coded slicg
data parfition A NAL units of one or more coded pictures. Each picture parameter set RBSP is initially considered no
active atfthe start;of the operation of the decoding process. At most one picture parameter set RBSP is considered activs
at any givennoment during the operation of the decoding process, and the activation of any particular picture parametef
set RBS|F fesults in the deactivation of the previously-active picture parameter set RBSP (if any).

When a picture parameter set RBSP (with a particular value of pic_parameter_set id) is not active and it is referred to by
a coded 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
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considered not active at the start of the operation of the decoding process. At most one sequence parameter set RBSP is
considered active at any given moment during the operation of the decoding process, and the activation of any particular
sequence parameter set RBSP results in the deactivation of the previously-active sequence parameter set RBSP (if any).

When a sequence parameter set RBSP (with a particular value of seq parameter set id) is not already active and it is
referred to by activation of a picture parameter set RBSP (using that value of seq_parameter_set _id) or is referred to by
an SEI NAL unit containing a buffering period SEI message (using that value of seq parameter_set id), it is activated.
This sequence parameter set RBSP is called the active sequence parameter set RBSP until it is deactivated by the
activation of another sequence parameter set RBSP. A sequence parameter set RBSP, with that particular value of
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 geriod 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 garameter
set RBSP shall have the same content as that of the active sequence parameter set RBSP unless’it Tollows the Iqgst access
hnit of a coded video sequence and precedes the first VCL NAL unit and the first SEI NAL ‘unit containing a puffering
period SEI message (when present) of another coded video sequence.
NOTE — If picture parameter set RBSP or sequence parameter set RBSP are conveyed’ ithin the bitstream, these donstraints
impose an order constraint on the NAL units that contain the picture parameter set\RBSP or sequence parameter et RBSP,
respectively. Otherwise (picture parameter set RBSP or sequence parameter set RBSP ate conveyed by other means nof specified
in this Recommendation | International Standard), they must be available to the_decoding process in a timely fashion|such that
these constraints are obeyed.

All constraints that are expressed on the relationship between the values of the syntax elements (and the yalues of
variables derived from those syntax elements) in sequence paramefer)sets and picture parameter sets and oth¢r syntax
tlements are expressions of constraints that apply only to the active sequence parameter set and the activp picture
parameter set. If any sequence parameter set RBSP is present ‘that is not activated in the bitstream, its syntax |elements
thall have values that would conform to the specified constraints if it were activated by reference in an ofherwise-
conforming bitstream. If any picture parameter set RBSR s present that is not ever activated in the bitstream, fts syntax
elements shall have values that would conform to the“specified constraints if it were activated by refererjce in an
btherwise-conforming bitstream.

During operation of the decoding process (see elause 8), the values of parameters of the active picture parametdr set and
he active sequence parameter set shall be considered in effect. For interpretation of SEI messages, the values of the
parameters of the picture parameter set.and sequence parameter set that are active for the operation of the ecoding
brocess for the VCL NAL units of th€ primary coded picture in the same access unit shall be considered in effdct unless
btherwise specified in the SEI message semantics.

7.4.1.2.2 Order of access units and association to coded video sequences
A bitstream conforming to-this Recommendation | International Standard consists of one or more coded video sefjuences.

A coded video sequénee consists of one or more access units. The order of NAL units and coded pictures pnd their
hssociation to access-units is described in subclause 7.4.1.2.3.

[he first accesstunit of each coded video sequence is an IDR access unit. All subsequent access units in the coded video
bequence aréynon-IDR access units.

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

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

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

When an end of stream NAL unit is present in an access unit, this access unit shall be the last access unit in the bitstream
and the end of stream NAL unit shall be the last NAL unit in that access unit.
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7.4.1.2.3 Order of NAL units and coded pictures and association to access units

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 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.

- access unit delimiter NAL unit (when present)

- seqyence parameter set NAL unit (when present)

- pictfire parameter set NAL unit (when present)

- SEIINAL unit (when present)

- NAL units with nal unit_type in the range of 13 to 18, inclusive
- firstfVCL NAL unit of a primary coded picture (always present)

The conptraints for the detection of the first VCL NAL unit of a primary coded picture are specified in subclausq
7.4.1.2.4

The follgwing constraints shall be obeyed by the order of the coded pictures and non-VCL'\NAL units within an acces
unit.

- Whdn an access unit delimiter NAL unit is present, it shall be the first NAL wnit. There shall be at most one acces
unit|delimiter NAL unit in any access unit.

- Whgn any SEI NAL units are present, they shall precede the primary_coded picture.

- Whin an SEI NAL unit containing a buffering period SEI message'is present, the buffering period SEI message shal
be tle first SEI message payload of the first SEI NAL unit in thé’access unit

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

- Whgn redundant coded pictures are present, theywshall be ordered in ascending order of the value of
redundant_pic_cnt.

- Whgn an end of sequence NAL unit is present;-it shall follow the primary coded picture and all redundant codeq
pictyires (if any).

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

- NAL units having nal unit type equal to 0, 12, or in the range of 19 to 31, inclusive, shall not precede the first VCL
NAIL unit of the primary coded picture.

NOTE — Sequence parameterset NAL units or picture parameter set NAL units may be present in an access unit, but cannot follow
the last VCL NAL unitof)the primary coded picture within the access unit, as this condition would specify the start of a ney
acces$ unit.

NOTE — When a/NAL unit having nal_unit_type equal to 7 or 8§ is present in an access unit, it may or may not be referred to in th
coded pictures.ofithie access unit in which it is present, and may be referred to in coded pictures of subsequent access units.

The strugturé of access units not containing any NAL units with nal_unit_type equal to 0, 7, 8, or in the range of 12 to 31
inclusivd, is’shown in Figure 7-1.
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Fligure 7-1 — The structure of an access unit not containing any NAL units with nal_unit_type equal to 0, 7
the range of 12 to 31, inclusive

[.4.1.2.4 Detection of the first VCL NAL unit of a primary coded picture

NAL unit of each primary coded,picture.

Any coded slice NAL unit o/coded slice data partition A NAL unit of the primary coded picture of the curre]
hnit shall be different from any coded slice NAL unit or coded slice data partition A NAL unit of the prima
bicture 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 |
appears in ‘the syntax of the slice header, regardless of whether that value is inferred to have been equal
subsequent use in the decoding process due to the presence of memory management control operation equ;

NOTE : A consequence of the above statement is that a primary coded picture having frame num equal tq

contain a memory management_control_operation equal to 5 unless some other condition listed below is fy
the next primary coded picture that follows after it (if any).

L 8, or in

[his subclause specifies constraints on VCL NAL unit syntax that are sufficient to enable the detection of the first VCL

nt access
ry coded

hum that
to 0 for
il to 5.

1 cannot
Ifilled for

- pic_parameter_set id differs in value.
- field pic_flag differs in value.
- bottom field flag is present in both and differs in value.

- nal ref idc differs in value with one of the nal ref idc values being equal to 0.

- pic_order cnt type is equal 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 wvalue, or

delta_pic_order cnt[ 1 ] differs in value.
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- nal unit_type differs in value with one of the nal unit_type values being equal to 5.

- nal unit type is equal to 5 for both and idr_pic_id differs in value.

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

7.4.1.2.5 Order of VCL NAL units and association to coded pictures

Each VJQU NATL unit 1s part of a coded picture.
The orddr of the VCL NAL units within a coded IDR picture is constrained as follows.

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

- Othgrwise (arbitrary slice order is not allowed), the order of coded slice of an IDR picture NAL wunits shall be in th{
orddr of increasing macroblock address for the first macroblock of each coded slice of an IDR pictire NAL unit.

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

- Ifarpitrary slice order is allowed as specified in Annex A, coded slice of a non-IDR picturé NAL units or coded slicq
data]partition A NAL units may have any order relative to each other. A coded slice data partition A NAL unit with 4
partfcular value of slice id shall precede any present coded slice data partition B.NAL unit with the same value of
slicd id. A coded slice data partition A NAL unit with a particular value of slice: id shall precede any present coded
slicq data partition C NAL unit with the same value of slice_id. When a coded slice data partition B NAL unit with 3
particular value of slice id is present, it shall precede any present coded slice data partition C NAL unit with thg
samg value of slice id.

- Oth¢rwise (arbitrary slice order is not allowed), the order of coded’slice of a non-IDR picture NAL units or codeq
slicd data partition A NAL units shall be in the order of increasing macroblock address for the first macroblock of
eacl] coded slice of a non-IDR picture NAL unit or coded-slice data partition A NAL unit. A coded slice dat
partftion A NAL unit with a particular value of slice Advshall immediately precede any present coded slice dat:
partftion B NAL unit with the same value of slice id. A coded slice data partition A NAL unit with a particular valug
of slice id shall immediately precede any present coded slice data partition C NAL unit with the same value of
slicd id, when a coded slice data partition B NAL unit with the same value of slice id is not present. When a coded
slicd data partition B NAL unit with a particular value of slice _id is present, it shall immediately precede any presen|
coddd slice data partition C NAL unit with the same value of slice _id.

NAL unijts having nal unit_type equal te.12 may be present in the access unit but shall not precede the first VCL NAI]
unit of the primary coded picture withifi the access unit.

NAL units having nal unit type equal to 0 or in the range of 24 to 31, inclusive, which are unspecified, may be presen
in the ac¢ess unit but shall not ptecede the first VCL NAL unit of the primary coded picture within the access unit.

NAL unijts having nal unit.type in the range of 19 to 23, inclusive, which are reserved, shall not precede the first VCI|
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 bytéséquence 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.

constraint_set0_flag equal to 1 indicates that the bitstream obeys all constraints specified in subclause A.2.1.
constraint_set0 flag equal to O 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 O 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 O indicates that the bitstream may or may not obey all constraints specified in subclause
A2.3.
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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 of all of the indicated subclauses of subclause A.2.

reserved_zero_Sbits shall be equal to 0 in bitstreams conforming to this Recommendation | International Standard.
Other values of reserved zero Sbits may be specified in the future by ITU-T | ISO/IEC. Decoders shall ignore the value
of reserved zero 5bits.

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

NOTE — When feasible, encoders should use distinct values of seq_parameter_set_id when the values of other sequence parameter

value of

seq_parameter_set_id.

og2 max_frame num_minus4 specifies the value of the variable MaxFrameNum that is used in frame) nuin related
Herivations as follows:

MaxFrameNum = 2( log2 _max_frame_num_minus4 + 4 ) (7_ 1 )

[he value of log2 max_frame num minus4 shall be in the range of 0 to 12, inclusive.

pbic_order_cnt_type specifies the method to decode picture order count (as specified(inysubclause 8.2.1). The| value of
bic_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

- 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-feference
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 anofher non-
reference picture that does not form a complementary non-reference field pair with the first of the two access
units

0g2_max_pic_order_cnt_Isb_minus4 specifies \the value of the variable MaxPicOrderCntLsb that is usdd in the
ecoding process for picture order count as speeified in subclause 8.2.1 as follows:

MaxPicOrderCntLsb = 2( log2_max_pic_order_cnt_Isb_minus4 +4) (7_2)

[he value of log2 max_pic order_cnt Isb_minus4 shall be in the range of 0 to 12, inclusive.

lelta_pic_order_always_zerg—flag equal to 1 specifies that delta pic order cnt[ 0] and delta pic order cnft[ 1 ] are
hot present in the slice headers of the sequence and shall be inferred to be equal to 0. delta_pic_order always fero flag
pqual  to 0 specifies that delta pic_order cnt[ 0] is present in the slice headers of the sequepce and
elta_pic_order_cnt[ 1C}4ay be present in the slice headers of the sequence.

hffset for_non_ref -pic is used to calculate the picture order count of a non-reference picture as specified in 8..1. The
Ualue of offset¢(for”non_ref pic shall be in the range of -2*' to 2°! - 1, inclusive.

pffset _for{top to_bottom_field is used to calculate the picture order count of the bottom field in a frame as spgcified in
R.2.1. Thewalue of offset_for top to_bottom_field shall be in the range of -2*' to 2*' - 1, inclusive.

hwin ‘ref frames_in_pic_order_cnt_cycle is used in the decoding process for picture order count as specified in
kubelanse 8 2 1 The value of num ref mePQ_inJﬁi(‘_m‘dPr cnt cvele shall be in the range of 0 to 255 inclusive.

offset_for_ref frame|[i] is an element of a list of num_ref frames in pic order cnt cycle values used in the decoding
process for picture order count as specified in subclause 8.2.1. The value of offset for ref frame[ i] shall be in the
range of -2°' to 2°' - 1, inclusive.

num_ref frames specifies the maximum number of short-term and long-term reference frames, complementary
reference field pairs, and non-paired reference fields that may be used by the decoding process for inter prediction of any
picture in the sequence. num_ref frames also determines the size of the sliding window operation as specified in
subclause 8.2.5.3. The value of num_ref frames shall be in the range of 0 to MaxDpbSize (as specified in subclause
A.3.1), inclusive.
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gaps_in_frame_num_value_allowed_flag specifies the allowed values of frame num as specified in subclause 7.4.3
and the decoding process in case of an inferred gap between values of frame num as specified in subclause 8.2.5.2.

pic_width_in_mbs_minusl plus 1 specifies the width of each decoded picture in units of macroblocks.

The variable for the picture width in units of macroblocks is derived as follows
PicWidthInMbs = pic_width_in_mbs_minusl + 1 (7-3)

The variable for picture width for the luma component is derived as follows

)

cWidthInSamples; = PicWidthInMbs * 16 (74)

The varigble for picture width for the chroma components is derived as follows

)

cWidthInSamplesc = PicWidthInMbs * 8 (7-5)

pic_height in_map_units_minusl1 plus 1 specifies the height in slice group map units of a decodedfraie or field.

The varigbles PicHeightInMapUnits and PicSizeInMapUnits are derived as follows

o

cHeightInMapUnits = pic_height in map_units_minus] + 1 (7-6)

o

cSizeInMapUnits = PicWidthInMbs * PicHeightiInMapUnits 7-7)

frame_mhbs_only_flag equal to 0 specifies that coded pictures of the coded video sequence may either be coded fields of
coded frgmes. frame _mbs_only flag equal to 1 specifies that every coded pictute of the coded video sequence is a codeq
frame coptaining only frame macroblocks.

The allowed range of wvalues for pic_width in mbs minusl, pic_height in map units minusl, ang
frame nibs _only flag is specified by constraints in Annex A.

Depending on frame_mbs_only_flag, semantics are assigned to-pic_height in_map_units minusl as follows.

- If fipme mbs only flag is equal to 0, pic_height inJmap units minusl plus 1 is the height of a field in units of
macfoblocks.

- Othgrwise (frame_mbs_only flag is equal to_I),"pic_height in map units_minusl plus 1 is the height of a frame i
unit§ of macroblocks.

The varigble FrameHeightInMbs is derived as follows

1

ameHeightInMbs = ( 2 — frame“mbs_only flag ) * PicHeightiInMapUnits (7-8)

mb_adaptive frame_field_flag-¢qual to O specifies no switching between frame and field macroblocks within a picture
mb_adafftive frame field flag equal to 1 specifies the possible use of switching between frame and field macroblock
within frames. When mb <adaptive frame field flag is not present, it shall be inferred to be equal to 0.

direct_8x8 inference flag specifies the method used in the derivation process for luma motion vectors for B_Skip
B _Direcf 16x16 <and B_Direct 8x8 as specified in subclause 8.4.1.2. When frame mbs only flag is equal to 0
direct 8%8 inference flag shall be equal to 1.

frame_cfopping_flag equal to 1 specifies that the frame cropping offset parameters follow next in the sequencs
parameterset—frame_croppimg_ftagequatto-O-specifies that theframe croppimg offset parameters-are ot present:

frame_crop_left_offset, frame_crop_right_offset, frame_crop_top_offset, frame_crop_bottom_offset specify the
samples of a frame within a rectangle as follows.

— If frame mbs_only flag is equal to 1, the cropping rectangle contains luma samples with horizontal coordinates
from 2 * frame crop left offset to PicWidthInSamples; - (2 * frame crop right offset+1) and vertical
coordinates from 2 * frame crop_top_offset to ( FrameHeightInMbs * 16 ) - (2 * frame crop_bottom_offset + 1),
inclusive. In this case, the value of frame crop left offset shall be in the range of 0 to 8 * PicWidthInMbs -
( frame crop_right offset+ 1), inclusive; and the value of frame crop top offset shall be in the range of 0
to 8 * FrameHeightInMbs - ( frame crop_bottom_offset + 1), inclusive.

—  Otherwise (frame _mbs_only flag is equal to 0), the cropping rectangle contains luma samples with horizontal
coordinates from 2 * frame crop left offset to PicWidthInSamples; - (2 * frame crop right offset+ 1) and
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vertical coordinates from 4 * frame crop top_offset to ( FrameHeightInMbs * 16 ) -
(4 * frame _crop_bottom_offset + 1), inclusive. In this case the value of frame crop left offset shall be in the

range of 0 to8 * PicWidthInMbs - ( frame crop right offset+ 1), inclusive; and the va

lue of

frame crop top offset shall be in the range of 0 to 4 * FrameHeightInMbs - ( frame crop bottom offset + 1),

inclusive.

When frame cropping_flag is equal to 0, the following values shall be inferred: frame crop left offset =0,
frame crop right offset =0, frame crop top offset =0, and frame crop bottom_offset = 0.

The specified samples of the two chroma arrays are the samples having frame coordinates (x /2,y /2 ), where ( x, y ) are

1 £ 1. + £l LA I | 1
1T 1 alllC COUTUIIIACS Ul UIT DPULILICU Tuira bcuuplca.

For decoded fields, the specified samples of the decoded field are the samples that fall within the rectangle-spéci
frame coordinates.

vui_parameters_present_flag equal to 1 specifies that the vui_parameters( ) syntax structure spéeified in Ag
present next in the bitstream. vui_parameters_present_flag equal to 0 specifies that the vui_pararheters( ) syntax
specified in Annex E is not present next in the bitstream.

7.4.2.2 Picture parameter set RBSP semantics
bic_parameter set id shall be in the range of 0 to 255, inclusive.
fange of 0 to 31, inclusive.

lescriptors appear in the syntax tables as follows.

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

Otherwise (entropy_coding_mode flag is equal to.l)y'the method specified by the right descriptor in the sy
is applied (CABAC, see subclause 9.3).

pic_order_present_flag equal to 1 specifies that the picture order count related syntax elements are present in|
neaders as specified in subclause 7.3.3. pic_order present flag equal to 0 specifies that the picture order cout
byntax elements are not present in the slice headers.

pqual to 0, all slices of the picture, belong to the same slice group. The allowed range of num_slice groups_ i
specified in Annex A.

jlice_group_map_type speeifies how the mapping of slice group map units to slice groups is coded. The
tlice_group map_type-shall be in the range of 0 to 6, inclusive.

slice_group map _type equal to 0 specifies interleaved slice groups.
slice_group miap—~type equal to 1 specifies a dispersed slice group mapping.
slice_group_map_type equal to 2 specifies one or more “foreground” slice groups and a “leftover” slice group.

slice, group map_type values equal to 3, 4, and 5 specify changing slice groups. When num_slice_groups_min
pqual to 1, slice_group_map_type shall not be equal to 3, 4, or 5.

ied in

nex E is
structure

pic_parameter_set_id identifies the picture parameter set that is referred to.4n,the slice header. The [value of
beq_parameter_set_id refers to the active sequence parameter set. The yalue“of seq parameter set id shall pe in the
entropy_coding_mode_flag selects the entropy decoding method tobe applied for the syntax elements for which two

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

tax table

the slice
it related

hum_slice_groups_minusl plus 1 specifies the number of slice groups for a picture. When num_slice groups_mninusl is

hinusl is

value of

1s1 is not

slice_group_map_type equal to 6 specifies an explicit assignment of a slice group to each slice group map unit.

Slice group map units are specified as follows.

— If frame _mbs _only flag is equal to 0 and mb_adaptive frame field flag is equal to 1 and the coded picture is a

frame, the slice group map units are macroblock pair units.

—  Otherwise, if frame _mbs_only flag is equal to 1 or a coded picture is a field, the slice group map units are units of

macroblocks.

—  Otherwise (frame mbs only flag is equal to 0 and mb_adaptive frame field flag is equal to 0 and the coded
picture is a frame), the slice group map units are units of two macroblocks that are vertically contiguous as in a

frame macroblock pair of an MBAFF frame.
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run_length_minus1] i] is used to specify the number of consecutive slice group map units to be assigned to the i-th slice
group in raster scan order of slice group map units. The value of run_length minusl1[ i ] shall be in the range of 0 to
PicSizeInMapUnits - 1, inclusive.

top_left[ i | and bottom_right[ i | specify the top-left and bottom-right corners of a rectangle, respectively. top left[ i ]
and bottom_right[ i ] are slice group map unit positions in a raster scan of the picture for the slice group map units. For
each rectangle i, all of the following constraints shall be obeyed by the values of the syntax elements top left[ i ] and
bottom_right[ i ]

- top leftf[i] shall be less than or equal to bottom right[i] and bottom right[i] shall be less than

P' (@ T4 h o SV
1CYTZTTITIVIap OIS,

- (tog_left[ i ] % PicWidthInMbs ) shall be less than or equal to the value of ( bottom_right[ i ] % PicWidthInMbs.).

slice_group_change_direction_flag is used with slice group map type to specify the refined map type” when
slice_grdqup_map _type is 3, 4, or 5.

slice_grgup_change_rate_minusl is used to specify the variable SliceGroupChangeRate. SliceGroupChangeRats
specifies|the multiple in number of slice group map units by which the size of a slice group can change*from one picturs
to the neft. The value of slice_group change rate minusl shall be in the range of 0 to PicSizeInMapUnits — 1, inclusive]
The SlicgGroupChangeRate variable is specified as follows:

2]

iceGroupChangeRate = slice_group change rate minusl + 1 (7-9)

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_minus] 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 thq
slice_grdqup_id[ i | syntax element is Ceil( Log2( num_slice groups minush+ 1) ) bits. The value of slice_group id[ i
shall be 1n the range of 0 to num_slice_groups_minusl, inclusive.

num_ref idx_l0_active_minusl1 specifies the maximum reference.iidex for reference picture list O that shall be used t
decode ech slice of the picture in which list 0 is used when num ‘ref idx_active override flag is equal to O for the slice
When MpaftFrameFlag is equal to 1, num_ref idx 10 actiye-minusl is the maximum index value for the decoding of
frame mhcroblocks and 2 * num ref idx 10 active minusM+ | is the maximum index value for the decoding of field
macroblgcks. The value of num_ref idx 10 active mingGsl shall be in the range of 0 to 31, inclusive.

num_ref idx 11 _active_minusl has the same semartics as num_ref idx 10 active_minusl with 10 and list 0 replaceq
by 11 and list 1, respectively.

weighted_pred_flag equal to O specifies that weighted prediction shall not be applied to P and SP slices
weighted pred flag equal to 1 specifiesthat weighted prediction shall be applied to P and SP slices.

weighted_bipred_idc equal to 0 ‘specifies that the default weighted prediction shall be applied to B slices
weighted bipred idc equal te'l specifies that explicit weighted prediction shall be applied to B slices
weighted bipred idc equal to\2-specifies that implicit weighted prediction shall be applied to B slices. The value of
weighted bipred_idc shall-be-in the range of 0 to 2, inclusive.

pic_init [qp_minus26.specifies the initial value minus 26 of SliceQPy for each slice. The initial value is modified at thg
slice laypr when & non-zero value of slice qp delta is decoded, and is modified further when a non-zero value of
mb_qp_delta is deeoded at the macroblock layer. The value of pic_init qp _minus26 shall be in the range of -26 to +25
inclusivd.

pic_init [qs“minus26 specifies the initial value minus 26 of SliceQSy for all macroblocks in SP or ST slices. The initi
value is modified at the slice layer when a non-zero value of slice gs_delta is decoded. The value of pic_init qs minus26
shall be in the range of -26 to +25, inclusive.

chroma_qp_index_offset specifies the offset that shall be added to QPy and QSy for addressing the table of QP values.
The value of chroma_qp_index _offset shall be in the range of -12 to +12, inclusive.

deblocking_filter_control_present_flag equal to 1 specifies that a set of syntax elements controlling the characteristics
of the deblocking filter is present in the slice header. deblocking_filter control present flag equal to 0 specifies that the
set of syntax elements controlling the characteristics of the deblocking filter is not present in the slice headers and their
inferred values are in effect.

constrained_intra_pred_flag equal to 0 specifies that intra prediction allows usage of residual data and decoded
samples of neighbouring macroblocks coded using Inter macroblock prediction modes for the prediction of macroblocks
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coded using Intra macroblock prediction modes. constrained intra pred flag equal to 1 specifies constrained intra
prediction, in which case prediction of macroblocks coded using Intra macroblock prediction modes only uses residual
data and decoded samples from I or SI macroblock types.

redundant_pic_cnt_present_flag equal to 0 specifies that the redundant pic_cnt syntax element is not present in slice
headers, data partitions B, and data partitions C that refer (either directly or by association with a corresponding data
partition A) to the picture parameter set. redundant pic cnt present flag equal to 1 specifies that the redundant pic cnt
syntax element is present in all slice headers, data partitions B, and data partitions C that refer (either directly or by
association with a corresponding data partition A) to the picture parameter set.

4.2.5 dupplemental enhancement information Kb>F semantics

Supplemental Enhancement Information (SEI) contains information that is not necessary to decode the samples[of coded
pictures from VCL NAL units.

7.4.2.3.1 Supplemental enhancement information message semantics

An SEI NAL unit contains one or more SEI messages. Each SEI message consists of the varjables specifying| the type
bayloadType and size payloadSize of the SEI payload. SEI payloads are specified in Annex;D. The derived SE] payload
fize payloadSize is specified in bytes and shall be equal to the number of bytes in the SEI payload.

ff byte is a byte equal to OxFF identifying a need for a longer representation of the syntax structure that it is used within.
ast_payload_type_byte is the last byte of the payload type of an SEI message:

ast_payload_size_byte is the last byte of the size of an SEI message.

7.4.2.4 Access unit delimiter RBSP semantics

[he access unit delimiter may be used to indicate the type of slices present in a primary coded picture and to sinfplify the
etection of the boundary between access units. There is no nenmative decoding process associated with the adcess unit
Helimiter.

primary_pic_type indicates that the slice type valuesifor all slices of the primary coded picture are members ¢f the set
isted in Table 7-2 for the given value of primary_pie; type.

Table 742)- Meaning of primary_pic_type

primary_pic_type | slice_type values that may be present in the primary coded picture

0 I

I P

LLP,B

SI

SI, SP

I, SI

I, SI, P, SP

I, SL, P, SP, B

N || DN B[N | —

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.

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.
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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 i

7.4.2.8

s a byte equal to OxFF.

Slice layer without partitioning RBSP semantics

The slice layer without partitioning RBSP consists of a slice header and slice data.

7.4.2.9

7.4.2.9.1

When slji
contains

Category
syntax el

slice_id

coded pi
coded pi
each sub

The rang
- IfM
—  Oth

7.4.2.9.2

When sl
Slice dat]

Category
within th

slice_id

redundant_pic_cnt shall be equal to 0 for slices and slice data partitions belonging to the primary coded picture. Thg

redundar
When re
be in the

The pres|

- Ifth
the
redu

- Othg
of ¢

Slice data partition Kb>F semantics

Slice data partition A RBSP semantics

ce data partitioning is in use, the coded data for a single slice is divided into three separate partitions.(Partition A
all syntax elements of category 2.

2 syntax elements include all syntax elements in the slice header and slice data syntax structures other than th
ements in the residual( ) syntax structure.

fdentifies the slice associated with the data partition. Each slice shall have a uniqué slice id value within thg
bture that contains the slice. When arbitrary slice order is not allowed as specified inAnnex A, the first slice of :
cture, in decoding order, shall have slice id equal to 0 and the value of slice id(shall be incremented by one fof
sequent slice of the coded picture in decoding order.

e of slice_id is specified as follows.
baffFrameFlag is equal to 0, slice id shall be in the range of 0 to Pi¢SizeInMbs - 1, inclusive.

erwise (MbaftfFrameFlag is equal to 1), slice id shall be in the range of 0 to PicSizeInMbs / 2 - 1, inclusive.

Slice data partition B RBSP semantics

ce data partitioning is in use, the coded data for a single slice is divided into one to three separate partitions|
h partition B contains all syntax elements of category:3.

3 syntax elements include all syntax elements.in the residual( ) syntax structure and in syntax structures used
at syntax structure for collective macroblock types I and SI as specified in Table 7-7.

has the same semantics as specified in subclause 7.4.2.9.1.

t pic_cnt shall be greater than©-for coded slices and coded slice data partitions in redundant coded pictures
Hundant_pic_cnt is not present,_its value shall be inferred to be equal to 0. The value of redundant_pic_cnt shal|
range of 0 to 127, inclusive:

ence of a slice data paftition B RBSP is specified as follows.

e syntax elements of a slice data partition A RBSP indicate the presence of any syntax elements of category 3 if
slice data for @/slice, a slice data partition B RBSP shall be present having the same value of slice_id ang
ndant pic_ent as in the slice data partition A RBSP.

rwise(the syntax elements of a slice data partition A RBSP do not indicate the presence of any syntax element:
htegory: 3 in the slice data for a slice), no slice data partition B RBSP shall be present having the same value of

slicd

| id’and redundant pic_cnt as in the slice data partition A RBSP.

7.4.2.9.3

Slice data partition C RBSP semantics

When slice data partitioning is in use, the coded data for a single slice is divided into three separate partitions. Slice data

partition

C contains all syntax elements of category 4.

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 7-7.

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.
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- If the syntax elements of a slice data partition A RBSP indicate the presence of any syntax elements of category 4 in
the slice data for a slice, a slice data partition C RBSP shall be present having the same value of slice id and

redundant_pic_cnt as in the slice data partition A RBSP.

- Otherwise (the syntax elements of a slice data partition A RBSP do not indicate the presence of any syntax

elements

of category 4 in the slice data for a slice), no slice data partition C RBSP shall be present having the same value of

slice_id and redundant_pic_cnt as in the slice data partition A RBSP.

7.4.2.10 RBSP slice trailing bits semantics

‘abac Zero. “rnvﬂ 1sa bvte-alioned cpqnpnpp oftwo }'\} tes pqnq] 10-0x0000
g S

et NumBytesInVcINALunits be the sum of the values of NumBytesInNALunit for all VCL NAL unifs\of]
bicture.

et BinCountsInNALunits be the number of times that the parsing process function DecodeBin(), specified in s
D.3.3.2, is invoked to decode the contents of all VCL NAL units of a coded picture. When entropy/coding mocq
pqual to 1, BinCountsInNALunits shall not exceed ( 32 + 3 ) * NumBytesInVcINALunits + 96 *PicSizeInMbs.

NOTE — The constraint on the maximum number of bins resulting from decoding the contents of the slice layer NAL uf
met by inserting a number of cabac_zero word syntax elements to increase the value of NumBytesInVcINALun
cabac_zero_word is represented in a NAL unit by the three-byte sequence 0x000003 (as,a‘result of the constraints on
contents that result in requiring inclusion of an emulation_prevention_three byte for each.cabac zero word).

7.4.2.11 RBSP trailing bits semantics
'bsp_stop_one_bit is a single bit equal to 1.

bsp_alignment_zero_bit is a single bit equal to 0.

7.4.3 Slice header semantics

When present, the value of the slice header syntax elements pic_parameter set id, frame num, field |
bottom_field flag, idr_pic _id, pic_order cnt Isby delta_pic_order cnt bottom, delta_pic_order
elta_pic_order cnt[ 1], sp_for switch flag, and slice, gtoup change cycle shall be the same in all slice hea
coded picture.

specified in Annex A, the value of first mb in_slice shall not be less than the value of first mb_in_slice for
slice of the current picture that precedes the,current slice in decoding order.

[he first macroblock address of the slice'is derived as follows.

- If MbaffFrameFlag is equalito 0, first mb_in_slice is the macroblock address of the first macroblock in
and first mb_in_slice shall-be in the range of 0 to PicSizeInMbs - 1, inclusive.

- Otherwise (MbaffFtaméFlag is equal to 1), first mb_in_slice * 2 is the macroblock address of the first mg

the range of 0.t PicSizeInMbs / 2 - 1, inclusive.

slice_type speocifies the coding type of the slice according to Table 7-3.

Hers of a

a coded

ubclause
e flagis

its can be

ts. Each
INAL unit

pic_flag,

ent[ 0],

first_ mb_in_slice specifies the address of the first macroblock in the slice. When arbitrary slice order is not allowed as
iny other

he slice,

croblock
in the slice, whichs the top macroblock of the first macroblock pair in the slice, and first mb_in_slice shall be in
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Table 7-3 — Name association to slice_type

slice_type Name of slice_type
0 P (P slice)
1 B (B slice)
2 I (I slice)
3 SP (SP slice)
4 SI (ST slice)
5 P (P slice)
6 B (B slice)
7 I (Islice)
8 SP (SP slice)
9 SI (ST slice)

slice_type values in the range 5..9 specify, in addition to the coding type of the current slice, (that all other slices of thg
current cpded picture shall have a value of slice _type equal to the current value of slice_type‘@requal to the current valug
of slice_fype — 5.

When ndll_unit_type is equal to 5 (IDR picture), slice_type shall be equal to 2, 4, 7, or'9;
When nym_ref frames is equal to 0, slice_type shall be equal to 2, 4, 7, or 9.

pic_pargmeter_set_id specifies the picture parameter set in use. The valug"pfipic_parameter set id shall be in the rangg
of 0 to 255, inclusive.

frame_;lum is used as an identifier for pictures and shall be represented by log2 max frame num_ minus4 + 4 bits in thq
. frame num is constrained as follows:

bitstrea
The varigble PrevRefFrameNum is derived as follows.

- Ifthe current picture is an IDR picture, PrevRefFrameNum is set equal to 0.

- Othgrwise (the current picture is not an IDR picture), PrevRefFrameNum is set as follows.

- If the decoding process for gaps inftame num specified in subclause 8.2.5.2 was invoked by the decoding
process for an access unit that centained a non-reference picture that followed the previous access unit i
decoding order that contained.a‘reference picture, PrevRefFrameNum is set equal to the value of frame nun
for the last of the "non-existing" reference frames inferred by the decoding process for gaps in frame num
specified in subclause 8.215.2.

- Otherwise, PrevRefFtameNum is set equal to the value of frame num for the previous access unit in decoding
order that contain€d a reference picture.

The valug of frame numis-Constrained as follows.
- If thp current picture is an IDR picture, frame num shall be equal to 0.

- Othgrwise((the current picture is not an IDR picture), referring to the primary coded picture in the previous acces
unit|in-decoding order that contains a reference picture as the preceding reference picture, the value of frame nun
for the eurrent 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
— the preceding reference picture is an IDR picture

— the preceding reference picture includes a memory management control operation syntax element equal
to5

NOTE — When the preceding reference picture includes a memory management control operation syntax
element equal to 5, PrevRefFrameNum is equal to 0.
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— there is a primary coded picture that precedes the preceding reference picture and the primary coded
picture that precedes the preceding reference picture does not have frame num equal to

PrevRefFrameNum

— there is a primary coded picture that precedes the preceding reference picture and the primary coded

picture that precedes the preceding reference picture is not a reference picture

When the value of frame num is not equal to PrevRefFrameNum, the following applies.

—  There shall not be any previous field or frame in decoding order that is currently marked as "used for short-term
reference" that has a value of frame num equal to any value taken on by the variable UnusedShortTermFrameNum

m the 1oliowing:

UnusedShortTermFrameNum = ( PrevRefFrameNum + 1 ) % MaxFrameNum
while( UnusedShortTermFrameNum != frame num )
UnusedShortTermFrameNum = ( UnusedShortTermFrameNum + 1) % MaxFrameNum

- The value of frame num is constrained as follows.

— If gaps_in frame num value allowed flag is equal to 0, the value of frame nunyfor the current pic
be equal to ( PrevRefFrameNum + 1 ) % MaxFrameNum.

—  Otherwise (gaps_in_frame num_value allowed flag is equal to 1), the following applies.

—  If frame num is greater than PrevRefFrameNum, there shall net/be any non-reference pictur|
bitstream that follow the previous reference picture and precéde’the current picture in decoding
which either of the following conditions is true.

—  The value of frame num for the non-reference pietufe is less than PrevRefFrameNum.

—  The value of frame num for the non-reference\picture is greater than the value of frame nul
current picture.

—  Otherwise (frame_num is less than PrevRefFrameNum), there shall not be any non-reference p
the bitstream that follow the previous refétence picture and precede the current picture in decod
in which both of the following conditions are true.

—  The value of frame num for thé\mon-reference picture is less than PrevRefFrameNum.

—  The value of frame num fdrithe non-reference picture is greater than the value of frame nui
current picture.

A picture including a memory management control operation equal to 5 shall have frame num constraints as
hbove and, after the decoding of the current picture and the processing of the memory management control of
he picture shall be inferred to have had frame num equal to O for all subsequent use in the decoding process,
specified in subclause 7.4.1.2.4,
NOTE — When the primary-Coded picture is not an IDR picture and does not contain memory management_control |
syntax element equal-to.5, the value of frame num of a corresponding redundant coded picture is the same as thd
frame num in __“\the’ primary coded picture. Alternatively, the redundant coded picture ind
memory managenient control operation syntax element equal to 5 and the corresponding primary coded picture is an 1D

field_pic_flag‘equal to 1 specifies that the slice is a slice of a coded field. field pic flag equal to 0 specifies that
s a slice ofa ‘¢oded frame. When field pic_flag is not present it shall be inferred to be equal to 0.

[he variable MbaffFrameFlag is derived as follows.

MbaffFrameFlag = ( mb_adaptive frame field flag && !field pic flag)

(7-10)

ure shall

bs in the
order in

n for the

ctures in
ng order

n for the

lescribed
erations,
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 operation
value of
ludes a
R picture.

the slice

(7-11)

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
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The variable for picture height for the chroma component is derived as follows

PicHeightInSamplesc = PicHeightInMbs * 8 (7-14)

The variable PicSizeInMbs for the current picture is derived according to:

PicSizeInMbs = PicWidthInMbs * PicHeightInMbs (7-15)

The variable MaxPicNum is derived as follows.

- If figld"pic_1lag is equal to U, MaxPicNum is set equal to MaxFrameNum.

- Othgrwise (field pic_flag is equal to 1), MaxPicNum is set equal to 2*MaxFrameNum.
The varigble CurrPicNum is derived as follows.

- Iffigld pic_ flag is equal to 0, CurrPicNum is set equal to frame num.

- Othgrwise (field pic_flag is equal to 1), CurrPicNum is set equal to 2 * frame num + 1.

bottom_[field flag equal to 1 specifies that the slice is part of a coded bottom field. bottem field flag equal to ()
specifies| that the picture is a coded top field. When this syntax element is not present for the-current slice, it shall bg
inferred fo be equal to 0.

idr_pic_fid identifies an IDR picture. The values of idr_pic id in all the slices of an IDR)picture shall remain unchanged
When two consecutive access units in decoding order are both IDR access units, the value of idr_pic_id in the slices of
the first juch IDR access unit shall differ from the idr_pic_id in the second suchADR access unit. The value of idr_pic_id
shall be in the range of 0 to 65535, inclusive.

pic_ordé¢r_cnt_lIsb specifies the picture order count modulo MaxPicOrderCntLsb for the top field of a coded frame or fo
a coded [field. The size of the pic_order cnt Isb syntax element is log2"max_pic_order cnt Isb_minus4 + 4 bits. Thg
value of the pic_order cnt Isb shall be in the range of 0 to MaxPicOrderCntLsb — 1, inclusive.

delta_pif_order_cnt_bottom specifies the picture order count difference between the bottom field and the top field of
coded frgme as follows.

- If the current picture includes a memory gnanagement control operation equal to 5, the wvalue of
delty pic_order cnt_bottom shall be in the range 6f( 1 — MaxPicOrderCntLsb ) to 2*' - 1, inclusive.

- Othgrwise (the current picture does not inchide’a memory management_control operation equal to 5), the value of
delty pic_order cnt_bottom shall be in therange of —2°' to 2°*' - 1, inclusive.

When this syntax element is not present in-the bitstream for the current slice, it shall be inferred to be equal to 0.

delta_pif_order_cnt[ 0 ] specifies the picture order count difference from the expected picture order count for the toy
field of 4 coded frame or for a cdded field as specified in subclause 8.2.1. The value of delta pic_order cnt[ 0 ] shall bg
in the rapge of -2*' to 2°' - 1,.inclusive. When this syntax element is not present in the bitstream for the current slice, i
shall be Inferred to be equal‘to)0.

delta_pif_order_cnt| 14=specifies the picture order count difference from the expected picture order count for thq
bottom fleld of a coded frame specified in subclause 8.2.1. The value of delta pic_order cnt[ 1 ] shall be in the range of
2 to 2 - 1, inclisive. When this syntax element is not present in the bitstream for the current slice, it shall be inferreg
to be eqyal to. 0;

redundant”pic_cnt shall be equal to 0 for slices and slice data partitions belonging to the primary coded picture. Thg
value of redundant pic_cnt shall be greater than 0 for coded slices or coded slice data partitions of a redundant coded
picture. When redundant pic_cnt is not present in the bitstream, its value shall be inferred to be equal to 0. The value of
redundant pic_cnt shall be in the range of 0 to 127, inclusive.

NOTE - There should be no noticeable difference between any area of the decoded primary picture and a corresponding area that
would result from application of the decoding process specified in clause 8 for any redundant picture in the same access unit.

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.
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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.
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
of nal 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
Timary coded picture) of the access Uit 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 ¢oded picturg.
Otherwise (a primary coded picture is an IDR picture), the following applies.

If a redundant coded picture corresponding to the primary coded picture is an IDR picture, the contenfs of the
dec_ref pic_marking( ) syntax structure must be identical in all slice headers of the primary coded pieture and the redundant coded
picture corresponding to the primary coded picture.
Otherwise (a redundant picture corresponding to the primary coded picture is not an IDR picture), all slice headgrs of the
redundant picture must contain a dec_ref pic_marking syntax( ) structure including a 4hemory management control |operation
syntax element equal to 5, and the following applies.
If the value of long term reference flag in the primary coded picture is equal to0,‘the dec ref pic _marking syntax sfructure of
the redundant coded picture must not include a memory management control gperation syntax element equal to 6.

Otherwise (the value of long term reference flag in the primary coded picture is equal to 1), the dec ref pic marking syntax
structure of the redundant coded picture must include memory management control operation syntax elements equal t¢ 5, 4, and
6 in decoding order, and the value of max_long_term_frame_idx_pluslémust be equal to 1, and the value of long_term_frame idx
must be equal to 0.

[he values of TopFieldOrderCnt and BottomFieldOrderCnt (if)applicable) that result after completion of the decoding
process for any redundant coded picture or the primary coded picture of the same access unit shall be identical rggardless
ivhether the primary coded picture or any redundant coded picture (instead of the primary coded picture) of the access
hnit would be decoded.

[here is no required decoding process for a coded slice or coded slice data partition of a redundant coded picture. When
he redundant pic_cnt in the slice header ofid_¢oded slice is greater than 0, the decoder may discard the coded slice.
However, a coded slice or coded slice data.partition of any redundant coded picture shall obey the same constrjints as a
toded slice or coded slice data partition'of'a primary picture.
NOTE — When some of the samples+in the decoded primary picture cannot be correctly decoded due to errors orf losses in
transmission of the sequence and ‘a coded redundant slice can be correctly decoded, the decoder should replace the samples of the
decoded primary picture with-thé corresponding samples of the decoded redundant slice. When more than one redurjdant slice
covers the relevant region of-the/primary picture, the redundant slice having the lowest value of redundant pic_cnt should be used.

Redundant slices and slice) data partitions having the same value of redundant pic_cnt belong to the same rpdundant
bicture. Decoded slices-Within the same redundant picture need not cover the entire picture area and shall not ovdrlap.

lirect_spatial_ mv)pred_flag specifies the method used in the decoding process to derive motion vectors and feference
ndices for inté/prediction as follows.

If difect spatial mv_pred flag is equal to 1, the derivation process for luma motion vectors for|B Skip,
B.Direct 16x16, and B_Direct 8x8 in subclause 8.4.1.2 shall use spatial direct mode prediction as spdcified in
subclause 8.4.1.2.2.

Ol 2 Lds s t1al Jd_£1 3 1 4a-O tha das: 1 £ 1 41 4 £ B Sk'
TOCT W SOOI oTt—spatrar 1y prod—Taes 1S vquar 0~ U5 o UeITv attoT provlSSTOT TaiTa o troTT v OCTOTS 10T lp,

B Direct _16x16, and B_Direct 8x8 in subclause 8.4.1.2 shall use temporal direct mode prediction as specified in
subclause 8.4.1.2.3.

num_ref idx_active_override flag equal to0O specifies that the values of the syntax elements
num_ref idx 10 active minusl and num_ref idx 11 active _minus] specified in the referred picture parameter set are in
effect. num ref idx active override flag equal to 1 specifies that the num ref idx 10 active minusl and
num_ref idx 11 active minusl specified in the referred picture parameter set are overridden for the current slice (and
only for the current slice) by the following values in the slice header.
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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.

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 _minus] in the
picture parameter set exceeds 15, num_ref idx_active override flag shall be equal to 1.

num_ref idx 10 _active_minusl1 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_minus] is specified as follows.

— If fleld pic flag is equal to 0, num ref idx 10 active minusl shall be in the range of 0 to 15, inclusive. Whell
MbaftFrameFlag is equal to 1, num_ref idx 10 _active minusl is the maximum index value for the deceding of
framhe macroblocks and 2 * num ref idx 10 active minusl + 1 is the maximum index value for the decoding of
field macroblocks.

—  Othprwise (field pic flagis equal to 1), num_ref idx 10 active minus] shall be in the range of 0, to’31, inclusive.

num_ref idx 11 _active_minusl has the same semantics as num_ref idx 10 active minusl with\]0"and list 0 replaceq
by 11 and list 1, respectively.

cabac_init_idc specifies the index for determining the initialisation table used in the initialiSation process for contex
variabled. The value of cabac_init_idc shall be in the range of 0 to 2, inclusive.

slice_qp| delta specifies the initial value of QPy to be used for all the macroblocks in the slice until modified by thq
value of mb_qp_delta in the macroblock layer. The initial QPy quantisation paraméter for the slice is computed as:

2]

iceQPy = 26 + pic_init qp_minus26 + slice_qp_delta (7-16)

The valug of slice gp_delta shall be limited such that SliceQPy is in thewrange of 0 to 51, inclusive.
sp_for_gqwitch_flag specifies the decoding process to be used to decode P macroblocks in an SP slice as follows.

- Ifsg for switch flagis equal to 0, the P macroblocks in the SP slice shall be decoded using the SP decoding proces
for gon-switching pictures as specified in subclause 8.6I-

- Othgrwise (sp_for_switch_flag is equal to 1), the Rumacroblocks in the SP slice shall be decoded using the SP and S
decqding process for switching pictures as specified in subclause 8.6.2.

slice_qs |delta specifies the value of QSy for all thie macroblocks in SP and SI slices. The QSy quantisation parameter fof
the slice fis computed as:

QSy =26 + pic_init_qs_minus26_#+ slice_gs_delta (7-17)

The valuf of slice qs_delta shall'be'limited such that QSy is in the range of 0 to 51, inclusive. This value of QSy is useq
for the d¢coding of all macrebloeks in SI slices with mb_type equal to SI and all macroblocks in SP slices with prediction
mode eqjual to inter.

disable_feblocking filter idc specifies whether the operation of the deblocking filter shall be disabled across soms
block edpes of theslice and specifies for which edges the filtering is disabled. When disable deblocking_filter idc is nof
present i the slice-header, the value of disable _deblocking_filter idc shall be inferred to be equal to 0.

The valug ef disable deblocking filter idc shall be in the range of 0 to 2, inclusive.

slice_alpha_c0_offset_div2 specifies the offset used in accessing the o and tcy deblocking filter tables for filtering
operations controlled by the macroblocks within the slice. From this value, the offset that shall be applied when
addressing these tables shall be computed as:

FilterOffsetA = slice_alpha c0_offset div2 <<'1 (7-18)

The value of slice_alpha cO 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 B table of
the deblocking filter shall be computed as:
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FilterOffsetB = slice_beta offset div2 <<1 (7-19)

The value of slice_beta offset div2 shall be in the range of -6 to +6, inclusive. When slice beta offset div2 is not
present in the slice header the value of slice _beta_offset div2 shall be inferred to be equal to 0.

slice_group_change _cycle is used to derive the number of slice group map units in slice group 0 when
slice_group_map_type is equal to 3, 4, or 5, as specified by

MapUnitsInSliceGroup0 = Min( slice_group change cycle * SliceGroupChangeRate, PicSizeInMapUnits )  (7-20)

[he value of slice group change cycle is represented in the bitstream by the following number of bits

Ceil( Log2( PicSizeInMapUnits + SliceGroupChangeRate + 1) ) (7-21)

[he value of slice group change cycle shall be in the range of 0 to Ceil( PicSizeInMapUnits+SliceGroupChanigeRate ),
nclusive.

[.4.3.1 Reference picture list reordering semantics

[he syntax elements reordering of pic nums_idc, abs diff pic num minusl, and( long term pic num sp¢cify the
thange from the initial reference picture lists to the reference picture lists to be used\for’decoding the slice.

Fef pic_list_reordering_flag 10 equal to 1 specifies that the syntax element reordering_of pic nums_idc is pijesent for

bpecifying reference picture list 0. ref pic_list reordering flag 10 equal to 0-Specifies that this syntax elemdnt is not
bresent.

When ref pic list_reordering flag 10 is equal to 1, the number of {imes that reordering of pic nums idc is fot equal
o 3 following ref pic list reordering_flag 10 shall not exceed num{ ref idx 10 active minusl + 1.

When RefPicListO[ num_ref idx 10 active minusl | in thé\initial reference picture list produced as spefpified in
fubclause 8.2.4.2 is equal to "no reference picture",(ref pic list reordering flag 10 shall be equal fo1 and
reordering_of pic_nums_idc shall not be equal to 3 until RefPicListO[ num_ref idx 10 active _minus] ] in the feordered
ist produced as specified in subclause 8.2.4.3 is not equal to "no reference picture".

Fef pic_list reordering flag 11 equal to 1 specifics that the syntax element reordering of pic nums idc is pfesent for

specifying reference picture list 1. ref pic_listreordering flag 11 equal to O specifies that this syntax elemgnt is not
present.

When ref pic_list reordering flag 11(is'equal to 1, the number of times that reordering of pic nums_idc is fot equal
o 3 following ref pic list reordering, flag 11 shall not exceed num_ref idx 11 active minusl + 1.

When decoding a B slice and RefPicList1[ num_ref idx 11 active minusl ] in the initial reference picture list produced
s specified in subclause 8.2.4)2 is equal to "no reference picture", ref pic list reordering flag 11 shall be equa] to 1 and
reordering_of pic_nums(idc shall not be equal to 3 until RefPicListl[ num ref idx 11 active minusl ] in the feordered
ist produced as specified in subclause 8.2.4.3 is not equal to "no reference picture".

Feordering_of picynums_idc together with abs diff pic num minusl or long term pic num specifies whi¢h of the
feference pictutes-are re-mapped. The values of reordering_of pic_nums_idc are specified in Table 7-4. The value of the
first  reordering of pic nums idc  that follows immediately after ref pic list reordering flagl 10  or
ref pic Jlistvreordering_flag 11 shall not be equal to 3.
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Table 7-4 — 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

1 4 - - 4 e s +la 1 + vt 1
Ot P I TS PreSChT ana—Sp oIS tIeTong=rernrprotareamocy

for a reference picture

3 End loop for reordering of the initial reference picture list

abs_diff] pic_num_minusl plus 1 specifies the absolute difference between the picture number of the picture being
moved t¢ the current index in the list and the picture number prediction value. abs diff pic num, minus] shall be in thg
range of|0 to MaxPicNum — 1. The allowed values of abs_diff pic num minusl are furtherrestticted as specified i
subclausp 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 d¢coding a coded frame, long term pic num shall be equal to a LongTermPicNum assigned to one of th{
referencq¢ frames or complementary reference field pairs marked as "used for long-térm reference". When decoding 3
coded figld, long_term pic_num shall be equal to a LongTermPicNum assigned to-one of the reference fields marked a
"used fot long-term reference".

7.4.3.2 | Prediction weight table semantics

luma_lop2 weight_denom is the base 2 logarithm of the denominator for all luma weighting factors. The 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 value of
chroma Jog2 weight denom shall be in the range of 0 to 7y inclusive.

luma_weight_10_flag equal to 1 specifies that weighting factors for the luma component of list 0 prediction are present
luma_wdight 10 flag equal to O specifies that these-weighting factors are not present.

luma_weight 10[i] is the weighting factor Japplied to the luma prediction value for list O prediction using
RefPicL{stO] i ]. When luma_weight 10 flag is equal to 1, the value of luma_ weight 10[ i ] shall be in the range of —12
to 127, Inclusive. When luma weightil0 flag is equal to 0, luma weight 10[i] shall be inferred to be equa
to 2vmal{ezweight denom £, R ofPicListQf -}/

luma_offfset_10[ i] is the additive offset applied to the luma prediction value for list O prediction using RefPicListO][ i ]
The valug of luma_offset 10[ 4. ]-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.mferred as equal to 0 for RefPicListO[ i ].

chroma |weight 10 _flag €qual to 1 specifies that weighting factors for the chroma prediction values of list 0 prediction
are presgnt. chroma~weight 10 flag equal to 0 specifies that these weighting factors are not present.

chroma [weight 10[ i ][j ] is the weighting factor applied to the chroma prediction values for list 0 prediction using
RefPicList0] i\]'with j equal to 0 for Cb and j equal to 1 for Cr. When chroma_weight 10 flag is equal to 1, the value of
chroma wéight 10[ i ][ j | shall be in the range of —128 to 127, inclusive. When chroma weight 10 flag is equal to 0
chroma_weight 10[ i ][ j ] shall be inferred to be equal to 2°"m-og2-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
RefPicListO[ i ] with j equal to 0 for Cb and j equal to 1 for Cr. The value of chroma offset 10[ i ][ j ] shall be in the
range of -128 to 127, inclusive. When chroma weight 10 flag is equal to 0, chroma_ offset 10[ i ][ j ] shall be inferred to
be equal to 0 for RefPicListO[ i ].

luma_weight 11 _flag, luma_weight 11, luma_offset_lI1, chroma_weight_11_flag, chroma_weight 11,
chroma_offset 11 have the same semantics as luma weight 10 flag, luma weight 10, luma 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, respectively.
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7.4.3.3 Decoded reference picture marking semantics

The syntax elements 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 have the marking "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.

[he 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.

[he syntax category of the decoded reference picture marking syntax structure shall be inferred as follews:

If the decoded reference picture marking syntax structure is in a slice header, the syntax eategory 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.

ho_output_of prior_pics_flag specifies how the previously-decoded pictures. in the decoded picture buffer afe treated
hfter decoding of an IDR picture. See Annex C. When the IDR picture is the.fizst IDR picture in the bitstream, fhe value
bf no_output_of prior pics flag has no effect on the decoding process. When the IDR picture is not the first IDR picture
n the bitstream and the value of PicWidthInMbs, FrameHeightInMbs, ot max _dec frame buffering derived [from the
hctive  sequence parameter set is different from the valGe) of PicWidthInMbs, FrameHeightlnMbs, or
max_dec frame buffering derived from the sequence parameter set active for the preceding dequence,
ho output of prior pics flag equal to 1 may be inferred<by the decoder, regardless of the actual palue of
no_output _of prior pics_flag.

ong_term_reference flag equal to O specifies that the*MaxLongTermFrameldx variable is set equal to “no lpng-term
frame indices” and that the IDR picture is marked a§¥used for short-term reference”. long term reference flag equal
o 1 specifies that the MaxLongTermFrameldx variable is set equal to 0 and that the current IDR picture is marlled “used
for long-term reference” and is assigned LengTermFrameldx equal to 0. When num ref frames is equal to O,
ong term_reference flag shall be equal to 0.

hdaptive_ref pic_marking _mode_flag.selects the reference picture marking mode of the currently decoded picture as
specified in Table 7-5. adaptive ref-pic_marking mode flag shall be equal to 1 when the number off frames,
complementary field pairs, and nén-paired fields that are currently marked as "used for long-term reference" iy equal to
Max( num_ref frames, 1).

Table 7-5 — Interpretation of adaptive_ref pic_marking mode_flag

adaptive: ref pic_marking_mode_flag | Reference picture marking mode specified

0 Sliding window reference picture marking mode: A marking ode
providing a first-in first-out mechanism for short-term refefence
pictures.

1 Adaptive reference picture marking mode: A reference pifture

marking mode providing syntax elements to specify marking of
reference pictures as “nnnsed for reference” and to assign longdterm
frame indices.

memory_management_control_operation specifies a control operation to be applied to manage the reference picture
marking. The memory management control operation syntax element is followed by data necessary for the operation
specified by the value of memory management control operation. The values and control operations associated with
memory management control operation are specified in Table 7-6. The memory management control operation
syntax elements are processed by the decoding process in the order in which they appear in the slice header, and the
semantics constraints expressed for each memory management control operation apply at the specific position in that
order at which that individual memory _management_control operation is processed.
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memory management control operation shall not be equal to 1 in a slice header unless the specified short-term picture
is currently marked as "used for reference" when the memory management control operation is processed by the
decoding process, and the specified short-term picture has not been assigned to a long-term frame index and is not
assigned to a long-term frame index in the same decoded reference picture marking syntax structure.

memory management control operation shall not be equal to 2 in a slice header unless the specified long-term picture
number refers to a frame or field that is currently marked as '"used for reference” when the
memory management control operation is processed by the decoding process.

memory management _control operation shall not be equal to3 in a slice header unless the specified short-term
referencq—pt T — — — TOTTT$
processefl by the decoding process and the specified short-term reference picture has not previously been assigned a long
term frafne index and is not assigned to any other long-term frame index within the same decoded reference (picturg
marking syntax structure.

memory | management _control operation shall not be equal to 3 or 6 when the value of the variablg
MaxLongTermFrameldx is equal to "no long-term frame indices" when the memory management_contrel operation i
processefl by the decoding process.

Not mor¢ than one memory_management control operation equal to 4 shall be present in a slice-header.

memory | management_control operation shall not be equal to 5 in a slice header wunless n
memory [ management control operation in the range of 1 to 3 is present in the same deCoded reference picture marking
syntax sfructure.

Not mor¢ than one memory _management control operation equal to 6 shall be present in a slice header.

When a[memory management control operation equal to 6 is present, any)memory management control operatios
equal to P, 3, or 4 that follows the memory management control operation{equal to 6 within the same slice header shal
not specify the current picture to be marked as "unused for reference".

A memoly management control _operation equal to 6 shall not precéde a memory management control_operation equa

to 5 in the same slice header.
NOTE — These constraints prohibit any combination of multiple ‘memory management control operation syntax elements thaf
would specify the current picture to be marked as "unBised for reference". However, some other combinations of
memdry management _control operation syntax elements.are permitted that may affect the marking status of other referenc
pictures more than once in the same slice header. In particular, it is permitted for a memory management control operation equaj
to 3 that specifies a long-term frame index to be assigned to a particular short-term reference picture to be followed in the sam
slice header by a memory management control Operation equal to 2, 3, or 4 that specifies the same reference picture t
subsefjuently be marked as "unused for reference".

No morg than one memory management.\control operation shall be present in a slice header that specifies the samg
action to|be taken.

Tgble 7-6 — Memory management control operation (memory_management_control_operation) values

memory_management_control_operation | Memory Management Control Operation

0 End memory management control operation loop
1 Mark a short-term picture as
“unused for reference”
2 Mark a frame or field having a long-term picture
number as
“wrnsed-forreferenee”
3 Assign a long-term frame index to a short-term
picture
4 Specify the maximum long-term frame index

Mark all reference pictures as "unused for
reference" and set the MaxLongTermFrameldx
variable to "no long-term frame indices"

6 Assign a long-term frame index to the current
decoded picture
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When decoding a field and a memory management_control_operation command equal to 3 assigns a long-term frame
index to a field that is part of a short-term reference frame or 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.

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
Ffield.

lifference_of pic_nums_minusl is used (with memory management control operation equal to 3 or( 1)-to|assign a
ong-term frame index to a short-term reference picture or to mark a short-term reference picture (as “urfused for
feference”. When the associated memory management control operation is processed by the deceding process, the
Fesulting picture number derived from difference of pic nums_minusl shall be a picture numberdssigned to one of the
reference pictures marked as "used for reference" and not previously assigned to a long-term frame index.

[he resulting picture number is constrained as follows.

If field pic flag is equal to 0, the resulting picture number shall be one of the’set’of picture numbers asgigned to
reference frames or complementary reference field pairs.
NOTE — When field pic flag is equal to 0, the resulting picture number’ must be a picture number assigned to a
complementary reference field pair in which both fields are marked as,"ased for reference" or a frame in which both
fields are marked as "used for reference". In particular, when field-pic flag is equal to 0, the marking of a fjon-paired
field or a frame in which a single field is marked aS, "used for reference" cannot be affecfed by a
memory management control operation equal to 1.

Otherwise (field pic flag is equal to 1), the resulting picture*number shall be one of the set of picture [numbers
assigned to reference fields.

ong_term_pic_num is used (with memory management\eontrol operation equal to 2) to mark a long-term feference
bicture as "unused for reference". When the associated*memory management control operation is processed by the
lecoding process, long term pic_num shall be equal*to a long-term picture number assigned to one of the teference
pictures that is currently marked as "used for long-térm reference".

[he resulting long-term picture number is constrained as follows.

If field pic flag is equal to 0, the-resulting long-term picture number shall be one of the set of long-terin picture
numbers assigned to reference frames or complementary reference field pairs.
NOTE — When field .pie, flag is equal to 0, the resulting long-term picture number must be a long-term pictufe number
assigned to a complémentary reference field pair in which both fields are marked as "used for reference" or § frame in
which both fields are' marked as "used for reference". In particular, when field pic flag is equal to 0, the mgrking of a
non-paired field,or a frame in which a single field is marked as "used for reference" cannot be affefted by a
memory management control operation equal to 2.

Otherwise (field)pic_flag is equal to 1), the resulting long-term picture number shall be one of the set of lpng-term
picture numbers assigned to reference fields.

ong_term~frame_idx is used (with memory management control operation equal to 3 or 6) to assign a lpng-term
frame index’to a picture. When the associated memory management control operation is processed by the fecoding
pbrocessy-the value of long term frame idx shall be in the range of 0 to MaxLongTermFrameldx, inclusive.

max long_term_frame_idx_plusl minus | specifies the maximum value of long-term frame index allowed [for long-
term reference pictures (until receipt of another value of max long term frame idx plusl). The wvalue 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 1 specifies that for the current macroblock, when decoding a P or SP slice, mb_type shall be

inferred to be P_Skip and the macroblock type is collectively referred to as P macroblock type, or for which, when
decoding a B slice, mb_type shall be inferred to be B_Skip and the macroblock type is collectively referred to as B
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.

sam
slic
the
—  Oth
mag

end_of _
specifies|

The fung

7.4.5
mb_typc¢

Tables a
value of
function
MbPartP
MbPartP
of mb_ty
by "X m:

Table 7-
NOTH

ighbouring macroblock pair immediately to the left of the current macroblock pair,

d?ecodir_lg_ﬂag is derived as follows.

ere is a neighbouring macroblock pair immediately to the left of the current macroblock pair in the same-slice]
value of mb_field decoding_flag shall be inferred to be equal to the value of mb_field decoding flag“for thg

erwise, if there is no neighbouring macroblock pair immediately to the left of the current macroblock pair in thg
e slice and there is a neighbouring macroblock pair immediately above the current macrobloek pair in the samg
b, the value of mb_field decoding_flag shall be inferred to be equal to the value of mb_field decoding flag fof
heighbouring macroblock pair immediately above the current macroblock pair,

erwise (there is no neighbouring macroblock pair either immediately to the left or ithirediately above the curren|
roblock pair in the same slice), the value of mb_field decoding_flag shall be inferred to be equal to 0.

flice_flag equal to O specifies that another macroblock is following in the slice. end of slice flag equal to
the end of the slice and that no further macroblock follows.

tion NextMbAddress( ) used in the slice data syntax table is specifiecdhin subclause 8.2.2.

Macroblock layer semantics
specifies the macroblock type. The semantics of mb_type.depend on the slice type.

nd semantics are specified for the various macroblockstypes for I, SI, P, SP, and B slices. Each table presents thg
mb_type, the name of mb_type, the number of macfoblock partitions used (given by the NumMbPart( mb_type
, the prediction mode of the macroblock (when it is not partitioned) or the first partition (given by thq
redMode( mb_type, 0) function) and the<'prediction mode of the second partition (given by thg
redMode( mb_type, 1 ) function). When a'value is not applicable it is designated by “na”. In the text, the valug
[pe may be referred to as the macrobloek\type and a value X of MbPartPredMode( ) may be referred to in the tex
hcroblock (partition) prediction mode™ et as “X prediction macroblocks”.

/ shows the allowed collective macroblock types for each slice_type.
— There are some macroblocktypes with Pred L0 prediction mode that are classified as B macroblock types.

Table7-7 — Allowed collective macroblock types for slice_type

sliCe) type allowed collective macroblock types

I (slice) I (see Table 7-8) (macroblock types)

P (slice) P (see Table 7-10) and I (see Table 7-8) (macroblock types)
B (slice) B (see Table 7-11) and I (see Table 7-8) (macroblock types)
SI (slice) SI (see Table 7-9) and I (see Table 7-8) (macroblock types)
SP (slice) P (see Table /-10) and I (see 1able /-8) (macroblock types)

Macroblock types that may be collectively referred to as I macroblock types are specified in Table 7-8.

The macroblock types for I slices are all I macroblock types.

72
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Table 7-8 — Macroblock types for I slices
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0 I 4x4 Intra_4x4 na Equation 7-22 Equation 7-22
1 I 16x16_0 0 0 Intra_16x16 0 0 0
2 [ 16x16 1 0 0 Intra 16x16 1 0 0
3 I 16x16.2 0 0 Intra_16x16 2 0 0
4 I 16x16 3 0 0 Intra_16x16 3 0 0
5 [ 16x16 01 0 Intra 16x16 0 1 0
6 [ 16x16_1_1 0 Intra_16x16 1 1 0
7 [ 16x16 210 Intra_16x16 2 1 0
8 [ 16x16 310 Intra 16x16 3 1 0
9 I 16x16 0 2 0 Intra_16x16 0 2 0
10 [16x16 120 Intra \['6x16 1 2 0
11 [ 16x16. 22 0 Intra_16x16 2 2 0
12 I 16x16 3 20 Intra_16x16 3 2 0
13 I 16x16 0 01 Intra_16x16 0 0 15
14 L r6x16 1 0 1 Intra_16x16 1 0 15
15 Ji6x16 2 0 1 Intra_16x16 2 0 15
16 I 16x16 3 0 1 Intra_16x16 3 0 15
17 I 16x16_0_1 1 Intra_16x16 0 1 15
18 I 16x16 1 1 1 Intra_16x16 1 1 15
19 L 16x16 2 1 1 Intra_16x16 2 1 15
20 I Texle 3 1 1 Intra_16x16 3 1 15
21 I 16x16 0 2 1 Intra_16x16 0 2 15
22 L 16x16_1 2 1 Intra_16x16 1 2 15
23 [ 16x16 2 2 1 Intra_16x16 2 2 15
24 I 16x16 3 2 1 Intra_16x16 3 2 15
25 I PCM na na na na
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The following semantics are assigned to the macroblock types in Table 7-8:
I 4x4: the macroblock is coded as an Intra_4x4 prediction macroblock.

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,I 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,I 16x16 1 0 1,
I 16x16 2 0 1,1 16x16 3 0 1,1 16x16 0 1 1,I 16x16 1 1 1,1 16x16_2 1 1,1 16x16 3 1 1,I 16x16 0 2 1
I16x16.1 2 1,1 16x16 2 2 1,1

macroblock.

B

_16x16_3 2 1: the macroblock is coded as an Intra_16x16 prediction mode

El

To each_Intra_16x16 prediction macroblock, an Intral6x16PredMode is assigned. which specifies the Intra 16x1
prediction mode. CodedBlockPatternChroma contains the coded block pattern value for chroma as specifiediiy
Table 7-]2. CodedBlockPatternLuma specifies whether, for the luma component, non-zero AC transform coefficien
levels arg present. CodedBlockPatternLuma equal to O specifies that all AC transform coefficient levels in the-lumg
compongnt of the macroblock are equal to 0. CodedBlockPatternLuma equal to 15 specifies that at leastyone A(
transform coefficient levels in the luma component of the macroblock is non-zero, requiring scanning of AC transfornj
coefficiept levels for all 16 of the 4x4 blocks in the 16x16 block.

Intra_4x4t specifies the macroblock prediction mode and specifies that the Intra 4x4 prediction,process is invoked a
specified in subclause 8.3.1. Intra_4x4 is an Intra macroblock prediction mode.

Intra_16k16 specifies the macroblock prediction mode and specifies that the Intra_16x16 predietion process is invoked a
specified in subclause 8.3.2. Intra_16x16 is an Intra macroblock prediction mode.

For a macroblock coded with mb_type equal to I PCM, the Intra macroblock prediction"mode shall be inferred.

A macroplock type that may be referred to as SI macroblock type is specifi€d in Table 7-9.

The madroblock types for SI slices are specified in Table 7-9 and Table 7-8. The mb_type value 0 is specified i
Table 7-9 and the mb_type values 1 to 26 are specified in Table 7-8,indexed by subtracting 1 from the value of mb_type

Table 7-9 — Macroblock type.with value 0 for SI slices

mb_type
Nameg of mb_type
MbPartPredMode
(mb_type;.0)
Intral6x16PredMode

CodedBlockPatternChroma
CodedBlockPatternLuma

0 SI Intra_4x4 na Equation 7-22 | Equation 7-22

The follpwingisemantics are assigned to the macroblock type in Table 7-9. The SI macroblock is coded as Intra_4x4
prediction maeroblock.

Macroblock types that may be collectively referred to as P macroblock types are specified in Table 7-10.

The macroblock types for P and SP slices are specified in Table 7-10 and Table 7-8. mb_type values 0 to 4 are specified
in Table 7-10 and mb_type values 5 to 30 are specified in Table 7-8, indexed by subtracting 5 from the value of mb_type.

74 © ISO/IEC 2004 — All rights reserved


https://standardsiso.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

ISO/IEC 14496-10:2004(E)

Table 7-10 — Macroblock type values 0 to 4 for P and SP slices

o @ o
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) ) £ € v ! S -]
= ) = E =< == & E A~ E
= N = E E
z > >
0 P_LO_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

[he following semantics are assigned to the macroblock types in Table)7-10.

samples and associated chroma samples.

chroma samples, respectively.

- P _8x8: for each sub-macroblock an additional syntax element (sub_mb type) is present in the bitstre
specifies the type of the corresponding sub-macroblock (see subclause 7.4.5.2).

macroblock (with indices mbPartldx equal to 0..3).
- P_Skip: no further datasspresent for the macroblock in the bitstream.
[he following semanticsiare ‘assigned to the macroblock prediction modes (MbPartPredMode( )) in Table 7-10.

- Pred LO: specifies that the inter prediction process is invoked using list 0 prediction. Pred LO is
macroblock{prediction mode.

Macrobloek types that may be collectively referred to as B macroblock types are specified in Table 7-11.

[able 7-11 and the mb type values 23 to 48 are specified in Table 7-8, indexed by subtracting 23 from the

mb_type.

© ISO/IEC 2004 — All rights reserved

P_LO 16x16: the samples of the macroblock are predicted.with one luma macroblock partition of size 16x16 luma

P L0 LO MxN, with MxN being replaced by 16x8:618x16: the samples of the macroblock are predicted ysing two
luma partitions of size MxN equal to 16x8, or two luma partitions of size MxN equal to 8x16, and aksociated

am that

P_8x8ref0: has the same semanties'as P_8x8 but no syntax element for the reference index (ref idx 10) is gresent in
the bitstream and ref idx 10[.mbPartldx | shall be inferred to be equal to O for all sub-macroblocks of the

an Inter

[he macroblock types for B slices are specified in Table 7-11 and Table 7-8. The mb_type values 0 to 22 are sp¢cified in

value of
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Table 7-11 — Macroblock type values 0 to 22 for B slices

@ @ @
© el 5o =< = =) Loy,
=3 = A S 9 S 9 =2 L
z E zz T T 2z | &

I = = o o =t =7
) ) £ € € s 2 s 2
g ) s £ =< =< = E A~ E

< = = E E

z > >

0 B_Direct_16x16 na Direct na 8 8

1 B L0 16x16 1 Pred LO na 16 16

2 B_L1_16x16 1 Pred_L1 na 16 16

3 B _Bi_l6x16 1 BiPred na 16 16

4 B LO LO 16x8 2 Pred LO Pred LO 16 8

5 B_LO_LO_8x16 2 Pred_LO Pred_LO 8 16

6 B L1 L1 16x8 2 Pred_L1 Pred_I1 16 8

7 B L1 L1 8x16 2 Pred L1 Pred L1 8 16

8 B LO L1 16x8 2 Pred_LO Pred_L1 16 8

9 B L0 L1 8x16 2 Pred_LO Pred_L1 8 16

10 B L1 LO 16x8 2 Pred L1 Pred LO 16 8

11 B L1 _LO 8x16 2 Pred L1 Pred_LO 8 16

12 B_L0_Bi_16x8 2 Pred_LO BiPred 16 8

13 B L0 Bi 8x16 2 Pred LO BiPred 8 16

14 B_L1 _Bi_16x8 2 Pred_L1 BiPred 16 8

15 B_L1_Bi_8x16 2 Pred_L1 BiPred 8 16

16 B Bi LO"16x8 2 BiPred Pred LO 16 8

17 B _Bi [0 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 816 2 BiPred BiPred ] 16

22 B 8x8 4 na na 8 8

inferred B_Skip na Direct na 8 8

The following semantics are assigned to the macroblock types in Table 7-11:

— B _Direct 16x16: no motion vector differences or reference indices are present for the macroblock in the bitstream.
The functions MbPartWidth( B_Direct 16x16 ), and MbPartHeight( B_Direct 16x16 ) are used in the derivation
process for motion vectors and reference frame indices in subclause 8.4.1 for direct mode prediction.
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— B _X 16x16 with X being replaced by L0, L1, or Bi: the samples of the macroblock are predicted with one luma
macroblock partition of size 16x16 luma samples and associated chroma samples. For a macroblock with type

B X 16x16 with X being replaced by either LO or L1, one motion vector difference and one reference

index is

present in the bitstream for the macroblock. For a macroblock with type B X 16x16 with X being replaced by Bi,

two motion vector differences and two reference indices are present in the bitstream for the macroblock.

— B X0 X1 MxN, with X0, X1 referring to the first and second macroblock partition and being replaced by L0, L1,

or Bi, and MxN being replaced by 16x8 or 8x16: the samples of the macroblock are predicted using t

wo luma

partitions of size MxN equal to 16x8, or two luma partitions of size MxN equal to 8x16, and associated chroma
samples, respectively. For a macroblock partition X0 or X1 with X0 or X1 being replaced by either LO or L1, one

motion vector difference and one reference index is present in the bitstream. For a macroblock partition J
with X0 or X1 being replaced by Bi, two motion vector differences and two reference indices are presd
bitstream for the macroblock partition.

- B_8x8: for each sub-macroblock an additional syntax element (sub_mb_type) is present in“the bitstr
specifies the type of the corresponding sub-macroblock (see subclause 7.4.5.2).

- B_Skip: no further data is present for the macroblock in the bitstream. The functions MbPartWidth( B_SlI
MbPartHeight( B_Skip ) are used in the derivation process for motion vectors ahd”reference frame if
subclause 8.4.1 for direct mode prediction.

he following semantics are assigned to the macroblock prediction modes (MbPartPredMode( )) in Table 7-11.

- Direct: no motion vector differences or reference indices are present.fef) the macroblock (in case of B
B _Direct 16x16) in the bitstream. Direct is an Inter macroblock prediction mode.

- Pred_LO: see semantics for Table 7-10.

- Pred L1: specifies that the Inter prediction process is invoked using list 1 prediction. Pred L1 is
macroblock prediction mode.

- BiPred: specifies that the Inter prediction process is_iivoked using list 0 and list 1 prediction. BiPred is
macroblock prediction mode.

pcm_alignment_zero_bit is a bit equal to 0.

pem_byte[ i ] is a sample value. pcm_byte[T | shall not be equal to 0. The first 256 pcm_byte[ i ] values repres
sample values in the raster scan within-the macroblock. The next ( 256 * ( ChromaFormatFactor - 1)) /2 pem|
alues represent Cb sample . values in the raster scan within the macroblock. T
256 * ( ChromaFormatFactor - 1)) / 2 pcm_byte[ i ] values represent Cr sample values in the raster scan W
macroblock.

toefficient levels. Foranaeroblocks with prediction mode not equal to Intra 16x16, coded block pattern is pres
bitstream and the variables CodedBlockPatternLuma and CodedBlockPatternChroma are derived as follows.

CodedBleekPatternLuma = coded block pattern % 16
CodedBlockPatternChroma = coded_block pattern/ 16

Whenceded block pattern is present, CodedBlockPatternLuma specifies, for each of the four 8x8 luma bloc
macroblock, one of the following cases.

KO or X1
nt in the

cam that

ip ), and

ndices in

| Skip or

an Inter

an Inter

ent luma
[ byte[ i ]
he last
ithin the

oded_block pattern specifies which of the six 8x8 blocks - luma and chroma — may contain non-zero fransform

bnt in the

(7-22)

ks of the

- All transtorm coetficient levels ot the tour 4x4 Tuma blocks 1n the §x8 Iuma 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 shal
zero valued.

The meaning of CodedBlockPatternChroma is specified in Table 7-12.
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mb_qp_Hdelta can change the value of QPy in the macroblock layer. The decoded value of mb_qp_delta shall be in thq
range of]-26 to +25, inclusive. mb_qp_delta shall be inferred to be equal to 0 when it is not present for’any macroblock
(includinlg P_Skip and B_Skip macroblock types).

The valug of QPy is derived as

where QPvy prpv is the luma quantisation parameter, QPy, of the previous macroblock-in decoding order in the curren|
slice. Fdr the first macroblock in the slice QPy prgy is initially set equal to SliceQPy,derived in Equation 7-16 at the star
of each dlice.

7.4.5.1 | Macroblock prediction semantics
All samp]les of the macroblock are predicted. The prediction modes arederived using the following syntax elements.

prev_infradx4 pred_mode_flag] luma4x4Blkldx | and remyintra4x4 pred_mode[ luma4x4Blkldx | specify thq
Intra_4x4 prediction of the 4x4 luma block with index luma4x4BlkIdx = 0..15.

intra_chroma_pred_mode specifies the type of spatial prediction used for chroma in macroblocks using Intra 4x4 of
Intra_16k16 prediction, as shown in Table 7-13.

ref_idx_JI0[ mbPartldx | when present, specifies the index in list O of the reference picture to be used for prediction.

The range of ref idx 10[ mbPartIdx ], the index in list 0 of the reference picture, and, if applicable, the parity of the fiel

Table 7-12 — Specification of CodedBlockPatternChroma values

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.
One or more chroma AC transform coefficient levels shall be non-zero
valued.

QPy = ( QPyprpy + mb_qp_delta + 52 ) % 52 (7-23)

Table 7-13 — Relationship between intra_chroma_pred_mode and spatial prediction modes

intra_chroma’ pred_mode Intra Chroma Prediction Mode
0 DC
1 Horizontal
2 Vertical
3 Plane

within the reference picture used for prediction are specified as follows.

If MbaffFrameFlag is equal to 0 or mb_field decoding flag is equal to 0, the value of ref idx 10[ mbPartldx ] shall
be in the range of 0 to num_ref idx 10 active minusl, inclusive.

Otherwise (MbaffFrameFlag is equal tol and mb field decoding flag is equal to 1), the value 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 0 replaced by 11 and list 1, respectively.

78
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mvd_10[ mbPartldx ][ 0 ][ compldx | specifies the difference between a vector component to be used and its prediction.
The index mbPartldx specifies to which macroblock partition mvd 10 is assigned. The partitioning of the macroblock is
specified by mb_type. The horizontal motion vector component difference is decoded first in decoding order and is

assigned Compldx = 0. The vertical motion vector component is decoded second in decoding order and is

assigned

Compldx = 1. The range of the components of mvd_10[ mbPartldx ][ 0 ][ compldx ] is specified by constraints on the

motion vector variable values derived from it as specified in Annex A.

mvd_11[ mbPartldx ][ 0 ][ compldx | has the same semantics as mvd 10, with 10 and LO replaced by 11
respectively.

and LI,

.4.5.2  dub-macroblock prediction semantics

sub_mb _type[ mbPartldx ] specifies the sub-macroblock types.

NumSubMbPart( sub_ mb _type ) function), and the prediction mode of the sub-macroblock (given
SubMbPredMode( sub_mb_type ) function). In the text, the value of sub_mb type mayybe referred to
macroblock type”. In the text, the value of SubMbPredMode( ) may be referred to by “subpmacroblock predictio

Che sub-macroblock types for P macroblock types are specified in Table 7-14.

Table 7-14 — Sub-macroblock types in P macroblocks

= = = = = =
= = = = = =
T | i £ | 2 s | g%
= = 5= B = < & oD
A -9 A A E A = A D R
= =2 == = 22 2
g © E S E T & T E € E
) ET 27 iy £3 £
2 < & = o S =& ==
2|22 224928 25 | £5
2 = = 2 £ = <o 2 2
EI El z El 7 EI @ E| a E|
2 = £ 2 = =
= = ] E = =
v w2 » ] wn wn
0 P _LO_8x8 1 Pred LO 8 8
1 P L0_8x4 2 Pred LO 8 4
2 P L0 4x8 2 Pred_LO 4 8
3 P L0 4x4 4 Pred L0 4 4

he following semantics are assigned to the sub-macroblock types in Table 7-14.

- P_LO_MxN, with MxN being replaced by 8x8, 8x4, 4x8, or 4x4: the samples of the sub-macroblock are
usingone luma partition of size MxN equal to 8x8, two luma partitions of size MxN equal to 8x4, or {
pastitions of size MxN equal to 4x8, or four luma partitions of size MxN equal to 4x4, and associated
samples, respectively.

[ables and semantics are specified for the various sub-macroblock types for P, SP, and B slices. Each:table prdsents the
alue of sub_mb type, the name of sub_mb type, the number of sub-macroblock partitions' used (givep by the

by the
by ““sub-
I mode”.

bredicted
wo luma
chroma

I'he 1ollowing semantics are assigned to the sub-macroblock prediction modes (dSublMbFredMode( )) in 1able /-

—  Pred LO: see semantics for Table 7-10.
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The sub-macroblock types for B macroblock types are specified in Table 7-15.
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= = = = = =
wn w v w2 w2 w2
na B_Skip na Direct 4 4
na B Direct 16x16 na Direct 4 4
0 B _Direct_8x8 na Direct 4 4
1 B L0 8x8 1 Pred L0 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 L) 8 4
5 B L0 4x8 2 Pred, L0 4 8
6 B L1 8x4 2 Pred L1 8 4
7 B L1 4x8 2 Pred L1 4 8
8 B Bi 8x4 2 BiPred 8 4
9 B_Bi_4x8 2 BiPred 4 8
10 B LOn4x4 4 Pred LO 4 4
11 Bl 4x4 4 Pred L1 4 4
12 B_Bi_4x4 4 BiPred 4 4
The follgwing semantics. are assigned to the macroblock types in Table 7-15:
B_Skip and B:\Direct 16x16: no motion vector differences or reference indices are present for the sub-macroblock
in the bitstseéam. The functions SubMbPartWidth( ) and SubMbPartHeight( ) are used in the derivation process fo
molon vectors and reference frame indices in subclause 8.4.1 for direct mode prediction.
B _Ditect 8X87TI0 MOTiON VECToT dilfeTences of TEIEIeice INJICes are present 107 te SUD-Macrobiock 1N the bitsieam.
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Table 7-15 — Sub-macroblock types in B macroblocks

The functions SubMbPartWidth( B_Direct 8x8 ) and SubMbPartHeight( B_Direct 8x8 ) are used in the derivation
process for motion vectors and reference frame indices in subclause 8.4.1 for direct mode prediction.

B_X MxN, with X being replaced by L0, L1, or Bi, and MxN being replaced by 8x8, 8x4, 4x8 or 4x4: the samples
of the sub-macroblock are predicted using one luma partition of size MxN equal to 8x8, or the samples of the sub-
macroblock are predicted using two luma partitions of size MxN equal to 8x4, or the samples of the sub-macroblock
are predicted using two luma partitions of size MxN equal to 4x8, or the samples of the sub-macroblock are
predicted using four luma partitions of size MxN equal to 4x4, and associated chroma samples, respectively. All
sub-macroblock partitions share the same reference index. For an MxN sub-macroblock partition in a sub-
macroblock with sub_mb_type being B. X MxN with X being replaced by either LO or L1, one motion vector
difference is present in the bitstream. For an MxN sub-macroblock partition in a sub-macroblock with sub_mb_type
being B_Bi_MxN, two motion vector difference are present in the bitstream.
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The following semantics are assigned to the sub-macroblock prediction modes (SubMbPredMode( )) in Table 7-15.
—  Direct: see semantics for Table 7-11.

—  Pred LO: see semantics for Table 7-10.

—  Pred L1: see semantics for Table 7-11.

—  BiPred: see semantics for Table 7-11.

Fef idx_10[ mbPartldx | has the same semantics as ref idx_10 in subclause 7.4.5.1.
Fef idx_11[ mbPartldx | has the same semantics as ref idx 11 in subclause 7.4.5.1.

mvd_10[ mbPartldx ][ subMbPartldx ][ compldx | has the same semantics as mvd_10 in subclause 7(4:5.1, excdpt that it
s applied to the sub-macroblock partition index with subMbPartldx. The indices mbPartldx and subMbPartldx dpecify to
ivhich macroblock partition and sub-macroblock partition mvd_10 is assigned.

mvd_11[ mbPartldx ][ subMbPartldx ][ compldx ] has the same semantics as mvd 11 in subclause 7.4.5.1.

7.4.5.3 Residual data semantics
[he syntax structure residual_block( ), which is used for parsing the transform coefficient levels, is assigned as fpllows.

If entropy_coding_mode flag is equal to 0, residual block is set equal’to-residual block cavle, which is|used for
parsing the syntax elements for transform coefficient levels.

Otherwise (entropy_coding mode_flag is equal to 1), residual bleck is set equal to residual block cabac,|which is
used for parsing the syntax elements for transform coefficientdgvels.

Depending on mb_type, luma or chroma, the syntax structure.residual_block( coeffLevel, maxNumCoeff) is ysed with
he arguments coeffLevel, which is a list containing the maxNumCoeff transform coefficient levels that are parsed in
residual _block( ), and maxNumCoeff as follows.

Depending on MbPartPredMode( mb_type, 0 ), the following applies.

- 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 containls the 16
transform coefficient levels of the-DC transform coefficient levels for each 4x4 luma block. For each fof the 16
4x4 luma blocks indexed by'i;= 0..15, the 15 AC transform coefficients levels of the i-th block are pdrsed into
the i-th list Intral6x16ACLevel[ 1 |.

- Otherwise (MbPartPredMode( mb_type, 0 ) is not equal to Intra 16x16), for each of the 16 4x4 lunpa blocks
indexed by i = 0..15, the 16 transform coefficient levels of the i-th block are parsed into thq i-th list
LumaLevel[ i/:

For each chroma\eomponent, indexed by iCbCr = 0..1, the 4 DC transform coefficient levels of the 4x4 chroma
blocks are parsed’into iCbCr-th list ChromaDCLevel[ iCbCr ].

For eachrofithe 4x4 chroma blocks, indexed by i4x4 = 0..3, of each chroma component, indexed by iCbCr 5 0..1, the
15 AC)transform coefficient levels are parsed into the i4x4-th list of the iCbCr-th chroma cdmponent
ChromaACLevel[ iCbCr ][ i4x4 ].

7.4.5.3.1 Residual block CAVLC semantics

The function TotalCoeff( coeff token ) that is used in subclause 7.3.5.3.1 returns the number of non-zero transform
coefficient levels derived from coeff token.

The function TrailingOnes( coeff token ) that is used in subclause 7.3.5.3.1 returns the trailing ones derived from
coeff token.

coeff_token specifies the total number of non-zero transform coefficient levels and the number of trailing one transform
coefficient levels in a transform coefficient level scan. A trailing one transform coefficient level is one of up to three
consecutive non-zero transform coefficient levels having an absolute value equal to 1 at the end of a scan of non-zero
transform coefficient levels. The range of coeff token is specified in subclause 9.2.1.

trailing_ones_sign_flag specifies the sign of a trailing one transform coefficient level as follows.
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- Iftrailing ones_sign flag is equal to 0, the corresponding transform coefficient level is decoded as +1.
- Otherwise (trailing_ones_sign flag equal to 1), the corresponding transform coefficient level is decoded as -1.

level prefix and level suffix specify the value of a non-zero transform coefficient level. The range of level prefix and
level suffix is specified in subclause 9.2.2.

total_zeros specifies the total number of zero-valued transform coefficient levels that are located before the position of
the last non-zero transform coefficient level in a scan of transform coefficient levels. The range of total zeros is specified
in subclause 9.2.3.

run_befpre specilfics the number 01 consecuilve transiorm coellicient levels in the scan with zeto value belore a non
zero valyed transform coefficient level. The range of run_before is specified in subclause 9.2.3.

coeffLevel contains maxNumCoeff transform coefficient levels for the current list of transform coefficient levels.

7.4.5.3.2| Residual block CABAC semantics

coded_bllock flag specifies whether the block contains non-zero transform coefficient levels as follows.

- Ifcdded block flag is equal to 0, the block contains no non-zero transform coefficient levels.

- Oth¢rwise (coded block flag is equal to 1), the block contains at least one non-zero tran§form coefficient level.
significaint_coeff flag| i | specifies whether the transform coefficient level at scanning position i is non-zero as follows.
- Ifsignificant coeff flag[ i]is equal to 0, the transform coefficient level at scanning position i is set equal to 0;

- Othgrwise (significant coeff flag[ i] is equal to 1), the transform coeffici€nt level at scanning position i has a non
zero| value.

last_significant _coeff flag[i] specifies for the scanning position i whether there are non-zero transform coefficien
levels fof subsequent scanning positions i + 1 to maxNumCoeff — 1 as*follows.

- If last_significant coeff flag[i] is equal to 1, all following transform coefficient levels (in scanning order) of thq
block have value equal to 0..

- Othgrwise (last_significant coeff flag[ i] is equal to-0); there are further non-zero transform coefficient levels along
the 4canning path.

coeff_alfs level minusl[i] is the absolute .valne of a transform coefficient level minus 1. The wvalue of
coeff abp 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.
- Ifcdeff sign flagis equal to 0, the.corresponding transform coefficient level has a positive value.
- Othgrwise (coeff sign flag i§ équal to 1), the corresponding transform coefficient level has a negative value.

coeffLevel contains maxNumCoeff transform coefficient levels for the current list of transform coefficient levels.

8 Decoding \process
Outputs pf thisiprocess are decoded samples of the current picture (sometimes referred to by the variable CurrPic).

This clayse-describes the decoding process, given syntax elements and upper-case variables from clause 7.

The decoding process is specified such that all decoders shall produce numerically identical results. Any decoding
process that produces identical results to the process described here conforms to the decoding process requirements of
this Recommendation | International Standard.

Each picture referred to in this clause is a primary picture. Each slice referred to in this clause is a slice of a primary
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 decoding of NAL units is specified in subclause 8.1.

- The processes in subclause 8.2 specify decoding processes using syntax elements in the slice layer and above.
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Variables and functions relating to picture order count are derived in subclause 8.2.1. (only needed to be
invoked for one slice of a picture)

Variables and functions relating to the macroblock to slice group map are derived in subclause 8.2.2. (only
needed to be invoked for one slice of a picture)

The 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 equal to
(PrevRefFrameNum + 1 ) % MaxFrameNum, the decoding process for gaps in frame num is performed

8.1

according to subclause 8.2.5.2 prior to the decoding of any slices of the current picture.

Prior to decoding each slice, the derivation of reference picture lists as described in 8.2.4 is necessary| for inter
prediction.

When the current picture is a reference picture and after all slices of the current picture-have been decpded, the
decoded reference picture marking process in subclause 8.2.5 specifies how the curtént picture is uspd in the
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 elemerlts in the

macroblock layer and above.

nputs to this process\at©® NAL units.

Dutputs of this pfocess are the RBSP syntax structures encapsulated within the NAL units.

Subglause 8.2 describes the decoding process for NAL units with nal unit_type equal to 1 through 5.

The intra prediction process for I and SI macroblocks, except for I'PCM macroblocks as spegified in
subclause 8.3, has intra prediction samples as its output. For KPCM macroblocks subclause 8.3 directly
specifies a picture construction process. The output are the constructed samples prior to the deblockling filter
process.

The inter prediction process for P and B macroblocks is specified in subclause 8.4 with inter prediction] samples
being the output.

The transform coefficient decoding process and picture construction process prior to deblocking filtef process
are specified in subclause 8.5. That process derives samples for I and B macroblocks and for P macroblpcks 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 $.6. That
process derives samples for P macroblocks in SP slices and for SI macroblocks. The output are copstructed
samples prior to the deblocking filter process.

The constructed samples priorito the deblocking filter process that are next to the edges of blgcks and
macroblocks are processed by-a deblocking filter as specified in subclause 8.7 with the output being the decoded
samples.

NAL unit decoding process

[he decodingprocess for each NAL unit extracts the RBSP syntax structure from the NAL unit and then opdrates the
lecoding-processes specified for the RBSP syntax structure in the NAL unit as follows.

Bubclauses 8.3 describes the decoding process for a macroblock or part of a macroblock coded in NAL uhits with

nal unit type equal to 1, 2, and 5.

Subclause 8.4 describes the decoding process for a macroblock or part of a macroblock coded in NAL units with
nal_unit _type equal to 1 and 2.

Subclause 8.5 describes the decoding process for a macroblock or part of a macroblock coded in NAL units with
nal_unit type equal to 1 and 3 to 5.

Subclause 8.6 describes the decoding process for a macroblock or part of a macroblock coded in NAL units with
nal_unit type equal to 1 and 3 to 5.
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Subclause 8.7 describes the decoding process for a macroblock or part of a macroblock coded in NAL units with
nal_unit type equal to 1 to 5.

NAL units with nal_unit_type equal to 7 and 8 contain sequence parameter sets and picture parameter sets, respectively.
Picture parameter sets are used in the decoding processes of other NAL units as determined by reference to a picture
parameter set within the slice headers of each picture. Sequence parameter sets are used in the decoding processes of
other NAL units as determined by reference to a sequence parameter set within the picture parameter sets of each
sequence.

No normative decoding process is specified for NAL units with nal unit type equal to 6, 9, 10, 11, and 12.

8.2 Slice decoding process

8.2.1
Outputs pf this process are TopFieldOrderCnt (if applicable) and BottomFieldOrderCnt (if applicable).

ecoding process for picture order count

Picture drder counts are used to determine initial picture orderings for reference pictures in the decoding’of B slices (seq
subclausps 8.2.4.2.3 and 8.2.4.2.4), to represent picture order differences between frames or fields' for motion vectof

BottomFieldOrderCnt for a bottom field.

complementary field pair is associated with two picture-order counts, which are the TopFieldOrderCnt for it
codgd top field and the BottomFieldOrderCnt for its coded bottom field, respectively.

TopFieldOrderCnt and BottomFieldOrderCnt indicate the«pi¢ture order of the corresponding top field or bottom fielg
relative [to the first output field of the previous IDR picture or the previous reference picture including 3
memory [ management control operation equal to 5 in‘decoding order.

TopFieldOrderCnt and BottomFieldOrderCnt arevdérived by invoking one of the decoding processes for picture ordef
count type 0, 1, and 2 in subclauses 8.2.1.13.8.2.1.2, and 8.2.1.3, respectively. When the current picture includes §
memory [management control operation equal to 5, after the decoding of the current picture, tempPicOrderCnt is set equa
to  PicDrderCnt( CurrPic ), TopFieldOrderCnt of the current picture (if any) is set equal t
TopFieldOrderCnt - tempPicOrderCnt,~and BottomFieldOrderCnt of the current picture (if any) is set equal t
BottomFHieldOrderCnt - tempPicOrderCnt.

The bitsfream shall not contain.data that results in Min( TopFieldOrderCnt, BottomFieldOrderCnt ) not equal to 0 for §
coded IDR frame, TopFieldOrderCnt not equal to 0 for a coded IDR top field, or BottomFieldOrderCnt not equal to 0 fo
a coded [DR bottom field.vThus, at least one of TopFieldOrderCnt and BottomFieldOrderCnt shall be equal to O for thg
fields of p coded IDRframe.

When th¢ currentpicture is not an IDR picture, the following applies.

- Consjfdef ‘the list variable listD containing as elements the TopFieldOrderCnt and BottomFieldOrderCnt value
assodiated with the list of pictures including all of the following

- the first 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 following additional pictures.

- Ifpic_order cnt type is equal to 0, all other pictures that follow in decoding order after the first picture in the
list and 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 decoding

process for gaps in frame num specified in subclause 8.2.5.2, the current picture is included in listD prior to the
invoking of the decoded reference picture marking process.
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- 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
reference picture marking process.

decoded

- Consider the list variable listO which contains the elements of listD sorted in ascending order. listO shall not contain

any of the following.

- a pair of TopFieldOrderCnt and BottomFieldOrderCnt for a frame or complementary field pair that are not at

consecutive positions in listO.

- aTopFieldOrderCnt that has a value equal to another TopFieldOrderCnt.
- aBottomFieldOrderCnt that has a value equal to another BottomFieldOrderCnt.

- a BottomFieldOrderCnt that has a value equal to a TopFieldOrderCnt unless the BottomFi¢ldOrde]
TopFieldOrderCnt belong to the same coded frame or complementary field pair.

[he bitstream shall not contain data that results in values of TopFieldOrderCnt, BottomFieldOzderCnt, PicOrde
br FrameNumOffset used in the decoding process as specified in subclauses 8.2.1.1 to 8213 that exceed the
alues from -2°' to 2*'-1, inclusive.

[he function PicOrderCnt( picX ) is specified as follows:

if( picX is a frame or a complementary field pair )
PicOrderCnt( picX ) = Min( TopFieldOrderCnt, BottomFieldOrdetCnt ) of the frame or complementar
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

[hen DiffPicOrderCnt( picA, picB ) is specified as follows:

DiffPicOrderCnt( picA, picB ) = PicOrderCnt('picA ) - PicOrderCnt( picB )

[he bitstream shall contain data that results invalues of DiffPicOrderCnt( picA, picB ) used in the decoding pr
ire in the range of -2'° to 2'° - 1, inclusiye(

NOTE — Let X be the current picture and Y and Z be two other pictures in the same sequence, Y and Z are considered t
same output order direction from X when both DiffPicOrderCnt( X, Y ) and DiffPicOrderCnt( X, Z ) are positive o
negative.

NOTE — Many applications-assign PicOrderCnt( X ) proportional to the sampling time of the picture X relative to the
time of an IDR picture.

When the current pictire includes a memory management control operation equal to 5, PicOrderCnt( CurrPic
breater than PicOrderCnt( any other picture in listD ).

B.2.1.1 Decoding process for picture order count type 0

[his process/is invoked when pic_order_cnt_type is equal to 0.

Cnt and

CntMsb,
range of

field

(8-1)

(3-2)
cess that

be in the
I both are

sampling

shall be

nput te'this process is PicOrderCntMsb of the previous reference picture in decoding order as specified in this sfibclause.

Dutputs of this process are either or both TopFieldOrderCnt or BottomFieldOrderCnt.

The variables prevPicOrderCntMsb and prevPicOrderCntLsb are derived as follows.

- If the current picture is an IDR picture, prevPicOrderCntMsb is set equal to 0 and prevPicOrderCntLsb is
to 0.

- Otherwise (the current picture is not an IDR picture), the following applies.

set equal

- If the previous reference picture in decoding order included a memory management control operation equal

to 5, the following applies.
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PicOrdefCntMsb of the current picture is derived as follows:

When the current picture is not a bottom field, TopFieldOrderCnt is derived as follows:

When th¢ current picture is not a top field, BottomFieldOrderCnt is derived as follows:

8.2.1.2
This progess is invoked when pic_order cnt_typé is equal to 1.
Input to
Outputs

The valpes of TopFieldOrderCnt and BottomFieldOrderCnt are derived as specified in this subclause. Le
prevFrarheNum be equal to the frame num of the previous picture in decoding order.

When th¢ current picture is not an IDR picture, the variable prevFrameNumOffset is derived as follows.

iff ( pic_order cnt Isb < prevPicOrderCntLsb ) &&

[¢]

else

fl !field pic flag || !bottom field flag)

—

—

fl !field pic flag)

a

If the previops \picture in decoding order included a memory management control operation equal to 5
prevFrameNumOffset is set equal to 0.

Oth¢rwise (the previous picture in decoding order did not include a memory management control operation equa
to 51

NOTE — When gaps_in frame num value allowed flag is equal to 1, the previous picture in decoding order may be a "non-
existing" frame inferred by the decoding process for gaps in frame num specified in subclause 8.2.5.2.

- If the previous reference picture in decoding order is not a bottom field, prevPicOrderCntMsb is set equal
to 0 and prevPicOrderCntLsb is set equal to the value of TopFieldOrderCnt for the previous reference
picture in decoding order.

- Otherwise (the previous reference picture in decoding order is a bottom field), prevPicOrderCntMsb is set
equal to 0 and prevPicOrderCntLsb is set equal to 0.

Otherwise  (the  previous reference picture in  decoding order did not include a
memory management control operation equal to 5), prevPicOrderCntMsb is set equal to PicOrderCntMsb of
the previous reference picture in decoding order and prevPicOrderCntLsb is set equal to the value of

. 1 Tt el el . £ e . 1 1. 1
[PIC_UIUCT UIIT ISU U UICU PITVIUUS TUICTUIICT PICTUIT T UCTUUILTE UTUCT.

( ( prevPicOrderCntLsb — pic_order _cnt Isb ) >= ( MaxPicOrderCntLsb/2)))
PicOrderCntMsb = prevPicOrderCntMsb + MaxPicOrderCntLsb (8-3)
Ise if( ( pic_order cnt_lIsb > prevPicOrderCntLsb ) &&
( (pic_order cnt Isb — prevPicOrderCntLsb ) > ( MaxPicOrderCntLsb/2)))
PicOrderCntMsb = prevPicOrderCntMsb — MaxPicOrderCntLsb

PicOrderCntMsb = prevPicOrderCntMsb

TopFieldOrderCnt = PicOrderCntMsb + pic_order cnt Isb (8-4)

BottomFieldOrderCnt = TopFieldOrderCnt + delta_pic order cnt bottom
Ise if( bottom_field flag) (8-5)
BottomFieldOrderCnt = PicOrderCntMsb + pic~order cnt Isb

Decoding process for picture order count-type 1

his process is FrameNumOffset«of the previous picture in decoding order as specified in this subclause.

bt this process are either or both'TopFieldOrderCnt or BottomFieldOrderCnt.

, prevFrameNumOffset is set equal to the value of FrameNumOffset of the previous picture in decoding order.

The derivation proceeds in the following ordered steps.

1.

86

The variable FrameNumOffset is derived as follows:

if( nal unit type == 5)

FrameNumOffset = 0

else if( prevFrameNum > frame num ) (8-6)

FrameNumOffset = prevFrameNumOffset + MaxFrameNum

else

FrameNumOffset = prevFrameNumOffset
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2. The variable absFrameNum is derived as follows:

if( num_ref frames in pic_order cnt cycle != 0)
absFrameNum = FrameNumOffset + frame num

else 8-7
absFrameNum = 0

if( nal ref idc == 0 && absFrameNum > 0)
absFrameNum = absFrameNum — 1

3 When absFrameNum > 0 picﬂrdprPanvclePnf and frameNumInPicOrderCntCvcle are derived as follows:

if( absFrameNum > 0) {
picOrderCntCycleCnt = ( absFrameNum — 1 ) / num_ref frames_in pic_order cnt cycle
frameNumInPicOrderCntCycle = ( absFrameNum — 1 ) % num_ref frames in pic_order_¢nt Cycle (8-8)

}

t.  The variable expectedDeltaPerPicOrderCntCycle is derived as follows:

expectedDeltaPerPicOrderCntCycle = 0
for(i=0; i <num_ref frames in pic_order cnt cycle; i++)
expectedDeltaPerPicOrderCntCycle += offset for ref frame[ i | (8-9)

h.  The variable expectedPicOrderCnt is derived as follows:

if( absFrameNum > 0 ){
expectedPicOrderCnt = picOrderCntCycleCnt * expectedDeltaPerPicOrderCntCycle
for( 1= 0; i <= frameNumInPicOrderCntCycle; i++ )
expectedPicOrderCnt = expectedPicOrderCnt +offset for ref frame[ i ]

} else
expectedPicOrderCnt = 0
if(nal_ref idc == 0) (8-10)

expectedPicOrderCnt = expectedPicOrdetOnt + offset for non ref pic
h. The variables TopFieldOrderCnt or BottomFieldOrderCnt are derived as follows:

if( !field pic flag) {

TopFieldOrderCnt = expectedPicOrderCnt + delta_pic_order cnt[ O ]

BottomFieldOrderCnt =TopFieldOrderCnt +

offset for (top: to_bottom field + delta_pic_order cnt[ 1 ] (8-11)

} else if( !bottom_field;flag )

TopFieldOrdefCnt = expectedPicOrderCnt + delta_pic_order cnt[ O ]
else

BottomFieldOrderCnt = expectedPicOrderCnt + offset _for top to bottom field + delta_pic_order cit[ O ]

8.2.1.3 Deecoding process for picture order count type 2
[his process’is invoked when pic_order cnt type is equal to 2.

Dutputs of this process are either or both TopFieldOrderCnt or BottomFieldOrderCnt.

efnrevEram ol bao oqya 1 to-the-firame—num-of the-nrevious-picture-—tn-decodineorder
Sprevr e vH-be-equar—toteHame Ao e préevieuspictureH-aecoainig-oraet

When the current picture is not an IDR picture, the variable prevFrameNumOffset is derived as follows.

- If the previous picture in decoding order included a memory management control operation equal to 5,
prevFrameNumOffset is set equal to 0.

- Otherwise (the previous picture in decoding order did not include a memory management control operation equal
to 5), prevFrameNumOffset is set equal to the value of FrameNumOffset of the previous picture in decoding order.

NOTE — When gaps_in_frame num value allowed flag is equal to 1, the previous picture in decoding order may be a "non-
existing" frame inferred by the decoding process for gaps in frame num specified in subclause 8.2.5.2.
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The variable FrameNumOffset is derived as follows.

if( nal_unit_type == 5)
FrameNumOffset = 0

else if( prevFrameNum > frame num ) (8-12)
FrameNumOffset = prevFrameNumOffset + MaxFrameNum
else

FrameNumOffset = prevFrameNumOffset

The variahle tempPicOrderCnt is derived as follows-

—

f[ 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 )

The varigbles TopFieldOrderCnt or BottomFieldOrderCnt are derived as follows:

—

f{ !field pic flag) {

TopFieldOrderCnt = tempPicOrderCnt

BottomFieldOrderCnt = tempPicOrderCnt (8-14)
else if( bottom_field flag)

BottomFieldOrderCnt = tempPicOrderCnt

else

TopFieldOrderCnt = tempPicOrderCnt

——

NOTE — Picture order count type 2 cannot be used in a coded video sequence that contains consecutive non-reference pictures thaj
would result in more than one of these pictures having the same value of TopFieldOrderCnt or more than one of these picture
having the same value of BottomFieldOrderCnt.

NOTE —Picture order count type 2 results in an output order thdt’is the same as the decoding order.

8.2.2 |Decoding process for macroblock to slice group map
Inputs tof this process are the active picture parameterset and the slice header of the slice to be decoded.
Output off this process is a macroblock to slice group map MbToSliceGroupMap.

This progess is invoked at the start of eyétysslice.
NOTE — The output of this process ig'equal for all slices of a picture.

When nym_slice_groups_minugl isiequal to 1 and slice_group_map_type is equal to 3, 4, or 5, slice groups 0 and 1 havy{
a size aijd shape determined by slice group change direction flag as shown in Table 8-1 and specified in subclause
8.2.2.4-82.2.6.

Table 8-1 — Refined slice group map type

slice_group_map_type slice_group_change_direction_flag | refined slice group map type
3 0 Box-out clockwise
3 t Box-out-counter-ctockwise
4 0 Raster scan
4 1 Reverse raster scan
5 0 Wipe right
5 1 Wipe left

In such a case, MapUnitsInSliceGroupO slice group map units in the specified growth order are allocated for slice group
0 and the remaining PicSizeInMapUnits — MapUnitsInSliceGroup0 slice group map units of the picture are allocated for
slice group 1.
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When num_slice groups minusl is equal tol and slice group map type is equal to4 or 5, the
sizeOfUpperLeftGroup is defined as follows:

sizeOfUpperLeftGroup = ( slice_group change direction_flag ?
( PicSizeInMapUnits — MapUnitsInSliceGroup0 ) : MapUnitsInSliceGroup0 )

The variable mapUnitToSliceGroupMap is derived as follows.

variable

(8-15)

- If num_slice groups minusl is equal to 0, the map unit to slice group map is generated for all i ranging from O to

PicSizeInMapUnits — 1, inclusive, as specified by:

mapUnitToSliceGroupMap[i]=0

Otherwise (num_slice groups minus! is not equal to 0), mapUnitToSliceGroupMap is derived as-follows.

— If slice group map type is equal to O, the derivation of mapUnitToSliceGroupMap as spe
subclause 8.2.2.1 applies.

—  Otherwise, if slice group map type is equal to 1, the derivation of mapUnitToSliceGrou
specified in subclause 8.2.2.2 applies.

—  Otherwise, if slice_group map type is equal to2, the derivatiod ,0f mapUnitToSliceGrou
specified in subclause 8.2.2.3 applies.

—  Otherwise, if slice group map type is equal to 3, the derivation of mapUnitToSliceGrou
specified in subclause 8.2.2.4 applies.

—  Otherwise, if slice_group map type is equal to 4, the derivation of mapUnitToSliceGrou
specified in subclause 8.2.2.5 applies.

—  Otherwise, if slice_group map type is equal <to 5, the derivation of mapUnitToSliceGrou
specified in subclause 8.2.2.6 applies.

—  Otherwise (slice_group map_type is equal t0%6), the derivation of mapUnitToSliceGroupMap as
in subclause 8.2.2.7 applies.

After derivation of the mapUnitToSliceGroupMap,'¢he process specified in subclause 8.2.2.8 is invoked to co

After derivation of the macroblock to slice group map as specified in subclause 8.2.2.8, the function NextMbAd
s defined as the value of the variable nextMbAddress derived as specified by:

i=n+1
while( i < PicSizeInMbs && MbToSliceGroupMap[ i ] != MbToSliceGroupMap[ n ] )
I++;

nextMbAddress = i

B.2.2.1 Specificationfor interleaved slice group map type
[he specification$ irthis subclause apply when slice_group map_type is equal to 0.
[he map unifite’slice group map is generated as specified by:

i=0
do

(8-16)

cified in
bMap as
bMap as
bMap as
bMap as
bMap as

specified

nvert the

map unit to slice group map mapUnitToSliceGroupMap to the macroblock to slice group map MbToSliceGjoupMap.

ress(n)

(8-17)

for( iGroup = 0; iGroup <= num_slice_groups_minusl && i < PicSizeInMapUnits;

TF=Tun_fengtn_minus1{ iGroup++ |+ 1)
for(j =0;j <=run_length minusl[ iGroup ] && i+ j < PicSizeInMapUnits; j++ )
mapUnitToSliceGroupMap][ i +j ] = iGroup
while( i < PicSizeInMapUnits )
8.2.2.2 Specification for dispersed slice group map type

The specifications in this subclause apply when slice_group map_type is equal to 1.

The map unit to slice group map is generated as specified by:
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for( i = 0; i <PicSizeInMapUnits; i++ )

8.2.23

mapUnitToSliceGroupMap[ i ] = ( (1 % PicWidthInMbs ) +
(((1/PicWidthInMbs ) * ( num_slice groups minusl +1))/2))
% (num_slice_groups minusl + 1) (8-19)

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:

fq

fq

}

After ap

PicSizelpMapUnits — 1, inclusive, for which mapUnitToSliceGroupMap] i | is€qual to iGroup for each value of iGrouy

from 0 td

NOTH
and b
macrd

group
macrd

8.2.24
The speg
The map

fq

mh N N N M

r( i=0; i <PicSizeInMapUnits; i++ )

mapUnitToSliceGroupMap[ i | = num_slice_groups minusl
r( 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

for( y = yTopLeft; y <= yBottomRight; y++)

for( x = xTopLeft; x <= xBottomRight; x++ )
mapUnitToSliceGroupMap[ y * PicWidthInMbs + x ] = iGroup (8-20)

plication of the process specified in Equation 8-20, there shall be .t least one value of i from 0 t

num_slice groups minusl, inclusive (i.e., each slice group shall confain at least one slice group map unit).

— The rectangles may overlap. Slice group 0 contains the macroblocks.thdt are within the rectangle specified by top_left[ 0
pttom_right[ 0 ]. A slice group having slice group ID greater than 0-and less than num_slice groups minusl contains th
blocks that are within the specified rectangle for that slice group that are not within the rectangle specified for any slic
having a smaller slice group ID. The slice group with slice.group ID equal to num_slice groups minusl contains th
blocks that are not in the other slice groups.

Specification for box-out slice group map types
ifications in this subclause apply when slice_gfoup map_type is equal to 3.

unit to slice group map is generated as specified by:

r( i=0; i <PicSizeInMapUnits; i++.)
mapUnitToSliceGroupMap[ 1]\
= ( PicWidthInMbs — slice_group* change direction flag ) /2
= ( PicHeightInMapUnits —{slice group change direction flag)/2
eftBound, topBound ) =(( %,’y )
fightBound, bottomBounid ) = (X, y )
kDir, yDir ) = ( slice“group_change direction flag — 1, slice group change direction flag)
r( k = 0; k < MapUhitsInSliceGroup0; k += mapUnitVacant ) {
mapUnitVaeant = ( mapUnitToSliceGroupMap[ y * PicWidthinMbs +x] == 1)
if( mapWnitVacant )
mapUnitToSliceGroupMap[ y * PicWidthInMbs + x ] =0 (8-21)
iffxPir == -1 && x == leftBound ) {

leftBound = Max( leftBound — 1, 0)

90

X = lettBound

( xDir, yDir ) =( 0, 2 * slice_group change direction_flag— 1)
}else if( xDir == 1 && x == rightBound ) {

rightBound = Min( rightBound + 1, PicWidthInMbs — 1 )

x = rightBound

( xDir, yDir ) =( 0, 1 —2 * slice_group_change direction flag )

} else if( yDir == -1 && y == topBound ) {
topBound = Max( topBound — 1, 0)
y = topBound

( xDir, yDir ) =( 1 —2 * slice_group change direction_flag, 0)
}else if( yDir == 1 && y == bottomBound ) {
bottomBound = Min( bottomBound + 1, PicHeightInMapUnits — 1)
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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.

2004(E)

= : 1 : 3 e 1
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for( i = 0; i <PicSizeInMapUnits; i++ )
if( 1 < sizeOfUpperLeftGroup )
mapUnitToSliceGroupMap| i ] = slice_group change direction_flag
else
mapUnitToSliceGroupMap[ i ] = 1 —slice_group change direction flag
B.2.2.6  Specification for wipe slice group map types
[he specifications in this subclause apply when slice_group map_type is equal to 5,
[he map unit to slice group map is generated as specified by:
k=0;
for(j = 0;j < PicWidthInMbs; j++)
for( i =0; i <PicHeightInMapUnits; i++ )
if( k++ < sizeOfUpperLeftGroup )
mapUnitToSliceGroupMap[ i * PicWidthInMbs*+ j ] = slice_group change direction flag
else
mapUnitToSliceGroupMap| i * PicWidthInMbs + j ] = 1 —slice_group change direction_flag
B.2.2.7  Specification for explicit slice group map type
[he specifications in this subclause apply when-slice_group map_type is equal to 6.

[he map unit to slice group map is generated-as specified by:
mapUnitToSliceGroupMap[\i] = slice_group id[ i ]
for all i ranging from 0 to PicSizelnMapUnits — 1, inclusive.

B.2.2.8  Specification for conversion of map unit to slice group map to macroblock to slice group map

follows.

- If frame fabs only flag is equal to 1 or field pic flag is equal to 1, the macroblock to slice group map is
by:

MbToSliceGroupMap| i ] = mapUnitToSliceGroupMap| i ]

- —/Otherwise, if MbaffFrameFlag is equal to 1, the macroblock to slice group map is specified by:

(8-22)

(8-23)

(8-24)

For each value of i _rariging from 0 to PicSizeInMbs — 1, inclusive, the macroblock to slice group map is spdcified as

specified

(8-25)

MbToSliceGroupMap| i | = mapUnitToSliceGroupMap[i/2 ]

—  Otherwise (frame_mbs_only flag is equal to 0 and mb_adaptive frame field flag is equal to 0 and field p
equal to 0), the macroblock to slice group map is specified by:

(8-26)

ic flagis

MbToSliceGroupMap| i | = mapUnitToSliceGroupMap|[ (i/( 2 * PicWidthInMbs ) ) * PicWidthInMbs

+ (1% PicWidthInMbs ) ]
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8.2.3  Decoding process for slice data partitioning

Inputs to this process are
—  aslice data partition A layer RBSP,

—  when syntax elements of category 3 are present in the slice data, a slice data partition B layer RBSP having the same
slice_id as in the slice data partition A layer RBSP, and

—  when syntax elements of category 4 are present in the slice data, a slice data partition C layer RBSP having the same
slice_id as in the slice data partition A layer RBSP.
NOTE~_The slice data partition B laver RRSP 3 1

Output off this process is a coded slice.

When sljce data partitioning is not used, coded slices are represented by a slice layer without partitioning RBSP tha
contains fa slice header followed by a slice data syntax structure that contains all the syntax elements of categories 2, 3
and 4 (sde category column in subclause 7.3) of the macroblock data for the macroblocks of the slice.

When slice data partitioning is used, the macroblock data of a slice is partitioned into one to three partitions contained i}
separate [NAL units. Partition A contains a slice data partition A header, and all syntax elements of eategory 2. Partition
B, when| present, contains a slice data partition B header and all syntax elements of category, 3. Partition C, wher
present, fontains a slice data partition C header and all syntax elements of category 4.

When slfce data partitioning is used, the syntax elements of each category are parsed ffom a separate NAL unit, whicl
need not{be present when no symbols of the respective category exist. The decoding\process shall process the slice dat
partition$ of a coded slice in a manner equivalent to processing a corresponding sliec\layer without partitioning RBSP by
extracting each syntax element from the slice data partition in which the syntak-element appears depending on the slics
data partftion 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 element
of catpgory 4 are relevant to the decoding of residual data of P and B macroblock types. Category 2 encompasses all other syntay
elements related to the decoding of macroblocks, and their information 1s often denoted as header information. The slice datg
partitjon A header contains all the syntax elements of the slice header,-and additionally a slice id that are used to associate the slic
data partitions B and C with the slice data partition A. The slicendata partition B and C headers contain the slice id synta
elemgnt that establishes their association with the slice data partition A of the slice.

8.2.4 |Decoding process for reference picture lists construction
This pro¢ess is invoked at the beginning of decoding(of'each P, SP, or B slice.

Outputs pf this process are a reference picturelist'RefPicList0 and, when decoding a B slice, a second reference picturg
list RefPfcListl1.

Decoded) reference pictures are marked-as."used for short-term reference" or "used for long-term reference" as specifieg
by the bjtstream and specified in subclause 8.2.5. Short-term decoded reference pictures are identified by the value of
frame _ngm. Long-term decoded reference pictures are assigned a long-term frame index as specified by the bitstreanp
and specffied in subclause 8.2.5.

Subclauge 8.2.4.1 is invoked o specify

- the apsignment ofiyariables FrameNum, FrameNumWrap, and PicNum to each of the short-term reference pictures
and

- the agsignment of variable LongTermPicNum to each of the long-term reference pictures.

Referende‘pictures are addressed through reference indices as specified in subclause 8.4.2.1. A reference index is af
index into a [ist of variables PicNum and LongTermPicNum, which is called a reference picture Tist. When decoding a P
or SP slice, there is a single reference picture list RefPicList0. When decoding a B slice, there is a second independent
reference picture list RefPicListl in addition to RefPicList0.

At the beginning of decoding of each slice, reference picture list RefPicList0, and for B slices RefPicListl, are derived as
follows.

- An initial reference picture list RefPicList0 and for B slices RefPicListl are derived as specified in subclause 8.2.4.2.

- The initial reference picture list RefPicList0 and for B slices RefPicList] are modified as specified in subclause
8.2.4.3.
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The number of entries in the modified reference picture list RefPicList0 is num_ref idx 10 active minusl + 1, and for B
slices the number of entries in the modified reference picture list RefPicList] is num_ref idx 11 active minusl + 1. A
reference picture may appear at more than one index in the modified reference picture lists RefPicList0 or RefPicListl.

8.2.4.1 Decoding process for picture numbers

This process is invoked when the decoding process for reference picture lists construction specified in subclause 8.2.4 or

the decoded reference picture marking process specified in subclause 8.2.5 is invoked.

The varlables FrameNum, FrameNumWrap, PlcNum LongTermFrameIdx and LongTermPicNum are used for the

>ubclause 8 2.4. 3 and for the decoded reference plcture marklng process in subclause 8 2 5.

[0 ecach short-term reference picture the variables FrameNum and FrameNumWrap are assigned as“folloy
FrameNum is set equal to the syntax element frame num that has been decoded in the slices h€ader(s
corresponding short-term reference picture. Then the variable FrameNumWrap is derived as

if( FrameNum > frame num )

FrameNumWrap = FrameNum — MaxFrameNum
else

FrameNumWrap = FrameNum

o each long-term reference picture the variable LongTermFrameldx is assigned as specified in subclause 8.2.5.

[0 each short-term reference picture a variable PicNum is assigned,-aid to each long-term reference picture a

for the current picture and they are set as follows.
If field pic_flag is equal to 0, the following applies.

- For each short-term reference frame or complementary reference field pair:

PicNum = FrameNumWrap

- For each long-term reference frame or-long-term complementary reference field pair:

LongTermPicNum = LongFermFrameldx

NOTE — When decoding a frame the value of MbaffFrameFlag has no influence on the derivations in
8.2.4.2,8.2.4.3,and 8.2.5.

Otherwise (field pic_flag’is equal to 1), the following applies.
- For each short<term reference field the following applies.

- Ifthereference field has the same parity as the current field

PigNum = 2 * FrameNumWrap + 1

- Otherwise (the reference field has the opposite parity of the current field),

PicNum = 2 * FrameNumWrap

where the value of frame num used in Equation 8-28 is the frame num in the slice’header(s) for the current picty

are lists in

vs. First,
) of the

(8-28)

variable

[ ongTermPicNum is assigned. The values of these variables depend on the value of field pic_flag and bottom_fiield flag

(8-29)

(8-30)

ubclauses

(8-31)

(8-32)

- For each long-term reference field the following applies.

- Ifthe reference field has the same parity as the current field

LongTermPicNum = 2 * LongTermFrameldx + 1

- Otherwise (the reference field has the opposite parity of the current field),

LongTermPicNum = 2 * LongTermFrameldx
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8.2.4.2 Initialisation process for reference picture lists
This initialisation process is invoked when decoding a P, SP, or B slice header.

Outputs of this process are initial reference picture list RefPicList0, and when decoding a B slice, initial reference picture
list RefPicListl.

RefPicList0 and RefPicList] have initial entries of the variables PicNum and LongTermPicNum as specified in
subclauses 8.2.4.2.1 through 8.2.4.2.5.

When the number of entries in the initial RefPicList0 or RefPicListl produced as specified in subclauses 8.2.4.2.1
through §~Z&-2751s greater than num_tel_idx_[0_active_minusl + I or num_rel_idx_I1_active_minusl T I, respectively
the extraf entries past position num_ref idx 10 active_minusl or num_ref idx 11 active minusl are discarded from:thg
initial reference picture list.

When thHe number of entries in the initial RefPicList0 or RefPicListl produced as specified in subclauses)8.2.4.2.
through B.2.4.2.5 is less than num ref idx 10 active minusl + 1 or num_ref idx 11 active minusl +A, respectively)
the remajning 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 initfalisation process is invoked when decoding a P or SP slice in a coded frame.
Output off this process is the initial reference picture list RefPicList0.

When thfs process is invoked, there shall be at least one reference frame or complementary reference field pair that i
currently] marked as "used for short-term reference" or "used for long-term reference!).

The refgrence picture list RefPicListO is ordered so that short-term reference’ frames and short-term complementary
referencg field pairs have lower indices than long-term reference frames ‘and long-term complementary reference fielg
pairs.

The shoft-term reference frames and complementary reference field pairs are ordered starting with the frame of
complenjentary field pair with the highest PicNum value and proceeding through in descending order to the frame of
complenjentary field pair with the lowest PicNum value.

The long-term reference frames and complementary reference field pairs are ordered starting with the frame of
complenjentary field pair with the lowest LongTermPicNum value and proceeding through in ascending order to thq
frame or[complementary field pair with the highest LlengTermPicNum value.

NOTE — A non-paired reference field is not-used for inter prediction for decoding a frame, regardless of the value of
MbaffFrameFlag.

For example, when three reference framés-are marked as "used for short-term reference" with PicNum equal to 300, 302
and 303 pnd two reference frames are-marked as "used for long-term reference" with LongTermPicNum equal to 0 and 3
the initiafl index order is:

- RefRicList0[0] is set equal‘to the short-term reference picture with PicNum = 303,
- RefRicListO[1] is set€qual to the short-term reference picture with PicNum = 302,
- RefRicList0[2] is\set equal to the short-term reference picture with PicNum = 300,
- ReflPicListOf3}is set equal to the long-term reference picture with LongTermPicNum = 0, and

- ReflicKist0[4] is set equal to the long-term reference picture with LongTermPicNum = 3.

8.2.4.2.2 Initialisation process for the reference picture list for P and SP slices in fields
This initialisation process is invoked when decoding a P or SP slice in a coded field.
Output of this process is initial reference picture list RefPicList0.

When decoding a field, each field included in the reference picture list has a separate index in the list.

NOTE - When decoding a field, there are effectively at least twice as many pictures available for referencing as there would be
when decoding a frame at the same position in decoding order.

Two ordered lists of reference frames, refFrameListOShortTerm and refFrameListOLongTerm, are derived as follows.
For purposes of the formation of this list of frames, decoded frames, complementary reference field pairs, non-paired
reference fields and reference frames in which a single field is marked "used for short-term reference" or "used for long-
term reference" are all considered reference frames.
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The FrameNumWrap of all frames having one or more fields marked "used for short-term reference" are included in
the list of short-term reference frames refFrameListOShortTerm. When the current field is the second field (in
decoding order) of a complementary reference field pair and the first field is marked as "used for short-term
reference", the FrameNumWrap of the first field is included in the list refFrameListOShortTerm.
refFrameListOShortTerm is ordered starting with the frame with the highest FrameNumWrap value and proceeding
through in descending order to the frame with the lowest FrameNumWrap value.

The LongTermFrameldx of all frames having one or more fields marked "used for long-term reference" are included
in the list of long-term reference frames refFrameListOLongTerm. When the current field is the second field (in
decoding order) of a complementary reference field pair and the first field is marked as "used for long-term

B.2.4.2.3 Initialisation process for reference picture lists for B slices in frames
[his initialisation process is invoked when decoding a B slice in a coded frame.

Dutputs of this process are the initial reference picture lists RefPicList0 and RefPiclust1.

reference", the LongTermFrameldx of the first field is included in the list refFrameListQLgngTerm.
refFrameList0LongTerm is ordered starting with the frame with the lowest LongTermFrameldx value and\pijoceeding
through in ascending order to the frame with the highest LongTermFrameldx value.

[he process specified in subclause 8.2.4.2.5 is invoked with refFrameListOShortTerm and refFramekistOLongTerm given
hs input and the output is assigned to RefPicListO.

When this process is invoked, there shall be at least one reference frame or Cojmplementary reference field pdir that is
turrently marked as "used for short-term reference" or "used for long-term reference".

For B slices, the order of short-term reference pictures in the referencelpicture lists RefPicList0 and RefPicList] depends
bn output order, as given by PicOrderCnt( ). When pic_order_cnt-fype is equal to 0, reference pictures that ar¢ marked
s "'non-existing" as specified in subclause 8.2.5.2 are not included in either RefPicList0 or RefPicListl.

NOTE — When gaps_in_frame num_value allowed flag is equal’to 1, encoders should use reference picture list reopdering to
ensure proper operation of the decoding process (particularly wheh pic_order cnt type is equal to 0, in which case PicOfderCnt( )
is not inferred for "non-existing" frames).

[he reference picture list RefPicListO is ordered suehthat short-term reference frames and short-term complgmentary
reference field pairs have lower indices than long~term reference frames and long-term complementary refergnce field
pairs. It is ordered as follows.

Short-term reference frames and short-term complementary reference field pairs are ordered starting with the short-
term reference frame or complementary reference field pair frm0 with the largest value of PicOrderCnt( frin0 ) less
than the value of PicOrderCnt( CurrPic ) and proceeding through in descending order to the short-term feference
frame or complementary refeétence field pair frml that has the smallest value of PicOrderCnt( frml ), pnd then
continuing with the short-te€rmr reference frame or complementary reference field pair frm2 with the smalles{ value of
PicOrderCnt( frm2 ) greater than the value of PicOrderCnt( CurrPic ) of the current frame and proceeding through in
ascending order to theyshort-term reference frame or complementary reference field pair frm3 that has the largest
value of PicOrderCnt( frm3 ).

The long-terng reference frames and long-term complementary reference field pairs are ordered starting with [the long-
term referénee” frame or complementary reference field pair that has the lowest LongTermPicNum vplue and
proceeding through in ascending order to the long-term reference frame or complementary reference field|pair that
has the highest LongTermPicNum value.

[he<reference picture list RefPicListl is ordered so that short-term reference frames and short-term complgmentary
'eterence field pairs have lower indices than long-term reference frames and long-term complementary reference field

pairs. It 1s ordered as Tollows.

Short-term reference frames and short-term complementary reference field pairs are ordered starting with the short-
term reference frame or complementary reference field pair frm4 with the smallest value of PicOrderCnt( frm4 )
greater than the value of PicOrderCnt( CurrPic ) of the current frame and proceeding through in ascending order to
the short-term reference frame or complementary reference field pair frm5 that has the largest value of
PicOrderCnt( frmS5 ), and then continuing with the short-term reference frame or complementary reference field pair
frm6 with the largest value of PicOrderCnt( frm6 ) less than the value of PicOrderCnt( CurrPic ) of the current frame
and proceeding through in descending order to the short-term reference frame or complementary reference field pair
frm7 that has the smallest value of PicOrderCnt( frm7 ).
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Long-term reference frames and long-term complementary reference field pairs are ordered starting with the long-
term reference frame or complementary reference field pair that has the lowest LongTermPicNum value and
proceeding through in ascending order to the long-term reference frame or complementary reference field pair that
has the highest LongTermPicNum value.

When the reference picture list RefPicList] has more than one entry and RefPicListl is identical to the reference
picture list RefPicList0, the first two entries RefPicList1[0] and RefPicList1[1] are switched.

NOTE — A non-paired reference field is not used for inter prediction of frames independent of the value of MbaffFrameFlag.

8.2.4.2.4 Initialisation process for reference picture lists for B slices in fields

This initfalisation process is invoked when decoding a B slice in a coded field.
Outputs pf this process are the initial reference picture lists RefPicList0 and RefPicListl.

When dqcoding a field, each field of a stored reference frame is identified as a separate reference picture with’a uniqug
index. The order of short-term reference pictures in the reference picture lists RefPicList0 and RefPicListl depend on
output ofder, as given by PicOrderCnt( ). When pic_order_cnt_type is equal to 0, reference picturesthat are marked a
"non-exipting" as specified in subclause 8.2.5.2 are not included in either RefPicList0 or RefPicList1}

Three orflered lists of reference frames, refFrameListOShortTerm, refFrameListl ShortTerm and refFrameListLongTerm|
are deriyed as follows. For purposes of the formation of these lists of frames the term reference entry refers in thg
following to decoded reference frames, complementary reference field¢pairs, or non-paired reference fields. When
pic_ordef cnt_type is equal to 0, the term reference entry does not refetto frames that are marked as "non-existing" a
specified in subclause 8.2.5.2.

NOTE — When gaps_in_frame num_value allowed flag is equal to 1, encoders should use reference picture list reordering t
ensurg proper operation of the decoding process (particularly when pic_order cnt type is equal to 9’,in-which case PicOrderCnt(
is notfinferred for "non-existing" frames).

NOTHE — When decoding a field, there are effectively at least twice as many pictures available_for referencing as there would b
when|decoding a frame at the same position in decoding order.

refFraimeListOShortTerm is ordered starting with the refereneeentry f0 with the largest value of PicOrderCnt( {0
less than or equal to the value of PicOrderCnt( CurrPic ) of the current field and proceeding through in descending
orderf to the short-term reference entry fl that has the smallest value of PicOrderCnt( f1 ), and then continuing wit}
the r¢ference entry f2 with the smallest value of PicOrderCnt( f2 ) greater than the value of PicOrderCnt( CurrPic ) of
the clirent field and proceeding through in ascending order to the short-term reference entry f3 that has the larges
valug of PicOrderCnt( f3 ).

INOTE - When the current field follows\in decoding order a coded field fldPrev with which together it forms

complementary reference field pair, fldPrev is included into the list refFrameListOShortTerm using PicOrderCnt( fldPrev
and the ordering method described intthe previous sentence is applied.

refFrimeList] ShortTerm is ordered starting with the reference entry f4 with the smallest value of PicOrderCnt( f4
greatpr than the value of PicOrdexCnt( CurrPic ) of the current field and proceeding through in ascending order to thg
shortterm reference entry f5\that has the largest value of PicOrderCnt( f5 ), and then continuing with the referencq
entry| f6 with the largest.value of PicOrderCnt( f6 ) less than or equal to the value of PicOrderCnt( CurrPic ) of thg
currept field and proceeding through in descending order to the short-term reference entry f7 that has the smalles
valug of PicOrderCut(_f7 ).

INOTE - When~the current field follows in decoding order a coded field fldPrev with which together it forms 4
complementary reference field pair, fldPrev is included into the list refFrameList]ShortTerm using PicOrderCnt( fldPrev
land the ordering method described in the previous sentence is applied.

refFrimeListLongTerm is ordered starting with the reference entry having the lowest LongTermFrameldx value ang
proccedine-throuchin-ascendingsorderto-thereference-entry-havine hishest LonsTermErameld e-
NOTE - When the complementary field of the current picture is marked "used for long-term reference" it is included into the list
refFrameListLongTerm. A reference entry in which only one field is marked as “used for long-term reference” is included into the
list refFrameListLongTerm.

The process specified in subclause 8.2.4.2.5 is invoked with refFrameListOShortTerm and refFrameListLongTerm 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 refFrameListLongTerm given
as input and the output is assigned to RefPicListl.

When the reference picture list RefPicList] has more than one entry and RefPicListl is identical to the reference picture
list RefPicList0, the first two entries RefPicList1[0] and RefPicList1[1] are switched.
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8.2.4.2.5 Initialisation process for reference picture lists in fields

Inputs of this process are the reference frame lists refFrameListXShortTerm (with X may be 0 or 1) and
refFrameListLongTerm.

Output of this process is reference picture list RefPicListX (which may be RefPicList0 or RefPicListl).

The reference picture list RefPicListX is a list ordered such that short-term reference fields have lower indices than long-
term reference fields. Given the reference frame lists refFrameListXShortTerm and refFrameListLongTerm, it is derived
as follows.

refFrameListXShortTerm by alternating between fields of differing parity, starting with a field that chas*the same
parity as the current field (when present). When one field of a reference frame was not decoded or.is.not nparked as
“used for short-term reference”, the missing field is ignored and instead the next available stored reference fi¢ld of the
chosen parity from the ordered list of frames refFrameListXShortTerm is inserted into RefPicLlistX. When [there are
no more short-term reference fields of the alternate parity in the ordered list of frames refFrameListXShortTerm, the
next not yet indexed fields of the available parity are inserted into RefPicListX in the order ity which they oc¢ur in the
ordered list of frames refFrameListXShortTerm.

Short-term  reierence Iields are ordered Dy selecting reierence Iields I1rom the ordered Iist (11 frames

Long-term reference fields are ordered by selecting reference fields from) the ordered list of frames
refFrameListLongTerm by alternating between fields of differing parity, starting$yith a field that has the sae parity
as the current field (when present). When one field of a reference frame was hot decoded or is not marked|as “used
for long-term reference”, the missing field is ignored and instead the next available stored reference field of the
chosen parity from the ordered list of frames refFrameListLongTerm is*inserted into RefPicListX. When thgre are no
more long-term reference fields of the alternate parity in the ordered list of frames refFrameListLongTerm{ the next
not yet indexed fields of the available parity are inserted into R€fPicListX in the order in which they ocdur in the
ordered list of frames refFrameListLongTerm.

B.2.4.3 Reordering process for reference picture lists

nput to this process is reference picture list RefPicLisf0 and, when decoding a B slice, also reference pifture list
RefPicListl.

Dutputs of this process are a possibly modified reference picture list RefPicList0 and, when decoding a B slide, also a
bossibly modified reference picture list RefPickistl.

When ref pic_list reordering flag 10 is equal to 1, the following applies.
Let refldxL0 be an index into the reférence picture list RefPicListO. It is initially set equal to 0.

The corresponding syntax elements reordering of pic nums idc are processed in the order they occyr in the
bitstream. For each of these syntax elements, the following applies.

- If reordering of pie nums_idc is equal to 0 or equal to 1, the process specified in subclause 8.2.4.3.1 if invoked
with RefPicList0-and refldxL0 given as input, and the output is assigned to RefPicList0 and refldxL0.

- Otherwisesif-reordering_of pic nums idc is equal to 2, the process specified in subclause 8.2.4.3.2 if invoked
with RefPicList0 and refldxL0 given as input, and the output is assigned to RefPicList0 and refldxL0.

- Otleryise (reordering of pic nums_idc is equal to 3), the reordering process for reference pidture list
RefPicListO is finished.

Whenvref pic_list reordering_flag 11 is equal to 1, the following applies.

- LetrefldxL1 be an index into the reference picture list RefPicListl. It 1s 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 8.2.4.3.1 is invoked
with RefPicListl and refldxL1 given as input, and the output is assigned to RefPicListl and refldxL1.

- Otherwise, if reordering of pic nums idc is equal to 2, the process specified in subclause 8.2.4.3.2 is invoked
with RefPicList] and refldxL1 given as input, and the output is assigned to RefPicList1 and refldxL1.

- Otherwise (reordering of pic nums idc is equal to 3), the reordering process for reference picture list
RefPicList] is finished.
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8.2.4.3.1 Reordering process of reference picture lists for short-term pictures

Inputs to this process are reference picture list RefPicListX (with X being 0 or 1) and an index refldxLX into this list.

Outputs of this process are a possibly modified reference picture list RefPicListX and the incremented index refldxLX.

The variable picNumLXNoWrap is derived as follows.

picNumlLXPred is the prediction value for the variable picNumLXNoWrap. When the process specified in this subclausg
is invokdd the first time for a slice (that is, for the first occurrence of reordering_of pic/nums_idc equal to 0 or 1 in thq
ref pic_list reordering( ) syntax), picNumLOPred and picNumL1Pred are initially-Set equal to CurrPicNum. After eacl;
assignmgnt of picNumLXNoWrap, the value of picNumLXNoWrap is assigned/to picNumLXPred.

The varigble picNumLX is derived as follows

picNumlLX shall be equal to the PicNum of a reference picture that is marked as “used for short-term reference” and shal
not be edual to the PicNum of a short-term reference picture that is marked as "non-existing".

The follpwing procedure shall be conducted to.place the picture with short-term picture number picNumLX into thg
index pogpition refldxLX, shift the position of any other remaining pictures to later in the list, and increment the value of
refldxLX.

where thg function PicNumF( RefPicListX][ cldx ] ) is derived as follows:

If reordering of pic nums idc is equal to O

if( picNumLXPred — (abs_diff pic num minusl +1)<0)

AL I SZAL %L AL =SZD 1 1 100 . . EI —D A b n R Q
PICINULHILAINOVWIAD — PDICINUHILATTCU = (dUS _UILL PIC HULT THIITUS T 71 ) T IVIAAT TCIN UL (0=5J)

else
picNumLXNoWrap = picNumLXPred — (abs_diff pic num minusl + 1)

Othefwise (reordering of pic nums idc is equal to 1),

if{ picNumLXPred + (abs_diff pic num minusl + 1) >= MaxPicNum )

picNumLXNoWrap = picNumLXPred + ( abs_diff pic num minusl + 1 ) — MaxPicNuin (8-36)
else

picNumLXNoWrap = picNumLXPred + ( abs_diff pic_ num minusl + 1)

iff picNumLXNoWrap > CurrPicNum )

picNumLX = picNumLXNoWrap — MaxPicNum (8-37)
else

picNumLX = picNumLXNoWrap

fdr( cldx = num_ref idx IX active minusl + 1; cldx > refldxLX; cldx--)
RefPicListX[ cldx ] = RefPicListX][ cldx — 1]
RpfPicListX[ refldxL X+ }= short-term reference picture with PicNum equal to picNumLX
nldx = refldxLX
fdr( cldx = refldx[¢Xycldx <= num ref idx IX active minusl + 1; cldx++) (8-38)
if( PicNumF(RefPicListX[ cldx ] ) != picNumLX )
RefPielvstX[ nldx++ ] = RefPicListX][ cldx ]

If thelpicture RefPicListX[ cldx ] is marked as "used for short-term reference", PicNumF( RefPicListX[ cldx ]) i
the PicNumt of the picture RefPicListX{ cldX J-

Otherwise (the picture RefPicListX[cldx] is not marked as '"used for short-term reference"),
PicNumF( 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 needed for the final list. After the execution of this procedure, only elements 0 through num ref idx 1X active minusl of
the list need to be retained.

8.2.4.3.2 Reordering process of reference picture lists for long-term pictures
Inputs to this process are reference picture list RefPicListX (with X being 0 or 1) and an index refldxLX into this list.

Outputs of this process are a possibly modified reference picture list RefPicListX and the incremented index refldxLX.
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The following procedure shall be conducted to place the picture with long-term picture number long term pic_num into
the index position refldxLX, shift the position of any other remaining pictures to later in the list, and increment the value

of refldxLX.

for( cIdx = num_ref idx 1X active minusl + 1; cIdx > refldxLX; cldx--)
RefPicListX[ cldx ] = RefPicListX][ cldx — 1]

RefPicListX[ refldxLX++ ] = long-term reference picture with LongTermPicNum equal to long_term pic_num

nldx = refldxLX
for( cldx = refldxLX; cldx <= num_ref idx IX active minusl + 1; cldx++)
if LongTermPicNumF( RefPicl istX[ cldx 1) !=long term pic num )

(8-39)

RefPicListX[ nldx++ ] = RefPicListX][ cldx ]

where the function LongTermPicNumF( RefPicListX][ cldx ] ) is derived as follows:

- If the  picture RefPicListX[ cldx ] is marked as "used  for long-term  ro
LongTermPicNumF( RefPicListX[ cldx ] ) is the LongTermPicNum of the picture RefPicListX[ cldx ].

- Otherwise (the picture RefPicListX[cldx] is not marked as '"used for) -long-term ref
LongTermPicNumF( 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 — Within this pseudo-code procedure, the length of the list RefPicListX is temperarily made one element longg
length needed for the final list. After the execution of this procedure, only elements 0 through num_ref idx 1X active |
the list need to be retained.

B.2.5  Decoded reference picture marking process

[his process is invoked for decoded pictures when nal_ref idc is not€qual to 0.

is equal to 0, as specified in clause 8.

reference” or "used for long-term reference". For a deecoded reference frame, both of its fields are marked thd
he frame. For a complementary reference field pair, the pair is marked the same as both of its fields. A picty
marked as "used for short-term reference" is identified by its FrameNum and, when it is a field, by its parity.
hat is marked as "used for long-term reference" 1s identified by its LongTermFrameldx and, when it is a fie
barity.

Frames or complementary field pairs marked as “used for short-term reference” or as "used for long-term refere
be used as a reference for inter prediction when decoding a frame until the frame, the complementary field pair,
ts constituent fields is marked ast‘unused for reference”. A field marked as “used for short-term reference” or
for long-term reference" can be-used as a reference for inter prediction when decoding a field until marked as “u
reference”.

A picture can be marked as "unused for reference" by the sliding window reference picture marking process,
first-out mechanism speeified in subclause 8.2.5.3 or by the adaptive memory control reference picture marking
h customised adaptive’ marking operation specified in subclause 8.2.5.4.

A short-term._feference picture is identified for use in the decoding process by its variables FrameN
FrameNuniWrap and its picture number PicNum, and a long-term reference picture is identified for use in the
process<by " its long-term picture number LongTermPicNum. When the current picture is not an IDR
subclause 8.2.4.1 is invoked to specify the assignment of the variables FrameNum, FrameNumWrap, Pic))
[ .ongTermPicNum.

ference",

erence'),

r than the
minusl of

NOTE — The decoding process for gaps in frame num that is specifieddn subclause 8.2.5.2 may also be invoked when npl ref idc

A decoded picture with nal ref idc not equal to 0, referred>to as a reference picture, is marked as “used for short-term

same as
re that is
A picture
d, by its

nce" can
or one of
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hused for
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8.2.5.1 Sequence of operations for decoded reference picture marking process
Decoded reference picture marking proceeds in the following ordered steps.
1. All slices of the current picture are decoded.
2. Depending on whether the current picture is an IDR picture, the following applies.
- If the 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.
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- If long_term reference flag is equal to 0, 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 flag 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 is not 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_rel_pic_marking_mode_1Ilag is equal to 1), the process specilied in subclause 8.2.5.4 1
invoked.

3. When the current picture is not an IDR picture and it was not marked as "used for long-term referénce" by
mempry management control operation equal to 6, it is marked as "used for short-term reference".

After mdrking the current decoded reference picture, the total number of frames with at least one field-ndarked as “used
for refer¢gnce”, plus the number of complementary field pairs with at least one field marked as “used forreference”, plu
the number of non-paired fields marked as “used for reference” shall not be greater than Max( numnref 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 t
( PrevReffFrameNum + 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 1s‘equal to 0 (as specified in clause 8). Th
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 wherigaps in frame num value allowed flag is equal
to 1. When gaps_in frame num value allowed flag is equal to 0 and framiex\num is not equal to PrevRefFrameNum and is no|
equal fto ( PrevRefFrameNum + 1 ) % MaxFrameNum, the decoding procéss.should infer an unintentional loss of pictures.

When thjs process is invoked, a set of values of frame num pertaihing to “non-existing” pictures is derived as all value
taken on|by UnusedShortTermFrameNum in Equation 7-10 except’'the value of frame num for the current picture.

The decqding process shall generate and mark a frame for\gach of the values of frame num pertaining to “non-existing]
pictures,|in the order in which the values of UnusedShortTermFrameNum are generated by Equation 7-10, using thg
“sliding vindow” picture marking process as specified in subclause 8.2.5.3. The generated frames shall also be marked a
“non-exipting” and “used for short-term reference?.;The sample values of the generated frames may be set to any value

consider¢d having frame ntim inferred to be equal to UnusedShortTermFrameNum, nal ref idc inferred to be not equal

lists 1 short-term pictures (subclause 8.2.4.3.1)., or is referred to in the agsignment process of a LgngTermFrameIdx to a short
flgr?aemn cotl prai.or.l rllolt équa o ipie t fra re as“on-xiig’ e e
8.2.5.3 Sliding window decoded reference picture marking process
This process is invoked when adaptive_ref pic_marking mode flag is equal to 0.

Depending on the properties of the current picture as specified below, the following applies.

- If the current picture is a coded field that is the second field in decoding order of a complementary reference field
pair, and the first field has been marked as “used for short-term reference”, the current picture is also marked as
“used for short-term reference”.

- Otherwise, the following applies.
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- Let numShortTerm be the total number of reference frames, complementary reference field pairs and non-paired
reference fields for which at least one field is marked as “used for short-term reference”. Let numLongTerm be
the total number of reference frames, complementary reference field pairs and non-paired reference fields for

which at least one field is marked as “used for long-term reference”.

- When numShortTerm + numLongTerm is equal to Max( num_ref frames, 1), the condition that numShortTerm is
greater than 0 shall be fulfilled, and the short-term reference frame, complementary reference field pair or non-

paired reference field that has the smallest value of FrameNumWrap is marked as “unused for reference”.
is a frame or a complementary field pair, both of its fields are also marked as “unused for reference”.

B.2.5.4 Adaptive memory control decoded reference picture marking process
[his process is invoked when adaptive ref pic_marking mode flag is equal to 1.

[he memory management control operation commands with values of 1 to 6 are processed in theorder they
he bitstream after the current picture has been decoded. For each of these memory management control
tommands, one of the processes specified in subclauses 8.2.5.4.1 to 8.2.5.4.6 is invoked depénding on the

specifies the end of memory management control operation commands.
Memory management control operations are applied to pictures as follows.

If field pic flag is equal to 0, memory management control operation commands are applied to the f]
complementary reference field pairs specified.

Otherwise (field pic_flag is equal to 1), memory management contrel operation commands are applig
individual reference fields specified.

B.2.5.4.1 Marking process of a short-term picture as “unused fot reference”
[his process is invoked when memory management control ‘gpération is equal to 1.

et picNumX be specified by

picNumX = CurrPicNum — ( difference_ofpic nums minusl + 1 ).
Depending on field pic_flag the value of pieNumX is used to mark a short-term picture as “unused for refet
follows.

If field pic flag is equal to 0, the,short-term reference frame or short-term complementary reference 1
specified by picNumX and bothof its fields are marked as “unused for reference”.

Otherwise (field pic_flagrisyequal to 1), the short-term reference field specified by picNumX is marked as
for reference”. When that teference field is part of a reference frame or a complementary reference field
frame or complemertary field pair is also marked as "unused for reference", but the marking of the other fi
changed.

B.2.5.4.2 Marking)process of a long-term picture as “unused for reference”
[his process ishvoked when memory management control operation is equal to 2.

Depending: on field pic flag the value of LongTermPicNum is used to mark a long-term picture as “un
reference” as follows.

When it

occur in
peration
value of

memory management control operation. The memory management control operation command with value of 0

rames or

d to the

(8-40)
ence” as
ield pair

“unused
pair, the
bld is not

LongTermPrcNum equal to long_ term . pic_num and both of its ﬁelds are marked as “unused for reference

- Otherwise (field pic flag is equal to 1), the long-term reference field specified by LongTermPicNum

equal to

long_term pic_num is marked as “unused for reference”. When that reference field is part of a reference frame or a

complementary reference field pair, the frame or complementary field pair is also marked as "unused for re
but the marking of the other field is not changed.

8.2.5.4.3 Assignment process of a LongTermFrameldx to a short-term reference picture

This process is invoked when memory _management_control operation is equal to 3.
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Given the syntax element difference of pic nums minusl, the variable picNumX is obtained as specified in subclause
8.2.5.4.1. picNumX shall refer to a frame or complementary reference field pair or non-paired reference field marked as
"used for short-term reference" and not marked as "non-existing".

When LongTermFrameldx equal to long_term frame idx is already assigned to a long-term reference frame or a long-
term complementary reference field pair, that frame or complementary field pair and both of its fields are marked as
"unused for reference". When LongTermFrameldx is already assigned to a non-paired reference field, and the field is not
the complementary field of the picture specified by picNumX, that field is marked as “unused for reference”.

Depending on field pic_flag the value of LongTermFrameldx is used to mark a picture from "used for short-term

1L 1 1L 1 & n 1] Lll
referenc t0~ USTU TOT T0ITZ-(CTIIT ICICITIICT — as TOITOWS.

- Iffigld pic flag is equal to 0, the marking of the short-term reference frame or short-term complementary referencs
field pair specified by picNumX and both of its fields are changed from "used for short-term reference" to "used fof
long-term reference" and assigned LongTermFrameldx equal to long_term frame idx.

- Oth¢rwise (field pic flag is equal to 1), the marking of the short-term reference field specified by picNumX i
charjged from "used for short-term reference" to "used for long-term reference" and assigned LtongTermFramelds
equdl to long_term_frame idx.

8.2.5.4.4] Decoding process for MaxLongTermFrameldx
This prog¢ess is invoked when memory _management_control operation is equal to 4.

All pictgres for which LongTermFrameldx is greater than max long term frame idx -plusl — 1 and that are marked a
"used fot long-term reference" shall be marked as “unused for reference”.

The varigble MaxLongTermFrameldx is derived as follows.

- If mpx_long term frame idx plusl is equal to 0, MaxLongTermFrameldx shall be set equal to “no long-term framg

indi¢es”.

- Othgrwise (max_long term frame idx plusl is greater than\®), MaxLongTermFrameldx shall be set equal t
max| long term frame idx plusl — 1.
NOTE — The memory management_control operation commaid equal to 4 can be used to mark long-term reference pictures a
“unused for reference”. The frequency of transmitting max long term frame idx plusl is not specified by thi
Recompnmendation | International Standard. However, the) encoder should send a memory management control operation
comnjand 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 MaxLongTermFrameld»
to “no lgng-term frame indices”

This prog¢ess is invoked when memory management_control operation is equal to 5.

All referpnce pictures are marked as‘“dnused for reference” and the variable MaxLongTermFrameldx is set equal to “n
long-terth frame indices”.

8.2.5.4.6| Process for assigning a long-term frame index to the current picture
This progess is invokedswhen memory _management_control operation is equal to 6.

When a Variable LongTermFrameldx equal to long_term frame idx is already assigned to a long-term reference frame of
a long-tgrm complementary reference field pair, that frame or complementary field pair and both of its fields are markeq
as "unusgd for reference". When LongTermFrameldx is already assigned to a non-paired reference field, and the field i
not the cpmplementary field of the current picture, that field is marked as “unused for reference”.

The current picture is marked as "used for long-term reference" and assigned LongTermFrameldx equal to
long term frame idx.

When field pic flag is equal to 0, both its fields are also marked as "used for long-term reference" and assigned
LongTermFrameldx equal to long_term frame_idx.

When field pic_flag is equal to 1 and the current picture is a second (in decoding order) field of a complementary
reference field pair, the pair is also marked as "used for long-term reference" and assigned LongTermFrameldx equal to
long_term frame idx.

After marking the current decoded reference picture, the total number of frames with at least one field marked as “used
for reference”, plus the number of complementary field pairs with at least one field marked as “used for reference”, plus
the number of non-paired fields marked as “used for reference” shall not be greater than Max( num_ref frames, 1 ).
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NOTE - Under some circumstances, the above statement may impose a constraint on the order in
memory_management_control operation syntax element equal to 6 can appear in the decoded reference picture marki
relative to a memory management_control_operation syntax element equal to 1, 2, or 4.

8.3 Intra prediction process

This process is invoked for I and SI macroblock types.

Inputs to this process are constructed samples prior to the deblocking filter process from neighbouring macrobl
for Intra_4x4 prediction mode, the associated values of Intra4x4PredMode from neighbouring macroblocks.

which a
ng syntax

ocks and

Dutputs of this process are specified as follows.

If mb_type is not equal to I PCM, the Intra prediction samples of components of the macroblock s in ca
Intra_4x4 prediction process for luma samples, the outputs are 4x4 luma sample arrays as part-of,the 163
array of prediction samples of the macroblock.

Otherwise (mb_type is equal to I PCM), constructed macroblock samples prior to the deblocking filter proc
[he variable MvCnt is set equal to 0.

Depending on the value of mb_type the following applies.

If mb_type is equal to I PCM, the process specified in subclause 8.3.4 is invoked.

Otherwise (mb_type is not equal to I PCM), the following applies.

- The decoding processes for Intra prediction modes are described-for-the luma component as follows.
- If the macroblock prediction mode is equal to Intra_4x4,the specification in subclause 8.3.1 applies.

- Otherwise (the macroblock prediction mode is equal to Intra 16x16), the specification in subcla
applies.

- The decoding processes for Intra prediction modesfor the chroma components are described in subclause

Samples used in the Intra prediction process shall be sample values prior to alteration by any deblocking filter op

8.3.1 Intra_4x4 prediction process for luma samples
[his process is invoked when the macroblock prediction mode is equal to Intra_4x4.

nputs to this process are constructed [uma samples prior to the deblocking filter process from neighbouring mad
ind the associated values of Intra4x4PredMode from the neighbouring macroblocks or macroblock pairs.

Dutputs of this process are 4x4“luma sample arrays as part of the 16x16 luma array of prediction sampl
macroblock pred; .

[he luma component of a-macroblock consists of 16 blocks of 4x4 luma samples. These blocks are inverse scant
he 4x4 luma blockinverse scanning process as specified in subclause 6.4.3.

For all 4x4 luma/ blocks of the luma component of a macroblock with luma4x4Blkldx = 0..15, the
ntra4x4PredMode[ luma4x4Blkldx ] is derived as specified in subclause 8.3.1.1.

For each-luma block of 4x4 samples indexed using luma4x4Blkldx = 0..15,

. _“The Intra 4x4 sample prediction process in subclause 8.3.1.2 is invoked with luma4x4Blkldx and co

se of the
k16 luma

ESS.

1se 8.3.2

8.3.3.

erations.

roblocks

s of the

led using

variable

hstructed

samples prior (in decoding order) to the deblocking filter process from adjacent luma blocks as the inpuy|

and the

output are the Intra_4x4 luma prediction samples pred4x4;[ x, y ] with x, y=10..3.

2. The position of the upper-left sample of a 4x4 luma block with index luma4x4BlklIdx inside the current macroblock
is derived by invoking the inverse 4x4 luma block scanning process in subclause 6.4.3 with luma4x4BIlkldx as the

input and the output being assigned to ( xO, yO ) and x, y = 0..3.
pred;[ xO + x, yO +y ] = preddx4([ x, y |

(8-41)

3. The transform coefficient decoding process and picture construction process prior to deblocking filter process in
subclause 8.5 is invoked with pred; and luma4x4BlkIdx as the input and the constructed samples for the current 4x4

luma block S’; as the output.
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8.3.1.1 Derivation process for the Intra4x4PredMode

Inputs to this process are the index of the 4x4 luma block luma4x4Blkldx and variable arrays Intra4x4PredMode that are
previously (in decoding order) derived for adjacent macroblocks.

Output of this process is the variable Intra4x4PredMode[ luma4x4BlklIdx ].

Table 8-2 specifies the values for Intra4x4PredMode[ luma4x4BlkIdx ] and the associated names.

Table 8-2 — Specification of Intra4x4PredMode[ luma4x4BlkIdx | and associated names

Intra4x4PredMode| luma4x4BlkIdx ] Name of Intra4x4PredMode[ luma4x4BIkIdx ]
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 meode)
5 Intra_4x4 Vertical Right (prediction made)
6 Intra_4x4 Horizontal Down (prediction'mode)
7 Intra_4x4 Vertical Left (prediction mode)
8 Intra_4x4 Horizontal Up (prediction mode)

Intradx4PredMode[ luma4x4Blkldx ] labelled O, 1, 3, 4, 5, 6, 7, and 8 represent directions of predictions as illustrated i
Figure 811.

\4
-

Figure 8-1 — Intra_4x4 prediction mode directions (informative)

Let intra#x4PredModeA" and intra4x4PredModeB be variables that specify the intra prediction modes of neighbouring
4x4 lumg blocks.

Intra4x4PredMode[ luma4x4Blkldx ] is derived as follows.

- Thelprocess specified in subclause 6.4.7.3 is invoked with luma4x4BI1kIdx given as input and the output is assigne
to mbAddrA, luma4x4BlkldxA, mbAddrB, and luma4x4BlkIdxB.

- The variable dcOnlyPredictionFlag is derived as follows.
- If one of the following conditions is true, dcOnlyPredictionFlag 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
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- the macroblock with address mbAddrB is available and coded in Inter prediction mode and

constrained intra pred_flag is equal to 1
- Otherwise, dcOnlyPredictionFlag is set equal to 0.
- For N being either replaced by A or B, the variables intra4x4PredModeN are derived as follows.

- If dcOnlyPredictionFlag is equal to 1 or the macroblock with address mbAddrN is not coded in Intra 4x4

macroblock prediction mode, intra4x4PredModeN is set equal to 2 (Intra_4x4 DC prediction mode).

- Otherwise (dcOnlyPredictionFlag is equal to 0 and the macroblock with address mbAddrN is coded in I

ntra_4x4

macroblock prediction mode), mtraax4rredModeN 1S set equal to IntraaxaFrediiode| Tumaax4bBIKIdX
Intra4x4PredMode is the variable array assigned to the macroblock mbAddrN.

Intradx4PredMode[ luma4x4BlkIdx ] is derived by applying the following procedure.

predIntra4x4PredMode = Min( intra4x4PredModeA, intra4x4PredModeB )
if( prev_intra4x4 pred mode flag[ luma4x4Blkldx ])
Intra4x4PredMode[ luma4x4Blkldx ] = predIntra4x4PredMode
else
if( rem_intra4x4 pred mode[ luma4x4BlklIdx ] < predIntra4x4PredMode )
Intra4x4PredMode[ luma4x4Blkldx | =rem_intra4x4 pred mode[ luthd4x4BlkIdx ]
else
Intrad4x4PredMode[ luma4x4Blkldx | =rem_intra4x4 pred modefyluma4x4Blkldx ] + 1

8.3.1.2 Intra_4x4 sample prediction

[his process is invoked for each 4x4 luma block of a macroblock-with prediction mode equal to Intra_4x4 fol
he transform decoding process and picture construction process, prior to deblocking for each 4x4 luma block.

nputs to this process are the index of the 4x4 luma block with’index luma4x4BlkIdx and constructed samples
ecoding order) to the deblocking filter process from adjaeent luma blocks.

Dutput of this process are the prediction samples preddx4;[ x, y ], with x, y = 0..3 for the 4x4 luma block W
uma4x4BIkIdx.

[he position of the upper-left sample of a 4x4. Juma block with index luma4x4BlklIdx inside the current macr
lerived by invoking the inverse 4x4 luma block scanning process in subclause 6.4.3 with luma4x4BlkIdx as the
he output being assigned to ( xO, yO ).

[he 13 neighbouring samples p[ x,"y | that are constructed luma samples prior to the deblocking filter proc|
k=-1,y=-1..3and x=0..7, y ==l are derived as follows.

- The luma location ( xN, yN ) is specified by
xN =x0 + x
yN=y0 Dy

- The derivation process for neighbouring locations in subclause 6.4.8 is invoked for luma locations with ( X
inputand 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.

], where

(8-42)

owed by

prior (in

ith index

bblock is
nput and

ess, with

(8-43)
(8-44)

,yN ) as

— T any of the following conditions is true, the sample p[ X, y ] is marked as not available for
prediction”

- mbAddrN is not available,

ntra 4x4

- the macroblock mbAddrN is coded in Inter prediction mode and constrained_intra_pred_flag is equal to 1.

- the macroblock mbAddrN has mb_type equal to SI and constrained intra_pred flag is equal to 1 and the

current macroblock does not have mb_type equal to SI.

- xis greater than 3 and luma4x4BIkIdx is equal to 3 or 11
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Otherwise, the sample p[ x, y ] is marked as “available for Intra 4x4 prediction” and the luma sample at luma
location ( xW, yW ) inside the macroblock mbAddrN is assigned to p[ x, y |.

When samples p[ x, -1 ], with x = 4..7 are marked as “not available for Intra_4x4 prediction,” and the sample p[ 3, -1 ] is
marked as “available for Intra 4x4 prediction,” the sample value of p[ 3, -1 ] is substituted for sample values p[ x, -1 ],
with x = 4..7 and samples p[ x, -1 ], with x = 4..7 are marked as “available for Intra_4x4 prediction”.

NOTE — Each block is assumed to be constructed into a frame prior to decoding of the next block.

Depending on Intra4x4PredMode[ luma4x4Blkldx ], one of the Intra 4x4 prediction modes specified in subclauses
8.3.1.2.1 to 8.3.1.2.9 shall be used.

8.3.1.2.1
This Intr]

This mo
predictig

The valuyl

8.3.1.2.2
This Intr|

This mo
predictio

The valuyl

8.3.1.2.3
This Intr]
The valul

If al
the Y

p1

Othg
sam
sam|

P1

Othd
sam|

Specification of Intra_4x4 Vertical prediction mode
h 4x4 prediction mode shall be used when Intradx4PredMode[ luma4x4BlkIdx ] is equal to 0.

de shall be used only when the samples p[x,-1] with x = 0..3 are marked as “available for.Intra 4x4

EE)

n .

es of the prediction samples pred4x4;[ x, y ], with x, y = 0..3 are derived by
pred4x4, [ X,y ]=p[ X, -1 ], withx,y=0..3 (8-45)

Specification of Intra_4x4 Horizontal prediction mode
h 4x4 prediction mode shall be used when Intra4x4PredMode[ luma4x4Blkldx]is equal to 1.

de shall be used only when the samples p[ -1,y ], with y = 0..3 ard_marked as “available for Intra 4x4

2

n".

es of the prediction samples pred4x4;[ x, y ], with x, y = 0..3 are.detived by
preddx4i [ x,y]=p[-1,y], withx,y=0..3 (8-46)

Specification of Intra_4x4 DC prediction mode
h 4x4 prediction mode shall be used when Intradx4PredMode[ luma4x4BlkIdx ] is equal to 2.
es of the prediction samples pred4x4, [ x, y ],'with x, y = 0..3 are derived as follows.

samples p[ X, -1 ], with x = 0..3 and p[:<1,y ], with y = 0..3 are marked as “available for Intra_4x4 prediction”
ralues of the prediction samples pred4x4;i[ x, y ], with x, y = 0..3 are derived by

eddx4 [ x,y]=(p[0,-1 ]+ p[dl ] +p[2,-1]+p[3,-1]+
pl-1,0]+pl~1,1]+p[-1,2]+p[-1,3]+4)>>3 (8-47)

rwise, if any samples-p[.x, -1 ], with x = 0..3 are marked as “not available for Intra 4x4 prediction” and al
bles p[ -1, y ], with-i#="0..3 are marked as “available for Intra 4x4 prediction”, the values of the prediction

ples pred4x4; [ Xy JsWith x, y = 0..3 are derived by
ed4x4 [ x, y\p=(p[-1,0]+p[-1, 1 ]+p[-1,2]+p[-1,3]+2)>>2 (8-48)
rwiseslf.any samples p[ -1,y ], with y = 0..3 are marked as “not available for Intra 4x4 prediction” and al

bles“p['x, -1 ], with x =0 .. 3 are marked as “available for Intra 4x4 prediction”, the values of the prediction

Sam)|

plespred4x4; [ x, y ], with x, y=0 .. 3 are derived by

pred4x4, [ X,y ]=(p[0,-1]+p[1,-1]+p[2,-1]+p[3,-1]+2)>>2 (8-49)

Otherwise (some samples p[ x, -1 ], with x = 0..3 and some samples p[ -1, y |, with y = 0..3 are marked as “not
available for Intra 4x4 prediction”), the values of the prediction samples pred4x4;[ x,y ], with x, y = 0..3 are
derived by

pred4x4,[ x,y ] =128 (8-50)

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[ luma4x4Blkldx ] 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,

Np

predxt <y = tpt o=t 3 pt 7= 1+2)
Otherwise (x is not equal to 3 or y is not equal to 3),
preddx4 [ x,y]=(p[x+y,-1]+2*p[x+y+1,-1]+p[x+ty+2,-1]+2)>>2

B.3.1.2.5 Specification of Intra_4x4_Diagonal Down_Right prediction mode
[his Intra_4x4 prediction mode shall be used when Intra4x4PredMode[ luma4x4BlkIdx ] is.€qual to 4.

[his mode shall be used only when the samples p[ x, -1 ] with x = 0..3 and p[ A,y with y = -1..3 are m
‘available for Intra_4x4 prediction”.

[he values of the prediction samples pred4x4;[ x, y ], with x, y = 0..3 are derived as follows.
If x is greater than y,

preddx4 [ X,y ] =(p[x-y-2,-1]+2*p[x-y- L, -1 ]+ p[&yy, -1 ]+2)>>2

Otherwise if x is less than y,

preddx4 [ x,y]=(p[-1,y-x-2]+2*p[-l,y-x@l | +p[-1l,y-x]+2)>>2

Otherwise (x is equal to y),
pred4x4 [ x,y ] =(p[0,-1 ]+ 2*p[-1,-LJ* p[-1,0]+2)>>2

B.3.1.2.6 Specification of Intra_4x4 Vertical Right prediction mode
[his Intra 4x4 prediction mode shall be pised when Intra4dx4PredMode[ luma4x4BlkIdx ] is equal to 5.

[his mode shall be used only when'the samples p[ x, -1 ] with x = 0..3 and p[ -1,y ] with y = -1..3 are n
‘available for Intra_4x4 prediction”.

et the variable zVR be set ¢qual to 2 * x — y.
[he values of the prediction samples pred4x4,[ X, y ], with x, y = 0..3 are derived as follows.
If zVR is equalyto 0, 2, 4, or 6,
pred4xde] x, y | =(p[x-(y>>1)- 1 -1 J+p[x-(y>>1),-1]+1)>>1

Otherwise, if zZVR is equal to 1, 3, or 5,
pred4x4 [ x,y ] =(p[x-(y>>1)-2,-1]+2*p[x-(y>>1)-1,-1]+p[x-(y>>1),-1]+2)>>

(8-51)

(8-52)

arked as

(8-53)

(8-54)

(8-55)

arked as

(8-56)

D (8-57)

- Otherwise, if zZVR is equal to -1,
pred4x4 [ x,y ]=(p[-1,0]+2*p[-1,-1 ]+ p[0,-1 ]+2)>>2

- Otherwise (zVR is equal to -2 or -3),
pred4x4 [ X,y ]=(p[-L,y-1]1+2%*p[-l,y-2]+p[-1,y-3]+2)>>2

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.
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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,
preddxd [ X,y ] =(p[-1,y-(x>>1)-1]+p[-I,y-(x>>1)]+1)>>1 (8-60)

- Othgtwise, it ZHD 15 equal to 1, 3, or o,

preddxd [ X,y ] =(p[-1,y-(x>>1)-2]+2*p[-1,y-(x>>1)-1]+p[-1,y-(x>>1)]+2)>>2(861)

- Othgrwise, if zZHD is equal to -1,
pred4x4, [ X,y ]=(p[-1,0]+2*p[-1,-1]+p[0,-1]+2)>>2 (8-62)

- Othgrwise (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 Intrp_4x4 prediction mode shall be used when Intra4x4PredMode[ luma4x4BlkldxT 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

2

prediction”.
The valugs of the prediction samples pred4x4;[ x, y ], with x, y = 0..3 are.derived as follows.

- Ifyjsequalto0or?2,

preddxd [ x,y]=(p[x+(y>>1),-1]+p[x+(y>1)*1,-1 ]+ 1)>>1 (8-64)

- Othgrwise (y is equal to 1 or 3),

preddx4 [ x, y | =(p[x+(y>>1),-1]+2%plx+(y>>1)+1,-1J+p[x+(y>1)+2,-1]+2)>>2
(8-65)
8.3.1.2.9| Specification of Intra_4x4 Horizontal Up prediction mode

This Intrp_4x4 prediction mode shall be-used when Intra4x4PredMode[ luma4x4BIkIdx ] is equal to 8.

This mode shall be used only when' the samples p[ -1,y ] with y = 0..3 are marked as “available for Intra_ 4x4

EE)

prediction”.
Let the variable zHU be setequal to x +2 * y.

The valugs of the predictioni samples pred4x4,[ x, y ], with x, y = 0..3 are derived as follows:

- IfzHU is equal t0'0, 2, or 4

pleddxdiix, y 1= (p[ -1,y +(x>> 1) [+p[-L,y+(x>> 1)+ 1]+1)>>1 (8-66)

- Othdrwase if zHIT is Pqnnl tolorl

preddx4 [ X,y ]=(p[-1,y +(x>1)]+2*p[-I,y+(x>1)+1]+p[-l,y+(x>>1)+2]+2)>>2

(8-67)
- Otherwise, if zZHU is equal to 5,
preddx4 [ x,y]=(p[-1,2]+3*p[-1,3]+2)>>2 (8-68)
- Otherwise (zHU is greater than 5),
pred4x4 [ x,y]=p[-1,3] (8-69)
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8.3.2 Intra_16x16 prediction process for luma samples

This process is invoked when the macroblock prediction mode is equal to Intra 16x16. It specifies how the Intra
prediction luma samples for the current macroblock are derived.

Input to this process are constructed samples prior to the deblocking process from neighbouring luma blocks (if
available).

Outputs of this process are Intra prediction luma samples for the current macroblock pred;[ x, y ].

The 33 neighbouring samples p[ x, y | that are constructed luma samples prior to the deblocking filter process, with
K=-1,y=-1..15 and with x = 0..15, y = -1, arc derived as T0l1lOWws.

- The derivation process for neighbouring locations in subclause 6.4.8 is invoked for luma locations~with (x,y)
assigned to ( xN, yN ) as input and mbAddrN and ( xW, yW ) as output.

- Each sample p[ x, y ] with x =-1, y=-1..15 and with x = 0..15, y = -1 is derived as follows.

— If any of the following conditions is true, the sample p[ x, y ] is marked as “not‘available for Intfa 16x16
prediction”

- mbAddrN is not available,
- the macroblock mbAddrN is coded in Inter prediction mode and constraified intra_pred_flag is eqpal to 1.
- the macroblock mbAddrN has mb_type equal to SI and constraided -intra_pred flag is equal to 1.

—  Otherwise, the sample p[ x, y ] is marked as “available for Intras 16x16 prediction” and the luma gample at
luma location ( xW, yW ) inside the macroblock mbAddrN i§.assigned to p[ x, y ].

et pred; [ x, y | with X, y = 0..15 denote the prediction samples for the’16x16 luma block samples.

ntra_16x16 prediction modes are specified in Table 8-3.

Table 8-3 — Specification of Intral6x16PredMode and associated names

Intral6x16PredMode Name of Intral 6x16PredMode
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 Intral 6x16PredMode, one of the Intra 16x16 prediction modes specified in subclauses 8.3.2.1 {0 8.3.2.4
bhall be used.

B.3.2.1 Specification of Intra_16x16_Vertical prediction mode

[his Intra 16%16 prediction mode shall be used only when the samples p[ x, -1 ] with x = 0..15 are marked as “pvailable
for Intra [6x16 prediction”.

pred [ x,y]=p[ x, -1 ], withx, y=0..15 (8-70)

.3.2.2" Specification of Intra_16x16_Horizontal prediction mode

This Intra_16x16 prediction mode shall be used only when the samples p[-1, y] with y = 0..15 are marked as “available
for Intra_16x16 prediction”.

predi [ x,y]=p[ -1,y ], withx, y=0..15 (8-71)

8.3.2.3 Specification of Intra_16x16_DC prediction mode

This Intra_16x16 prediction mode shall be used depending on whether the neighbouring samples are marked as
“available for Intra_16x16 prediction” as follows.

© ISO/IEC 2004 — Al rights reserved 109


https://standardsiso.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

ISO/IEC 14496-10:2004(E)

- If all neighbouring samples p[ x, -1 ], with x = 0..15 and p[ -1,y ], with y = 0..15 are marked as “available for
Intra_16x16 prediction”, the prediction for all luma samples in the macroblock is given by:
15 15 )
predi[ X,y 1= (3 p[x',~1]+ Y p[-1,y]+16) >> 5. with x, y = 0..15 (8-72)
x'=0 y'=0

- Otherwise, if any of the neighbouring samples p[ x, -1 ], with x = 0..15 are marked as "not available for Intra_16x16

pred
pred

iction" and all of the neighbouring samples p[ -1, y ], with y = 0..15 are marked as “available for Intra 16x16
iction”, the prediction for all luma samples in the macroblock is given by:

p1

- Othg

prediction” and all of the neighbouring samples p[ x, -1 ], with x = 0..15 are marked as “available)for Intra 16x1¢
prediction”, the prediction for all luma samples in the macroblock is given by:
15
predi [ X,y ]= (Zp[x"_1]+ 8) >> 4, withx,y=0..15 (8-74)

- Othg

I,y
the 1

p1

8.3.2.4
This Inty

15
edi[ X, y]1= (Y p[-1,y]+8)>> 4, withx, y =0..15 (8<13)

y'=0

rwise, if any of the neighbouring samples p[ -1, y ], with y = 0..15 are marked as "not available for Intra 16x14

x'=0

rwise (some of the neighbouring samples p[ X, -1 ], with x = 0..15 and somie-of the neighbouring samples p[

|, with y = 0..15 are marked as “not available for Intra_16x16 prediction’);-the prediction for all luma samples if

nacroblock is given by:

ed [ x,y ] =128, withx, y=0..15 (8-75)
Specification of Intra_16x16_Plane prediction mode

a 16x16 prediction mode shall be used only when the Samples p[ x, -1 ] with x = -1..15 and p[ -1, y | with y 5

0..15 are|marked as “available for Intra_16x16 prediction”.
pted; [ x,y | =Clipl((a+b*(x-7)+c*(y-2)+16)>>5), withx, y=0..15, (8-76)
where:
aF 16 *(p[-1,15]+p[15,-1]) (8-77)
bF(5*H+32)>>6 (8-78)
CE(5*V+32)>>6 (8-79)
and H arld V are specifiedinEquations 8-80 and 8-81.
7
H=Y (x4N*(p[8+x',-1]-p[6-x',-1]) (8-80)
x'=0
7
=D (D *(p[-1.8+y']-p[-1,6-y']) (8-81)
y'=0
8.3.3  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.

Inputs to this process are constructed samples prior to the deblocking process from neighbouring chroma blocks (if
available).

Outputs of this process are Intra prediction chroma samples for the current macroblock predcy[ X, y ] and prede [ %,y 1.

Both chroma blocks (Cb and Cr) of the macroblock shall use the same prediction mode. The prediction mode is applied
to each of the chroma blocks separately. The process specified in this subclause is invoked for each chroma block. In the
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remainder of this subclause, chroma block refers to one of the two chroma blocks and the subscript C is used as a
replacement of the subscript Cb or Cr.

The 17 neighbouring samples p[ X, y ] that are constructed chroma samples prior to the deblocking filter process, with
x=-1,y=-1..7 and with x =0..7, y = -1, are derived as follows.

The derivation process for neighbouring locations in subclause 6.4.8 is invoked for chroma locations with ( x,y)
assigned to ( XN, yN ) as input and mbAddrN and ( xW, yW ) as output.

Each sample p[ x, y ] is derived as follows.

et predc[ x, y | with x, y = 0..7 denote the prediction samples for the chroma block samples.

ntra chroma prediction modes are specified in Table 8-4.

B.3.3.1 Specification of\Intra_Chroma_DC prediction mode

[he values of the prediction samples pred¢[ x, y ] with x =0..3 and y = 0..3 are derived as follows.

— 1T any ol the following conditions is true, the sample p[ X, y ] is marked as not available for Inirg chroma
prediction”

- mbAddrN is not available,
- the macroblock mbAddrN is coded in Inter prediction mode and constrained_intra_pred. flag is eqpal to 1.

- the macroblock mbAddrN has mb_type equal to SI and constrained intra pred‘flag is equal to | and the
current macroblock does not have mb_type equal to SI.

—  Otherwise, the sample p[ x, y | is marked as “available for Intra chroma predigtion” and the chroma fample of
component C at chroma location ( xW, yW) inside the macroblock mbAddrl\ is assigned to p[ X, y |.

Table 8-4 — Specification of Intra chroma prediction modes and associated names

intra_chroma_pred mode Name ofiintra_chroma pred mode
0 Intra, Chroma_DC (prediction mode)
1 Initra” Chroma_Horizontal (prediction mode)
2 Intra_Chroma_Vertical (prediction mode)
3 Intra_Chroma_Plane (prediction mode)

Depending on intra_chroma predimode, one of the Intra chroma prediction modes specified in subclausefs 8.3.3.1
0 8.3.3.4 shall be used.

If all samples\p[ x,—1 ], with x = 0..3 and all samples p[ -1,y ], with y = 0..3 are marked as “available|for Intra
chroma prediction”,

predc[ x, y 1= {ip[x"_lh ip[_ Lyl+ 4J o> 3, withx = 0.3 and y = 0.3 (8-82)

x'=0 y'=0

Otherwise, if all samples p[ x, -1 ], with x = 0..3 are marked as “available for Intra chroma prediction” and any
samples p[ —1, y ], with y = 0..3 are marked as “not available for Intra chroma prediction”,

prede[ x,y ] = [ip[""—l]”j s, withx=0.3 and y=0.3 (8-83)

x'=0

Otherwise, if any samples p[ x, —1 ], with x = 0..3 are marked as “not available for Intra chroma prediction” and all
samples p[ -1, y ], with y = 0..3 are marked as “available for Intra chroma prediction”,
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prede[ x, y]= [ip[— Ly]+ 2} oo, withx=0.3andy=0.3 (8-84)

y'=0

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 chroma prediction”),

predc[ x,y ] =128, withx = 0.3 and y = 0..3 (8-85)

The values of the prediction samples predq| x, v ], with x =4..7 and y = 0..3 are derived as follows.

The valugs of the prediction samples predc[ x, y ], with x = 0..3 and y = 4.»7 are derived as follows.

The valus of the prediction samples predc[ X, y ] with x =4..7 and y = 4..7 are derived as follows.

If all samples p[ x, -1 ], with x = 4..7 are marked as “available for Intra chroma prediction”,

predc[ x, y ] [sz -1 +2]>>2 withx=4..7and y=0..3 (8-86)

x'=4

Othefwise, if all samples p[ -1, y ], with y = 0..3 are marked as “available for Intra chroma prediction”,

predc[ X, y ] {zp[_l y]+2] >>2,withx=4.7andy=10.3 (8-87)

y'=0

Othefwise (some samples p[ x,—1 ], with x = 4..7 and some samples p[ -1, y,"with y = 0..3 are marked as “no
availgble for Intra chroma prediction™),

predc[ x,y ] =128, withx=4.7 and y=0..3 (8-88)

If all [samples p[ -1, y ], with y = 4..7 are marked as “available for’Intra chroma prediction”,

predc[ X, y | [Zp[_l y' +2J s> 2, withx=0.3andy=4.7 (8-89)

y'=4

Othefwise, if all samples p[ x, -1 ], with x = 0..3-are marked as “available for Intra chroma prediction”,

predc[ X, y ] (ZP[X _1]+2j>>2 withx=0.3 andy=4..7 (8-90)

x'=0

Othefwise (some samples p[ x,—1"], with x = 0..3 and some samples p[ -1, y ], with y = 4..7 are marked as “no
available for Intra chroma prediction”),

predc[ x, y ] = 128,withx =0..3 and y =4..7 (8-91)

If allf samplesop|[ x, —1 ], with x = 4..7 and all samples p[ -1,y ], with y = 4..7 are marked as “available for Intr§
chrotpa pfediction”,

predc[ X,y | sz[x —1]+ZP[—1 Y]+4J>>3 with x=4..7 and y=4..7 (8-92)

Otherwise, if all samples p[ x, —1 ], with x = 4..7 are marked as “available for Intra chroma prediction” and any
samples p[ —1, y ], with y = 4..7 are marked as “not available for Intra chroma prediction”,

predc[ X, y ] [Zp[x _1]+2j >>2,withx=4.7andy=4.7 (8-93)

x'=4

Otherwise, if any samples p[ x, —1 ], with x = 4..7 are marked as “not available for Intra chroma prediction” and all
samples p[ -1, y ], with y = 4..7 are marked as “available for Intra chroma prediction”,
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predc[ X,y ] = (ip[_l,y/hz} s>, Withx=4.7and y=4.7

y'=4

(8-94)

- Otherwise (some samples p[ X, —1 ], with x = 4..7 and some samples p[ -1,y ], with y = 4..7 are marked as “not

available for Intra chroma prediction”),

predc[ x,y ] =128, withx =4..7and y=4..7

8.3.3.2 Specification of Intra_Chroma_Horizontal prediction mode

[his mode shall be used only when the samples p[ -1, y ], with y = 0..7 are marked as “available for Anfr3
prediction”.

[he values of the prediction samples predc[ X, y ] are derived as follows.
predC[ Xy ] = p[ _17 y ]9 with XY= 0..7

B.3.3.3 Specification of Intra_Chroma_Vertical prediction mode

[Chis mode shall be used only when the samples p[ x, -1 ], with x = 0..7 are marked/as “available for Intr3
prediction”.

[he values of the prediction samples predc[ X, y ] are derived as follows.
predc[ X, y ] =p[ X, -1 ], withx, y=10..7

B.3.3.4  Specification of Intra_Chroma_Plane prediction modé

[his mode shall be used only when the samples p[ x, -1 ], swith'x = 0..7 and p[ -1,y ], with y = -1..7 are
‘available for Intra chroma prediction”.

[he values of the prediction samples predc[ x, y ] are derived as follows.

predc[ X,y ]=Clipl((a+b*(x-3)+c&&F-3)+16)>>5), withx,y=0..7
where:

a=16*(p[-1,7]1+p[7,-1])

b=(17*H+16)>>5

c=(17*V+16)>%5

ind H and V are specified as follows.

H= 23: @=1)*(p[4 +x',—1]-p[2 - x',-1])

x'%0

0= S0t ek 12-5)

y'=0

8.3.4  Sample construction process for I_PCM macroblocks

This process is invoked when mb_type is equal to I PCM.

(8-95)

chroma

(8-96)

chroma

(8-97)

arked as

(8-98)

(8-99)
(8-100)

(8-101)

(8-102)

(8-103)

Outputs of this process are constructed macroblock samples S';, S'cy, and S'c; prior to the deblocking filter process.

The variable dy is derived as follows.

- If MbaffFrameFlag is equal to 1 and the current macroblock is a field macroblock, dy is set equal to 2.

- Otherwise (MbaffFrameFlag is equal to O or the current macroblock is a frame macroblock), dy is set equal to 1.
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The position of the upper-left luma sample of the current macroblock is derived by invoking the inverse macroblock
scanning process in subclause 6.4.1 with CurrMbAddr as input and the output being assigned to ( xP, yP ).

The constructed samples prior to the deblocking process are generated as specified by:

for(1=0;1<256;i++)
SUUxP+(i%16),yP+dy *(i/16))]=pcm byte[ i ] (8-104)

for(i=0;1<64;i++) {
S'co[ (XP>>1)+(1%8),((yP+1)>>1)+dy*(i/8)]=pcm byte[ i+ 256 ] (8-105)
Sl (xP>T)+(1%8),((yP+1)>T)+dy *(1/8) ]=pcm_byte[ 1 +320 ]
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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 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

subvibParttdx—Whemr themmacrobtockpartitionmgdoes ot comstst ot sub=rmacrobtocks; subivtbParthdxtssetequ
[he following steps are specified for each macroblock partition or for each sub-macroblock partition.

[he functions MbPartWidth( ), MbPartHeight( ), SubMbPartWidth( ), and SubMbPartHeight( ) describing the v
height of macroblock partitions and sub-macroblock partitions are specified in Table 7-10, Table 7-I'1, Table
[able 7-15.

[he variables partWidth and partHeight are derived as follows.

If mb_type is not equal to P_8x8 or P_8x8ref0 or B_8x8, the following applies.

partWidth = MbPartWidth( mb_type )
partHeight = MbPartHeight( mb_type )

Otherwise (mb_type is equal to P_8x8 or P_8x8refl or B_8x8),

partWidth = SubMbPartWidth( sub_mb_type[ mbPartldx.] )
partHeight = SubMbPartHeight( sub_mb_type[ mbPastldx ] ).

When mb_type is equal to B_Skip or B_Direct 16x16%r sub_mb_type[ mbPartldx ] is equal to B_Direct 8x8,
brediction process is specified for

partWidth = 4

partHeight = 4

ith mbPartldx proceeding over values 0..3. For each sub-macroblock indexed by mbPartldx, subMbPartldx
bver values 0..3.

et the variable MvCnt be.initially set equal to 0 before any invocation of subclause 8.4.1 for the macroblock.

[he Inter prediction process for a macroblock partition mbPartldx and a sub-macroblock partition subMbPartld3
bt the following ordeted steps

[. Derivatiofiprocess for motion vector components and reference indices as specified in subclause 8.4.1.
Inputito this process are

¢ a macroblock partition mbPartldx,

1to 0.

idth and
-14, and

(8-106)

(8-107)

(8-108)
(8-109)

the Inter

(8-110)
(8-111)

[proceeds

consists

- a sub-macroblock partition subMbPartIdx.

Outputs of this process are

- luma motion vectors mvL0 and mvL1 and the chroma motion vectors mvCL0 and mvCL1
- reference indices refldxL0 and refldxL1

- prediction list utilization flags predFlagl.0 and predFlagL1

- the sub-macroblock partition motion vector count subMvCnt.

2. The variable MvCnt is incremented by subMvChnt.
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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 subMbPartldx.
variables specifying partition width and height, partWidth, and partHeight

luma motion vectors mvL0 and mvL1 and the chroma motion vectors mvCL0 and mvCL1

For use ip derivation processes of variables invoked later in the decoding process, the following agsignments are made:

M

M

=

=

)

o

The loca
invoking
and ( xP

The local
partition
with sub

The mad
correct r

The vari
pi

The vari
being ref]

reference indices refldxL0O and refldxL1
prediction list utilization flags predFlagl.0 and predFlagl1
uts of this process are

inter prediction samples (pred); which are a (partWidth)x(partHeight) array predPart, of prédiction lumg
samples and two (partWidth/2)x(partHeight/2) arrays predPartc,, and predPartc, of prediction-Chroma samples|
one for each of the chroma components Cb and Cr.

vLO[ mbPartldx ][ subMbPartldx ] = mvLO (8-112)
vL1[ mbPartldx ][ subMbPartldx ] = mvL1 (8-113)
efldxLO[ mbPartldx | = refldxLO (8-114)
efldxL1[ mbPartldx | = refldxL1 (8-115)
edFlagl.O[ mbPartldx ] = predFlagl.0 (8-116)
edFlagl1[ mbPartldx ] = predFlagl1 (8-117)
tion of the upper-left sample of the partition relative to the upper-left sample of the macroblock is derived by

the inverse macroblock partition scanning process as described in subclause 6.4.2.1 with mbPartldx as the inpu|
yP ) as the output.

fion of the upper-left sample of the macroblock sub-partition relative to the upper-left sample of the macrobloc}
is derived by invoking the inverse,sub-macroblock partition scanning process as described in subclause 6.4.2.2
MbPartldx as the input and ( xS;\yS ) as the output.

roblock prediction is formed’by placing the partition or sub-macroblock partition prediction samples in theif
plative positions in the macroblock, as follows.

ble pred; [ xP + xS“+x, yP + yS +y ] with x =0 .. partWidth — 1, y =0 .. partHeight — 1 is derived by
ed [ xP + xS X, yP + yS +y ] =predPart [ X, y ] (8-118)

hble predepXP /2 +xS/2+x,yP/2+yS/2+y]withx=0 .. partWidth/2 — 1, y =0 .. partHeight/2 — 1, and (
laced by Cb or Cr is derived by

p

8.4.1

Q.
<

AT P /2 L Q /9 L v D /9 L Q /9 L
G XT= 7 .S = =

2] — npadDaxt [+ ;] (R 110N
> JE P 1 > 1 & 2277

y—predPartfy

Derivation process for motion vector components and reference indices

Inputs to this process are

- a macr

oblock partition mbPartldx,

- a sub-macroblock partition subMbPartIdx.

Outputs of this process are

- luma motion vectors mvL0O and mvL1 as well as the chroma motion vectors mvCL0 and mvCL1

- reference indices refldxL0 and refldxL1
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- 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 predFlagL0 is set equal to 1. mvL1 and refldxL1 are marked as not available and predFlagL1 is set
equal to 0. The sub-partition motion vector count variable subMvCant is set equal to 1.

Otherwise, 1T mb_type 1s equal to B_SKip or B_Direct_10x10 or sub_mb_type[ mbPartldx ] is equal to B_Diject 8x8,
the derivation process for luma motion vectors for B_Skip, B Direct 16x16, and B_Direct 8x8 im\B|slices in
subclause 8.4.1.2 is invoked with mbPartldx and subMbPartldx as the input and the output being the)lump motion
vectors mvL0, mvL1, the reference indices refldxL0, refldxL1, the sub-partition motion vector count'subMyCnt, and
the prediction utilization flags predFlagl.0 and predFlagL1.

Otherwise, for X being replaced by either 0 or 1 in the variables predFlagL X, mvLX, refldxI(X;-and in Pred }X and in
the syntax elements ref idx 1X and mvd_1X, and the following applies.

The variables refldxLX and predFlagLX are derived as follows.

- If MbPartPredMode( mb_type, mbPartldx ) or SubMbPredMode( sub\mb_type[ mbPartldx ]) is Jequal to
Pred LX or to BiPred,

refldxLX = ref idx_1X[ mbPartldx ] (8-120)
predFlagLX =1 (8-121)
- Otherwise, the variables refldxL.X and predFlagl.X arespecified by
refldxLX = -1 (8-122)
predFlagLX =0 (8-123)

The variable subMvCnt for sub-partition motion vector count is set equal to predFlaglL0 + predFlagL1.

When predFlaglX is equal to 1, the.detivation process for luma motion vector prediction in subclause §.4.1.3 is
invoked with mbPartldx subMbPartldx, refldxLX, and list suffix LX as the input and the output being mvpLX. The
luma motion vectors are derived by

mvLX[ 0 ] = mvpLX[ 0y} + mvd_1X[ mbPartldx ][ subMbPartldx ][ 0 ] (8-124)
mvLX[ 1 ]=my¢pLX][ 1]+ mvd_IX[ mbPartldx ][ subMbPartldx ][ 1 ] (8-125)

For the derivation 0f'the variables for the chroma motion vectors, the following applies. When predFlagLX (witl} X being
pither 0 or 1) is~equial to 1, the derivation process for chroma motion vectors in subclause 8.4.1.4 is invoked with mvLX
hind refldxLX-as input and the output being mvCLX.

B.4.1.1 <~Dérivation process for luma motion vectors for skipped macroblocks in P and SP slices

[hiS process is invoked when mb_type is equal to P_Skip.

Uutputs oI this process are the motion vector mvLU and the reicrence mdex rerldxLu.

The reference index refldxL0 for a skipped macroblock is derived as follows.

refldxL0 = 0. (8-126)

For the derivation of the motion vector mvLO0 of a P_Skip macroblock type, the following applies.

- Let currSubMbType be set equal to sub_mb_type[ 0 ]. The process specified in subclause 8.4.1.3.2 is invoked with
mbPartldx set equal to 0, subMbPartldx set equal to 0, currSubMbType, and list suffix LO as input and the output is
assigned to mbAddrA, mbAddrB, mvLOA, mvLOB, refldxLOA, and refldxLOB.

- The variable mvLO is specified as follows.
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- If

any one of the following conditions is true, both components of the motion vector mvLO0 are set equal to 0.
mbAddrA is not available
mbAddrB is not available
refldxLOA is equal to 0 and both components of mvLOA are equal to 0

refldxLOB is equal to 0 and both components of mvLO0B are equal to 0

- Otherwise, the derivation process for luma motion vector prediction as specified in subclause 8.4.1.3 is invoked

Y
\

1th mbPartldx = nj subMbPartldx = ﬂ) refldxl n) and st suffix 1.0 as inpnt and the nnﬁr'\nf is qccignpr‘ tomvl 0

NOTH

8.4.1.2

This pro
B Direc

Inputs to

Outputs
partition
The deri
header sy
- If di

as sf
- Othg

refe
Both spa
subclaus
The mot
- Ifsp

subd
- Othg

spea
f

- 0O

—

8.4.1.2.1
Inputs to

Outputs
reference

Let firstH

When fifstRefRicLl.1 is a frame or a complementary field pair, let firstRefPicL1Top and firstRefPicL1Bottom be the toj

— The output is directly assigned to mvLO0, since the predictor is equal to the actual motion vector.

Derivation process for luma motion vectors for B_Skip, B_Direct_16x16, and B_Direct_8x8

Less is invoked when mb_type is equal to B_Skip or B_Direct _16x16, or sub_mb_type[ mbPartldx}.is equal t
- 8x8.

this process are mbPartldx and subMbPartldx.
of this process are the reference indices refldxL0, refldxL1, the motion vectors mvL0 and mvLl1, the sub

motion vector count subMvCnt, and the prediction list utilization flags, predFlagL0 and predFlagL1.

ation process depends on the value of direct spatial mv_pred flag, which is présent in the bitstream in the slics
ntax as specified in subclause 7.3.3, and is specified as follows.

rect_spatial mv_pred flag is equal to 1, the mode in which the outputs of-this process are derived is referred t
atial direct prediction mode.

rwise (direct spatial mv_pred flag is equal to 0), mode in which\the outputs of this process are derived i
red to as temporal direct prediction mode.

tial and temporal direct prediction mode use the co-located motion vectors and reference indices as specified i
b 8.4.1.2.1.

on vectors and reference indices are derived as follows,

atial direct prediction mode is used, the direct motion vector and reference index prediction mode specified i
lause 8.4.1.2.2 is used, with subMvCnt being an eutput.

rwise (temporal direct prediction mode is used), the direct motion vector and reference index prediction mods
ified in subclause 8.4.1.2.3 is used and the-variable subMvCnt is derived as follows.

subMbPartldx is equal to 0, subMvCnt is set equal to 2.

therwise (subMbPartldx is not equal to 0), subMvCnt is set equal to 0.

Derivation process for the co-located 4x4 sub-macroblock partitions
this process are mbPartldx and subMbPartldx.

of this process are-fhe picture colPic, the co-located macroblock mbAddrCol, the motion vector mvCol, thg
index refldxCol»and the variable vertMvScale (which can be One_To One, Frm_To_ Fld or Fld_To Frm).

RefPicL1 bethe reference picture referred by RefPicList1[ 0 ].

and bottgm fields of firstRefPicL1, and let the following variables be specified as
topAbsDiffPOC = Abs( DiffPicOrderCnt( firstRefPicL1Top, CurrPic ) ) (8-127)
bottomAbsDiffPOC = Abs( DiffPicOrderCnt( firstRefPicL1Bottom, CurrPic ) ) (8-128)

The variable colPic specifies the picture that contains the co-located macroblock as specified in Table 8-5.
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Table 8-5 — Specification of the variable colPic

field pic_flag | The first entry mb_field decoding_flag | additional condition colPic
in RefPicListl is
e
1 decoded frame firstRefPicL1
a decoded Tield TirstRefPi¢L1
a decoded frame firstRefPi¢L1
topAbsDiffPOC < the top fie|ld of
bottomAbsDiffPOC firstRefPi¢L1
0
topAbsDiffPOC >= the bottor;&)ﬁeld
0 a bottomAbsDiffPOC of firstRefPicL.1
complementary
field pair )_ the top field of
( CurrMbAddr &4) 0 firstRefPidL1
1
the botton field
1=
( CurrMbAddr & 1) 1=0 of firstRefPicL.1
When direct 8x8 inference flag is equal to 1, subMbPartldx is set/@s'follows.
subMbPartldx = mbPartldx (8-129)

et PicCodingStruct( X ) be a function with the argument X being either CurrPic or colPic. It is specified in Table 8-6.

Table 8-6 — Spécification of PicCodingStruct( X )

X is coded with field pic flag equalto ... | mb_adaptive frame field flag | PicCodingStruct( X )

1 FLD
0 0 FRM
0 1 AFRM

With luma4x4BlkIdx \="mbPartldx * 4 + subMbPartldx, the inverse 4x4 luma block scanning process as spgcified in
subclause 6.4.3 ig'invoked with luma4x4BlklIdx as the input and ( x, y ) assigned to ( xCol, yCol ) as the output.

Cable 8-7 speeifies the co-located macroblock address mbAddrCol, yM, and the variable vertMvScale in two steps:

[. Specifieation of a macroblock address mbAddrX depending on PicCodingStruct( CurrPid), and

Pic€odingStruct( colPic ).
NOTE - It is not possible for CurrPic and colPic picture coding types to be either (FRM, AFRM) or (AFR‘M, FRM)

because these nicture coding tvmes must be senarated by an IDR nicture
r Jr r J r

—

2. Specification of mbAddrCol, yM, and vertMvScale depending on mb field decoding flag and the variable
fieldDecodingFlagX, which is derived as follows.

- Ifthe 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 8-7 indicate that the value of the corresponding variable is not relevant for the current table
TOW.
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mbAddrCol is set equal to CurrMbAddr or to one of the following values.

mbAddrColl =2 * PicWidthInMbs * ( CurrMbAddr / PicWidthInMbs ) +

( CurrMbAddr % PicWidthInMbs ) + PicWidthInMbs * ( yCol / 8 ) (8-130)
mbAddrCol2 =2 * CurrMbAddr + (yCol / 8) (8-131)
mbAddrCol3 =2 * CurrMbAddr + bottom_field flag (8-132)
mbA"‘Arr‘n]A = Pic\WidthInMbs * ( CurrtMbAdd: ( 2 * PicWidthInMbs ) ) -+
( CurrMbAddr % PicWidthInMbs ) (8-133)
mbA(fldrCol5 = CurrMbAddr / 2 (8-134)
mbAfldrCol6 =2 * ( CurrMbAddr / 2 ) + ( ( topAbsDiffPOC < bottomAbsDiffPOC ) ?0: 1) (8-135)
mbAfldrCol7 =2 * ( CurrMbAddr /2 )+ (yCol/ 8) (8-136)
Table 8-7 — Specification of mbAddrCol, yM, and vertMvScale
2l ~
rl 2 oo
5| & g
Q 9 = | -
£l E 1E; o
% % <5 S e
= 28 <
Sl g 25 2 ” 2
= = E =& E > s
FLD CurrMbAddr |yCol One To One
FRM mbAddrColl |(2* yCol) % 16 Frm To Fld
FLD
Oy mbAddrCol2 |(2 * yCol) % 16 Frm To FId
AFRM [ 2*CurrMbAddr
1 |mbAddrCol3 |yCol One To One
k 1 1 0,
FLD mbAddrCol4 8 (* (CurrMbAddr / PicWidthInMbs ) % 2) Fld To Frm
FRM CurrMbAddr |yCol One To One
0 mbAddrCol5 |8 * ( CurrMbAddr % 2)+4 * (yCol / 8) Fld To Frm
FLD
1 mbAddrCol5 |yCol One To One
0 |CurrMbAddr |yCol One To One
AFRM CurrMbAddr 0
T [mbAddrCol6 |8 * ( CurrMbAddr % 2) + 4 * (yCol/8) |FId To Frm
AFRM
0 |mbAddrCol7 |(2*yCol)% 16 Frm To Fld
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 predFlagLOCol and predFlagL1Col are set equal to PredFlaglLO[ mbPartldxCol ] and
PredFlagL1[ mbPartldxCol ], respectively, which are the prediction utilization flags that have been assigned to the

macroblock partition mbAddrCol\mbPartldxCol inside the picture colPic.

The motion vector mvCol and the reference index refldxCol are derived as follows.

- If the macroblock mbAddrCol is coded in Intra macroblock prediction mode or both prediction utilization flags,
predFlagL0Col and predFlagl.1Col are equal to 0, both components of mvCol are set equal to 0 and refldxCol is set

equal to —1.

- Otherwise, the following applies.

- If predFlagL0Col is equal to 1, the motion vector mvCol and the reference index refldxCol areg-set
MvLO[ mbPartldxCol ][ subMbPartldxCol | and RefldxLO[ mbPartldxCol ], respectively, which @re-'th
vector mvLO and the reference index refldxLO that have been assigned to the (sub-)maeroblock
mbAddrCol\mbPartldxCol\subMbPartldxCol inside the picture colPic.

- Otherwise (predFlaglL0Col is equal to 0 and predFlaglL.1Col is equal to 1), the motipn{vector mvCo
reference  index refldxCol are set equal to MvLI1[ mbPartldxCol ][ subMbPartldxCo
RefldxL1[ mbPartldxCol ], respectively, which are the motion vector mvL1 and the reference index refl

picture colPic.

8.4.1.2.2 Derivation process for spatial direct luma motion vector and reference index prediction mode

- 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;

nputs to this process are mbPartldx, subMbPartIdx.

Dutputs of this process are the reference indices refldxL0, refldxL1, the motion vectors mvL0O and mvL1,
partition motion vector count subMvCnt, and the prédiction list utilization flags, predFlagl.0 and predFlagL1.

[he reference indices refldxL0 and refldxL.l(and the variable directZeroPredictionFlag are derived by app
following ordered steps.

. Let the variable currSubMbType be set equal to sub_mb_type[ mbPartldx ].

P, The process specified in subclause 8.4.1.3.2 is invoked with mbPartldx = 0, subMbPartldx = 0, currSubMb']
list suffix LO as input and-the output is assigned to the motion vectors mvLON and the reference indices rg
with N being replaced by A; B, or C.

B.  The process specified.in subclause 8.4.1.3.2 is invoked with mbPartldx = 0, subMbPartldx = 0, currSubMb']
list suffix L1 as-input and the output is assigned to the motion vectors mvLIN and the reference indices rq
with N beingreplaced by A, B, or C.

NOTE — The’motion vectors mvLON, mvLIN and the reference indices refldxLON, refldXxL1N are identical for alll
macroblock/partitions of a macroblock.

. Thé&reference indices refldxL0, refldxL1, and directZeroPredictionFlag are derived by
refldxLO = MinPositive( refldxLOA, MinPositive( refldxLOB, refldxLOC ) )

equal to
e motion
partition

and the
] and
|1 that

have been assigned to the (sub-)macroblock partition mbAddrCol\mbPartldxCol\subMbPartldxCol ipside the

[his process is invoked when direct_spatial mv_pred_flag is equal to 1 and‘any of the following conditions is trje.

the sub-

ying the

ype, and

flIdxLON

ype, and
fldxL1N

4x4 sub-

(8-137)

refldxI.1 = MinPositive( refldxI 1A, MinPositive( refIdxI 1B, refldxI[.1C ) )

(8-138)

directZeroPredictionFlag = 0
where

) o Min(x,y) if x>=0andy>=0
MinPositive( X,y )= .
Max(x,y) otherwise

5.  When both reference indices refldxL0 and refldxL1 are less than 0,

refldxLO =0
refldxL1 =0
directZeroPredictionFlag = 1
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cess 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.

- Ifall of the following conditions are true, colZeroFlag is set equal to 1.

NOTE — For purposes of determining the condition above, the value mvCol[ 1 ] is not scaled to use the unit$.0f a motion vector fo
the cyrrent macroblock in cases when the current macroblock is a frame macroblock and the colocateéd ‘macroblock is a fielg
macrdblock or when the current macroblock is a field macroblock and the colocated macroblock i§ a, frame macroblock. Thi
aspect differs from the use of mvCol[ 1] in the temporal direct mode as specified in subclause 8 4.1.273, which applies scaling t
the mption vector of the colocated macroblock to use the same units as the units of a motion.vector for the current macroblock
using|Equation 8-146 or Equation 8-147 in these cases.

- Othgrwise, colZeroFlag is set equal to 0.

The mot

- If any of the following conditions is true, both components of the motion/véctor mvLX are set equal to 0.

- d

- rdfldxLX is less than 0
- rdfldxLX is equal to 0 and colZeroFlag is equal to 1

- Othe
and 1

The prediction utilization flags predFlagl.0 and predFlagl1 shall be derived as specified using Table 8-8.

The vari

- If sub

the reference picture referred by RefPicList1[0] is a short-term reference picture
refldxCol is equal to 0

both motion vector components mvCol[ 0 ] and mvCol[ 1] lie in the range of -1 to 1 in units specified as
follows.

- If the colocated macroblock is a frame macroblock, the units of mvCol[ 0 ] and mvCol[ 1 ] are units of
quarter luma frame samples.

- Otherwise (the colocated macroblock is a field macroblock), the units of mvCol[ 0 ] and mvCol| T ] are unit
of quarter luma field samples.

on vectors mvLX (with X being 0 or 1) are derived as follows.

rectZeroPredictionFlag is equal to 1

wise, the process specified in subclause 8.4.1.3-is"invoked with mbPartldx = 0, subMbPartldx = 0, refldxLX
st suffix LX as the input and the output is assigned to mvLX.

NOTE - In the immediately above case,the returned motion vector mvLX is identical for all 4x4 sub-macroblocl
partitions of a macroblock.

Table\8-8 — Assignment of prediction utilization flags

refldxL0 refldxL1 predFlagl0 predFlagL1
>=) >=() 1 1
>=0 <0 1 0
<0 >=( 0 1

hblesubMvCnt is derived as follows.

- Otherwise (subMbPartldx is equal to 0 and direct 8x8 inference flag is equal to 1), subMvCnt is set equal to
predFlagl0 + predFLagL1.

8.4.1.23

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.

122

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.
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Inputs to this process are mbPartldx and subMbPartldx.

Outputs of this process are the motion vectors mvL0 and mvL1, the reference indices refldxLL0O and refldxL1
prediction list utilization flags, predFlagL0 and predFlagL1.

The process specified in subclause 8.4.1.2.1 is invoked with mbPartldx, subMbPartldx given as input and the
assigned to colPic, mbAddrCol, mvCol, refldxCol, and vertMvScale.

The reference indices refldxLL0 and refldxL1 are derived as follows.

refldxL0 = ( ( refldxCol <0 ) ? 0 : MapColToListO( refldxCol ) )

, and the

output is

(8-144)

refldxLL1 =0

NOTE - If the current macroblock is a field macroblock, refldxLO and refldxL1 index a list of fields; othergvise’ (t
macroblock is a frame macroblock), refldxL0 and refldxL1 index a list of frames or complementary reference field pairs.

et refPicCol be a frame, a field, or a complementary field pair that was referred by the reference imdex refldx
lecoding the co-located macroblock mbAddrCol inside the picture colPic. The function MapColToList0( refld
ipecified as follows.

If vertMvScale is equal to One_To_One, the following applies.
- Iffield pic flagis equal to 0 and the current macroblock is a field macroblock, the following applies.

- Let refldxLOFrm be the lowest valued reference index in the currént reference picture list RefPic]
references the frame or complementary field pair that contdaifis the field refPicCol. RefPicL
contain a variable PicNum or LongTermPicNum that referénces the frame or complementary
that contains refPicCol. The return value of MapColToList0() is specified as follows.

- If the field referred to by refldxCol has“the same parity as the current ma
MapColToList0( refldxCol ) returns the refetence index ( refldxLOFrm << 1).

- Otherwise (the field referred by refldxCol has the opposite parity of the current mag
MapColToListO( refldxCol) returns the.¥eference index ( ( refldxLOFrm <<1)+1).

- Otherwise (field pic flag is equal to 1 or the current macroblock is a frame macroblock), MapCo
refldxCol ) returns the lowest valued referéhce index refldxLO0 in the current reference picture list Re
that references refPicCol. RefPicList0 shall contain a variable PicNum or LongTermPicNum that r
refPicCol.

Otherwise, if vertMvScale is equal to Erm To Fld, the following applies.

- If field pic flag is equal to 0,/let refldxLOFrm be the lowest valued reference index in the current
index list RefPicList0 that ‘references refPicCol. MapColToListO( refldxCol ) returns the referen|
( refldxLOFrm <<1 ),/ RefPicList0 shall contain a variable PicNum or LongTermPicNum that r
refPicCol.

- Otherwise (field pic flag is equal to 1), MapColToList0( refldxCol ) returns the lowest valued referer
refldxL0 in.the/current reference picture list RefPicListO that references the field of refPicCol with
parity as-thie/current picture CurrPic. RefPicList0 shall contain a variable PicNum or LongTermPicl
referencesthe field of refPicCol with the same parity as the current picture CurrPic.

Otherwise({(vertMvScale is equal to Fld To Frm), MapColToList0( refldxCol ) returns the lowest valued
index-refldxL0 in the current reference picture list RefPicList0 that references the frame or complementary

or'complementary field pair that contains refPicCol.

(8-145)

he current

[0l when
xCol ) is

ist0 that
st0 shall
field pair

broblock,

roblock),

ToList0(
PicList0
bferences

Feference
Ce index
bferences

ce index
he same
Num that

Feference
field pair

thateontains refPicCol. RefPicList0 shall contain a variable PicNum or LongTermPicNum that references the frame

NU = OUUCU CICIICCT UIT V

for long-term reference" before being used for reference for inter prediction using the direct prediction mo
current macroblock.

Depending on the value of vertMvScale the vertical component of mvCol is modified as follows.
- IfvertMvScale is equal to Frm_To FId
mvCol[ I ]=mvCol[ 1]/2

- Otherwise, if vertMvScale is equal to Fld_To Frm
mvCol[ 1 ]=mvCol[ 1] *2

© ISO/IEC 2004 — All rights reserved
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ecoding process of the picture containing the co-located macroblock may have been modified to be marked as "used

de for the

(8-146)

(8-147)
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- Otherwise (vertMvScale is equal to One_To_One), mvCol[ 1 ] remains unchanged.

The variables currPicOrField, pic0, and picl, are derived as follows.

— Iffie

1d_pic_flag is equal to 0 and the current macroblock is a field macroblock, the following applies.

currPicOrField is the field of the current picture CurrPic that has the same parity as the current macroblock.

—  picl is the field of RefPicList1[0] that has the same parity as the current macroblock.

— Othefwise (field pic_flag is equal to 1 or the current macroblock is a frame macroblock), currPicOrField is thg

Currc¢

refergnce picture referred to by RefPicListO[ refldxLO ].

The two
follows:

- If ta:e reference index refldxLO refers to a long-term picture, or DiffPi¢OrderCnt( picl, picO ) is equal to 0, thq

motion vectors mvL0, mvL1 for the direct mode partition are derived by
mvL0 = mvCol (8-148)
mvL1 =0 (8-149)
—  Othprwise, the motion vectors mvL0, mvL1 are derived’as scaled versions of the motion vector mvCol of the co
locqdted sub-macroblock partition as specified below. (see Figure 8-2)
tx = (16384 + Abs(td/2))/td (8-150)
DistScaleFactor = Clip3( -1024, 10235.(tb *tx +32)>>6) (8-151)
mvL0 = ( DistScaleFactor * mvCol + 128 ) >> § (8-152)
mvL1 = mvL0O — mvCol (8-153)

Let frame0 be the frame or complementary field pair that is referred to by RefPicListO[ refldxL.0 /2 ].

The variable pic0 is derived as follows.

-1f refldxLO % 2 is equal to 0, picO is the field of frame0 that has the same parity as the current macroblock,

-Otherwise (refldxL0 % 2 is not equal to 0), picO is the field of frame0 that has the opposite parity of the,curren|
macroblock.

ht picture CurrPic, picl is the decoded reference picture referred to by RefPicListl[ 0 ], and picQis the decoded

motion vectors mvL0 and mvL1 for each 4x4 sub-macroblock partition of the current macroblock are derived a

NOTE — It is often the case that many of the 4x4 sub-macroblock partitions shiare the same motion vectors an
reference pictures. In these cases, temporal direct mode motion compensation caficalculate the inter prediction sampl
values in larger units than 4x4 luma sample blocks. For example, when direct 8x8 inference flag is equal to 1, at least
each 8x8 luma sample quadrant of the macroblock shares the same motion vectors and reference pictures.

where tb and td are(derived as follows.

tb = Clip3( -128,127, DiffPicOrderCnt( currPicOrField, pic0 ) ) (8-154)
td = Clip3(*<128, 127, DiffPicOrderCnt( picl, pic0 ) ) (8-155)

NOTE - mvL0 and mvL1 cannot exceed the ranges specified in Annex A.

The pred

iction utilization flags predFlaglL0 and predFlagl.1 are both set equal to 1.

Figure 8-2 illustrates the temporal direct-mode motion vector inference when the current picture is temporally between

the list 0

124

reference picture and the list 1 reference picture.
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List 0 Reference Current B List 1 Reference

mvL1

™~ co-located partition

directrrode-Bpartition \

time

Figure 8-2 —Example for temporal direct-mode motion vector inference (informative)

B.4.1.3 Derivation process for luma motion vector prediction
nputs to this process are
the macroblock partition index mbPartldx,
the sub-macroblock partition index subMbPartldx,
list suffix LX,
the reference index of the current partition refldxLX.
Dutput of this process is the prediction mvpLX of the motion vector mvLX.
et currSubMbType be set equal to sub_mb_type[:mabPartldx ].

[he derivation process for the neighbouring,blocks for motion data in subclause 8.4.1.3.2 is invoked with m
subMbPartldx, currSubMbType, and list\suffix LX as the input and with mbAddrN\mbPartldxN\subMbl}
reference indices refldxLXN and the motiod vectors mvLXN with N being replaced by A, B, or C as the output.

mbAddrN\mbPartldxN\subMbPartldxN, mvLXN, refldxLXN with N being replaced by A, B, or C and refldxIl
nput and mvpLX as the output, unless one of the following is true.

MbPartWidth( mb_type, ) is equal to 16, MbPartHeight( mb_type ) is equal to 8, mbPartldx is equal
refldxLXB is equalte TefldxLX,

mvpLX =mvLXB

MbPartWidth( mb_type ) is equal to 16, MbPartHeight( mb_type ) is equal to 8, mbPartldx is equal
refldxkXA is equal to refldxLX,

mvpLX = mvLXA

bPartldx,
artldxN,

[he derivation process for median luma motion vector prediction in subclause 8.4.1.3.1 is invoKed with

X as the

00, and

(8-156)

o1, and

(8-157)

- MbPartWidth( mb_type ) is equal to 8, MbPartHeight( mb_type ) is equal to 16, mbPartldx is equal to 0, and

refldxLXA is equal to refldxLX,

mvpLX = mvLXA

(8-158)

- MbPartWidth( mb_type ) is equal to 8, MbPartHeight( mb type ) is equal to 16, mbPartldx is equal to 1, and

refldxLXC is equal to refldxLX,

mvpLX = mvLXC

Figure 8-3 illustrates the non-median prediction as described above.
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816 16*8

Figure 8-3 — Directional segmentation prediction (informative)

8.4.1.3.1

Inputs to

- the ng¢ighbouring partitions mbAddrN\mbPartIdxN\subMbPartIdxN (with N being replaced by A, B, o7€),

- the m
- the rg
- the rg
Output o

The vari

- Whef both partitions mbAddrB\mbPartldxB\subMbPartldxB and mbAddrC\mbPartldxC\subMbPartldxC are no

avail

m

Derivation process for median luma motion vector prediction

this process are

otion vectors mvLXN (with N being replaced by A, B, or C) of the neighbouring partitions,

ference indices refldxLXN (with N being replaced by A, B, or C) of the neighbouring partitions, and
ference index refldxLX of the current partition.

f this process is the motion vector prediction mvpLX.

ible mvpLX is derived as follows:

hible and mbAddrA\mbPartIldxA\subMbPartldxA is available,

vLXB = mvLXA (8-160)
vLXC =mvLXA (8-161)
fldxLXB = refldxLXA (8-162)
fIdxLXC = refldxLXA (8-163)
nding on reference indices refldxLXA[, refldxLXB, or refldxL.XC, the following applies.

one and only one of the referenceindices refldxLXA, refldxLXB, or refldxL.XC is equal to the reference indey
fldxLX of the current partitign; the following applies. Let refldxLXN be the reference index that is equal t
fldxLX, the motion vector mvLXN is assigned to the motion vector prediction mvpLX:

vpLX = mvLXN (8-164)

therwise, 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[ O}~"Median( mvLXA[ 0 ], mvLXB[ 0 ], mvLXC[0]) (8-165)
mvpLX{ 1 ] =Median( mvLXA[ 1 ], mvLXB[ I ], mvLXC[1]) (8-166)
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 LX
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Outputs of this process are (with N being replaced by A, B, or C)

- mbAddrN\mbPartldxN\subMbPartldxN specifying neighbouring partitions,
- the motion vectors mvLXN of the neighbouring partitions, and

- the reference indices refldxLXN of the neighbouring partitions.

The partitions mbAddrN\mbPartldxN\subMbPartIdxN with N being either A, B, or C are derived in the following
ordered steps.

b, The process in subclause 6.4.7.5 is invoked with mbPartldx, currSubMbType, and subMbPartldx as inputand the
output is assigned to mbAddrN\mbPartIdxN\subMbPartIdxN with N being replaced by A, B, C, or D¢

B.  When the partition mbAddrC\mbPartIdxC\subMbPartIdxC is not available, the following applies

mbAddrC = mbAddrD (8-167)
mbPartldxC = mbPartldxD (8-168)
subMbPartldxC = subMbPartldxD (8-169)

[he motion vectors mvLXN and reference indices refldxLXN (with N being A, B, 'or€) are derived as follows.

If the macroblock partition or sub-macroblock partition mbAddrN\mbPartldxN\subMbPartldxN is not avdilable or
mbAddrN is coded in Intra prediction mode or predFlagLX of mbAddfiN\mbPartldxN\subMbPartIdxN is equal to 0,
both components of mvLXN are set equal to 0 and refldxLXN is setequal to —1.

Otherwise, the following applies.

- The motion vector mvLXN and references index  refldxXLXN are set eqpal to
MvLX[ mbPartldxN ][ subMbPartldxN | and RefldxLX['mbPartIdxN ], respectively, which are the motipn vector
mvLX and reference index refldxLX that.chave been assigned to the (sub-)macroblock |partition
mbAddrN\mbPartldxN\subMbPartIdxN.

- The variables mvLXN][ 1 ] and refldxLXN aré¢’further processed as follows.

- If'the current macroblock is a fieldamacroblock and the macroblock mbAddrN is a frame macroblock

mvLXN[ 1 ]=mvLXN[1]/2 (8-170)

refldxLXN = refldxLXN * 2 (8-171)

- Otherwise, if the (current macroblock is a frame macroblock and the macroblock mbAddrN i a field
macroblock

mvLXN[ 1 J&mVvLXN[1]*2 (8-172)

refldxIZXIN= refldx LXN / 2 (8-173)

- Otherwise, the vertical motion vector component mvLXN[ 1 ] and the reference index refldxLXIN remain
unchanged.

8.4.1:4" Derivation process for chroma motion vectors

TIPUTS 10 LIS Process are a (uma Motion Vector MVLX and a reference index TeildxCX.
Outputs of this process are a chroma motion vector mvCLX.

A chroma motion vector is derived from the corresponding luma motion vector. Since the accuracy of luma motion
vectors is one-quarter sample and chroma has half resolution compared to luma, the accuracy of chroma motion vectors
is one-eighth sample, i.e., a value of 1 for the chroma motion vector refers to a one-eighth sample displacement.

NOTE - For example when the luma vector applies to 8x16 luma samples, the corresponding chroma vector applies to 4x8 chroma
samples and when the luma vector applies to 4x4 luma samples, the corresponding chroma vector applies to 2x2 chroma samples.
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For the derivation of the motion vector mvCLX, the following applies.

8.4.2 |Decoding process for Inter prediction samples

Inputs tof this process are

- prediction list utilization flags, predFlagl.0 and predFlagl1
Outputs pf this process are

- the Infer prediction samples predPart, which are a (partWidth)x(partHeight) array predPart; of prediction lumj
samplles, and two (partWidth/2)x(partHeight/2) arrays predPartcy,, predPartc, of prediction chroma samples, one fo
each pf the chroma components Cb and Cr.

Let predPartL0; and.predPartL1; be (partWidth)x(partHeight) arrays of predicted luma sample values and predPartLOc,
predPart]. 1y, predPartLOc,, and predPartL1c, be (partWidth/2)x(partHeight/2) arrays of predicted chroma sample values.

For LX béung replaced by either LO or L1 in the variables predFlagLX, RefPicListX, refldxL.X, refPicLX, predPartLX]

a macrpblock partition mbPartldx,

a sub-rhacroblock partition subMbPartIdx.

variables specifying partition width and height, partWidth and partHeight

luma npotion vectors mvL0 and mvL1 and chroma motion vectors mvCL0 and mvCL1

refererice indices refldxL0 and refldxLd

If the current macroblock is a frame macroblock, the horizontal and vertical components of the chroma motion
vector mvCLX are derived by multiplying the corresponding components of luma motion vector mvLX by 2,
through mapping one-quarter sample mvLX units to one-eighth sample mvCLX units

mvCLX[ 0 ] =mvLX[ 0 ] (8-174)
mvCLX[ 1 ]=mvLX[ 1] (8-175)

Otherwise (the current macroblock is a field macroblock), only the horizontal component of the chroma motion
vectpr mvCLX| 0 | 1s derived using Equation 8-174. The vertical component of the chroma motion vecto
mv(LX] 1 ] is dependent on the parity of the current field or the current macroblock and the reference picture, whict
is refferred by the reference index refldxLX. mvCLX] 1 ] is derived from mvLX] 1 ] according to Table 8-9.

Table 8-9 — Derivation of the vertical component of the chroma vector in field coding mode

Parity conditions mvCLX][ 1]
Reference picture (refldxLX) Current field (picture/macroblock)

Top field Bottom field myLX[1]+2
Bottom field Top field mvLX[1]-2
Otherwise mvLX[ 1]

the following is specitied.

When predFlagLX is equal to 1, the following applies.

The reference frame consisting of an ordered two-dimensional array refPicLX; of luma samples and two ordered
two-dimensional arrays refPicL X, and refPicLX, of chroma samples is derived by invoking the process specified
in subclause 8.4.2.1 with refldxLLX and RefPicListX given as input.

The arrays predPartLX,, predPartLXcy,, and predPartLXc, are derived by invoking the process specified in subclause
8.4.2.2 with the current partition specified by mbPartldx\subMbPartldx, the motion vectors mvLX, mvCLX, and the
reference arrays with refPicL.X, refPicL Xy, and refPicLXc, given as input.
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For C being replaced by L, Cb, or Cr, the array predPartc of the prediction samples of component C is der

ived by

invoking the process specified in subclause 8.4.2.3 with the current partition specified by mbPartldx and subMbPartldx

and the array predPartL0O¢c and predPartL1¢ as well as predFlagL0 and predFlagl1 given as input.

8.4.2.1 Reference picture selection process

Input to this process is a reference index refldxLX.

Output of this process is a reference picture consisting of a two-dimensional array of luma samples refPicLX; and two

two-dimensional arrays of chroma samples refPicLXc, and refPicLXc,.

for long-term reference pictures) of previously decoded reference frames, complementary reference field (airy,
paired reference fields that have been marked as “used for reference” as specified in subclause 8.2.5.

Depending on field pic flag, the meaning of PicNum and LongTermPicNum is specified as follows:
reference fields or fields of decoded reference frames.

decoded reference frames or complementary reference field pairs.
[he reference picture list RefPicListX is derived as specified in subclause 8.2.4.

For the derivation of the reference picture, the following applies.

reference field or field of a reference frame consists of a (PicWidthInSamples; )x(PicHeightInSamples; ) array

refPicLX,.

Otherwise (field pic_flag is equal to 0), the following applies.

referred by PicNum = RefPicListX[ refldxLX ] or LongTermPicNum = RefPicListX][ refldxLX ]| shalll
output. The output reference frame or complementary reference field pair consists
(PicWidthInSamples; )x(PicHeightlnSamples;)  array  of luma  samples  refPicLX;  anf
(PicWidthInSamplesc)x(PicHeightInSamplesc) arrays of chroma samples refPicLXy, and refPicLXc,.

- Otherwise (the current macroblock is a field macroblock), the following applies.

PicNum = RefPicListX[ refldxL.X /2 ] or LongTermPicNum = RefPicListX][ refldxLX /2 ].
- The field ofrefFrame is selected as follows.

- IfrefldXLX % 2 is equal to 0, the field of refFrame that has the same parity as the current macroblo
beythe output.

<~ Otherwise (refldxLX % 2 is equal to 1), the field of refFrame that has the opposite parity as the
macroblock shall be the output.

* The  output reference field or field of a  reference frame  consists

(PicWidthInSamplesc)x(PicHeightInSamplesc/2) arrays of chroma samples refPicLX¢, and refPicLXc,.

The reference picture sample arrays refPicLX, refPicLXcy, refPicLXc, correspond to decoded sample arrays S,
derived in subclause 8.7 for previous decoded pictures.

8.4.2.2 Fractional sample interpolation process

Inputs to this process are

- the width and height partWidth, partHeight of this partition in luma-sample units,

© ISO/IEC 2004 — All rights reserved

Reference picture list RefPicListX is a list of variables PicNum (for short-term reference pictures) and LongTermiPicNum

Oor non-

If field pic_flag is equal to 1, all entries of the RefPicListX are variables PicNum and LongTermPicNum off decoded

Otherwise (field pic_flag is equal to 0), all entries of RefPicListX are variables PicNum and LongTermPicNum of

If field pic flag is equal tol, the reference field or( field of a reference frame refefred by
PicNum = RefPicListX[ refldxLX ] or LongTermPicNum = RefRicListX[ refldxLX ] shall be the output. The output

of luma

samples refPicLX; and two (PicWidthInSamplesc)x(PicHeightinSamplesc) arrays of chroma samples refPicl. X, and

- If the current macroblock is a frame macroblock, the reference frame or complementary reference field pair

be the
of a
two

- Let refframe be (the reference frame or complementary reference field pair that is ref¢rred by

ck shall

current

of a

(PicWidthInSamples; )x(PicHeightInSamples;/2) array of luma samples refPicLX; anpd two

SCb: SCr

the current partition given by its partition index mbPartldx and its sub-macroblock partition index subMbPartldx,
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- aluma motion vector mvLX given in quarter-luma-sample units,

- achroma motion vector mvCLX given in eighth-chroma-sample units, and

- the selected reference picture sample arrays refPicLX;, refPicLXcy, and refPicLX ¢,
Outputs of this process are

- a(partWidth)x(partHeight) array predPartLX; of prediction luma sample values and

- two (partWidth/2)x(partHeight/2) arrays predPartL Xy, and predPartLXc, of prediction chroma sample values.

Let ( xA[, yAL ) be the location given in full-sample units of the upper-left luma sample of the current partition given,by
mbPartldx\subMbPartldx relative to the upper-left luma sample location of the given two-dimensional array of (]
samples.

Let ( xIrjt;, yInt; ) be a luma location given in full-sample units and ( xFracy, yFrac; ) be an offset given in quarter;
sample units. These variables are used only inside this subclause for specifying general fractional-sampleclocations insids
the refer¢nce sample arrays refPicLX;, refPicLXc,, and refPicLX;.

For eacl luma sample location (0 <= x; < partWidth, 0 <=y <partHeight) inside the prediction”luma sample array
predLX{ the corresponding predicted luma sample value predLX, [ x;, y. ] is derived as follows:

xIntp = xAp + (mvLX[0]>>2)+x. (8-176)
ylnty =yAL + (mvLX[ 1 ] >>2)+y. (8-177)
xFracp =mvLX[ 0] & 3 (8-178)
yFracc=mvLX[ 1] &3 (8-179)

- The|prediction sample value predLX;[ x;, y. ] is derived by invoking‘the process specified in subclause 8.4.2.2.
with| ( xInty, yInt, ), ( xFracy, yFracy ) and refPicLX given as input.

Let ( xInfc, yIntc ) be a chroma location given in full-sample unitsand ( xFracc, yFracc ) be an offset given in one-eightlj
sample units. These variables are used only inside this subclause for specifying general fractional-sample locations insids
the refer¢nce sample arrays refPicL X, and refPicLXc;.

For each chroma sample location (0 <= x¢ < partWidth”2, 0 <= yc < partHeight/2) inside the prediction chroma sampls
arrays pfedPartLXc, and predPartLXc,, the corresponding prediction chroma sample values predPartLXc,[ Xc, yc ] and
predPart].Xc,[ Xc, yc ] are derived as follows:

xIntc = (xApL >> 1)+ (mvCLX[ 0-]>>3 ) + xc (8-180)
ylntc = (yAL>> 1)+ (mvCLX[\} ] >>3 )+ yc (8-181)
xFracc =mvCLX[ 0] &7 (8-182)
yFracc = mvCLX][ 1 J.& 7 (8-183)

- The|prediction sample value predPartLXc,[ Xc yc ] is derived by invoking the process specified in subclausg
8.4.2.2.2 with ( xInfg, yIntc ), ( xFracc, yFracc ) and refPicL X, given as input.

- The| predictiod sample value predPartLXc,[ Xc yc] is derived by invoking the process specified in subclauss
8.4.2.2.2 with-¢ xIntc, yIntc ), ( xFracc, yFracc ) and refPicLX(, given as input.

8.4.2.2.1| uma sample interpolation process

Inputs to this process are

- aluma location in full-sample units ( xInt;, yInt; ),

- aluma location offset in fractional-sample units ( xFrac;, yFrac ), and
- the luma sample array of the selected reference picture refPicLX;

Output of this process is a predicted luma sample value predPartLX, [ x;, y. ]
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blocks with lower-case letters) for-quarter sample luma interpolation.

xZ1~< Clip3( 0, PicWidthInSamples; — 1, xInt; + xDZ; )

Figure 8-4 — Integer samples (shaded blocks with upperscase letters) and fractional sample positions (un-{shaded

[he variable refPicHeightEffective;, which is theésheight of the effective reference picture luma array, is dgrived as

- If MbaftFrameFlag is equal to 0 or nib field decoding flag is equal to 0, refPicHeightEffective is set|equal to
PicHeightInSamples; .

- Otherwise (MbaffFrameFlag is-equal to 1 and mb_field decoding_ flag is equal to 1), refPicHeightEffectiye, is set
equal to PicHeightInSamplesp¥ 2.

n Figure 8-4, the positionsdabelled with upper-case letters within shaded blocks represent luma samples at full-sample
ocations inside the giventwo-dimensional array refPicLX; of luma samples. These samples may be used for ggnerating
he predicted luma sample value predPartL X[ x;, y. ]. The locations ( xZ;, yZ, ) for each of the correspondjng luma
samples Z, where ZZmay be A, B, C,D,E,F,G,H, L J, K, L, M, N, P, Q, R, S, T, or U, inside the given array r¢fPicLX;
bf luma samples are derived as follows:

yvZy, = Clip3( 0, refPicHeightEffective, — 1, yInt; + yDZ; ) (8-184)
Cable 8-10 specifies ( xDZ;, yDZ; ) for different replacements of Z.
Table 8-10 — Differential full-sample luma locations
Z A |B |C |D |E |F I J K |L N |[P |Q T |U
xDZ; | 0 1 1 2 | -1 2 |3 2 | -1 1 2 |3 1
yDZy |2 [-2 |-1 |-1 |0 |O 0 10 1 1 1 1 1 3 3
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Given the luma samples ‘A’ to ‘U’ at full-sample locations ( XA, yAr ) to (xUy, yUy ), the luma samples ‘a’ to ‘s’ at
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:

b|=(E-5*F+20*G+20*H-5*1+1J) (8-185)
h|=(A-5*C+20*G+20*M_-5*R+T) (8-186)

The final prediction values b and h shall be derived using:

bl Clipl((b, +16)>>5) (8-187)
hi= Clipl((h, + 16 )>>5) (8-188)

— The Jamples at half sample position labelled as j shall be derived by first calculating intepmediate value denoted as j
by agplying the 6-tap filter to the intermediate values of the closest half sample positions-in either the horizontal o
vertidal direction because these yield an equal result.

JjiFcc—5%*dd+20*h; +20 *m; -5 *ee + ff, or (8-189)
jilFaa—-5*bb+20*b; +20*s; —5*gg+hh (8-190)

wherg intermediate values denoted as aa, bb, gg, s; and hh shall be derived by applying the 6-tap filter horizontally i
the sgme manner as the derivation of b; and intermediate values denoted as cc, dd, ee, m; and ff shall be derived by
applyling the 6-tap filter vertically in the same manner as the derivation of h;. The final prediction value j shall bg
derivpd using:

i+ Clipl((j, +512)>>10) (8-191)

— The final prediction values s and m shall be derivedfrom s; and m, in the same manner as the derivation of b and h
as giyen by:

w2

=Clipl((s; +16)>>5) (8-192)
= Clipl((m, +16)>>5) (8-193)

=

— The Jamples at quarter sample positions labelled as a, ¢, d, n, f, 1, k, and q shall be derived by averaging with upwarg
rounding of the two nearest samples at integer and half sample positions using:

alF(G+b+1)>>1 (8-194)
cE(H+b+1)>>f (8-195)
dE(G+h+1)>>41 (8-196)
nfE(M+h+ 155> 1 (8-197)
fE(b+i+1)5> 1 (8-198)
i (h+jF1)>>1 (8-199)
ki (fam+1)>>1 (8-200)
QFEG s +1)>> 1. (8-201)

— The samples at quarter sample positions labelled as e, g, p, and r shall be derived by averaging with upward rounding
of the two nearest samples at half sample positions in the diagonal direction using

e=(b+h+1)>1 (8-202)
g=(b+tm+1)>>1 (8-203)
p=(h+s+1)>>1 (8-204)
r=(m+s+1)>>1. (8-205)

The luma location offset in fractional-sample units ( xFracy, yFrac; ) specifies which of the generated luma samples at
full-sample and fractional-sample locations is assigned to the predicted luma sample value predPartL X[ x;, yi ]. This
assignment is done according to Table 8-11. The value of predPartLX, [ x;, y. | shall be the output.
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Table 8-11 — Assignment of the luma prediction sample predPartLX [ x;, yy. |

xFracp 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,yr] | G | d h n a e i p b f J q c g k r
R4.222 Cl lei lati
nputs to this process are
a chroma location in full-sample units ( xIntc, ylntc ),
a chroma location offset in fractional-sample units ( xFracc, yFracc ), and
chroma component samples from the selected reference picture refPicL.Xc.
Dutput of this process is a predicted chroma sample value predPartLX[ x¢, yc |-
n Figure 8-5, the positions labelled with A, B, C, and D represent chroma sample§ at’full-sample locations ipside the
biven two-dimensional array refPicLX¢ of chroma samples.
A B
) S *
| yFrac, :
|
XFrac  8-xFraty |
| |
| |
| 8yFracc |
| |
' ‘
C._ D
Figure 8-5 — Fractional sample position dependent variables in chroma interpolation and surrounding ipteger
position samples A, B, C, and D.
[he variable refPicHeightEffectivec, \which is the height of the effective reference picture chroma array, is dprived as
follows.
- If MbaffFrameFlag is equal*to 0 or mb_field decoding flag is equal to 0, refPicHeightEffectivec is set|equal to
PicHeightInSamplesc.
- Otherwise (MbaffFrameFlag is equal to 1 and mb_field decoding flag is equal to 1), refPicHeightEffectiyec is set
equal to PicHeightinSamplesc / 2.
[he sample coordinates specified in Equations 8-206 through 8-213 are used for generating the predicted chronfa sample
value predPastlEX [ xc, yc |-
xAe = Clip3( 0, PicWidthInSamplesc — 1, xIntc ) (8-2006)
XBc = Clip3( 0, PicWidthInSamplesc — 1, xIntc + 1) (8-207)
xCc = Clip3( 0, PicWidthInSamplesc — 1, xIntc ) (8-208)
*D—CHp30; PieWidthinSamples——dnt——1 (8-209)
yAc = Clip3( 0, refPicHeightEffectivec — 1, yIntc ) (8-210)
yBc = Clip3( 0, refPicHeightEffectivec — 1, yIntc ) (8-211)
yCc = Clip3( 0, refPicHeightEffectivec — 1, ylntc + 1) (8-212)
yD¢ = Clip3( 0, refPicHeightEffectivec — 1, yIntc + 1) (8-213)

Given the chroma samples A, B, C, and D at full-sample locations specified in Equations 8-206 through 8-213, the

predicted chroma sample value predPartL X[ X¢, yc | is derived as follows:
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8.4.2.3

Inputs to

predPartLX[ X¢, yc ] = (( 8 —xFracc ) * ( 8 — yFracc ) * A + xFracc * ( 8 — yFracc ) * B +
( 8 —xFracc ) * yFracc * C + xFracc * yFracc * D +32)>>6 (8-214)

Weighted sample prediction process

this process are

- mbPartldx: the current partition given by the partition index

- subMbPartldx: the sub-macroblock partition index

- preIlagLU and predFlagl.1: prediction list utilization tlags

- pre
depq

- predPartLXc, and predPartLXc,: (partWidth/2)x(partHeight/2) arrays of prediction chroma samples, one\for each of

the (

Outputs

- preIartL: a (partWidth)x(partHeight) array of prediction luma samples and

- pre
chro

For macqoblocks or partitions with predFlagl.0 equal to 1 in P and SP slices, the following applies.

- If W
8.4.]

- Othg
8.4.]

For macioblocks or partitions with predFlagl.0 or predFlagl.1 equal to 1 in B slices, the following applies.

- If W
8.4.]

- Othd
subg
and

- Othg

8.4.2.3.1

Input to

artLX;: a (partWidth)x(partHeight) array of prediction luma samples (with LX being replaced by LO~or’L
nding on predFlagl0 and predFlagl.1)

hroma components Cb and Cr (with LX being replaced by LO or L1 depending on predFlaglL0 andpredFlagl1)

bt this process are

artcy, and predPartc,: (partWidth/2)x(partHeight/2) arrays of prediction chroma'‘samples, one for each of th{
ma components Cb and Cr.

eighted pred flag is equal to 0, the default weighted sample predietion process as described in subclausq
.3.1 is invoked with the same inputs and outputs as the process described in this subclause.

rwise (weighted pred flag is equal to 1), the explicit weighted*prediction process as described in subclauss
.3.2 is invoked with the same inputs and outputs as the process described in this subclause.

eighted bipred idc is equal to 0, the default weighted sample prediction process as described in subclausq
.3.1 is invoked with the same inputs and outputs-as the process described in this subclause.

rwise, if weighted bipred idc is equal to (1, ‘the explicit weighted sample prediction process as described if
lause 8.4.2.3.2, for macroblocks or partifions with predFlagl0 or predFlagl1 equal to 1 with the same input
putputs as the process described in thi§ sybclause.

rwise (weighted bipred_idc is equal to 2), the following applies.

[f predFlagl0 is equal to 1 and-predFlagL1 is equal to 1, the implicit weighted sample prediction as described it
subclause 8.4.2.3.2 is inyeked with the same inputs and outputs as the process described in this subclause.

Otherwise (predFlagll0/or predFlagll are equal to 1 but not both), the default weighted sample prediction
process as described.in subclause 8.4.2.3.1 is invoked with the same inputs and outputs as the process described
in this subclause.

Default wejghted sample prediction process

his proeess are the same as specified in subclause 8.4.2.3.

Output o

f this process are the same as specified in subclause 8.4.2.3.

Depending on the component for which the prediction block is derived, the following applies.

- If the luma sample prediction values predPart; [ x, y ] are derived, the following applies with C set equal to L, x set
equal to 0 .. partWidth - 1, and y set equal to O .. partHeight - 1.

- Otherwise, if the chroma Cb component sample prediction values predPartc,[ x,y ] are derived, the following
applies with C set equal to Cb, x set equal to 0 .. partWidth /2 - 1, and y set equal to O .. partHeight /2 - 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 .. partWidth /2 - 1, and y set equal to O .. partHeight / 2 - 1.

The prediction sample values are derived as follows.

134
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If predFlagl0 is equal to 1 and predFlagl1 is equal to O for the current partition
predPartc[ x, y ] = predPartLO([ x, y |

Otherwise, if predFlagL0 is equal to 0 and predFlagL1 is equal to 1 for the current partition
predPartc[ x, y = predPartL1[ X, y ]

Otherwise (predFlagL0 and predFlagl.1 are equal to 1 for the current partition),
predPartc[ x, y ] = ( predPartLOc[ X, y ] + predPartL1c[ x,y ]+ 1) >> 1.

B.4.2.3.2 Weighted sample prediction process
nput to this process are the same as specified in subclause 8.4.2.3.
Dutput of this process are the same as specified in subclause 8.4.2.3.

Depending on the component for which the prediction block is derived, the following applies.

[he prediction sample values are derived as follows

[he.variables in the above derivation for the prediction samples are derived as follows.

If the luma sample prediction values predPart; [ x, y ] are derived, the following applies,with C set equal t
equal to 0 .. partWidth - 1, and y set equal to O .. partHeight - 1.

Otherwise, if the chroma Cb component sample prediction values predPartegl X, y ] are derived, the f
applies with C set equal to Cb, x set equal to 0 .. partWidth /2 - 1, and y set equal to O .. partHeight / 2 - 1.

Otherwise (the chroma Cr component sample prediction values predPartg X, y ] are derived), the followin|
with C set equal to Cr, x set equal to 0 .. partWidth / 2 - 1, and y set equal to O .. partHeight /2 - 1.

If the partition mbPartldx\subMbPartldx has predFlagl.0 egual to 1 and predFlagl.1 equal to 0, the final
sample values predPartc[ x, y ] are derived by

if( logWD >=1)

predPartc[ x, y ] = Clipl( ( ( predPartLOc[ X, ] * wo + 2°°¢VP 1) >> JogWD ) + 0, )
else

predPart[ x, y | = Clipl( predPartLOc[ %3y ] * wo + 0p )

Otherwise, if the partition mbPartldx\subMbPartIdx has predFlagL.0 equal to 0 and predFlagL1 equal to 1,
predicted sample values predPartg[-x,\y | are derived by

if( logWD >=1)

predPartc[ x, y ] = ChpRC ( ( predPartL1c[ x, y ] * wy + 2°°¢VP~1) >> [ogWD ) + 0, )
else

predPart([ x, y/= Clipl( predPartL1c[ x,y ] * w; +0;)

Otherwise (thé partition mbPartldx\subMbPartldx has both predFlaglL0 and predFlagl.l equal to 1),
predicted sample values predPart([ x, y | are derived by

predPartc[ x, y ] = Clipl( ( ( predPartLOc[ X,y ] * wo + predPartL1[ x, y ] * wy + 2"°8VP ) >>
(logWD+1))+((0gto +1)>>1))

(8-215)

(8-216)

(8-217)

L, x set

ollowing

o applies

bredicted

(8-218)

the final

(8-219)

the final

(8-220)

TT weighted_bipred_idc is equal fo 2 and the slice_type is equal to B, implicit mode weighted prediction 1s used as

follows.
logWD =5
Op = 0

01:()

and w, and w; are derived as follows.
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The variables currPicOrField, pic0, and picl are derived as follows:

If field pic_flag is equal to 0 and the current macroblock is a field macroblock, the following applies.

currPicOrField is the field of the current picture CurrPic that has the same parity as the current
macroblock.

Let frame0 be the frame or complementary field pair that is referred to by RefPicListO[ refldxL0 /2 ].

The variable picO is derived as follows.

If refldxLLO % 2 is equal to 0, picO is the field of frameO that has the same parity as the current

M~

(

Q

T

Otherwise (field pic_flag is equal to 1 or the current macroblock is a ffame macroblock), currPicOrField
is the current picture CurrPic, picl is the decoded reference picture referred to by RefPicList1[ refldxL1 ]
and pic0 is the decoded reference picture referred to by RefPicListOf.refldxLO0 ].

Let framel be the frame or complementary field pair that is referred to by RefPicList1[ refldxL.1 /2 ]

The variable picl is derived as follows.

he variables tb, td, tx, and DistScaleFactor are derived from the wvalues of currPicOrField, picO, picl using
fuations 8-154, 8-155, 8-150, and 8-151, respectively.

DiffPicOrderCnt( picl, pic0 ) is equal to 0 or one or both ofipicl and picO is a long-term reference picture of
DistScaleFactor >> 2) < -64 or (DistScaleFactor >> 2) > 128{w, and w, are derived as
wo =32 (8-224)
wy =32 (8-225)
therwise,
wo = 64 — (DistScaleFactor >> 2) (8-226)
w; = DistScaleFactor >> 2 (8-227)

wise (weighted pred flag is equal to 1 in P or SP slices or weighted bipred idc equal to 1 in B slices), explici
weighted prediction is used as-follows.

he variables refldxLOWR. and refldxL1 WP are derived as follows.

If MbaffFrameFlagys equal to 1 and the current macroblock is a field macroblock

TITacTobtock:

Otherwise (refldxLO % 2 is not equal to 0), picO is the field of frameO that has the oppositq
parity of the current macroblock.

If refldxLL1 % 2 is equal to 0, picl is the field of framel that has the same,parity as the curren
macroblock.

Otherwise (refldxL1 % 2 is not equal to 0), picl is the field of framel that has the oppositd
parity of the current macroblock.

refldxLOWR'= refldxL0 >> 1 (8-228)

refldXy WP = refldxL1 >> 1 (8-229)
Othépwise (MbaffFrameFlag is equal to 0 or the current macroblock is a frame macroblock),

refldxLOWP = refldxL0O (8-230)

refldxL1WP = refldxL1 (8-231)

The variables logWD, wy, w|, 0y, and 0, are derived as follows.

If C in predPart([ x, y ] is replaced by L for luma samples

logWD = luma_log2 weight denom (8-232)
wo = luma_weight 10[ refldxLOWP ] (8-233)
w; = luma_weight 11[ refldxL1WP ] (8-234)
0o = luma_offset 10[ refldxLOWP ] (8-235)
0; =luma_offset 11[ refldxL1WP ] (8-236)
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- Otherwise (C in predPartc[ x, y] is replaced by Cb or Cr for chroma samples, with iCbCr=0
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 ]
0; = chroma offset 11[ refldxL1WP ][ iCbCr ]

When explicit mode weighted prediction is used and the partition mbPartldx\subMbPartldx has both predFl
predFlagl.1 equal to 1, the following constraint shall be obeyed

128 <= wo+ w; <= ((logWD == 7)? 127 :128)

NOTE —For implicit mode weighted prediction, weights w, and w; are each guaranteed to be in the\yrange of -64..12
constraint expressed in Equation 8-242, although not explicitly imposed, will always be met. \For explicit mode
prediction with logWD equal to 7, when one of the two weights wy or w, is inferred to be équal to 128 (as a conse)
luma_weight 10 flag, luma weight 11 flag, chroma weight 10 flag, or chroma weight 11/flag equal to 0), the other V
or wp) must have a negative value in order for the constraint expressed in Equation 8-242t0 hold (and therefore the
luma weight 10 flag, luma weight 11 flag, chroma weight 10 flag, or chroma weight\ N flag must be equal to 1).

B.S Transform coefficient decoding process and picture construction process prior to dek
filter process

nputs to this process are Intral6x16DCLevel (if available), Intral6x16ACLevel (if available), LumaLevel (if a
ChromaDCLevel, ChromaACLevel, and available Inter or Intrasprediction sample arrays for the current macro
he applicable component pred;, predcy, or predc;.

NOTE — When decoding a macroblock in Intra_4x4 predictiomzmode, the luma component of the macroblock prediction
not be complete, since for each 4x4 luma block, the Intra 14x4 prediction process for luma samples as specified in subc
and the process specified in this subclause are iterated.

Dutputs of this process are the constructed sample arrays prior to the deblocking filter process for the al
component S, S’cyp, OF S’y

NOTE — When decoding a macroblock in Intra 4x4 prediction mode, the luma component of the macroblock construct]
arrays prior to the deblocking filter process.may not be complete, since for each 4x4 luma block, the Intra_4x4 predicti
for luma samples as specified in subcldause'8.3.1 and the process specified in this subclause are iterated.

[his subclause specifies transforniicoefficient decoding and picture construction prior to the deblocking filter pr:

When the current macroblock is coded as P_Skip or B Skip, all values of Lumalevel, Chromall
ChromaACLevel are set equal’'to 0 for the current macroblock.

B.5.1  Specification of transform decoding process for residual blocks

for the luma trafisform coefficients. For a 4x4 luma block indexed by luma4x4Blkldx = 0..15, the following ordgd
hire specifiedy

LumaLevel[ luma4x4Blkldx ] as the input and the two-dimensional array c as the output.

for Cb,

(8-237)
(8-238)
(8-239)
(8-240)
(8-241)
¢L0 and

(8-242)

8 and the
weighted
quence of

eight (w,
other flag

locking

bailable),
block for

rray may
use 8.3.1

pplicable

bd sample
n process

CCSS.

DCLevel,

When the current, macroblock prediction mode is not equal to Intra_16x16, the variable Lumalevel contains the levels

red steps

1, <The inverse transform coefficient scanning process as described in subclause 8.5.4 is involed with

2. Ihe scaling and ransiormation process 10t residual 4x4 bIOCKS as speciiied in subclause 8.5.8 1S invoked
the input and r as the output.

with ¢ as

3. The position of the upper-left sample of a 4x4 luma block with index luma4x4BIkldx inside the macroblock is

derived by invoking the inverse 4x4 luma block scanning process in subclause 6.4.3 with luma4x4BIkI
input and the output being assigned to ( xO, yO ).

4. The 4x4 array u with elements u;; for i, j = 0..3 is derived as

u;; = Clipl( pred [ xO +j,yO+i]+1)

dx as the

(8-243)

5. The picture construction process prior to deblocking filter process in subclause 8.5.9 is invoked with

luma4x4BIkIdx, u as the input and S’ as the output.
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8.5.2  Specification of transform decoding process for luma samples of Intra_16x16 macroblock prediction
mode

When the current macroblock prediction mode is equal to Intra 16x16, the variables Intral6x16DCLevel and
Intral6x16ACLevel contain the levels for the luma transform coefficients. The transform coefficient decoding proceeds
in the following ordered steps:

1. The 4x4 luma DC transform coefficients of all 4x4 luma blocks of the macroblock are decoded.

a. The inverse transform coefficient scanning process as described in subclause 8.5.4 is invoked with
Intral6x16DCI evel as the input and the two-dimensional array ¢ as the output.

b] The scaling and transformation process for luma DC transform coefficients for Intra 16x16 macroblock typq
as specified in subclause 8.5.6 is invoked with c as the input and dcY as the output.

2. For a 4x4 luma block indexed by luma4x4Blkldx = 0..15, the following ordered steps are specified.

&

The variable lumaList, which is a list of 16 entries, is derived. The first entry of lumaList is the corresponding
value from the array dcY. Figure 8-6 shows the assignment of the indices of the larray dcY to thd
luma4x4Blkldx. The two numbers in the small squares refer to indices i and j in dcY¥y,vand the numbers i
large squares refer to luma4x4BlkIdx.

Figure 8-6 — Assignment of the indices of dcY to luma4x4BIkIdx.

The elements in lumaList with index-k="1..15 are specified as

lumaList[ k ] = Intral6x16ACLeyel{ luma4x4BlkIdx ][ k-1 ] (8-244)

b] The inverse transform coeffictent scanning process as described in subclause 8.5.4 is invoked with lumalList a:
the input and the two-dimensional array c as the output.

c| The scaling and transformation process for residual 4x4 blocks as specified in subclause 8.5.8 is invoked with
c as the input and ras the output.

d{ The position af the upper-left sample of a 4x4 luma block with index luma4x4Blkldx inside the macroblock i
derived by invoking the inverse 4x4 luma block scanning process in subclause 6.4.3 with luma4x4BlkIdx a:
the input-and the output being assigned to ( xO, yO ).

e| Fhe.4x4 array u with elements uj; for i, j = 0..3 is derived as

u;; = Clipl( pred, [ xO+j,yO +i]+1y) (8-245)

f. The picture construction process prior to deblocking filter process in subclause 8.5.9 is invoked with
luma4x4BIlkIdx, u as the input and S’ as the output.

8.5.3  Specification of transform decoding process for chroma samples

For each chroma component, the variables ChromaDCLevel[ iCbCr ] and ChromaACLevel[ iCbCr ], with iCbCr set
equal to 0 for Cb and iCbCr set equal to 1 for Cr, contain the levels for both components of the chroma transform
coefficients. For each chroma component, the transform decoding proceeds separately in the following ordered steps:

1. The 2x2 chroma DC transform coefficients of the 4x4 chroma blocks of the component indexed by iCbCr of the
macroblock are decoded.
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a. The 2x2 array c is derived using the inverse raster scanning process applied to ChromaDCLevel as follows

3 {ChromaDCLevel [iCbCr JO] ChromaDCLevel[ iCbCr |1 ]]:|

(8-246)
ChromaDCLevel[ iCbCr [ 2] ChromaDCLevel[ iCbCr | 3

b. The scaling and transformation process for chroma DC transform coefficients as specified in subclause 8.5.7 is
invoked with c as the input and dcC as the output.

2. For each 4x4 chroma block indexed by chroma4x4BlkIdx = 0..3 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 chromalskt is the
corresponding value from the array dcC. Figure 8-7 shows the assignment of the indices of the atray dpC to the
chroma4x4Blkldx. The two numbers in the small squares refer to indices i and j in dcCy, and|the nymbers in
large squares refer to chroma4x4BlkIdx.

N
o | 1

[
2 | 3

Figure 8-7 — Assignment of the indices of dcC to chroma4x4BIkIdx.

The elements in chromaList with index k = 1..15 are specifi€djas

chromaList[ k ] = ChromaACLevel[ chroma4x4BIkIdx [k 1 ] (8-247)
b. The inverse transform coefficient scanning process‘as described in subclause 8.5.4 is invoked with chiromalList
as the input and the two-dimensional array c as the output.

c. The scaling and transformation process fordesidual 4x4 blocks as specified in subclause 8.5.8 is invokgd with ¢
as the input and r as the output.

d. The position of the upper-left sample of a 4x4 chroma block with index chroma4x4Blkldx igside the
macroblock is derived as follows

xO = InverseRasterScan( chrema4x4BIkldx, 4, 4, 8, 0) (8-248)
yO = InverseRasterScan(~chroma4x4BlklIdx, 4, 4, 8, 1) (8-249)
e. The 4x4 array u with-elements u; for i, j = 0..3 is derived as
u;; = Clip1( predeh XO +j, yO +i] +r1;) (8-250)

f. The picture” construction process prior to deblocking filter process in subclause 8.5.9 is invoked with
chroma4x4BlkIdx, u as the input and S’ as the output.

B.5.4  Inyerse scanning process for transform coefficients

nput tothis process is a list of 16 values.

Dutput of this process is a variable ¢ containing a two-dimensional array of 4x4 values with level assigned to logations in
the transform block.

The decoding process maps the sequence of transform coefficient levels to the transform coefficient level positions. For
this mapping, the two inverse scanning patterns shown in Figure 8-8 are used.

The inverse zig-zag scan shall be used for frame macroblocks and the inverse field scan shall be used for field
macroblocks.
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Figure 8-8 — a) Zig-zag scan. b) Field scan

Table 8-]2 provides the mapping from the index idx of input list of 16 elements to indices i and j of{the'two-dimensiona
array c.

Table 8-12 — Specification of mapping of idx to c;; for zig-zag and field’scan

idx 0 |1 [2 3|4 |56 |7 (8910|142 |13 |14 |15

Zig-zag | Coo | Co1 | Cio | Co0 | €11 | Co2 | Co3 | Cio | Co1 | C30 | C3t.[ €22 | Ci3 | €23 | €3 | €33

field Coo | €10 | Co1 | €20 | €30 | C11 | Co1 | C31 [ Co2 | C127)p €2 | C32 | Co3 | C13 | C23 | C33

8.5.5 [Derivation process for the chroma quantisation parameters and scaling function

Outputs pf this process are:

—  QPy¢: the chroma quantisation parameter

—  QS¢: the additional chroma quantisation parameter\.required for decoding SP and SI slices (if applicable)

NOTE — QP quantisation parameter values QPy, QP¢QSy, and QS are always in the range of 0 to 51, inclusive.

The valug of QP for chroma is determined fromthe current value of QPy and the value of chroma_qp_index offset.

NOTHE — The scaling equations are specified such that the equivalent transform coefficient level scaling factor doubles for every
increthent of 6 in QPy. Thus, there is an-increase in the factor used for scaling of approximately 12 % for each increase of 1 in th
valuejof QPy.

The valug of QP shall be determined as specified in Table 8-13 based on the index denoted as qP;. The value of qP; shal
be derivdd as follows.

]

P = Clip3( 0, 515QPy + chroma_qp_index_offset ) (8-251)

Table 8-13 — Specification of QP as a function of qP,

qP; <30, 30 [ 31 |32 (33|34 [35|36(37 38|39 40|41 |42 |43 |44 |45 |46 |47 |48 |49 | 50 | 51

QPc |l=qP; [ 29 | 30 | 31 {32 |32 |33 |34)34135135136136|37|371|37 |38 |38|338])39139139]39

When the current slice is an SP or SI slice, QSc is derived using the above process, substituting QPy with QSy and QP¢

The function LevelScale( m, i, j ) is specified as follows:

VmO for (17.]) € {(070)7 (032)7 (230)7 (292)}7
LevelScale(m,i,j)=4{v,, for (i,j)e{(1,1),(1,3),(3,1),(3,3)}, (8-252)
v, otherwise;
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where the first and second subscripts of v are row and column indices, respectively, of the matrix specified as:

[10 16 13]
11 18 14
e s
16 25 20
_16 29 Aj_

B.5.6  Scaling and transformation process for luma DC transform coefficients for Intra_16x16 macrobldck type

nputs to this process are transform coefficient level values for luma DC transform coefficients of Intfa 16x16
macroblocks as a 4x4 array ¢ with elements c;;, where i and j form a two-dimensional frequency index.

Dutputs of this process are 16 scaled DC values for luma 4x4 blocks of Intra_16x16 macroblocks’as a 4x4 array ficY with
plements dcYs;.

[he inverse transform for the 4x4 luma DC transform coefficients is specified by:

1 1 1

I 1 1 1|cep Co Cu Cosll

1 I =1 —Ijc, ¢ ¢, ¢l I -1 _1. (8-254)

I =1 =1 Ifcy €y €y Cpn|ll -1 -1 A
1

-1 1S

I =1 1 —ljey ¢35 ¢y cy
A bitstream conforming to this Recommendation | International Standard shall not contain data that resulfs in any
plement fj; of f that exceeds the range of integer values frond 22" to 2'°-1, inclusive.

After the inverse transform, scaling is performed as follows.

If QPy is greater than or equal to 12, the scaled‘result shall be derived as

deY; = (f; *LevelScale (QPy %6, 0,0)) << (QP, /6-2), with 1i,j=0.3. (8-255)

Otherwise (QPy is less than 12), the’scaled result shall be derived as

deY, = (f, * LevelScale (QPy %6,0,0)+2""%")>> (2-QP, /6), with i,j=0.3 (8-256)

A bitstream conforming._to this Recommendation | International Standard shall not contain data that resulfs in any
plement dcY; of deY.'that exceeds the range of integer values from 2" to 2"°~1, inclusive.

NOTE — Whencentropy coding mode flag is equal to 0 and QPy is less than 10, the range of values that can be represenfed for the
elements c;; f2c 1S not sufficient to represent the full range of values of the elements dcY;; of dcY that could be necessary| to form a
close approxiation of the content of any possible source picture by use of the Intra_16x16 macroblock type.

NOTE\xSince the range limit imposed on the elements dcY;; of dcY is imposed after the right shift in Equation 8-25¢, a larger
range of values must be supported in the decoder prior to the right shift.

B.S5:7  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 a 2x2 array ¢ with elements c;;, where i and j form a two-dimensional frequency index.

Outputs of this process are 4 scaled DC values as a 2x2 array dcC with elements dcCj.

The inverse transform for the 2x2 chroma DC transform coefficients is specified by:

le 1l ce Co il 1 (8:257)
1 -1jc, c,|1 -1

© ISO/IEC 2004 — All rights reserved 141


https://standardsiso.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

ISO/IEC 14496-10:2004(E)

A bitstream conforming to this Recommendation | International Standard shall not contain data that results in any
element fj; of f that exceeds the range of integer values from 2" t0 2"°~1, inclusive.

After the inverse transform, scaling is performed as follows.

- If QP is greater than or equal to 6, the scaled result shall be derived as
deCy; = (f; * LevelScale( QP. %6,0,0)) << (QP./6-1), with 1,j=0,1 (8-258)

- Otherwise (QPc is less than 6), the scaled result shall be derived by

A bitstr¢gam conforming to this Recommendation | International Standard shall not contain data that results. ‘i) any
element
NOTE — When entropy _coding mode flag is equal to 0 and QP is less than 4, the range of values that can be represented for th

elemgnts c;; of ¢ is not sufficient to represent the full range of values of the elements dcCj; of dcC that could be nécessary to form
close ppproximation of the content of any possible source picture.

NOTI — Since the range limit imposed on the elements dcCj; of dcC is imposed after the right shift in Equation 8-259, a large
rangefof values must be supported in the decoder prior to the right shift.

8.5.8

Input to
compongnt or an array relating to a residual block of a chroma component.

Outputs
The varigble sMbFlag is derived as follows.

- If mpb_type is equal to SI or the macroblock prediction mode is equal to Inter in an SP slice, sMbFlag is set equa
tol

- Othgrwise (mb_type not equal to SI and the macroblock *prediction mode is not equal to Inter in an SP slice)
sMbFlag is set equal to 0.

The varigble qP is derived as follows.

- If thg input array c relates to a luma residual block and sMbFlag is equal to 0

qP = QPy (8-260)

- Othgrwise, if the input array c relates to.a Tuma residual block and sMbFlag is equal to 1

qP = QSy (8-261)

- Othgrwise, if the input array e-relates to a chroma residual block and sMbFlag is equal to 0

qP = QPc (8-262)

- Othgrwise (the input array c relates to a chroma residual block and sMbFlag is equal to 1),

qf = QSe (8-263)

Scaling

dEC =TT, *LevelscalqQP, % 6,0,0)J>> 1, with 1,j=0,1 (8-259)

HcCj; of dcC that exceeds the range of integer values from 2% to 2"°~1, inclusive.

Scaling and transformation process for residual 4x4 blocks

this process is a 4x4 array ¢ with elements ¢;; which is either an array relating\to a residual block of the lum

bf this process are residual sample values as 4x4 array r with elements 1,

f4xablock transform coefficient levels ¢;; proceeds as follows.

- Ifall of the following conditions are true

iis equal to 0

jisequalto 0

¢ relates to a luma residual block coded using Intra_16x16 prediction mode or ¢ relates to a chroma residual

block

the variable dy is derived by

doo = Coo (8-264)

- Otherwise,
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d; =(c; *LevelScale(qP % 6,1,j) ) << (qP/6), with 1i,j=0..3 exceptas noted above (8-265)

The bitstream shall not contain data that results in any element d;; of d with i, j = 0..3 that exceeds the range of integer
values from —2" to 2"°~1, inclusive.

The transform process shall convert the block of scaled transform coefficients to a block of output samples in a manner
mathematically equivalent to the following.

First, each (horizontal) row of scaled transform coefficients is transformed using a one-dimensional inverse transform as
follows.

A set of intermediate values is computed as follows.

eip=dip+dp, with 1=0..3 (8-266)
ey =djp—dp, with 1=0.3 (8-267)
ep=(dy>>1)—ds with i=0.3 (8-268)
es=diy +(dz>>1), with i=0.3 (8-269)

[he bitstream shall not contain data that results in any element e;; of e with i, j = 0..3"that exceeds the range qf integer
alues from —2" to 2'°~1, inclusive.

[hen, the transformed result is computed from these intermediate values as follows!

fio=ejp+es with 1=0.3 (8-270)
fii=e; +ep with 1=0.3 (8-271)
fo=en—ep, with 1=0.3 (8-272)
fis=eio— e, with i=0.3 (8-273)

[he bitstream shall not contain data that results in any element f;; of f with i, j = 0..3 that exceeds the range qf integer
alues from —2" to 2'°~1, inclusive.

[hen, each (vertical) column of the resulting matrix;is‘transformed using the same one-dimensional inverse tragsform as
follows.

A set of intermediate values is computed as follows.

g = o + B, with j=0.3 (8-274)
g =fo— fy, with j=0.3 (8-275)
@ =(fy;>>1)—fy, wilh'j=0.3 (8-276)
g =i+ (fyy>> 1), hith j=0.3 (8-277)

[he bitstream shall nof-¢ontain data that results in any element g; of g with i, j = 0..3 that exceeds the range ¢f integer
alues from —2" to2"1, inclusive.

[hen, the transforivied result is computed from these intermediate values as follows.

ho =86 + gy, with j=0.3 (8-278)
hy= g+ gy with j=0.3 (8-279)
hy =g~ &, with j=0.3 (8-280)
hy = gy — & with j=0.3 (8-281)

The bitstream shall not contain data that results in any element h; of h with i, j = 0..3 that exceeds the range of integer
values from —2"° to 215—33, inclusive.

After performing both the one-dimensional horizontal and the one-dimensional vertical inverse transforms to produce an
array of transformed samples, the final constructed residual sample values shall be derived as

T :(hij +2°)>>6 with 1,j=0.3 (8-282)
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8.5.9  Picture construction process prior to deblocking filter process

Inputs to this process are
- luma4x4BIlkIdx or chroma4x4BlkIdx
- a4x4 sample array u with elements u;; which is either a luma or chroma block

Outputs of this process are constructed sample blocks s' prior to the deblocking filter process.

The position of the upper-left luma sample of the current macroblock is derived by invoking the inverse macroblock
scanning process in subclause 6.4.1 with CurrMbAddr as input and the output being assigned to ( xP, yP ).

When u {s a luma block, for each sample u;; of the 4x4 luma block, the following applies.

- The|position of the upper-left sample of a 4x4 luma block with index luma4x4Blkldx inside the macrebleck i
deriyed by invoking the inverse 4x4 luma block scanning process in subclause 6.4.3 with luma4x4BIkIdx as thg
input and the output being assigned to ( xO, yO ).

- Deppnding on the variable MbaffFrameFlag, the following applies.

- If MbaftFrameFlag is equal to 1 and the current macroblock is a field macroblock
S[xP+xO+j,yP+2*(yO+i)]=u; withi,j=0.3 (8-283)
- Otherwise (MbaffFrameFlag is equal to 0 or the current macroblock is a frapie-nmacroblock),

S' [xP+x0O+j,yP+yO+i]=u; withi,j=0.3 (8-284)

When u {s a chroma block, for each sample u;; of the 4x4 chroma block, the/foowing applies.

- The|subscript C in the variables S'c and predc is replaced with Cb for'the Cb chroma component and with Cr for thq
Cr chroma component.

- Thelposition of the upper-left sample of a 4x4 chroma block.with index chroma4x4BlkIdx inside the macroblock i
deriyed as follows.

D = InverseRasterScan( chroma4x4BIkldx, 4, 4,.8,0) (8-285)

>

yP = InverseRasterScan( chroma4x4Blkldx; 4, 4, 8, 1) (8-286)

- Deppnding on the variable MbaffFrameFlag, the following applies.

- If MbaffFrameFlag is equal to1‘and the current macroblock is a field macroblock
Sc[(xP>>1)+x0#5 ((yP+1)>1)+2*(yO+i)]=u;withi,j=0.3 (8-287)
- Otherwise (MbaffErameFlag is equal to 0 or the current macroblock is a frame macroblock),

S'el (xP >+ x0O+j, ((yP+1)>>1)+y0+i]=u;withi,j=0.3 (8-288)

8.6 Decoding process for P macroblocks in SP slices or SI macroblocks

This pro¢ess.is invoked when decoding P macroblock types in an SP slice type or an SI macroblock type in 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.
NOTE - SP slices make use of Inter predictive coding to exploit temporal redundancy in the sequence, in a similar manner to P
slice coding. Unlike P slice coding, however, SP slice coding allows identical reconstruction of a slice even when different
reference pictures are being used. SI slices make use of spatial prediction, in a similar manner to I slices. SI slice coding allows
identical reconstruction to a corresponding SP slice. The properties of SP and SI slices aid in providing functionalities for bitstream
switching, splicing, random access, fast-forward, fast reverse, and error resilience/recovery.

An SP slice consists of macroblocks coded either as I macroblock types or P macroblock types.
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An S slice consists of macroblocks coded either as I macroblock types or SI macroblock type.

The transform coefficient decoding process and picture construction process prior to deblocking filter process for I
macroblock types in SI slices shall be invoked as specified in subclause 8.5. SI macroblock type shall be decoded as
described below.

When the current macroblock is coded as P_Skip, all values of LumalLevel, ChromaDCLevel, ChromaACLevel are set
equal to 0 for the current macroblock.

8.6.1  SP decoding process for non-switching pictures

[his process is invoked, when decoding P macroblock types in SP slices in which sp_for switch_flag is equal;to]0.

nputs to this process are Inter prediction samples for the current macroblock from subclause 8.4 and the prediction
Fesidual transform coefficient levels.

Dutputs of this process are the decoded samples of the current macroblock prior to the deblocking.filter process.

[his subclause applies to all macroblocks in SP slices in which sp _for switch flag is equalto 0, except those with
macroblock prediction mode equal to Intra_4x4 or Intra_16x16. It does not apply to SI slices,

8.6.1.1 Luma transform coefficient decoding process

nputs to this process are Inter prediction luma samples for the current macroblock pred; from subclause 8.4 and the
brediction residual transform coefficient levels, LumaLevel, and the index of the-4%x4 luma block luma4x4BIkIdy.

Dutputs of this process are the decoded luma samples of the current macroblock prior to the deblocking filter prgcess.

[he position of the upper-left sample of the 4x4 luma block with index‘\luma4x4BIkIdx inside the current macrpblock is
lerived by invoking the inverse 4x4 luma block scanning process i/subclause 6.4.3 with luma4x4BlkIdx as the {nput and
he output being assigned to ( x,y ).

_et the variable p be a 4x4 array of prediction samples witheelement p;; being derived as follows.
pij=pred [ x+j,y+i] withi,j=0.3 (8-289)

[he variable p is transformed producing transform-coefficients ¢ according to:

1 1 1 1 Poo .Poi Pox Pos |1 2 1 1

P = 2 I =1 =2)pg by P Pi|l I -1 -2 (8-290)
I -1 -1 Lipw Pa Pn Pu |l -1 -1 2
1 =2 2 _5D|psy Py Pn Pyl -2 I -1

[he inverse transfafmi~ coefficient scanning process as described in subclause 8.5.4 is invokpd with
LumaLevel[ luma4x4BIkIdx ] as the input and the two-dimensional array ¢" with elements c;j" as the output.

[he predictiondesidual transform coefficients ¢" are scaled using quantisation parameter QPy, and added to the fransform
boefficients 0fthe prediction block ¢® with i, j = 0..3 as follows.

Cijs = Cijp + ( ( ( Cijr * LevelScale( QPY % 6, 1,] ) * Aij ) << ( QPY /6 ) ) >>6 ) (8-291)

here LevelScale( m, i, j ) is specified in Equation 8-252, and where Aj; is specified as:

16 for (i,j)e{(0,0),(0,2),(2,0),(2,2)},
A =125 for (i,j)e{(L,1),(13),(3,1),(3.3)}, (8-292)

1

20 otherwise;

The function LevelScale2( m, i, j ), used in the formulas below, is specified as:
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L

WmO fOI' (17.]) € {(070)7 (092)’ (290)7 (232)}7
evelScal2(m,i,j) ={w,_, for (i,j)e{(1,1),(1,3),(3,1),(3.3)}, (8-293)

\% otherwise;

m2

where the first and second subscripts of w are row and column indices, respectively, of the matrix specified as:

(13107 5243 8066 |
11916 4660 7490

The resu

o

i

The scal
input ang

The 4x4 jarray u with elements u;; is derived as follows.

e

The pictrre construction process prior to deblocking filter process in subclause 8.5.9 is invoked with luma4x4BIkIdx,

as the in

8.6.1.2

Inputs t
predictio

Outputs

This pro
by replad
compong

For each
t0 0..3, tl

- The
deri

>

y

10082 4194 6554 (520
9362 3647 5825
8192 3355 5243

| 7282 2893 4559

ting sum, c’, is quantised with a quantisation parameter QSy and with i, j = 0..3 as follows.

= (Sign( ¢;*) * (Abs( ¢; ) * LevelScale2( QSy % 6,1,j ) + (1 << (14 +QSy/6)))) > (15+QSy/6)
(8-295)

ng and transformation process for residual 4x4 blocks as specified in subclause 8.5.8 is invoked with ¢ as thg
r as the output.

= ClipI(ry) withi,j=0.3 (8-296)

ut and S’ as the output.

Chroma transform coefficient decoding process

this process are Inter prediction chroma samples for the current macroblock from subclause 8.4 and thg
n residual transform coefficient levels, ChromaDCLevel and ChromaACLevel.

bf this process are the decoded chroma-samiples of the current macroblock prior to the deblocking filter process.

tess is invoked twice: once for the Cb component and once for the Cr component. The component is referred t
ing C with Cb for the Cb component and C with Cr for the Cr component. Let iCbCr select the current chrom3
nt.

4x4 block of the currént) chroma component indexed using chroma4x4Blkldx with chroma4x4Blkldx equal
e following applies.
position of the uppet-left sample of a 4x4 chroma block with index chroma4x4Blkldx inside the macroblock i

ed as follows:
= InverseRasterScan( chroma4x4BIkldx, 4, 4, 8, 0) (8-297)
— InverseRasterScan( chroma4x4Blkldx, 4, 4, 8, 1) (8-298)

- 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 (8-299)

- The
- The

4x4 array p is transformed producing transform coefficients ¢”( chroma4x4BIlkIdx ) using Equation 8-290.

variable chromalist, which is a list of 16 entries, is derived. chromaList[ 0 ] is set equal to 0. chromaList[ k ]

with index k = 1..15 are specified as follows.

chromalL.ist[ k ] = ChromaACLevel[ iCbCr ][ chroma4x4Blkldx J[ k-1 ] (8-300)

- The

inverse transform coefficient scanning process as described in subclause 8.5.4 is invoked with chromalList as the

input and the 4x4 array ¢' as the output.
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The prediction residual transform coefficients ¢" are scaled using quantisation parameter QPc, and added to the

transform coefficients of the prediction block ¢” with i, j = 0..3 except for the combination i = 0, j = 0 as follows.

¢ = ¢;( chroma4x4BIKIdx ) + ( ( ( ¢;f * LevelScale( QPc % 6,1, ) * Ay ) << (QP¢/6))>>6)

(8-301)

- The resulting sum, ¢*, is quantised with a quantisation parameter QSc and with i, j = 0..3 except for the combination i

=0, j =0 as follows. The derivation of cyo( chroma4x4BlkIdx ) is described below in this subclause.

¢;j( chroma4x4BlkIdx ) = ( Sign( ¢;* ) * (Abs( ¢;* ) * LevelScale2( QSc % 6,1,j )+ (1 <<(14+QSc/6))))>>

(15+QSc/6)

(8-302)

The scaling and transformation process for residual 4x4 blocks as specified in subclause 8.5.8 is inyo|
c( chroma4x4BIlkldx ) as the input and r as the output.

The 4x4 array u with elements u; is derived as follows.

u;; = Clip1( ;) withi, j=0..3

The picture construction process prior to deblocking filter process in subclause 8.5.9 is invol
chroma4x4BlkIdx and u as the input and S’ as the output.

coefficients of the 4 prediction chroma 4x4 blocks of the current component of the macroblock are assembled i
matrix with elements cqo"(chroma4x4BlkIdx) and a 2x2 transform is applied to“the DC transform coefficients as

do? = I 1 fch(0) chy(Mfl 1

I =1]lcf (2) e (31 -1
[he chroma DC prediction residual transform coefficient levels, ChromaDCLevel[ iCbCr ][ k ] with k=10..3 a
1sing quantisation parameter QP, and added to the prediction DC transform coefficients as follows.

dc;® = de;” + ((( ChromaDCLevel[ iCbCr ][ j * 2+ ] * LevelScale( QP¢ % 6, 0, 0) * Agy ) <<( QP /6
withi, j=0, 1

[he 2x2 array dc®, is quantised using the quantisation parameter QSc as follows.

dc;j" = ( Sign( dc;* ) * ( Abs( dcy’ ) ¥LevelScale2( QSc % 6,0,0)+ (1 <<(15+QSc/6))))>>(16+
withi,j =0, 1

[he 2x2 array f with elements fi and i, j = 0..1 is derived as follows.
. {1 1}{@;0 det; }{1 1} .
1 —1]dep) de;, |1 -1

Bcaling of the elemefits fj; of f is performed as follows.
If QSc isigreater than or equal to 6, the cyo( ) are derived by
ogolj™ 2 +1) = (f;j * LevelScale( QSc % 6,0,0) ) <<(QSc/6-1) withi, j=0,1

Otherwise (QSc is less than 6), the co( ) are derived by

ked with

(8-303)

ed with

[he derivation of the DC transform coefficient level cyy( chroma4x4Blkldx ) is speeified as follows. The DC transform

to a 2x2
follows

(8-304)

re scaled

)>>5)
(8-305)

DS/ 6)

(8-306)

(8-307)

(8-308)

Coo(j *2+1) = (f; * LevelScale( QSc %6, 0,0) ) >> 1 with,]=0, 1

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
when decoding SI macroblock type in SI slices.

(8-309)

to 1 and

Inputs to this process are the prediction residual transform coefficient levels and the prediction sample arrays pred,

predcy, predc, for the current macroblock.

Outputs of this process are the decoded samples of the current macroblock prior to the deblocking filter process.
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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,
LumalLevel.

Outputs of this process are the decoded luma samples of the current macroblock prior to the deblocking filter process.

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

8-290 to produce transform coefficients cP. These transform coefficients are then quantised with the quantisation
parameter QSy, as follows:

G

The iny
Lumale

The 4x4

Y
The scal
input ang
The 4x4

Uj

The picTre construction process prior to deblocking filter process in subclause 8.5.9 is invoked with luma4x4BIkIdx, |

as the in

8.6.2.2

Inputs tq
residual

Outputs

This pro
by repla
compong

For each
t0 0..3, tl

1. The
Equ
quat
prod

Y

- The

={Sigm Ty ) CADS( o ) EevelStale 2t QSy 6 6, 1, T T { T<<t AT QSY 76 )T > ( 15T QS770)
withi,j=0..3 (8-310)

berse  transform coefficient scanning process as described in subclause 8.5.4 is inveked” with
el[ luma4x4BIkIdx ] as the input and the two-dimensional array ¢' with elements ¢;;" as the output.

array ¢ with elements c;; with i, j = 0..3 is derived as follows.

= Cijr + Cijs with I,J =0.3 (8-31 1)
ng and transformation process for residual 4x4 blocks as specified in subclause 8458s invoked with ¢ as thg
r as the output.

array u with elements uy; is derived as follows.

= ClipI(ry) withi,j=0.3 (8-312)

ut and S’ as the output.

Chroma transform coefficient decoding process

this process are predicted chroma samples for the current macroblock from subclause 8.4 and the predictiof
ransform coefficient levels, ChromaDCLevel and ChromaACLevel.

bf this process are the decoded chroma samples.of the current macroblock prior to the deblocking filter process.

tess is invoked twice: once for the Cb component and once for the Cr component. The component is referred t
ing C with Cb for the Cb component and:€ with Cr for the Cr component. Let iCbCr select the current chrom:
nt.

4x4 block of the current chroma“component indexed using chroma4x4Blkldx with chroma4x4Blkldx equaj
e following applies.

4x4 array p with elements p; with i, j = 0..3 is derived as in subclause 8.6.1.2, is transformed according t
hition 8-290 to produée)transform coefficients c’( chroma4x4BlkIdx ). These transform coefficients are ther
tised with the quaritisation parameter QS¢, with i, j = 0..3 except for the combination i = 0, j = 0 as follows. Thg
essing of cgo”( chiromadx4BIkIdx ) is described below in this subclause.

® = ( Sign(c;"(chroma4x4BlkIdx ) ) * (8-313)
( Abs( ¢;”(chroma4x4BIKIdx ) ) * LevelScale2( QSc % 6,1, )+ (1 << (14+QSc/6))))>>(15+QSc/ 6

variable chromaList, which is a list of 16 entries, is derived. chromaL.ist[ 0 ] is set equal to 0. chromaList[ k

wit

index k= 1..15 are specified as follows

chromaL.ist[ k ] = ChromaACLevel[ iCbCr ][ chroma4x4Blkldx J[ k-1 ] (8-314)

- The

inverse transform coefficient scanning process as described in subclause 8.5.4 is invoked with chromaList as the

input and the two-dimensional array ¢'( chroma4x4BIkIdx ) with elements c;;'( chroma4x4BIlkIdx ) as the output.

- The

4x4 array c( chroma4x4Blkldx ) with elements c;( chroma4x4Blkldx ) with i, j = 0.3 except for the

combination i = 0, j = 0 is derived as follows. The derivation of cyo( chroma4x4BlkIdx ) is described below.

¢;j( chroma4x4BlkIdx ) = ¢;'( chroma4x4BIkIdx ) + c;* (8-315)

- The

scaling and transformation process for residual 4x4 blocks as specified in subclause 8.5.8 is invoked with

c( chroma4x4BlklIdx ) as the input and r as the output.
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- The 4x4 array u with elements u; is derived as follows.

u;; = Clip1( ;) withi, j=0..3

(8-316)

- The picture construction process prior to deblocking filter process in subclause 8.5.9 is invoked with

chroma4x4Blkldx, u as the input and S’ as the output.

The derivation of the DC transform coefficient level cyy( chroma4x4BlkIdx ) is specified as follows. The DC transform

coefficients of the 4 prediction 4x4 chroma blocks of the current component of the macroblock, cy,"( chroma4x4

BlkIdx ),

are assembled into a 2x2 matrix, and a 2x2 transform is applied to the DC transform coefficients of these blocks

iccording to Equation 8-304 resulting in DC transtorm coetticients dc;".

[hese DC transform coefficients are then quantised with the quantisation parameter QSc, as given by:

dc;® = (Sign( dc;® ) * ( Abs( dc;” ) * LevelScale2( QSc %6, 0,0)+ (1 <<(15+QSc/6))))>>
(16+QSc/6) with s =0, 1

[he parsed chroma DC prediction residual transform coefficients, ChromaDCLevel[ iCbCry][Vk | with k =0..3 3
o these quantised DC transform coefficients of the prediction block, as given by:

dc;j" = dc;" + ChromaDCLevel[ iCbCr ][ j *2+i] withi,j=0, 1

[he 2x2 array f with elements fj and i, j = 0..1 is derived using Equation 8-307

[he 2x2 array f with elements fj; and i, j = 0..1 is copied as follows.

Cooj*2+i)=1; withi,j=0, 1

8.7 Deblocking filter process

A conditional filtering shall be applied to all 4x4 block edges of a picture, except edges at the boundary of the pi
hiny edges for which the deblocking filter process is disabled by disable deblocking filter idc, as specified bel
filtering process is performed on a macroblock basis after the completion of the picture construction process
Heblocking filter process (as specified in subclauses'8.5 and 8.6) for the entire decoded picture, with all macrobl
bicture processed in order of increasing macroblock addresses.

NOTE - Prior to the operation of the deblecking filter process for each macroblock, the deblocked samples of the mac
macroblock pair above (if any) and the 'macroblock or macroblock pair to the left (if any) of the current macroblock 4

deblocking filter process for the entire decoded picture.

pdges are filtered first, from\eft to right, and then horizontal edges are filtered from top to bottom. The luma dg
filter process is perfornied) on four 16-sample edges and the deblocking filter process for each chroma comp
performed on two 8-sample edges, for the horizontal direction as shown on the left side of Figure 8-9 and for th
Hirection as shown 0n the right side of Figure 8-9. Sample values above and to the left of the current macrob
may have already\been modified by the deblocking filter process operation on previous macroblocks shall bg
nput to the deblocking filter process on the current macroblock and may be further modified during the filteri
burrent macroblock. Sample values modified during filtering of vertical edges are used as input for the filteri
horizontal edges for the same macroblock.

(8-317)

re added

(8-318)

(8-319)

Cture and
ow. This

prior to
ocks in a

oblock or
re always

available because the deblocking filterprocess is performed after the completion of the picture construction procegs prior to

[he deblocking filter process fs jrivoked for the luma and chroma components separately. For each macroblocH, vertical

blocking
bnents is
b vertical
lock that

used as
hg of the
hg of the
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e 8-9 — Boundaries in a macroblock to be filtered (luma boundaries shown with solid lines and chroma
boundaries shown with dashed lines)

macroblock in ascending order of mbAddr, the following applies.

variables fieldModeMbFlag, filterInternalEdgesFlag, filterLeftMbEdgeFlag and filterTopMbEdgeFlag arg
ed as follows.

he 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 1 and the macroblock mbAddr is a field macroblock
Otherwise, fieldModeMbFlag is setequal to 0.
he variable filterInternalEdgesFlag is.derived as follows.

If disable_deblocking_filter_idc for the slice that contains the macroblock mbAddr is equal to 1, the variablg
filterInternalEdgesFlag is\set equal to 0;

Otherwise (disable @deblocking_filter idc for the slice that contains the macroblock mbAddr is not equal to 1)
the variable filterInternalEdgesFlag is set equal to 1.

he variable filtétLeftMbEdgeFlag is derived as follows.
If any of the following conditions is true, the variable filterLeftMbEdgeFlag is set equal to 0.
-, the'left vertical macroblock edge of the macroblock mbAddr represents a picture boundary

<) disable deblocking_filter idc for the slice that contains the macroblock mbAddr is equal to 1

- disable_deblocking_filter idc for the slice that contains the macroblock mbAddr is equal to 2 and the left
vertical macroblock edge of the macroblock mbAddr represents a slice boundary

Otherwise, the variable filterLeftMbEdgeFlag is set equal to 1.

- The variable filterTopMbEdgeFlag is derived as follows.
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If any of the following conditions is true, the variable filterTopMbEdgeFlag is set equal to 0.
- the top horizontal macroblock edge of the macroblock mbAddr represents a picture boundary

- disable deblocking filter idc for the slice that contains the macroblock mbAddr is equal to 1
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- disable deblocking_filter idc for the slice that contains the macroblock mbAddr is equal to 2 and the top

horizontal macroblock edge of the macroblock mbAddr represents a slice boundary

Otherwise, the variable filterTopMbEdgeFlag is set equal to 1.

Given the variables fieldModeMbFlag, filterInternalEdgesFlag, filterLeftMbEdgeFlag and filterTopMbEdgeFlag the
deblocking filtering is controlled as follows.

When filterLeftMbEdgeFlag is equal to 1, the filtering of the left vertical luma edge is specified as follows.

The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticalEdge

When filterInternalEdgesFlag is equal to 1, the filtering of the internal vertical luma edges is specifiedas

When filterTopMbEdgeFlag is equal to 1, the filtering of the top horizontalluma edge is specified as foll

When filterInternalEdgesFlag ,is\equal to 1, the filtering of the internal horizontal luma edges is spe
follows.

Forboth chroma components iCbCr = 0 and 1, the following applies.

Flag =1,

Tiel[dModeFilteringFlag = TieldModeMbFlag, and (XEg, yEi) — (U, K) with K = U..15 as input and S ',,.as|output.

The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticalEdge
fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, YEi) = (4, k) with k= 0..15 as input and S', as

The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag'=0, verticalEdge
fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, YE,) = (8, k) with k = 0..15/4s input and S', as

The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticalEdge
fieldModeFilteringFlag = fieldModeMbFlag, and (XEy, YE,) = (12, k) withd~= 0..15 as input and S', 4

If MbaffFrameFlag is equal to 1, (mbAddr % 2) is equalto ‘0, mbAddr is greater than or
2 * PicWidthInMbs, the macroblock mbAddr is a- frame macroblock, and the mg
(mbAddr - 2 * PicWidthInMbs + 1) is a field macroblockythe following applies.

- The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticall
= 0, fieldModeFilteringFlag = 1, and (xEy, yE@<)(k, 0) with k =0..15 as input and S', as output.

- The process specified in subclause 8.7.1 isanvoked with mbAddr, chromaEdgeFlag = 0, verticall
= 0, fieldModeFilteringFlag = 1, and (XEy,'yEy) = (k, 1) with k =0..15 as input and S', as output.

Otherwise, the process specified in s@bclause 8.7.1 is invoked with mbAddr, chromaEdgeF
verticalEdgeFlag = 0, fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, YEx) = (k, 0) with k 5
input and S',. as output.

The process specifiedin subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticalEdge
fieldModeFilteringKlag = fieldModeMbFlag, and (XEy, YE,) = (k, 4) with k= 0..15 as input and S', as

The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticalEdge
fieldModeFilteringFlag = fieldModeMbFlag, and (XEy, YE,) = (k, 8) with k=0..15 as input and S', as

The progess specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticalEdge
fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, yEi) = (k, 12) with k = 0..15 as input and S'; 4

When filterLeftMbEdgeFlag is equal to 1, the filtering of the left vertical chroma edge is specified as

follows.

Flag =1,
output.

Flag =1,
output.

Flag =1,
S output.

DWS.

equal to
croblock

EdgeFlag

EdgeFlag

ag = 0,
0..15 as

cified as

Flag = 0,
output.

Flag = 0,
output.

Flag = 0,
S output.

follows.

- The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = |

, iCbCr,

verticalEdgeFlag = 1, fieldModeFilteringFlag = 1, and (xEy, yEx) = (0, k) with k= 0..7 as input and S'c

with C being replaced by Cb for iCbCr = 0 and C being replaced by Cr for iCbCr = 1 as output.

When filterInternalEdgesFlag is equal to 1, the filtering of the internal vertical chroma edge is specified as

follows.

- The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 1
verticalEdgeFlag = 1, fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, yEx) = (4, k) with k

, 1CbCr,
=0..7 as

input and S'c with C being replaced by Cb for iCbCr = 0 and C being replaced by Cr for iCbCr = 1 as

output.
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When filterTopMbEdgeFlag is equal to 1, the filtering of the top horizontal chroma edge is specified as
follows.

- If MbaffFrameFlag is equal to 1, (mbAddr % 2) is equal to 0, mbAddr is greater than or equal to
2 * PicWidthInMbs, the macroblock mbAddr is a frame macroblock, and the macroblock (mbAddr—
2 * PicWidthInMbs + 1) is a field macroblock, the following applies.

- The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 1, iCbCer,
verticalEdgeFlag = 0, fieldModeFilteringFlag = 1, and (xEy, yE;) = (k, 0) with k = 0..7 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.

Finally,
respectiyj

8.7.1

Input to
to 1), ve
chroma
upper le
immedia
(when v¢

The vari

- The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 1, iCbCr
verticalEdgeFlag = 0, fieldModeFilteringFlag = 1, and (XEy, YE,) = (k, 1) with k = 0..7 as input and)S'
with C being replaced by Cb for iCbCr = 0 and C being replaced by Cr for iCbCr = 1 as output.

- Otherwise, the process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag.=1, iCbCr
verticalEdgeFlag = 0, fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, yEy) = (k, 0)(with k= 0..7 a
input and S'c with C being replaced by Cb for iCbCr = 0 and C being replaced by Cr for iCbCr =1 a
output.

When filterInternalEdgesFlag is equal to 1, the filtering of the internal horizontal chroma edge is specified a
follows.

- The process specified in subclause 8.7.1 is invoked with mbAddr;-ehromaEdgeFlag = 1, iCbCr
verticalEdgeFlag = 0, fieldModeFilteringFlag = fieldModeMbFlag, and(XE,, yE,) = (k, 4) with k=0..7 a
input and S'c with C being replaced by Cb for iCbCr = 0 and C being replaced by Cr for iCbCr =1 a
output.

NOTE - When field mode filtering (fieldModeFilteringFlag 45)equal to 1) is applied across the top horizontaj
edges of a frame macroblock, this vertical filtering across the top or bottom macroblock boundary may involv:
some samples that extend across an internal block edge that is'also filtered internally in frame mode.

NOTE — In all cases, 3 horizontal luma edges, 1 horizontal chroma edge for Cb, and 1 horizontal chroma edge fo
Cr are filtered that are internal to a macroblock. Whern 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 1
horizontal chroma edges for Cr between the. fraie macroblock and the above macroblock pair are filtered using
field mode filtering, for a total of up to S\horizontal luma edges, 3 horizontal chroma edges for Cb, and ]
horizontal chroma edges for Cr filtered that are considered to be controlled by the frame macroblock. In all othe
cases, at most 4 horizontal luma, 2 _horizontal chroma edges for Cb, and 2 horizontal chroma edges for Cr ar
filtered that are considered to be controlled by a particular macroblock.

the arrays S’;, S’cy, S’c; are assigned to the arrays Sy, Scy,, Sc; (Which represent the decoded picture)
ely.

Filtering process for block-edges

his process are mbAddr{ chfomaEdgeFlag, the chroma component index iCbCr (when chromaEdgeFlag is equa
ticalEdgeFlag, fieldModeFilteringFlag, and a set of sixteen luma (when chromaEdgeFlag is equal to 0) or eigh
when chromaEdgeFlag is equal to 1) sample locations (xEy, YEy), with k=0 .. nE - 1, expressed relative to thq
ft corner of theymacroblock mbAddr. The set of sample locations (xEy, yEi) represent the sample location
fely to the right'of a vertical edge (when verticalEdgeFlag is equal to 1) or immediately below a horizontal edgg
rticalEdgéFlag is equal to 0).

hble nE”is derived as follows.

- Ifch

romaEdgeFlag is equal to 0, nE is 16;

- Otherwise (chromaEdgeFlag is equal to 1), nE is 8.

Let s' be

a variable specifying a luma or chroma sample array, be derived as follows.

- If chromaEdgeFlag is equal to 0, s' represents the luma sample array S'; of the current picture.

- Otherwise, if chromaEdgeFlag is equal to 1 and iCbCr is equal to 0, s' represents the chroma sample array S'cy, of the
chroma component Cb of the current picture.

- Otherwise (chromaEdgeFlag is equal to 1 and iCbCr is equal to 1), s’ represents the chroma sample array S'c; of the
chroma component Cr of the current picture.

The variable dy is derived as follows.
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- If fieldModeFilteringFlag is equal to 1 and MbaffFrameFlag is equal to 1, dy is set equal to 2.
- Otherwise (fieldModeFilteringFlag is equal to 0 or MbaffFrameFlag is equal to 0), dy is set equal to 1.

The position of the upper-left luma sample of the macroblock mbAddr is derived by invoking the inverse ma
scanning process in subclause 6.4.1 with mbAddr as input and the output being assigned to ( xP, yP ).

P3| pP2| p1| pO] 90| g1 | g2 | g3

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 den

as follows.

- IfverticalEdgeFlag is equal to 1,
qi=s’[ xP +xEy +1, yP + yE; |
pi=s’[xP+xEy—i—1,yP +yEy]

- Otherwise (verticalEdgeFlag is equal to 0),
qi=s[xP+xE, yP+dy * (yEx+1) - (yEx % 2) ]
pi=s’[xP+xE, yP+dy * (yEx—i—1)—(yEx % 2) ]

The process specified in subclause 8.7.2 is invoked with.the sample values p; and q; (i = 0..3), chromaH
verticalEdgeFlag, and fieldModeFilteringFlag as input, and*the output is assigned to the filtered results samp
p'iand q; withi=0..2.

The input sample values p; and q; with i = 0..2 are-replaced by the corresponding filtered result sample valu
q'; with 1 = 0..2 inside the sample array s’ as follows.

- IfverticalEdgeFlag is equal to 1,
s'[ xP + xEy +1, yP + yE¢ ] =g}
S’ [xP+xEy—i1—1, yP + yE, I=p}
- Otherwise (verticalEdgeKlag is equal to 0),
S'[xP+xE, yP+dy* (yEx+1)—(yEx % 2) ] =4}
[ xP + xE, gP¥dy * (yEx—1—1)—(yEx % 2) ] =p}
B.7.2  Filtering process for a set of samples across a horizontal or vertical block edge

nputs to thisyprocess are the input sample values p; and q; with i in the range of 0..3 of a single set of samples
pdge that.js to'be filtered, chromaEdgeFlag, verticalEdgeFlag, and fieldModeFilteringFlag.

Dutputsrof this process are the filtered result sample values p'; and q'; with i in the range of 0..2.

Flgure 8-10— Convention for descrlﬁlng samples across a 4x4 block horizontal or vertical Boundary

croblock

ted as p;

and q; with i = 0..3 as shown in Figure 8-10 with the edge lying between p, and qo. p; and g;-with i = 0..3 are specified

(8-320)
(8-321)

(8-322)
(8-323)

dgeFlag,
le values

s p'; and

(8-324)
(8-325)

(8-326)
(8-327)

LCTOSS an

[he 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
specified in subclause 8.7.2.1 is invoked with py, qo, and verticalEdgeFlag as input, and the output is assigne

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

strength
d to bS.

- If fieldModeFilteringFlag is equal to 0, 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 (2 * x, 2 * y ) inside the luma array of the frame, where

(%, y) is the location of the chroma sample q, inside the chroma array for that frame.

- Otherwise (fieldModeFilteringFlag 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 o
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luma edge, respectively, that contains the luma sample at location ( 2 * x, 2 * 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 assigned to filterSamplesFlag, indexA, o, and f3.

Depending on the variable filterSamplesFlag, the following applies.
- IffilterSamplesFlag is equal to 1, the following applies.

- IfbS is less than 4, the process specified in subclause 8.7.2.3 is invoked with p; and q; (i = 0..3), chromaEdgeFlag,
bp, B, and indexA given as input, and the output 1s assigned to p'; and q'; (1 =0..2).

- herwise (bS is equal to 4), the process specified in subclause 8.7.2.4 is invoked with p; and q; (i 0-3)
chromaEdgeFlag, o, and 3 given as input, and the output is assigned to p'; and q'; (1 = 0..2).

- Othgrwise (filterSamplesFlag is equal to 0), the filtered result samples p'; and q'; (i = 0..2) are replaced by thq
corrgsponding input samples p; and q;:

fqri=0..2, P'i=Dpi (8-328)
fqri=0..2, qi=q (8-329)
8.7.2.1 | Derivation process for the luma content dependent boundary filtering strength

Inputs to| this process are the input sample values py and qo of a single set of samples\across an edge that is to be filtereq
and verticalEdgeFlag.

Output off this process is the variable bS.
Let the variable mixedModeEdgeFlag be derived as follows.

- If MpbaffFrameFlag is equal to 1 and the samples py and qo are in‘different macroblock pairs, one of which is a fielg
mactoblock pair and the other is a frame macroblock pair, mixedModeEdgeFlag is set equal to 1

- Othgrwise, mixedModeEdgeFlag is set equal to 0.
The varigble bS is derived as follows.

- If the block edge is also a macroblock edge and any of the following conditions are true, a value of bS equal to 4
shall| be the output:

- | the samples po and qp are both in ‘frame macroblocks and either or both of the samples py or qo is in 3
macroblock coded using an Intrat\macroblock prediction mode

- | the samples po and qp are-both in frame macroblocks and either or both of the samples py or qo is in 3
macroblock that is in a slice-with slice_type equal to SP or SI

- | MbaffFrameFlag is«¢qual to 1 or field pic flag is equal to 1, and verticalEdgeFlag is equal to 1, and either of
both of the samplésPp, or qo is in a macroblock coded using an Intra macroblock prediction mode.

- | MbaftFrameFlag is equal to 1 or field pic flag is equal to 1, and verticalEdgeFlag is equal to 1, and either of
both of the.samples py or q is in a macroblock that is in a slice with slice_type equal to SP or SI

- Othgrwisesifiany of the following conditions are true, a value of bS equal to 3 shall be the output:

- | mixedModeEdgeFlag is equal to 0 and either or both of the samples p, or q is in a macroblock coded using af

Tk 1.1 il Jiats d
T At TO O TOUK PIetC o o ac

- mixedModeEdgeFlag is equal to 0 and either or both of the samples py or gy is in a macroblock that is in a slice
with slice_type equal to SP or SI

- mixedModeEdgeFlag is equal to 1, verticalEdgeFlag is equal to 0, and either or both of the samples p, or qq is
in a macroblock coded using an Intra macroblock prediction mode

- mixedModeEdgeFlag is equal to 1, verticalEdgeFlag is equal to 0, and either or both of the samples p, or qq is
in a macroblock that is in a slice with slice type equal to SP or SI

- Otherwise, if the following condition is true, a value of bS equal to 2 shall be the output:
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- the 4x4 luma block containing sample p, or the 4x4 luma block containing sample qo contains non-zero
transform coefficient levels

- Otherwise, if any of the following conditions are true, a value of bS equal to 1 shall be the output:
- mixedModeEdgeFlag is equal to 1

- mixedModeEdgeFlag is equal to 0 and for the prediction of the macroblock/sub-macroblock partition
containing the sample p, different reference pictures or a different number of motion vectors are used than for
the prediction of the macroblock/sub-macroblock partition containing the sample qq.

NOTE — The determination of whether the reference pictures used for the two macroblo titions are

the same or different is based only on which pictures are referenced, without regard to whether a prediction is forjned using
an index into list 0 or an index into list 1, and also without regard to whether or not the index position within af reference
picture list is different or not.

- mixedModeEdgeFlag is equal to 0 and one motion vector is used to predict the macroblock/sub-mgcroblock
partition containing the sample p, and one motion vector is used to predict the macroblock/sub-mgcroblock
partition containing the sample qo 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 differént reference pictures ar¢ used to
predict the macroblock/sub-macroblock partition containing the sample pg‘anid two motion vectors for fthe same
two reference pictures are used to predict the macroblock/sub-macrobteck partition containing the sample qq
and the absolute difference between the horizontal or vertical compgnent of the two motion vectors uded in the
prediction of the two macroblock/sub-macroblock partitions for¢the same reference picture is greatey than or
equal to 4 in units of quarter luma frame samples.

- mixedModeEdgeFlag is equal to 0 and two motion vectors‘for the same reference picture are used to pfedict the
macroblock/sub-macroblock partition containing the sample py and two motion vectors for the same feference
picture as used to predict the macroblock/sub-macroblock partition containing the sample p, are used fo predict
the macroblock/sub-macroblock partition containing the sample q, and both of the following conditions are
true:

- The absolute difference between the horizontal or vertical component of list 0 motion vectors uged in the
prediction of the two macroblock/sub-macroblock partitions is greater than or equal to 4 in quafter luma
frame samples or the absolute difference between the horizontal or vertical component of the list [l motion
vectors used in the prediction“ef the two macroblock/sub-macroblock partitions is greater than|or equal
to 4 in units of quarter luma-frame samples.

- The absolute difference between the horizontal or vertical component of list 0 motion vector used in the
prediction of the macroblock/sub-macroblock partition containing the sample p, and the list | motion
vector used in the-prediction of the macroblock/sub-macroblock partition containing the sample q is
greater than er ‘equal to 4 in units of quarter luma frame samples or the absolute difference betfveen the
horizontal-ar vertical component of the list I motion vector used in the prediction of the macrobjock/sub-
macroblock’ partition containing the sample p, and list 0 motion vector used in the predictign of the
macroblock/sub-macroblock partition containing the sample qq is greater than or equal to 4 inf units of
quarter luma frame samples.

NOTE — A vertical difference of 4 in units of quarter luma frame samples is a difference of 2 in units fof quarter
luma field samples

Otherwise, a value of bS equal to 0 shall be the output.

B.7:2.2 Derivation process for the thresholds for each block edge

Inputs to this process are the input sample values py, qo, p; and q; of a single set of samples across an edge that is to be
filtered, chromaEdgeFlag, and bS, for the set of input samples, as specified in 8.7.2.

Outputs of this process are the variable filterSamplesFlag, which indicates whether the input samples are filtered, the
value of indexA, and the values of the threshold variables o and 3.

Let qP, and qP, be variables specifying quantisation parameter values for the macroblocks containing the samples p, and
qo, respectively. The variables P, (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, gP, is set to 0.
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- Ot
of

herwise (the macroblock containing the sample z, is not an I PCM macroblock), qP, is set to the value of QPy
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 8.5.5.

- 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 8.5.5.

Let qPayfbe a variable specilying an average quantisaiion parameter. It is derived as 101I0WS.
gPav=(qP, +qP;+1)>>1 (8-330)
NOTE - In SP and SI slices, qP,, is derived in the same way as in other slice types. QSy from Equation 7-17 is neotwsed in th
deblogking filter.

Let indexA be a variable that is used to access the a table (Table 8-14) as well as the tc, table (Table 8-15), which is useq
in filterihg of edges with bS less than 4 as specified in subclause 8.7.2.3, and let indexB be a vartable that is used t
access the P table (Table 8-14). The variables indexA and indexB are derived as follows; where the values of
FilterOffisetA and FilterOffsetB are the values of those variables specified in subclause 7,4¢3 for the slice that contain
the macrpblock containing sample qq..

irfdexA = Clip3( 0, 51, qP,, + FilterOffsetA ) (8-331)
irldexB = Clip3( 0, 51, qP,, + FilterOffsetB ) (8-332)
The threshold variables o and f are specified in Table 8-14 depending on'the values of indexA and indexB.

The varigble filterSamplesFlag is derived by

fi

terSamplesFlag = (bS =0 && Abs(po—qo) <o && “Abs(p;—po) <P && Abs(qi—qo)<P) (8-333)

Table 8-14 — Derivation of indexA and indexB-from offset dependent threshold variables o and 8

indexA (for o) or indexB (for )
o1 1213|4567 |8 (9410111213 |14|15|16(17|18|19|20|21|22|23 24|25
o |Of]jofOojO|O|]O|O|O4®|O0O|O]|]O|O|O|O|O|4|4|5|6]|7]|8|9]|10|12]13
B ojffojojofojo|lopMNO|O|lO|O|O[O]|]O|O|]O|2]2]|2|3|3|3[|3|4|4]4
Tabld 8-14 (concluded) &Derivation of indexA and indexB from offset dependent threshold variables o and 3
indexA (for o) or indexB (for )
26[] 27 | 28429 | 30 | 31 {3233 |34 |35|36|37|38(39|40 |41 42|43 |44 |45|46|47|48|49 50|51
o | 15]| 17820 |22 | 25|28 |32 (36|40 | 45|50 |56 |63 |71 |80 |90 |101(113|127|144|162|182(203|226|255|255
B 6 [§) 7 7 ) [ J 7 1017 10111 I'T I I 15 I3 I4 1 14115 IS7T10 1 10 17 7 Is | 18
8.7.2.3 Filtering process for edges with bS less than 4
Inputs to this process are the input sample values p; and q; (i = 0..2) of a single set of samples across an edge that is to be

filtered, chromaEdgeFlag, 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

156

= Clip3(—tes tes ((((do—Po) <<2)+(pr—a1)+4)>>3)) (8-334)
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p'o=Clipl(po+A) (8-335)
q'o=Clipl(qo—A4) (8-336)
where the threshold t¢ is determined as follows.
- If chromaEdgeFlag is equal to O,
te=teot ((a,<P)?1:0)+((ag<P)?1:0) (8-337)
Otherwise (chromakdgeklag 1s equal to 1),
tc=te+1 (8-338)
[he threshold tc is specified in Table 8-15 depending on the values of indexA and bS.
et a, and a, be two threshold variables specified by
a,=Abs(p2—po) (8-339)
ag=Abs(q2—qo) (8-340)
[he filtered result sample p'; is derived as follows
If chromaEdgeFlag is equal to 0 and a, is less than 3,
p'1 = p1 + Clip3(—tco, teo, (P2 ((Po+ Qo+ 1)>>1)—(p1<<d)) >> 1) (8-341)
Otherwise (chromaEdgeFlag is equal to 1 or a, is greater thanorequal to f3),
P =P (8-342)
[he filtered result sample q'; is derived as follows
If chromaEdgeFlag is equal to 0 and a4 is less than' B3,
q'1 =qi + Clip3( —tco, tco, (q2 + ((po ot 1)>>1)—(qi<<1)) >> 1) (8-343)
Otherwise (chromaEdgeFlag is equalto~1 or a, is greater than or equal to [3),
91 =4 (8-344)
[he filtered result samples p’» and q', are always set equal to the input samples p, and qp:
pP2=p2 (8-345)
q2=q (8-346)
Table 8-15 — Value of filter clipping variable tc, as a function of indexA and bS
indexA
O[1 (23 [4|5|/6|7[8|9 1011|1213 |14[15]16|17|18|19]20|21|22|23 (24|25
bS=1 ofo0;j0j0j0y0(0}j0{0|0|O0O]O|O|O0O|O]O]O]O|O0O[O]O]O|O0O|T1T]1]1
bS=2 ofojojojoy0(0j0{0|010j0O[0O]OJO]O]O]OJO[O]O|T |1 |1]1]1
bS=3 ofojojojoy0fo0jo0f{o0oj0fo0jof{ojojojojojryr{1rj1r{ryrf1rp1]1
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Table 8-15 (concluded) — Value of filter clipping variable tc, as a function of indexA and bS

indexA

26 (27128 |29(30(31|32(33/34|35|36|37(38/39|40|41 42|43 |44|45|46|47 48|49 |50|51

bS=1 r{1rj1 (1,11 {1}2(222(3[3|3|4|4|4|5/6|6/|7[8|9 10[11]|13
bS=2 r{1rj1(1|1}{2(2(2(2|3[(3|3|4/4|5|5|6|7|8|8]101112|13]15/|17
bS=3 1 [ 2 2 12 1213 /3131414 4/5 161678 90 110/11[13 1411618202325

8.7.2.4 | Filtering process for edges for bS equal to 4

Inputs tof this process are the input sample values p; and q; (i = 0..3) of a single set of samples across an edge that is to bq
filtered, [the variable chromaEdgeFlag, and the values of the threshold variables o and B for the set-of samples, a
specified in subclause 8.7.2.

Outputs pf this process are the filtered result sample values p'; and ¢'; (i = 0..2) for the set of input sample values.

Let a, and a, be two threshold variables as specified in Equations 8-339 and 8-340, respectivelyi.in subclause 8.7.2.3.
The filtefed result samples p'; (i = 0..2) are derived as follows.

- If chijomaEdgeFlag is equal to 0 and the following condition holds,

{<B && Abs(po—qo) <((a>>2)+2) (8-347)

o

then the variables p'y, p'i, and p'; are derived by

pp=(p2+2%p1 +2%po +2*qy + q; +4)>>3 (8-348)
P =(p2+tpitpotqot2)>>2 (8-349)
pPp=(2%ps +3*pr+tpi+po+qot+4)>>3 (8-350)

- Othetwise (chromaEdgeFlag is equal to 1 or the conditien/in Equation 8-347 does not hold), the variables p'y, p';, ang
p'» arp derived by

pp=(2%pi+tpot+q+2)>>2 (8-351)
P} =p (8-352)
p'z = p2 (8-353)

The filtefed result samples q'; (i = 0..2)\are derived as follows.

- If chjomaEdgeFlag is equal tg"0yand the following condition holds,

o

<B && Abs(pyLap) < ((a>>2)+2) (8-354)

then the variables.q',.q'1, and q'; are derived by

qp=(p1 2%po +2*qp +2*q; + qu +4)>>3 (8-355)
qf =(po+ ot qitq+2)>2 (8-356)
qQ2=(2*q; +3*@+q+qotpot4)>>3 (8-357)

- Otherwise (chromaEdgeFlag is equal to 1 or the condition in Equation 8-354 does not hold), the variables q'y, q';, and
q', are derived by

Qo=(2*q +qotp1+2)>>2 (8-358)
q1=q (8-359)
q2=q (8-360)
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9 Parsing process
Inputs to this process are bits from the RBSP.

Outputs of this process are syntax element values.

2004(E)

This process is invoked when the descriptor of a syntax element in the syntax tables in subclause 7.3 is equal to ue(v),

me(Vv), 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-Golomb codes

pntropy _coding_mode flag is equal to 0.
nputs to this process are bits from the RBSP.
Dutputs of this process are syntax element values.

Byntax elements coded as ue(v), me(v), or se(v) are Exp-Golomb-coded. Syntax elemerts’coded as te(v) are

ocation in the bitstream up to and including the first non-zero bit, and counting the mimber of leading bits that
0 0. This process shall be equivalent to the following:

leadingZeroBits = -1;
for( b = 0; !b; leadingZeroBits++ )
b =read bits( 1)
[he variable codeNum is then assigned as follows:

codeNum = 2'e*dineZeroBits _ 1 4 read bits( leadingZeroBits )

here the value returned from read bits( leadingZeroBits ) is interpreted as a binary representation of an
nteger with most significant bit written first.

[able 9-1 illustrates the structure of the Exp-Goloinb code by separating the bit string into “prefix” and “suffix”
shown as either 0 or 1 in the bit string eglumn of Table 9-1. The “suffix” bits are those bits that are pars

Fach x; can take on values O or 1.

[his process is invoked when the descriptor of a syntax element in the syntax tables in subclause 7.3 is equal|to ue(v),
me(v), se(v), or te(v). For syntax elements in subclauses 7.3.4 and 7.3.5, this process is invoked-orlly when

runcated

Exp-Golomb-coded. The parsing process for these syntax elements begins with reading the bits starting at the current

hre equal

unsigned

bits. The

‘prefix” bits are those bits that are parsed in(the above pseudo-code for the computation of leadingZeroBits| and are

bd in the

computation of codeNum and are showinas'x; in Table 9-1, with i being in the range 0 to leadingZeroBits - 1, inclusive.

Table 9-1 — Bit strings with*“prefix” and “suffix” bits and assignment to codeNum ranges (informatiye)

Bit string form Range of codeNum
1 0
0 1 xp 1-2
001 % X 3-6
0001 %, x; %Xg 7-14
00001 %3 x5 X1 Xg 15-30
000001 x4 X3 X X X 31-62

Table 9-2 illustrates explicitly the assignment of bit strings to codeNum values.
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Table 9-2 — Exp-Golomb bit strings and codeNum in explicit form and used as ue(v) (informative)

Bit string codeNum
1 0
010 1
011 2
00100 3
00101 4
v U 1L 1 U J
00111 6
0001000 7
0001001 8
0001010 9

Dependifig on the descriptor, the value of a syntax element is derived as follows.
- Ifthe syntax element is coded as ue(v), the value of the syntax element is equal to codeNum.

- Othgrwise, if the syntax element is coded as se(v), the value of the syntax el¢ment is derived by invoking thq
mapping process for signed Exp-Golomb codes as specified in subclause 9.1.1 with codeNum as the input.

- Othgrwise, if the syntax element is coded as me(v), the value of the syhitax element is derived by invoking thq
mapping process for coded block pattern as specified in subclause 9.1.2.with'codeNum as the input.

- Othgrwise (the syntax element is coded as te(v)), the range of the syntax element shall be determined first. The rangg
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 fof
syntax elements coded as ue(v)

- | Otherwise (x is equal to 1), the parsing process for codeNum which is equal to the value of the syntax elemen|
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 off this process is a valueof a syntax element coded as se(v).

The syntpx element is assignéd to the codeNum by ordering the syntax element by its absolute value in increasing orde
and repiesenting the_ Ppositive value for a given absolute value with the lower codeNum. Table 9-3 provides thg
assignmgnt rule.

Table 9-3 "Assignment of syntax element to codeNum for signed Exp-Golomb coded syntax elements se(v)

codeNum syntax element value
0 0
1 1
2 -1
3 2
4 -2
5 3
6 -3
k D*! Ceil(k=2)
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9.1.2  Mapping process for coded block pattern
Input to this process is codeNum as specified in subclause 9.1.
Output of this process is a value of the syntax element coded block pattern coded as me(v).

Table 9-4 shows the assignment of coded block pattern to codeNum depending on whether the macroblock prediction
mode is equal to Intra_4x4 or Inter.

Table 9-4 — Assignment of codeNum to values of coded_block_pattern for macroblock prediction modes

codeNum coded_block_pattern
Intra_4x4 Inter
0 47 0
1 31 16
2 15 1
3 0 2
4 23 4
5 27 8
6 29 32
7 30
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
29 1 43
30 2 45
31 4 46
32 8 17
33 17 18
34 18 20
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35 20 24
36 24 19
37 6 21
38 9 26
39 22 28
40 25 23
41 32 27
a2 33 29
43 34 30
44 36 22
45 40 25
46 38 38
47 41 41
9.2 CAVLC parsing process for transform coefficient levels

This profess is invoked when parsing syntax elements with descriptor equal to cé(v) in subclause 7.3.5.3.1 and when
entropy [coding mode_flag is equal to 0.

Inputs tp this process are bits from slice data, a maximum numbery‘of non-zero transform coefficient level
maxNunCoeff, the luma block index luma4x4BIlkIdx or the chroma blogk index chroma4x4BlklIdx of the current block
of transfprm coefficient levels.

Output df this process is the list coeffLevel containing transformeeoefficient levels of the luma block with block indey
luma4x4BIkIdx or the chroma block with block index chroma4x4BlkIdx.

The prodess is specified in the following ordered steps:
1. All fransform coefficient levels, with indices from«0-to maxNumCoeff - 1, in the list coeffLevel are set equal to 0.

2. Theftotal number of non-zero transform coefficient levels TotalCoeff( coeff token ) and the number of trailing ong
trangform coefficient levels TrailingOnes( coeff token ) are derived by parsing coeff token (see subclause 9.2.1) a
follgws.

- [If the number of non-zero trarsform coefficient levels TotalCoeff( coeff token ) is equal to 0, the list coeffLeve
containing 0 values is returfied and no further step is carried out.

- |Otherwise, the following-steps are carried out.

a. The non-zero-tfansform coefficient levels are derived by parsing trailing ones sign flag, level prefix, and
level suffix (see subclause 9.2.2).

b. The munsfof zero transform coefficient levels before each non-zero transform coefficient level are derived by
parsing’total zeros and run_before (see subclause 9.2.3).

c..” The level and run information are combined into the list coeffLevel (see subclause 9.2.4).

9.2.1 Parsing process for total number of transform coefficient levels and trailing ones

Inputs to this process are bits from slice data, a maximum number of non-zero transform coefficient levels
maxNumCoeff, the luma block index luma4x4BIlkIdx or the chroma block index chroma4x4BlkIdx of the current block
of transform.

Outputs of this process are TotalCoeff( coeff token ) and TrailingOnes( coeff token ).

The syntax element coeff token is decoded using one of the five VLCs specified in five right-most columns of Table 9-5.
Each VLC specifies both TotalCoeff( coeff token ) and TrailingOnes( coeff token ) for a given codeword coeff token.
VLC selection is dependent upon a variable nC that is derived as follows.

- Ifthe CAVLC parsing process is invoked for ChromaDCLevel, nC is set equal to —1,
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- Otherwise, the following applies.

- When the CAVLC parsing process is invoked for Intral6x16DCLevel, luma4x4BIkIdx is set equal to 0.
- The variables blkA and blkB are derived as follows.

If the CAVLC parsing process is invoked for Intral6x16DCLevel, Intral6x16ACLevel, or LumalLevel, the
process specified in subclause 6.4.7.3 is invoked with luma4x4Blkldx as the input, and the output is assigned
to mbAddrA, mbAddrB, luma4x4BlkldxA, and luma4x4BlkldxB. The 4x4 luma block specified by
mbAddrA\luma4x4BlkIdxA is assigned toblkA, and the 4x4 luma block specified by
mbAddrB\luma4x4BlkIdxB is assigned to blkB.

nelusive.

- With N replaced by A and B, in mbAddrN, blkN, and nN the following applies.

- 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 (the CAVLC parsing process is invoked for ChromaACLevel), the process specifiedninqubclause
6.4.7.4 is invoked with chroma4x4Blkldx as input, and the output is assigned to mbAddrA; nfbAddrB,
chromad4x4BlkldxA, and  chroma4x4BlkldxB. @ The 4x4 chroma  block~' 'speciffed by
mbAddrA\iCbCr\chroma4x4BIlkIdxA is assigned to blkA, and the 4x4 chroma 'block spedified by
mbAddrB\iCbCr\chroma4x4BlkIdxB is assigned to blkB.

- Let nA and nB be the number of non-zero transform coefficient levels (given by TotalCoeff( coeff tgken )) in
the block of transform coefficient levels blkA located to the left of the current block and the block of fransform
coefficient levels blkB located above the current block, respectively.

If any of the following conditions is true, nN is set equal to 0.
- 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_fype is in
the range of 2 to 4, inclusive).

- The macroblock mbAddrN has mb_type equial to P_Skip or B_Skip

- All AC residual transform coefficient-levels of the neighbouring block blkN are equal to 0 dpe to the
corresponding bit of CodedBlockPatternLuma or CodedBlockPatternChroma being equal to 0

Otherwise, if mbAddrN is an I POM macroblock, nN is set equal to 16.

Otherwise, nN is set equal to_the value TotalCoeff( coeff token ) of the neighbouring block blkN.

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, becpuse these
transform coefficient levels are decoded separately. When the block above or to the left belongs to an Infra_16x16
macroblock, dr 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 off non-zero
transform'\coefficient levels in adjacent 4x4 blocks and not on the number of non-zero DC transform ¢oefficient
levels-in adjacent 16x16 blocks.

= Otherwise (mbAddrA is not available or mbAddrB is not available), the variable nC is set equal to nA|+ nB.

[hevalue of TotalCoeff( coeff token ) resulting from decoding coeff token shall be in the range of 0 to maxNymCoeff,
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Table 9-5 — coeff _token mapping to TotalCoeff( coeff token ) and TrailingOnes( coeff token )

TrailingOnes TotalCoeff 0 <=nC <2 2 <=nC <4 4 <=nC<8|8<=nC |nC == -1
( coeff _token) | ( coeff token)

0 0 1 11 1111 0000 11 01

0 1 0001 01 0010 11 0011 11 0000 00 0001 11
1 1 01 10 1110 0000 01 1

0 2 00000111 0001 11 0010 11 0001 00 0001 00
1 2 0001 00 00111 01111 0001 01 0001 10
2 2 001 011 1101 0001 10 001

0 3 0000 0011 1 0000 111 0010 00 0010 00 000011
1 3 0000 0110 0010 10 01100 001001 0000 011
2 3 0000 101 0010 01 01110 0010 10 0000 010
3 3 0001 1 0101 1100 001011 0001 01
0 4 0000 0001 11 00000111 0001 111 0011 00 0000 10
1 4 0000 00110 0001 10 01010 001101 0000 0011
2 4 0000 0101 0001 01 0101,1 0011 10 0000 0010
3 4 0000 11 0100 1014 0011 11 0000 000
0 5 0000 0000 111 0000 0100 0001 011 0100 00 -

1 5 0000 0001 10 0000 110 01000 0100 01 -

2 5 0000 0010 1 0000 101 0100 1 0100 10 -

3 5 0000 100 00110 1010 010011 -

0 6 0000 0000 0111 1 00000011 1 0001 001 0101 00 -

1 6 0000 0000 110 0000 0110 0011 10 0101 01 -

2 6 0000 0001 01 0000 0101 0011 01 0101 10 -

3 6 0000 0100 0010 00 1001 0101 11 -

0 7 0000 00000101 1 0000 0001 111 0001 000 0110 00 -

1 7 0000:0000 0111 0 0000 0011 0 0010 10 0110 01 -

2 7 0000 0000 101 0000 0010 1 001001 011010 -

3 7 0000 0010 0 0001 00 1000 011011 -

0 8 0000 0000 0100 0 0000 0001 011 0000 1111 0111 00 -

1 8 0000 0000 0101 0 0000 0001 110 0001 110 011101 -

2 8 0000 00000110 1 0000 0001 101 0001 101 011110 -

3 8 0000 0001 00 0000 100 01101 011111 -

0 9 0000 0000 0011 11 0000 0000 1111 0000 1011 1000 00 -

1 Q 000000000011 10 0000 0001 010 0000 1110 1000 01

2 9 0000 0000 0100 1 0000 0001 001 0001 010 1000 10 -

3 9 0000 0000 100 0000 0010 0 0011 00 1000 11 -

0 10 0000 0000 0010 11 0000 0000 1011 000001111 1001 00 -

1 10 0000 0000 0010 10 0000 0000 1110 0000 1010 1001 01 -

2 10 0000 0000 0011 01 0000 0000 1101 0000 1101 1001 10 -

3 10 0000 0000 01100 0000 0001 100 0001 100 1001 11 -

0 11 0000 0000 0001 111 | 0000 0000 1000 00000101 1 1010 00 -

1 11 0000 0000 0001 110 | 0000 0000 1010 000001110 1010 01 -
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2 11 0000 0000 0010 01 0000 0000 1001 0000 1001 101010 -
3 11 0000 0000 0011 00 0000 0001 000 0000 1100 101011 -
0 12 0000 0000 0001 011 | 0000 000001111 | 000001000 1011 00 -
1 12 0000 0000 0001 010 | 0000 000001110 | 000001010 1011 01 -
2 12 0000 0000 0001 101 | 0000 000001101 [ 00000110 1 1011 10 -
3 12 0000 0000 0010 00 0000 0000 1100 0000 1000 101111 -
0 13 0000 0000 0000 1111 | 0000 00000101 1 [ 00000011 01 1100 00 -
1 13 0000 0000 0000 001 | 0000 0000 01010 [ 00000011 1 1100 01 -
2 13 0000 0000 0001 001 | 0000 0000 01001 | 00000100 1 1100 10 -
3 13 0000 0000 0001 100 | 0000 000001100 | 000001100 1100,1M -
0 14 0000 0000 0000 1011 | 0000 0000 0011 1 | 0000 0010 01 1161 00 -
1 14 0000 0000 0000 1110 | 0000 0000 0010 11 [ 0000 0011 00, {1101 01 -
2 14 0000 0000 0000 1101 | 0000 0000 00110 | 00000010 1T 1101 10 -
3 14 0000 0000 0001 000 | 0000 0000 01000 | 0000001010 [ 110111 -
0 15 0000 0000 0000 0111 | 0000 0000 0010 01 | 00000001 01 111000 -
1 15 0000 0000 0000 1010 | 0000 0000 0010 00 0000 001000 | 111001 -
2 15 0000 0000 0000 1001 | 0000 0000 001040 [ 0000 0001 11 111010 -
3 15 0000 0000 0000 1100 | 0000 00000000 1 [ 0000 0001 10 | 111011 -
0 16 0000 0000 0000 0100 | 00000000 0001 11 [ 0000 0000 01 1111 00 -
1 16 0000 0000 0000 0110 | 00000000 0001 10 | 0000 0001 00 | 111101 -
2 16 0000 0000 0000 0101}, 6000 0000 0001 01 [ 0000 0000 11 111110 -
3 16 0000 0000 0000 1600 | 0000 0000 0001 00 [ 0000 0000 10 | 111111 -

D.2.2  Parsing process for level information

nputs to this process are bits from" slice data, the number of non-zero transform coefficien
[otalCoeff( coeff token ), and the number of trailing one transform coefficient levels TrailingOnes( coeff token

Dutput of this process is a list withiname level containing transform coefficient levels.

nitially an index i is set equal\to’0. Then the following procedure is iteratively applied TrailingOnes( coeff tokd
o decode the trailing one transform coefficient levels (if any):

A 1-bit syntax element trailing ones_sign flag is decoded and evaluated as follows.

- Iftrailiigyones_sign flag is equal to 0, the value +1 is assigned to level[ i ].

- Otherwise (trailing_ones_sign flag is equal to 1), the value -1 is assigned to level[ i ].
The.index i is incremented by 1.

Following the decoding of the trailing one transform coefficient levels, a variable suffixLength is initialised as fq

t levels

).

n ) times

llows.

A Fallls RIS Pl 0L /A | A 4 41 10 1 T b 4 ray L /A | A 1 41 2 L0 T
jug 1ULdl\/UC11\ CUUIT I.Ul\Cll) [N BIUGLCI ulallr 1V alit 11a1uuguucb\ CUUIT I.Ul\Cll) IS IUSS Utlall J, SUITIALUIL

equal to 1.

th is set

- Otherwise (TotalCoeff( coeff token) is less than or equal to 10 or TrailingOnes( coeff token) is equal to 3),

suffixLength is set equal to 0.

The following procedure is then applied iteratively ( TotalCoeff( coeff token ) — TrailingOnes( coeff token ) )
decode the remaining levels (if any):

- The syntax element level prefix is decoded using the VLC specified in Table 9-6.
- The variable levelSuffixSize is set equal to the variable suffixLength with the exception of the following two

- When level prefix is equal to 14 and suffixLength is equal to 0, levelSuffixSize is set equal to 4.
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- When level prefix is equal to 15, levelSuffixSize is set equal to 12.
- The syntax element level suffix is decoded as follows.

- If levelSuffixSize is greater than 0, the syntax element level suffix is decoded as unsigned integer representation
u(v) with levelSuffixSize bits.

- Otherwise (levelSuffixSize is equal to 0), the syntax element level suffix shall be inferred to be equal to 0.

- A variable levelCode is set equal to (level prefix << suffixLength) + level suffix.

- Whpn ley, P]_prpﬁv s P{}na] to 15 and suffixL Pngﬂ'\ 1S F-qna] 1o n’ lexvelCodeds incremented ]‘\y 15

- Whel the index i is equal to TrailingOnes( coeff token ) and TrailingOnes( coeff token ) is smaller than 3, levelCodg
is ingremented by 2.

- The yariable level[ i ] is derived as follows.

—

fllevelCode is an even number, the value ( levelCode + 2 ) >> 1 is assigned to level[ i ].
- Otherwise, the value ( -levelCode — 1) >> 1 is assigned to level[ i ].
- WheI suffixLength is equal to 0, suffixLength is set equal to 1.

- Whet the absolute value of level[ i ] is greater than ( 3 << ( suffixLength — 1 ) ) and ‘suffixLength is less than 6
suffiyLength is incremented by 1.

- The ihdex i is incremented by 1.

Table 9-6 — Codeword table for level {ppefix

level prefix | bit string
1

01

001

0001

00001

0000 01

0000 001

0000 0001

0000 0000 1

0000 0000 01
0000 0000 001
0000 0000 0001
0000 0000 0000 1
0000 0000 0000 01
0000 0000 0000 001
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9.2.3  Parsing process for run information

Inputs to this process are bits from slice data, the number of non-zero transform coefficient levels
TotalCoeff( coeff token ), and the maximum number of non-zero transform coefficient levels maxNumCoeff.

Output of this process is a list of runs of zero transform coefficient levels preceding non-zero transform coefficient levels
called run.

Initially, an index i is set equal to 0.
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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.

- Otherwise (the number of non-zero transform coefficient levels TotalCoeff( coeff token ) is less than the maximum
number of non-zero transform coefficient levels maxNumCoeft), total zeros is decoded and zerosLeft is set equal to

its value.

The VLC used to decode total zeros is derived as follows:

Tf maxNumCoell is equal to 4 one ol the VLCTs specilied in Table 9-Y 1s used.

Otherwise (maxNumCoeff is not equal to 4), VLCs from Table 9-7 and Table 9-8 are used.
[he following procedure is then applied iteratively ( TotalCoeff( coeff token)— 1) times:

The variable run[ i ] is derived as follows.

- If zerosLeft is greater than zero, a value run_before is decoded based on Table 9-10 and zerosLeft.
set equal to run_before.

- Otherwise (zerosLeft is equal to 0), run[ i ] is set equal to 0.

The value of run[ i ] is subtracted from zerosLeft and the result assigned tg zerosLeft. The result of the su
shall be greater than or equal to 0.

The index i is incremented by 1.

Finally the value of zerosLeft is assigned to run[ i .

Table 9-7 — total_zeros tables for 4x4 blocks with TotalCoeff( coeff_token ) 1 to 7

unf i] is

btraction

total_zeros TotalCoeff( coeff token )
1 2 3 4 5 6 7
0 1 111 0101 00011 | 0101 000001 | 0000 01
1 011 170 111 111 0100 00001 | 0000 1
2 010 101 110 0101 0011 111 101
3 0011 100 101 0100 111 110 100
4 0010 011 0100 110 110 101 011
5 0001 1 0101 0011 101 101 100 11
6 0001 0 0100 100 100 100 011 010
7 0000 11 0011 011 0011 011 010 0001
8 0000 10 0010 0010 011 0010 0001 001
9 0000 011 00011 [ 00011 | 0010 00001 [ 001 0000 00
10 0000 010 00010 [ 00010 | 00010 [ 0001 0000 00
11 0000 0011 000011 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 14115
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 blocks

total zeros | TotalCoeff( coeff token )
1 2 3

0 1 1 1

1 01 01 0

2 001 00

3 000

Table 9-10 — Tablé¢s for run_before

run_before | zerosLeft
112803 |4 5 6 >6
0 1NA 11|11 11 11 111
1 0|01|10|10 |10 | 000 | 110
2 -100|01]|01 |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
11 - |- - - - - 00000001
12 - - - - - - 000000001
13 - - - - - - 0000000001
14 - - - - - - 00000000001

9.2.4  Combining level and run information

Input to this process are a list of transform coefficient levels called level, a list of runs called run, and the number of non-
zero transform coefficient levels TotalCoeff( coeff token ).
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Output of this process is an list coeffLevel of transform coefficient levels.

A variable coeffNum is set equal to -1 and an index i is set equal to ( TotalCoeff( coeff token) — 1 ). The following

procedure is iteratively applied TotalCoeff( coeff token ) times:
- coeffNum is incremented by run[ i ] + 1.
- coeffLevel[ coeffNum ] is set equal to level[ i ].

- The index i is decremented by 1.

D.3 CABAC parsing process for slice data

pntropy _coding_mode flag is equal to 1.
nputs to this process are a request for a value of a syntax element and values of prior parsed syntax-elements.
Dutput 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 CABA
brocess is invoked as specified in subclause 9.3.1.

[he 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.

escribed 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
lerived 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.

[he resulting sequence ( by .. byingx ) of parsed bins isgompared to the set of bin strings given by the binarizatio
hfter decoding of each bin. When the sequence matehes a bin string in the given set, the corresponding valud
hssigned to the syntax element.

n case the request for a value of a syntax glement is processed for the syntax element mb_type and the decoded
mb_type is I PCM, the decoding engine shall be initialised after the decoding of the pcm alignment zero b
bcm_byte data as specified in subclause9.3.1.2.

he whole CABAC parsing process is illustrated in the flowchart of Figure 9-1 with the abbreviation SE fi
clement.

[his process is invoked when parsing syntax elements with descriptor ae(v) in subclauses 7.3.4 and 7.3.5 when

[ parsing

[he binarization for the syntax element and the sequence of parsed, bins determines the decoding procesy flow as

ctxIdx is

1 process
shall be

value of
t and all

r syntax
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CABACParsing(SE)

Yesﬁ
Initialisation of
context variables

No Initialisation of
decoding engine

A

Get Binarization(SE

binldx++

e

Get ctxldx(binldx

l

DecodeBin(ctxldx)

(Bg5--s pinigy) N
Binarization(SE) ?

E == mb_type
&& value(bg,...b ) ==
CM?

Yes

Initialisation of
decoding engine
No ‘

Figure 9-1 — Illustration of CABAC parsing process for a syntax element SE (informative)

9.3.1 [Initialisation process
Outputs pf this process are initigliséd CABAC internal variables.

The progesses in subclauses-9.3.1.1 and 9.3.1.2 are invoked when starting the parsing of the slice data of a slice if
subclausg 7.3.4.

The prodess in subclause 9.3.1.2 is also invoked after decoding the pcm_alignment zero_bit and all pcm_byte data for
macroblgck of type:] 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.

For each context variable, the two variables pStateldx and valMPS are initialised.

NOTE - The variable pStateldx corresponds to a probability state index and the variable valMPS corresponds to the value of the
most probable symbol as further described in subclause 9.3.3.2.

The two values assigned to pStateldx and valMPS for the initialisation are derived from SliceQPy, which is derived in
Equation 7-16. Given the two table entries ( m, n ),

1. preCtxState = Clip3( 1, 126, (( m * SliceQPy )>>4)+n)
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2. if( preCtxState <= 63) {
pStateldx = 63 - preCtxState

valMPS =0
} else {

pStateldx = preCtxState - 64

valMPS =1
}
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nitialisation process.
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Table 9-11 — Association of ctxIdx and syntax elements for each slice type in the initialisation proce

the table

humber that includes the values of m and n needed for the initialisation. For P, SP and B slice type, the-initjalisation
lepends also on the value of the cabac init idc syntax element. Note that the syntax element names do net gffect the

pS

Sliceltype
Syntax element Table
SI I P, SP B
mb,_skip,_flag ?‘E}e g'ii 1-13 | 2426
slice_data() able -
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
coded block_pattern Table 9-18 | 7376 | 7376 | 73-76 | 73-76
macroblock layer( ) (luma)
coded_block_pattem Table9-18 | 7784 | 77-84 | 7784 | 7784
(chroma)
mb_gp_dela Table 9-17 | 60-63 | 60-63 | 60-63 | 60-63
prev_intra4x4, pred mode flag | Table 9-17 68 68 68 68
mb_pred() rem_infra4x4_pred_mode Table 9-17 69 69 69 69
iritra_chroma_pred mode Table 9-17 64-67 64-67 64-67 64-67
ref idx_10 Table 9-16 5459 | 54-59
ref idx 11 Table 9-16 54-59
b, pred TR mvd 10[ (1[0 ] Table 9-15 4046 | 40-46
subzmbipred( ) mvd 1[I 0] Table 9-15 40-46
mvd 10[ ][] 1] Table 9-15 4753 | 4753
mvd [0 1] Table 9-15 47.53
b_mb_pred() b_mb Table-13 2123 | 3639
sub_mb_pre sub_ml e - -
i _mmb_bp Table 9-14
coded_block flag Table 9-18 85-104 85-104 85-104 85-104
significant_coeff flag[ ] Table 9-19, | 105-165, | 105-165, | 105-165, | 105-165,
& —coctl_tag Table 9-22. | 277337 | 277-337 | 277-337 | 277-337
residual block cabac()
last_significant_coeff flag[ ] Table 9-20, | 166-226, | 166-226, | 166-226, | 166-226,
-S18 —coetl_tag Table 9-23. | 338-398 | 338-398 | 338-398 | 338-398
coeff _abs_level minusl[ ] Table 9-21 227-275 | 227-275 | 227-275 | 227-275
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NOTE - ctxldx equal to 276 is associated with the end of slice flag and the bin of mb type, which specifies the I PCM
macroblock 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 using the decoding process specified in subclause 9.3.3.2.1. In this case, the initial values
associated with ctxIdx equal to 276 are specified to be pStateldx = 63 and valMPS = 0, where pStateldx = 63 represents a 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 o S [V} 10
m 20 2 3 20 2 3 -28 -23 -6 -1 7
n -15 54 74 -15 54 74 127 104 53 54 51
Table 9-13 — Values of variables m and n for ctxIdx from 11 to 23
Valug¢ of Initialisation ctxldx
cabac_infit ide | variables m | 12| B3| 14| 15| 16| 17 | 18| ) 20 | 21 | 22 | 23
0 m 23 23 21 1 0 =37 5 -13 -11 1 12 -4 17
n 33 2 9 49 118 57 78 65 62 49 73 50
1 m 22 34 16 -2 4 -29 2 -6 -13 5 9 -3 10
n 25 0 9 41 118 65 71 79 52 50 70 54
2 m 29 25 14 -10 -3 227 26 -4 -24 5 6 -17 14
n 16 0 51 62 99 16 85 102 57 57 73 57
Table 9-14 — Values of\variables m and n for ctxIdx from 24 to 39
Valu¢ of Initialisation ctxldx
cabac_ifit ide | variables | ), s\ og | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 | 36 | 37 | 38 | 30
0 m 18 9 29 26 16 9 -46 | -20 1 -13 | -11 1 -6 -17 -6 9
n 64 43 0 67 90 | 104 | 127 | 104 | 67 78 65 62 86 95 61 45
1 m 26 19 40 57 41 26 -45 | -15 -4 -6 -13 5 6 -13 0 8
n 34 22 0 2 36 69 127 | 101 76 71 79 52 69 90 52 43
2 m 20 20 29 54 37 12 =32 | 22 2 -4 -24 5 -6 -14 -6 4
n 40 10 0 0 42 97 127 | 117 | 74 85 102 | 57 93 88 44 55
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Table 9-15 — Values of variables m and n for ctxIdx from 40 to 53

Value of Initialisation ctxldx
cabac_init ide | variables | 0|, | 4 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | s3
0 m -3 -6 -11 6 7 -5 2 0 -3 -10 5 4 -3 0
n 69 81 96 55 67 86 88 58 76 94 54 69 81 88
1 m =2 =5 -10 2 2 =3 =3 1 =3 -6 0 =3 -7 -5
n 69 82 96 59 75 87 100 56 74 85 59 81 84 95
2 m -11 -15 =21 19 20 4 6 1 -5 -13 5 6 -3 -1
n 89 103 116 57 58 84 96 63 85 106 63 75 90 101
Table 9-16 — Values of variables m and n for ctxIdx from 'S4 to 59
Value of Initialisation ctxldx
cabac_init_idc variables 54 55 56 %7 58 59
0 m -7 5 24 5 7 1
n 67 74 74 80 72 58
1 m -1 | 1 2 5 0
n 66 77 70 86 72 61
2 m 3 -4 2 -12 -7 1
n 55 79 75 97 50 60
Table 9+17— Values of variables m and n for ctxIdx from 60 to 69
Initialisation ctxldx
variafes 60 | 61 | 62 | 6 | 64 | 65 | 66 | 61 | 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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Table 9-18 — Values of variables m and n for ctxIdx from 70 to 104

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

70 0 11 0 45 13 15 7 34 88 -11 | 115 | -13 | 108 | -4 92 5 78

71 1 S5 -4 78 7 S1 -9 88 89 =12 | 63 -3 46 0 39 -0 S5

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 | &3

74 -13 1102 | -28 | 98 | -18 | 91 | -17 | 91 92 -13 1 104 | -9 93 | -35 | 127 | -37.{s127

75 0 82 | 25| 101 | -17 | 96 | -14 | 95 93 -3 70 -3 74 | -2 73 <5 79

76 -7 74 | 23| 67 | -26 | 81 | -25 | 84 94 -8 93 -9 92 | -12¢1 104 | -11 | 104

71 -21 | 107 | 28 | 82 | -35| 98 | -25 | 86 95 -10 | 90 -8 87 29 91 | -11 | 91

78 27 1127 | <20 | 94 | 24 | 102 | -12 | &9 96 =30 | 127 | <23 W\¥26 | -31 | 127 | -30 | 127

79 -31 | 127 | -16 | 83 | -23 | 97 | -17 | 91 97 -1 74 5 54 3 55 0 65

80 =24 | 127 | <22 | 110 | 27 | 119 | -31 | 127 98 -6 97 6 60 7 56 -2 79

81 181 95 | 21| 91 | 24| 99 | -14 | 76 99 -7 91 6 59 7 55 0 72

82 -27 | 127 | -18 | 102 | -21 | 110 | -18 | 103 100 20 | 127 | 6 69 8 61 -4 92

83 21 114 | -13 | 93 | -18 | 102 | -13 | 90 101 -4 56 -1 48 -3 53 -6 56

84 =30 | 127 | <29 | 127 | 36 | 127 | -37 | 127 102 -5 82 0 68 0 68 3 68

85 -17 | 123 | -7 92 0 80 1l 80 103 -7 76 -4 69 -7 74 -8 71

86 12 ) 115 | -5 89 | -5 89 5 76 104 S22 | 125 | -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

105 -7 93 -2 8 | -13 | 103 | -4 | 86 136 -13 | 101 5 531 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 [5 | -3 |61 |-21] 83

108 -5 71 -7 77 | -14 | 92 3072 139 -10 | 88 0 [ 56| -8 | 67| -21")64

109 -4 63 2 54 -8 76 -4 | 67 140 -16 | 84 | -13 | 63 | -25 | 84 IN-B3 | 31

110 -4 68 5 50 | -12 | 87 -8 | 72 141 -10 | 86 51 60 | -14(Hv4 | 25 | 64

111 -12 | 84 -3 68 | -23 | 110 | -16 | 89 142 -7 83 -1 )62 | w5 | 65| 29 | 94

112 -7 62 1 50 | -24 | 105 | -9 | 69 143 -13 | 87 4 187D 5 521 9 75

113 -7 65 6 42 | -10 | 78 -1 |59 144 -19 | 94 6. 69 | 2 57| 17 | 63

114 8 61 -4 81 | -20 | 112 | 5 66 145 1 70 4 [ 57] 0 |61 -8 74

115 5 56 1 63 | -17 | 99 4 |57 146 0 72 14 139 -9 | 69| -5 35

116 -2 66 -4 70 | 78 | 127 | 4 | 71 147 35 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 -8 | 102 | 3 64| 4 |71 3 65

119 -2 78 -2 76 | -46 | 127 | -1, [\74 150 -15 | 100 1 61 0 | 58] -7 69

120 1 50 11 35 -4 66 A4 | 44 151 0 95 9 | 63 7 61 8 77

121 7 52 4 64 -5 78 -1 | 69 152 -4 75 7 50| 9 |41 -10 | 66

122 10 | 35 1 61 “4 71 0 |62 153 2 72 16 | 39 | 18 | 25 3 62

123 0 44 11 35 -8 72 -7 151 154 -11 | 75 5 41 9 |32] 3 68

124 11 38 18\ V25 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 11 148 | 9 | 47| O 30

126 0 46 13 29 -7 70 3141 157 -13 | 69 S5 160 0 | 44 1 7

127 5 44 13 36 -6 75 -6 | 53 158 0 62 -1 159 0 |51 -3 23

128 31 17 | -10 | 93 -8 89 8 76 159 0 65 0 [59] 2 |46 | -21]| 74

129 1 51 -7 73 | 34 | 119 | 9 | 718 160 21 37 | 22 | 33| 19 | 38| 16 | 66

130 7 50 -2 73 -3 75 | -11 | 83 161 -15 | 72 5 44 | -4 | 66 | -23 | 124

131 28 19 13 | 46 | 32 | 20 9 |52 162 9 57 14 | 43| 15 | 38| 17 | 37

132 16 | 33 9 49 | 30 | 22 0 | 67 163 16 | 54 -1 78 | 12 | 42| 44 | -18

133 14 | 62 -7 | 100 | 44 | 127 | -5 | 90 164 0 62 0 [ 60| 9 |34 | 50 | -34

134 -13 | 108 | 9 53 0 54 1 67 165 12 | 72 9 [ 69 ] 0 |89 | -22] 127

135 -15 | 100 | 2 53 -5 61 | -15 | 72
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Table 9-20 — Values of variables m and n for ctxIdx from 166 to 226

I 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

166 24| 0 11 | 28 4 45 | 4 | 39 197 26 | -17 | 28 3 36 | -28 | 28 -3

167 151 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 13 18] 0 |49 33 | -11 | 11| 29 200 33123 |34 -1 34 | -18 | 34 | -14

170 151 9 0 |46 | 52 | 43 | 8 | 31 201 37 | -27 | 30 6 35 | -16 | 52 | -44

171 1319 ] 2 | 44| 18 15 6 | 37 202 33| -23 | 30 6 34 | -14 | 3924

172 10 | 37 | 2 | 51| 28 0 7| 42 203 40 | -28 | 32 9 32 -8 19 17

173 12| 18 | 0 | 47| 35 | 22| 3 | 40 204 38| -17 | 31 | 19 | 37 <6 31 25

174 6 [ 29| 4 |39 38 [-25] 8 | 33 205 33| -11 | 26 | 27 |35 0 36 | 29

175 20 | 33 | 2 | 62| 34 0 13| 43 206 40 | -15 | 26 | 30130 10 | 24 | 33

176 1530 | 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 | 20

178 1 58 | 3 | 54102 |-94 | 3 | 55 209 41 N7 | 17| 70 | 29 | 41 22 | 73

179 0| 62 | 2 |58 0 0 2 | S8 210 30| -6 1 67 0 75 | 20 | 34

180 7 | 61 4 | 63| 56 | -15| 6 | 60 211 27| 3 5 59 2 72 19 | 31

181 12 | 38 | 6 | 51| 33 -4 8 | 44 212 26 | 22 | 9 67 8 77 | 27 | 44

182 11 | 45 6 |57 29 10 | 11 | (44 213 37 | -16 | 16 | 30 14 | 35 19 16

183 1539 | 7 | 53| 37 S5 ada] 42 214 35| 4 | 18| 32 18 | 31 15 36

184 11 | 42 | 6 | 52| 51 | -29/] 7 | 48 215 38| -8 | 18 | 35 17 | 35 15 36

185 13| 44 | 6 | 55| 39 -9 4 | 56 216 38 -3 [22] 29 | 21 30 | 21 28

186 16 | 45 | 11 | 45 |y52 | -34 | 4 | 52 217 37| 3 24 | 31 17 | 45 | 25 21

187 12 | 41 | JAN36 | 69 | -58 | 13| 37 218 38| 5 23 | 38 | 20 | 42 | 30 | 20

188 10 | 49498 | 53 | 67 | -63 | 9 | 49 219 42| 0 18 | 43 18 | 45 31 12

189 304034 | -1 | 82 | 44 5119 58 220 351 16 | 20 | 41 27 | 26 | 27 16

190 8 42 | 7 | 55| 32 7 10 | 48 221 39122 | 11| 63 16 | 54 | 24 | 42

197 10 | 55 | -3 | 78| 55 | 29 | 12| 45 222 14 | 48 | 9 59 7 66 0 93

192 17 | 51 | 15| 46 | 32 1 0 | 69 223 27 37 | 9 64 16 | 56 14 | 56

193 17 | 46 | 22 | 31 0 0 |20 33 224 21 | 60 | -1 | 94 11 73 15 57

194 0| 8 | -1 |84 | 27 | 36 8 | 63 225 12 | 68 | -2 | &9 10 | 67 | 26 | 38

195 26 | -19 | 25| 7 33 | 25 | 35 | -18 226 2197 -9 | 108 | -10 | 116 | -24 | 127

196 22 | -17 | 30| -7 | 34 | -30 | 33 | -25
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I and SI Value of cabac_init_idc Value of cabac_init_idc
slices — ! :l?iSSI ——
ctxldx 1 2 ctxIdx 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 | 581 -7 [69]-101] 79
229 S5 150 0 45 -7 61 -9 62 254 -7 80 0 |64 ] -4 69| 9 83
230 31540 52 0 53 0 53 255 -9 88 S 74 5 | 74| A2 V92
231 2 162 -3 64 | -5 66 0 59 256 -17 | 110 | -10 | 90 | -9 | 86~ -18 | 108
232 0 | 58| -2 59 | -11 | 77 | -14 | 85 257 -11 | 97 0 | 70 | 24 66 | -4 79
233 1 63 | 4 70 | -9 80 | -13 | 89 258 -20 | 84 4 129, 9 |34 ]-22] 69
234 2172 | -4 75 -9 84 | -13 | 94 259 -11 ] 79 S5N]V31 1 32| -16 | 75
235 -1 74| -8 82 | -10 | 87 | -11 | 92 260 -6 73 7 |42 11 | 31| -2 58
236 9 [ 91| -17 | 102 | -34 | 127 | -29 | 127 261 4 74 1 591 5 52 1 58
237 S 167 -9 77 | -21 | 101 | -21 | 100 262 /13 | 86 2 [ 58 -2 |55 -13 | 78
238 S 12703 24 | 3 39 | -14 | 57 263 -13 | 96 3072 -2 167 -9 83
239 3 139] 0 42 -5 53 | -12 | 67 264 -11 | 97 381 0 |73 4 81
240 2 144 | 0 48 -7 61 | -148p 71 265 19| 117 | -11 [ 97 | -8 | 89 | -13 | 99
241 0 |46 ] 0 55 | -11 | 75 7p-10 | 77 266 -8 78 0 | 58] 3 52 | -13 | 81
242 -16 | 64 | -6 59 | <1577 | 21 | 85 267 -5 33 8 5 7 4 -6 38
243 -8 [ 68| -7 T #17 | 91 | -16 | 88 268 -4 | 48 10 | 14| 10 | 8 | -13 | 62
244 -10 | 78 | -1244\83 | -25 | 107 | -23 | 104 269 -2 53 14 [ 18] 17 | 8 -6 58
245 -6 | 77 (-1 | 87 | -25 | 111 | -15 | 98 270 -3 62 13 (2716 | 19| -2 59
246 -10¢]-86" | -30 | 119 | -28 | 122 | -37 | 127 271 131 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 15155 -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 | &7
251 4 165 2 43 -9 58 -7 70
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Table 9-22 — Values of variables m and n for ctxIdx from 277 to 337

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

277 -6 93 | -13 | 106 | -21 | 126 | -22 | 127 308 -16 [ 96 | -1 | 51 | -16 | 77 | -10 | 67

278 -6 84 | -16 | 106 | -23 | 124 | -25 | 127 309 -7 | 88 | 7 [ 49| -2 | 64 1 68

279 -8 79 | -10 | 87 | -20 | 110 | -25 | 120 310 8 [ 8| 8 |52 2 |6l 0 |77

280 0 66 | -21 | 114 | -26 | 126 | -27 | 127 311 7189 |41 -6 | 67| 2 | 64

281 -1 71 | -18 | 110 | -25 | 124 | -19 | 114 312 9 [8 | 6 | 47| -3 |64 0 |68

282 0 62 | -14 | 98 | -17 | 105 | -23 | 117 313 -13 [ 88 | 2 | 55| 2 57 | w3 78

283 -2 60 | -22 | 110 | -27 | 121 | -25 | 118 314 4 | 66| 13|41 | -3 [ 65N 7 |55

284 -2 59 | -21 | 106 | -27 | 117 | -26 | 117 315 3| 7710 | 44 | 87766 | 5 59

285 -5 75 | -18 | 103 | -17 | 102 | -24 | 113 316 3176 6 | 500 |62 2 |65

286 -3 62 | -21 | 107 | -26 | 117 | -28 | 118 317 6 | 76| 5% | 53| 9 |51 14 |54

287 -4 58 | -23 | 108 | -27 | 116 | -31 | 120 318 10 [ 58¢ 13 | 49| -1 | 66 | 15 | 44

288 -9 66 | -26 | 112 | -33 | 122 | -37 | 124 319 A 76| 4 |63 -2 |71 5 60

289 -1 79 | -10 | 96 | -10 | 95 | -10 | 94 320 <1 |8 |6 (64| -2 |75 2 |70

290 0 71 | -12 | 95 | -14 | 100 | -15 | 102 321 7199 2169 -1 |70 -2 |76

291 3 68 | -5 91 -8 | 95 | -10 | .99 322 14195 -2 |59 -9 [ 72]-18] 86

292 10 | 44 | -9 93 | -17 | 111 | -13~] 106 323 2 |95 6 |70 14 | 60| 12 | 70

293 -7 62 | -22 | 94 | -28 | 114-N=50 | 127 324 0 |76 |10 | 44| 16 [ 37| 5 | 64

294 15 36 -5 86 -6 89 -5 92 325 S5 1749 |31 0 |47 |-12]70

295 14 | 40 9 67 2 80 17 57 326 0 [ 70 | 12| 43| 18 [ 35| 11 | 55

296 16 | 27 -4 80, -4 82 -5 86 327 1175 3 |53 11 [ 37| 5 56

297 12 | 29 |10+ 85 -9 8 | -13 | 94 328 1 68 | 14 | 34 | 12 [ 41| O | 69

298 1 44" -1 70 -8 81 | -12 | 91 329 0O | 65]10 | 38| 10 [ 41| 2 | 65

299 20, 36 7 60 | -1 72 | -2 77 330 14173 352 2 [ 48] -6 |74

300 18 | 32 9 58 5 64 0 71 331 3 62 | 13140 | 12 | 41 5 54

301 5 42 5 61 1 67 -1 73 332 4 [ 62|17 |32 13 | 41 7 | 54

IR 1 40 15 4 4 233 1 Q = 44 =1
JUL T =0 T JU 7 JU = 05 RAAJ =1 (Vo] U

303 10 | 62 15 | 50 0 69 | -7 81 334 131750 7 |38 3 50 | -11 | 82

304 17 | 46 18 | 49 1 69 5 64 335 11 [ 55| 13|50 19 |40 | -2 |77

305 9 64 17 | 54 7 69 15 | 57 336 5 |64 |10] 57| 3 66 | -2 | 77

306 -12 1 104 | 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
slices S ! :ll;isSI N
ctxldx 0 1 2 ctxIdx 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 37 | -30 [ 27 ] 6 | 38 | -30 | 32 1
340 7 16 9 11 | 14| 0 17 | -12 371 44 | 32 | 34| 8 | 46 | -33 | 34 15
341 12 14 18 11 | 26| -12 | 27 | -21 372 34 | -18 [ 30 | 10 | 42| -30 | 29 15
342 18 13 | 21 9 31| -16 | 37 | -30 373 34 | <15 |24 | 22|40 | 24 | 24 | 25
343 13 11 23 -2 [ 33| 25| 41 | -40 374 40 | -15 | 33 | 19 | 49 29 | 34 | 22
344 13 15 | 32 | -15 | 33 | 22 | 42 | 41 375 33 | -7 [ 223238 -12| 31 16
345 15 16 | 32 | -15 | 37 | -28 | 48 | 47 376 35| -5 | 26, {3L7] 40 | -10 | 35 18
346 12 | 23 | 34 | -21 | 39| -30 | 39| -32 377 331 0 20| 41 | 38| -3 | 31 28
347 13 | 23 | 39 | -23 | 42| -30 | 46 | -40 378 38 [ %2 *[ 26 | 44 |46 | -5 | 33 | 41
348 15 | 20 | 42 | -33 | 47 | 42| 52 | -51 379 33 | 13 [ 23|47 | 31| 20 | 36 | 28
349 14 | 26 | 41 | -31 | 45 | -36 | 46 | 41 380 23 | 35 [ 16 | 65 | 29| 30 | 27 | 47
350 14 | 44 | 46 | 28 | 49| -34 | 52 | -39 381 13| 58 | 14 | 71 | 25| 44 | 21 62
351 17 | 40 | 38 | -12 | 41 | -17 | 43 |29 382 29 | -3 8 |60 | 12| 48 | 18 | 31
352 17 | 47 | 21 29 |32 9.|32| 11 383 26| 0 6 | 63|11 | 49 | 19 | 26
353 24 17 | 45 | 24 | 69 |~71 | 61 | -55 384 221 30 | 17 | 65|26 | 45 | 36 | 24
354 21 21 53 | -45 |63~ -63 | 56 | -46 385 31| -7 |21 | 24|22 22| 24| 23
355 25 | 22 | 48 | -26)| 66 | -64 | 62 | -50 386 35| -15 (23|20 |23]| 22 | 27 16
356 31 27 | 65N} 43 | 77| -74 | 81 | -67 387 34| -3 [ 26232721 | 24 30
357 22 | 29 )43 | -19 | 54| -39 | 45 | -20 388 341 3 |27 |32(33] 20 | 31 29
358 19°.{~35 | 39 | -10 | 52 | -35 | 35| -2 389 36 | -1 | 28| 23|26 28 | 22 | 41
359 4 | 50 | 30 9 41 | -10 | 28 | 15 390 34| 5 | 2824|3024 | 22| 42
360 10 | 57 18 | 26 |36 | 0 [34] 1 391 32| 11 [ 23|40 |27 | 34 | 16 | 60
361 7 63 | 20 | 27 [ 40| -1 | 39| 1 392 350 5 [ 243218 42 | 15 | 52
362 -2 77 0 57 | 30| 14 | 30 | 17 393 34| 12 [ 28129 (25| 39 | 14 | 60
363 =4 8—T—=tT—82—28T26—T20 138 394 3Tt 23TA42T1H8T59 3 78
364 -3 94 -5 75 | 23| 37 | 18 | 45 395 301 29 [ 19| 57 | 12| 70 | -16 | 123
365 9 69 | -19 | 97 | 12| 55 | 15| 54 396 34| 26 | 22|53 |21 54| 21 53
366 121109 | =35 [ 125 | 11 [ 65 | 0 | 79 397 291 39 |22 (61| 14| 71 | 22 | 56
367 36 | -35 | 27 0 37 | 33 | 36 | -16 398 19 66 | 11 | 86 | 11 | 83 | 25 | 61
368 36 | -34 | 28 0 39 | -36 | 37 | -14
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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 the
pcm_alignment zero bit and all pcm_byte data for a macroblock of type I PCM.

Outputs of this process are the initialised decoding engine registers codIRange and codIOffset both in 16 bit register
precision.

The status of the arithmetic decoding engine is represented by the variables codlRange and codIOffset. 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 mos

significaht bit written first.

NOTE — The description of the arithmetic decoding engine in this Recommendation | International Standard utilizes 16 bitregistef
precigion. However, the minimum register precision for the variables codIRange and codIOffset is 9 bits.

9.3.2 [Binarization process
Input to this process is a request for a syntax element.
Output off this process is the binarization of the syntax element, maxBinldxCtx, ctxIdxOffset, and bypassFlag.

Table 9-24 specifies the type of binarization process, maxBinldxCtx, and ctxIdxOffset assoeiated with each syntaj
element.

The spedification of the unary (U) binarization process, the truncated unary (TU) binarization process, the concatenateq
unary / K-th order Exp-Golomb (UEGK) binarization process, and the fixed-length (FL) binarization process are given i
subclausgs 9.3.2.1 to 9.3.2.4, respectively. Other binarizations are specified in subclauses 9.3.2.5 t0 9.3.2.7.

Except fpr I slices, the binarizations for the syntax element mb _type as specified in subclause 9.3.2.5 consist of bin
strings gjven by a concatenation of prefix and suffix bit strings. The UEGk binarization as specified in 9.3.2.3, which i
used for [the binarization of the syntax elements mvd IX (X =0, 1) and soeff abs level minusl, and the binarization of
the codefl block pattern also consist of a concatenation of prefix and suffix bit strings. For these binarization processes|
the prefik and the suffix bit string are separately indexed using th¢\binldx variable as specified further in subclause 9.3.3
The two|sets of prefix bit strings and suffix bit strings are referred to as the binarization prefix part and the binarization
suffix papt, respectively.

Associatpd with each binarization or binarization part.6f)a syntax element is a specific value of the context index offse
(ctxIdx(Yffset) variable and a specific value of the maxBinldxCtx variable as given in Table 9-24. When two values fof
each of fhese variables are specified for one syntax element in Table 9-24, the value in the upper row is related to thg
prefix pqrt while the value in the lower row is_related to the suffix part of the binarization of the corresponding syntay
element.

The use pf the DecodeBypass process.and the variable bypassFlag is derived as follows.

- If ng value is assigned to ctxIdxOffset for the corresponding binarization or binarization part in Table 9-24 labelled
as “pa”, all bins of the bit(strings of the corresponding binarization or of the binarization prefix/suffix part shall by
decqded by invoking the-DecodeBypass process as specified in subclause 9.3.3.2.3. In such a case, bypassFlag is se
equdl to 1, where bypassFlag is used to indicate that for parsing the value of the bin from the bitstream thg
DecpdeBypass process shall be applied.

- Othdrwise, for\each possible value of binldx up to the specified value of MaxBinldxCtx given in Table 9-24, :
spedific value of the variable ctxIdx is further specified in subclause 9.3.3. bypassFlag is set equal to 0.

The posdibleyvalues of the context index ctxIdx are in the range of 0 to 398, inclusive. The value assigned to ctxIdxOffse
specifies The fower value of the range of CIx1dx assigned 1o the corresponding binarization Of binarization part of a symax
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.

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 ctxldx. 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.
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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, cMax=1 0 1
. prefix and suffix prefix: 2 prefix: 14
mb_type (P, SP slices only) as specified in subclause 9.3.2.5 suffix: 5 suffix: 17
sub_mb_type . .
(P, SP slices only) as specified in subclause 9.3.2.5 2 21
mb_skip flag _
(B slices only) FL, cMax=1 0 24
. prefix and suffix prefix: 3 prefix: 27
mb_type (B slices only) as specified in subclause 9.3.2.5 suffix: 5 suffix: 32
sub_mb_type (B slices only) as specified in subclause 9.3.2.5 3 36
prefix: 4 prefix: 40
mvd_I0[J[]L0 ], mvd HLICIC0] suffix: na suffix: na (uses DecodeBypass)

prefix and suffix as given by UEG3
with signedValFlag=1, uCoft=9

prefix: 4 prefix: 47
mvd_100JEI0T ], mvd HECIET] suffix: na suffix: na (uses DecodeBypass)
ref idx_10, ref idx 11 U 2 54
mb_qp_delta as specified in subclause 9.3.2.7 2 60
intra_chroma pred_mode TU,eMax=3 1 64
prev_intra4x4 pred mode flag FL, cMax=1 0 68
rem_intra4x4 pred_mode FL, cMax=7 0 69
mb_field decoding flag FL, cMax=1 0 70
prefix and suffix prefix: 3 prefix: 73
coded_block_pafeyr as specified in subclause 9.3.2.6 suffix: 1 suffix: 77
codegd.block flag FL, cMax=1 0 85
gignificant_coeff flag _
(frame coded blocks only) FL, cMax=1 0 103
last_significant coeff flag _
(frame coded blocks only) FL, cMax=1 0 166
6 e Lase] s prefix and suffix as given by UEGO prefix: 1 prefix: 227
- - - with signedValFlag=0, uCoft=14 suffix: na suffix: na, (uses DecodeBypass)
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 only) FL, cMax=1 0 277
last_significant coeff flag FL. cMax=1 0 338

(field coded blocks only)
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9.3.2.1 Unary (U) binarization process
Input to this process is a request for a U binarization for a syntax element.
Output of this process is the U binarization of the syntax element.

The bin string of a syntax element having (unsigned integer) value synElVal is a bit string of length synElVal + 1

indexed by Binldx. The bins for binldx less than synElVal are equal to 1. The bin with binldx equal to synElVal is equal

to 0.

Table 9-25 illustrates the bin strings of the unary binarization for a syntax element.

Table 9-25 — Bin string of the unary binarization (informative)

Value of syntax element Bin string
0 0
1 110
2 1]11]0
3 1]1(1]0
4 1|j1r|j1r|1rj]o
5 1|1 f{1|1}1}[0
binldx 0|1 |2 N3"4]|5

9.3.2.2 | Truncated unary (TU) binarization process
Input to this process is a request for a TU binarization for a“syntax element and cMax.
Output off this process is the TU binarization of the syntax element.

For syntgx element (unsigned integer) values 1€ss‘than cMax, the U binarization process as specified in subclause 9.3.2.
is invokdd. For the syntax element value equal to cMax the bin string is a bit string of length cMax with all bins being
equal to [l

NOTE — TU binarization is always invoked with a cMax value equal to the largest possible value of the syntax element bein
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 off this processis-the UEGk binarization of the syntax element.

A UEGH bin string”is a concatenation of a prefix bit string and a suffix bit string. The prefix of the binarization i
specified by dnyoking the TU binarization process for the prefix part Min( uCoff, Abs( synElVal ) ) of a syntax elemen|
value syhEIVal as specified in subclause 9.3.2.2 with cMax = uCoff, where uCoff > 0.

!

The UEGK bin string is derived as follows.

- If one of the following is true, the bin string of a syntax element having value synEIVal consists only of a prefix bit

string,

- signedValFlag is equal to 0 and the prefix bit string is not equal to the bit string of length uCoff with all bits

equal to 1.

- signedValFlag is equal to 1 and the prefix bit string is equal to the bit string that consists of a single bit with

value equal to 0.

- Otherwise, the bin string of the UEGk suffix part of a syntax element value synElVal is specified by a process

equivalent to the following pseudo-code:
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if( Abs( synElVal ) >= uCoff) {
sufS = Abs( synElVal ) — uCoff

stopLoop =0
do {
if( sufS >= (1 <<k)) {
put( 1)
sufS = sufS — ( 1<<k)
k++
1 else {
putC0)
P AN 4
while( k——)
put( (sufS>>k) & 0x01)
stopLoop =1
}

}+ while( !stopLoop )

}
if( signedValFlag && synElVal ! = 0)
if( synElVal > 0)

put(0)
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
Exp-Golomb code of 0-th order as specified in subclause 9.1.

D.3.2.4 Fixed-length (FL) binarization process
nput to this process is a request for a FL binarization for a syntax element and cMax.
Dutput of this process is the FL binarization of the syntak.element.

FL binarization is constructed by using an fixedLength-bit unsigned integer bin string of the syntax element valy
fixedLength = Ceil( Log2( cMax + 1 ) ). The indexing of bins for the FL binarization is such that the binldx = 0
he least significant bit with increasing values*of’binldx towards the most significant bit.

D.3.2.5 Binarization process for maeroblock type and sub-macroblock type

nput to this process is a request for a binarization for syntax elements mb_type or sub_mb_type.
Dutput of this process is the binmarization of the syntax element.

[he binarization scheme for'décoding of macroblock type in I slices is specified in Table 9-26.

For macroblock types‘i) SI slices, the binarization consists of bin strings specified as a concatenation of a pre
buffix bit string as.fellows.

[he prefix bitstring consists of a single bit, which is specified by by = ((mb_type == SI)? 0:1). For th
plement valug for which by is equal to 0, the bin string only consists of the prefix bit string. For the syntax elem
for which™by'is equal to 1, the binarization is given by concatenating the prefix by and the suffix bit string as sp
Cable 9526 for macroblock type in I slices indexed by subtracting 1 from the value of mb_type in SI slices.

part of the

le, where
relates to

fix and a

e syntax
ent value
bcified in
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Table 9-26 — Binarization for macroblock types in I slices

Value (name) of mb_type | Bin string

0 (I 4x4) 0

1 (1 16x16 0 0 0) 1 o |o |o o |o

2 (L 16x16_1 0 0) 1 |o o o |o |1

3 (1 16x16 2 0 0) 1 o |o o |1 |o

4(1 16x16 3 0 0) 1 o |o |o |1 1

5(1.16x16 0 1 0) 1 o |o |1 o |o o

6 (1 16x16 1 1 0) 1 0 |o 1 0 |o 1

7(1 16x16 2 1 0) 1 o |o |1 o |1 o

8 (1 16x16_3 1 0) 1 |o o |1 |o |1 1

9 (I 16x16 0 2 0) 1 o |o |1 1 o o

10 (I 16x16 1 2 0) 1 0o |o 1 1 0 1

11 (1_16x16_2 2 0) 1 o |o |1 1 1 _{Co

12 (1_16x16 3 2 0) 1 o |o |1 1 I 1

13 (1 16x16 0 0 1) 1 o |1 |o |o~Go

14 (1 16x16_1 0_1) 1 o [1 Jos [0 |1

15 (1 16x16 2 0 1) 1 o |1 N7 |1 o

16 (1 16x16 3 0 1) 1 o MEM|o |1 1

17 (1_16x16_0_1_1) 1 | 1 0o |o |o

18 (1_16x16_1 _1_1) - [0 |1 1 0 |o 1

19 (116x16 2 1 1) 1 o |1 1 o |1 Jo

20 (1_16x16 3 _1_1j 1 o |1 1 o |1 1

21 (1_16x16_0%2_1) 1 o |1 |1 |1 Jo o

22 (L 16x06A1 2 1) 1 o |1 1 1 o |1

23(116x16 2 2 1) 1 o |1 1 1 1 |o

21 16x16 3 2 1) 1 o |1 1 1 1 1

25 (1 PCM) 1 1

binldx 0 1 2 3 4 5 6
The bingrization schemes for P macroblock types in P and SP slices and for B macroblocks in B slices are specified i
Table 9-27.

The bin

string for I macroblock types in P and SP slices corresponding to mb_type values 5 to 30 consists of a

concatenation of a prefix, which consists of a single bit with value equal to 1 as specified in Table 9-27 and a suffix as
specified in Table 9-26, indexed by subtracting 5 from the value of mb_type.

mb_type

equal to 4 (P_8x8ref0) is not allowed..

For I macroblock types in B slices (mb_type values 23 to 48) the binarization consists of bin strings specified as a
concatenation of a prefix bit string as specified in Table 9-27 and suffix bit strings as specified in Table 9-26, indexed by
subtracting 23 from the value of mb_type.

184
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Table 9-27 — 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 | 0
8 (B_LO_L1_16x8) 1 1 1
9(B_LO L1 _8x16) 1 1 0
10(B_L1_LO_16%8) 1 1 1
11 (B_LIMNLO. 8x16) 1 1 0

B slice
12(B_10 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_LO_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

© ISO/IEC 2004 — All rights reserved

185


https://standardsiso.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

ISO/IEC 14496-10:2004(E)

For P, SP, and B slices the specification of the binarization for sub_mb_type is given in Table 9-28.

Table 9-28 — Binarization for sub-macroblock types in P, SP, and B slices

Slice type | Value (name) of sub_mb_type | Bin string
0 (P_LO 8x8) 1
1 (P LO 8x4) 0 0
P, SP slice
(P—H0—4x8Y 6 t t
3 (P_LO 4x4) 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 )
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 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
9.3.2.6 | Binarization process for, coded block pattern
Input to this process is a requestfor a binarization for the syntax element coded block pattern.
Output off this process is_the)binarization of the syntax element.
The bindrization of coded block pattern consists of a concatenation of a prefix part and a suffix part. The prefix part of
the binatfization is\given by the FL binarization of CodedBlockPatternLuma with cMax = 15. The suffix part consists of
the TU pinarization of CodedBlockPatternChroma with cMax =2. The relationship between the value of the syntay
element [coded ‘block pattern and the values of CodedBlockPatternLuma and CodedBlockPatternChroma is given a
specified inCsubclause 7.4.5.

9.3.2.7 Binarization process for mb_qp_delta
Input to this process is a request for a binarization for the syntax element mb_qp_delta.
Output of this process is the binarization of the syntax element.

The bin string of mb_qp_delta is derived by the U binarization of the mapped value of the syntax element mb_qp_delta,
where the assignment rule between the signed value of mb_qp_delta and its mapped value is given as specified in
Table 9-3.
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9.3.3  Decoding process flow

Input to this process is a binarization of the requested syntax element, maxBinldxCtx, bypassFlag and ctxIdxOffset as
specified in subclause 9.3.2.

Output of this process is the value of the syntax element.
This process specifies how each bit of a bit string is parsed for each syntax element.

After parsing each bit, the resulting bit string is compared to all bin strings of the binarization of the syntax element and
the following applies.

If the bit string is equal to one of the bin strings, the corresponding value of the syntax element is the output
Otherwise (the bit string is not equal to one of the bin strings), the next bit is parsed.
While parsing each bin, the variable binldx is incremented by 1 starting with binldx being set equal to*0’for the flrst bin.

When the binarization of the corresponding syntax element consists of a prefix and a suffiX-binarization part,, the
ariable binldx is set equal to O for the first bin of each part of the bin string (prefix part or suffix part). In this cpse, after
parsing the prefix bit string, the parsing process of the suffix bit string related to the binarizations specified in sybclauses
D.3.2.3 and 9.3.2.5 is invoked depending on the resulting prefix bit string as specified’in subclauses 9.3.2.3 angl 9.3.2.5.
Note that for the binarization of the syntax element coded block pattern, the suffix‘bit string is present regardl¢ss of the
prefix bit string of length 4 as specified in subclause 9.3.2.6.

Depending on the variable bypassFlag, the following applies.

If bypassFlag is equal to 1, the bypass decoding process as spegified in subclause 9.3.3.2.3 shall be applied for
parsing the value of the bins from the bitstream.

Otherwise (bypassFlag is equal to 0), the parsing of each binis specified by the following two ordered steps
1. Given binldx, maxBinldxCtx and ctxIdxOffset, ctxIdx'is derived as specified in subclause 9.3.3.1.

2. Given ctxIdx, the value of the bin from the bitstream as specified in subclause 9.3.3.2 is decoded.

D.3.3.1 Derivation process for ctxIdx
nputs to this process are binldx, maxBinldxCtx and ctxIdxOffset.
Dutput of this process is ctxIdx.

[able 9-29 shows the assignment of ‘etxIdx increments (ctxIdxInc) to binldx for all ctxIdxOffset values excg¢pt those
related to the syntax elements coded block flag, significant coeff flag, last significant coeff flhg, and
coeff abs level minusl.

[he ctxIdx to be used with a-specific binldx is specified by first determining the ctxIdxOffset associated with the given
bin string or part therepf\The ctxIdx is determined as follows.

If the ctxIdxOffset is listed in Table 9-29, the ctxIdx for a binldx is the sum of ctxIdxOffset and ctxIdxInc,|which is
found in Table-29. When more than one value is listed in Table 9-29 for a binldx, the assignment prpcess for
ctxIdxIncfor that binldx is further specified in the subclauses given in parenthesis of the corresponding tablefentry.

Otherwise (ctxIdxOffset is not listed in Table 9-29), the ctxIdx is specified to be the sum of the following terms:
ctxXldxOffset and ctxIdxBlockCatOffset(ctxBlockCat) as specified in Table 9-30 and ctxIdxInc(ctxBjockCat).
Subclause 9.3.3.1.3 specifies which ctxBlockCat is used. Subclause 9.3.3.1.1.9 specifies the assiggment of
ctxIdxInc(ctxBlockCat) for coded block flag and subclanse 93313 specifies  the assignihent 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 9-29 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 9-29 — 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

binldx
ctxIdxOffset 0 1 ) 3 4 5 >=6
0 0,1,2 na na na na n n
(subclause 9.3.3.1.1.3) a a
0,12 _ 5,6 6.7
g (subclause 9.3.3.1.1.3) | “ o ox 270 E 4 (subclause | (subclause 7
9.3.3.1.2) | 933.1.2)
11 0,12 it na it it it
(subclause 9.3.3.1.1.1) a a a a na
2,3
14 0 1 (subclause na na na na
9.3.3.1.2)
2,3
17 0 ctxIdx=276 1 2 (subclause 3 3
9.3.3.1.2)
21 0 1 2 na nd na na
24 0,12 n na n n n
(subclause 9.3.3.1.1.1) a a a a na
4,5
0,1,2 3 (subclause
27 (subclause 9.3.3.1.1.3) 93.3.12) > > 3 >
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 na
9.3.3.1.2)
0,1,2
40 (subclause 9.3.3.1.1.7) > 4 > 6 6 6
0,1,2
47 (subclause 9.3.3, L'1:7) 3 4 > 6 6 6
0,1,2(3
>4 (subclause9.373.1.1.6) 4 > > > > >
0,1
60 (stbolause 9.3.3.1.1.5) 2 3 3 3 3 3
0,1,2
64 (subclause 9.3.3.1.1.8) 3 3 na na na na
68 0 na na na na na na
09 0 0 0 na na na na
N 0,1.2 =
\Y (subclause 9'3'3' 1 . 1 '2) TId I TId TId TId TId
0123 0,1,2,3 0,1,2,3 0,1,2,3
73 (subclaus’e’9’3 3.1.14) (subclause | (subclause | (subclause na na na
""" 9.3.3.1.1.4) | 9.3.3.1.1.4) | 9.3.3.1.1.4)
77 0,1,2.3 (sfli)sc’fa’lZse na na na na na
(subclause 9.3.3.1.1.4) 9.33.1.1.4)
276 0 na na na na na na

Table 9-30 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 9-32.
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Table 9-30 — Assignment of ctxIdxBlockCatOffset to ctxBlockCat for syntax elements coded_block_flag,
significant_coeff flag, last_significant_coeff flag, and coeff abs level minusl

ctxBlockCat (as specified in Table 9-32)
Syntax element

0 1 2 3 4
coded block flag 0 4 8 12 16
significant_coeff flag 0 15 29 44 47
last_significant_coeff flag | O 15 29 44 47
coeff abs_level minusl 0 10 20 30 39

D.3.3.1.1 Assignment process of ctxIdxInc using neighbouring syntax elements

Subclause 9.3.3.1.1.1 specifies the derivation process of ctxIdxInc for the syntax element mbskip flag.
Subclause 9.3.3.1.1.2 specifies the derivation process of ctxIdxInc for the syntax element mb_field decoding_fldg.
Bubclause 9.3.3.1.1.3 specifies the derivation process of ctxIdxInc for the syntax element mb_type.

Subclause 9.3.3.1.1.4 specifies the derivation process of ctxIdxInc for the syntaX/element coded_block pattern.
Subclause 9.3.3.1.1.5 specifies the derivation process of ctxIdxInc for the Syntax element mb_qp_delta.
Subclause 9.3.3.1.1.6 specifies the derivation process of ctxIdxInc for the syntax elements ref idx 10 and ref idy 11.
Bubclause 9.3.3.1.1.7 specifies the derivation process of ctxIdxIh¢ for the syntax elements mvd 10 and mvd 11.
Subclause 9.3.3.1.1.8 specifies the derivation process of ctxldxInc for the syntax element intra_chroma_pred mdde.

Subclause 9.3.3.1.1.9 specifies the derivation process of ctxIdxInc for the syntax element coded block flag.

D.3.3.1.1.1 Derivation process of ctxIdxInc for the syntax element mb_skip_flag
Dutput of this process is ctxIdxInc.

When MbaffFrameFlag is equal to 1 andsmb_field decoding flag has not been decoded (yet) for the current mgcroblock
bair with top macroblock address 2 * ( CurrMbAddr/2), the inference rule for the syntax |element
mb_field decoding flag as specified in subclause 7.4.4 shall be applied.

[he derivation process for neighbouring macroblocks specified in subclause 6.4.7.1 is invoked and the output is|assigned
o mbAddrA and mbAddrB.

et the variable condTiermFlagN (with N being either A or B) be derived as follows.

If mbAddrN isnet available or mb_skip flag for the macroblock mbAddrN is equal to 1, condTermFlagN is[set equal
to 0.

Otherwise'(mbAddrN is available and mb_skip flag for the macroblock mbAddrN is equal to 0), condTern|FlagN is
set equal to 1.

[he variable ctxIdxInc is derived by

ctxIdxInc = condTermFlagA + condTermFlagB -1

9.3.3.1.1.2 Derivation process of ctxIdxInc for the syntax element mb_field decoding flag
Output of this process is ctxIdxInc.

The derivation process for neighbouring macroblock addresses and their availability in MBAFF frames as specified in
subclause 6.4.6 is invoked and the output is assigned to mbAddrA and mbAddrB.

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.
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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 0,
mbAddrN is not available

the macroblock mbAddrN is a frame macroblock.

Otherwise, condTermFlagN is set equal to 1.

The variable ctxIdxInc is derived by

CIXIAXITNC = cond T ermragA + cond I ermr [agB 9-2)

9.3.3.1.1}3 Derivation process of ctxIdxInc for the syntax element mb_type
Input to this process is ctxIdxOffset.
Output off this process is ctxIdxInc.
The deriyation process for neighbouring macroblocks specified in subclause 6.4.7.1 is invoked and the’output is assigned
to mbAddrA and mbAddrB.
Let the viariable 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

- ctxIdxOffset is equal to 0 and mb_type for the macroblock mbAddrN is €qual to SI

The vari

9.3.3.1.1
Inputs to
Output o
Dependi

190

Othe

If ctx]

ct
ct

ct

T
Iy
Iy

L

x[dxOffset is equal to 3 and mb_type for the macroblock mbAddrN/is*equal to I 4x4

x[dxOffset is equal to 27 and the macroblock mbAddrN is skipped

x[dxOffset is equal to 27 and mb_type for the macroblock-mbAddrN is equal to B Direct 16x16
wise, condTermFlagN is set equal to 1.

ble ctxIdxInc is derived as

ctxIdxInc = condTermFlagA + condTermElagB 9-3)

4 Derivation process of ctxIdxInc¢ for the syntax element coded_block pattern
this process are ctxIdxOffset and binldx.

f this process is ctxIdxInc.

hg on the value of the yariable ctxIdxOffset, the following applies.

[dxOffset is equal to-73, the following applies

he derivation<process for neighbouring 8x8 luma blocks specified in subclause 6.4.7.2 is invoked with
ma8x8Blkldx ™= binldx as input and the output is assigned to mbAddrA, mbAddrB, luma8x8BlkIdxA, ang
ma8x8BlkldxB.

bt the variable condTermFlagN (with N being either A or B) be derived as follows.

Ifanv of the followina conditionsis true—condTermElach is set ecual to-0
any-of the following conditions-istrue-condTermElagN is set equal t

- mbAddrN is not available

- mb_type for the macroblock mbAddrN is equal to I PCM

- the macroblock mbAddrN is not skipped and ( ( CodedBlockPatternLuma >> luma8x8BIkIdxN ) & 1) is
not equal to 0 for the macroblock mbAddrN

Otherwise, condTermFlagN is set equal to 1.

The variable ctxIdxInc is derived as

ctxIdxInc = condTermFlagA + 2 * condTermFlagB 9-4)
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- Otherwise (ctxIdxOffset is equal to 77), the following applies.

- The derivation process for neighbouring macroblocks specified in subclause 6.4.7.1 is invoked and the output is
assigned to mbAddrA and mbAddrB.

- Let the variable condTermFlagN (with N being either A or B) be derived as follows.

- If mbAddrN is available and mb_type for the macroblock mbAddrN is equal to I PCM, condTermFlagN is set
equal to 1

- Otherwise, if any of the following conditions is true, condTermFlagN is set equal to 0

- mbAddrN is not available or the macroblock mbAddrN is skipped

- binldx is equal to 0 and CodedBlockPatternChroma for the macroblock mbAddrN is equalto.0

- binldx is equal to 1 and CodedBlockPatternChroma for the macroblock mbAddrN is netequal to 2
- Otherwise, condTermFlagN is set equal to 1.

- The variable ctxIdxInc is derived as

ctxIdxInc = condTermFlagA + 2 * condTermFlagB + ( ( binldx == 1) 24 30) 9-5)

NOTE —When a macroblock uses an Intra 16x16 prediction mode, the/values of CodedBlockPatternljuma and
CodedBlockPatternChroma for the macroblock are derived from mb_type as specified in Table 7-8.

D.3.3.1.1.5 Derivation process of ctxIdxInc for the syntax element mb \qp_delta
Dutput of this process is ctxIdxInc.

et prevMbAddr be the macroblock address of the macroblock.that precedes the current macroblock in decodihg order.
When the current macroblock is the first macroblock of a slice;prevMbAddr is marked as not available.

et the variable ctxIdxInc be derived as follows.

If any of the following conditions is true, ctxIdxInciis set equal to 0

- prevMbAddr is not available or the macroblock prevMbAddr is skipped
- mb_type of the macroblock prevMbAddr is equal to I PCM

- The macroblock prevMbAddr is-not'coded in Intra 16x16 prediction mode and both CodedBlockPattern[juma and
CodedBlockPatternChroma for'the macroblock prevMbAddr are equal to 0

- mb_qp_delta for the macroblock prevMbAddr is equal to 0

Otherwise, ctxIdxInc is setjequal to 1.

D.3.3.1.1.6 Derivation,process of ctxIdxInc for the syntax elements ref idx_10 and ref idx_I1
nputs to this progess-are mbPartldx and the reference picture list suffix 1X, where X =0 or 1.
Dutput of this-process is ctxIdxInc.

et curtSubMbType be set equal to sub_mb_type[ mbPartldx ].

[hedeérivation process for neighbouring partitions specified in subclause 6.4.7.5 is invoked with mpPartldx,
CurfSubMbType, and subMbPartldx =0 as input and the output is assigned to mbAddrA\mbPartl§xA and
mbAddrB\mbPartldxB.

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
field macroblock

refldxZeroFlagN = ( (ref idx IX[ mbPartldxN ]>1)?0:1) (9-6)

- Otherwise,
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Let the v.

refldxZeroFlagN = ( ( ref idx 1X[ mbPartldxN]>0)?0:1) (9-7)

ariable predModeEqualFlag 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,
predModeEqualFlag is set equal to 0, where sub_mb_type specifies the syntax element for the macroblock
mbAddrN.

Otherwise, predModeEqualFlag is set equal to 1

- Othe

Let the v
- Ifany
- m
- th
- T
- pi
- T6
- Othe

The vari

9.3.3.1.1
Inputs to
Output o
Let curr§

The der
currSubN
mbAddr]

Let the v
- Ifetx
- Othe

Fwise, the following applies.

[f MbPartPredMode( mb_type, mbPartldxN) is not equal to Pred LX and not equal to.' BiPred
predModeEqualFlag is set equal to 0, where mb_type specifies the syntax element for the)macrobloch
mbAddrN.

Otherwise, predModeEqualFlag is set equal to 1.

ariable condTermFlagN (with N being either A or B) be derived as follows.
of the following conditions is true, condTermFlagN is set equal to 0

bAddrN is not available

e macroblock mbAddrN has mb_type equal to P_Skip or B_Skip

he macroblock mbAddrN is coded in Intra prediction mode
edModeEqualFlag is equal to 0

fldxZeroFlagN is equal to 1

wise, condTermFlagN is set equal to 1.

hble ctxIdxInc is derived as

ctxIdxInc = condTermFlagA + 2 * condTermFlagB (9-8)

7 Derivation process of ctxIdxInc for(the syntax elements mvd_10 and mvd_11

this process are mbPartldx, subMbPartldx, the reference picture list suffix IX, and ctxIdxOffset
f this process is ctxIdxInc.

ubMbType be set equal to sub_mb_type[ mbPartldx ].

ivation process for deighbouring partitions specified in subclause 6.4.7.5 is invoked with mbPartldx
bType, and subMbPartldx as input and the output is assigned to mbAddrA\mbPartldxA\subMbPartldxA and
B\mbPartldxB\subMbPartldxB.

ariable compldx be derived as follows.
[dxOffsetis’ equal to 40, compldx is set equal to 0.

wisev(ctxIdxOffset is equal to 47), compldx is set equal to 1.

Let the v

ariable predModeEqualklag be speciiied as 1ollows.

- If the macroblock mbAddrN has mb_type equal to P_8x8 or B_8x8, the following applies.

192

If SubMbPredMode( sub mb_type[ mbPartldxN ]) is not equal to Pred LX and not equal to BiPred,
predModeEqualFlag is set equal to 0, where sub_mb_type specifies the syntax element for the macroblock
mbAddrN.

Otherwise, predModeEqualFlag is set equal to 1.
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- Otherwise, the following applies.

- If MbPartPredMode( mb_type, mbPartldxN ) is not equal to Pred LX and not equal to BiPred,
predModeEqualFlag is set equal to 0, where mb_type specifies the syntax element for the macroblock
mbAddrN.

- Otherwise, predModeEqualFlag is set equal to 1.
Let the variable absMvdCompN (with N being either A or B) be derived as follows.

- Ifany of the following conditions is true, absMvdCompN is set equal to 0

mbAddrN is not available

the macroblock mbAddrN has mb_type equal to P_Skip or B_Skip

- The macroblock mbAddrN is coded in Intra prediction mode

predModeEqualFlag is equal to 0
Otherwise, the following applies

- If compldx is equal to 1, MbaffFrameFlag is equal to 1, the current macroblock jis a frame macroblockl and the
macroblock mbAddrN is a field macroblock

absMvdCompN = Abs( mvd_1X[ mbPartldxN ][ subMbPartldxN ][ ¢ompldx ] ) * 2 (9-9)

- Otherwise, if compldx is equal to 1, MbaffFrameFlag is equal to 1}-the current macroblock is a field magroblock,
and the macroblock mbAddrN is a frame macroblock

absMvdCompN = Abs( mvd_1X[ mbPartldxN ][ subMbPartldxN ][ compldx ])/2 (9-10)
- Otherwise,
absMvdCompN = Abs( mvd_1X[ mbPartldxIN, ][ subMbPartIldxN ][ compldx ] ) (9-11)

[he 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 fo 1.

D.3.3.1.1.8 Derivation process of ctxIdxInc for the syntax element intra_chroma_pred_mode
Dutput of this process is‘ctxIdxInc.

[he derivation process*for neighbouring macroblocks specified in subclause 6.4.7.1 is invoked and the output is|assigned
o mbAddrA and‘mbAddrB.

et the variable'condTermFlagN (with N being replaced by either A or B) be derived as follows.
If aniy;of the following conditions is true, condTermFlagN is set equal to 0
- “mbAddrN is not available

- The macroblock mbAddrN 1s 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 variable ctxIdxInc is derived by

ctxIdxInc = condTermFlagA + condTermFlagB (9-12)
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9.3.3.1.1.9 Derivation process of ctxIdxInc for the syntax element coded_block flag
Input to 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 chroma component index iCbCr

- Otherwise (ctxBlockCat is equal to 4), chroma4x4Blkldx and the chroma component index compldx

Output off this process is ctxIdxInc( ctxBlockCat ).
Let the viriable transBlockN (with N being either A or B) be derived as follows.

- If ctxiBlockCat is equal to 0, the following applies.

- Othetwise, if ctxBlockCat is equal to 1 or 2, the following applies.

- Othetwise, if ctxBlockCat is equal to 3, thefollowing applies.

194

Othefwise (ctxBlockCat is equal to 4), the following applies.

The derivation process for neighbouring macroblocks specified in subclause 6.4.7.1 is invoked and the output i
4signed to mbAddrN (with N being either A or B).

o

The variable transBlockN is derived as follows.

- | If mbAddrN is available and the macroblock mbAddrN is coded in Intra_16x16 prédiction mode, the luma D(
block of macroblock mbAddrN is assigned to transBlockN

- | Otherwise, transBlockN is marked as not available.

The derivation process for neighbouring 4x4 luma blocks specified in subclause 6.4.7.3 is invoked with
Iyma4x4Blkldx 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 i
not equal to I PCM, and ( ( CodedBlockPatternLuma, >> ( luma4x4BIlkIdxN >>2)) & 1) is not equal to O fof
the macroblock mbAddrN, the 4x4 luma block with luma4x4BlkIdxN of macroblock mbAddrN is assigned t
transBlockN.

- | Otherwise, transBlockN is marked as not.available.

The derivation process for neighbouring macroblocks specified in subclause 6.4.7.1 is invoked and the output i
4signed to mbAddrN (with N being either A or B).

o

The variable transBlockN is derived as follows.

If mbAddrN is available, the macroblock mbAddrN is not skipped, mb_type for the macroblock mbAddrN i
not equal to I PEM, and CodedBlockPatternChroma is not equal to 0 for the macroblock mbAddrN, th{
chroma DC bloek of chroma component iCbCr of macroblock mbAddrN is assigned to transBlockN.

- | Otherwise, transBlockN is marked as not available.

The-derivation process for neighbouring 4x4 chroma bl

ocks specified in subclause 6.4.7.4 is invoked witl

Q mad 4R d N h N haoina o ho A—oF

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, and CodedBlockPatternChroma is equal to 2 for the macroblock mbAddrN, the 4x4
chroma block with chroma4x4BIlkIdxN of the chroma component iCbCr of macroblock mbAddrN is assigned
to transBlockN.

- Otherwise, transBlockN is marked as not available.
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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 0
- mbAddrN is not available and the current macroblock is coded in Inter prediction mode

- mbAddrN is available and transBlockN is not available and mb_type for the macroblock mbAddrN is not equal to
I PCM

- The current macroblock is coded in Intra prediction mode, constrained intra pred flag is equal to 1, the
macroblock mbAddrN is available and coded in Inter prediction mode, and slice data partitioning is in use
(nal_unit_type is in the range of 2 through 4, inclusive).

Otherwise, if any of the following conditions is true, condTermFlagN is set equal to 1
- mbAddrN is not available and the current macroblock is coded in Intra prediction mode
- mb_type for the macroblock mbAddrN is equal to [ PCM

Otherwise, condTermFlagN is set equal to the value of the coded_block flag of the trangform block transBlgckN that
was decoded for the macroblock mbAddrN.

[he variable ctxIdxInc( ctxBlockCat ) is derived by

ctxIdxInc( ctxBlockCat ) = condTermFlagA + 2 * condTermFlagB (9-13)

D.3.3.1.2 Assignment process of ctxIdxInc using prior decoded bin values

nputs to this process are ctxIdxOffset and binldx.

Dutput of this process is ctxIdxInc.

[able 9-31 contains the specification of ctxldxInc for the given.values of ctxIdxOffset and binldx.

For each value of ctxIdxOffset and binldx, ctxIdxInc is‘derived by using some of the values of prior decoded bjin values
by, by, b,..., by ), where the value of the index k is less than the value of binldx.

Table 9-31 — Specification of ctxIdxInc for specific values of ctxIdxOffset and binIdx

Value (mame) of ctxIdxOffset | binldx ctxIdxInc

4 (b3 =0)?5:6
3

5 (bs = 0)?26:7
14 2 (by =1)?22:3
17 4 (b3 1=0)?2:3
27 2 (by '=0)?4:5
32 4 (b3 =0)?2:3
36 2 (by =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

Inputs to this process are ctxIdxOffset and binldx.
Output of this process is ctxIdxInc.

The assignment process of ctxldxInc for syntax elements significant coeff flag, last significant coeff flag, and
coeff abs level minusl as well as for coded block flag depends on categories of different blocks denoted by the
variable ctxBlockCat. The specification of these block categories is given in Table 9-32.
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Table 9-32 — Specification of ctxBlockCat for the different blocks

Block description maxNumCoeff ctxBlockCat

block of luma DC transform coefficient levels (for macroblock coded in Intra 16x16 16 0

prediction mode)

block of luma AC transform coefficient levels (for macroblock coded in Intra 16x16 15 1

prediction mode)

block of luma transform coefficient levels (for macroblock not coded in Intra 16x16 ) N

predictjon mode) i

block of chroma DC transform coefficient levels 4 3

block of chroma AC transform coefficient levels 15 4
For the dyntax elements significant coeff flag and last significant coeff flag the scanning positien’scanningPos withir
the regarded block is assigned to ctxIdxInc, where scanningPos ranges from 0 to maxNumCoeff= 2, inclusive:

ctxIdxInc = scanningPos (9-14)

The scarjning position for frame coded blocks relates to the zig-zag scan; the scaaning position for field coded block

relates tq

Let numDecodAbsLevelEql denotes the accumulated number of decoded(transform coefficient levels with absolutq

value eq
levels w
current

coeff ab|

- Ifbiy

ct

- Othe

ct

9.3.3.2

Inputs tg
codIOffy

Output o

Figure 9
index ct:

- Ifby

the field scan.

ual to 1, and let numDecodAbsLevelGtl denotes the accumulated number of decoded transform coefficien|
th absolute value greater than 1. Both numbers are related to the same transform coefficient block, where thg
decoding process takes place. Then, for decoding.” of coeff abs level minusl, ctxldxInc fof
5 _level minusl is specified depending on binldx as follows;

Idx is equal to 0, ctxIdxInc is derived by

x[dxInc = ( ( numDecodAbsLevelGtl =0 ) ? 0:'Min( 4, 1 + numDecodAbsLevelEql )) (9-15)
F'wise (binldx is greater than 0), ctxIdxInc gs/derived by

xIdxInc = 5 + Min( 4, numDecodAbsLevelGtl ) (9-16)

Arithmetic decoding process

this process are the bypassFlag, ctxIdx as derived in subclause 9.3.3.1, and the state variables codIRange and
et of the arithmetic decoding engine.

f this process is the value of the bin.

2 illustrates the{ whole arithmetic decoding process for a single bin. For decoding the value of a bin, the contex}
Idx is passed'to the arithmetic decoding process DecodeBin(ctxIdx), which is specified as follows.

[passFlag.is equal to 1, DecodeBypass( ) as specified in subclause 9.3.3.2.3 is invoked.

- Othi

rivise, if bypassFlag is equal to 0 and ctxIdx is equal to 276, DecodeTerminate( ) as specified in subclauss

9.3.32 A s mvoked:

- Otherwise (bypassFlag is equal to 0 and ctxIdx is not equal to 276), DecodeDecision( ) as specified in subclause
9.3.3.2.1 shall be applied.

196
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DecodeBin(ctxldx)

Yesj

DecodeBypass

I

ctxldx==276? Yes:
]
\( DecodeTerminate
No
'
‘ ‘ DecodeDecision(ctxldx) ‘
A,
Iy
Done

Figure 9-2 — Overview of the arithmetic decoding process for a singlé bin (informative)

NOTE - Arithmetic coding is based on the principle of recursive interval subdivision,) Given a probability estimation
p(1)=1-p(0) ofabinary decision ( 0, 1), an initially given code sub-interval svith the range codIRange will be subdi
two sub-intervals having range p( 0 ) * codIRange and codlRange — p( 0 ) * codIRange, respectively. Depending on thd
which has been observed, the corresponding sub-interval will be chosen as the'new code interval, and a binary code strin|
into that interval will represent the sequence of observed binary decisions¢{ It is useful to distinguish between the mos
symbol (MPS) and the least probable symbol (LPS), so that binary decisions have to be identified as either MPS or 1
than 0 or 1. Given this terminology, each context is specified by the probability p;pg of the LPS and the value of MPS
which is either 0 or 1.

The arithmetic core engine in this Recommendation | Internatipnal*Standard has three distinct properties:

- The probability estimation is performed by means of:a, finite-state machine with a table-based transition process b
different representative probability states { ppps(pStateldx) |0 <=pStateldx <64 } for the LPS probability
numbering of the states is arranged in such a.way that the probability state with index pStateldx = 0 corresponds
probability value of 0.5, with decreasing LPS probability towards higher state indices.

- The range codIRange representing theyState of the coding engine is quantised to a small set {Q,...,Qq4}
quantisation values prior to the calculation of the new interval range. Storing a table containing all 64x4 pre
product values of Q; * prpg(pStateldx) allows a  multiplication-free  approximation of the
codIRange * pypg(pStateldx).

- For syntax elements or parts thereof for which an approximately uniform probability distribution is assumed to }
separate simplified encoding\and decoding bypass process is used.

D.3.3.2.1 Arithmetic decoding process for a binary decision

nputs to this process are.etxldx, cod[Range, and codIOffset.

Dutputs of this precess are the decoded value binVal, and the updated variables codIRange and codlOffset.
Figure 9-3 shows the flowchart for decoding a single decision (DecodeDecision).

. The value of the variable codIRangeLPS is derived as follows.

¢ \(Given the current value of codIRange, the variable qCodIRangeldx is derived by

p(0) and
vided into
decision,
b pointing
probable
PS, rather
valMPS),

btween 64
D1 ps- The
fo an LPS

bf pre-set
computed
product

e given a

gCodIRangeldx =( codIRange >> 6 ) & 0x03

(9-17)

- Given qCodIRangeldx and pStateldx associated with ctxIdx, the value of the variable rangeTabLPS as
in Table 9-33 is assigned to codIRangeLPS:

codIRangelLPS = rangeTabLPS[ pStateldx ][ qCodIRangeldx ]

2. The variable codIRange is set equal to codI[Range — codIRangeLPS and the following applies.

specified

(9-18)

- If codlOffset is greater than or equal to codIRange, the variable binVal is set equal to 1 - vaIMPS, codlOffset is

decremented by codIRange, and codIRange is set equal to codI[RangeLLPS.

- Otherwise, the variable binVal is set equal to vaIMPS.
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Given the value of binVal, the state transition is performed as specified in subclause 9.3.3.2.1.1. Depending on the

current v

alue of codIRange, renormalization is performed as specified in subclause 9.3.3.2.2.

9.3.3.2.1.1 State transition process

Inputs to this process are the current pStateldx, the decoded value binVal and valMPS values of the context variable
associated with ctxIdx.

Outputs of this process are the updated pStateldx and valMPS of the context variable associated with ctxIdx.

Depending on the decoded value binVal, the update of the two variables pStateldx and vaIMPS associated with ctxIdx is

derived 4
if]

el

}

Table 9-
1 — valM

s follows:

binVal == valMPS)
pStateldx = transldxMPS( pStateldx )
se { (9-19)
if( pStateldx == 0)
valMPS =1 — valMPS
pStateldx = transIdxLPS( pStateldx )

B4 specifies the transition rules transIdxMPS() and transIdxLPS( ) after decoding ‘the value of valMPS and

PS, respectively.

qCodIRangeldx = (codlRange>>6) & 3
codIRangeLPS = rangeTabLPS[pStateldx])[qCodIRangeldx]
codlRange = codIRange -'codIRangelLPS

Yes codlOffset>= codIRange

binVal = lvalMPS
codlOffset = codlOffset ~.codIRange
codlRange = codIlRangeLPS

binVal = valMPS
pStateldx = transldxMPS[pStateldx]

pStateldx == 07?

Yes j

‘ valMPS = 1 - valMPS
No ‘

pStateldx = transldxLPS[pStateldx]

i

RenormD

|

198

Done

Figure 9-3 — Flowchart for decoding a decision
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qCodIRangeldx qCodIRangeldx
pStateldx pStateldx

0 1 2 3 0 1 2 3
0 128 176 208 240 32 27 33 39 45
1 128 167 197 227 33 26 31 37 43
2 128 158 187 216 34 24 30 35 41
3 123 150 178 205 35 23 28 33 39
4 116 142 169 195 36 22 27 32 37
5 111 135 160 185 37 21 26 30 35
6 105 128 152 175 38 20 24 29 33
7 100 122 144 166 39 19 23 27 31
8 95 116 137 158 40 18 22 26 30
9 90 110 130 150 41 17 21 25 28
10 85 104 123 142 42 16 20 23 27
11 81 99 117 135 43 15 19 22 25
12 77 94 111 128 44 14 18 21 24
13 73 89 105 122 45 14 17 20 23
14 69 85 100 116 46 13 16 19 22
15 66 80 95 +10 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 59 69 80 53 9 11 13 15
22 46 56 66 76 54 9 11 12 14
23 43 53 63 72 55 8 10 12 14
24 41 50 59 69 56 8 9 11 13
25 39 48 56 65 57 7 9 11 12
26 37 45 34 a2 S8 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 9-34 — State transition table

pStateldx 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
transldxLPS 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

transldxLPS 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

pStateld 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

=

transIdx|LPS 24 25 26 26 27 27 28 29 29 30 30 30 31 32 32 33

transIdxMPS 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

pStateldik 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63

transIdx|LPS 33 33 34 34 35 35 35 36 36 36 37 37 37 38 38 63

transIdxMPS | 49 50 51 52 53 54 55 56 57 58 59 60 61 62 62 63

9.3.3.2.2| Renormalization process in the arithmetic decoding engine
Inputs tof this process are bits from slice data and the variables codIRange and‘codIOffset.
Outputs pf this process are the updated variables cod[Range and codlOffset.

A flowchart of the renormalization is shown in Figure 9-4. The cuirent value of codIRange is first compared to 0x010(
and furtHer steps are specified as follows.

- If coqIRange is greater than or equal to 0x0100, no renerfalization is needed and the RenormD process is finished;

- Othefwise (codIRange is less than 0x0100), the renormalization loop is entered. Within this loop, the value of
codlRange is doubled, i.e., left-shifted by 1 and.assingle bit is shifted into codlOffset by using read_bits( 1 ).

codlRange< 0x0100

Yes

h 2

codlRange = codIRange << 1
codlOffset = codlOffset << 1
codlOffset = codlOffset | read_bits(1)

v

Done

Figure 9-4 — Flowchart of renormalization

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 codlOffset.
Outputs of this process are the updated variable codIOffset 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.
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First, the value of codlOffset is doubled, i.c., 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.

- If codIOffset is greater than or equal to codlRange, the variable binVal is set equal to 1 and codIOffset is
decremented by codIRange.

- Otherwise (codIOffset is less than codIRange), the variable binVal is set equal to 0.

DecodeBypass

codlOffset = codlOffset << 1
codlOffset = codlOffset | read_bits(1)
lers

codlOffset >=
codlRange
binVal =1

codlOffset = codlOffset - codlRange

Figure 9-5 — Flowchart of bypass decoding process

D.3.3.2.4 Decoding process for binary decisions before términation
nputs to this process are bits from slice data and the variables codIRange and codlOffset.
Dutputs of this process are the updated variables codIRange and codlOffset, and the decoded value binVal.

[his special decoding routine applies to decoding of end of slice flag and of the bin indicating the I P(M mode
corresponding to ctxldx equal to 276. Figure 9-6 shows the flowchart of the corresponding decoding process, [which is
specified as follows.

First, the value of codIRange is decremented by 2. Then, the value of codlOffset is compared to the value of cgdIRange
hind further steps are specified as follows.

If codIOffset is greater than or equal to codIRange, the variable binVal is set equal to 1, no renormalization |s carried
out, and CABAC décoding is terminated. The last bit inserted in register codlOffset is equal to 1. When fdecoding
end of slice flag, this last bit inserted in register codIOffset is interpreted as rbsp_stop_one_bit.

Otherwise (¢odIOffset is less than codIRange), the variable binVal is set equal to 0 and renormalization is pprformed
as specified in subclause 9.3.3.2.2.
NOTE - This procedure may also be implemented using DecodeDecision(ctxIdx) with ctxIdx = 276. In the dase where

the decoded value is equal to 1, seven more bits would be read by DecodeDecision(ctxIdx) and a decodirjg process
would have to adjust its bitstream pointer accordingly to properly decode following syntax elements.
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DecodeTerminate

‘ codIRange = codIRange-2 ‘

Yes codIOffset >= codIRange

binval =0

binvVal =1

9.3.4
This sub
Inputs to
Outputs

This inf
describe
are callg
EncodeH
DecodeTl
codILow
range of

9.3.4.1
This sub

This pro
and all p

Outputs
encoding

In the 1

Furthernjore, a firstBitFlag is-set equal to 1, and bitsOutstanding and symCnt counters are set equal to 0.

NOTH
the ¢
MaxH

precigion requited for the variables bitsOutstanding and symCnt is given by Ceil( Log2( MaxBinCountInSlice + 1) ).

9.3.4.2

B

Figure 9-6 — Flowchart of decoding a decision before termination

Arithmetic encoding process (informative)

tlause does not form an integral part of this Recommendation | International Standard.
this process are decisions that are to be encoded and written.

bf this process are bits that are written to the RBSP.

brmative subclause describes an arithmetic encoding engine that matches the arithmetic decoding enging
| in subclause 9.3.3.2. The encoding engine is essentially symmetric with the decoding engine, i.e., procedure
d in the same order. The following procedures are describednin this section: InitEncoder, EncodeDecision
ypass, EncodeTerminate, which correspond to InitDécoder, DecodeDecision, DecodeBypass, ang
erminate, respectively. The state of the arithmetic encoding engine is represented by a value of the variabld
pointing to the lower end of a sub-interval and a value of the variable codIRange specifying the corresponding
that sub-interval.

Initialisation process for the arithmetic encoding engine (informative)
tlause does not form an integral part of this Recommendation | International Standard.

tess is invoked before encoding the first macroblock of a slice, and after encoding the pcm_alignment zero_ bi
cm_byte data for a macroblock ofitype I PCM.

bf this process are the values'codlLow, codlRange, firstBitFlag, bitsOutstanding, and symCnt of the arithmeti
engine.

nitialisation proceduré~of the encoder, codlLow is set equal to 0, and codlRange is set equal to OxO1FE]

unters bitsOutstanding and symCnt should be sufficiently large to prevent overflow of the related registers. Wher
inCountInSlieé denotes the maximum total number of binary decisions to encode in one slice, the minimum registel

Encoding process for a binary decision (informative)

— The minimumyregister precision required for codlLow is 10 bits and for CodIRange is 9 bits. The precision required fof

|

This sub

claus€ docs not 1orm an 1ntegral part o1 thiS Kecommendation | International Standard.

Inputs to this process are the context index ctxIdx, the value of binVal to be encoded, and the variables codIRange,
codlLow and symChnt.

Outputs of this process are the variables codIRange, codlLow, and symCnt.

Figure 9-7 shows the flowchart for encoding a single decision. In a first step, the variable codIRangeLPS is derived as

follows.

Given the current value of codIRange, codlRange is mapped to the index qCodIRangeldx of a quantised value of

codlRange by using Equation 9-17. 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 9-33, which is assigned to codIRangeLPS.

The valu

202

e of codIRange — codIRangeLPS is assigned to codIRange.
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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 codlRangeLPS. 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.
@codeDecision(ctxldx,binV@

qCodIRangeldx = (codIRange >>6) & 3
codIRangeLPS = rangeTabLPS[pStateldx][qCodIRangeldx]
codIRange = codIRange - codIRangeLPS

l—Yes

codlLow = codILow + codIRange
codIRange = codIRangelLPS

pStateldx !=0 No—i

valMPS =1 - valMPS
Yes

PE— |

pStateldx = transldxLPS[pStateldx] pStateldx = transldxMPS[pStateldx]

RenormE

.

‘ symCnt = symCnt + 1 ‘

Figure 9-7 — Flowchart for encoding a decision

binVal !=
valMPS

D.3.4.3 Renormalization process in the arithmetic encoding engine (informative)
[his subclause.does not form an integral part of this Recommendation | International Standard.
nputs to this process are the variables codIRange, codlLow, firstBitFlag, and bitsOutstanding.

Dutputs,ef this process are zero or more bits written to the RBSP and the updated variables codlRange, ¢odILow,
FfirstBitFlag, and bitsOutstanding.

Y 1. . 1 1 o0—Q
CHOIITIAITZ4UOIT IS HTUSU ALCU IIT T'TZUIT =06,
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RenormE

codlRange < 0x100

codlLow < 0x100 No

The PutBit( ) procedure described in Figure 9-9 provides carry over control. It uses the function WriteBits( B, N ) tha
bits with value B to the bitstream and advances the bitstream pointer by N bit positions. This function assume
the existgnce of a bitstream pointer with an indication of the position of the next bit to be written to the bitstream by thg

writes N

encoding

process.

Yes

codlLow >= 0x200

No i
codlLow = codlLow - 0x100 _
bitsOutstanding = bitsOutstanding + codlLow = codlLow - 0x200
No J'.
PutBit(0) PutBit(1)

A

codIRange = codlRange << 1

codlLow = codlLow << 1

Figure 9-8 — Flowchart of renormalization in the encoder

PutBit(B)

firstBitFlag = 0 WriteBits(B, 1)

204

Yesw

WriteBits(1 - B, 1)

No bitsOutstanding = bitsOutstanding - 1

]

Figure 9-9 — Flowchart of PutBit(B)
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9.3.4.4 Bypass encoding process for binary decisions (informative)

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

Inputs to this process are the variables binVal, codILow, codIRange, bitsOutstanding, and symCnt.

Output of this process is a bit written to the RBSP and the updated variables codlLow, bitsOutstanding, and symCnt.

This encoding process applies to all binary decisions with bypassFlag equal to 1. Renormalization is included in the
specification of this process as given in Figure 9-10.

EncodeBypass(binVal)

codlLow = codlLow << 1

[ @

codlLow = codIlLow + codIRange

codlLow < 0x200

PutBit(1)
l N v

PutBit(0) codlLow = codiLow - 0x400

codlLow = codiLow - 0x200
bitsOutstanding = bitsOutstanding + 1

|
:

symCnt = symCnt + 1

Figure 9-10 — Flowchart of encoding bypass

D.3.4.5¢ “Encoding process for a binary decision before termination (informative)

[his’subclause does not form an integral part of this Recommendation | International Standard

Inputs to this process are the variables binVal, codIRange, codILow, bitsOutstanding, and symCnt.

Outputs of this process are zero or more bits written to the RBSP and the updated variables codlLow, codIRange,
bitsOutstanding, and symCnt.

This encoding routine shown in Figure 9-11 applies to encoding of the end of slice flag and of the bin indicating the
I PCM mb_type both associated with ctxIdx equal to 276.
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EncodeTerminate(binVal)

codIRange = codIRange - 2

f“ ]

‘ od-ow—=—codi-ow-k

When th
Figure 9
end of s

\ il

RenormE

I EncodeFlush

v

symCnt = symCnt + 1

Figure 9-11 — Flowchart of encoding a decision before termination

e value of binVal to encode is equal to 1, CABAC encoding is terminated-and the flushing procedure shown i
12 is applied. In this flushing procedure, the last bit written by WriteBits("B, N ) is equal to 1. When encoding
lice flag, this last bit is interpreted as the rbsp_stop _one_bit.

codlRange =2

v

RenormE

v

PutBit((codlLow >> 9) & 1)

WriteBits(((codILow >> 7) & 3) | 1, 2)

Figure 9-12 — Flowchart of flushing at termination

9.3.4.6

L3-E 43 Y
g PTOLTSSTIroT Iratrvey

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 * BinCountsInNALunits — 3 * 96 * PicSizeInMbs ) / 32) —

NumBytesInVcINALunits ) / 3 ). Depending on the variable k the following applies.
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- Ifk s less than or equal to 0, no cabac_zero word is appended to the NAL unit.

- Otherwise (k is greater than 0), the 3-byte sequence 0x000003 is appended k times to the NAL unit after
encapsulation, where the first two bytes 0x0000 represent a cabac_zero_word and the third byte 0x03 represents an
emulation_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.

NOT]H
would

Each prd
that prof]

NOTH

Each le
Recomm
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correspo
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Specific
profile i
NOTE
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there

A2

A.2.1 [Baseline profile

Bitstrean

Conforng

— TS Recommendation  Imermnationat Standard does ot mctude mdividuaity setectabie “options ™ ar tie decoder, a5t
increase interoperability difficulties.

file specifies a subset of algorithmic features and limits that shall be supported by all decoders conforming t
le.

E — Encoders are not required to make use of any particular subset of features supported in a profile.

vel specifies a set of limits on the values that may be taken by the syntax (elements of thi
endation | International Standard. The same set of level definitions is used with all profiles, but individua
ntations may support a different level for each supported profile. For any given-profile, levels generally
hd to decoder processing load and memory capability.

Requirements on video decoder capability

ies of video decoders conforming to this Recommendation | International(Standard are specified in terms of thg
decode video streams conforming to the constraints of profiles and‘levels specified in this Annex. For eacl
file, the level supported for that profile shall also be expressed.

values are specified in this annex for the syntax elements profile idc and level idc. All other values of
e and level idc are reserved for future use by ITU-T | ISO/IEC:

- Decoders should not infer that when a reserved value of profile”idc or level idc falls between the values specified in thi
hmendation | International Standard that this indicates intermediate capabilities between the specified profiles or levels, a
hre no restrictions on the method to be chosen by ITU-T | ISO/IEC for the use of such future reserved values.

Profiles

hs conforming to the Baseline profile shall obey the following constraints:

—  Only 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.

—  Sequence parameter.sets shall have frame mbs_only flag equal to 1.

—  Picture paranieter sets shall have weighted pred flag and weighted bipred idc both equal to 0.
—  Picture parameter sets shall have entropy coding_mode flag equal to 0.

—  Picture\parameter sets shall have num_slice_groups_minus! in the range of 0 to 7, inclusive.

—  Thedlevel constraints specified for the Baseline profile in subclause A.3 shall be fulfilled.

ance of a bitstream to the Baseline profile is specified by profile idc being equal to 66.

Decoders conforming to the Baseline profile at a speciiic Ievel shall be capable ot decoding all bitstreams 1 whick

profile idc is equal to 66 or constraint_set0 flag is equal to 1 and in which level idc represents a level less than or equal
to the specified level.

A.2.2

Main profile

Bitstreams conforming to the Main profile shall obey the following constraints:

208

—  Only 1, P, and B slice types may be present.
—  NAL unit streams shall not contain nal_unit_type values in the range of 2 to 4, inclusive.
—  Arbitrary slice order is not allowed.

—  Picture parameter sets shall have num_slice groups minusl equal to 0 only.
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—  Picture parameter sets shall have redundant pic_cnt_present flag equal to O only.

—  The level constraints specified for the Main profile in subclause A.3 shall be fulfilled.
Conformance of a bitstream to the Main profile is specified by profile_idc being equal to 77.

Decoders conforming to the Main profile at a specified level shall be capable of decoding all bitstreams

in which

profile idc is equal to 77 or constraint_setl flag is equal to 1 and in which level idc represents a level less than or equal

to the specified level.

A.2.3 Extended profile

Bitstreams conforming to the Extended profile shall obey the following constraints:
—  Sequence parameter sets shall have direct 8x8 inference flag equal to 1.
—  Picture parameter sets shall have entropy coding_mode flag equal to 0.
—  Picture parameter sets shall have num_slice_groups_minus] in the range of 0 to 7z inclusive.

—  The level constraints specified for the Extended profile in subclause A.3 shall be fulfilled.
Conformance of a bitstream to the Extended profile is specified by profile _idc being equal'te 88.

Decoders conforming to the Extended profile at a specified level shall be capable<of,decoding all bitstreams
profile_idc is equal to 88 or constraint_set2 flag is equal to 1 and in which level-idc'represents a level less than
o specified level.

Decoders conforming to the Extended profile at a specified level shall also-be capable of decoding all bitstreams
profile_idc is equal to 66 or constraint_set0 flag is equal to 1, in which/level idc represents a level less than of

in which
or equal

in which
equal to

A3

A3.1

a)

b)

he specified level.

[he following is specified for expressing the constraints,ju this Annex.
Let access unit n be the n-th access unit in decoding order with the first access unit being access unit 0.

Let picture n be the primary coded picture or'the corresponding decoded picture of access unit n.

et the variable fR be derived as follovs;
If picture n is a frame, fR is sétequal to 1 + 172.
Otherwise (picture n is g field), fR is set equal to 1 + (172 * 2).

Bitstreams conforming.to_any profile at a specified level shall obey the following constraints:

Levels

Profile-independent level limits

The nominaltremoval 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, and PicSizeInMbs is the npmber of
macroblocks in picture n.

The difference between consecutive output times of pictures from the DPB as specified in subclauge C.2.2,
satisfies the constraint that At, 4,»( n ) >= Max( PicSizeInMbs + MaxMBPS, fR ), where MaxMBPS is fhe value

Qper‘iﬁed in Table A-1 for pi(‘mrP n_and PicSizeInMbs is the number of macroblocks of pi(‘mrP n_pro ided that

d)

picture n is a picture that is output and is not the last picture of the bitstream that is output.

The sum of the NumBytesInNALunit variables for access unit 0 is less than or equal to
256 * ChromaFormatFactor * ( PicSizeInMbs + MaxMBPS * (t(0)-t,,(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.

The sum of the NumBytesInNALunit variables for access unit n (with n > 0) is less than or equal to
256 * ChromaFormatFactor * 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
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g
h)

PicWidthInMbs <= Sqrt( MaxFS * 8 )
FrameHeightInMbs <= Sqrt( MaxFS * 8 )

max_dec_frame buffering <= MaxDpbSize, where MaxDpbSize is equal to
Min( 1024 * MaxDPB / ( PicWidthInMbs * FrameHeightInMbs * 256 * ChromaFormatFactor ), 16 ) and
MaxDPB is given in Table A-1 in units of 1024 bytes. max_dec frame buffering is also called DPB size.

For the VCL HRD parameters, BitRate[ SchedSelldx ] <= 1000 * MaxBR and CpbSize[ SchedSelldx ] <= 1000
* MaxCPB for at least one value of SchedSelldx, where BitRate[ SchedSelldx ] is given by Equation E-13 and
CpbSize[ SchedSelldx ] is given by Equation E-14 when vcl hrd parameters present flag is equal to 1. MaxBR

i)

k)

D

Table A
correspo

Conforn
the level

and MaxCPB are specified in Table A-1 in units of 1000 bits/s and 1000 bits, respectively. The bitstream shal
satisfy these conditions for at least one value of SchedSelldx in the range 0 to cpb_cnt minusl, inclusive]
CpbSize[ SchedSelldx ] is also called CPB size.

For the NAL HRD parameters, BitRate[ SchedSelldx | <= 1200 * MaxBR and CpbSize[ SchedSelldx{ <= 120
* MaxCPB for at least one value of SchedSelldx, where BitRate[ SchedSelldx ] is given by Equation E-13 ang
CpbSize[ SchedSelldx ] is given by Equation E-14 when nal hrd parameters present flag equal to 1. MaxBRK
land MaxCPB are specified in Table A-1 in units of 1200 bits/s and 1200 bits, respectively.*T'he bitstream shal
satisfy these conditions for at least one value of SchedSelldx in the range 0 to cpb_cnt sminus].

[Vertical motion vector component range does not exceed MaxVmvR in units of\luma frame samples, wherg
MaxVmvR is specified in Table A-1

Horizontal motion vector range does not exceed the range of -2048 to 2047.75, inclusive, in units of lumg
samples

[Number of motion vectors per two consecutive macroblocks in degoding order (also applying to the total fronj
the last macroblock of a slice and the first macroblock of the nextslice in decoding order, and in particular als
applying to the total from the last macroblock of the last slice<0f a picture and the first macroblock of the firs
slice of the next picture in decoding order) does not exceed MaxMvsPer2Mb, where MaxMvsPer2Mb i
specified in Table A-1. The number of motion vectors for.each macroblock is the value of the variable MvCn|
after the completion of the intra or inter prediction proecess for the macroblock.

[Number of bits of macroblock layer( ) datafér any macroblock is not greater than 128 + 2048
ChromaFormatFactor. Depending on entropy~coding mode flag, the bits of macroblock layer( ) data arg
counted as follows.

- If entropy_coding_mode flag is equal’to 0, the number of bits of macroblock layer( ) data is given by thq
number of bits in the macroblock™layer( ) syntax structure for a macroblock.

- Otherwise (entropy codingimode flag is equal to 1), the number of bits of macroblock layer( ) data for
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.]
when parsing the macroblock layer( ) associated with the macroblock.

1 below specifies,the”limits for each level. Entries marked "-" in Table A-1 denote the absence of §
hding limit.

ance to a particular level shall be specified by setting the syntax element level idc equal to a value of ten time
number specified in Table A-1.

210

© ISO/IEC 2004 — All rights reserved


https://standardsiso.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

ISO/IEC 14496-10:2004(E)

Table A-1 — Level limits

Max Max Max Vertical MV
macroblock Max decoded video Max component Max number of
processing frame picture bit rate CPB size range Min motion vectors
rate size buffer size MaxBR MaxCPB MaxVmvR |compression per two
Level | MaxMBPS | MaxFS | MaxDPB | (1000 bits/s or | (1000 bits or | (luma frame ratio consecutive MBs
number (MB/s) (MBs) | (1024 bytes) | 1200 bits/s) 1200 bits) samples) MinCR |MaxMvsPer2Mb
1 1 485 99 148.5 64 175 [-64,+63.75] 2 -
1.1 3000 396 337.5 192 500 [-128,+127.75] 2 -
1.2 6 000 396 891.0 384 1 000 [-128,+127.75] 2 -
1.3 11 880 396 891.0 768 2 000 [-128,+127.75] 2 -
2 11 880 396 891.0 2 000 2 000 [-128,+127.75] 2 -
2.1 19 800 792 1782.0 4 000 4 000 [-256,+255.75] 2 -
2.2 20250 1620 30375 4 000 4 000 [-256,+255775] 2 -
3 40 500 1620 30375 10 000 10 000 [-256,+255/75] 2 32
3.1 108 000 3 600 6 750.0 14 000 14 000 [-§12;+511.75] 4 6
3.2 216 000 5120 7 680.0 20 000 20 000 [-512,+511.75] 4 6
4 245 760 8192 12 288.0 20 000 25 000 [-512,+511.75] 4 6
4.1 245 760 8192 12 288.0 50 000 62500 [-512,+511.75] 2 6
4.2 491 520 8192 12 288.0 50 000 62 500 [-512,+511.75] 2 6
5 589 824 22 080 41 400.0 135 000 135 000 [-512,+511.75] 2 6
5.1 983 040 36 864 69 120.0 240-000 240 000 [-512,+511.75] 2 6

_evels with non-integer level numbers in 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.

nformative subclause A.3.3 shows the effect of these limits on frame rates for several example picture formats.

ified in

equal to

A.3.2  Profile-specific level limits

a) In bitstreams conforming to the Main profile, the removal time of access unit 0 shall satisfy the constfaint that
the number, of slices in picture 0 is less than or equpl to
( PicSizeluMbs + MaxMBPS * (t(0)-t,,(0))) = SliceRate, where SliceRate is the value spe
Table A<3'that applies to picture 0.

b) In bitstteams conforming to the Main profile, the difference 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 of
MaxMBPS * (t(n)-t(n-1))=+ SliceRate, where SliceRate is the value specified in Table A-3 thgt applies
to picture n.

C) Ill bilbLlCdlllb L«Ullf\)llllillg w LhC Iviaiu plUﬁiC, SCHUCTITT DAl dIIICITT STLS b}ldll lldVC dilCbl_S)&S_illfClDllce_ﬂag

equal to 1 for the levels specified in Table A-3.
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
A23).

d) In bitstreams conforming to the Main and Extended profiles, sequence parameter sets shall have

frame_mbs_only flag equal to 1 for the levels specified in Table A-3 for the Main profile and in Table A-4 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).

© ISO/IEC 2004 — All rights reserved

21


https://standardsiso.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

ISO/IEC 14496-10:2004(E)

e)

In bitstreams conforming to the Main and 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-3 for the Main profile and in Table A-4 for the Extended profile.

In bitstreams conforming to the Baseline and Extended profiles, ( xInty,,, — XIntyy, + 6 ) * ( yInty., — ylnty, + 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 list (list O or list 1) for each 8x8 sub-macroblock, where NumSubMbPart( sub_mb_type ) > 1, where
MaxSubMbRectSize is specified in Table A-2 for the Baseline profile and in Table A-4 for the Extended profile
and

A3.2.1

Table A-
H_H in Ta

—  XlInty;, is the minimum value of xInt; among all luma sample predictions for the sub-macroblock
—  XInty,y is the maximum value of xInt; among all luma sample predictions for the sub-macroblock
—  yInty;, is the minimum value of yInt; among all luma sample predictions for the sub-macroblock

—  yInty,, is the maximum value of yInt; among all luma sample predictions for the sub-macrgblock

Baseline profile limits

D specifies limits for each level that are specific to bitstreams conforming to the Baseline profile. Entries markeq
ble A-2 denote the absence of a corresponding limit.

Table A-2 — Baseline profile level limits

Level number | MaxSubMbRectSize
1 576
1.1 576
1.2 576
1.3 576
2 576
2.1 576
2.2 576
3 576
3.1 -
3.2 -
4 .
4.1 -
4.2 -
5 -
5.1 -

A3.2.2

Table A-

in Table
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Matm profite Hmmits

3 specifies limits for each level that are specific to bitstreams conforming to the Main profile. Entries marked "-"
A-3 denote the absence of a corresponding limit.

© ISO/IEC 2004 — All rights reserved


https://standardsiso.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

