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Summary

This Recommendation | International Standard represents a
H.262, and H.263) and it was developed in response to the ¢
various applications such as videoconferencing, digital stor
communication. It is also designed to enable the use of the
variety of network environments. The use of this Recommx
manipulated as a form of computer data and to be stored on
and future networks and distributed on existing and future br

The revision approved 2005-03 contained modifications of -
to as the High, High 10, High 4:2:2, and High 4:4:4 profiles,
of applications addressed by the standard (for example, b
precision and higher-resolution chroma formats). Addition
specified to further broaden the applicability of the video c«
the published text were included.

Corrigendum 1 to ITTU-T Rec. H.264 corrected and updated

up to date relative to the April 2005 output status approved

tech.nically-aligned text ISO/IEC 14496-10. It additionally flacu a BuUEL VL LV TLIVES AL LTTUS VL LlaLLILALLUL auy
defined three previously-reserved sample aspect ratio indicators.

Amendment 1 "Support of additional colour spaces and removal of the High 4:4:4 Profile" contained alterations to
ITU-T Rec. H.264 | ISO/IEC 14496-10 Advanced Video Coding to specify the support of additional colour spaces and to
remove the definition of the High 4:4:4 Profile.
NOTE — ITU-T Rec. H.264 is a twin text with ISO/IEC 14496-10 and this amendment is published in two different documents in
the ISO/IEC series:
—  The removal of the High 4:4:4 profile is found in ISO/IEC 14496-10:2005/Cor.2.

—  The specification for support of additional colour space will be found in ISO/TEC 14496-10:2005/Amd.1.

Amendment 2 "New profiles for professional applications" contained extensions to ITU-T Rec. H.264 | ISO/IEC 14496-
10 Advanced Video Coding to specify the support of five additional profiles intended primarily for professional
applications (the High 10 Intra, High 4:2:2 Intra, High 4:4:4 Intra, CAVLC 4:4:4 Intra, and High 4:4:4 Predictive
profiles) and two new types of supplemental enhancement information (SEI) messages (the post-filter hint SEI message
and the tone mapping information SEI message).

Amendment 3 "Scalable video coding" contained extensions to ITU-T Rec. H.264 | ISO/IEC 14496-10 Advanced Video
Coding to specify a scalable video coding extension in three profiles (the Scalable Baseline, Scalable High, and Scalable
High Intra profiles).

The H.264 edition published in 2005-11 included the text approved 2005-03 and its Corrigendum 1 approved 2005-09.
H.264 (2005) Amd.2 (2007) was available only as pre-published text since it was superseded by H.264 Amd.3 (11/2007)
before its publication; further, H.264 Amd.3 was not published separately. This third edition integrates into the H.264
edition published in 2005-11 all changes approved in Amendments 1 (2006-06), 2 (2007-04) and 3 (2007-11).

Source

ITU-T Recommendation H.264 was approved on 22 November 2007 by ITU-T Study Group 16 (2005-2008) under the
ITU-T Recommendation A.8 procedure.
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deal with particular fields of technical activity. ISO and IEC technical committees collaborate in fields of mutual
interest. Other international organisations. governmental and non-governmental, in liaison with ISO and IEC, also take
part in the work. In the field of information technology. ISO and TEC have established a joint technical committee,
ISO/TEC JTC 1. Draft International Standards adopted by the joint technical committee are circulated to national bodies
for voting. Publication as an International Standard requires approval by at least 75% of the national bodies casting a
vote.

This Recommendation | International Standard was prepared jointly by ITU-T SG 16 Q.6, also known as VCEG (Video
Coding Experts Group), and by ISO/IEC JTC 1/SC 29/WG 11, also known as MPEG (Moving Picture Experts Group).
VCEG was formed in 1997 to maintain prior ITU-T video coding standards and develop new video coding standard(s)
appropriate for a wide range of conversational and non-conversational services. MPEG was formed in 1988 to establish
standards for coding of moving pictures and associated audio for various applications such as digital storage media,
distribution, and communication.

In this Recommendation | International Standard Annexes A through E and G contain normative requirements and are
an integral part of this Recommendation | International Standard.

ITU-T Rec. H.264 (11/2007) XixX
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0.1 Prologue
This subclause does not form an integral part of this Recommendation | International Standard.

As the costs for both processing power and memory have reduced, network support for coded video data has
diversified, and advances in video coding technology have progressed, the need has arisen for an industry standard for
compressed video representation with substantially increased coding efficiency and enhanced robustness to network
environments. Toward these ends the ITU-T Video Coding Experts Group (VCEG) and the ISO/IEC Moving Picture
Experts Group (MPEG) formed a Joint Video Team (JVT) in 2001 for development of a new
Recommendation | International Standard.

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

This Recommendation | International Standard was developed in response to the growing need for higher compression
of moving pictures for varous applications such as videoconferencing, digital storage media, television broadcasting,
internet streaming, and communication. It is also designed to enable the use of the coded video representation in a
flexible manner for a wide variety of network environments. The use of this Recommendation | International Standard
allows motion video to be manipulated as a form of computer data and to be stored on various storage media,
transmitted and received over existing and future networks and distributed on existing and future broadcasting channels.

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

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

CATV  Cable TV on optical networks, copper, etc.

DBS Direct broadcast satellite video services

DSL Digital subscriber line video services

DTTB Digital terrestrial television broadcasting

ISM Interactive storage media (optical disks, etc.)

MMM  Multimedia mailing

MSPN  Multimedia services over packet networks

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

SSM Serial storage media (digital VTR, etc.)

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

This specification has been jointly developed by ITU-T Video Coding Experts Group (VCEG) and the ISO/TEC Moving
Picture Experts Group. It is published as technically-aligned twin text in both organizations ITU-T and ISO/IEC.

ITU-T Rec. H.264 (11/2007) 1
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(LUU4), IS 1ISL dlNCTIUINCTIL (e riaculy rdige CXICISIONs ), dald dil d0uillollal eCciincdal COITIECIIauIl (LuuUd).
Version 4 was approved by ITU-T on 13 September 2005. In both ITU-T and ISO/IEC, the next complete published
version after version 2 was version 4.

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

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 6 refers to the integrated version 5 text after its amendment to support
additional colour space indicators. In the ITU-T, the changes for versions 5 and 6 were approved on 13 June 2006 and
were published as a single amendment.

ITU-T Rec. H.264 | ISO/IEC 14496-10 version 7 refers to the integrated version 6 text after its amendment to define
five new profiles mtended primarily for professional applications (the High 10 Intra, High 4:2:2 Intra, High 4:4:4 Intra,
CAVLC 4:4:4 Intra, and High 4:4:4 Predictive profiles) and two new types of supplemental enhancement information
(SEI) messages (the post-filter hint SEI message and the tone mapping information SEI message). Version 7 was
approved by ITU-T on 6 April 2007.

ITU-T Rec. H.264 | ISO/TEC 14496-10 version 8 (the current specification) refers to the integrated version 7 text after
its amendment to specify scalable video coding in three profiles (Scalable Baseline, Scalable High, and Scalable High
Intra profiles). Version 8 was approved by the ITU-T on 22 November 2007.

0.5 Profiles and levels
This subclause does not form an integral part of this Reconu

This Recommendation | International Standard is designed
applications, bit rates, resolutions, qualities. and services. 4
media, television broadcasting and real-time communicati
requirements from typical applications have been considere«
these have been integrated into a single syntax. Hence, this
different applications.

Considering the practicality of implementing the full syntax
of the syntax are also stipulated by means of "profiles" and
in clause 3.

A "profile" is a subset of the entire bitstream syntax that is

Within the bounds imposed by the syntax of a given profil

performance of encoders and decoders depending upon the -

specified size of the decoded pictures. In many applications } R

a decoder capable of dealing with all hypothetical uses of the syntax within a particular profile.

In order to deal with this problem, "levels" are specified within each profile. A level is a specified set of constraints
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 multiphied
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 to
achieve a subset of the complete syntax, flags, parameters, and other syntax elements are included in the bitstream that
signal the presence or absence of syntactic elements that occur later in the bitstream.

2 ITU-T Rec. H.264 (03/2005)
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to remove spatial correlation inside the transform block before it is quantised, producing an irreversible process that
typically discards less important visual information while forming a close approximation to the source samples. Finally,
the motion vectors or intra prediction modes are combined with the quantised transform coefficient information and
encoded using either variable length codes or arithmetic coding.

Scalable video coding is specified in Annex G of this specification allowing the construction of bitstreams that contain
sub-bitstreams that conform to this specification. For temporal bitstream scalability, i.e., the presence of a sub-bitstream
with a smaller temporal sampling rate than the bitstream, complete access units are removed from the bitstream when
deriving the sub-bitstream. In this case, high-level syntax and inter prediction reference pictures in the bitstream are
constructed accordingly. For spatial and quality bitstream scalability, i.e. the presence of a sub-bitstream with lower
spatial resolution or quality than the bitstream, NAL units are removed from the bitstream when deriving the
sub-bitstream. In this case, inter-layer prediction, i.e., the prediction of the higher spatial resolution or quality signal by
data of the lower spatial resolution or quality signal, is typically used for efficient coding.

Otherwise, the coding algorithm as described in the previous paragraph is used.

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

Because of the conflicting requirements of random access and highly efficient compression, two main coding types are
specified. Intra coding is done without reference to other pictures. Intra coding may provide access points to the coded
sequence where decoding can begin and continue correctly, but typically also shows only moderate compression
efficiency. Inter coding (predictive or bi-predictive) is more efficient using inter prediction of each block of sample
values from some previously decoded picture selected by the encoder. In contrast to some other video coding standards,
pictures coded using bi-predictive inter prediction may also be used as references for inter coding of other pictures.

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

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

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

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

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.

ITU-T Rec. H.264 (11/2007) 3
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This subclause does not form an integral part of this Recommendation | International Standard.

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

0.7 How to read this specification
This subclause does not form an integral part of this Recommendation | International Standard.

It is suggested that the reader 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 the order to parse syntax elements from the bitstream. See subclauses 7.1-7.3 for syntactical order and see
subclause 7.4 for semantics; i.e., the scope, restrictions, and conditions that are imposed on the syntax elements. The
actual parsing for most syntax elements is specified in clause 9 (Parsing process). Finally, clause 8 (Decoding process)
specifies how the syntax elements are mapped into decoded samples. Throughout reading this specification, the reader
should refer to clauses 2 (Normative references), 4 (Abbreviations), and 5 (Conventions) as needed. Annexes A through
E also form an integral part of this Recommendation | International Standard.

Annex A specifies eleven profiles (Baseline, Main, Extended, High, High 10, High 4:2:2, High 4:4:4 Predictive,
High 10 Intra, High 4:2:2 Intra, High 4:4:4 Intra, and CAVLC 4:4:4 Intra), each being tailored to certain application
domains, and defines the so-called levels of the profiles. Annex B specifies syntax and semantics of a byte stream
format for delivery of coded video as an ordered stream of bytes. Annex C specifies the hypothetical reference decoder
and its use to check bitstream and decoder conformance. Annex D specifies syntax and semantics for supplemental
enhancement information message payloads. Finally, Annex E specifies syntax and semantics of the video usability
information parameters of the sequence parameter set.

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

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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the most significant bit on the left and the least significant
f data bits, the most significant bit of a byte is first.

gned when the position is an integer multiple of 8 bits from
r byte or syntax element is said to be byte-aligned when the
aligned.

7m containing start code prefixes and NAL units as specified
ved, but not necessarily required.
element. The category is used to specify the allocation of

7oning. It may also be used in a manner determined by the
x elements in a manner not specified in this

rray or single sample is representing one of the two colour
The symbols used for a chroma array or sample are Cb and

of the three arrays (fuma and two chroma) that make up a
at or the array or a single sample of the array that make up a

: a complementary reference field pair or a complementary

non-reference fields that are in consecutive access units in
-ty where the first field is not already a paired field.
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iy or single sample is representing the monochrome signal
cript used for luma is Y or L.
1 luminance in order to avoid the implication of the use of linear

with the term luminance. The symbol L is sometimes used nstead
.y as used for vertical location.

1 two corresponding blocks of chroma samples of a picture
samples of a monochrome picture or a picture that is coded
1 of a slice or a macroblock pair into macroblocks is a

\ decoding process for coded frames in which some
ks and others may be decoded as field macroblocks.
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that is non-decreasing with increasing picfure position in
re in decoding order or relative to the previous picture
eration that marks all reference pictures as “unused for

Cess.

provide an estimate of the sample value or data element

previously decoded sample values or data elements used in
or data elements.

on of a picture to be used by the decoding process for a
nternational Standard. The primary coded picture contains
7 that have a normative effect on the decoding process are
Dicture.

117 neafila- A cnacihad cuihoat At tha cymtavy At thae uaconunendaﬁon | Illtemaﬁonal Sta.ﬂdard
lecoding process for scaling of transform coefficient levels.

srocess for a bifstream at a point other than the beginming of

1ensional pattern to a one-dimensional pattern such that the
m the first top row of the two-dimensional pattern scanned
1, third, etc., rows of the pattern (going down) each scanned

< structure containing an integer number of bytes that is
pty or has the form of a string of data bits containing syntax
ed by zero or more subsequent bits equal to 0.

. bit equal to 1 present within a raw byfte sequence payload
f the end of the string of data bits within an RBSP can be
' for the RBSP stop bit, which is the last non-zero bit in the
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itstream, how the decoded pictures are marked for inter

wuses specifying some values of a particular syntax element,
values shall not be used in bitstreams conforming to this

may be wused in future extensions of this
T | ISO/TEC.

ction of a sample or data element and its decoded value.

2sented in the decoding process. In one context, the number
xding a non-zero framsform coefficient level in the list of
ag scan or a field scan. In other contexts, run refers to a

the display process, which is not specified in this
tio between the intended horizontal distance between the
:en the rows of the /uma sample array in a frame. Sample

L1 s e N

33



:red 1o De m a Irequency domaimn, that 1s assoclated Wit a
equency index in an inverse transform part of the decoding

tity representing the wvalue associated with a particular
g process prior to scaling for computation of a fransform

ier that is unique with respect to the space of all universal

1 the clauses specifying some values of a particular syntax
d meaning in this Recommendation | International Standard
e as an integral part of this Recommendation | International
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CAVLC
CBR
CPB
DPB
DUT
FIFO
HRD
HSS
IDR
LSB

MBAFF
MSB
NAL
RBSP
SEI
SODB
sSVC

VBR
VCL

Context-based Adaptive Variable Length Coding
Constant Bit Rate

Coded Picture Buffer

Decoded Picture Buffer

Decoder Under Test

First-In, First-Out

Hypothetical Reference Decoder
Hypothetical Stream Scheduler
Instantaneous Decoding Refresh

Least Significant Bit

Macroblock

Macroblock-Adaptive Frame-Field Coding
Most Significant Bit

Network Abstraction Layer

Raw Byte Sequence Payload
Supplemental Enhancement Information
String Of Data Bits

Scalable Video Coding

Universal Unique Identifier

Variable Bit Rate

Video Coding Layer

Variable Length Coding

Video Usability Information
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i=x
X%y Modulus. Remainder of x divided by v, defined only for integers x and y with x >= 0 and y > 0.
When order of precedence is not indicated explicitly by use of parenthesis, the following rules apply:
—  multiplication and division operations are considered to take place before addition and subtraction;
—  multiplication and division operations in sequence are evaluated sequentially from left to right:

—  addition and subtraction operations in sequence are evaluated sequentially from left to right.

52 Logical operators

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

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

The following bit-wise operators are defined as follows:

& 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 another

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

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

x>>y  Arithmetic right shift of a two’s complement integer representation of x by vy 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 have a value equal to the MSB of x prior to the shift operation.

14 ITU-T Rec. H.264 (03/2005)
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+= Increment by amount specified, i.e., x += 3 is equivalent to x = x + 3, and x += (-3) is equivalent

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

5.6 Range notation

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

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

5.7 Mathematical functions

The following mathematical functions are defined as follows:

Abs(x)= [ %

x>=0

X,
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sign(x)= | 13 X>=0 (5-1)
-1 : x<0

Sart(x )= x (5-15)

5.8 Variables, syntax elements, and tables

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

In some cases the syntax tables may use the values of other variables derived from syntax elements values. Such
variables appear in the syntax tables, or text, named by a mixture of lower case and upper case letter and without any
underscore characters. Variables starting with an upper case letter are derived for the decoding of the current syntax
structure and all depending syntax structures. Variables starting with an upper case letter may be used in the decoding
process for later syntax structures mentioning the originating syntax structure of the variable. Variables starting with a
lower case letter are only used within the subclause in which they are derived.

In some cases, "mnemonic" names for syntax element values or variable values are used interchangeably with their
numerical values. Sometimes "mnemonic" names are used without any associated numerical values. The association of
values and names is specified m the text. The names are constructed from one or more groups of letters separated by an
underscore character. Each group starts with an upper case letter and may contain more upper case letters.

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

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

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

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

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

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

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

16 ITU-T Rec. H.264 (03/2005)
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... as follows / ... the following applies.

—  If condition 0, statement 0

—  Otherwise, if condition 1, statement 1

—  Otherwise (informative remark on remaining

Each "If...Otherwise, if...Otherwise, ..." statement in the te
applies" immediately followed by "If ... ". The last condi
"Otherwise, ...". Interleaved "If...Otherwise, if...Otherwise, .
or "... the following applies" with the ending "Otherwise, ..."

In the text, a statement of logical operations as would be des

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

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

ement 0

are true, statement 1

In 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

ITU-T Rec. H.264 (11/2007) 17
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In the specification of a process, a specific macroblock may be referred to by the variable name having a value equal to
the address of the specific macroblock.

6 Source, coded, decoded and output data formats, scanning processes, and
neighbouring relationships

6.1 Bitstream formats

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

The bitstream can be in one of two formats: the NAL unit stream format or the byte stream format. The NAL unit
streamn format 1s conceptually the more "basic" type. It consists of a sequence of syntax structures called NAL umits.
This sequence 1s ordered in decoding order. There are constramnts imposed on the decoding order (and contents) of the
NAL units in the NAL unit stream.

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

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

The video source that is represented by the bitstream is a sequence of either or both frames or fields (called collectively
pictures) in decoding order.
The source and decoded pictures (frames or fields) are each comprised of one or more sample arrays:

—  Luma (Y) only (monochrome), with or without an auxiliary array.

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

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

—  Arrays representing other unspecified monochrome or tri-stimulus colour samplings (for example, YZX,

also known as XYZ), with or without an auxiliary array.

For convenience of notation and termmnology in this specification, the variables and terms associated with these arrays
are referred to as luma (or L or Y) and chroma, where the two chroma arrays are referred to as Cb and Cr; regardless of
the actual colour representation method in use. The actual colour representation method in use can be indicated in
syntax that is specified in Annex E. The (monochrome) auxiliary arrays, which may or may not be present as auxiliary
pictures in a coded video sequence, are optional for decoding and can be used for such purposes as alpha blending.

The wvariables SubWidthC, and SubHeightC are specified in Table 6-1, depending on the chroma format sampling
structure, which is specified through chroma_format_idc and separate colour plane flag. An entry marked as "-" in
Table 6-1 denotes an undefined value for SubWidthC or SubHeightC. Other values of chroma format ide, SubWidthC,
and SubHeightC may be specified in the future by ITU-T | ISO/IEC.

18 ITU-T Rec. H.264 (03/2005)
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In monochrome sampling there is only one sample array, which is nominally considered the luma array.
In 4:2:0 sampling, each of the two chroma arrays has half the height and half the width of the luma array.
In 4:2:2 sampling, each of the two chroma arrays has the same height and half the width of the luma array.
In 4:4:4 sampling, depending on the value of separate colour plane flag, the following applies.

—  If separate_colour plane flag is equal to 0, each of the two chroma arrays has the same height and width as the
luma array.

—  Otherwise (separate colour plane flag is equal to 1), the three colour planes are separately processed as
monochrome sampled pictures.

The width and height of the luma sample arrays are each an integer multiple of 16. In coded video sequences using
4:2:0 chroma sampling, the width and height of chroma sample arrays are each an integer multiple of 8. In coded vide
sequences using 4:2:2 sampling, the width of the chroma sample arrays is an integer multiple of 8 and the height is an
integer multiple of 16. The height of a luma array that is coded as two separate fields or in macroblock-adaptive frame-
field coding (see below) is an infeger multiple of 32. In coded video sequences using 4:2:0 chroma sampling, the height
of each chroma array that is coded as two separate fields or in macroblock-adaptive frame-field coding (see below) is an
integer multiple of 16. The width or height of pictures output from the decoding process need not be an integer multiple
of 16 and can be specified using a cropping rectangle.

The syntax for the luma and (when present) chroma arrays are ordered such when data for all three colour components
is present, the data for the luma array is first, followed by any data for the Cb array, followed by any data for the Cr
array. unless otherwise specified.

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

The number of bits necessary for the representation of each of the samples in the luma and chroma arrays in a video
sequence is in the range of 8§ to 14, and the number of bits used in the luma array may differ from the number of bits
used in the chroma arrays.

When the value of chroma format idc is equal to 1, the nominal vertical and horizontal relative locations of luma and
chroma samples in frames are shown in Figure 6-1. Alternative chroma sample relative locations may be indicated in
video usability information (see Annex E).

ITU-T Rec. H.264 (11/2007) 19
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X X X X X X

X X X X X X

O O O Frame
X X X X X X

X X X X X X

O O O

X X X X X X

Guide:
X — Location of luma sample
QO — 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.

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

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

NOTE — The shifting of the chroma samples 1s in order for these samples to align vertically to the usual location relative to the
full-frame sampling grid as shown in Figure 6-1.
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—  Otherwise, MbWidthC and MbHeightC are derived as

MbWidthC = 16 / SubWidthC

MbHeightC = 16 / SubHeightC

6.3 Spatial subdivision of pictures and slices

This subclause specifies how a picture is partitioned into :
slice is a sequence of macroblocks, or, when macrobloc
macroblock pairs.

Each macroblock is comprised of one 16x16 luma array and
separate_colour_plane flag is equal to 0, two correspondin
is equal to 1, each macroblock is comprised of one 16x16
frame/field decoding is not in use, each macroblock represet
picture may be divided into two slices as shown in Figure 6-

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

ITU-T Rec. H.264 (11/2007) 23
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Figure 6-7 — A picture with 11 by 9 macroblocks that is partitioned into two slices

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

>

A macroblock pair

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

6.4 Inverse scanning processes and derivation processes for neighbours

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

6.4.1 Inverse macroblock scanning process
Input to this process is a macroblock address mbAddr.

Output of this process is the location ( x, y ) of the upper-!
relative to the upper-left sample of the picture.

24 ITU-T Rec. H.264 (03/2005)
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yO = InverseRasterScan( mbAddr / 2, 16, 32, PicW
Depending on the current macroblock the following
—  If the current macroblock is a frame macrobl¢
x=x0
y=yO + (mbAddr%2) * 16
- Otherwise (the current macroblock is a field 1

x=x0

ITU-T Rec. H.264 (11/2007) 25

a7



Sub-macroblock 0 0 1
partitions 0 0 1

Figure 6-9 — 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.

Output of this process is the location (x, y) of the upper-left luma sample for the macroblock partition mbPartIdx
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) (6-11)
y = InverseRasterScan( mbPartldx, MbPartWidth( mb_type ), MbPartHeight( mb_type ). 16.1) (6-12)

6.4.2.2 Inverse sub-macroblock partition scanning process

Inputs to this process are the mndex of a macroblock partition mbPartldx and the index of a sub-macroblock partition
subMbPartIdx.

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

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

— Ifmb_typeisequal to P_8x8, P_8x8refl, or B_8x8,

v = ITnvarcaR actarQrani enthAMhDartTdv QuhAfhDPartWhidthd cvih mh tvmal mhDartTdw 11
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Figure 6-10 — Scan :

The mverse 4x4 luma block scanning process is specified by

x = InverseRasterScan( luma4x4BIkIdx / 4, 8, 8. 16,0) +In

y = InverseRasterScan( luma4x4BlkIdx / 4, 8, 8,16. 1) +In

6.4.4 Inverse 4x4 Cb or Cr block scanning process for
This process is only invoked when ChromaArrayType is equ

The mverse 4x4 chroma block scanning process 1s identical .o .. ooo . o b i e e e e
subclause 6.4.3 when substituting the term “luma” with t
“lumadx4BlkIdx" with the term “cb4x4BlkIdx™ or the term *

6.4.5 Inverse 8x8 luma block scanning process
Input to this process is the index of an 8x8 luma block luma

Output of this process is the location (x,y) of the upg
luma8x8BlkIdx relative to the upper-left luma sample of the

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

Figure 6-11 — Scan:

The mverse 8x8 luma block scanning process 1is specified by

x = InverseRasterScan( luma8x8BIkIdx, 8, 8, 16,0)

¥ = InverseRasterScan( luma8x8BlkIdx. 8. 8, 16. 1)
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marked as not available:

—  mbAddr<0

—  mbAddr > CurrMbAddr

—  the macroblock with address mbAddr belongs to a different slice than the macroblock with address CurrMbAddr

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

The outputs of this process are:

—  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 macroblock.

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

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

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

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

28 ITU-T Rec. H.264 (03/2005)
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current macroblock pair.
mbAddrD: the address and availability status of the
current macroblock pair.

Figure 6-13 shows the relative spatial locations of the
mbAddrD relative to the current macroblock with CurrMbA

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

top macroblock of the macroblock pair above-left of the

macroblocks with mbAddrA, mbAddrB, mbAddrC, and
ddr.

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

top or the bottom macroblock of a macroblock pair.

mbAddrB

mhAddrA

{ LuTvibAQdr / £ T 1) Ye FICWI1ATNINIVIDS 15 €qual 1o U.

Input to the process in subclause 6.4.7 is mbAddrD =2 *
whether the macroblock mbAddrD is available. In
( CurtMbAddr / 2 ) % PicWidthInMbs is equal to 0.

€

6.4.10 Derivation processes for neighbouring macroblo
Subclause 6.4.10.1 specifies the derivation process for neigh
Subclause 6.4.10.2 specifies the derivation process for neigh

Subelause 6.4.10.3 specifies the derivation process for neis
to 3.

Subclause 6.4.10.4 specifies the derivation process for neigh

5

for a given macroblock in MBAFF frames

2* (CurtMbAddr/2—1) and the output is whether the
mbAddrA is marked as mnot available when

* (CurtMbAddr / 2 — PicWidthInMbs ) and the output 1s

“CurrMbAddr / 2 — PicWidthInMbs + 1) and the output is
ddition, mbAddrC is marked as not available when

1



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

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

LIV L2, L GRULM DD UL Wl LGl W UIUA ALY = Ll WLl

mbAddrN (with N being A or B) is derived as follows:
—  The difference of luma location ( xD, yD ) is set accord

—  The derivation process for neighbouring locations as :
with ( XN, yN ) equal to ( xD, yD ), and the output is as

6.4.10.2 Derivation process for neighbouring 8x8 luma I

Input to this process is an 8x8 luma block index luma8x8BIk

The luma8x8BlkIdx specifies the 8x8 luma blocks of a mact
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The luma location ( XN, yN ) is specified by

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

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

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

The variable luma8x8BIkIdxN is derived as follows.
—  If mbAddrN is not available, luma8x8BIkIdxN is marked as not available.

—  Otherwise (mbAddiN is available), the 8x8 luma block in the macroblock mbAddrN covering the luma
location ( XW, yW ) is assigned to luma8x8BIkIdxN.

6.4.10.3 Derivation process for neighbouring 8x8 chroma blocks for ChromaArrayType equal to 3

This process is only invoked when ChromaAirrayType is equal to 3.

The derivation process for neighbouring 8x8 chroma block is identical to the derivation process for neighbouring 8x8
luma block as specified in subclause 6.4.10.2 when substituting the term “luma” with the term “Cb” or the term “Cr”,
and substituting the term “luma8x8BlkIdx” with the term “cb8x8BlkIdx™ or the term “cr8x8Blkldx™ in all places in
subclause 6.4.10.2.

6.4.10.4 Derivation process for neighbouring 4x4 luma blocks

Input to this process is a 4x4 luma block index lumadx4BIkIdx.

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,

lumadx4BIkIdxA: 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 CurtMbAddr or the address of the macroblock above the current macroblock and its
availability status,

luma4x4BlkIdxB: the index of the 4x4 luma block above the 4x4 block with index lumad4x4BlkIdx and its
availability status.

mbAddrN and lumadx4BIkIdxN (with N being A or B) are ¢

The difference of luma location ( xD. yD ) is set accord

The inverse 4x4 luma block scanning process as specif
mput and ( x, y ) as the output.

The luma location ( XN, yN ) is specified by

xN=x+xD

yN=y+yD

53



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

chromadx4BIkldxA (the index of the 4x4 chroma block to the left of the 4x4 chroma block with index
chroma4x4BIkIdx) and its availability status,

mbAddrB (either equal to CurtMbAddr or the address of the macroblock above the current macroblock) and its
availability status,

chroma4x4BIkIdxB (the index of the 4x4 chroma block above the 4x4 chroma block with index chroma4x4BIkIdx)
and its availability status.

mbAddrN and chroma4x4BIkIdxN (with N being A or B) are derived as follows:

The difference of chroma location ( xD, yD ) is set according to Table 6-2.
The position ( %, y ) of the upper-left sample of the 4x4 chroma block with index chroma4x4BIkIdx is derived by

x = InverseRasterScan( chromadx4Blkldx, 4, 4, 8, 0) (6-25)

y = InverseRasterScan( chroma4x4Blkldx, 4. 4. 8,1 ) (6-26)

The chroma location ( xN, yN ) is specified by

xN=x+xD

yN=y+yD

The derivation process for neighbouring locations as sj
with ( xN, yN ) as the input and the output is assigned t

The variable chroma4x4BIkIdxN is derived as follows.
— If mbAddrN is not available, chromad4x4BIkIdxN

—  Otherwise (mbAddrN is available), the 4x4 chrot
location ( xW, yW ) is assigned to chromadx4Blk

6.4.10.6 Derivation process for neighbouring 4x4 chrom

This process is only invoked when ChromaArrayType is equuu w 3.

The derivation process for neighbouring 4x4 chroma block in 4:4:4 chroma format is identical to the derivation process
for neighbouring 4x4 luma block as specified in subclause 6.4.10.4 when substituting the term “luma” with the term
“Cb” or the term “Cr”, and substituting the term “luma4x4BIkIdx” with the term “cb4x4BlkIdx™ or the term
“crd4x4BIkIdx™ in all places in subclause 6.4.10.4.

6.4.10.7 Derivation process for neighbouring partitions

Inputs to this process are

32

a macroblock partition index mbPartIdx
a current sub-macroblock type curtSubMbType
a sub-macroblock partition index subMbPartldx
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of the current macroblock and its avail
CurrMbAddrimbPartIdx\subMbPartIdx and its availabil

mbAddrN, mbPartldxN, and subMbPartldxN (with N being

—  The inverse macroblock partition scanning process as ¢
the input and ( X, y ) as the output.

—  The location of the upper-left luma sample inside a mac

— If mb_type is equal to P_8x8, P_8x8ref0 or B_8x8
described in subclause 6.4.2.2 is invoked with subM

— Otherwise, ( xS, yS)are setto (0,0).
—  The variable predPartWidth in Table 6-2 is specified as
— Ifmb_typeis equal to P_Skip, B_Skip, or B Direct
— Otherwise, if mb_type is equal to B_8x8, the follow
— If currSubMbType is equal to B_Direct 8xX8, Préws wavsrswus  sw

with (xN, yN ) as the input and the ou1p‘1-.1‘r is assigned tc
—  Depending on mbAddrN, the following applies.

— If mbAddfN is not  available, the
mbAddrN\mbPartIdxN\subMbPartIdxN is marked :

— Otherwise (mbAddrN is available), the following aj

— The macroblock partition in the macroblock m
to mbPartIdxN and the sub-macroblock partitio
sample ( xW, yW )} in the macroblock mbAddr™

— When the partition given by mbPartIdxN and s
mbPartIdxN and the sub-macroblock partition s
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Let maxW and maxH be variables specifying maximum values of the location components xN, xW, and yN. yW,
respectively. maxW and maxH are derived as follows:

—  If this process is invoked for neighbouring luma locations,

maxW =maxH =16 (6-31)

—  Otherwise (this process is invoked for neighbouring chroma locations),

maxW = MbWidthC (6-32)

maxH = MbHeightC (6-33)

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

—  If MbaffFrameFlag is equal to 0, the specification for neighbouring locations in fields and non-MBAFF frames as
described in subclause 6.4.11.1 is applied.

—  Otherwise (MbaffFrameFlag is equal to 1), the speci
described in subclause 6.4.11.2 1s applied.

6.4.11.1 Specification for neighbouring locations in field
The specifications in this subclause are applied when Mbaff

The derivation process for neighbouring macroblock addres
mbAddrA, mbAddrB, mbAddrC, and mbAddrD as well as 1l

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

Table 6-3 — Specific

xN yN
<0 <0
<0 0 .. maxH
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Otherwise (mbAddrX is available), mbAddrN is marked as available and Table 6-4 specifies mbAddN and
yM depending on (xN, yN ), currMbFrameFlag, mbIsTopMbFlag, and the variable mbAddrXFrameFlag,
which is derived as follows.

- If the macroblock mbAddrX is a frame macroblock, mbAddrXFrameFlag is set equal to 1,

Otherwise (the macroblock mbAddrX is a field macroblock), mbAddrXFrameFlag is set equal to 0.

Unspecified values (na) of the above flags in Table 6-4 indicate that the value of the corresponding flag is not relevant
for the current table rows.
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XW = (2N + maxW ) % maxW

yW =( yM + maxH ) % maxH
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/* A statement can be a syntax element with an ass
descriptor or can be an expression used to specify ¢
type. and quantity of syntax elements, as in the foll

syntax_element

conditioning statement

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

{

statement

statement

/* A “while” structure specifies a test of whether a

e T LT - L T . | e LIRS B 1

Y OLLLECLLALL LT LA ebeis

if( condition )

primary statement

else

alternative statement

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

for( initial statement; condition; subsequent statement )

primary statement

ITU-T Rec. H.264 (11/2007)
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— If more data follow in the byte stream, the return value of more_data_in byte stream( ) is equal to TRUE.
—  Otherwise, the return value of more_data_in_byte stream( ) is equal to FALSE.
more_rbsp_data( ) is specified as follows:

—  If there is more data in an RBSP before rbsp_trailing_bits( ), the return value of more rbsp_data( ) is 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 application
(or in Annex B for applications that use the byte stream format).

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

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

read_bits( n ) reads the next n bits from the bitstream and advances the bitstream pointer by n bit positions. When n 1s
equal to 0, read_bits( n ) is specified to return a value equal to 0 and to not advance the bitstream pointer.

Categories (labelled in the table as C) specify the partitioning of slice data into at most three slice data partitions. Slice
data partition A contains all syntax elements of category 2. Slice data partition B contains all syntax elements of
category 3. Slice data partition C contains all syntax elements of category 4. The meaning of other category values is
not specified. For some syntax elements, two category values, separated by a vertical bar, are used. In these cases, the
category value to be applied is further specified in the text. For syntax structures used within other syntax structures, the
categories of all syntax elements found within the included syntax structure are listed, separated by a vertical bar. A
syntax element or syntax structure with category marked as "All" is present within all syntax structures that include that
syntax element or syntax structure. For syntax structures used within other syntax structures, a numeric category value
provided in a syntax table at the location of the inclusion of a syntax structure containing a syntax element with
category marked as "All" is considered to apply to the syntax elements with category "All".

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

— ae(v): context-adaptive arithmetic entropy-coded syntax element. The parsing process for this descriptor is
specified 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 1s 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 ).
— 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
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most significant bit written first. a

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

73 Syntax in tabular form

7.3.1  NAL unit syntax

nal_unit( NumBytesInNALunit ) { C | Descriptor
forbidden_zero bit All | f(1)
nal ref ide All | u(2)
nal unit type All | u(5)

NumBytesInRBSP =0

nalUnitHeaderBytes = 1

if( nal unit type == 14 || nal unmt_type == 20) {
nal unit header sve extension() /* specified in Annex G */
nalUnitHeaderBytes += 3

¥

for( i = nalUnitHeaderBytes; i < NumBytesInNALunit; i++) {
1f( 1 +2 < NumBytesInNATunit && next bits( 24 ) == 0x000003 ) {

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

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

1+=2

emulation_prevention_three byte /* equal to 0x03 */ All | f(8)
1 else

rbsp_byte[ NumBytesInRBSP++ | All | b(8)
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40

seq parameter set_id

if( profile_idc == 100 || profile ide == 110
profile idc == 122 || profile idc == 244
profile idec == 83 || profile idc == 86)

chroma format ide

if( chroma format ide == 3)

separate_colour_plane flag

bit depth luma minus8

bit_depth_chroma minus8

qpprime_y zero_transform bypass flag

seq scaling matrix present flag

if( seq_scaling matrix_present flag )

for(i=0;1<(( chroma format ide !'= 3

seq scaling list present flag[1]

if( seq_scaling_list present flag[i])

offset_for top to bottom_field

num ref frames in pic_order cnt cycle

for(1=0;1<num ref frames in pic order «

offset_for ref frame[1]

}

num ref frames

gaps_in_frame num value allowed flag

pic_width_in mbs minusl

pic_height in map units minusl

frame mbs only flag

ITU-T Rec. H.264 (03/2005)
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0 | u(l)
0 | u)
0 | u)
0 | ue(v)
0 | ue(v)
0 | ue(v)
0 | ue(v)
0 | u@)
0
aultScalingMatrixFlag ) { C | Descriptor
0|1 | se(v)
nextScale = ( lastScale + delta_scale + 256 ) % 256
useDefaultScalingMatrixFlag = (j == 0 && nextScale == 0)
}
scalingList] j ] = ( nextScale == 0) ? lastScale : nextScale
lastScale = scalingList] j |
¥
¥
7.3.2.1.2 Sequence parameter set extension RBSP syntax
seq_parameter set extension rbsp() { C Descriptor
seq parameter set id 10 | uve(v)
aux_format ide 10 | ue(v)
if( aux_format ide != 0) {
bit_depth_aux minus8 10 | uve(v)
alpha_incr flag 10 | wl)
alpha_opaque value 10 | u(w)
alpha_transparent value 10 | u)
j
additional extension_flag 10 | w(l)
thsp_trailing bits() 10
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ops_minusl; iGroup++)
1 | ue(v)
s minusl; iGroup++) {

1 | ue(v)
1 | ue(v)

1| uw(l)
1 | ue(v)
- _ 1 | ue(v)

for(i=0;1<=pic_size in_map units minusl; i++)
slice group id[1] 1 | u)
)
}

num_ref idx 10_active minusl 1 | ue(v)
num_ref idx 11_active minusl 1 | ue(v)

weighted pred flag 1 | u(l)

weighted_bipred idc 1 | u?2)
pic_init gp minus26 /* relative to 26 */ 1 | se(v)
pic_init_gs minus26 /* relative to 26 */ 1 | se(v)
chroma_gqp_index offset 1 | se()

deblocking_filter control present flag 1| u(l)

constrained intra pred flag 1 ]| u(l)

redundant _pic_cnt_present flag 1 | ()

1 ]| u(l)

1 | ()

* transform 8x8 mode flag;
1| u(l)
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7.3.2.3 Supplemental enhancement information RBSP syntax

sei rbsp() { C | Descriptor
do
sei_message( ) 5
while( more rbsp data() )
tbsp_trailing bits( ) 5
}

7.3.2.3.1 Supplemental enhancement information message syntax

sei_message( ) { C | Descriptor
aedandToma = N
5 | f(8)
5 | uw@®)
5 | f(8)
5 | uw@®
5

C | Descriptor

u(3)

=23 =\
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C | Descriptor

C | Descriptor

B

7.3.2.7 Filler data RBSP syntax

filler data rbsp() { C | Descriptor
while( next bits( 8 ) == O0xFF)
ff byte /* equal to OxFF */ 9 | (8)
rbsp trailing bits( ) 9
)

7.3.2.8 Slice layer without partitioning RBSP syntax

| T E ! ~ | I

tbsp slice_trailing_ bits( ) 2
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C | Descriptor
All | ue(v)
All | u(2)
All | ue(v)
ita( ) syntax */ 4
4
rbsp_stop_omne_ bit /* equalto 1 */ All | f(1)
while( 'byte aligned())
rbsp_alignment zero bit /* equal to 0 */ All | (1)

67
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field pic_flag

if( field pic_flag)

bottom field flag

}

if( nal unit type == 5)

idr pic id

if( pic_order cnt type == 0) {

pic_order_ecnt _lsb

if( pic_order present flag && 'field pic fla;

delta_pic_order_cnt_bottom

}

1if( pic_order cnt type ==1 && !delta_pic_ords

delta_pic_order_cnt[ 0]

if( pic_order present flag && !field pic fle

delta_pic order cnt[ 1] se(v)
¥
if( redundant_pic_cnt_present flag )
redundant_pic_cnt ue(v)
if( slice_type == B)
direct_spatial mv_pred_flag u(l)
if( slice type == P || slice type == SP || slice type == B) {
num_ref idx active override flag wl)
if{ num_ref idx active override flag) {
num_ref idx 10 active minusl ue(v)
if{ slice type == B)
num_ref idx 11 _active minusl ue(v)
}
¥
P || slice type == SP)) ||
:==B))
=1 && slice type !'= SI)
ue(v)
se(v)

68




u(1)
se(v)
2 | ue®®)
se(v)
se(v)
y_map_type <= 5)
2 |u)
C | Descriptor
4){
2 | u(l)
o . _ 2 | ue(v)
if( reordering of pic nums idec == 0 ||
reordering of pic nums idc == 1)
abs_diff pic num minusl 2 ue(v)
else if( reordering of pic nums ide == 2)
long term pic_num 2 | ue(w)
} while( reordering of pic nums idc !'= 3)
¥
if{ slice type% 5 == 1) {
ref pic_list_reordering flag 11 2 | u@)
if( ref pic list reordering flag 11)
do {
reordering of pic_nums_ide 2 | ue(v)
if( reordering of pic nums idec == 0 ||
reordering of pic nums idc == 1)
abs_diff pic_num_minusl 2 ue(v)
else if{ reordering_of pic nums _ide == 2)
long_term_pic_num 2 | ue(v)
} while( reordering_of pic nums idc !'= 3)
}
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luma_offset 10[ 1] se(V)
¥
if ( ChromaArrayType '= 0) {
chroma_weight 10 flag u(l)
if( chroma_weight 10 flag)
for(j=0;j<2:j++) {
chroma_weight 10[1][;] se(V)
chroma_offset 10[i][j] se(V)
}
¥
¥
if( slice type% 5 == 1)
for(1=0;1<=num ref idx 11_active minusl:it++) {
luma_weight 11_flag u(l)
if( luma weight 11 flag) {
luma_weight 11[1] se(v)
luma_offset 11[1] se(V)
}
if( ChromaArrayType != 0) {
chroma_weight 11 flag u(l)
if( chroma weight 11 flag)
for(j=0:j<2:j+) {
chroma_weight 11[i][j] se(V)
chroma offset 11[1][;] se(v)
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memory_management_control_opera

if( memory management control opera
memory management control opera

difference of pic_nums minusl

if(memory management control operai

long_term pic num

if( memory management control opera
memory management control opera

long_term_frame idx

if( memory management control opera

max_long term frame idx plusl

} while( memory management control op
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2 ue(v)
rMbAddr )
2 ae(v)
2==0]]
)Skipped ) ) )
U LTI UCLUuLLE uag 2 u(l) | ae(v)
2(314
)
2==0)
2 ae(v)

CurrMbAddr = NextMbAddress( CurrMbAddr )

} while( moreDataFlag )
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3 u(v)
16x16 &&
2
Idx++)
rect 8x8) {
bPartldx]) = 1)
g=0
=0
_ .2 ==1NxN)
2 u(l) | ae(v)
2
16x16) {
2 me(v) | ae(v)
pe '= I NxN &&
&
ct 8x8 inference flag))
2 u(1) | ae(v)
sckPatternChroma >0 | |
16x16) {
2 se(v) | ae(v)
3|4
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mb_type[ mbPartldx ] ):

)

[ compldx ]

(]

se(v) | ae(v)
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AUUAIVALIUVALLEVEL — ILUALUMALICEVEL

LumalLevel = level

LumaLevel8x8 = level8x8

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

NumC8x8 =4/ ( SubWidthC * SubHeightC )

for( 1CbCr = 0; 1CbCr < 2; 1CbCr++)

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

4 * NumC8x8 )

residual_block( ChromaDCLevel[ iCbCr ], 0, 4 * NumC8x8 - 1,

314

else

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

ChromaDCLevel[ iCbCr ][i]=0

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

for( 18x8 = 0; 18x8 < NumC8x8; 18x8++)

for( 14x4 = 0: i4xd < 4: 4x4++)

bmklag, startldx. endldx )

CrIntral 6x16DCLevel =i16x16DClevel

CrIntral 6x16ACLevel = 116x16AClevel

CrLevel = level

CrLevel8x8 = level8x8
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toaed 1

=i~

1 TR a4

sform size 8x8 flag)

vel[ i8x8 * 4 +idx4 ][ 1]

8))

Ix, 4 * endIdx + 3, 64)

3|4
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314 | u(l)
g

3|4 | ce(v)
ssuffixLength )
14){

314 | uw)
th ==0)
§))—4096
&
gth—1)) &&
dx+1){

314 ] ce(v)
H) {

3|4 | ce(v)
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aay wamessmswiiasy_warwas_asvm) s | gL

last_significant_coeff flag[i]

314

ae(v)

if( last_significant coeff flag[i])

mumCoeff=1+1

}

i+

} while(i < numCoeff—1)

coeff abs level minusl[ numCoeff —1 ]

314

ae(v)

coeff sign flag] numCoeff —1 ]

34

ae(v)

coeffLevel] numCoeff -1 ]=
( coeff_abs level minusl[ numCoeff—1]+1)*
(1—2* coeff sign flag] numCoeff—11])

for(i=numCoeff—2;1>=0:1i--)

if( significant coeff flag[1]) {

coeff abs level minusl[i]

314

ae(v)

coeff sign flag[i]

314

ae(v)

coefflevel[ 1] =( coeff abs level minusl[1]+1)*
(1 -2 *coeff sign flag[i])
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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 NumBytesInNAT unit. 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.

forbidden_zero_bit shall be equal to 0.

nal_ref ide not equal to O specifies that the content of the NAL unit contains a sequence parameter set, a sequence
parameter set extension, a subset sequence parameter set, a picture parameter set, a slice of a reference picture, a slice
data partition of a reference picture, or a prefix NAL unit preceding a slice of a reference picture.

For coded video sequences conforming to one or more of the profiles specified in Annex A that are decoded using the
decoding process specified in clauses 2-9, nal ref idc equal to 0 for a NAL umit containing a slice or slice data partition
indicates that the slice or slice data partition 1s part of a non-reference picture.

nal_ref idc shall not be equal to 0 for sequence parameter set or sequence parameter set extension or subset sequence
parameter set or picture parameter set NAL units. When nal ref idc is equal to 0 for one NAL unit with nal unit type
in the range of 1 to 4. inclusive, of a particular picture, it shall be equal to 0 for all NAL units with nal unit type in the
range of 1 to 4, inclusive, of the picture.

nal_ref idc shall not be equal to 0 for NAL units with nal unit_type equal to 5.
nal ref idc shall be equal to 0 for all NAL units having nal unit type equalto 6,9, 10, 11, or 12.
nal_unit_type specifies the type of RBSP data structure contained in the NAL unit as specified in Table 7-1.

The column marked "C" in Table 7-1 lists the categories of the syntax elements that may be present in the NAL unit. In
addition, syntax elements with syntax category "All" may be present, as determined by the syntax and semantics of the
RBSP data structure. The presence or absence of any syntax elements of a particular listed category is determined from
the syntax and semantics of the associated RBSP data structure. nal unit_type shall not be equal to 3 or 4 unless at least
one syntax element is present in the RBSP data structure having a syntax element category value equal to the value of
nal_unit_type and not categorized as "All".

For coded video sequences conforming to one or more of the profiles specified in Annex A that are decoded using the
decoding process specified in clauses 2-9. VCL and non-VCL NAL units are specified m Table 7-1 in the column
labelled "Annex A NAL unit type class". For coded video sequences conforming to one or more of the profiles specified
in Annex G that are decoded using the decoding process specified in Annex G, VCL and non-VCL NAL units are
specified in Table 7-1 in the column labelled "Annex G NAL unit type class". The entry "suffix dependent" for
nal_unit_type equal to 14, specifies the following.

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

—  Otherwise, if the NAL unit directly following in decoding order a NAL unit with nal unit type equal to 14 is a
NAL unit with nal unit type equal to 12, the NAL unit with nal unit type equal to 14 1s a non-VCL NAL unit.

—  Otherwise (the NAL unit directly following in decoding order a NAL unit with nal unit type equal to 14 is a NAL
unit with nal_unit type not equal to 1. 5, or 12), the NAL unit with nal unit type equal to 14 is a non-VCL NAL
unit and decoders shall ignore (remove from the bitstream and discard) the NAL unit with nal unit_type equal to
14 and the NAL unit directly following in decoding order the NAL unit with nal unit type equal to 14.

58 ITU-T Rec. H.264 (03/2005)

80



1 el AT epn rhand )

81



of an 1DK picture NAL umt. 1he following flag 1s specified:

IdrPicFlag = (nal unit type == 5?7 1 : 0)

When the value of nal unit_type is equal to 5 for a NAL ur
not contain NAL units with nal unit type in the range of ]
one or more of the profiles specified in Annex A that are d
such a picture is referred to as an IDR picture.

NOTE 4 — Slice data partitioning cannot be used for IDR pictw
rbsp byte[ 1] is the i-th byte of an RBSP. An RBSP is spec

The RBSP contains an SODB as follows.
—  If the SODB is empty (i.e., zero bits in length), the RB¢
—  Otherwise, the RBSP contains the SODB as follows.

1) The first byte of the RBSP contains the (most sig
the RBSP shall contain the next eight bits of the St

2) r1bsp_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

ity When the 1bsp stop one bit is not the last bit of a byte-aligned byte, one or more
rbsp_alignment zero_bit is present to result in byte aligniment.

3) One or more cabac zero word 16-bit syntax elements equal to 0x0000 may be present in some RBSPs after
the rbsp trailing bits( ) at the end of the RBSP.

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

NOTE 5 — When the boundaries of the RBSP are known, the decoder can extract the SODB from the RBSP by concatenating the
bits of the bytes of the RBSP and discarding the rbsp stop one bit, which 1s the last (least significant, right-most) bit equal to 1,
and discarding any following (less significant, farther to the right) bits that follow it, which are equal to 0. The data necessary for
the decoding process is contained in the SODB part of the RBSP.

emulation_prevention_three byte is a byte equal to 0x03. When an emulation prevention three byte is present in the
NAL unit, it shall be discarded by the decoding process.

The last byte of the NAL unit shall not be equal to 0x00.
Within the NAL unit, the following three-byte sequences sh:
—  0x000000

—  0x000001

—  0x000002

Within the NAL unit, any four-byte sequence that starts w
occur at any byte-aligned position:

—  0x00000300
—  0x00000301
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— to enable identification of the end of the SODB within the NAL unit by searching the RBSP for the
rbsp_stop one bit starting at the end of the RBSP, and

to enable a NAL unit to have a size larger than that of the SODB under some circumstances (using one or more
cabac_zero word).
The encoder can produce a NAL unit from an RBSP by the following procedure:
The RBSP data is searched for byte-aligned bits of the following binary patterns:
‘00000000 00000000 000000xx' (where xx represents any 2 bit pattern: 00, 01, 10, or 11),
and a byte equal to 0x03 is inserted to replace these bit patterns with the patterns.
‘00000000 00000000 00000011 000000xx',

and finally, when the last byte of the RBSP data is equal to 0x00 (which can only occur when the RBSP ends in a
cabac_zero_word), a final byte equal to 0x03 is appended to the end of the data.

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

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

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

7.4.1.2 Order of NAL units and association to coded pictures, access units, and video sequences
This subclause specifies constraints on the order of NAL units in the bitstream.

Any order of NAL units in the bitstream obeying these constraints is referred to in the text as the decoding order of
NAL units. Within a NAL unit, the syntax in subclauses 7.3, D.1, and E.1 specifies the decoding order of syntax
elements. Decoders conforming to this Recommendation | International Standard shall be capable of receiving NAL
units and their syntax elements in decoding order.

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

This subclause specifies the activation process of picture and sequence parameter sets for coded video sequences that
conform to one or more of the profiles specified in Annex A that are decoded using the decoding process specified in
clauses 2-9.
NOTE 1 — The sequence and picture parameter set mechanism decouples the transmission of infrequently changing information
from the transmission of coded macroblock data. Sequence and picture parameter sets may, in some applications, be conveyed
"out-of-band" using a reliable transport mechanism.

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

When a picture parameter set RBSP (with a particular value of pic_parameter set id) is not active and it is referred to
by a coded slice NAL unit or coded slice data partition A NAT 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
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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 1s 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 2 — Because an IDR access unit begins a new coded video sequence and an activated sequence parameter set RBSP must

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

Any sequence parameter set NAL unit containing the value of seq parameter set id for the active sequence parameter
set RBSP shall have the same content as that of the active sequence parameter set RBSP unless it follows the last access
unit of a coded video sequence and precedes the first VCL NAL unit and the first SET NAL unit containing a buffering
period SEI message (when present) of another coded video sequence.
NOTE 3 — If picture parameter set RBSP or sequence parameter set RBSP are conveyed within the bitstream, these constraints
impose an order constraint on the NAL units that contain the picture parameter set RBSP or sequence parameter set RBSP,
respectively. Otherwise (picture parameter set RBSP or sequence parameter set RBSP are conveyed by other means not specified
in this Recommendation | International Standard), they must be available to the decoding process in a timely fashion such that
these constraints are obeyed.

When present, a sequence parameter set extension RBSP includes parameters having a similar function to those of a
sequence parameter set RBSP. For purposes of establishing constraints on the syntax elements of the sequence
parameter set extension RBSP and for purposes of determining activation of a sequence parameter set extension RBSP,
the sequence parameter set extension RBSP shall be considered part of the preceding sequence parameter set RBSP
with the same value of seq parameter _set id. When a sequence parameter set RBSP is present that is not followed by a
sequence parameter set extension RBSP with the same value of seq parameter set id prior to the activation of the
sequence parameter set RBSP, the sequence parameter set extension RBSP and its syntax elements shall be considered
not present for the active sequence parameter set RBSP.

All constraints that are expressed on the relationship between the values of the syntax elements (and the values of
variables derived from those syntax elements) in sequence parameter sets and picture parameter sets and other syntax
elements are expressions of constraints that apply only to the active sequence parameter set and the active picture
parameter set. If any sequence parameter set RBSP is present that is not activated in the bitstream, its syntax elements
shall have wvalues that would conform to the specified constraints if it were activated by reference in an
otherwise-conforming bitstream. If any picture parameter set RBSP is present that is not ever activated in the bitstream,
its syntax elements shall have values that would conform to the specified constraints if it were activated by reference in
an otherwise-conforming bitstream.

During operation of the decoding process (see clause 8), the values of parameters of the active picture parameter set and
the 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 decoding
process for the VCL NAL units of the primary coded picture in the same access unit shall be considered in effect unless
otherwise 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
sequences.

A coded video sequence consists of one or more access units. For coded video sequences that conform to one or more
of the profiles specified in Annex A that are decoded using the decoding process specified in clauses 2-9, the order of
NAL units and coded pictures and their association to access units is deseribed in subelause 7.4.1.2.3.
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7.4.1.2.3 Order of NAL units and coded pictures and association to access units

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

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

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

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

—  access unit delimiter NAL unit (when present)

—  sequence parameter set NAL unit (when present)

—  picture parameter set NAL unit (when present)

—  SEINAL unit (when present)

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

The constraints for the detection of the first VCL NAL unit of a primary coded picture are specified in subclause
74.1.24.

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

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

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

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

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

—  When redundant coded pictures are present, they shall be ordered m ascending order of the value of
redundant_pic_cnt.

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

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

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

—  When an end of stream NAL unit is present, it shall be the last NAL unit.
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Figure 7-1 — Structure of an access unit not containing any NAL units with nal unit type equal to 0,7, 8, or in
the range of 12 to 18, inclusive, or in the range of 20 to 31, inclusive
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the next primary coded picture that follows after it (if any).

pic_parameter set id differs in value.

field pic_flag differs in value.

bottom field flag is present in both and differs in value.

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

pic_order cnt type 1s equal to0 for both and either pic order cnt Isb differs m  value, or
delta_pic_order cnt bottom differs in value.

pic_order cnt type is equal tol for both and either delta pic order ent[ 0] differs in wvalue, or
delta_pic_order ent| 1 ] differs in value.

IdiPicFlag differs in value.
IdrPicFlag is equal to 1 for both and idr_pic_id differs in value.

NOTE 2 — Some of the VCL NAL units in redundant coded pictures or some non-VCL NAL units (e.g., an access unit delimiter
NAL unit) may also be used for the detection of the boundary between access units, and may 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

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

Each VCL NAL unit is part of a coded picture.

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

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

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

—  Ifseparate_colour plane flag is equal to 0, coded slice of an IDR picture NAL units of a slice group shall not
be interleaved with coded slice of an IDR picture NAL units of another slice group and the order of coded
slice of an TNR nicture NAT. nnits within a slice group shall be in the order of increasing macroblock address

IDR picture NAL unit of the particular slice group.

to 1), coded slice of an IDR picture NAL units of a slice
shall not be interleaved with coded slice of an IDR picture
value of colour plane id and the order of coded slices of
particular value of colour plane id shall be in the order of
block of each coded slice of an IDR picture NAL unit of the
of colour plane id.

al to 1, the relative ordering of coded slices having different values
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A NAL units within a slice group shall be in the order of
block of each coded slice of a non-IDR picture NAL unit or
icular slice group. A coded slice data partition A NAL unit
tely precede any present coded slice data partition B NAL
slice data partition A NAL unit with a particular value of
yded slice data partition C NAL unit with the same value of
. unit with the same value of slice_id is not present. When a
articular value of slice id is present, it shall immediately
JAL unit with the same value of slice id.

o 1), coded slice of a non-IDR picture NAL units or coded
p for a particular value of colour plane id shall not be
wre NAL units or coded slice data partition NAL units of
- plane_id and the order of coded slice of a non-IDR picture
JAL units within a slice group for particular value of
z macroblock address for the first macroblock of each coded
lice data partition A NAL unit of the particular slice group
A coded slice data partition A NAL unit associated with a
particular value of slice id and colour plane id shall immediately precede any present coded slice data
partition B NAL unit with the same value of slice id and colour plane id. A coded slice data partition A
NAL unit associated with a particular value of slice id and colour plane id shall immediately precede any
present coded slice data partition C NAL unit with the same value of slice id and colour plane id, when a
coded slice data partition B NAL unit with the same value of slice id and colour plane id is not present.
When a coded slice data partition B NAL unit with a particular value of slice id and colour plane id is
present, it shall immediately precede any present coded slice data partition C NAL unit with the same value
of slice_id and colour plane id.

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

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

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

NAL units having nal unit type in the range of 20 to 23, inclusive, shall not precede the first VCL NAL unit of the
primary coded picture within the access unit.

7.4.2 Raw byte sequence payloads and RBSP trailing bits semantics
7.4.2.1 Sequence parameter set RBSP semantics

7.4.2.1.1 Sequence parameter set data semantics
profile_idc and level idc indicate the profile and level to which the coded video sequence conforms.

constraint_set0 flag equal to 1 indicates that the coded video sequence obeys all constraints specified in subclause
A2.1. constraint set) flag equal to 0 indicates that the coded video sequence may or may not obey all constraints
specified in subclause A.2.1.

constraint_setl flag equal to 1 indicates that the coded video sequence obeys all constraints specified in subclause
A.2.2. constraint_setl flag equal to 0 indicates that the coded video sequence may or may not obey all constraints
specified in subclause A.2.2.
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sequence obeys all constraints specified in Annex A for the High 10 Intra profile, and constraint set3 flag equal to
0 indicates that the coded video sequence may or may not obey these corresponding constraints.

—  Otherwise, if profile idc i1s equal to 122, constraint set3 flag equal to 1 indicates that the coded video sequence
obeys all constraints specified in Annex A for the High 4:2:2 Intra profile, and constraint set3 flag equal to 0
indicates that the coded video sequence may or may not obey these corresponding constraints.

—  Otherwise, if profile_ide is equal to 44, constraint_set3 flag shall be equal to 1. When profile_idc is equal to 44,
the value of 0 for constraint_set3 flag is forbidden.

—  Otherwise, if profile idc is equal to 244, constraint_set3 flag equal to 1 indicates that the coded video sequence
obeys all constraints specified in Annex A for the High 4:4:4 Intra profile, and constraint set3 flag equal to 0
indicates that the coded video sequence may or may not obey these corresponding constraints.

—  Otherwise (profile idc is equal to 66.77.0r88 and level idc is not equal to 11), the value of 1 for
constraint_set3 flag is reserved for future use by ITU-T | ISO/IEC. constraint set3 flag shall be equal to 0 for
coded video sequences with profile idec equal to 66, 77, or 88 and level idc not equal to 11 in bitstreams
conforming to this Recommendation | International Standard. Decoders conforming to this Recommendation |
International Standard shall ignore the value of constraint_set3_flag when profile_idc is equal to 66, 77. or 88 and
level idc is not equal to 11.

reserved_zero_dbits shall be equal to 0. Other values of reserved zero_4bits may be specified m the future by ITU-T |
ISO/TEC. Decoders shall ignore the value of reserved zero 4bits.

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 2 — When feasible, encoders should use distinct values of seq parameter set id when the values of other sequence
parameter set syntax elements differ rather than changing the values of the syntax elements associated with a specific value of
seq_parameter set id.

chroma format idc specifies the chroma sampling relative to the luma sampling as specified in subclause 6.2. The

value of chroma format ide shall be in the range of 0 to 3, inclusive. When chroma_format idc is not present, it shall
be inferred to be equal to 1 (4:2:0 chroma format).

separate_colour plane flag equal to 1 specifies that the three colour components of the 4:4:4 chroma format are
coded separately. separate colour plane flag equal to 0 specifies that the colour components are not coded separately.
When separate colour plane flag is not present, it shall be inferred to be equal to 0. When separate colour plane flag
is equal to 1. the primary coded picture consists of three separate components, each of which consists of coded samples
of one colour plane (Y, Cb or Cr) that each use the monochrome coding syntax. In this case, each colour plane is
associated with a specific colour_plane id value.

NOTE 3 — There is no dependency in decoding processes between the colour planes having different colour plane id values. For

example, the decoding process of a monochrome picture with one value of colour plane id does not use any data from

monochrome pictures having different values of colour plane id for inter prediction.

Depending on the value of separate colour plane flag, the value of the variable ChromaArrayType is assigned as
follows.

—  Ifseparate_colour plane flag is equal to 0, ChromaArrayType is set equal to chroma_format idc.
—  Otherwise (separate_colour plane flag is equal to 1), ChromaArrayType is set equal to 0.

bit_depth luma minus8 specifies the bit depth of the samples of the luma array and the value of the luma quantisation
parameter range offset QpBdOffsety, as specified by

BitDepthy = 8 + bit depth luma minus8 (7-2)
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When bit_depth chroma minus8 is not present, it shall be inferred to be equal to 0. bit_depth_chroma minus8 shall be
in the range of 0 to 6, inclusive.

NOTE 4 — The value of bit_depth chroma minus8 is not used in the decoding process when ChromaArrayType is equal to 0. In
particular, when separate_colour plane flag is equal to 1, each colour plane is decoded as a distinct monochrome picture using
the luma component decoding process (except for the selection of scaling matrices) and the luma bit depth is used for all three
colour components.

The variable RawMbBits is derived as

RawMbBits = 256 * BitDepthy + 2 * MbWidthC * MbHeightC * BitDepthc (7-6)

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

seq scaling matrix present flag equal to 1 specifies that the flags seq scaling list present flag[i] for i = 0..7 or
i=0..11 are present. seq scaling matrix present flag equal to 0 specifies that these flags are not present and the
sequence-level scaling list specified by Flat 4x4 16 shall be inferred for i = 0..5 and the sequence-level scaling list
specified by Flat_8x8 16 shall be inferred for i = 6..11. When seq_scaling matrix_present flag is not present, it shall
be inferred to be equal to 0.

The scaling lists Flat 4x4 16 and Flat_8x8 16 are specified as follows:

Flat 4x4 16[i]=16. withi=0.15, (7-7)
Flat 8x8 16[i]=16. withi=0.63. (7-8)

seq scaling list present flag[ i ] equal to 1 specifies that the syntax structure for scaling list i is present in the
sequence parameter set. seq_scaling list_present flag[ i ] equal to 0 specifies that the syntax structure for scaling list i
is not present in the sequence parameter set and the scaling list fall-back rule set A specified in Table 7-2 shall be used
to infer the sequence-level scaling list for index i.
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10 Sl 8x8 Intra Cr 8x8 Intra Cr scaling list scaling list Default 8x8 Intra
fori=8 fori=8

11 Sl 8x8 Inter Cr 8x8 Inter Cr scaling list scaling list Default 8x8 Inter
fori=9 fori=9

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

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

idx 0| 1|2 )|3|4|5[6]| 7|8 (9101112131415

Default_4x4 Intralidx] | 6 | 13|13 1202020 (28 |28 |28 (28|32 |32(32|37]37]42

Default 4x4 Inter[ids]| | 10 [ 14 | 14 | 20 | 20 | 20 [ 24 |24 | 24 | 24 | 27 |27 | 27| 30| 30| 34
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Default 8x8 Imter[idx] | 21 |21 |21 (21 |21 |22 |22 |22 |22 22|22 2224|2424 |24

Table 7-4 (continued) — Specification of default scaling lists Default 8x8 Infra and Defaunlt 8x8 Inter

idx 321331343536 |3738|39(40| 41|42 |43 |44 (45| 46 |47

Default 8x8 Intra[idx] | 27 | 27 [ 27 |27 (29 (29|29 |29 (29 (29 (29|31 |31 |31]31(31

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

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

idx 48 (49 |50 | 5152 |53 |54 |55|56|57|58|59|60]61]62](63

Default_8x8 Intralidx] | 31|33 |33 |33 33|33 (36(36]|36|36|38 3838404042

Default 8x8 Inter[idx] |27 (28 |28 (28 |28 |28 |30 |30|30|30|32|32|32|33]33]|35

log2 max_ frame num_minus4 specifies the value of the variable MaxFrameNum that is used in frame num related
derivations as follows:

MaxFrameNum = 2( °g?m=_frame_mm mimsd+4) (7-9)

The value of log2 max frame num mmnus4 shall be in the range of 0 to 12, mclusive.

pic_order cnt_type specifies the method to decode picture order count (as specified in subclause 8.2.1). The value of
pic_order ent 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-reference
field pair followed immediately by an access unit containing a non-reference picture;

—  an access unit containing a non-reference field followed immediately by an access unit containing another
non-reference picture that does not form a complementary non-reference field pair with the first of the two
access units.

log2 max_pic_order cnt Isb _minus4 specifies the value of the variable MaxPicOrderCntLsb that is used in the
decoding process for picture order count as specified in subclause 8.2.1 as follows:

MaxPicOrderCntLsb = 2(!0g2-max_pic_erder_cnt_Isb mimst =) (7-10)
The value of log2 max pic_order cnt 1sb_minus4 shall be in the range of 0 to 12, inclusive.
delta_pic_order always zero flag equal to 1 specifies that delta_pic order ent[ 0 ] and delta pic order cnt[ 1] are

not present in the slice headers of the sequence and shall be inferred to be equal to 0. delta_pic order always zero flag
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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 or A3.2). mclusive.

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 (7-11)

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

PicWidthInSamples; = PicWidthInMbs * 16 (7-12)

The variable for picture width for the chroma components is derived as follows:

PicWidthInSamplesc = PicWidthInMbs * MbWidthC (7-13)

pic_height in_map units_minus1 plus 1 specifies the height in slice group map units of a decoded frame or field.
The variables PicHeightInMapUnits and PicSizeInMapUnits are derived as follows:

PicHeightInMapUnits = pic_height in map units minusl + 1 (7-14)
PicSizeInMapUnits = PicWidthInMbs * PicHeightInMapUnits (7-15)

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

The allowed range of wvalues for pic width in mbs minusl, pic_height in map units minusl, and
frame mbs only flag is specified by constraints in Annex A.

Depending on frame mbs_only flag, semantics are assigned to pic_height_in_map units minusl as follows:

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

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

The variable FrameHeightInMbs is derived as follows:

FrameHeightInMbs = ( 2 — frame mbs only flag ) * PicHeightinMapUnits (7-16)
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The variables CropUnitX and CropUnitY are derived as foll
— If ChromaArrayType is equal to 0, CropUnitX and Cro

CropUnitX = 1

CropUnitY = 2 — frame mbs_only flag

—  Otherwise (ChromaArrayType is equal to 1, 2, or 3), G
CropUnitX = SubWidthC

CropUnitY = SubHeightC * ( 2 — frame n

The frame cropping rectangle contains luma

CropUnitX * frame crop_left offset to PicWidthInSan

vertical frame coordinates from  CropUnitY * flucue vivp cop vasoes s s ssaesavapases e

( CropUnitY * frame crop bottom_offset + 1 ), inclusive. The value of frame crop left offset shall be in the range of
0 to (PicWidthInSamples; / CropUnitX ) — ( frame crop_right offset+1), inclusive: and the value of
frame crop top offset shall be in the range of 0 to (16 * FrameHeightinMbs / CropUnitY )—
( frame_crop_bottom_offset + 1), inclusive.

When frame cropping flag is equal to 0, the values of frame crop left offset, frame crop right offset,
frame crop top offset, and frame crop bottom offset shall be inferred to be equal to 0.

When ChromaArrayType is not equal to 0, the corresponding specified samples of the two chroma arrays are the
samples having frame coordinates ( x / SubWidthC, y / SubHeightC ), where ( x, y ) are the frame coordinates of the
specified luma samples.

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

vui_parameters present flag equal to 1 specifies that the vui_parameters( ) syntax structure as specified in Annex E
is present. vui_parameters present flag equal to 0 specifies that the vui_parameters( ) syntax structure as specified in
Annex E is not present.

7.4.2.1.1.1 Scaling list semantics

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

When useDefaultScalingMatrixFlag is derived to be equal to 1, the scaling list shall be inferred to be equal to the
default scaling list as specified in Table 7-2.

7.4.2.1.2 Sequence parameter set extension RBSP semantics

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

aux_format ide equal to O indicates that there are no auxiliary coded pictures in the coded video sequence.
aux_format idc equal to 1 indicates that exactly one auxiliary coded picture is present in each access unit of the coded
video sequence, and that for alpha blending purposes the decoded samples of the associated primary coded picture in
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bit_depth_aux minus8 specifies the bit depth of the samples of the sample array of the auxiliary coded picture.
bit_depth_aux_minus8 shall be in the range of 0 to 4, inclusive.

alpha_incr_flag equal to O indicates that the interpretation sample value for each decoded auxiliary coded picture
sample value is equal to the decoded auxiliary coded picture sample value for purposes of alpha blending.
alpha_icr flag equal to 1 indicates that, for purposes of alpha blending. after decoding the auxiliary coded picture
samples, any auxiliary coded picture sample value that is greater than Mm(alpha opaque value,
alpha_transparent value) should be increased by one to obtain the interpretation sample value for the auxiliary coded
picture sample, and any auxiliary coded picture sample value that is less than or equal to Min(alpha opaque value,
alpha_transparent value) should be used without alteration as the interpretation sample value for the decoded auxiliary
coded picture sample value.

alpha opaque value specifies the interpretation sample value of an auxiliary coded picture sample for which the
associated luma and chroma samples of the same access unit are considered opaque for purposes of alpha blending. The
number of bits used for the representation of the alpha opaque value syntax element is bit_depth_aux_minus8 + 9 bits.

alpha_transparent_value specifies the interpretation sample value of an auxiliary coded picture sample for which the
associated luma and chroma samples of the same access unit are considered transparent for purposes of alpha blending.
The number of bits used for the representation of the alpha transparent value syntax element is
bit depth aux minus8 + 9 bits.

When alpha _incr flag is equal to 1, alpha transparent value shall not be equal to alpha opaque value and
Log2( Abs( alpha opaque value — alpha transparent value )} shall have an integer value. A value of
alpha_transparent value that is equal to alpha opaque value indicates that the auxiliary coded picture is not intended
for alpha blending purposes.
NOTE 2 — For alpha blending purposes, alpha opaque value may be greater than alpha_transparent value, or it may be less than
alpha transparent value. Interpretation sample values should be clipped to the range of alpha opaque value to
alpha_transparent value, inclusive.
The decoding of the sequence parameter set extension and the decoding of auxiliary coded pictures is not required for
conformance with this Recommendation | International Standard.

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

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

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

— Otherwise (the primary coded picture is not an IDR picture), the auxiliary coded slice syntax shall correspond
to that of a slice having nal unit _type equal to 1 (a slice of a non-IDR picture).

—  The slices of an auxiliary coded picture (when present) shall contam all macroblocks corresponding to those of the
primary coded picture.

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

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

—  The IDR or non-IDR status of each auxiliary coded picture shall be inferred to be the same as the IDR or non-IDR
status of the primary picture in the same access unit, rather than being inferred from the value of nal ref idc.
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dy =sy + ( alphaBwt*by + alphaRange/2 ) / alphaRange

dcg = scg + ( alphaBwt*bcg + alphaRange/2 ) / alphaRange

dcg = scr + ( alphaBwi*bcg + alphaRange/2 ) / alphaRange
When aux format ide is equal to 2, S would be the decoded ¢

again be the decoded picture obtained from the decoded auxil
not involve multiplication of the samples of S by factors obtain

additional extension_flag equal to O indicates that no a
extension syntax structure prior to the RBSP trailing bits. '
The value of 1 for additional extension flag is reserved fo
this Recommendation | International Standard shall i
additional extension flag in a sequence parameter set exten

7.4.2.2 Picture parameter set RBSP semantics

pic_parameter set id identifies the picture parameter s
pic_parameter set id shall be in the range of 0 to 255, inclu:

seq parameter_set id refers to the active sequence param
range of 0 to 31, inclusive.

entropy coding mode flag selects the entropy decoding method to be applied for the syntax elements for which two

descriptors appear in the syntax tables as follows.

— Ifentropy coding mode flag is equal to 0, the method specified by the left descriptor in the syntax table is applied
(Exp-Golomb coded, see subclause 9.1 or CAVLC, see subclause 9.2).

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

table is applied (CABAC, see subclause 9.3).

pic_order present flag equal to 1 specifies that the picture order count related syntax elements are present in the slice
headers as specified in subclause 7.3.3. pic_order present flag equal to O specifies that the picture order count related

syntax elements are not present m the slice headers.
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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.

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[ 1] and bottom right| 1 | specify the top-left and bottom-right corners of a rectangle, respectively. top lefi[ 1 ]

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 1, all of the following constraints shall be obeyed by the values of the syntax elements top left[ i ] and

bottom _right| i ]

— top lefi[1] shall be less than or equal to bottom right{1] and bottom right[ 1] shall be less than
PicSizeInMapUnits.

—  (top_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_group map_typeis 3. 4, or 5.

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

SliceGroupChangeRate = slice_group change rate minusl + 1 (7-21)

pic_size in map units minusl is used to specify the number of slice group map unmits in the picture.
pic_size in map units minusl shall be equal to PicSizelnMapUnits - 1.

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

num_ref idx 10_active minusl specifies the maximum reference index for reference picture list 0 that shall be used to
decode each slice of the picture in which list 0 prediction is used when num ref idx active override flag is equal to 0
for the slice. When MbaffFrameFlag is equal to 1, num ref idx 10 active minus] is the maximum index value for the
decoding of frame macroblocks and 2 * num ref idx 10 active minusl +1 1s the maximum index value for the
decoding of field macroblocks. The value of num_ref idx 10 active_minusl shall be m the range of 0 to 31, inclusive.

num_ref idx 11_active minusl has the same semantics as num_ref idx_10 active_minusl with 10 and list 0 replaced
by 11 and list 1, respectively.

weighted pred flag equal to 0 specifies that weighted prediction shall not be applied to P and SP slices.
weighted pred flag equal to 1 specifies that weighted prediction shall be applied to P and SP slices.
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values for the Cb chroma component. The value of chroma qp index offset shall be i 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 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.

transform 8x8 mode flag equal tol specifies that the 8x8 transform decoding process may be in use (see
subclause 8.5). transform 8x8 mode flag equal to 0 specifies that the 8x8 transform decoding process is not in use.
When transform 8x8 mode flag is not present, it shall be inferred to be 0.

pic_scaling matrix present flag equal to 1 specifies that parameters are present to modify the scaling lists specified
in the sequence parameter set. pic_scaling matrix present flag equal to 0 specifies that the scaling lists used for the
picture shall be inferred to be equal to those specified by the sequence parameter set. When
pic_scaling matrix present flag is not present, it shall be inferred to be equal to 0.

pic_scaling_list present flag[i] equal to 1 specifies that the scaling list syntax structure is present to specify the
scaling list for index i. pic_scaling list present flag[ i ] equal to 0 specifies that the syntax structure for scaling list i is
not present in the picture parameter set and that depending on the value of seq scaling matrix present flag, the
following applies.

—  If seq scaling matrix present flag is equal to 0, the scaling list fall-back rule set A as specified in Table 7-2 shall
be used to derive the picture-level scaling list for index i.

—  Otherwise (seq scaling matrix present flag is equal to 1), the scaling list fall-back rule set B as specified in
Table 7-2 shall be used to derive the picture-level scaling list for index i.

second_chroma_qp_index offset specifies the offset that shall be added to QPy and QSy for addressing the table of
QP¢ values for the Cr chroma component. The value of second chroma qp index offset shall be in the range of -12 to
+12, mclusive.

When second chroma qp_index_offset is not present, it shall be inferred to be equal to chroma qp_index offset.
NOTE — When ChromaArrayType is equal to 0, the values of bit_depth chroma minus8, chroma gp index offset and
second chroma gp index offset are not used in the decoding process. In particular, when separate colour_plane flag 1s equal
to 1, each colour plane is decoded as a distinet monochrome picture using the luma component decoding process (except for the
selection of scaling matrices), including the application of the luma quantisation parameter derivation process without application
of an offset for the decoding of the pictures having colour_plane id not equal to 0.
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last payload size byte is the last byte of the size of an SEI message.

7.4.2.4 Access unit delimiter RBSP semantics

The access unit delimiter may be used to indicate the type of slices present in a primary coded picture and to simplify
the detection of the boundary between access units. There is no normative decoding process associated with the access
unit delimiter.

primary_pic_type indicates that the slice type values for all slices of the primary coded picture are members of the set
listed in Table 7-5 for the given value of primary pic_type.

Table 7-5 — Meaning of primary pic type

primary pic_type | slice_type values that may be present in the primary coded picture
2.7

0.2.5.7

0,1.2,5.6.7

4.9

3.4.8.9

2,4.7.9

0.2.3.4,5.7.8.9

0,1.2,3,4.5.6,7,8.9

||k lw]R]=]O

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.

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 1s a byte equal to OxFF.

7.4.2.8 Slice layer without partitioning RBSP semantics

The slice layer without partitioning RBSP consists of a slice header and slice data.
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slice of the coded picture in decoding order.

— Otherwise (arbitrary slice order is allowed), each slice shall have a unique slice_id value within the set of slices
of the coded picture.

—  Otherwise (separate colour plane flag is equal to 1), the following applies.

— If arbitrary slice order is not allowed as specified in Annex A, the first slice of a coded picture having each
value of colour plane id, in decoding order, shall have slice id equal to 0 and the value of slice_id shall be
incremented by one for each subsequent slice of the coded picture having the same value of colour plane id,
in decoding order.

— Otherwise (arbitrary slice order is allowed) each slice shall have a unique slice id value within each set of
slices of the coded picture that have the same value of colour_plane id.

The range of slice id is specified as follows.
—  If MbaffFrameFlag is equal to 0, slice_id shall be in the range of 0 to PicSizeInMbs - 1, inclusive.
—  Otherwise (MbaffFrameFlag is equal to 1), slice id shall be in the range of 0 to PicSizeInMbs / 2 - 1, inclusive.

7.4.2.9.2 Slice data partition B RBSP semantics

When slice data partitioning is in use, the coded data for a
Slice data partition B contains all syntax elements of catego

Category 3 syntax elements include all syntax elements in t
within that syntax structure for collective macroblock types |

slice id has the same semantics as specified in subclause 7.

colour plane id specifies the colour plane associated with
equal to 1. The value of colour plane id shall be in the ran
correspond to the Y, Cb, and Cr planes, respectively.

NOTE — There is no dependency between the decoding proces:

redundant pic_cnt shall be equal to O for slices and slice
redundant pic cnt shall be greater than 0 for coded slices :
When redundant_pic_cnt is not present, its value shall be inf
be in the range of 0 to 127, inclusive.

The presence of a slice data partition B RBSP is specified as wonows.

—  If the syntax elements of a slice data partition A RBSP indicate the presence of any syntax elements of category 3
in the slice data for a slice, a slice data partition B RBSP shall be present having the same value of slice id and
redundant_pic_cnt as in the slice data partition A RBSP.

—  Otherwise (the syntax elements of a slice data partition A RBSP do not indicate the presence of any syntax
elements of category 3 in the slice data for a slice), no slice data partition B RBSP shall be present having the same
value of slice_id and redundant pic_cnt as in the slice data partition A RBSP.

7.4.2.9.3 Slice data partition C RBSP semantics

When slice data partitioning is in use, the coded data for a single slice is divided into three separate partitions. Slice data
partition C contains all syntax elements of category 4.
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elements of category 4 in the slice data for a shce) 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
cabac zero word is a byte-aligned sequence of two bytes equal to 0x0000.

Let NumBytesInVcINALunits be the sum of the values of NumBytesInNALunit for all VCL NAL units of a coded
picture.

Let BinCountsInNALunits be the number of times that the parsing process function DecodeBin( ), specified in
subclause 9.3.3.2, is invoked to decode the contents of all VCL NAL units of a coded picture. When
entropy_coding_mode_flag is equal to 1, BinCountsInNATunits shall not exceed ( 32 + 3 ) * NumBytesInVcINALunits
+ ( RawMbBits * PicSizeInMbs ) + 32.
NOTE — The constraint on the maximum number of bins resulting from decodmg the contents of the slice layer NAL units can be
met by inserting a number of cabac zero word syntax elements to increase the value of NumBytesInVeINATunits. Fach
cabac_zero word is represmted in a NAL unit by the three-byte sequence 0x000003 (as a result of the constraints on NAL unit
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
rbsp_stop_one_bit shall be equal to 1.
rbsp_alignment zero_bit shall be equal to 0.

743 Slice header semantics

When present, the value of the slice header syntax el
bottom_field flag, idr_pic_id, pic_order cnt_lsb,
delta_pic_order cnt[ 1], sp_for_switch flag, and slice_gro
coded picture.

first mb in_ slice specifies the address of the first macroble
specified in Annex A, the value of first mb in slice is cons

—  If separate_colour plane flag is equal to 0, the valu
first mb_in_slice for any other slice of the current pich

—  Otherwise (separate_colour_plane flag is equal to 1), I
of first mb_in_slice for any other slice of the current §
has the same value of colour plane id.

The first macroblock address of the slice is derived as follows.

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

—  Otherwise (MbaftFrameFlag is equal to 1), first mb in slice * 2 is the macroblock address of the first macroblock
in the slice, which is the top macroblock of the first macroblock pair in the slice, and first mb in_slice shall be in
the range of 0 to PicSizeInMbs / 2 — 1, inclusive.

slice_type specifies the coding type of the slice according to Table 7-6.
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8 SP (SP slice)
SI (SI 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 the
current coded picture shall have a value of slice type equal to the current value of slice type or equal to the current
value of slice_type — 5.

When nal_unit_type is equal to 5 (IDR picture), slice_type shall be equal to 2, 4, 7, or 9.
When num ref frames is equal to 0, slice_type shall be equal to 2,4, 7, or 9.

pic_parameter set id specifies the picture parameter set in use. The value of pic_parameter set id shall be in the
range of 0 to 253, inclusive.

colour plane id specifies the colour plane associated with the current slice RBSP when separate colour plane flag is
equal to 1. The value of colour plane id shall be in the range of 0 to 2, inclusive. colour_plane id equal to 0, 1, and 2
correspond to the Y, Cb, and Cr planes, respectively.

NOTE 1 — There is no dependency between the decoding processes of pictures having different values of colour_plane id.

frame num is used as an identifier for pictures and shall be represented by log2 max frame num minus4 + 4 bits in
the bitstream. frame num is constrained as follows:

The variable PrevRefFrameNum is derived as follows.
—  If the current picture is an IDR picture, PrevRefFrameNum is set equal to 0.
—  Otherwise (the current picture is not an IDR picture), PrevRefFrameNum is set as follows.

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

—  Otherwise, PrevRefFrameNum is set equal to the value of frame num for the previous access unit in
decoding order that contained a reference picture.

The value of frame num is constrained as follows.
—  If the current picture is an IDR picture, frame num shall be equal to 0.

—  Otherwise (the current picture 1s not an IDR picture), referring to the primary coded picture in the previous access
unit in decoding order that contains a reference picture as the preceding reference picture, the value of frame num
for the current picture shall not be equal to PrevRefFrameNum unless all of the following three conditions are true.

—  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
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UnusedShortTermFrameNum = ( PrevRefFrameNum + 1 ) % MaxFrameNum
while( UnusedShortTermFrameNum != frame num ) (7-22)
UnusedShortTermFrameNum = ( UnusedShortTermFrameNum + 1 ) % MaxFrameNum

—  The value of frame num is constrained as follows.

— Ifgaps in frame num value allowed flag is equal to 0, the value of frame num for the current picture shall
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 not be any non-reference pictures in the
bitstream that follow the previous reference picture and precede the current picture in decoding order in
which either of the following conditions is true.

—  The value of frame_num for the non-reference picture is less than PrevRefFrameNum.

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

—  Otherwise (frame num is less than PrevRefFrameNum), there shall not be any non-reference pictures in
the bitstream that follow the previous reference picture and precede the current picture in decoding order
in which both of the following conditions are true.

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

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

A picture including a memory management control operation equal to 5 shall have frame num constraints as
described above and, after the decoding of the current picture and the processing of the memory management control
operations, the picture shall be inferred to have had frame num equal to 0 for all subsequent use in the decoding
process, except as specified in subclause 7.4.1.2.4.

NOTE 3 — When the primary coded picture is not an IDR picture and does not contain memory_management_control_operation
syntax element equal to 5, the value of frame num of a corresponding redundant coded picture is the same as the value of
frame num in the primary coded picture. Alternatively, the redundant coded picture includes a
memory management _control operation syntax element equal to 5 and the corresponding primary coded picture is an IDR
picture.

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

The variable MbaffFrameFlag is derived as follows

MbaftFrameFlag = ( mb _adaptive frame field flag

The variable for the picture height in units of macroblocks is

PicHeightInMbs = FrameHeightInMbs / ( 1 + field p

The variable for picture height for the luma component is de

PicHeightInSamples; = PicHeightInMbs * 16
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The variable CurrPicNum is derived as follows.
— Iffield pic flag is equal to 0, CurrPicNum is set equal
—  Otherwise (field pic_flag is equal to 1), CurrPicNum is

bottom_field flag equal to 1 specifies that the slice is p
specifies that the picture is a coded top field. When this sy
inferred to be equal to 0.

idr_pic_id identifies an IDR picture. The values of idr
unchanged. When two consecutive access units in decoding
the slices of the first such IDR access unit shall differ from t
of idr_pic_id shall be in the range of 0 to 65535, inclusive.

pic_order_cnt_Isb specifies the picture order count modul
for a coded field. The size of the pic order cnt Isb syntax
The value of the pic_order cnt Isb shall be in the range of 0

delta_pic_order cnt_bottom specifies the picture order co
a coded frame as follows.

— If the cument picture includes a memory management control operation equal to 5, the wvalue of
delta_pic_order_cnt_bottom shall be in the range of ( 1 — MaxPicOrderCntLsb ) to 2*! - 1, inclusive.

—  Otherwise (the current picture does not include a memory management control_operation equal to 5), the value of
delta_pic_order cnt bottom shall be in the range of —2°! to 23! - 1, inclusive.

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

delta_pic_order cnt[ 0] specifies the picture order count difference from the expected picture order count for the top
field of a coded frame or for a coded field as specified in subclause 8.2.1. The value of delta pic_order cnt| 0 ] shall be
in the range of -2*! to 2%! - 1, inclusive. When this syntax element is not present in the bitstream for the current slice, it

shall be inferred to be equal to 0.

delta_pic_order cnt[ 1] specifies the picture order count difference from the expected picture order count for the
bottom field of a coded frame specified in subclause 8.2.1. The value of delta_pic_order cnt] 1 ] shall be in the range of
281 t0 2*! - 1, inclusive. When this syntax element is not present in the bitstream for the current slice, it shall be inferred
to be equal to 0.

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

NOTE 4 — Any area of the decoded primary picture and the corresponding area that would result from application of the
decoding process specified in clause 8 for any redundant picture in the same access unit should be visually similar in appearance.

The value of pic_parameter set id in a coded slice or coded slice data partition of a redundant coded picture shall be
such that the value of 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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Otherwise (a primary coded picture is an IDR picture), the following applies.

If a redundant coded picture comresponding to the primary coded picture is 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 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 headers of the
redundant picture must contain a dec ref pic marking syntax( ) structure including a memory management control operation
syntax element equal to 5, and the following apphies.

If the value of long_term reference flag in the primary coded picture is equal to 0, the dec_ref pic_marking syntax structure of
the redundant coded picture must not include a memory management control operation syntax element equal to 6.

Otherwise (the value of long_term reference flag in the primary coded picture is equal to 1), the dec_ref pic_marking syntax
structure of the redundant coded picture must include memory management control operation syntax elements equal to 5, 4, and
6 in decoding order, and the value of max long term frame idx plusl must be equal tol, and the value of
long term frame idx must be equal to 0.

The 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
regardless whether the primary coded picture or any redundant coded picture (instead of the primary coded picture) of
the access unit would be decoded.

e

There 1s no required decoding process for a coded slice or coded slice data partition of a redundant coded picture. When
the redundant pic_cnt in the slice header of a coded 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 constraints as a
coded slice or coded slice data partition of a primary picture.
NOTE 7 — When some of the samples in the decoded primary picture cannot be correctly decoded due to errors or 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 the corresponding samples of the decoded redundant slice. When more than one redundant slice
covers the relevant region of the primary picture, the redundant slice having the lowest value of redundant pic_cnt should be
used.

Redundant slices and slice data partitions having the same value of redundant pic_ent belong to the same redundant
picture. Decoded slices within the same redundant picture need not cover the entire picture area and shall not overlap.

direct_spatial mv_pred_flag specifies the method used in the decoding process to derive motion vectors and reference
indices for inter prediction as follows.

— If direct spatial mv pred flag is equal to 1, the derivation process for luma motion vectors for B Skip,
B Direct 16x16, and B _Direct 8x8 in subclause 8.4.1.2 shall use spatial direct mode prediction as specified in
subclause 8.4.1.2.2.

—  Otherwise (direct_spatial mv_pred flag is equal to 0), the derivation process for luma motion vectors for B_Skip,
B Direct 16x16, and B_Direct 8x8 in subclause 8.4.1.2 shall use temporal direct mode prediction as 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 minusl specified in the referred picture parameter set are
in effect. num ref idx active override flag equal to 1 specifies that the num ref idx 10 active minusl and
num_ref idx 11 _active minusl specified in the referred picture parameter set are overridden for the current slice (and
only for the current slice) by the following values in the slice header.

When the current slice is a P, SP, or B slice and field pic flag is equal to0 and the value of
num_ref idx 10 active minusl in the picture parameter set exceeds 15, num ref idx active override flag shall be
equal to 1.
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num_ref idx I1_active_minusl has the same semantics as num_ret 1dx 10_active_nmnusl with 10 and hst 0 replaced
by 11 and list 1, respectively.

cabac_init_ide specifies the index for determining the initialisation table used in the initialisation process for context
variables. The value of cabac_init_idc shall be in the range of 0 to 2, inclusive.

slice gqp delta specifies the initial value of QPy to be used for all the macroblocks in the slice until modified by the
value of mb gp delta in the macroblock layer. The initial QPy quantisation parameter for the slice is computed as:

SliceQPy =26 + pic_init qp minus26 + slice qp delta (7-28)

The value of slice_qp_delta shall be limited such that SliceQPy is in the range of -QpBdOffsety to +51, inclusive.
sp_for switch_flag specifies the decoding process to be used to decode P macroblocks in an SP slice as follows.

— If sp_for switch flag is equal to 0, the P macroblocks in the SP slice shall be decoded using the SP decoding
process for non-switching pictures as specified in subclause 8.6.1.

—  Otherwise (sp_for switch flag is equal to 1), the P macroblocks in the SP slice shall be decoded using the SP and
SI decoding process for switching pictures as specified in subclause 8.6.2.

slice_qs_delta specifies the value of QSy for all the macroblocks in SP and SI slices. The QSy quantisation parameter
for the slice is computed as:

QSy =26+ pic_init_gs_minus26 + slice_qgs_delta (7-29)

The value of slice qs_delta shall be limited such that QSy is in the range of 0 to 51, inclusive. This value of QSy is used
for the decoding of all macroblocks in SI slices with mb_type equal to SI and all macroblocks in SP slices with
prediction mode equal to inter.

disable_deblocking _filter idc specifies whether the operation of the deblocking filter shall be disabled across some
block edges of the slice and specifies for which edges the filtering is disabled. When disable deblocking filter idc is
not present in the slice header, the value of disable deblocking filter idc shall be inferred to be equal to 0.

The value of disable_deblocking filter idc shall be in the range of 0 to 2, inclusive.

slice alpha c0 offset div2 specifies the offset used in accessing the a and tgy 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 divZ <<1 (7-30)

The value of slice alpha c0 offset div2 shall be in the range of -6 to +6, inclusive. When slice_alpha c0 offset div2
is not present in the slice header, the value of slice_alpha c0_offset div2 shall be inferred to be equal to 0.

slice beta offset div2 specifies the offset used in accessing the [ deblocking filter table for filtering operations
controlled by the macroblocks within the slice. From this value, the offset that is applied when addressing the P table of
the deblocking filter shall be computed as:

FilterOffsetB = slice_beta offset div2 <<1 (7-31)
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to Ceil( PicSizeInMapUnits+SliceGroupChangeRate ), inclusive.

7.4.3.1 Reference picture list reordering semantics

The syntax elements reordering of pic nums ide, abs diff pic num minusl, and long term pic num specify the
change from the initial reference picture lists to the reference picture lists to be used for decoding the slice.

ref pic list reordering flag 10 equal to 1 specifies that the syntax element reordering_of pic_nums idc is present for
specifying reference picture list 0. ref pic_list reordering flag 10 equal to O specifies that this syntax element is not
present.

When ref pic list reordering_flag 10 is equal to 1, the number of times that reordering_of pic nums_ide is not equal
to 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 the initial reference picture list produced as specified in
subclause 8.2.4.2 is equal to "no reference picture”, ref pic list reordering flag 10 shall be equal to1 and
reordering of pic nums ide shall not be equal to3 until RefPicListO] num ref idx 10 active minusl ] in the
reordered list produced as specified in subclause 8.2.4.3 is not equal to "no reference picture".

ref pic list reordering flag 11 equal to 1 specifies that the syntax element reordering of pic nums idc is present for
specifying reference picture list 1. ref pic list reordering flag 11 equal to O specifies that this syntax element is not
present.

When ref pic list reordering_flag 11 is equal to 1, the number of times that reordering_of pic nums_ide is not equal
to 3 following ref pic list reordering flag 11 shall not exceed num ref idx 11 active minusl + 1.

When decoding a slice with slice type equal to 1 or 6 and RefPicListl[ num ref idx 11 _active minus1 ] in the initial
reference picture list produced as specified in subclause 8.2.4.2 is equal to "no reference picture",
ref pic list reordering flag 11 shall be equal to 1 and reordering of pic nums_ide shall not be equal to 3 until
RefPicListl[ num_ref idx 11_active minusl ] in the reordered list produced as specified in subclause 8.2.4.3 is not
equal to "no reference picture”.

reordering of pic nums ide together with abs_diff pic num minusl or long term pic num specifies which of the
reference pictures are re-mapped. The values of reordering of pic nums_idc are specified in Table 7-7. The value of
the first reordering of pic nmums idc that follows immediately after ref pic list reordering flag 10 or
ref pic_list reordering flag 11 shall not be equal to 3.

Table 7-7 — reordering of pic nums_idc operations for reordering of reference picture lists

| SR RO SRR J |n___._|___-______iﬁed

1 minusl is present and corresponds to a difference to
icture number prediction value

1 minusl is present and corresponds to a difference to
umber prediction value

nm is present and specifies the long-term picture number
cture

dering of the initial reference picture list
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luma log2 weight denom shall be 1n the range ot U fo 7, mclusive.

chroma_log2 weight denom is the base 2 logarithm of the denominator for all chroma weighting factors. The value of
chroma log2 weight denom shall be in the range of 0 to 7, inclusive.

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

luma_weight 10[i] is the weighting factor applied to the luma prediction value for list 0 prediction using
RefPicList0[ i ]. When luma weight 10 flag is equal to 1, the value of luma weight 10[ i ] shall be in the range of
—128 to 127, inclusive. When luma weight 10 flag is equal to 0, luma weight 10[ i ] shall be inferred to be equal
to 2Memafog? weight denom g0 R o fPicListO] 1 ].

luma_offset 10[ 1] 1s the additive offset applied to the luma prediction value for list O prediction using RefPicListO[ 1 ].
The value of luma offset 10[ i ] shall be in the range of —128 to 127, inclusive. When luma weight 10 flag is equal
to 0, luma_offset 10[ i ] shall be inferred as equal to 0 for RefPicList0[ 1 ].

chroma_weight 10 flag equal to 1 specifies that weighting factors for the chroma prediction values of list 0 prediction
are present. chroma weight 10 flag equal to 0 specifies that these weighting factors are not present.

chroma_weight 10[i][]] 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_weight 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[ 1 ][ j ] shall be inferred to be equal to 2°iroma log2 weight denom £, R ofPicT istO[ 1 ].

chroma_offset 10[i][j] is the additive offset applied to the chroma prediction values for list 0 prediction using
RefPicList0[ i | with j equal to 0 for Cb and j equal to 1 for Cr. The value of chroma offset 10[ i ][ j ] shall be in the
range of -128 to 127, inclusive. When chroma weight 10 flag is equal to 0, chroma_offset 10[ i ][ j ] shall be inferred
to be equal to 0 for RefPicList0[ i ].

luma_weight 11 flag, luma_weight 11, luma_offset_I1. chroma_weight 11 flag, chroma_weight 11,
chroma_offset 11 have the same semantics as luma weight 10 flag, luma weight 10, Iuma offset 10,
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.

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 nmums 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 1s referred to as being marked as "used
for reference"”, this collectively refers to the picture being marked as "used for short-term reference" or "used for long-
term reference” (but not both). A reference picture that is marked as "used for short-term reference" is referred to as a
short-term reference picture. A reference picture that is marked as "used for long-term reference" is referred to as a
long-term reference picture.

The syntax element adaptive ref pic marking mode flag and the content of the decoded reference picture marking
syntax structure shall be identical for all coded slices of a coded picture.

The syntax category of the decoded reference picture marking syntax structure shall be inferred as follows.

—  If the decoded reference picture marking syntax structure is in a slice header, the syntax category of the decoded
reference picture marking syntax structure shall be inferred to be equal to 2.
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frame indices™ and that the IDR picture is marked as “used for short-term reference”. long_term reference flag equal
to 1 specifies that the MaxLongTermFrameldx variable is set equal to 0 and that the current IDR picture is marked
“used for long-term reference” and is assigned LongTermFrameldx equal to 0. When num _ref frames is equal to 0,
long term reference flag shall be equal to 0.

adaptive ref pic marking mode flag selects the reference picture marking mode of the currently decoded picture as
specified in Table 7-8. adaptive ref pic_marking mode flag shall be equal to 1 when the number of frames,
complementary field pairs, and non-paired fields that are currently marked as "used for long-term reference” is equal to
Max( num_ref frames, 1).

Table 7-8 — Interpretation of adaptive ref pic marking mode flag

adaptive_ref pic_marking mode flag | Reference picture marking mode specified

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

1 Adaptive reference picture marking mode: A reference picture

marking mode providing syntax elements to specify marking of
reference pictures as “nnused for reference™ and to assign long-term
frame indices.

memory_management control operation specifies a control operation to be applied to affect 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 7-9. 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.

For interpretation of memory management control operation, the term reference picture is interpreted as follows.

— If the current picture is a frame, the term reference picture refers either to a reference frame or a complementary
reference field pair.

— Otherwise (the current picture is a field), the term reference picture refers either to a reference field or a field of a
reference frame.

memory management control operation shall not be equal to 1 in a slice header unless the specified reference picture
is marked as "used for short-term reference" when the memory management control operation is processed by the
decoding process.

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

memory management control operation shall not be equal to 3 in a slice header unless the specified reference picture
is marked as "used for short-term reference" when the memory management control operation is processed by the
decoding process.
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to 6 1n the same slice header.

When a memory management control operation equal to
equal to 2, 3, or 4 that follows the memory management_
shall not specify the current picture to be marked as "unused

NOTE 1 — These constraints prohibit any combination of mult
would specify the current picture to be marked as "w
memory management_control operation syntax elements are
pictures more than once in the same slice header. In particu
equal to 3 that specifies a long-term frame index to be assigne
same slice header by a memory management control operati
subsequently be marked as "unused for reference".

Table 7-9 — Memory management control operatior

memory management control operation |!

0 1

s

1 1
fqannicad tar rataranca’’ 1

2 1

3 1
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t

5 1
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1

'
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When decoding a field and a memory_management control operation command equal to 3 is present that assigns a
long-term frame index to a field that is part of a short-term reference frame or part of a short-term complementary
reference field pair, another memory management control operation command to assign the same long-term frame
index to the other field of the same frame or complementary reference field pair shall be present in the same decoded
reference picture marking syntax structure.
NOTE 2 - The above requirement must be fulfilled even when the field referred to by the
memory_management control operation equal to 3 is subsequently marked as "unused for reference" (for example when a
memory_management_control operation equal to 2 is present in the same slice header that causes the field to be marked as
"unused for reference").
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The 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 assigned to
reference frames or complementary reference field pairs.
NOTE 4 — When field pic_flag is equal to 0, the resulting picture number must be a picture number assigned to a
complementary reference field pair in which both fields are marked as "used for reference” or a frame in which both
ficlds are marked as "used for reference”. In particular, when field pic_flag is equal to 0, the marking of a non-paired
field or a2 frame in which a single field is marked as "used for reference” cannot be affected 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.

long term_pic_num is used (with memory management control operation equal to 2) to mark a long-term reference
picture as "unused for reference". When the associated memory management control operation is processed by the
decoding process, long_term_pic_num shall be equal to a long-term picture number assigned to one of the reference
pictures that is currently marked as "used for long-term reference".

The 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-term picture
numbers assigned to reference frames or complementary reference field pairs.
NOTE 5 — When field pic flag is equal to 0, the resulting long-term picture number must be a long-term picture
number assigned to a complementary reference field pair in which both fields are marked as "used for reference" or a
frame in which both fields are marked as "used for reference”. In particular, when ficld pic flag is equal to 0, the
marking of a non-paired field or a frame in which a single field is marked as "used for reference" cannot be affected
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 long-term
picture numbers assigned to reference fields.

long term frame idx is used (with memory management control operation equal to 3 or 6) to assign a long-term
frame mdex to a picture. When the associated memory management control operation is processed by the decoding
process, the value of long term_frame idx shall be in the range of 0 to MaxLongTermFrameldx. inclusive.

max_long term_frame idx plusl minus 1 specifies the maximum value of long-term frame index allowed for
long-term reference pictures (until receipt of another value of max long term frame idx plusl). The value of
max_long term frame idx plusl shall be in the range of 0 to num ref frames, inclusive.

7.44  Slice data semantics
cabac_alignment_one_bit is a bit equal to 1.

mb_skip run specifies the number of consecutive skippe:
mb_type shall be inferred to be P_Skip and the macroblocl
for which, when decoding a B slice, mb_type shall be infe
referred to as a B macroblock type. The value of mb_
CurrMbAddr, inclusive.

mb_skip flag equal to 1 specifies that for the current mac
inferred to be P_Skip and the macroblock type is collectis
decoding a B slice, mb_type shall be inferred to be B_Ski
macroblock type. mb_skip flag equal to 0 specifies that the
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mb_field decoding_flag for the nei_ghmerin g ma croblock pair immediately above the current macroblock pair,

—  Otherwise (there is no neighbouring macroblock pair either immediately to the left or immediately above the
current macroblock pair in the same slice), the value of mb field decoding flag shall be inferred to be equal to 0.

end_of slice flag equal to 0 specifies that another macroblock is following in the slice. end of slice flag equal to 1
specifies the end of the slice and that no further macroblock follows.

The function NextMbAddress( ) used i the slice data syntax table is specified in subclause 8.2.2.

7.4.5 Macroblock layer semantics
mb_type specifies the macroblock type. The semantics of mb_type depend on the slice type.

Tables and semantics are specified for the various macroblock types for I, SI, P, SP, and B slices. Each table presents
the value of mb type, the name of mb type, the number of macroblock partitions used (given by the
NumMbPart( mb_type )} function), the prediction mode of the macroblock (when it is not partitioned) or the first
partition (given by the MbPartPredMode( mb_type, 0 ) function) and the prediction mode of the second partition (given
by the MbPartPredMode( mb_type, 1 ) function). When a value is not applicable it is designated by “na”. In the text, the
value of mb_type may be referred to as the macroblock type and a value X of MbPartPredMode( ) may be referred to in
the text bv "X macroblock (partition) prediction mode" or as “X prediction macroblocks™.

ll'ﬂuﬁlul'ul_but'_olﬂ_uﬂg C\lll-i:ll w1 SpEL'-lllt.'h WAL U1 WC cuici daciUuvivck IS Hallsiunnn CucLicIcin UC\JUUI[I.E.
process and picture construction process prior to deblocking filter process for residual 8x8 blocks shall be invoked for
luma samples, and when ChromaArrayType == 3 also for Cb and Cr samples. transform size 8x8 flag equal to 0
specifies that for the current macroblock the transform coefficient decoding process and picture construction process
prior to deblocking filter process for residual 4x4 blocks shall be invoked for luma samples, and when
ChromaArrayType == 3 also for Cb and Cr samples. When transform_size 8x8 flag is not present in the bitstream, it
shall be inferred to be equal to 0.

NOTE 2 — When the current macroblock prediction mode MbPartPredMode( mb type,0) is equal toIntra 16x16,
transform size 8x8 flag is not present in the bitstream and then inferred to be equal to 0.

When sub mb type[ mbPartldx ] (see subclause 7.4.5.2) is present in the bitstream for all 8x8 blocks indexed by
mbPartldx = 0..3, the variable noSubMbPartSizel.essThan8x8Flag indicates whether for each of the four 8x8 blocks the
corresponding SubMbPartWidth( sub_mb_type[ mbPartldx ] ) and SubMbPartHeight( sub_mb_type[ mbPartldx | ) are
both equal to 8.
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prediction mode, and values of CodedBlockPatternl.uma and CodedBlockPatternChroma are assigned as specified in
Table 7-11.

Intra_4x4 specifies the macroblock prediction mode and specifies that the Intra_4x4 prediction process is invoked as
specified in subclause 8.3.1. Intra_4x4 is an Intra macroblock prediction mode.

Intra_8x8 specifies the macroblock prediction mode and specifies that the Intra_8x8 prediction process is invoked as
specified in subclause 8.3.2. Intra_8x8 is an Intra macroblock prediction mode.

Intra_16x16 specifies the macroblock prediction mode and specifies that the Intra_16x16 prediction process is invoked
as specified m subclause 8.3.3. Intra_16x16 is an Intra macroblock prediction mode.

For a macroblock coded with mb_type equal to I PCM, the Intra macroblock prediction mode shall be inferred.

A macroblock type that may be referred to as SI macroblock type is specified in Table 7-12.

The macroblock types for SI slices are specified in Table 7-12 and 7-11. The mb_type value 0 is specified in Table 7-12
and the mb_type values 1 to 26 are specified in Table 7-11, indexed by subtracting 1 from the value of mb_type.

Lmmmmmemmmm —m—mm e o

Macroblock types that may be collectively referred to as P i

The macroblock types for P and SP slices are specified in "
Table 7-13 and mb_type values 5 to 30 are specified in Tabl
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red LO Pred 1O 16 8
red_LO Pred 1O 8 16
na na 8 8
na na 8 8
red_LO na 16 16

es in Table 7-13.

‘ted with one luma macroblock partition of size 16x16 luma

r 8x16: the samples of the macroblock are predicted using
+ luma partitions of size MxN equal to 8x16, and associated

— P 8x8: for each sub-macroblock an additional syntax element (sub mb type) is present in the bitstream that
specifies the type of the corresponding sub-macroblock (see subclause 7.4.5.2).

— P _8x8ref0: has the same semantics as P_8x8 but no syntax element for the reference index (ref idx 10) is present
in the bitstream and ref idx 10[ mbPartIdx ] shall be inferred to be equal to O for all sub-macroblocks of the

macroblock (with indices mbPartIdx equal to 0..3).

—  P_Skip: no further data is present for the macroblock in the bitstream.

The following semantics are assigned to the macroblock prediction modes (MbPartPredMode( )) in Table 7-13.

—  Pred LO: specifies that the inter prediction process is invoked using list O prediction. Pred 1O is an Inter

macroblock prediction mode.

Macroblock types that may be collectively referred to as B macroblock types are specified in Table 7-14.

The macroblock types for B slices are specified in Table 7-14 and 7-11. The mb_type values 0 to 22 are specified in
Table 7-14 and the mb_type values 23 to 48 are specified in Table 7-11, indexed by subtracting 23 from the value of

mb_type.
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- B - e - . e - -

12 B 10 Bi 16x8 2 Pre

13 B 10 Bi 8x16 2 Pre

14 B L1 Bi 16x8 2 Pre

15 B Ll Bi 8x16 2 Pre

16 B Bi L0 16x8 2 B

17 B Bi L0 8x16 2 B

18 B Bi L1 _16x8 2 B

19 B Bi L1 8x16 2 B

20 B Bi Bi 16x8 2 B

21 B Bi Bi 8x16 2 B

22 B_8x8 4 na na 8 8
inferred B Skip na Direct na 8 8

The following semantics are assigned to the macroblock types in Table 7-14:

— B Direct 16x16: no motion vector differences or reference indices are present for the macroblock in the bitstream.
The functions MbPartWidth( B Direct 16x16 ), and MbPartHeight( B Direct 16x16 ) are used in the derivation
process for motion vectors and reference frame indices in subclause 8.4.1 for direct mode prediction.
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— B 8x8: for each sub-macroblock an additional syntax element (sub_mb type) is present in the bitstream that
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_Skip ). and
MbPartHeight( B_Skip ) are used in the derivation process for motion vectors and reference frame indices in

subclause 8.4.1 for direct mode prediction.

The following semantics are assigned to the macroblock prediction modes (MbPartPredMode( )) in Table 7-14.

—  Direct: no motion vector differences or reference indices are present for the macroblock (in case of B_Skip or
B _Direct _16x16) in the bitstream. Direct is an Inter macroblock prediction mode.

—  Pred LO: see semantics for Table 7-13.

macroblock prediction mode.

Pred L1: specifies that the Inter prediction process is invoked using list 1 prediction. Pred L1 is an Inter

—  BiPred: specifies that the Inter prediction process is invoked using list 0 and list 1 prediction. BiPred is an Inter

macroblock prediction mode.

pem_alignment zero_bit is a bit equal to 0.

pcem_sample luma[ i ] is a sample value. The first pem_s¢
raster scan within the macroblock. The number of bits us:
profile idc is not equal to 44, 100, 110, 122, or 244, pcm_sa

pem_sample chroma[i] is a sample value. The first

represent Cb sample values in the raster scan within the
pem_sample chromal i | values represent Cr sample value:
bits used to represent each of these samples is BitDepthc.

pem_sample chromal 1 | shall not be equal to 0.

coded block pattern specifies which of the four 8x8 luma
contain non-zero transform coefficient levels. When code
CodedBlockPatternL.uma and CodedBlockPatternChroma a1

CodedBlockPatternLuma = coded_block_pattern % 1
CodedBlockPatternChroma = coded _block pattern /

ving applies.
3, the following applies.
ue of CodedBlockPatternL.uma distinguishes between the

AC transform coefficient levels of the luma component of
: 4x4 blocks in the 16x16 luma block.

«qual to 0), CodedBlockPatternLuma is equal to 15, at least
f the luma component of the macroblock shall be non-zero,
:anned for all 16 of the 4x4 blocks in the 16x16 block.
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one of the four 8x8 luma blocks of the macroblock, between the following cases.

—  If the corresponding bit of CodedBlockPatternLuma is equal to 0, all transform coefficient levels of the
luma transform blocks in the 8x8 luma block are equal to zero.

—  Otherwise (the corresponding bit of CodedBlockPatternLuma is equal to 1), one or more transform
coefficient levels of one or more of the luma transform blocks i the 8x8 luma block shall be non-zero
valued and the transform coefficient levels of the corresponding transform blocks are scanned.

—  Otherwise (ChromaArrayType is equal to 3), each of the four LSBs of CodedBlockPatternl.uma
distinguishes, for one of the four 8x8 luma blocks of the macroblock, between the following cases.

—  If the corresponding bit of CodedBlockPatternLuma is equal to 0, all transform coefficient levels of the
luma, Cb, and Cr transform blocks in the 8x8 luma block are equal to zero.

—  Otherwise (the corresponding bit of CodedBlockPatternLuma is equal to 1), one or more transform
coefficient levels of one or more of the luma. Cb, or Cr transform blocks in the 8x8 luma block shall be
non-zero valued and the transform coefficient levels of the corresponding transform blocks are scanned.

When the macroblock type is not equal to I PCM, CodedBlockPatternChroma is interpreted as follows.
—  If ChromaArrayType is not equal to 0 or 3, CodedBlockPatternChroma is specified in Table 7-15.

itstream shall not contain data that results in a derived value

dedBlockPatternChroma values

efficient levels are equal to 0.

C transform coefficient levels shall be non-zero valued.
1 coefficient levels are equal to 0.

DC transform coefficient levels are non-zero valued.
transform coefficient levels shall be non-zero valued.

«ck layer. The decoded value of mb_gp_delta shall be in the
/2), inclusive. mb_qp_delta shall be inferred to be equal
Skip and B_Skip macroblock types).

Mfsety ) % ( 52 + QpBdOffsety ) ) - QpBdOffsety (7-35)

f the previous macroblock in decoding order in the current
ly set equal to SliceQPy derived in Equation 7-28 at the start

(7-36)
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intra_chroma_pred_mode specifies the type of spatial prediction used for chroma in macroblocks using Intra_4x4 or
Intra_16x16 prediction, as shown in Table 7-16. The value of intra_chroma_ pred mode shall be in the range of 0 to 3,
inclusive.

Table 7-16 — Relationship between infra chroma pred mode and spatial prediction modes

intra_chroma_pred_mode Intra Chroma Prediction Mode
0 DC
1 Horizontal
2 Vertical
3 Plane

ref idx 10] mbPartTdx | when present, specifies the index in reference picture list 0 of the reference picture to be used
for prediction.

The range of ref idx 10[ mbPartIdx ], the index in list O of the reference picture, and. if applicable, the parity of the
field within the reference picture used for prediction are specified as follows.

—  If MbaftFrameFlag is equal to 0 or mb _field decoding flag is equal to 0, the value of ref 1dx 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 to1l), the wvalue of
ref idx 10[ mbPartIdx ] shall be in the range of 0 to 2 * num_ref idx 10 active minusl + 1, inclusive.

When only one reference picture is used for inter prediction, the values of ref idx 10[ mbPartldx | shall be inferred to

be equal to 0.

ref idx 11| mbPartldx ] has the same semantics as ref idx_10, with 10 and list O replaced by 11 and list 1, respectively.

mvd_10] mbPartIdx ][ 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[ mbPartIdx ][ 0 ][ compldx ] is specified by constraints on the
motion vector variable values derived from it as specified in Annex A.

mvd_11[ mbPartIdx ][ 0 ][ compldx | has the same semantics as mvd 10, with 10 and LO replaced by 11 and LI,
respectively.

7.4.5.2 Sub-macroblock prediction semantics
sub_mb_type[ mbPartIdx ] specifies the sub-macroblock types.

Tables and semantics are specified for the various sub-macroblock types for P, and B macroblock types. Each table
presents the value of sub_mb_type, the name of sub_mb_type, the number of sub-macroblock partitions used (given by
the NumSubMbPart( sub mb type) function)., and the prediction mode of the sub-macroblock (given by the
SubMbPredMode( sub mb type ) function). In the text, the wvalue of sub mb type may be referred to by
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— P L0 MxN, with MxN being replaced by 8x8, 8x4, 4x8, or 4x4: the samples of the sub-macroblock are predicted
using one luma partition of size MxN equal to 8x8, two luma partitions of size MxN equal to 8x4, or two luma
partitions of size MxN equal to 4x8, or four luma partitions of size MxN equal to 4x4, and associated chroma
samples, respectively.

The following semantics are assigned to the sub-macroblock prediction modes (SubMbPredMode( )) in Table 7-17.
—  Pred LO0: see semantics for Table 7-13.

The interpretation of sub_mb_type[ mbPartIdx ] for B macroblock types is specified in Table 7-18, where the row for
"inferred" specifies values inferred when sub_mb_type[ mbPartIdx ] is not present, and the inferred value "mb_type"
specifies that the name of sub_mb_type[ mbPartIdx ] is the same as the name of mb_type for this case.
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v B _B1 4%% 2 Birred 4 5
10 B L0 4x4 4 Pred 1O 4 4
11 B L1 4x4 4 Pred L1 4 4
12 B_Bi 4x4 4 BiPred 4 4

The following semantics are assigned to the sub-macroblock types in Table 7-18:

B_Skip and B_Direct 16x16: no motion vector differences or reference indices are present for the sub-macroblock
in the bitstream. The functions SubMbPartWidth( ) and SubMbPartHeight( ) are used in the derivation process for
motion vectors and reference frame indices in subclause 8.4.1 for direct mode prediction.

B Direct 8x8: no motion vector differences or reference indices are present for the sub-macroblock in the
bitstream. The functions SubMbPartWidth( B Direct 8x8 ) and SubMbPartHeight( B Direct 8x8 ) are used in the
derivation process for motion vectors and reference frame indices in subclause 8.4.1 for direct mode prediction.

B_X MxN, with X being replaced by L0, L1, or Bi, and MxN being replaced by 8x8, 8x4, 4x8 or 4x4: the samples
of the sub-macroblock are 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.

The following semantics are assigned to the sub-macroblock prediction modes (SubMbPredMode( )) in Table 7-18.

Direct: see semantics for Table 7-14.
Pred 1.0: see semantics for Table 7-13.
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7.45.3 Residual data semantics
The syntax structure residual block( ), which is used for par

—  If entropy_coding_mode flag is equal to 0, residual b
parsing the syntax elements for transform coefficient le

—  Otherwise (entropy coding mode flag is equal to 1), r
used for parsing the syntax elements for transform coef

The syntax structure residual luma( i16x16DClevel, i16x]
brackets being its output and being assigned as follows.

Intral 6x16DCLevel is set equal to 116x16DClevel, Intral 6x
equal to level, and Lumal evel8x8 is set equal to level8x8.

When ChromaArrayType is equal to 1 or 2, the following ap

—  For each chroma component, indexed by iCbCr=0..1
4x4 chroma blocks are parsed into the iCbCr-th list Clu

— For each of the 4x4 chroma blocks, indexed by i14x4 =0..3 and 18x8 = 0.NumC8x8 — 1. of each chroma
component, indexed by iCbCr = 0..1, the 15 AC transform coefficient levels are parsed into the (18x8*4 + 14x4)-th
list of the iCbCr-th chroma component ChromaACLevel[ iCbCr ][ 18x8%4 +i4x4 ].

When ChromaArrayType is equal to 3, the following applies.

— The syntax structure residual luma( 116x16DClevel, i16x16AClevel, level, level8x8) is used for the Cb
component with the variables in brackets being its output and being assigned as follows. CbIntral6x16DCLevel is
set equal to i16x16DClevel, CbIntral6x16ACLevel is set equal to i16x16AClevel, CbLevel is set equal to level,
and CbLevel8x8 is set equal to level8x8.

—  The syntax structure residual_luma( 116x16DClevel, 116x16AClevel, level, level8x8 ) is used for the Cr component
with the variables in brackets being its output and being assigned as follows. CrIntral6x16DCLevel is set equal to
i16x16DClevel, CrIntral6x16ACLevel is set equal to i16x16AClevel, CrLevel is set equal to level, and
CrLevel8x8 is set equal to level8x8.

7.4.5.3.1 Residual luma data semantics
Output of this syntax structure are the variables i16x16DClevel, i16x16AClevel, level, and level8x8.
The syntax structure residual block( ), which is used for parsing the transform coefficient levels, is assigned as follows.

—  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 block is set equal to residual block cabac, which is
used for parsing the syntax elements for transform coefficient levels.

Depending on mb_type, the syntax structure residual block( coeffLevel, maxNumCoeff ) is used with the arguments
coeffLevel, which is a list containing the maxNumCoeff transform coefficient levels that are parsed in residual block( )
and maxNumCoeff as follows.

Depending on MbPartPredMode( mb_type, 0 ), the following applies.

—  If MbPartPredMode( mb_type, 0) is equal to Intra_16x16, the transform coefficient levels are parsed into the list
i16x16DClevel and into the 16 lists i16x16AClevel[ i . 116x16DClevel contains the 16 transform coefficient levels
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NOTE — The 4x4 luma blocks with luma4x4BlkIdx = i8x8 * 4 + i4x4 containing every fourth transform coefficient
level of the corresponding 18x8-th 8x8 luma block with offset 14x4 are assumed to represent spatial locations given
by the inverse 4x4 luma block scanning process in subclause 6.4.3.

—  Otherwise (entropy coding mode flag is equal to 1), the 64 transform coefficient levels of the 18x8-th
block are parsed into the 18x8-th list level8x8[ 18x8 |.

7.4.5.3.2 Residual block CAVLC semantics

The function TotalCoeff{ coeff token ) that is used in subclause 7.3.5.3.2 returns the number of non-zero transform
coefficient levels derived from coeff token.

The function TrailingOnes( coeff token ) that is used in subclause 7.3.5.3.2 returns the trailing ones derived from
coeff token.

coeff token specifies the total number of non-zero transform coefficient levels and the number of trailing one transform
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.
— 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_before specifies the number of consecutive transform coefficient levels in the scan with zero value before a
non-zero valued transform coefficient level. The range of run_before is specified in subclause 9.2.3.

coeffLevel contains maxNumCoeff transform coefficient levels for the current list of transform coefficient levels.

7.4.5.3.3 Residual block CABAC semantics

coded block flag specifies whether the block contains non-zero transform coefficient levels as follows.

—  Ifcoded block flag is equal to 0, the block contains no non-zero transform coefficient levels.

—  Otherwise (coded_block flag is equal to 1), the block contains at least one non-zero transform coefficient level.
When coded block flag is not present, it is inferred to be equal to 1.

significant_coeff flag[ 1] specifies whether the transform coefficient level at scanning position i is non-zero as follows.
—  Ifsignificant coeff flag[ 1] is equal to 0, the transform coefficient level at scanning position i is set equal to 0;

—  Otherwise (significant coeff flag[i] is equal to 1), the transform coefficient level at scanning position 1 has a
non-zero value.
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Otherwise (coeff sign flag is equal to 1), the corresponding transform coefficient level has a negative value.

coefflLevel contains maxNumCoeff transform coefficient levels for the current list of transform coefficient levels.

8

Decoding process

Outputs of this process are decoded samples of the current picture (sometimes referred to by the variable CurrPic).

Depending on the value of chroma_format idc, the number of sample arrays of the current picture is as follows.

If chroma format ide is equal to 0. the current picture consists of 1 sample array Sp.

Otherwise (chroma_format idc is not equal to 0), the current picture consists of 3 sample arrays S;. Scy. Se.-

This clause 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 complete or part of a primary coded picture. Each slice referred to in this
clause is a slice of a primary coded picture. Each slice data partition referred to in this clause is a slice data partition of a
primary coded picture.

Depending on the value of separate_colour_plane flag, the decoding process is structured as follows.

If separate colour plane flag is equal to 0, the decoding process is invoked a single time with the current picture
being the output.

Otherwise (separate_colour plane flag is equal to 1), the decoding process is invoked three times. Inputs to the
decoding process are all NAL units of the primary coded picture with identical value of colour plane id. The
decoding process of NAL units with a particular value of colour plane id is specified as if only a coded video
sequence with monochrome colour format with that particular value of colour plane id would be present in the
bitstream. The output of each of the three decoding processes is assigned to the 3 sample arrays of the current
picture with the NAL umts with colour plane id equal to O being assigned to S;, the NAL units with
colour plane id equal to 1 being assigned to Sc,. and the NAL units with colour plane id equal to 2 being
assigned to Sc,.

NOTE - The variable ChromaArrayType is derived as 0 when separate colour plane flag is equal to 1 and chroma format ide
is equal to 3. In the decoding process, the value of this variable is evaluated resulting in operations identical to that of
monochrome pictures with chroma_format_idc being equal to 0.

An overview of the decoding process is given as follows.

102

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.

—  Vanables 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.
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The intra prediction process for I and SI macroblocks, except for I PCM macroblocks as specified in
subclause 8.3, has intra prediction samples as its output. For I PCM macroblocks subclause 8.3 directly
specifies a picture construction process. The output are the constructed samples prior to the deblocking filter
process.

The inter prediction process for P and B macroblocks is specified in subclause 8.4 with inter prediction
samples being the output.

The transform coefficient decoding process and picture construction process prior to deblocking filter process
are specified in subclause 8.5. That process derives samples for I and B macroblocks and for P macroblocks in
P slices. The output are constructed samples prior to the deblocking filter process.

The decoding process for P macroblocks in SP slices or SI macroblocks is specified in subclause 8.6. That
process derives samples for P macroblocks in SP slices and for SI macroblocks. The output are constructed
samples prior to the deblocking filter process.

The constructed samples prior to the deblocking filter process that are next to the edges of blocks and
macroblocks are processed by a deblocking filter as specified in subclause 8.7 with the output being the

decoded samples.

8.1 NAL unit decoding process
Inputs to this process are NAL units.
Outputs of this process are the RBSP syntax structures encaj

The decoding process for each NAL unit extracts the RBSI
decoding processes specified for the RBSP syntax structure :

Subclause 8.2 describes the decoding process for NAL units

Subclauses 8.3 describes the decoding process for a macr
nal_unit_type equal to 1, 2, and 5.

Subclause 8.4 describes the decoding process for a macre
nal_unit_type equal to 1 and 2.

Subclause 8.5 describes the decoding process for a maecre
nal_unit_type equal to 1 and 3 to 5.

Subclause 8.6 describes the decoding process for a macre
nal unit type equal to 1 and 3 to 5.

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 contam 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.

ITU-T Rec. H.264 (11/2007)

125



for its top field and bottom field, respectively.

—  Each coded field is associated with a picture order ¢
BottomFieldOrderCnt for a bottom field.

—  Each complementary field pair is associated with two
coded top field and the BottomFieldOrderCnt for its co

TopFieldOrderCnt and BottomFieldOrderCnt indicate the |
relative to the first output field of the previous IDR
memory management control_operation equal to 5 in decoc

TopFieldOrderCnt and BottomFieldOrderCnt are derived b
count type 0, 1, and 2 in subclauses 8.2.1.1, 8.2.1.2, and
memory management control operation equal to 5, after tl
equal to PicOrderCnt( CurrPic), TopFieldOrderCnt
TopFieldOrderCnt - tempPicOrderCnt, and BottomFieldO:
BottomFieldOrderCnt - tempPicOrderCnt.

The bitstream shall not contain data that results in Min( Toj

coded IDR frame, TopFieldOrderCnt not equal to 0 for a coded IDR top field, or BottomFieldOrderCnt not equal to 0
for a coded IDR bottom field. Thus, at least one of TopFieldOrderCnt and BottomFieldOrderCnt shall be equal to 0 for
the fields of a coded IDR frame.

When the current picture is not an IDR picture, the following applies.
—  Consider the list variable listD containing as elements the TopFieldOrderCnt and BottomFieldOrderCnt values
associated 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 ent 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.

Otherwise (pic_order_cnt_type is not equal to 0), all other pictures that follow in decoding order after the first
picture in the list and either precede the current picture in decoding order or are the current picture. When
pic_order cnt type is not equal to 0, the current picture is included in listD prior to the invoking of the
decoded reference picture marking process.

— Consider the list variable 1istO 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.

— a TopFieldOrderCnt that has a value equal to another TopFieldOrderCnt.
— a BottomFieldOrderCnt that has a value equal to another BottomFieldOrderCnt.
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else if{ picX is a bottom field )
PicOrderCnt( picX ) = BottomFieldOrderCnt of field picX

Then DiffPicOrderCnt( picA, picB ) is specified as follows:

DiffPicOrderCnt( picA, picB ) = PicOrderCnt( picA ) - PicOrderCnt( picB ) (8-2)

The bitstream shall not contain data that results in values of DiffPicOrderCnt( picA. picB ) used in the decoding process
that exceed the range of -2"° to 2" - 1, inclusive.

NOTE 1 — Let X be the current picture and Y and Z be two other pictures in the same sequence, Y and Z are considered to be in
the same output order direction from X when both DiffPicOrderCnt( X, Y ) and DiffPicOrderCnt( X, Z ) are positive or both are
negative.

NOTE 2 — Many applications assign PicOrderCnt( X ) proportional to the sampling time of the picture X relative to the sampling
time of an IDR picture.

When the current picture includes a memory management control operation equal to 5, PicOrderCnt( CurrPic ) shall
be greater than PicOrderCnt( any other picture in listD ).

8.2.1.1 Decoding process for picture order count type 0
This process is invoked when pic_order cnt_type is equal to 0.

Input to this process is PicOrderCntMsb of the previous reference picture in decoding order as specified in this
subclause.

Outputs of this process are either or both TopFieldOrderCnt or BottomFieldOrderCnt.
The 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 set equal
to 0.

—  Otherwise (the current picture is not an IDR picture), the following applies.

—  If the previous reference picture in decoding order included a memory management control operation equal
to 5, the following applies.

—  Ifthe 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
pic_order cnt Isb of the previous reference picture in decoding order.
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if( field pic flag || !'bottom field flag)
TopFieldOrderCnt = PicOrderCntMsb + pic_order cnt Isb (8-4)

When the current picture is not a top field, BottomFieldOrderCnt is derived as follows:

if( 'field pic flag)
BottomFieldOrderCnt = TopFieldOrderCnt + delta_pic_order cnt bottom

else if{ bottom_field flag) (8-5)
BottomFieldOrderCnt = PicOrderCntMsb + pic_order cnt_Isb

8.2.1.2 Decoding process for picture order count type 1

This process is invoked when pic_order cnt_type is equal to 1.

Input to this process is FrameNumOffset of the previous picture in decoding order as specified in this subclause.
Outputs of this process are either or both TopFieldOrderCnt or BottomFieldOrderCnt.

The wvalues of TopFieldOrderCnt and BottomFieldOrderCnt are derived as specified in this subclause. Let
prevFrameNum be equal to the frame num of the previous picture in decoding order.

When the current picture is not an IDR picture, the variable prevFrameNumOffset is derived as follows.

— If the previous picture in decoding order included a memory management control operation equal to 5,
prevFrameNumOffset is set equal to 0.

— Otherwise (the previous picture in decoding order did not include a memory management 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 subelause 8.2.5.2.

The derivation proceeds in the following ordered steps.

1. The variable FrameNumOffset is derived as follows:

if{ IdtPicFlag == 1)
FrameNumOffset = 0

else if( prevFrameNum = frame num ) (8-6)
FrameNumOffset = prevFrameNumOffset + MaxFrameNum
else

FrameNumOffset = prevFrameNumOffset

2. The variable absFrameNum is derived as follows:

if{ num ref frames i pic order cnt cycle '= 0)
absFrameNum = FrameNumOffset + frame num
else (8-7)

absFrameNum = 0
if( nal ref idc == 0 && absFrameNum > 0)
absFrameNum = absFrameNum — 1
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5. The variable expectedPicOrderCnt is derived as follows:

if( absFrameNum > 0 ){
expectedPicOrderCnt = picOrderCntCycleCnt * expectedDeltaPerPicOrderCntCycle
for( i=0; i <= frameNumInPicOrderCntCycle; i++ )
expectedPicOrderCnt = expectedPicOrderCnt + offset_for ref frame[i ]

} else
expectedPicOrderCnt =0
if(nal ref ide == 0) (8-10)

expectedPicOrderCnt = expectedPicOrderCnt + offset for non ref pic

6. The variables TopFieldOrderCnt or BottomFieldOrderCnt are derived as follows:

if( field pic_flag) {

TopFieldOrderCnt = expectedPicOrderCnt + delta_pic_order_cnt[ 0 ]

BottomFieldOrderCnt = TopFieldOrderCnt +

offset for top to bottom field + delta pic order ent[ 1] (8-11)

} else if{ 'bottom _field flag)

TopFieldOrderCnt = expectedPicOrderCnt + delta_pic_order _ent[ 0 ]
else

BottomFieldOrderCnt = expectedPicOrderCnt + offset for top to bottom field + delta pic order cnt[ 0]

8.2.1.3 Decoding process for picture order count type 2

This process is invoked when pic_order cnt type is equal to 2.

Outputs of this process are either or both TopFieldOrderCnt or BottomFieldOrderCnt.

Let prevFrameNum be equal to the frame num of the previous picture in decoding order.

When the 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 1 — 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 subelause 8.2.5.2.

The variable FrameNumOffset is derived as follows.

if( IdrPicFlag == 1)
FrameNumOffset = 0

else if( prevFrameNum > frame num ) (8-12)
FrameNumOffset = prevFrameNumOffset + MaxFrameNum
else

FrameNumOffset = prevFrameNumOffset
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BottomFieldOrderCnt = fempPicOrdelCnt (8-14)
} else if{ bottom_field flag)

BottomFieldOrderCnt = tempPicOrderCnt
else

TopFieldOrderCnt = tempPicOrderCnt

NOTE 2 — Picture order count type 2 cannot be used in a coded video sequence that contains consecutive non-reference pictures
that would result in more than one of these pictures having the same value of TopFieldOrderCnt or more than one of these
pictures having the same value of BottomFieldOrderCnt.

NOTE 3 — Picture order count type 2 results in an output order that is the same as the decoding order.
8.2.2  Decoding process for macroblock to slice group map
Inputs to this process are the active picture parameter set and the slice header of the slice to be decoded.
Output of this process is a macroblock to slice group map MbToSliceGroupMap.

This process is invoked at the start of every slice.
NOTE — The output of this process is equal for all slices of a picture.

When num slice groups minusl is equal to 1 and slice g
have a size and shape determined by slice group chang
subclauses 8.2.2.4 to 8.2.2.6.

Table 8-1 — Refined !

slice_group map type slice_group chang
3 0

wnlun|e & |w
—lol~|o]|~

In such a case, MapUnitsInSliceGroup0 slice group map uni

0 and the remaining PicSizeInMapUnits — MapUnitsInSliceGroup0 slice group map units of the picture are allocated for
slice group 1.

When num slice groups minusl is equal tol and slice group map type is equal to4 or 5, the variable
sizeOfUpperLeftGroup is defined as follows:

sizeOfUpperLeftGroup = ( slice_group change direction flag ?
( PicSizeInMapUnits — MapUnitsInShiceGroup0 ) : MapUnitsInSliceGroup0 ) (8-15)
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1al to 2, the

1al to 3, the

1al to 4. the

1al to 5, the

derivation

derivation

derivation

derivation

of mapUnitToSliceGroupMap
of mapUnitToSliceGroupMap
of mapUnitToSliceGroupMap

of mapUnitToSliceGroupMap

| to6), the derivation of mapUnitToSliceGroupMap

as

:ess specified in subclause 8.2.2.8 is invoked to convert the

extMbAddress derived as specified by:

while( 1 < PicSizelnMbs && MbloSlhiceGroupMap' @ 1 '= MhTaQlhicalZeanahfanl » 11

1++;
nextMbAddress =1

8.2.2.1 Specification for interleaved slice group map ty
The specifications in this subclause apply when slice_group
The map unit to slice group map is generated as specified by
i=0
do
for( iGroup = 0; iGroup <= num_slice _groups nu
i+=mun_length minusl[ iGroup++]+1)
for(j=0;j <=rmun_length minusl[ iGroup | &
mapUnitToSliceGroupMap][ 1 + ] = iGrov
while( 1 < PicSizeInMapUnits )

8.2.2.2 Specification for dispersed slice group map typ:
The specifications in this subclause apply when slice group
The map unit to slice group map is generated as specified by
for( 1=0; 1 < PicSizeInMapUnits; 1++ )
mapUnitToSliceGroupMap[ i ] = ( (1 % PicWidtl

(((1/PicWid
% (num_slice

8.2.2.3 Specification for foreground with left-over slice

The specifications in this subclause apply when slice_group
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NOTE - The rectangles may overlap. Slice group 0 conta
top_left[ 0 ] and bottom_right[ 0 ]. A slice group having slice
contains the macroblocks that are within the specified rectangl
any slice group having a smaller slice group ID. The slice grou
the macroblocks that are not in the other slice groups.

8.2.2.4 Specification for box-out slice group map types
The specifications in this subclause apply when slice group

The map unit to slice group map is generated as specified by

for(i=0: i< PicSizeInMapUnits; i++ )
mapUnitToSliceGroupMap[ 1] =1

x = ( PicWidthInMbs — slice_group change direction

v = ( PicHeightInMapUnits — slice_group change di

( leftBound, topBound )= (x,y)

( rightBound. bottomBound ) =(x.y)

( xDir, yDir ) = ( slice_group change direction_flag

ol Y VL IS N SR £ SR S1 E SRR VN I —— S S S N

¥y vvwuouuaou
( xDir, yDir )= ( 2 * slice_group change direction flag—1,0)
1 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.
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k=0;
for(j = 0:j < PicWidthInMbs; j++)
for(i=0: i < PicHeightinMapUnits; i++ )
if( k++ < sizeOfUpperLeftGroup )
mapUnitToSliceGroupMap][ 1 * PicWidthT
else
mapUnitToSliceGroupMap][ 1 * PicWidthl

8.2.2.7 Specification for explicit slice group map type
The specifications in this subclause apply when slice_group

The map unit to slice group map is generated as specified by

mapUnitToSliceGroupMap| i | = slice_group id[ -

for all 1 ranging from 0 to PicSizeInMapUnits — 1, inclusive.
8.2.2.8 Specification for conversion of map unit to slice group map to macroblock to slice group map

For each value of 1 ranging from 0 to PicSizeInMbs — 1, inclusive, the macroblock to slice group map is specified as
follows.

— Ifframe mbs only flag is equal to 1 or field pic flag is equal to 1, the macroblock to slice group map is specified
by:

MbToSliceGroupMap| i | = mapUnitToSliceGroupMap| i ] (8-25)

—  Otherwise, if MbaffFrameFlag is equal to 1, the macroblock to slice group map is specified by:

MbToSliceGroupMap| 1 | = mapUnitToSliceGroupMap[ 1/ 2 ] (8-26)

—  Otherwise (frame mbs only flag is equal to 0 and mb adaptive frame field flag is equal to 0 and field pic flag
1s equal to 0), the macroblock to slice group map is specified by:

MbToSliceGroupMap| i ] = mapUnitToSliceGroupMap[ (i/( 2 * PicWidthInMbs ) ) * PicWidthInMbs
+ (i % PicWidthInMbs ) ] (8-27)

: slice data, a slice data partition B layer RBSP having the
P, and

2 slice data, a slice data partition C layer RBSP having the
p.

partition C layer RBSP need not be present.
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