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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

Commission) form the speC|aI|zed system for worldwide standardlzatlon National bodies t

,ommlttees establlshed by the respectlve organlzatlon to deal W|th partlcular flelds of te
Activity. ISO and |IEC technical committees collaborate in fields of mutual interest,
nternational organizations, governmental and non-governmental, in liaison with ISO-and IE
ake part in the work. In the field of information technology, 1ISO and IEC have éstablished
echnical committee, ISO/IEC JTC 1.

The procedures used to develop this document and those intended for its.further maintena
Hescribed in the ISO/IEC Directives, Part 1. In particular the different@pproval criteria nee
he different types of document should be noted. This document was drafted in accordance
pditorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elementstof this document may be the
bf patent rights. 1ISO and IEC shall not be held responsible for identifying any or all such
rights. Details of any patent rights identified during the-@evelopment of the document will b
ntroduction and/or on the ISO list of patent declarations‘received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users ar
not constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to cof
hssessment, as well as information ahout 1ISO's adherence to the WTO principles in the Tg
Barriers to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for. this document is ISO/IEC JTC 1, Information technology,
Coding of audio, picture, multimedia and hypermedia information.

SO/IEC 14496 consists ©Ofthe following parts, under the general title Information technology — C
hudio-visual objects:

— Part 1: Systems
— Part 2: \Visual

—  Part-3! Audio
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<~ Part 4: Conformance testing

— Part 5: Reference software

— Part 6: Delivery Multimedia Integration Framework (DMIF)

— Part 7: Optimized reference software for coding of audio-visual objects
— Part 8: Carriage of ISO/IEC 14496 contents over IP networks

— Part 9: Reference hardware description
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Introduction

THis International Standard specifies Web Video Coding, a technology that is compatible with the Constrained
Bdseline Profile of ISO/IEC 14996-10. Only the subset that is specified in Annex A for the Constrained Bas¢line
Prpfile is a normative specification, while all remaining aspects are informative. This text is derived from ISO/IEC
14996-10, with which the section numbers in this specification are aligned, and that specification mayadditionally
be|consulted if desired, as an aid to understanding this Specification.
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Information technology — Coding of audio-visual objects —
Part 29: Web video coding

1| Scope
This Part of ISO/IEC 14496 specifies Web Video Coding for coding of audio-visual objects.

2| Normative references

THe following referenced documents are indispensable for the application of this document. For dated referenc

gs, only the

edjtion cited applies. For undated references, the latest edition of the referenced document (including any anjendments)

applies.
— IS0 11664-1, Colorimetry — Part 1: CIE standard colorimetric observers.

Coding
3| Definitions

Far the purposes of this document, the following definitions apply:

3.1 access unit: A set of NAL unitsithat are consecutive in decoding order and contain exactly one pri

picture. In addition to the primary coded picture, an access unit may also contain one auxiliary coded

— ISO/IEC 14496-10: Information technology — €oding of audio-visual objects — Part 10: Advanced Video

mary coded

picture, or

other NAL units not containing slices of a coded picture. The decoding of an access unit always results ir] a decoded
picture.

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

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

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

3.5 [void]

m

g order may

3.7 byte: A sequence of 8 bits, written and read with the most significant bit on the left and the least significant bit on

the right. When represented in a sequence of data bits, the most significant bit of a byte is first.

3.8 byte-aligned: A position in a bitstream is byte-aligned when the position is an integer multiple of 8 bits from the
position of the first bit in the bitstream. A bit or byte or syntax element is said to be byte-aligned when the position

at which it appears in a bitstream is byte-aligned.

© ISO/IEC 2015 — All rights reserved
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3.9

3.10
3.11
3.12

3.13
3.14
3.15

3.16
3.17
3.18
3.19

3.20

3.21
3.22
3.23

3.24

3.25

3.26

3.27

3.28
3.29

3.30

3.31
3.32

byte stream: An encapsulation of a NAL unit stream containing start code prefixes and NAL units as specified
Annex B.

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

[void]

n

chroma: An adjective specifying that a sample array or single sample is representing one of the two colour

1terence signals related to the primary colours. The symbols used for a chroma array or sample are Cb and Crt.

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

doded frame: A coded representation of a frame.

doded picture: A coded representation of a picture.

Hypothetical reference decoder in Annex C.

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

[void]

doded slice NAL unit: A NAL unit containing a slice that is not a slice of an*auxiliary coded picture.

doded video sequence: A sequence of access units that consists, in deceding order, of an IDR access unit follow

o

IDR access unit.

4:2:0 colour format.
IDC transform coefficient: A transform coefficient for'which the frequency index is zero in all dimensions.
decoded picture: A decoded picture is derived by-decoding a coded picture. A decoded picture is a decoded fran

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

ecoder: An embodiment of a decoding-process.

ne hypothetical stream scheduler to deliver a conforming bitstream to the decoder and to the hypotheti

d
decoder under test (DUT): A-decoder that is tested for conformance to this International Standard by operati
t
reference decoder and comparing the values and timing of the output of the two decoders.

ecoding order: The erder in which syntax elements are processed by the decoding process.
ecoding process; The process specified in this International Standard that reads a bitstream and derives decod

void]

isplay(process: A process not specified in this International Standard having, as its input, the cropped decod

y zero or more non-IDR accessunits including all subsequent access\units up to but not including any subsequ¢

domponent: An array or single sample from one of the three arrays (luma and two chroma) that make up a frame|i

doded picture buffer (CPB): A first-in first-out buffer containing access units in decoding\@rder specified in the

ng
cal

ed

d
d
gictures from,it:
[
d
H

ictures that are the output of the decoding process.

emulation prevention byte: A byte equal to 0x03 that may be present within a NAL unit. The presence

of

emulation prevention bytes ensures that no sequence of consecutive byte-aligned bytes in the NAL unit contains a

start code prefix.
encoder: An embodiment of an encoding process.

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

to

© ISO/IEC 2015 — All rights reserved
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3.33 flag: A variable that can take one of the two possible values 0 and 1.

3.34 frame: A frame contains an array of luma samples and two corresponding arrays of chroma samples in 4:2:0
format.

3.35 frame macroblock: A macroblock representing samples of a coded frame. All macroblocks of a coded frame are
frame macroblocks.

3.36 [void]

3.37 frequency index: A one-dimensional or two-dimensional index associated with a transform coefficient |prior to an
inverse transform part of the decoding process.

3.38 hypothetical reference decoder (HRD): A hypothetical decoder model that specifies constraints on thq variability
of conforming NAL unit streams or conforming byte streams that an encoding process may produce.

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

3.40 I slice: A slice that is decoded using intra prediction only.

341 informative: A term used to refer to content provided in this Internatienal Standard that is not an integral part of
this International Standard. Informative content does not establishcany mandatory requirements for confprmance to
this International Standard.

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

343 instantaneous decoding refresh (IDR) picture: A>coded picture for which the variable IdrPicFlag is|equal to 1.
An IDR picture causes the decoding process tounark all reference pictures as "unused for reference" immediately
after the decoding of the IDR picture. All caded pictures that follow an IDR picture in decoding order can be
decoded without inter prediction from anyZpicture that precedes the IDR picture in decoding ordeff. The first
picture of each coded video sequence in decoding order is an IDR picture.

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

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

3.46 interpretation sample~value: A possibly-altered value corresponding to a decoded sample value of aph auxiliary
coded picture that niay be generated for use in the display process. Interpretation sample values are not jused in the
decoding processand have no normative effect on the decoding process.

3.47 intra coding:'Coding of a block, macroblock, slice, or picture that uses intra prediction.

348 intra prediction: A prediction derived from the decoded samples of the same decoded slice.

3.49 intraslice: See | slice.

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

3.5 ayer—One a—set-of-syntacticalstractures—inanon-branchinghierarchieatretattonship—Higherdayers contain
lower layers. The coding layers are the coded video sequence, picture, slice, and macroblock layers.

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

3.53 list: A one-dimensional array of syntax elements or variables.

© ISO/IEC 2015 — All rights reserved 3
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3.54

3.55

3.56

3.57

3.58

3.59
3.60

3.61

3.62

3.63

3.64

3.65
3.66
3.67

3.68
3.69
3.70

3.71

3.72
3.73
3.74

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

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

macroblock: A 16x16 block of luma samples and two corresponding blocks of chroma samples of a picture that

ac thiaa cosanla arpeace A o 16016 hinaly £ o lac AFf o ol Nintirn o o Nintira ¢ ot 1o o dad o oth ee
St ee-Safpre-arayS- o8 ToXTro otk o Sapresoraonecromepioture-or-aplettHethatiS-coacausihgHy

separate colour planes. The division of a slice into macroblocks is a partitioning.

macroblock address: a macroblock address is the index of a macroblock in a macroblock raster scan ofithe-pictyre
starting with zero for the top-left macroblock in a picture.

macroblock location: The two-dimensional coordinates of a macroblock in a picture denoted by+( X, y ). For llxl;el
tpp left macroblock of the picture (x,y) is equal to (0, 0). x is incremented by 1 for each.macroblock colu
from left to right. y is incremented by 1 for each macroblock row from top to bottom.

macroblock partition: A block of luma samples and two corresponding blocks of chrofa samples resulting from a
fdartitioning of a macroblock for inter prediction for a picture that has three sample- arrays or a block of lua
samples resulting from a partitioning of a macroblock for inter prediction for a‘monochrome picture or a pictire
that is coded using three separate colour planes.

matrix: A two-dimensional array of syntax elements or variables.

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

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

motion vector: A two-dimensional vector used for inter prediction that provides an offset from the coordinates|in
the decoded picture to the coordinates in a referencepicture.

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

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

INAL unit stream: A sequence ofNAL units.
non-reference frame: A frame coded with nal_ref idc equal to 0.

non-reference pictureZA-picture coded with nal ref idc equal to 0. A non-reference picture is not used for infer
grediction of any othierpictures.

fote: A term us€d 10 prefix informative remarks. This term is used exclusively in an informative context.
dutput order;'The order in which the decoded pictures are output from the decoded picture buffer.

I slicet>Arslice that may be decoded using intraprediction or inter prediction using at most one motion vector and
refefence index to predict the sample values of each block.

parameter: A Syntax element of a SEqUENCE parameler Sel or a PICIUTe parameler Sel. Parameter is also used as part
of the defined term quantisation parameter.

partitioning: The division of a set into subsets such that each element of the set is in exactly one of the subsets.
picture: A collective term for a frame.

picture parameter set: A syntax structure containing syntax elements that apply to zero or more entire coded
pictures as determined by the pic_parameter_set_id syntax element found in each slice header.
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3.75

3.30

3.81
3.2
3.83

3.84

3.85

3.36

3.87

3.38

3.89
3.90

3.91
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picture order count: A variable that is associated with each coded picture and has a value that is non-decreasing
with increasing picture position in output order relative to the first output picture of the previous IDR picture in
decoding order or relative to the previous picture, in decoding order, that contains a memory management control
operation that marks all reference pictures as "unused for reference".

prediction: An embodiment of the prediction process.

Dred 1t currently
being decoded.

predictive slice: See P slice.

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

primary coded picture: The coded representation of a picture to be used by the decoding process for p bitstream
conforming to this International Standard. The primary coded picture contains all\mécroblocks of the pjcture. The
only pictures that have a normative effect on the decoding process are primary coded pictures. e.

profile: A specified subset of the syntax of this International Standard.
quantisation parameter: A variable used by the decoding process for(Sealing of transform coefficient leyels.

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

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

raw byte sequence payload (RBSP): A syntax structure containing an integer number of bytes that is ecapsulated
in a NAL unit. An RBSP is either empty or hasithe form of a string of data bits containing syntax elemenfs followed
by an RBSP stop bit and followed by zero or‘dnore subsequent bits equal to 0.

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

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

reference frame: A(reference frame may be used for inter prediction when P slices of a coded frame ate decoded.
See also referengepicture.

reference index:’ An index into a reference picture list.

reference\picture: A picture with nal ref idc not equal to 0. A reference picture contains samples that may be
used forinter prediction in the decoding process of subsequent pictures in decoding order.

reference picture list: A list of reference pictures that is used for inter prediction of a P slice. For the decoding
process of a P slice, there is one reference picture list.

reference picture list 0: A reference picture list used for inter prediction of a Pslice. All inter predictipn used for

3.93
3.94

3.95

P slices uses reference picture list 0.
reference picture marking: Specifies, in the bitstream, how the decoded pictures are marked for inter prediction.

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

residual: The decoded difference between a prediction of a sample or data element and its decoded value.
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3.96

3.97

3.98
3.99

3.100

3.101

3.102

3.103

3.104

3.105
3.106

3.107
3.108

3.109

3.110

3.111

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

sample aspect ratio: Specifies, for assisting the display process, which is not specified in this International
Standard, the ratio between the intended horizontal distance between the columns and the intended vertical distance
between the rows of the luma sample array in a frame. Sample aspect ratio is expressed as h:v, where h is horizontal

-1 1 - - L I ML AL It L il PRI B L
WITUT ardar VIS VCTucTdar HCTEHU THT al OIU dly UITILS O Spdtldl UIStdlICT).

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

quence parameter set: A syntax structure containing syntax elements that apply to zero or more-¢ntite coded
ideo sequences as determined by the content of a seq parameter set id syntax element foundin-the picture
harameter set referred to by the pic_parameter set id syntax element found in each slice header,

<=

shall: A term used to express mandatory requirements for conformance to this International Standard. When uged
tp express a mandatory constraint on the values of syntax elements or on the results obtained by operation of the
specified decoding process, it is the responsibility of the encoder to ensure that the ¢onstraint is fulfilled. When
ysed in reference to operations performed by the decoding process, any decoding.process that produces idential
results to the decoding process described herein conforms to the decoding)process requirements of this
Ipternational Standard.

should: A term used to refer to behaviour of an implementation that is encouraged to be followed under anticipated
drdinary circumstances, but is not a mandatory requirement for conformiance to this International Standard.

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

slice: An integer number of macroblocks ordered consecutively in the raster scan within the primary coded pictuye.
The macroblock addresses are derived from the first miaeroblock address in a slice (as represented in the sl{ce
Header) and, when a picture is coded using three separate colour planes, a colour plane identifier.

[Void]
[Void]

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

:[)urce: Term used to describe the\wideo material or some of its attributes before encoding.

art code prefix: A unique‘sequence of three bytes equal to 0x000001 embedded in the byte stream as a prefix|to
gach NAL unit. The location of a start code prefix can be used by a decoder to identify the beginning of a new NAL
ynit and the end of a\previous NAL unit. Emulation of start code prefixes is prevented within NAL units by the
inclusion of emulatiofprevention bytes.

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

—

b-macroblock: One quarter of the samples of a macroblock, i.e.. an 8x8 luma block and two corresponding
chroma blocks of which one corner is located at a corner of the macroblock for a picture that has three sample
arrays or an 8x8 luma block of which one corner is located at a corner of the macroblock for a monochrome picture
or a picture that is coded using three separate colour planes.

sub-macroblock partition: A block of luma samples and two corresponding blocks of chroma samples resulting
from a partitioning of a sub-macroblock for inter prediction for a picture that has three sample arrays or a block of
luma samples resulting from a partitioning of a sub-macroblock for inter prediction for a monochrome picture or a
picture that is coded using three separate colour planes.
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3.112  syntax element: An element of data represented in the bitstream.
3.113  syntax structure: Zero or more Syntax elements present together in the bitstream in a specified order.

3.114  transform coefficient: A scalar quantity, considered to be in a frequency domain, that is associated with a
particular one-dimensional or two-dimensional frequency index in an inverse transform part of the decoding
process.

3.J15 transform coefficient level: An integer quantity representing the value associated with ,a| particular
two-dimensional frequency index in the decoding process prior to scaling for computation of'-a| transform
coefficient value.

3.116  universal unique identifier (UUID): An identifier that is unique with respect to the space-0f all universal unique
identifiers.

3.117  unspecified: The term unspecified, when used in the clauses specifying some values of:a’ particular syntax element,
indicates that the values have no specified meaning in this International Standardvand will not have p specified
meaning in the future as an integral part of this International Standard.

3.118  variable length coding (VLC): A reversible procedure for entropy coding that assigns shorter bifl strings to
symbols expected to be more frequent and longer bit strings to symbols ekpected to be less frequent.

3.119 VCL NAL unit: A collective term for coded slice NAL units.

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

4| Abbreviations

Fqr the purposes of this International Standard, the following abbreviations apply:
CAVLC Context-based Adaptive Variable Length Coding
CBR Constant Bit Rate

CIEB Coded Picture Buffer

DPB Decoded Picture Buffer

DUT Decoder under test

FIFO First-In, First-Out

HRD Hypothetical Reference Decoder

H$S Hypothetical-Stream Scheduler

IDR Instantaneous Decoding Refresh

)
o)
os]

Least Significant Bit
MB Macroblock

MSB Most-Stgmifreant Bit

NAL Network Abstraction Layer

RBSP  Raw Byte Sequence Payload

SEI Supplemental Enhancement Information
SODB  String Of Data Bits

UUID  Universal Unique Identifier
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VBR Variable Bit Rate

VCL Video Coding Layer

VLC Variable Length Coding
VUI Video Usability Information

5 Conpentions

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

5.1 Arithmetic operators

The followfing arithmetic operators are defined as follows:
+ Addition
- Subtraction (as a two-argument operator) or negation (as a unary prefix opetator)
* Multiplication, including matrix multiplication

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

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

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

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

X
y
y -
z f (1) The summation of f( i ) with i taking alkinteger values from x up to and including y.
i=x
x Uy Modulus. Remainder of x divided by y, defined only for integers x and y with x >= 0 and y > 0.

5.2 Lpgical operators

The followfing logical operators are defiried as follows:
x&&y  Boolean logical"and" of x and y.
x || y Boolean lggieal "or" of x and y.
! Booleandogical "not".

x ?y:z IfXi9TRUE or not equal to 0, evaluates to the value of y; otherwise, evaluates to the value of z.

5.3 Relational operators

The following relational operators are defined as follows:

> Greater than.

>= Greater than or equal to.
< Less than.

<= Less than or equal to.
== Equal to.
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I= Not equal to.

When a relational operator is applied to a syntax element or variable that has been assigned the value "na" (not applicable),
the value "na" is treated as a distinct value for the syntax element or variable. The value "na" is considered not to be equal to
any other value.

54 Bit-wise operators

THe following bit-wise operators are defined as follows:

& Bit-wise "and". When operating on integer arguments, operates on a two's complement reéptesentgtion 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 representgtion 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.

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

X <<y  Arithmetic left shift of a two's complement integerdepresentation of x by y binary digits. This [function is
defined only for positive integer values of y. Bits'shifted into the LSBs as a result of the left shift have a
value equal to 0.

5b Assignment operators

THe following arithmetic operators are defined as follows:
= Assignment operator.

++ Increment, i.e., X++ is_equivalent to X=X + 1; when used in an array index, evaluates to the value of the
variable prior to the inerément operation.

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

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

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

56 Range notation

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

=7 7 sctalac on 1ntogar aliac ctatin g Heoga 4 2 apnoliiciya yath v v o and 2 ot g sntagar o
Y% —tehceS-oRRte ger—varte s StartR oMyt HeruSve Wit a s e Z oS g Hte Ser R oers:

5.7 Mathematical functions
The following mathematical functions are defined as follows:

BitDepthy and BitDepth are both specified to be equal to 8 in this standard
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Abs(x)z{X ; x>=0 (5-1)

-x ; x<0

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

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

Cliple(x)=Clip3(0, (1 << BitDepthc ) — 1, x) (5-4)
X 5 Z<X

ChI 3( XYz ) = y 5 72>Y (5_5)

z ; otherwise

Flogr( x ) the greatest integer less than or equal to x. (5-6)
0 * N ==
Inv¢rseRasterScan( a, b, c,d, e ) = (@%(d/b))*ob ; e 0 (5-7)
(a/(d/b))*c ; e==1

Log2( x ) returns the base-2 logarithm of x. (5-8)

Log10( x ) returns the base-10 logarithm of x. (5-9)

Median(x,y,z)=x+y+z—Min( x, Min(y, z) ) — Max(x, Max(\y, z ) ) (5-10)

Mif(x,y)=J4% * *<7Y (5-11)
y 5 X>Yy

Max(x,y) = X s X>=y (5-12)
y 5 x<Yy

Roynd( x ) = Sign( x ) * Floor( Abs( x )+ 0.5) (5-13)

Sign(x)=) 1 5 x>=0 (5-14)

-1 ; x<0
Sqrf( x ) = v/x (5-15)

5.8 Order of operation precedence

When orddr of preeedénce in an expression is not indicated explicitly by use of parentheses, the following rules apply:

—  operation$\of a higher precedence are evaluated before any operation of a lower precedence,

— opera ions of the same prPPPdPnPP are evalnated Qquanfiﬂ”V from left to right

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

NOTE - For those operators that are also used in the C programming language, the order of precedence used in this Specification is the
same as used in the C programming language.
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Table 5-1 — Operation precedence from highest (at top of table) to lowest (at bottom of table)

operations (with operands x, y, and z)

"X++", "y— "

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

X

non "non

"X*y, X/y", le+y’ ll’ le%yvl
y

y
"x +y", "x —y" (as a two-argument operator), " z f@)"

i=Xx

"5 <<y , X >> yu

HX < y", HX <= y

non
>

X > y", HX >=— yvl

"X::y, X!:yvl

HX & yvl

HX | yvl
HX && yvl

HX | | yvl

"x?y:z"

HX — y", HX 4= y

non "
>

X2y

5P Variables, syntax elements;and tables

Syntax elements in the bitstream are represented in bold type. Each syntax element is described by its name (all|lower case
lefters with underscore characters);its one or two syntax categories, and one or two descriptors for its methofl of coded
representation. The decoding proeess behaves according to the value of the syntax element and to the values of|previously
depoded syntax elements. When a value of a syntax element is used in the syntax tables or the text, it appears in r¢gular (i.e.,

In[some cases the synfax tables may use the values of other variables derived from syntax elements values. Such variables
appear in the symtax/tables, or text, named by a mixture of lower case and upper case letter and without any junderscore

depending syntax structures. Variables starting with an upper case letter may be used in the decoding process for later syntax
stiuctures. without mentioning the originating syntax structure of the variable. Variables starting with a lower cade letter are

In'some-cases; ' mnemonte’-names—for-synta vattes-or-va ised angeably-w it numerical
values. Sometimes "mnemonic" names are used without any associated numerical values. The association of values and
names is specified in the text. The names are constructed from one or more groups of letters separated by an underscore
character. Each group starts with an upper case letter and may contain more upper case letters.

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

Functions that specify properties of the current position in the bitstream are referred to as syntax functions. These functions
are specified in subclause 7.2 and assume the existence of a bitstream pointer with an indication of the position of the next bit
to be read by the decoding process from the bitstream. Syntax functions are described by their names, which are constructed
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as syntax element names and end 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).

Functions that are not syntax functions (including mathematical functions specified in subclause 5.7) are described by their
names, which start with an upper case letter, contain a mixture of lower and upper case letters without any underscore
character, and end with left and right parentheses including zero or more variable names (for definition) or values (for usage)
separated by commas (if more than one variable).

Subscripts
subscript i
is reversed
position x

Binary not
an eight-bi

Hexadecin
the numbe
last bits (¢

Numerical

A value eq
from zero.

510 T

In the text,

fi

—

N

el

q

el

may be def

Each "If..
applies" i1
"Otherwisq

gtatement O

gtatement 1

gtatement n

.}. as follows / ... the following-applies:

used as a row (vertical) index and the second subscript is used as a column (horizontal) index. The indexingor

ind vertical position y may be denoted either as s[ X, y ] or as sy,.

 string having only its second and its last bits (counted from the most to the least significant bit)-équal to 1.

al notation, indicated by prefixing the hexadecimal number by "0x", may be used instead of binary notation wh
of bits is an integer multiple of 4. For example, 0x41 represents an eight-bit string having only its second and
unted from the most to the least significant bit) equal to 1.

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

ual to O represents a FALSE condition in a test statement. The value TRUE. is represented by any value differ

ext description of logical operations

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

condition 0 )

5e if (condition 1)

5e /* informative remark on remaining condition */

cribed in the following manner:

If condition 0, statemient 0

Otherwise, if condition 1, statement 1

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

"... the fol

or square parentheses are used for the indexing of arrays. In reference to a visual depiction of a matrix, thé filrst

ler

when using square parentheses rather than subscripts for indexing. Thus, an element of a matrix s at’horizonftal

ption is indicated by enclosing the string of bit values by single quote marks. For example, '01000001' represepts

its

tnt

Otherwise,vif...Otherwise, ..." statement in the text is introduced with "... as follows" or "... the following
hmediately followed by "If ... ". The last condition of the "If...Otherwise, if...Otherwise, ..." is always [an
, 2. ~Interleaved "If...Otherwise, if...Otherwise, ..." statements can be identified by matching "... as follows"|or

n

In the text,

owing apnlies" with the ending "Otherwise
5 ETr 5 Y

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

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

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

12
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else
statement n

may be described in the following manner:

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

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

2015(E)

In

m

Pr
Sy
av
Sp
an

W

In
ad|

1 Processes

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

—  Otherwise, statement n

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

if( condition 0 )
statement 0

if ( condition 1)
statement 1

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

When condition 1, statement 1

beesses are used to describe the decoding of\syntax elements. A process has a separate specification and iny
htax elements and upper case variables that pertain to the current syntax structure and depending syntax str
hilable in the process specification and invoking. A process specification may also have a lower case variabl
ecified as the input. Each process specification has explicitly specified an output. The output is a variable that cg
upper case variable or a lower cas¢.variable.

hen invoking a process, the @ssignment of variables is specified as follows:

— If the variables‘at the invoking and the process specification do not have the same name, the v§
explicitly assigned to lower case input or output variables of the process specification.

—  Otherwise (the variables at the invoking and the process specification have the same name), asq
inphied.

the specification of a process, a specific macroblock may be referred to by the variable name having a value ¢
dress of'the specific macroblock.

oking. All
lictures are
e explicitly
n either be
riables are

ignment is

qual to the

6

6.

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

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.

© ISO/IEC 2015 — All rights reserved
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The bitstream can be in one of two formats: the NAL unit stream format or the byte stream format. The NAL unit stream
format is conceptually the more "basic" type. It consists of a sequence of syntax structures called NAL units. This sequence is
ordered in decoding order. There are constraints imposed on the decoding order (and contents) of the NAL units in the NAL
unit stream.

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 streas g
pattern within th1s stream of bytes Methods of framlng the NAL umts in a manner other than use of the byte stream formpat
are outside| the scope of this International Standard. The byte stream format is specified in Annex B.

6.2 Spurce, decoded, and output picture formats
This subclguse specifies the relationship between source and decoded frames that is given via the bitstrean:
The video pource that is represented by the bitstream is a sequence of frames (called pictures) in decoding order.

The sourcd and decoded pictures are each comprised of one or more sample arrays:

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

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

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

4 Arrays representing other unspecified monochrome or tri-stimults, eolour samplings (for example, YZX, also
known as XYZ), with or without an auxiliary array.

For convefience of notation and terminology in this Specification, the¢variables and terms associated with these arrays are
referred tofas luma (or L or Y) and chroma, where the two chroma arrays are referred to as Cb and Cr; regardless of the actpal
colour repfesentation method in use. The actual colour representation method in use can be indicated in syntax thatis
specified it Annex E.

Table 6-1 —-Chroma Format

chroma_fermat_ide¢ |Chroma Format

1 4:2:0

In monochfome sampling there is only onesample array, which is nominally considered the luma array.
In 4:2:0 sappling, each of the two chroma arrays has half the height and half the width of the luma array.

For the pufposes of this version ‘ef)this Specification, the value of chroma format idc shall be inferred to be equal to 1 and
the chromd format shall be infersed to be 4:2:0 as shown in Table 6-1.

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. 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 syntay 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 1irst, followed Dy any data for the Cb array, followed by any data for the Cr array,
unless otherwise specified.

The number of bits necessary for the representation of each of the samples in the luma and chroma arrays in a coded video
sequence is equal to 8, regardless of whether the sample is a sample of the luma array or a sample of the chroma arrays.

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).
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X X X X X X e
O O @)

X X X X X X

X X X X X X

O O O Frame
X X X X X X

X X X X X X

O O O

X X X X X X

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

THe samples are processed in units of macroblocks. The Juma array for each macroblock is 16 samples in both|
hejight. The variables MbWidthC and MbHeightC, which\specify the width and height, respectively, of the chrom
eafth macroblock, are derived as follows:

MbWidthC and MbHeightC are derived as

MbWidthC =16/2
MbHeightC =16/2

B Spatial subdivision®efpictures and slices

THis subclause specifies how a picture is partitioned into slices and macroblocks. Pictures are divided into slices.

SC

luence of macroblocks. ( Each macroblock is comprised of one 16x16 luma array and two corresponding chrg

arfays. Each macroblock répresents a spatial rectangular region of the picture. For example, a picture may be divid
slices as shown in Figute 6-2.

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

width and
h arrays for

(6-1)
(6-2)

A slice is a
ma sample
bd into two
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6.4 Inverse scanning processes and derivation processes for neighbours

This subcl

neighboury.

6.4.1 Inverse macroblock scanning process

Input to th
Output of

to the uppdr-left sample of the picture.

The inversg macroblock scanning process is specified as follows”

X

y

6.4.2 Inverse macroblock partition and-sub-macroblock partition scanning process

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

Figure 6-3

the partitigns. The number in each_rectangle specifies the index of the inverse macroblock partition scan or inverse sy
macroblock partition scan.

The functions MbPartWidth()), MbPartHeight( ), SubMbPartWidth( ), and SubMbPartHeight( ) describing the width 4

height of
MbPartHe
and SubM

or P_8x8rdf0, depénding on the sub-macroblock type.

16

14496-29:2015(E)

Figure 6-2 — A picture with 11 by 9 macroblocks that is partitioned into two slices

huse specifies inverse scanning processes; i.e., the mapping of indices to-locations, and derivation processes

s process is a macroblock address mbAddr.

this process is the location ( X, y ) of the upper-left luma.sample for the macroblock with address mbAddr relat

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

= InverseRasterScan( mbAddr, 16, 16,-PicWidthInSamples, 1) (6-4)

The outer rectangles refer to.the samples in a macroblock or sub-macroblock, respectively. The rectangles refer]

ht( ) aresetto appropriate values for each macroblock, depending on the macroblock type. SubMbPartWidth

Inacroblock partitions and sub-macroblock partitions are specified in Tables 7-9 and 7-12. MbPartWidth() 4
2
PartHeight( ) are set to appropriate values for each sub-macroblock of a macroblock with mb_type equal to P_8

for

\4~

n
to
b-

ind
nd

0
X8
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1 macroblock partition of
16*16 luma samples and
associated chroma samples

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

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

ISO/IEC 14496-29:2015(E)

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

0 0 1
Macroblock 0 0 1
partitions
1 2 3
1 sub-macroblock partition 2 sub-macroblock partitions 2 sub-macroblock partitions | 4 sub-macroblocK partitio
of 8*8 luma samples and of 8*4 luma samples and of 4*8 luma samples and of 4*4 luma.samples anas
associated chroma samples | associated chroma samples |associated chroma samples |associated ¢chroma samplds
Sub-macroblock 0 0 1
partitions 0 0 1

Figure 6-3 — Macroblock partitions, sub-macroblock partitions, macroblock partition scans,
and sub-macroblock partition scans

6.4.2.1 Inverse macroblock partition scanning prgcess

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

Ovtput of this process is the location ( X, y ) of the upper-left luma sample for the macroblock partition mbPartldX relative to

th¢ upper-left sample of the macroblock.

THe inverse macroblock partition scanning précess is specified by
x = InverseRasterScan( mbPartldx, MbPartWidth( mb_type ), MbPartHeight( mb_type ), 16, 0) (6-5)
y = InverseRasterScan(‘mbPartldx, MbPartWidth( mb_type ), MbPartHeight( mb_type ), 16, 1) (6-6)

6.4.2.2 Inverse sub-macnoblock partition scanning process

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

Ovtput of this precess is the location ( X, y) of the upper-left luma sample for the sub-macroblock partition suyMbPartIdx
relative to the upper-left sample of the sub-macroblock.

THe inyexse sub-macroblock partition scanning process is specified as follows:

TPmb type is equal to P 8x8 or P 8x8refl

x = InverseRasterScan( subMbPartldx, SubMbPartWidth( sub_mb_type[ mbPartldx ] ),
SubMbPartHeight( sub mb_type[ mbPartldx ] ), 8, 0) (6-7)
y = InverseRasterScan( subMbPartldx, SubMbPartWidth( sub_mb_type[ mbPartldx ]),
SubMbPartHeight( sub mb_type[ mbPartldx ] ), 8, 1) (6-8)
—  Otherwise (mb_type is not equal to P_8x8 or P_8x8refl),
© ISO/IEC 2015 — All rights reserved 17
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x = InverseRasterScan( subMbPartldx, 4, 4, 8, 0)
y = InverseRasterScan( subMbPartldx, 4, 4, 8, 1)

6.4.3 Inverse 4x4 lumablock scanning process

Input to this process is the index of a 4x4 luma block luma4x4BIkIdx.

(6-9)
(6-10)

Output of fhis process is the Tocation ( x, y ) of the upper-Ieft [uma sample for the 4x4 Tuma block with index Tuma4x4BIkldx

relative to fhe upper-left luma sample of the macroblock.

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

10 [ 11 | 14 | 15

Figure 6-4 — Scan for 4x4 luma blocks

The inversg 4x4 luma block scanning process is specified by

x = InverseRasterScan( luma4x4Blkldx / 4, 8, 8, 16, 0 ) +
InvergeRasterScan( luma4x4Blkldx % 4, 4,4, 8,0)

y = IrfverseRasterScan( luma4x4Blkldx / 4, 8, 8, 16, 1 ) sk
InverseRasterScan( luma4x4Blkldx % 4,4, 4, 8, 1)

6.4.4 (oid)
6.4.5

nverse 8x8 luma block scanning process

Input to this process is the index of an 8x8Juma block luma8x8BlkIdx.

(6-11)

(6-12)

Output of this process is the location ('x,'y ) of the upper-left luma sample for the 8x8 luma block with index luma8x8BlkIdx

relative to the upper-left luma sample)of the macroblock.

Figure 6-5[shows the scan for th¢*8x8 luma blocks.

Figure 6-5 — Scan for 8x8 luma blocks

18
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The inverse 8x8 luma block scanning process is specified by:

2015(E)

x = InverseRasterScan( luma8x8Blkldx, 8, 8, 16, 0) (6-13)

y = InverseRasterScan( luma8x8BIkldx, 8, 8, 16, 1) (6-14)
6.4.6 (void)
6.4.7 Inverse 4x4 chroma block scanning process
Input to this process is the index of a 4x4 chroma block chroma4x4BIkIdx.
Output of this process is the location (X,y) of the upper-left chroma sample for a 4x4 chroma block Wwith index
chfoma4x4BlkIdx relative to the upper-left chroma sample of the macroblock.
The inverse 4x4chroma block scanning process is specified by

x = InverseRasterScan( chroma4x4Blkldx, 4, 4, 8,0 ) 6-15)

y = InverseRasterScan( chroma4x4Blkldx, 4, 4, 8, 1) 6-16)

6.

In

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

THe macroblock is marked as available, unless any of the follewing conditions are true, in which case the ma

m

THe outputs of this process are:

Fi

relative to the current macroblock with CurrMbAddr.

4.9 Derivation process for neighbouring macroblock addresses and their availability

1.8 Derivation process of the availability for macroblock addresses

put to this process is a macroblock address mbAddr.

NOTE — The meaning of availability is determined when this process.is invoked.

irked as not available:
mbAddr <0,

mbAddr > CurrMbAddr,
the macroblock with address mbAddr belongs)to a different slice than the macroblock with address CurrMbA(

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.

bure 6-6 shows~the relative spatial locations of the macroblocks with mbAddrA, mbAddrB, mbAddrC, and

croblock is

idr.

mbAddrD

© ISO/IEC 2015 — All rights reserved
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mbAddrD | mbAddrB mbAddrC

mbAddrA | CurrMbAddr

Figure 6-6 — Neighbouring macroblocks for a given macroblock

Input to th¢ process in subclause 6.4.8 is mbAddrA = CurrMbAddr — 1 and the output is whether the macroblock mbAddrA is

available. 1r11 addition, mbAddrA is marked as not available when CurrMbAddr % PicWidthInMbs is equal to 0.

Input to
macroblock

e process in subclause 6.4.8 is mbAddrB = CurrMbAddr — PicWidthinMbs and the output is whether the
mbAddrB is available.

Input to the process in subclause 6.4.8 is mbAddrC = CurrMbAddr — PicWidthInMbs + 1 and the output is whether the

macroblock

( CurrMbAddr + 1) % PicWidthInMbs is equal to 0.

mbAddrC is available. In addition, mbAddrC.: is marked as not available when

Input to the process in subclause 6.4.8 is mbAddrD = CurrMbAddr — PicWidthInMbs — 1 and the output is whether the

macroblock

is equal to 0.

6.4.10 (oid)

6.4.11 De

Subclause |6.4.11.1 specifies the derivation process for neighbouring macroblocks.
Subclause |6.4.11.4 specifies the derivatignyprocess for neighbouring 4x4 luma blocks.
Subclause |6.4.11.5 specifies the deriyation process for neighbouring 4x4 chroma blocks.

Subclause |6.4.11.7 specifies the derivation process for neighbouring partitions.

mbAddrD is available. In addition, mbAddrD is marked as not available when CurrMbAddr % PicWidthInMbs

rivation processes for neighbouring macroblocks, blocks, and partitions

Table 6-2 ppecifies the values for the difference of luma location (xD, yD ) for the input and the replacement for N|in

mbAddrN,

mbPartldxNj¢“subMbPartldxN, luma8x8BIKIdxN, luma4x4BIkIdxN, cb4x4BIkIdxN, cr4x4BlkIdxN, and

chroma4x4BlkIdxN for\the output. These input and output assignments are used in subclauses 6.4.11.1 to 6.4.11.7. The

variable predPartWidth'is specified when Table 6-2 is referred to.

20
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6.

Outputs of this process are:

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

6.
6.
6.

ISO/IEC 14496-29:

Table 6-2 — Specification of input and output assignments for subclauses 6.4.11.1 to 6.4.11.7

N xD yD
A -1 0

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

bure 6-7 illustrates the relative location of the neighbouring macroblocks, blocks, or partitions‘A, B, C, and D to
icroblock, partition, or block, when the current macroblock, partition, or block is in frame ‘Ceding mode.

D B C
A Current
Macrobletk
or, Partition
or'Block

Figure 6-7 — Determination of the neighbouring macroblock, blocks, and partitions (informative)

1.11.1 Derivation process far\heighbouring macroblocks

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

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

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

2. «The derivation process for neighbouring locations as specified in subclause 6.4.12 is invoked for lum
with ( xN, yN ) equal to ( xD, yD ), and the output is assigned to mbAddrN.

2015(E)

the current

h locations

ZIT.Z (void)
4.11.3 (void)

4.11.4 Derivation process for neighbouring 4x4 luma blocks

Input to this process is a 4x4 luma block index luma4x4BIkIdx.

© ISO/IEC 2015 — All rights reserved
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its

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,

—  luma4x4BIklIdxA: the index of the 4x4 luma block to the left of the 4x4 block with index luma4x4Blkldx and its
availability status,

—  mbAddrB:_either _equal to CurrMbAddr or the address of the macroblock above the current macroblock and

availal

—  luma4
status

mbAddrN
1.
2.

5 =

=

W
—

6.4.11.5 1
Input to th

Outputs of]

—  mbAd
availal

—  chron
chronf

—  mbAd
availal

—  chron
its avd

+ If mbAddrN is not available, luma4x4BIkIdxN is marked as not available.

+ Otherwise (mbAddrN is available), the detivation process for 4x4 luma block indices as specified

bility status,

hnd luma4x4BlkIdxN (with N being A or B) are derived as specified by the following ordered steps;

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

put and ( X, y ) as the output.

he luma location ( xN, yN ) is specified by
xN=x+xD (6-17)
yN=y+yD (6-18)

he derivation process for neighbouring locations as specified in¢subclause 6.4.12 is invoked for luma locatid
ith ( xN, yN ) as the input and the output is assigned to mbAddriN.and ( xW, yW ).

he variable luma4x4BIkIdxN is derived as follows:

subclause 6.4.13.1 is invoked with the luma*location (xW, yW ) as the input and the output is assigr
to luma4x4BIkIdxN.

erivation process for neighbouring.4x4 chroma blocks
s process is a 4x4 chroma block indéx chroma4x4BlkIdx.

this process are:

bility status,

a4x4BIkIdxA (th¢index of the 4x4 chroma block to the left of the 4x4 chroma block with ind
a4x4BlklIdx) and. its availability status,

bility statas,

a4x4BIkldxB (the index of the 4x4 chroma block above the 4x4 chroma block with index chroma4x4BlkIdx) 4
ilability status.

drA (either equal to CurtMbAddr or the address of the macroblock to the left of the current macroblock) and i

drB (either tequal to CurrMbAddr or the address of the macroblock above the current macroblock) and [i

x4BlkIdxB: the index of the 4x4 luma block above the 4x4 block with index luma4x4BlkIdx and its availabiljity

he inverse 4x4 luma block scanning process as specified in subclause 6.4.3 is invoked with Tuma4x4BlkIdx as the

ns

in

ed

€X

mbAddrN
1. T

" ] Ao AR T L% T NG o T A n kI 1 11 +1 £ 11 - 1 1
dIItT CITUHIdFAF DIKIUXIN TWIUTD INUCIITE AU D) dlT UCTIVEU dd SPCUITITU Uy UIT T0ITUWIE OIUTITU SITPS.

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

2. The inverse 4x4 chroma block scanning process as specified in subclause 6.4.7 is invoked with chroma4x4BlkIdx as
the input and( x, y ) as the output.

3. T

22

he chroma location ( XN, yN ) is specified by

xN =x+xD (6-19)
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yN=y+yD (6-20)

4. The derivation process for neighbouring locations as specified in subclause 6.4.12 is invoked for chroma locations

with ( xN, yN ) as the input and the output is assigned to mbAddrN and ( xW, yW ).
5. The variable chroma4x4BIkIdxN is derived as follows:
— If mbAddrN is not available, chroma4x4BIkIdxN is marked as not available.

chroma4x4BIkIdxN.
6.4.11.6 (void)

6.4.11.7 Derivation process for neighbouring partitions
Inputs to this process are:

— | amacroblock partition index mbPartIdx

— | a current sub-macroblock type currSubMbType

— | a sub-macroblock partition index subMbPartldx

Ovtputs of this process are:

— | mbAddrA\mbPartIdx A\subMbPartIdxA: specifying the macrobleck or sub-macroblock partition to the left of]

availability status,

— Otherwise (mbAddrN is available), the derivation process for 4x4 chroma block indices as~specified in
subclause 6.4.13.2 is invoked with the chroma location ( xW, yW ) as the input and the output'is fssigned to

the current

macroblock and its availability status, or the sub-macroblock partition CurrMbAddr\mbPartldx\subMbPart[dx and its

— | mbAddrB\mbPartldxB\subMbPartldxB: specifying the macroblock or sub-macroblock partition above the current

macroblock and its availability status, or the sub-iacroblock partition CurrMbAddr\mbPartldx\subMbPart
availability status,

— | mbAddrC\mbPartldxC\subMbPartldxC: spe¢ifying the macroblock or sub-macroblock partition to the right-a
current macroblock and its availability ‘status, or the sub-macroblock partition CurrMbAddr\mbPartIdx\sub
and its availability status,

— | mbAddrD\mbPartIdxD\subMbPRartldxD: specifying the macroblock or sub-macroblock partition to the left-al
current macroblock and its availability status, or the sub-macroblock partition CurrMbAddr\mbPartIdx\sub
and its availability status.

[dx and its

bove of the
MbPartIdx

bove of the
MbPartIdx

mbAddrN, mbPartIdxN, andsubMbPartldxN (with N being A, B, C, or D) are derived as specified by the following ordered

stgps:

1. The inver§eymacroblock partition scanning process as described in subclause 6.4.2.1 is invoked with m
the inpat‘and ( x, y) as the output.

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

= If mb type is equal toP_8x8 or P 8x8refl, the inverse sub-macroblock partition scanning
described in subclause 6.4.2.2 is invoked with subMbPartldx as the input and ( xS, yS ) as the outpy

bPartldx as

process as
€.

—  Otherwise, (xS, yS)aresetto (0,0).
3. The variable predPartWidth in Table 6-2 is specified as follows:
— Ifmb type is equal to P_Skip, predPartWidth = 16.

—  Otherwise, if mb_type is equal to P 8x8 or
predPartWidth = SubMbPartWidth( sub_mb_type[ mbPartldx ] ).

—  Otherwise, predPartWidth = MbPartWidth( mb_type ).

© ISO/IEC 2015 — All rights reserved
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4. The difference of luma location ( xD, yD ) is set according to Table 6-2.
5. The neighbouring luma location ( XN, yN ) is specified by

xN=x+xS+xD (6-21)
yN=y+yS+yD (6-22)
6. e derivation process for neighbouring locations as specified i subclause 6.4.12 1s mvoked for luma locatigns

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

=

=
)

epending on mbAddrN, the following applies:

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

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

a. Let mbTypeN be the syntax element mb_type of the macroblock with macroblock address mbAddrN
and, when mbTypeN is equal to P_8x8 or P 8x8refl, let subMbTypelN,be the syntax element list
sub_mb_type of the macroblock with macroblock address mbAddrN:

b. The derivation process for macroblock and sub-macroblock-partition indices as specified |in
subclause 6.4.13.4 is invoked with the luma location ( xW, yW"); the macroblock type mbTypeN, and,
when mbTypeN is equal to P_8x8 or P_8x8refl, the list of.sub-macroblock types subMbTypeN as the
inputs and the outputs are the macroblock partitionyindex mbPartldxN and the sub-macroblgdck
partition index subMbPartIdxN.

c. When the partition given by mbPartIdxN and ‘subMbPartldxN is not yet decoded, the macroblqck
partition mbPartldxN and the sub-macroblock-pattition subMbPartIldxN are marked as not available,

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

o

6.4.12 Derivation process for neighbouring locations

Input to thjis process is a luma or chroma location\(xN, yN ) expressed relative to the upper left corner of the curr¢nt
macroblock.

Outputs offthis process are:

— mbAd{rN: either equal to CurrMbAddr or to the address of neighbouring macroblock that contains (xN, yN) and [its
availability status,

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

Let maxW and maxH be_variables specifying maximum values of the location components xN, xW, and yN, yW,
respectivelly. maxW and;maxH are derived as follows:

— If'thisjprocesssistinvoked for neighbouring luma locations,

rhaxW'=maxH = 16 (6-23)

—  Otherwise (this process is invoked for neighbouring chroma locations),
maxW = MbWidthC (6-24)

maxH = MbHeightC (6-25)

24 © ISO/IEC 2015 — All rights reserved


https://standardsiso.com/api/?name=80c7fbc0583b36a7ae10b89c0957f87e

ISO/IEC 14496-29:2015(E)

6.4.12.1 Specification for neighbouring locations in frames

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

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

Table 6-3 — Specification of mbAddrN

xN yN mbAddrN
<0 <0 mbAddrD
<0 0.maxH -1 mbAddrA
0. maxW -1 <0 mbAddrB
0..maxW — 1 0.maxH -1 CurrMbAddr
>maxW — 1 <0 mbAddrC
> maxW —1 0.maxH -1 not available
>maxH — 1 not available

THe neighbouring location ( xW, yW ) relative to the upper-left corner*of the macroblock mbAddrN is derived as
xW = ( xN + maxW ) % maxW 6-26)
yW = (yN + maxH ) % maxH 6-27)
6.4.13 Derivation processes for block and partition indices

Subclause 6.4.13.1 specifies the derivation process for 4x4 luma block indices.

Subclause 6.4.13.2 specifies the derivationprocess for 4x4 chroma block indices.

Subclause 6.4.13.3 specifies the derivation process for 8x8 luma block indices.

Subclause 6.4.13.4 specifies the derivation process for macroblock and sub-macroblock partition indices.
6.44.13.1 Derivation process for 4x4 luma block indices

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

The 4x4 luma-block index luma4x4BIklIdx is derived by

loma4x4Blkldx=8* (yP/8)+4*(xP/8)+2*((yP%8)/4)+((xP%8)/4) 6-28)

6.413.2 Derivation process for 4x4 chroma block indices

Input to this process is a chroma location ( xP, yP ) relative to the upper-left chroma sample of a macroblock.
Output of this process is a 4x4 chroma block index chroma4x4BlkIdx.
The 4x4 chroma block index chroma4x4BIlkldx is derived by

chroma4x4Blkldx =2 * (yP/4)+(xP/4) (6-29)

© ISO/IEC 2015 — All rights reserved 25


https://standardsiso.com/api/?name=80c7fbc0583b36a7ae10b89c0957f87e

ISO/IEC 14496-29:2015(E)

6.4.13.3 Derivation process for 8x8 luma block indices

Input to thi
Outputs of

s process is a luma location ( xP, yP ) relative to the upper-left luma sample of a macroblock.

this process is an 8x8 luma block index luma8x8BlkIdx.

The 8x8 luma block index luma8x8BIklIdx is derived by

6.4.13.4 [
Inputs to tlj
— alumg

— a maci

lpma8x 8 Biktdx=2"*(yP7 8 )=+ (xP7 &) (6-30)

erivation process for macroblock and sub-macroblock partition indices
is process are:
location ( xP, yP ) relative to the upper-left luma sample of a macroblock,

oblock type mbType,

— when mbType is equal to P_8x8 or P_8x8ref0, a list of sub-macroblock types subMbType with 4 ¢lements.

Outputs of]
— amaci
— asub-
The macro
—  Ifmb]
—  Othery

1

The sub-m|
—  Ifmb]
—  Othery

S|

(

7 Syn

7.1 N

711 N

The norma

this process are:

oblock partition index mbPartldx,

macroblock partition index subMbPartIdx.

block partition index mbPartldx is derived as follows:

ype specifies an I macroblock type, mbPartldx is set equal to O,

vise (mbType does not specify an I macroblock type), mbPartldX is derived by

hbPartldx = ( 16 / MbPartWidth( mbType ) ) * ( yP / MbPartHeight( mbType ) ) +
xP / MbPartWidth( mbType ) ) (6-31)

heroblock partition index subMbPartldx is derived-as follows:
'ype is not equal to P_8x8 or P_8x8ref, subMbPartldx is set equal to 0.

vise (mbType is equal to P_8x8 or P_8x8ret0), subMbPartldx is derived by
ubMbPartldx = ( 8 / SubMbPartWidth( subMbType[ mbPartldx ] ) ) *

(yP % 8 )/ SubMbPartHeight("'subMbType[ mbPartldx ] ) ) +
((xP %87 SubMbPartWidth( subMbType[ mbPartldx ]) ) (6-32)

ax and semantics

ormative-Syntax and Semantics

prmative and Informative Technologies

tiveyrequirements of this specification extend only to the technologies required to implement the profile specifi

ed

in A.2.1. AITGther aspects of this specification arc informative only, and not normative. Specitically, a conforming decoder is
not required to handle a number of technologies, including but not limited to the following:

a) field coding (i.e. frame mbs_only flag equal to 0);

b) ¢

olor sampling formats other than 4:2:0;

c) picture size scaling;

d) BitDepthy and BitDepth values other than 8;

26

© ISO/IEC 2015 — All rights reserved


https://standardsiso.com/api/?name=80c7fbc0583b36a7ae10b89c0957f87e

TH
Sp

TH
th

S}

ISO/IEC 14496-29:2015(E)

e) Dbipredictive and switching slice types (i.e. slice types other than I and P slices);

f)  weighted prediction modes other than the default (i.e. weighted pred flag or weighted bipred idc not equal to 0);

g) entropy coding modes other than CAVLC (i.e. entropy coding mode flag not equal to 0);

h)  8x8 inverse transform block size;

. b 5 Lot

j)  more than one slice group per picture;

1.2 Method of specifying syntax in tabular form

peified, either directly or indirectly, in other clauses.
NOTE — An actual decoder should implement means for identifying entry points into the bitstreamand means to identify

e following table lists examples of pseudo code used to describe the syntax. Wher syntax_element appears,

non-conforming bitstreams. The methods for identifying and handling errors and other such situations are not specified herq.

e syntax tables specify a superset of the syntax of all allowed bitstreams. Additional constraints on the synfax may be

and handle

it specifies

it a syntax element is parsed from the bitstream and the bitstream pointer is advanced to the next position peyond the
htax element in the bitstream parsing process.
Descriptor
/* A statement can be a syntax element with an associated descriptor or can be an
expression used to specify conditions for the existenee, type, and quantity of
syntax elements, as in the following two examples-*/
syntax_element ue(v)
conditioning statement
/* A group of statements enclosed in curly brackets is a compound statement and
is treated functionally as a single statément. */
{
statement
statement
}
/* A "while" structure specifies a test of whether a condition is true, and if true,
specifies evaluation of a statement (or compound statement) repeatedly until the
condition\js-no longer true */
while(condition )
Statement
/¥ A "do ... while" structure specifies evaluation of a statement once, followed by
a test of whether a condition is true, and if true, specifies repeated evaluation of
the statement until the condition is no longer true */
do
statement
while( condition )
/* An "if ... else" structure specifies a test of whether a condition is true, and if
the condition is true, specifies evaluation of a primary statement, otherwise,
specifies evaluation of an alternative statement. The "else" part of the structure
and the associated alternative statement is omitted if no alternative statement
evaluation is needed */
© ISO/IEC 2015 — All rights reserved 27
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if( condition )

primary statement
else

alternative statement

/* A "for" structure specifies evaluation of an initial statement, followed by a test
of a condition, and if the condition is true, specifies repeated evaluation of a

7.2 Specification of syntax functions, categories, and descriptors

The functipns presented here are used in the syntactical description. These functions assume the ‘existence of a bitstre:
pointer with an indication of the position of the next bit to be read by the decoding process from,the bitstream.

byte align
- If

primary statement followed by a subsequent statement until the condition is no
longer true. */
for( initial statement; condition; subsequent statement )

primary statement

pd( ) is specified as follows:

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

I

te,

ax

thg return value of byte_aligned( ) is equal to TRUE.
— Otherwise, the return value of byte aligned( ) is equal to FALSE.
more_datalin byte stream( ), which is used only in the byte stream NAL“unit syntax structure specified in Annex B,| i
specified ap follows:
— Ifjmore data follow in the byte stream, the return value of mofé data_in_byte stream( ) is equal to TRUE.
—  Otherwise, the return value of more data in byte streami( ) is equal to FALSE.
more_rbsp| data( ) is specified as follows:
— Ifjthere is no more data in the RBSP, the return value of more rbsp data( ) is equal to FALSE.
— Otherwise, the RBSP data is searched for the last (least significant, right-most) bit equal to 1 that is present in the
RBSP. Given the position of this bit, which is the first bit (rbsp_stop one bit) of the rbsp trailing bits() synf
structure, the following applies:

The m
Annex

more_rbsp

- If

If there is more data in.'an) RBSP before the rbsp trailing bits() syntax structure, the return value
more rbsp data( ) is equal-to TRUE.

Otherwise, the returirvalue of more rbsp data( ) is equal to FALSE.

ethod for enabling\determination of whether there is more data in the RBSP is specified by the application (or|
B for applicatiens that use the byte stream format).

| trailing .data( ) is specified as follows:

there igmore data in an RBSP, the return value of more rbsp_trailing_data( ) is equal to TRUE.

of

—

n

LY

28

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

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

Th

e following descriptors specifyv the parsing process of each svntax element

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

ce(v): context-adaptive variable-length entropy-coded syntax element with the left bit first. Fhe)parsing
this descriptor is specified in subclause 9.2.

f(n): fixed-pattern bit string using n bits written (from left to right) with the left bit firstyFhe parsing prog
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
on the value of other syntax elements. The parsing process for this descriptQr is specified by the return v
function read bits( n ) interpreted as a two's complement integer representation with most significant bit w

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

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

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

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

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

the return

process for

ess for this

dependent
alue of the
ritten first.

escriptor is
descriptor

pscriptor is

a manner
the return
significant

ss for this

© ISO/IEC 2015 — All rights reserved

29


https://standardsiso.com/api/?name=80c7fbc0583b36a7ae10b89c0957f87e

ISO/IEC 14496-29:2015(E)

7.3 Syntax in tabular form

7.3.1 NAL unit syntax

nal_unit( NumBytesInNALunit ) { Descriptor
forbidden—zero—bit 1
nal ref idc u2)
nal_unit_type u(5)

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

rbsp_byte][ NumBytesInRBSP++ | b(8)

rbsp_byte] NumBytesInRBSP++ | b(8)

i+=2

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

rbsp_byte][ NumBytesInRBSP++ | b(8)

7.3.2 Rpw byte sequence payloads and RBSP trailing bits syntax

7.3.2.1 Spquence parameter set RBSP syntax

seq_parameter_set rbsp( ) { Descriptor

seq parameter set data()
rbsp _trailing bits( )

}
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7.3.2.1.1 Sequence parameter set data syntax

seq_parameter _set data() { Descriptor

profile idc u(8)
constraint_set0 flag /* normally equal to 1 */ u(1)
constraimt_sett—ftag 7+ mormmatty equat to uth)
constraint_set2 flag /* normally equal to 1 */ u(1)
constraint_set3 flag u(1)
constraint_setd4 flag /* equal to 0; ignored by decoders */ u(1)
constraint_setS flag /* equal to 0; ignored by decoders */ u(l)
reserved_zero 2bits /* equal to 0 */ u2)
level idc 4(8)
seq_parameter_set id ue(v)
log2 max frame num_minus4 ue(v)
pic_order_cnt_type ue(v)
if( pic_order cnt type == 0)

log2 max pic order cnt Isb minus4 ue(v)
else if( pic_order cnt type == 1) {

delta_pic_order_always zero flag u(1)

offset for non_ref pic se(V)

offset for top to bottom field se(V)

num_ref frames in pic order cnt cycle ue(v)

for(i=0;1<num ref frames in pic ordef\ent cycle; i++ )

offset for ref frame|i] se(V)

I
max_num_ref frames ue(v)
gaps_in_frame num_value_allowed_flag u(1)
pic_width_in_mbs_minusl ue(v)
pic_height_in_map units\minusl ue(v)
frame_mbs_only_flag./*equal to 1*/ u(1)
direct_8x8 inferénce flag u(1)
frame_cropping, flag u(1)
if( frame cropping flag) {

frame crop_left offset ue(v)

frame crop_right offset ue(v)

frame crop top offset ue(v)

frame crop bottom_offset ue(v)
}
vui_parameters present flag u(1)
if( vui_parameters present flag )

vui_parameters( )

}
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7.3.2.2 Picture parameter set RBSP syntax

7323 S

32

pic_parameter_set rbsp( ) { Descriptor

pic_parameter_set _id ue(v)
seq_parameter_set id ue(V)
emtropy_coding_mode _flag 7 *equattozero* utt)
bottom_field pic_order_in_frame present flag u(1)
num_slice_groups_minusl /*equal to zero*/ ue(V)
num_ref _idx 10 _default_active_minusl ue(v)
num_ref _idx 11_default_active_minusl ue(v)
weighted pred flag /* =0 */ u(1)
weighted bipred_idc /* =0 */ u(2)
pic_init_qp_minus26 /* relative to 26 */ se(V)
pic_init_qs_minus26 /* relative to 26 */ se(v)
chroma_qp_index_offset se(v)
deblocking filter control present flag u(1)
constrained_intra_pred_flag u(1)
redundant_pic_cnt_present_flag /* equal to zero*/ u(1)

rbsp _trailing bits( )

i
Lipplemental enhancement information RBSP syntax
sei_rbsp( ) { Descriptor

do

sei_message( )

while( more rbsp data())

rbsp _trailing bits( )
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sei_message( ) {

Descriptor

payloadType = 0

while( next bits( 8) == 0xFF) {

e PPN =T=30
H—byte 7 Tquarto OXrr

ft8)

payloadType += 255

}

last payload_type byte

u(8)

payloadType += last payload type byte

payloadSize =0

while( next bits( 8) == 0xFF) {

ff_byte /* equal to OxFF */

f(3)

payloadSize += 255

}

last_payload_size byte

u(8)

payloadSize += last payload size byte

sei_payload( payloadType, payloadSize )

7.8.2.4 Access unit delimiter RBSP syntax

access_unit delimiter rbsp() {

Descriptor

primary pic_type

u(3)

rbsp _trailing bits( )

}

7.8.2.5 End of sequence RBSP:syntax

end_of seq rbsp() {

Descriptor

}

7.8.2.6 Engd-of stream RBSP syntax

end_of stream rbsp() {

Descriptor

}
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iller data RBSP syntax

filler data rbsp() {

Descriptor

while( next bits( 8) == 0xFF)

ff_byte /* equal to OxFF */

f(3)

I bbp_ll dﬁillg_‘[)ilb\ )

}

ice layer RBSP syntax

slice_layer rbsp() {

Descriptor

slice_header( )

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

rbsp_slice trailing bits( )

}

7.3.2.9 (oid)

7.3.2.10 RBSP slice trailing bits syntax

7.3.2.11 H

rbsp_slice trailing_bits( ) {

Descriptor

rbsp _trailing bits( )

}

RBSP trailing bits syntax

rbsp_trailing bits( ) {

Descriptor

rbsp_stop_one_bit /* equal to | */

f(h)

while( !byte-aligned())

rbsp_alignment_zero_bit /* equal to 0 */

f(1)

34

© ISO/IEC 2015 — All rights reserved


https://standardsiso.com/api/?name=80c7fbc0583b36a7ae10b89c0957f87e

ISO/IEC 14496-29:2015(E)

7.3.3 Slice header syntax

slice_header( ) { Descriptor
first mb_in_slice ue(v)
slice_type ue(v)
pic_parameter_set_id ue(v)
frame num u(v)
if( IdrPicFlag)
idr_pic_id ue(v)
if( pic_order cnt type == 0) {
pic_order cnt _Isb u(y)
if( bottom_field pic order in frame present flag)
delta_pic_order cnt bottom se(V)
I
if( pic order cnt type == 1 && !delta pic order always zero flagd){
delta_pic_order_cnt[0 ] se(V)
if( bottom_field pic order in frame present flag)
delta_pic_order_cnt[1 ] se(V)
I
if( slice type==P) {
num_ref idx active override flag u(1)
if( num_ref idx_active override flag)
num_ref idx 10 active minusl ue(v)
I
ref pic list modification( )
if( nal ref idc!=0)
dec ref pic_marking( )
slice_ qp_delta se(V)
if( deblocking filter control-present flag) {
disable deblocking-filter idc ue(v)
if( disable deblocking filter idc = 1) {
slice_alpha _‘c0 ‘offset div2 se(V)
slice_beta offset div2 se(V)
I
I
I
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7.3.3.1 Reference picture list modification syntax

ref pic_list modification( ) { Descriptor
if( slice type % 5 = 2 && slice type % 5 = 4) {
ref pic_list modification_flag 10 u(1)
it Tef prc— st modifrcation—frag 10
do {
modification_of pic_nums_idc ue(v)
if( modification of pic nums idc == 0 ||
modification of pic nums idc == 1)
abs_diff pic num_minusl ue(v)
else if( modification of pic nums idc == 2)
long_term_pic_num ue(v)
} while( modification of pic nums idc != 3)
i
i
7.3.3.2 (Moid)
7.3.3.3 Decoded reference picture marking syntax
dec ref pic_marking( ) { Descriptor
if( IdrPicFlag) {
no_output_of prior_pics_flag u(1)
long term_reference flag u(1)
} else {
adaptive_ref pic marking mede flag u(1)
if( adaptive ref pic marking mode flag)
do {
memory_management_control_operation ue(v)
if memory management control operation == 1 ||
memory management control operation == 3)
difference of pic nums minusl ue(v)
if(memery management control operation == 2 )
long_term_pic_num ue(v)
{Cmemory management control operation == 3 ||
memory management control operation == 6)
long_term_frame_idx ue(v)
if memory management control operation == 4)
max_long term_frame idx_plusl ue(v)
} while( memaory management control operation '= 0)
i

36

© ISO/IEC 2015 — All rights reserved


https://standardsiso.com/api/?name=80c7fbc0583b36a7ae10b89c0957f87e

ISO/IEC 14496-29:2015(E)

7.3.4 Slice data syntax

slice data( ) { Descriptor

CurrMbAddr = first mb _in_slice
moreDataFlag = 1
previvibSkipped——0
do {
if( slice type = 1) {
mb_skip_run ue(V)
prevMbSkipped = (mb_skip run>0)
for( i=0; i<mb_skip run; i++)
CurrMbAddr = NextMbAddress( CurrMbAddr )
ifl mb_skip run>0)
moreDataFlag = more rbsp data()

i
if( moreDataFlag )

macroblock layer( )
moreDataFlag = more rbsp data()
CurrMbAddr = NextMbAddress( CurrMbAddr )
} while( moreDataFlag )

}
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735 M

7351 M

38

acroblock layer syntax
macroblock layer( ) { Descriptor
mb_type ue(v)
ifl mb type == 1 PCM) {
whitettbyte—atigmed( )
pem_alignment zero_bit f(1)
for(i=0;1<256;i++)
pem_sample lumal i | u(v)
for(1=0;1<128)
pem_sample _chromal i | u(v)
} else {
ift mb_type =1 4x4 &&
MbPartPredMode( mb_type, 0 ) != Intra 16x16 &&
NumMbPart( mb type) == 4)
sub mb pred( mb type )
else
mb_pred( mb_type)
if MbPartPredMode( mb_type, 0) != Intra 16x16)
coded_block pattern
if( CodedBlockPatternLuma > 0 || CodedBlockPatternChroma >0 | |
MbPartPredMode( mb _type, 0 ) == Intra 16x16 )§
mb_qp_delta se(v)
residual( )
i
i
!
acroblock prediction syntax
mb_pred( mb_type ) { Descriptor
if MbPartPredMode('mb_type, 0 ) == Intra 4x4 ||
MbPartPredMode(-mb_type, 0 ) == Intra 16x16) {
if MbPartPredMode( mb_type, 0 ) == Intra 4x4)
for( lamadx4Blkldx=0; luma4x4BlkIdx<16; luma4x4Blkldx++ ) {
prev_intra4x4 pred_mode flag| luma4x4BIkldx ] u(l)
if( !prev_intra4x4 pred mode flag| luma4x4BIkldx ] )
rem_intra4x4_pred_mode[ luma4x4BIkIdx | u(3)
i
intra_chroma_pred_mode ue(v)
2 else f
for( mbPartldx = 0; mbPartldx < NumMbPart( mb_type ); mbPartldx++)
if( num_ref idx 10 active minusl >0)
ref idx 10[ mbPartldx | te(v)
for( mbPartldx = 0; mbPartldx < NumMbPart( mb_type ); mbPartldx++)
for( compldx = 0; compldx < 2; compldx++ )
mvd_10] mbPartldx ][ 0 ][ compldx | se(V)
i
i
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7.3.5.2 Sub-macroblock prediction syntax

sub mb pred( mb type) { Descriptor
for( mbPartldx = 0; mbPartldx < 4; mbPartldx++ )
sub_mb_type[ mbPartldx | ue(v)

for( mbPartldx = 0; mbPartldx < 4; mbPartldx++)
if( num ref idx 10 active minusl > 0 && mb type != P 8x8refl
ref idx 10[ mbPartldx | te(v)
for( mbPartldx = 0; mbPartldx < 4; mbPartldx++)
for( subMbPartldx = 0;
subMbPartldx < NumSubMbPart( sub mb_type[ mbPartldx ] );
subMbPartldx++)
for( compldx = 0; compldx < 2; compldx++ )
mvd_10] mbPartldx ][ subMbPartldx ][ compldx | se(V)

7.8.5.3 Residual data syntax

residual() { Descriptor

residual luma( i116x16DClevel, i16x16AElevel, leveld4x4)
Intral6x16DCLevel = i16x16DClevel
Intral6x16ACLevel = i16x16ACleyel
LumalLevel4x4 = level4x4
for( iCbCr = 0; iCbCr < 2; iCbCOr++ )
if( CodedBlockPatternChroma & 3 )
[*chroma DC residual present */
residual block(‘€hromaDCLevel[ iCbCr |, 0, 3,4 )
else
for(i=071<4; i++)
ChtomaDCLevel[ iCbCr ][1]=0
for( iCbCh= 0; iCbCr < 2; iCbCr++ )
for(-i4x4 = 0; 14x4 < 4; i4x4++)
1f( CodedBlockPatternChroma & 2)
/* chroma AC residual present */
residual block( ChromaACLevel[ iCbCr ][ i4x4 ], 0,14,15)
else
for(i=0;1<15;i++)
ChromaACLevel[ iCbCr [ i14x4 ][1]=0
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7.3.5.3.1 Residual luma syntax

40

residual luma( i16x16DClevel, i16x16AClevel, leveld4x4 ) {

Descriptor

if MbPartPredMode( mb_type, 0) == Intra 16x16)

residual_block(i16x16DClevel, 0, 15,16)

c Qo Q Ao O 4O O
10I'( I6XO — U, I0XO F, I0X0TT )

for( 14x4 = 0; 14x4 < 4; i4x4++)

if( CodedBlockPatternLuma & ( 1 <<i8x8))

if MbPartPredMode( mb_type, 0) == Intra 16x16)

residual block( i16x16AClevel[i8x8*4+ i4x4], 0, 14, 15)

else

residual block( level4x4[ i8x8* 4 +i4x4 ], 0, 15, 16)

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

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

116x16AClevel[ i8x8 *4 +i4x4 ][1]=0

else

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

leveldx4[ i8x8 * 4 +i4x4 ][i]=0
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residual_block( coeffLevel, startldx, endldx, maxNumCoeff) {

Descriptor

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

coefflLevel[1]=0

£L 4
nucu_u]'kcu

Lo\
V)

if( TotalCoeff( coeff token )>0) {

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

suffixLength = 1

else

suffixLength =0

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

if( 1 < TrailingOnes( coeff token )) {

trailing ones_sign flag

u(l)

levelVal[i]=1—2 * trailing ones sign flag

} else {

level prefix

ce(Vv)

levelCode = (level prefix << suffixLength )

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

level suffix

u(v)

levelCode += level suffix

}
if(1 == TrailingOnes( coeff token ). &&
TrailingOnes( coeff token ) <3)

levelCode += 2

if( levelCode % 2 == 0)

levelVal[ i ] = (levelCodelt 2 ) >> 1

else

levelVal[i] = (-JeéwelCode —1)>>1

if( suffixLength.==0)

suffixLength =1

if( Abs( levelVal[i1]) > (3 <<(suffixLength—1)) &&
suffixLength <6)

suffixlength++

}

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

total_zeros

ce(Vv)

zerosLeft = total zeros

¥ else

zerosLeft =0

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

if( zerosLeft > 0) {

run_before

ce(Vv)

runVal[i]=run_before

} else

runVal[i]=0

zerosLeft = zerosLeft — runVal[ i ]

}

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

coeffNum = -1

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

coeffNum +=runVal[i]+ 1
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coeffLevel[ startldx + coeffNum | =levelVal[ i |

i
i
i

7.4 Semantics

Semantics
subclause.

741 N

NOTE 1 The VCL is specified to efficiently represent the content of the video data. The NAL is specified toformat that data &

provide

are contpined in NAL units, each of which contains an integer number of bytes. A NAL unit specifies a geneti¢ format for use in b
packet-qriented and bitstream systems. The format of NAL units for both packet-oriented transport and byte stream is identical exc

that eac

NumBytes

outside of

forbidden

nal_ref idc not equal to 0 specifies that the content of the NAL unit contains a sequence parameter set, a picture parame

set, or a sli

For coded

partof an

nal ref id
to 0 for on
NAL units

nal ref id

nal ref id

nal_unit_tlype specifies the type of RBSP data structure contained in the NAL unit as specified in Table 7-1.

For coded
decoding f
"Annex A

42

associated with the syntax structures and with the syntax elements within these structures are specified it

L unit semantics

header information in a manner appropriate for conveyance on a variety of communication channels or \storage media. All d

i NAL unit can be preceded by a start code prefix and extra padding bytes in the byte stream format.

his International Standard.

| zero_bit shall be equal to 0.

ce of a reference picture.

pn-reference picture.

shall not be equal to O for sequence parametet set or picture parameter set NAL units. When nal ref idc is eqy
e NAL unit with nal unit type in the rangelof 1 to 4, inclusive, of a particularpicture, it shall be equal to 0 for
with nal unit type in the range of 1 to 4;inclusive, of the picture.

shall not be equal to 0 for NAL units with nal unit_type equal to 5.

shall be equal to 0 for all NAEumits having nal unit type equal to 6, 9, 10, 11, or 12.

video sequences confobming to one or more of the profiles specified in Annex A that are decoded using {
rocess specified in-clauses 2-9, VCL and non-VCL NAL units are specified in Table 7-1 in the column label
NAL unit type elass".

When the semantics of a syntax element are specified using a table or a set of tables, any values that. are ot
specified i:|xAthe table(s) shall not be present in the bitstream unless otherwise specified in this International Standard)

nd
hta
bth

bpt

nNALunit specifies the size of the NAL unit in bytes. This value is required for-decoding of the NAL unit. Sofne
form of demarcation of NAL unit boundaries is necessary to enable inference of~NumBytesInNALunit. One su
demarcatiqn method is specified in Annex B for the byte stream format. Other methods of demarcation may be specifi

ch
ed

ter

video sequences conforming to one or more of the profiles specified in Annex A that are decoded using the
decoding fjrocess specified in clauses 2-9, nal ref idc equal to O-for a NAL unit containing a slice indicates that the slicg

is

hal
all

he
ed
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Table 7-1 — NAL unit type codes, syntax element categories, and NAL unit type classes

nal_unit_type | Content of NAL unit and RBSP syntax structure | Annex A
NAL unit
type class

0 Unspecified non-VCL

1 Coded slice of a non-IDR picture VCL
slice layer rbsp()
2 Reserved VCL
3 Reserved VCL
4 Reserved VCL
5 Coded slice of an IDR picture VCL
slice layer rbsp( )
6 Supplemental enhancement information (SEL) non-VCL
sei_rbsp( )
7 Sequence parameter set non-VCL
seq_parameter _set rbsp( )
8 Picture parameter set non-VCL
pic_parameter_set rbsp( )
9 Access unit delimiter non-VCL
access_unit_delimiter~rbsp( )
10 End of sequence non-VCL
end of seq rbsp( )
11 End of stzéam non-VCL
end oflstream rbsp( )
12 Filler data non-VCL
filler data rbsp()
13 Reserved non-VCL
14 Reserved non-VCL
I5 Reserved non-VCL
16..18 Reserved non-VCL
19 Reserved non-VCL
20 Reserved non-VCL
21..23 Reserved non-VCL
24 21 1L Had AWSal
e L UllDPk«\ulll\«U ITUIT™ V UL

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

NOTE — NAL unit types 0 and 24..31 may be used as determined by the application. No decoding process for these values of
nal_unit type is specified in this International Standard. Since different applications might use NAL unit types 0 and 24..31 for
different purposes, particular care must be exercised in the design of encoders that generate NAL units with nal unit type equal to 0 or
in the range of 24 to 31, inclusive, and in the design of decoders that interpret the content of NAL units with nal unit type equal to O or
in the range of 24 to 31, inclusive.
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Decoders shall ignore (remove from the bitstream and discard) the contents of all NAL units that use reserved values of
nal_unit type.

NOTE — This requirement allows future definition of compatible extensions to this International Standard.

In the text, coded slice NAL unit collectively refers to a coded slice of a non-IDR picture NAL unit or to a coded slice of an

IDR pictur

e NAL unit. The variable IdrPicFlag is specified as

IJn'rI yava 1 —e SN0 1 £ £ 3N
LUICTTIag — (U Hal_Ulllt typc —=—"0"J) 7 1", U] \7=1)

When the palue of nal unit type is equal to 5 for a NAL unit containing a slice of a particular picture, the picture shall
contain NAL units with nal unit type in the range of 1 to 4, inclusive. For coded video sequences conforming to ofig'er m
iles specified in Annex A that are decoded using the decoding process specified in clauses 2-9,suchra: picture

of the pro
referred to

rbsp_byte
The RBSP
—  Ifthe
—  Other

) 1

2) 1

Syntax st

NOTE

the byt
discardi
decodin,

emulation
unit, it shal

The last by
Within the

- 0x00(
- 0x00(

as an IDR picture.
[ ] is the i-th byte of an RBSP. An RBSP is specified as an ordered sequence of bytes as follows.
contains an SODB as follows:

SODB is empty (i.e., zero bits in length), the RBSP is also empty.
wise, the RBSP contains the SODB as follows:

bsp_trailing_bits( ) are present after the SODB as follows:

The first (most significant, left-most) bits of the final RBSP byte*Contains the remaining bits of the SODB
any).
) The next bit consists of a single rbsp_stop one bit equal to 1.

present to result in byte alignment.

ctures having these RBSP properties are deneted in the syntax tables using an " rbsp" suffix. These structuf
shall be cgrried within NAL units as the content Of‘the rbsp byte[ i ] data bytes. The association of the RBSP synf
structures fo the NAL units shall be as specified in Fable 7-1.

When the boundaries of the RBSP are known, the decoder can extract the SODB from the RBSP by concatenating the bits

s of the RBSP and discarding the~tbsp stop one bit, which is the last (least significant, right-most) bit equal to 1,
hg any following (less significant, farther to the right) bits that follow it, which are equal to 0. The data necessary for
b process is contained in the SODB part of the RBSP.

| prevention_three byte-is a byte equal to 0x03. When an emulation_prevention_three byte is present in the N4
1 be discarded by the déCoding process.

te of the NAL anit/shall not be equal to 0x00.

NAL unitsthe following three-byte sequences shall not occur at any byte-aligned position:
000
001

10'[
1rc

—

S

he first byte of the RBSP contains the (most significant, left-most) eight bits’of the SODB; the next byte of the
RBSP contains the next eight bits of the SODB, etc., until fewer than eight bits of the SODB remain.

f

—

(

1) When the rbsp stop one bit is not the last bit of a byte-aligned byte, one or more rbsp_alignment zero bif is

of
nd
he

AL

FaVaval

- 0x000

A\

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

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

44
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NOTE — When nal unit_type is equal to 0, particular care must be exercised in the design of encoders to avoid the presence of the
above-listed three-byte and four-byte patterns at the beginning of the NAL unit syntax structure, as the syntax element

emulation_prevention_three byte cannot be the third byte of a NAL unit.

7.4.1.1 Encapsulation of an SODB within an RBSP (informative)

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

Tl

enfapsulation of an RBSP within a NAL unit is specified for the following purposes:

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

THe process specified above 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

THis subclause specifies constraints en the order of NAL units in the bitstream.

u

shpll be capable of receiving NAL units and their syntax elements in decoding order.

7.

TH

4.1.2 Order of NAL units and asgogiation to coded pictures, access units, and video sequences

Aliy order of NAL units in the bifstream obeying these constraints is referred to in the text as the decoding ord

£ al L B al faPatnt al L% T RDRUP 1 41 £l T — +1
C 10D O ThHCAdpPs uLauvn Ul dil SUDUD - WIULIL dll - DO alltd ult UustT U1 UIC CIITUIalIUIl PITVCIHUOIL UL

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

to enable identification of the end of the SODB within the NAL unit by searching the RBSP for ‘the rbsp_st
starting at the end of the RBSP,

1. The RBSP data is searched for byte-aligned bits of the following binary patterns;
'00000000 00000000 000000xx" (where xx represents any 2 bit pattern;\00, 01, 10, or 11),
and a byte equal to 0x03 is inserted to replace these bit patterns with theJpatterns:

'00000000 00000000 00000011 000000xx',

2. The resulting sequence of bytes is prefixed with the first byte*of the NAL unit containing the synta
forbidden zero bit, nal ref idc, and nal unit type, where‘nal unit type indicates the type of RBSP da
the NAL unit contains.

no byte-aligned start code prefix is emulated within the NAL unit,

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

its. Within a NAL unit, the.syntax in subclauses 7.3 and E.1 specifies the decoding order of syntax elementg

1.1.2.1 Order of'sequence and picture parameter set RBSPs and their activation

NOTE~ The sequence and picture parameter set mechanism decouples the transmission of infrequently changing informat
transmission of coded macroblock data. Sequence and picture parameter sets may, in some applications, be conveyed "

_byte for
bd within a

bp_one_bit

X elements
a structure

within the

er of NAL
. Decoders

is subclause_Specifies the activation process of picture and sequence parameter sets for coded video sequences that
cohform to eng or more of the profiles specified in Annex A and are decoded using the decoding process |
clguses 2-9.

pecified in

on from the
ut-of-band"

usinig a reliable transport mechanism

A picture parameter set RBSP includes parameters that can be referred to by the coded slice NAL units of one or more coded
pictures. Each picture parameter set RBSP is initially 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 (using that value of pic_parameter set id), it is activated. This picture parameter set RBSP is called the
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active picture parameter set RBSP until it is deactivated by the activation of another picture parameter set RBSP. A picture
parameter set RBSP, with that particular value of pic_parameter set id, shall be available to the decoding process prior to its
activation.

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

When a pifture parameter set NAL unit with a particular value of pic_parameter set id is received, its content replacés the
content of|[the previous picture parameter set NAL unit, in decoding order, with the same value of pic parameter, ‘set|id
(when a prpvious picture parameter set NAL unit with the same value of pic_parameter set id was present in the bitstream).

NOTE |- A decoder must be capable of simultaneously storing the contents of the picture parameter sets for-all values|of

pic_pargmeter_set_id. The content of the picture parameter set with a particular value of pic_parameter set id is overwritten whep a
new picfure parameter set NAL unit with the same value of pic_parameter set_id is received.

A sequencg parameter set RBSP includes parameters that can be referred to by one or more picture, parameter set RBSPs|or
one or morje SEI NAL units containing a buffering period SEI message (see Annex D). Each sequence parameter set RBSH is
initially copsidered not active at the start of the operation of the decoding process. At most onesequence parameter set RBSP
is considered active at any given moment during the operation of the decoding process, and\the activation of any particujar
sequence parameter set RBSP results in the deactivation of the previously-active sequence.parameter set RBSP (if any).

When a sequence parameter set RBSP (with a particular value of seq_parameter set id) is not already active and it is referfed
to by activhtion of a picture parameter set RBSP (using that value of seq parameter‘set id) or is referred to by an SEI NAL
unit containing a buffering period SEI message (using that value of seq parameter set id), it is activated. This sequerce
parameter [set RBSP is called the active sequence parameter set RBSP untilit’is deactivated by the activation of another
sequence farameter set RBSP. A sequence parameter set RBSP, with that\particular value of seq parameter set id, shall [be
available t¢ the decoding process prior to its activation. An activated sequence parameter set RBSP shall remain active for the
entire codgd video sequence.

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

active for the entire coded video sequence, a sequence parameter.set' RBSP can only be activated by a buffering period SEI mess3ge
when thg buffering period SEI message is part of an IDR access\ufit.

Any sequepce parameter set NAL unit containing the valiue of seq parameter set id for the active sequence parameter pet
RBSP for p coded video sequence shall have the samie content as that of the active sequence parameter set RBSP for the
coded videp sequence unless it follows the last access unit of the coded video sequence and precedes the first VCL NAL uhit
and the firgt SEI NAL unit containing a buffering-period SEI message (when present) of another coded video sequence.
NOTE - If picture parameter set RBSP or sequence parameter set RBSP are conveyed within the bitstream, these constraints impose|an
order clnstraint on the NAL units that"contain the picture parameter set RBSP or sequence parameter set RBSP, respectivdly.

Otherwise (picture parameter set RBSP~0r sequence parameter set RBSP are conveyed by other means not specified in this
Internat{onal Standard), they must be-available to the decoding process in a timely fashion such that these constraints are obeyed.

When a seuence parameter set\NAL unit with a particular value of seq parameter set id is received, its content replaces the
content of [the previous sequernce parameter set NAL unit, in decoding order, with the same value of seq parameter set|id
(when a grevious sequencevparameter set NAL unit with the same value of seq parameter set id was present in the
bitstream).

NOTE { A decoder,/must be capable of simultaneously storing the contents of the sequence parameter sets for all values|of

seq_pargmetercset_id. The content of the sequence parameter set with a particular value of seq parameter set id is overwritten wheh a
new sequeneg parameter set NAL unit with the same value of seq_parameter_set id is received.

All constrdints’that are PYPI‘PQQP(‘] on the relatinnahip between the values of the syntax elements (and the valnes 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 values 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.
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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.

7.4.1.2.2 Order of access units and association to coded video sequences

A bitstream conforming to this 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

pr
an|

TH
se

It
se
un

It
of]

I

-

u

I

-

unjit shall be the last access unit in the bitstream and the end of stream"NAL unit shall be the last NAL unit in that 4

7.

Th
th
clg

u
TH

TH
ne

u:ﬁt (for example, when the SEI NAL unit has a coded video sequence as it§<scope), it shall be contained in the

A'l access unit consists of one primary coded pieture, , and zero or more non-VCL NAL units. The association of|

bfiles specified in Annex A and are decoded using the decoding process specified in clauses 2-9, the order of
d coded pictures and their association to access units is described in subclause 7.4.1.2.3.

e first access unit of each coded video sequence is an IDR access unit. All subsequent access units- in‘the ¢
juence are non-IDR access units.

s a requirement of bitstream conformance that, when two consecutive access units in decoding order within a c
juence both contain non-reference pictures, the value of picture order count for each coded frame in the first S
it shall be less than or equal to the value of picture order count for each coded frame in thé's€cond such access u

s a requirement of bitstream conformance that, when present, an access unit following-an access unit that cont
sequence NAL unit shall be an IDR access unit.

s a requirement of bitstream conformance that, when an SEI NAL unit contding data that pertain to more than

t to which it applies.

s a requirement of bitstream conformance that, when an end of str¢am NAL unit is present in an access unit,

1.1.2.3 Order of NAL units and coded pictures and-association to access units

is subclause specifies the order of NAL units and coded pictures and association to access unit for coded video
it conform to one or more of the profiles specifiedinAnnex A and are decoded using the decoding process §
uses 2-9.

ts to primary is described in subclause 7.4:1:2.5.
e first access unit in the bitstream starts with the first NAL unit of the bitstream.

e first of any of the following NAL units after the last VCL NAL unit of a primary coded picture specifies thi
W access unit:

access unit delimiter NAL unit (when present),

sequence parameter.set NAL unit (when present),

picture parameter set NAL unit (when present),

SEI NAE.unit (when present),

NAL wunits with nal unit_type in the range of 14 to 18, inclusive (when present),

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

INAL units

bded video

pded video
uch access
hit.

hins an end

one access
first access

this access
ccess unit.

sequences
pecified in

[VCL NAL

e start of a

The constraints for the detection of the first VCL NAL unit of a primary coded picture are specified in subclause 7.4.1.2.4.

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
delimiter NAL unit in any access unit.

When any SEI NAL units are present, they shall precede the primary coded picture.
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—  When an SEI NAL unit containing a buffering period SEI message (see Annex D) is present, the buffering period SEI
message shall be the first SEI message payload of the first SEI NAL unit in the access unit.

—  When an end of sequence NAL unit is present, it shall follow the primary coded picture
—  When an end of stream NAL unit is present, it shall be the last NAL unit.

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

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

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

The structIre of access units not containing any NAL units with nal unit type equal to 0, 7, 8, or in thexsange of 12 to |8,
inclusive, ¢r in the range of 20 to 31, inclusive, is shown in Figure 7-1.
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Figure 7-1)=Structure of an access unit not containing any NAL units with nal_unit_type equal to 0, 7, 8,
or in the range of 12 to 18, inclusive, or in the range of 20 to 31, inclusive

7.4 T.2.4 Detection of the first VCL NAL unit of a primary coded picture

This subclause specifies constraints on VCL NAL unit syntax that are sufficient to enable the detection of the first VCL NAL
unit of each primary coded picture for coded video sequences that conform to one or more of the profiles specified in

Annex A and are decoded using the decoding process specified in clauses 2-9.

Any coded slice NAL unit of the primary coded picture of the current access unit shall be different from any coded slice NAL
unit of the primary coded picture of the previous access unit in one or more of the following ways:

© ISO/IEC 2015 — All rights reserved

49


https://standardsiso.com/api/?name=80c7fbc0583b36a7ae10b89c0957f87e

ISO/IEC 14496-29:2015(E)

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

NOTE — A consequence of the above statement is that a primary coded picture having frame num equal to 1 cannot contain
a memory management control operation equal to 5 unless some other condition listed below is fulfilled for the next

primary coded picture that follows after it (if any).

poantar oot d Lo 0 (oo

- picp
— nal re

—  pic_or
both a

— IdrPic

— IdrPic

NOTE -
detectio

7.4.1.2.5

This subcl|
conform t

clauses 2-9.

Each VCL

The order
-t

The order
-t

NAL units
the primary

NAL units
access unit

NAL units|

coded pictyire within the access unif.

742 R
7421 S

7.4.21.1
profile_id

TarrrCteCr ST T OTIICr S 1t varacs

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

der cnt type is equal to O for both and pic_order cnt Isb differs in value.—  pic_order cnt type is equal to 1
hd either delta_pic_order cnt[ 0 ] differs in value, or delta_pic_order cnt[ 1 ] differs in value.

Flag differs in value.

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

- Some of the VCL NAL units in non-VCL NAL units (e.g., an access unit delimiter NAL whit) may also be used for
h of the boundary between access units, and may therefore aid in the detection of the start of adhew primary coded picture.

Order of VCL NAL units and association to coded pictures

huse specifies the order of VCL NAL units and association to coded pictures for coded video sequences tl

NAL unit is part of a coded picture.

f the VCL NAL units within a coded IDR picture is constrained as follows:

he order of coded slice of an IDR picture NAL units shall’be in the order of increasing macroblock address.

f the VCL NAL units within a coded non-IDR picture'is constrained as follows:

he order of coded slice of a non-IDR picture NAL units shall be in the order of increasing macroblock address.

having nal unit_type equal to 12 may be present in the access unit but shall not precede the first VCL NAL unit|
y coded picture within the access unit.

but shall not precede the first VEL ' NAL unit of the primary coded picture within the access unit.

having nal_unit_type in thé range of 20 to 23, inclusive, shall not precede the first VCL NAL unit of the prim{

pw byte sequenceypayloads and RBSP trailing bits semantics
bquence parameter set RBSP semantics

Sequence/parameter set data semantics

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

constraint

one or more of the profiles specified in Annex A and are decoded using the decoding process specified|i

for

he

hat

of

having nal unit type equal to 0 or in.the range of 24 to 31, inclusive, which are unspecified, may be present in the

ry

_set()_flag Pr}]lﬂ] to 1 _when prnﬁlp idcis Pq]lﬂ] to 66 _hasno mpqning and should be Pr}lml to 1l andits value s

11

be ignored by decoders. When profile idc is equal to 77, constraint set0 flag equal to 1 indicates that the coded video
sequence obeys all constraints specified in subclause A.2.1 and constraint_setO flag equal to 0 indicates that the coded video
sequence may or may not obey all constraints specified in subclause A.2.1. When profile idc is not equal to 66 or 77,
constraint_set0 flag is interpreted together with constraint setl flag as specified below.

constraint_setl_flag equal to 1, when profile idc is equal to 66 or constraint set0 flag is equal to 1, indicates that the coded
video sequence obeys all constraints specified in subclause A.2.1. When profile idc is not equal to 66 and

50
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constraint_set0_flag is not equal to 1, constraint_setl flag equal to 0 indicates that the coded video sequence may or may not
obey all constraints specified in subclause A.2.1.

constraint_set2_flag is not used in this specification; the value shall be ignored by decoders, and should be set to 1 by
encoders.

constraint_set3_flag is specified as follows:

h el 1 bih | - 1 4 VA A L ] QO g1 B I | - 1 4 11 s o 431 1 4 h B B h h
- jug PlUlllC_lUb LN C\iual Wwuoy, 77,01 66 alItl lCVCl_lub LN Ckiual will, bUllDllalllL_bClJ_llas Cqual W T OIiJgiedayos t at t €
coded video sequence obeys all constraints specified in Annex A for level 1b and constraint set3 [flag|equal to 0
indicates that the coded video sequence obeys all constraints specified in Annex A for level 1.1.

— | Otherwise the value of 1 for constraint set3 flag is reserved for future use by ITU-T | ISO/IEC. dn this casg, decoders
shall ignore the value of constraint_set3 flag.

copstraint_set4_flag is reserved for future use by ITU-T | ISO/IEC; the value shall be ignored.by)decoders, and phall be set
to|0 by encoders.

copstraint_setS_flag is reserved for future use by ITU-T | ISO/IEC; the value shall be ignored by decoders, and phall be set
to|0 by encoders.

reperved_zero_2bits shall be equal to 0. Other values of reserved zero 2bits-may be specified in the future py ITU-T |
ISP/IEC. Decoders shall ignore the value of reserved zero 2bits.

sef|_parameter_set id identifies the sequence parameter set that is referred to by the picture parameter set. The value of
sef] parameter set id shall be in the range of 0 to 31, inclusive.

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

log2 _max_frame num_minus4 specifies the value of thecvariable MaxFrameNum that is used in frame njim related
detivations as follows:

MaxFrameNum = 2( log2_max_frame num minus4 +4 ) (7_2)
THe value of log2 max_frame num_ minus4 shallbe in the range of 0 to 12, inclusive.

pif_order_cnt_type specifies the method to-decode picture order count (as specified in subclause 8.2.1). The value of
pi¢_order cnt_type shall be in the range0f\0 to 2, inclusive.

pi¢_order cnt type shall not be equal te 2 in a coded video sequence that contains an access unit containing a nop-reference
frgme followed immediately by an.access unit containing a non-reference picture,

log2 max_pic_order_cnt_Isb_minus4 specifies the value of the variable MaxPicOrderCntLsb that is used in thie decoding
process for picture order count as specified in subclause 8.2.1 as follows:

MaxPicOrderCrtl sb = 2( log2_max_pic_order_cnt_Isb_minus4 +4) (7_3)
THe value of log2¢max_pic_order cnt Isb minus4 shall be in the range of 0 to 12, inclusive.

deflta_pic_order always zero_flag equal to 1 specifies that delta pic_order cnt[ 0 ] and delta pic_order cnt[ |l | are not
present in the slice headers of the sequence and shall be inferred to be equal to 0. delta_pic_order _always_zero flag equal to
0 $pecifies that delta pic order cnt[ 0] is present in the slice headers of the sequence and delta pic order cnt[[l ] may be
present in the slice headers of the sequence.

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

num_ref frames in_pic_order_cnt _cycle is used in the decoding process for picture order count as specified in
subclause 8.2.1. The value of num_ref frames in_pic_order cnt cycle shall be in the range of 0 to 255, inclusive.

offset_for_ref frame[i] is an element of a list of num ref frames in pic order cnt cycle values used in the decoding
process for picture order count as specified in subclause 8.2.1. The value of offset_for ref frame[ i | shall be in the range of
—2°' + 1 to 2*! — 1, inclusive.
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When pic_order cnt type is equal to 1, the variable ExpectedDeltaPerPicOrderCntCycle is derived by

ExpectedDeltaPerPicOrderCntCycle = 0
for(i=0; i<num ref frames in pic order cnt cycle; i++)
ExpectedDeltaPerPicOrderCntCycle += offset for ref frame[ i ] (7-4)

max_num_ref frames specifies the maximum number of short-term and long-term reference frames that may be used by the
decoding prece inter-prediction icture—in-th d id : —max—pum—ref—frames-also-detenni
size of thq sliding window operation as specified in subclause 8.2.5.3. The value of max num ref frames shall be in
range of 0 foMaxDpbFrames (as specified in subclause A.3.1), inclusive.

gaps_in_frame_num_value_allowed_flag specifies the allowed values of frame num as specified in subclause(%4.3 and the
decoding grocess in case of an inferred gap between values of frame num as specified in subclause 8.2.5.2.

pic_width[in_mbs_minus1 plus 1 specifies the width of each decoded picture in units of macroblocks.
The variable for the picture width in units of macroblocks is derived as

PicWidthInMbs = pic_width_in_mbs minusl + 1 (7-5)
The variable for picture width for the luma component is derived as

PicWidthInSamples, = PicWidthInMbs * 16 (7-6)
The variable for picture width for the chroma components is derived as

PicWidthInSamplesc = PicWidthInMbs * MbWidthC (7-7)

frame_mbls_only_flag shall be equal to 1 and specifies that every coded picture of the coded video sequence is a coded
frame contpining only frame macroblocks.

The allowdd range of values for pic width in mbs minusl, pictheight in map units minusl, is specified by constraints|in
Annex A.

pic_height_in_map_units_minusl plus 1 is the height ef.a frame in units of macroblocks.

The variable FrameHeightInMbs is derived as

FrameHeightInMbs = ( 2 — frame mbs only flag ) * PicHeightInMapUnits (7-8)
direct_8x§ inference_flag is not used and\may have any value.

frame_crdpping_flag equal to | specifies that the frame cropping offset parameters follow next in the sequence paramefer
set. frame |cropping_flag equal to-O-specifies that the frame cropping offset parameters are not present.

frame_crdp_left_offset, frame crop_right_offset, frame_ crop_top_offset, frame crop_bottom_offset specify the
samples of the pictures inythe coded video sequence that are output from the decoding process, in terms of a rectanguflar
region spe¢ified in frame,Coordinates for output.

The variables CropUnitX and CropUnitY are derived as follows:

CropUnitX =2 (7-9)
CropUnitY = 2* (2 — frame_mbs_only flag) (7-10)

The frame cropping rectangle contains luma samples with  horizontal frame coordinates from
CropUnitX * frame crop left offset to PicWidthInSamples, — ( CropUnitX * frame crop right offset+ 1) and wvertical
frame coordinates from CropUnitY * frame crop_top_ offset to ( 16 * FrameHeightInMbs ) —
( CropUnitY * frame crop bottom offset + 1), inclusive. The value of frame crop left offset shall be in the range 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.
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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.

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

vui_parameters_present_flag equal to 1 specifies that the vui_parameters( ) syntax structure as specified in Annex E is

pr
is

7

pi
pi
se
of]

esent. vui_parameters_present flag equal to 0 specifies that the vui_parameters() syntax structure as specified

in Annex E

hot present.

4+.2.2 Picture parameter set RBSP semantics

 parameter_set_id identifies the picture parameter set that is referred to in the slice hicader. Thd
parameter_set _id shall be in the range of 0 to 255, inclusive.

_parameter_set_id refers to the active sequence parameter set. The value of seq parameter<set id shall be i
0 to 31, inclusive.

entropy_coding_mode_flag selects the entropy decoding method to be applied for the'syntax elements. It shall

to
C;

0, and the method specified by the left descriptor in the syntax table is applied (Exp<Golomb coded, see subcl
AVLC, see subclause 9.2).

battom_field pic_order_in_frame_present_flag equal to 1 specifies that the syntax elements delta pic_order

(W
re

Sp
de

ny

ny
nuy
to

ny
W¢

W¢
pi
lay
de

pi

hen pic order cnt type is equal to 0) or delta pic order cnt[ 1] (when’/pic order cnt type is equal to 1),
ated to picture order counts for the bottom field of a coded frame; are present in the slice headers for coded
ecified in subclause 7.3.3. bottom field pic order in frame present flag equal to O specifies that the syntal
[ta pic_order cnt bottom and delta pic order cnt[ 1 ] are not présent in the slice headers.

m_slice_groups_minusl1 shall be equal to 0.

m_ref_idx_10_default_active_minusl specifies how num ref idx 10 active minusl is inferred for P §
m_ref idx_active override flag equal to 0. The value*of num ref idx 10 default active minusl shall be in thg
31, inclusive.

m_ref_idx_11_default_active_minusl1 is not'used and shall be in the range of 0 to 31, inclusive.
ighted_pred_flag shall be equal to 0,
ighted_bipred_idc shall be equal to 0.

> init_qp_minus26 specifies the initial value minus 26 of SliceQPy for each slice. The initial value is modified
er when a non-zero value of slice gp_delta is decoded, and is modified further when a non-zero value of mb |

b init_qs_minus26is10t used and shall be in the range of —26 to +25, inclusive.

chiroma_qp_index ‘offset specifies the offset that shall be added to QPy and QSy for addressing the table of QP

th

de|
th
syl
va

b Cb chroma ‘temponent. The value of chroma qp_index_offset shall be in the range of —12 to +12, inclusive.

blocking-filter _control_present flag equal to 1 specifies that a set of syntax elements controlling the charad
e deblocking filter is present in the slice header. deblocking filter control present flag equal to O specifies thg
htax, elements controlling the characteristics of the deblocking filter is not present in the slice headers and th

value of

h the range

| be equal
ause 9.1 or

tnt_bottom
which are
frames as
x elements

lices with

range of 0

at the slice
qp_delta is

coded at the macroblock(layer. The value of pic_init qp minus26 shall be in the range of —(26 + 0 ) to +25, inclpsive.

values for

teristics of
t the set of
bir inferred

2 £t
UulvsS darv 111 CIIvut.

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 macroblock types.

redundant_pic_cnt_present_flag shall be equal to 0 and specifies that the redundant pic_cnt syntax element is not present

n

slice headers that refer to the picture parameter set.
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7.4.2.3 Supplemental enhancement information RBSP semantics

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

7.4.2.3.1Supplemental enhancement information message semantics

An SEI RBSP contains one or more SEI messages. Each SEI message consists of the variables specifying the type
payloadType and size payloadSize of the SEI payload. SEI payloads, identified herein as the sei_payload( ) syntax strueture,
are specifi¢d by Annex D. The derived SEI payload size payloadSize is specified in bytes and shall be equal to the nurhbet{of
RBSP bytgs in the SEI payload.

NOTE -+ The NAL unit byte sequence containing the SEI message might include one or more emulation prevention bytes\(represented

by emulation_prevention_three byte syntax elements). Since the payload size of an SEI message is specified in RBSP bytes, the
quantity| of emulation prevention bytes is not included in the size payloadSize of an SEI payload.

ff_byte is g byte equal to OxFF identifying a need for a longer representation of the syntax structure thdt,it'is used within.
last_paylopd_type_byte is the last byte of the payload type of an SEI message.

last _paled_size_byte is the last byte of the payload size of an SEI message.
7.4.2.4 Arcess unit delimiter RBSP semantics

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

primary_pic_type indicates that the slice type values for all slices of the primary coded picture are members of the set lisfed
in Table 742 for the given value of primary pic_type.

NOTE - The value of primary pic_type applies to the slice type valugs in all slice headers of the primary coded picture, including fhe
slice_type syntax elements in all NAL units with nal unit_type equaltto1 or 5.

Table 7-2 — Meaning of primary_pic_type

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

0 2,7
1 0,2,5,7

2 0;2:5,7

3 4,9

4 3,4,8,9

5 2,4,7,9

6 0,2,3,4,5,7,8,9
7 0,2,3,4,5,7,8,9

7.4.2.5 Ehd=0f sequence RBSP semantics

The end of sequence RBSP specifies that the next subsequent access unit in the bitstream in decoding order (if any) shall be
an IDR access unit. The syntax content of the SODB and RBSP for the end of sequence RBSP are empty. No normative
decoding process is specified for an end of sequence RBSP.
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4.2.6 End of stream RBSP semantics

2015(E)

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.

NOTE — When an end of stream NAL unit is present, the bitstream is considered to end (for purposes of the scope of this International

Standard applies only to the processing of each of these individual bitstreams. No requirements are specified hereifrig
transition between such bitstreams (e.g., in regard to timing, buffering operation, etc.).

4.2.7 Filler data RBSP semantics

The filler data RBSP contains zero or more bytes. No normative decoding process is specified for a(filler data RBS

ff]

byte is a byte. It is a requirement of bitstream conformance that the value of ff byte shall be equal to OxFF.

.£+.2.8 Slice layer without partitioning RBSP semantics

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

In

7.

4.2.9 (void)

.£.2.10 RBSP slice trailing bits semantics

this Specification, the RBSP trailing bits syntax and semantics are thie same as the RBSP trailing bits syntax and

£.2.11 RBSP trailing bits semantics
rIp_stop_one_bit shall be equal to 1.

p_alignment_zero_bit shall be equal to 0.

1.3 Slice header semantics

When present, the value of the slice header syntax elements pic parameter set id, frame num, |,

pi
pi

order_cnt_lsb, delta pic_order cnt[ 0.],and delta pic order cnt[ 1 ] shall be the same in all slice headers
ture.

filst_mb_in_slice specifies the addtess of the first macroblock in the slice. the value of first mb _in_slice is con

fo

lows:

the value of first mb_in“slice shall not be less than the value of first mb _in_slice for any other slice of
picture that precedes-the’current slice in decoding order.

THe first macroblock ‘address of the slice is derived as follows:

first mb_in<shce is the macroblock address of the first macroblock in the slice, and first mb in_slice sha
range of-0 to PicSizeInMbs — 1, inclusive.

slice _type'specifies the coding type of the slice according to Table 7-3. Reserved slice type values shall not be pr
slice header.

Standard). In some system environments, another bitstream may follow after the bitstream that has ended, either immediately or at

international
garding the

semantics.

idr_pic_id,
of a coded

strained as

the current

I be in the

bsent in the
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Table 7-3 — Name association to slice_type

slice_type Name of slice_type
P (P slice)
Reserved

I (I'slice)

When slicq
coded pict
slice_type
NOTE
(slice ty
When nal |

When max

pic_paranpeter_set_id specifies the picture parameter set in use. The value of pic_parameter set id shall be in the range o

to 255, inc

Reserved

Reserved
P (P slice)
Reserved
I (I'slice)
Reserved

Nl el LN No N RO, I SNy ROSY B (O N Nen

Reserved

' type has a value in the range 5..9, it is a requirement of bitstream conformaneg-that all other slices of the curr
ure shall have a value of slice type equal to the current value of slice type” or equal to the current value
minus 5.

Values of slice_type in the range 5..9 can be used by an encoder to indicate-that all slices of a picture have the same valug
[pe % 5). Values of slice_type in the range 5..9 are otherwise equivalent to-eorresponding values in the range 0..4.

unit_type is equal to 5 (IDR picture), slice type shall be equal to-2 or 7.

| num_ref frames is equal to 0, slice_type shall be equal to 2 or 7.

usive.

bnt
of

of

fO

frame_numn is used as an identifier for pictures and shall be represented by log2 max frame num minus4 + 4 bits in the

bitstream.
The variab
—  Ifthe
—  Other

|

-

The value

frame num is constrained as follows:

e PrevRefFrameNum is derived as follows:

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

wise (the current picture is not an IDR picture), PrevRefFrameNum is set as follows:

[ the decoding process forgaps in frame num specified in subclause 8.2.5.2 was invoked by the decoding proc
for an access unit that’contained a non-reference picture that followed the previous access unit in decoding or(

'non-existing" reference frames inferred by the decoding process for gaps in frame num specified
subclause 8.2.542:

brder that contained a reference picture.

ESS
ler

hat contained a reférence picture, PrevRefFrameNum is set equal to the value of frame num for the last of the

n

therwise, \PrevRefFrameNum is set equal to the value of frame num for the previous access unit in decoding

bf framhe num is constrained as follows:

—  Ifthe

current picture is an IDR picture, frame num shall be equal to 0.

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

a) T

he current picture and the preceding reference picture belong to consecutive access units in decoding order.

b) (void).
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¢) One or more of the following conditions is true:

—  The preceding reference picture is an IDR picture,

2015(E)

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

to 5,

NOTE — When the preceding reference picture includes a memory management control operation syntax element

equal to 5, PrevRefFrameNum is equal to 0.

—  There is a primary coded picture that precedes the preceding reference picture and the primary<o
that precedes the preceding reference picture does not have frame num equal to PrevRefFrameNum)

—  There is a primary coded picture that precedes the preceding reference picture and the primary co
that precedes the preceding reference picture is not a reference picture.

lowing constraints shall be obeyed:

following:

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

b) The value of frame num is constrained as follows:

— Ifgaps in frame num value allowed flag is equale O, the value of frame num for the current p
be equal to ( PrevRefFrameNum + 1 ) % MaxFrame¢Num.

—  Otherwise (gaps_in_frame num value allowed flag is equal to 1), the following applies:

bitstream that follow the previoug.reference picture and precede the current picture in decodi
which either of the following eenditions is true:

—  The value of frame hum 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 1
current picture.

—  Otherwise (frafe* num is less than PrevRefFrameNum), there shall not be any non-reference
the bitstream'that follow the previous reference picture and precede the current picture in dec
in which-both of the following conditions are true:

— _Thevalue 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 1
current picture.

picture inCluding a memory management control operation equal to 5 shall have frame num constraints a
pve ands-after the decoding of the current picture and the processing of the memory management control ope
ture’shall be inferred to have had frame num equal to O for all subsequent use in the decoding process, except 3
subclause 7.4.1.2.4.

led picture

4

led picture

hen the value of frame num is not equal to PrevRefFrameNum, it is a requirement of bitstréam conformanice that the

a) There shall not be any previous frame in decoding order that is currently marked as*"'used for short-term| reference"
that has a value of frame num equal to any value taken on by the variableé, UnusedShortTermFramelNum in the

7-11)

cture shall

— If frame num is greater than PreyRefFrameNum, there shall not be any non-reference pictpires in the

hg order in

um for the
pictures in

ding order

um for the

described
fations, the
s specified

idr_pic_id identifies an IDR picture. The values of idr pic id in all the slices of an IDR picture shall remain unchanged.
When two consecutive access units in decoding order are both IDR access units, the value of idr_pic id in the slices of the
first such IDR access unit shall differ from the idr_pic_id in the second such IDR access unit. The value of idr_pic_id shall be

n

the range of 0 to 65535, inclusive.

NOTE - It is not prohibited for multiple IDR pictures in a bitstream to have the same value of idr_pic_id unless such pictures occur in

two consecutive access units in decoding order.
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pic_order_cnt_Isb specifies the picture order count modulo MaxPicOrderCntLsb for a coded frame. The length of the
pic_order cnt lsb syntax element is log2 max_pic order cnt lsb minus4 + 4 bits. The value of the pic_order cnt Isb shall
be in the range of 0 to MaxPicOrderCntLsb — 1, inclusive.

delta_pic_order_cnt| 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°' + 1 to 2°' — 1, inclusive. When this syntax element is not present in the bitstream for the current slice, it shall be

inferred to
redundant

When the ¥
NAL units

The markipg status of reference pictures and the value of frame num after the decoded reference picturelmarking process
h subclause 8.2.5 is invoked for the primary coded picture of the same access unit shall b¢’identical regardl¢

specified i
whether th

num_ref i
for P sliceq

not present.

When the
exceeds 19

num_ref j
decode the

When the
be inferred

The range
num_ref i

slice_qp_d
mb_qp_de

Slid
The value

disable_d(
edges of th
the slice hd

The value

slice_alph
controlled
shall be co!

1 1
oC c(udal to u.

_pic_cnt shall be equal to 0 and specifies that slices belong to the primary coded picture.

of the same access unit shall be equal to 0.

b primary coded picture of the access unit would be decoded.

dx_active_override_flag equal to 1 specifies that the syntax element num_ref id</I0” active minusl is pres¢
.num_ref idx_active override flag equal to O specifies that the syntax element aumr ref idx 10 active minus]|

, num_ref idx_active override flag shall be equal to 1.

dx_10_active_minuslspecifies the maximum reference index fof reference picture list O that shall be used
slice.

to be equal to num_ref idx 10 default active minusl.
bf num_ref idx 10 active minusl is specified as follows:

Ix 10 active minusl shall be in the range of 0 to 15, inclusive.

elta specifies the initial value of QPy to bejused for all the macroblocks in the slice until modified by the value
ta in the macroblock layer. The initial QPy-quantisation parameter for the slice is computed as

eQPy =26 + pic_init qp_minus26 + slice qp delta (7-12)
bf slice qp_delta shall be limifed such that SliceQPy is in the range of —0 to +51, inclusive.

ader, the value of disable deblocking filter idc shall be inferred to be equal to 0.
bf disable deblocking filter idc shall be in the range of 0 to 2, inclusive.

mputed as

FilterOffsetA—=slice—alpha—cO0—offset—div2 << 13y

balue of nal ref idc in one VCL NAL unit of an access unit is equal to 0, the value of nal ref idc in all other VCL

current slice is a P slice and the value of num ref idx 10 default active.minusl in the picture parameter pet

Current slice is a P slice and num ref idx 10 active minus] is not present, num_ref idx 10 active minusl shiall

blocking_filter_idc speeifiesS whether the operation of the deblocking filter shall be disabled across some blgck
e slice and specifies fot-which edges the filtering is disabled. When disable deblocking filter idc is not present]i

h c0_offset\div2 specifies the offset used in accessing the o and tcy deblocking filter tables for filtering operatidns
by the maeroblocks within the slice. From this value, the offset that shall be applied when addressing these tables

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

slice_beta_offset_div2 specifies the offset used in accessing the B deblocking filter table for filtering operations controlled
by the macroblocks within the slice. From this value, the offset that is applied when addressing the B table of the deblocking
filter shall be computed as

FilterOffsetB = slice beta offset div2 << (7-14)
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The value of slice_beta offset div2 shall be in the range of —6 to +6, inclusive. When slice beta offset div2 is not present in
the slice header the value of slice beta offset div2 shall be inferred to be equal to 0.

7.4.3.1 Reference picture list modification semantics

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

ref_pic_list_ modification_flag 10 equal to 1 specifies that the syntax element modification of pic nums idcis [present for
spgcifying reference picture list 0. ref pic list modification flag 10 equal to O specifies that this syntax 'elethent is not
present.

When ref pic_list modification flag 10 is equal to 1, the number of times that modification of pic-miams idc if not equal
to[3 following ref pic list modification flag 10 shall not exceed num_ref idx 10 active minusl +7

When RefPicListO[ num ref idx 10 active minusl | in the initial reference picture list\>produced as specified in
supclause 8.2.4.2 is equal to "no reference picture", ref pic list modification flaghl0™ shall be equal| to1 and
mgdification_of pic nums_idc shall not be equal to 3 until RefPicListO[ num_ref idx (10, active_minusl ] in thie modified
list produced as specified in subclause 8.2.4.3 is not equal to "no reference picture".

modification_of pic_nums_idc together with abs diff pic num minusl or leng/term pic num specifies wlich of the
reference pictures are re-mapped. The values of modification of pic nums_ide ate specified in Table 7-4. The vialue of the
firpt modification_of pic nums_idc that follows immediately after ref pic list~modification flag 10 shall not be gqual to 3.

Table 7-4 — modification_of pic_nums_idc operations-for/modification of reference picture lists

modification_of pic_nums_idc modification specified

0 abs_diff pic ‘num minusl is present and corresponds to a difference to
subtract from a picture number prediction value

1 abs_diff pic num minusl is present and corresponds to a difference to
addto a picture number prediction value

2 long_term pic num is present and specifies the long-term picture number]
for a reference picture

3 End loop for modification of the initial reference picture list

abls_diff pic_num_minus1 plus | specifies the absolute difference between the picture number of the picture bding moved
to[the current index in the list and the picture number prediction value. abs_diff pic num_minus] shall be in the rgnge of 0 to
MgxPicNum — 1. The allowed values of abs_diff pic num minus] are further restricted as specified in subclause §.2.4.3.1.

long term_pic_numJspecifies the long-term picture number of the picture being moved to the current index in thd list. When
depoding a coded{frame, long term_pic_num shall be equal to a LongTermPicNum assigned to one of the reference frames
marked as "uSed for long-term reference".

7.4.3.2 \(void)

7.4.33 Decoded reference picture marking semantics

The syntax elements no output of prior pics flag, long term reference flag, adaptive ref pic_marking mode flag,
memory management _control operation, difference of pic nums minusl, long term frame idx, long term pic num, and
max_long term_frame idx plusl specify marking of the reference pictures.

nn

The marking of a reference picture can be "unused for reference", "used for short-term reference", or "used for long-term
reference", but only one among these three. When a reference picture is referred to as being marked as "used for reference”,
this collectively refers to the picture being marked as "used for short-term reference" or "used for long-term reference" (but
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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 content of the decoded reference picture marking syntax structure shall be the same in all slice headers of the primary
coded picture.

no_output_of prior _plcs flag specifies how the prev10usly-decoded pictures in the decoded plcture buffer are treated after
decoding of an IDR

no_output |
bitstream _dec |
sequence parameter set is different from the value of PicWidthInMbs, FrameHeightInMbs, or max_dec fram¢ \buffering
derived frqm the sequence parameter set active for the preceding picture, no output of prior pics flag equal foyl may (put
should not) be inferred by the decoder, regardless of the actual value of no_output of prior pics flag.

long_term| reference flag equal to O specifies that the MaxLongTermFrameldx variable is set equal toj'né long-term frame
indices" arld that the IDR picture is marked as "used for short-term reference". long_term_reference, flag equal to 1 specifijes
that the MpxLongTermFrameldx variable is set equal to 0 and that the current IDR picture is marked "used for long-tefm
reference"| and is assigned LongTermFrameldx equal to0. When max num réfframes is equal tg0,
long term [reference flag shall be equal to 0.

adaptive_ref pic_marking_mode_flag selects the reference picture marking mode.06f)the currently decoded picture [as
specified in Table 7-5. adaptive ref pic marking mode flag shall be equal to 1 _when the number of frames, that gre
currently nparked as "used for long-term reference" is equal to Max( max_num ref frames, 1 ).

Table 7-5 — Interpretation of adaptive_ref pic ‘marking mode_flag

adaptive_ref pic_marking mode_flag | Reference picture marking mode specified

0 Sliding window\reference picture marking mode: A marking 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 "unused for reference" and to assign long-term
frame indices.

memory_management_control_operation specifies a control operation to be applied to affect the reference pictyre
marking. The memory management, control operation syntax element is followed by data necessary for the operatjon
specified by the value of memory”management control operation. The values and control operations associated wjth
memory_ njanagement control-operation are specified in Table 7-6. The memory management control operation synfax
elements are processed by<he decoding process in the order in which they appear in the slice header, and the semantjcs
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" refers to a reference frame.
— — — &

memory anagement control operatron shall not be equal to 1 in a slice header unless the specrﬁed reference prcture is
marked as"“used ho : W re11 : 3 y
process.

memory management control operation shall not be equal to2 in a slice header unless the specified long-term picture
number refers to a reference picture that is marked as "used for long-term reference" when the
memory management control operation is processed by the decoding process.

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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memory_management_control operation shall not be equal to 3 or 6 if the value of the variable MaxLongTermFrameldx is
equal to "no long-term frame indices" when the memory management control operation is processed by the decoding
process.

Not more than one memory management control operation equal to 4 shall be present in a slice header.

Not more than one memory management control operation equal to 5 shall be present in a slice header.

N

m

t more than one memory_management control_operation equal to 6 shall be present 1n a slice header.

bmory _management control operation shall not be equal to 5 in a slice header ™ upless no

equal to 6

on equal to
hot specify

m¢emory management control operation in the range of 1 to 3 is present in the same decoded reference, pictufe marking
syptax structure.

A [memory management control operation equal to 5 shall not follow a memory management eoffrol operatior

inthe same slice header.

When a memory management control operation equal to 6 is present, any memory management control operati

2,(3, or 4 that follows the memory management control operation equal to 6 within the.same slice header shall

th¢ current picture to be marked as "unused for reference".

NOTE — These constraints prohibit any combination of multiple memory management.control operation syntax element
specify the current picture to be marked as ‘'unused for reference!../ However, some other comb
memory management control operation syntax elements are permitted that may affect the marking status of other referd
more than once in the same slice header. In particular, it is permitted for aszmemory management control operation eq
specifies a long-term frame index to be assigned to a particular short-term yeference picture to be followed in the same slice
memory management control operation equal to 2, 3, 4 or 6 that specifies’the same reference picture to subsequently b,
"unused for reference".

b that would
nations of
nce pictures
hal to 3 that
header by a
e marked as
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Table 7-6 — Memory management control operation (memory_management_control_operation) values

memory_management_control_operation | Memory Management Control Operation

0 End memory management control operation
syntax element loop

1 Mark a short-term reference picture as
"unused for reference"

2 Mark a long-term reference picture as
"unused for reference"”

3 Mark a short-term reference picture as
"used for long-term reference" and assigha
long-term frame index to it

4 Specify the maximum long-termframe index
and mark all long-term reference pictures
having long-term frame,indices greater than
the maximum value as/*unused for reference’

5 Mark all reference pictures as
"unused for refetence" and set the
MaxLongTerniFrameldx variable to
"no longsterm frame indices"

6 Martk the current picture as
‘used for long-term reference" and assign a
long-term frame index to it

difference| of pic_nums_minusl is used (with/memory management control operation equal to 3 or 1) to assign a lorjg-
term framd index to a short-term reference picture or to mark a short-term reference picture as "unused for reference". When
the associdted memory management conteolMoperation is processed by the decoding process, the resulting picture number
derived frdm difference of pic nums _minus] shall be a picture number assigned to one of the reference pictures marked|as
"used for reference” and not previously.assigned to a long-term frame index.

The resulting picture number is_€enstrained such that the resulting picture number shall be one of the set of picture numbgrs
assigned td reference frames.

long_term| pic_num is@sed (with memory management control operation equal to 2) to mark a long-term refererce
picture as 'lunused 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 thaf is
currently nparkedyas\"used for long-term reference".

The resultinglong-term picture number is constrained such that the resulting long-term picture number shall be one of the pet
of long-terim picture numMbers assigned to reference rames.

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

max_long_term_frame_idx_plusl minus 1 specifies the maximum value of long-term frame index allowed for long-term
reference pictures (until receipt of another value of max long term frame idx plusl). The wvalue of
max_long term frame idx plusl shall be in the range of 0 to max num_ref frames, inclusive.
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mb_skip_run specifies the number of consecutive skipped macroblocks for which, when decoding a P slice, mb_type shall
be inferred to be P_Skip and the macroblock type is collectively referred to as a P macroblock type. The value of
mb_skip run shall be in the range of 0 to PicSizeInMbs —CurrMbAddr, inclusive.

end_of slice_flag equal to O specifies that another macroblock is following in the slice. end of slice flag equal to 1

Sp

ecifies the end of the slice and that no further macroblock follows

TH

m

T4
th¢

pr
M
M

mi

n

m

T4

M

THe macroblock types for I sliees.are all I macroblock types.

4.5 Macroblock layer semantics

=

e function NextMbAddress(n ) used in the slice data syntax table is specified as:
NextMbAddress(n) =n + 1

h_type specifies the macroblock type. The semantics of mb_type depend on the slice type.

name of mb type, the number of macroblock partitions used (given by the NumMbPart( mb type) fur
pdiction mode of the macroblock (when it is not partitioned) or (thes first partition (givey
pPartPredMode( mb_type, 0 ) function) and the prediction mode of he' second partition (giver

b type may be referred to as the macroblock type, the value of MbPartPredMode( ) may be referred to in
jacroblock (partition) prediction mode"”, and a value X of MbPartPredMode( ) may be referred to in the
icroblock (partition) prediction mode" or as "X prediction macroblocks!™

ble 7-7 shows the allowed collective macroblock types for each.slice type.

Table 7-7 — Allowed collectiveomacroblock types for slice_type

slice_type allowed collective macroblock types
I (slice) I (see Table 7-8) (macroblock types)
P (slice) P (s¢e Table 7-9) and I (see Table 7-8) (macroblock types)

heroblock types that may be colledtivély referred to as I macroblock types are specified in Table 7-8.

bles and semantics are specified for the various macroblock types for I, P slices. Each table presents the value df mb_type,

ction), the
by the
by the

pPartPredMode( mb_type, 1) function). When a value is not applicable it is‘designated by "na". In the text, the value of

he text by
ext by "X
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Table 7-8 — Macroblock types for I slices

g ]
% : g
g S S = =
> S ~ = Q s
o bl = c, = £ 7}
2 = s J 2 o E
= E g = s <
2 E = % 5 %
£ w == S O] S
£ & E = S =
s 2 - g =) =
“ = E 3 <
@)

0 1 4x4 Intra_4x4 na Equation 7-15 | Equation<7-15
1 I 16x16 0 0 0 Intra_16x16 0 0 0
2 [ 16x16 1 0 0 Intra_16x16 1 0 0
3 I 16x16 2 0 0 Intra_16x16 2 0 0
4 I 16x16 3 0 0 Intra_16x16 3 0 0
5 [ 16x16 0 1 0 Intra_16x16 0 1 0
6 L16x16 110 Intra_16x16 1 1 0
7 L 16x16 2 10 Intra_16x16 2 1 0
8 L 16x16 3 10 Intra_16x16 3 1 0
9 I 16x16 0 2 0 Intra_16x16 0 2 0
10 L 16x16 120 Intrd,_16x16 1 2 0
11 [ 16x16 2 2 0 Intra_16x16 2 2 0
12 I 16x16 3 20 Intra_16x16 3 2 0
13 I 16x16-0,0"1 Intra_16x16 0 0 15
14 L Jex16 101 Intra_16x16 1 0 15
15 IMoé6x16 2 0 1 Intra_16x16 2 0 15
16 I 16x16 3 0 1 Intra_16x16 3 0 15
7 [ 16x16 0 1 1 Intra_16x16 0 1 15
18 Llox16 1 11 Intra 16x16 1 1 15
19 L 16x16 2 11 Intra_16x16 2 1 15
20 [ 16x16 3 11 Intra_16x16 3 1 15
21 [ 16x16 0 2 1 Intra_16x16 0 2 15
22 [ 16x16 1 2 1 Intra_16x16 1 2 15
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23 [ 16x16 2 2 1 Intra_16x16 2 2 15
24 I 16x16 3 2 1 Intra_16x16 3 2 15
25 I PCM na na na na

THe following semantics are assigned to the macroblock types in Table 7-8:
I NxN: A mnemonic name for mb_type equal to 0 with MbPartPredMode( mb_type, 0 ) equal to Intra |4x4.

116x16 00 0,1 16x16 1 0 0, 1 16x16 2 0 0,1 16x16 3 0 0, I 16x16 0 1 0, I 16x16 11170, I 1641

1 16x16 3 1 0,1 16x16 0 2 0,1 16x16 1 2 0,1 16x16 2 2 0, T 16x16 3 2 0, L 16x1620 0 1, I 163

116x16 2 0 1,1 16x16 3 0 1,1 16x16 0 1 1,1 16x16 1 1 1,1 16x16 2 1 1, I 16xI6 3 1 1, I 16
21,1

1 16x16_1 sblock

Tq each Intra_16x16 prediction macroblock, an Intral6x16PredMode is assigned, which'specifies the Intra 16x14
m¢de, and values of CodedBlockPatternLuma and CodedBlockPatternChroma are assigned as specified in Table 7

16x16 2 2 1,1 16x16 3 2 1: the macroblock is coded as an Intra N 6x16 prediction mac

>

Infra 4x4 specifies the macroblock prediction mode and specifies that the (ntra 4x4 prediction process is
spgcified in subclause 8.3.1. Intra_4x4 is an Intra macroblock prediction modé:

In
spgcified in subclause 8.3.3. Intra_16x16 is an Intra macroblock prediction mode.

Fqr a macroblock coded with mb_type equal to I PCM, the Intra macroblock prediction mode shall be inferred.
Mgcroblock types that may be collectively referred to as P macroblock types are specified in Table 7-9.

THe macroblock types for P and SP slices are specified ‘in Tables 7-9 and 7-8. mb type values 0 to 4 are §
Tdble 7-9 and mb_type values 5 to 30 are specified in Fable 7-8, indexed by subtracting 5 from the value of mb_ty}

Table 7-9 — Macroblock type values 0 to 4 for P and SP slices

8.

2 < 2
& T~ Chen S :':-i —_~ E ~
5 ) S o 2 cﬁ 2 '_l =g 2y
=1 = A S g = = & -7
= E S = s s 2z | Ez
| — =7 ol ol "Rl £
= ) = € ! € I s 2 <2
g =) s 8 =2 =2 = E ~E
=] = =2~ 2 2
z = =
0 P LO 16x16 1 Pred LO na 16 16
1 P LO LO 16x8 2 Pred LO Pred LO 16 8
2 P LO LO 8x16 2 Pred LO Pred LO 8 16
3 P 8x8 4 na na 8 8
4 P 8x8refl 4 na na 8 8
inferred P_Skip 1 Pred LO na 16 16

The following semantics are assigned to the macroblock types in Table 7-9:
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prediction

nvoked as

ra 16x16 specifies the macroblock prediction mode and specifies that the Intra 16x16 prediction process is [invoked as

pecified in
be.
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— P _LO 16x16: the samples of the macroblock are predicted with one luma macroblock partition of size 16x16 luma

samples and associated chroma samples.

— P LO LO MxN, with MxN being replaced by 16x8 or 8x16: the samples of the macroblock are predicted using two
luma partitions of size MxN equal to 16x8, or two luma partitions of size MxN equal to 8x16, and associated chroma

samples, respectively.

— P _8x&: for each sub-macroblock an additional syntax element (sub mb type[ mbPartldx | with mbPartldx being

he

macrdblock partition index for the corresponding sub-macroblock) is present in the bitstream that specifies the type
the cofresponding sub-macroblock (see subclause 7.4.5.2).

of

— P _8x§ref0: has the same semantics as P_8x8 but no syntax element for the reference index (ref idx 10[ mbPartldx ] with

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

mbPartldx = 0..3) is present in the bitstream and ref idx 10[ mbPartldx ] shall be inferred to be equal to)0-for all sub-

macrdblocks of the macroblock (with indices mbPartldx = 0..3).

The following semantics are assigned to the macroblock prediction modes (for macroblocks that are not partitioned) and

macroblock partition prediction modes (for macroblocks that are partitioned) specified by MbPartPredMode( ) in Table 7-9

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

predigtion mode (for macroblocks that are not partitioned) and an Inter macrobloék partition prediction mode (1t

macrdblocks that are partitioned).

When mb _[type is equal to any of the values specified in Table 7-9, the macrobleekiis coded in an Inter macroblock prediction

mode.
pem_aligriment_zero_bit is a bit equal to 0.

pem_sample luma( i | is a sample value. The pcm_sample luma[.i<alues represent luma sample values in the raster sg

within the macroblock. The number of bits used to represent each of these samples is BitDepthy. (BitDepthy is equal to 8|i

this standafd.) pcm_sample luma[ i ] shall not be equal to zero.

pem_sample chromal i ] is a sample value. The first MbWidthC * MbHeightC pcm_sample chromal i ] values represq
Cb sample values in the raster scan within ‘the macroblock and the remaining MbWidthC * MbHeigh
pcm_sample chroma[ i ] values represent Cr samplevalues in the raster scan within the macroblock. The number of bits ug

an

nt
tC
ed

to represer]t each of these samples is BitDepthc. ABitDepthc is equal to 8 in this standard.) pcm_sample chromal i ] shall ot

be equal tq zero.

coded_block pattern specifies which of\the four 8x8 luma blocks and associated chroma blocks of a macroblock m
contain ngn-zero transform coefficient-tevels. When coded block pattern is present in the bitstream, the variab
CodedBlodkPatternLuma and CodedBlockPatternChroma are derived as

CodedBlockPatternLuma'=-Coded block pattern % 16
CodedBlockPatternChroma = coded_block_pattern / 16 (7-15)

When the fnacroblock type is not equal to P_Skip or I PCM, the following applies:

—  If the macroblockprediction mode is equal Intra_16x16, the following applies:

—  the value of CodedBlockPatternLuma specifies the following.

ay
es

- Af CodedBlockPatternLuma is equal to 0. all AC transform coefficient levels of the luma component of {

he

macroblock are equal to 0 for all 16 of the 4x4 blocks in the 16x16 luma block.
—  Otherwise (CodedBlockPatternLuma is not equal to 0), CodedBlockPatternLuma is equal to 15, at least one

of

the AC transform coefficient levels of the luma component of the macroblock shall be non-zero, and the AC

transform coefficient levels are scanned for all 16 of the 4x4 blocks in the 16x16 block.

—  Otherwise (the macroblock prediction mode is not equal to Intra 16x16),coded block pattern is present in the bitstream,

and the following applies:
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each of the four LSBs of CodedBlockPatternLuma specifies, for one of the four 8x8 luma blocks of the

macroblock, the following.

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 in the 8x8 luma block shall be non-zero valued and the

When the macroblock type is not equal to P_Skip or I PCM, CodedBlockPatternChroma is interpreted\as s
Tqble 7-10.
Table 7-10 — Specification of CodedBlockPatternChroma values
CodedBlockPatternChroma | Description
0 All chroma transform coefficient levels are equal to 0!
1 One or more chroma DC transform coefficient-levels shall be non-zero valued
All chroma AC transform coefficient levels are‘equal to 0.
2 Zero or more chroma DC transform ceefficient levels are non-zero valued
One or more chroma AC transform goefficient levels shall be non-zero valued.
mb_qp_delta can change the value of QPy in the macroblock layer. The decoded value of mb_qp_delta shall be i

of]
m

TH

where QPy prpv is the luma quantisation parameter, QPy, of the previous macroblock in decoding order in the cy
r the first macroblock in the slice QRy priv is initially set equal to SliceQPy derived in Equation 7-12 at the st

CC.

Fd
sli

TH

7.

transiorm coelicient Ievels o1 the corresponding transiorm blocks are scanned.

pecified in

—(26+0/2) to+(25+0/2), inclusive. mb_gp delta shall be inferred to be equal to 0 when it is not pres
icroblock (including P Skip macroblock types).

e value of QPy is derived as

QPY:((QPY,pREV-i-mb_qp_delta-i-52+2*0)%(52+0))—0

e value of QP'y is derived as
QPy=QPy+0

1.5.1 Macroblock-prediction semantics

Alll samples of thesmacroblock are predicted. The prediction modes are derived using the following syntax element]

p1]
pr
in
Ini

ev_intradx4\pred_mode_flag| luma4x4Blkldx ]Jand rem_intra4x4_pred_mode[ luma4x4BIkldx | specify thd
pdiction of the 4x4 luma block with index luma4x4BIlkIdx = 0..15.

ra/chroma_pred_mode specifies the type of spatial prediction used for chroma in macroblocks using In
ra~)6x16 prediction, as shown in Table 7-11. The value of intra chroma pred mode shall be in the range

h the range
ent for any

7-16)

rrent slice.
art of each

7-17)

D.

Intra_4x4

tra 4x4 or
of 0 to 3,

inclusive.
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Table 7-11 — Relationship between intra_chroma_pred_mode and spatial prediction modes

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

ref_idx_l0[ mbPartldx | when present, specifies the index in reference picture list 0 of the reference picture to be used for
prediction.

The range of ref idx 10[ mbPartldx ], the index in list 0 of the reference picture, is specified such that value |of
ref idx 10| mbPartldx ] shall be in the range of 0 to num_ref idx 10 active minusl, 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.

mvd_10[ mbPartldx ][ 0 ][ compldx | specifies the difference between a list 0 motion 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 ordler
and is assigned compldx = 0. The vertical motion vector component is decoded second in decoding order and is assigrled
compldx = 1. The range of the components of mvd_10[ mbPartldx ][ 0 [[\¢compldx ] is specified by constraints on the motion
vector varipble values derived from it as specified in Annex A.

7.4.5.2 Shb-macroblock prediction semantics
sub_mb_type[ mbPartldx ] specifies the sub-macroblock types.

Tables and semantics are specified for the various sub-macroblock types for P macroblock types. Each table presents the
value of syb_mb_type[ mbPartldx ], the name of sub’mb _type[ mbPartldx ], the number of sub-macroblock partitions uged
(given by the NumSubMbPart( sub_mb_type[ mbPartldx ] ) function), and the prediction mode of the sub-macroblock (given
by the SugMbPredMode( sub_mb_type[ mbRartldx ] ) function). In the text, the value of sub mb_type[ mbPartldx | may |be
referred to[by "sub-macroblock type". In-the'text, the value of SubMbPredMode( ) may be referred to by "sub-macroblqck
prediction mode" or "macroblock partition-prediction mode".

The interpfetation of sub mb type[ mbPartldx | for P macroblock types is specified in Table 7-12, where the row for
"inferred" gpecifies values inferredwhen sub_mb_type[ mbPartldx ] is not present.
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Table 7-12 — Sub-macroblock types in P macroblocks
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0 P 1O 8x8 1 Pred LO 8 8

1 P L0 8x4 2 Pred LO 8 4

2 P L0 4x8 2 Pred LO 4 8

3 P L0 4x4 4 Pred LO 4 4

e following semantics are assigned to the sub-macroblock types-in Table 7-12:

L0 MxN, with MxN being replaced by 8x8, 8x4, 4x8, of 4x4: the samples of the sub-macroblock are predicteq
ma partition of size MxN equal to 8x8, two luma partitions of size MxN equal to 8x4, or two luma partitions o
pal to 4x8, or four luma partitions of size MxN equal’to 4x4, and associated chroma samples, respectively.

e following semantics are assigned to thersub-macroblock prediction modes (or macroblock partition
des)specified by SubMbPredMode( ) in Table*7-12:

bd L0: see semantics for Table 7-9.
f idx_10] mbPartldx ]has the same, semantics as ref idx 10 in subclause 7.4.5.1.

vd_10[ mbPartldx |[ subMbPattldx ][ compldx Jhas the same semantics as mvd 10 in subclause 7.4.5.1, excef
plied to the sub-macroblock\partition index with subMbPartldx. The indices mbPartldx and subMbPartldx speci
icroblock partition and.sub*macroblock partition mvd 10 is assigned.

1.5.3 Residual data semantics

e syntax straeture residual block( ), which is used for parsing the transform coefficient levels is se
idual _blogk, \cavlc, which is used for parsing the syntax elements for transform coefficient levels.

e syntax, structure residual luma( i16x16DClevel, i16x16AClevel, leveldx4, level8x8, startldx, endldx ) is usg
st four variables in brackets being its output and being assigned as follows.

| using one
F size MxN

prediction

t that it is
'y to which

equal to

d with the

In

A AL WARYall 1. 4 1+ b WL VanYall 1 Tt 110 AT 1. 4 1+ il WL WA Wall 11 L 144' t
TATUATULCLUVUL 15 S5UU bkibl(ll WITIVATUDTCIUVUL, THMUATUATUACLUVUL 15 S0 L«kiual WITIVATUATIUVUL, L UllarLuvve. X 1S S€

equal to level4x4, and LumaLevel8x8 is set equal to level8x8.

The following applies:

For each chroma component, indexed by iCbCr =0..1, the DC transform coefficient levels of the 4 * NumC8x8 4x4

chroma blocks are parsed into the iCbCr-th list ChromaDCLevel[ iCbCr ].
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—  For each of the 4x4 chroma blocks, indexed by i4x4 =0..3 and i8x8 = 0..NumC8x8 — 1, of each chroma component,
indexed by iCbCr = 0..1, the 15 AC transform coefficient levels are parsed into the (i8x8*4 + 14x4)-th list of the iCbCr-

th chroma component ChromaACLevel[ iCbCr ][ i8x8*4 + i4x4 ].

7.4.5.3.1 Residual luma data semantics

Output of this syntax structure are the variables i116x16DClevel, i16x16AClevel, level4x4, and level8x8.

Depending on mb_type, the syntax structure residual block( coeffLevel, startldx, endIdx, maxNumCoeff ) is used with.fhe
arguments| coeffLevel, which is a list containing the maxNumCoeff transform coefficient levels that are parsed |i

residual block( ), startldx, endIdx, 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
i16x1pDClevel and into the 16 lists i16x16AClevel[ i ]. il6x16DClevel contains the 16 transform\¢oefficient levels
the D[ transform coefficient levels for each 4x4 luma block. For each of the 16 4x4 luma blocks indexed by i =0..
the 1§ AC transform coefficients levels of the i-th block are parsed into the i-th list il6x16AClevel[ i ].

—  Otherfvise (MbPartPredMode( mb_type, 0 ) is not equal to Intra_16x16), the following.applies:

for each of the 16 4x4 luma blocks indexed by i = 0..15, the 16 transform coefficientylevels of the i-th block are pars
into the i-th list level4x4[ i ].

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 transfo
coefficient|levels derived from coeff token.

(1m

The functlon TrailingOnes( coeff token ) that is used in subclause 7.3.5.3.2 returns the trailing ones derived fr¢m

coeff tokeh.

coeff _token specifies the total number of non-zero transforn@;coefficient levels and the number of trailing one transfor

coefficient| levels in a transform coefficient level scan. A-trailing one transform coefficient level is one of up to thi
consecutivg non-zero transform coefficient levels having’an absolute value equal to 1 at the end of a scan of non-zg
transform ¢oefficient levels. The range of coeff token\is-specified in subclause 9.2.1.

trailing_ohes_sign_flag specifies the sign of a tfailing one transform coefficient level as follows:
— Iftrailing ones sign flag is equal to Q, the corresponding transform coefficient level is decoded as +1.
—  Otherpvise (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 a
level suffik is specified in subclause 9.2.2.

nd

total_zerop specifies the total number of zero-valued transform coefficient levels that are located before the position of the

last non-zgro transform.caefficient level in a scan of transform coefficient levels. The range of total zeros is specified
subclause 9.2.3.

run_beforg specifies the number of consecutive transform coefficient levels in the scan with zero value before a non-zg
valued trarjsform coefficient level. The range of run_before is specified in subclause 9.2.3.

in

coeffLevel contains maxINumCoelT transtorm coetficient levels 1or the current 1ist of transtorm coetiicient levels.

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

the number of sample arrays of the current picture is as follows:

70 © ISO/IEC 2015 — All rights reserved


https://standardsiso.com/api/?name=80c7fbc0583b36a7ae10b89c0957f87e

ISO/IEC 14496-29

— the current picture consists of 3 sample arrays S, Scp, Scr-

This clause describes the decoding process, given syntax elements and upper-case variables from clause 7.

:2015(E)

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
International Standard.

Eqch picture referred to 1n this clause 1s a complete primary coded picture. Each slice referred to in this clause is
primary coded picture.

THe decoding process is structured as follows:

th¢ decoding process is invoked a single time with the current picture being the output.

An overview of the decoding process is given as follows:

—  The decoding of NAL units is specified in subclause 8.1.

—  The processes in subclause 8.2 specify decoding processes using syntax elements-in the slice layer and ab

h slice of a

Ve

Variables and functions relating to picture order count are derivéd)in subclause 8.2.1. (only nepded to be

invoked for one slice of a picture)

When the frame num of the current picture is not equal)'to PrevRefFrameNum and is not equal to

( PrevRefFrameNum + 1 ) % MaxFrameNum, the decoding process for gaps in frame num is
according to subclause 8.2.5.2 prior to the decoding of-any slices of the current picture.

performed

At the beginning of the decoding process for each.P slice, the decoding process for reference ficture lists
construction specified in subclause 8.2.4 is invoked for derivation of reference picture list 0 (RefPidList0).

When the current picture is a reference pictire and after all slices of the current picture have been d
decoded reference picture marking procéss in subclause 8.2.5 specifies how the current picture is
decoding process of inter prediction inJater decoded pictures.

bcoded, the
used in the

—  The processes in subclauses 8.3, 8.4,58.5, 8.6 and 8.7 specify decoding processes using syntax elempnts in the
macroblock layer and above.

The intra prediction process for I macroblocks, except for I PCM macroblocks as specified in subclause 8.3,
has intra prediction sarmples as its output. For I PCM macroblocks subclause 8.3 directly specifigs a picture

construction process;<The output are constructed samples prior to the deblocking filter process.

The inter prediction process for P macroblocks is specified in subclause 8.4 with inter predicti
being the ottput.

n samples

The transform coefficient decoding process and picture construction process prior to deblocking filter process
are §pecified in subclause 8.5. That process derives samples for I macroblocks and for P macroblocks in P

slices. 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
macroblocks are processed by a deblocking filter as specified in subclause 8.6 with the outpu
decoded samples.

blocks and
being the

8.1

NAL unit decoding process

Inputs to this process are NAL units.

Outputs of this process are the RBSP syntax structures encapsulated within the NAL units.

The decoding process for each NAL unit extracts the RBSP syntax structure from the NAL unit and then operates the
decoding processes specified for the RBSP syntax structure in the NAL unit as follows.

Subclause 8.2 describes the decoding process for NAL units with nal unit type equal to 1 through 5.
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Subclause 8.3 describes the decoding process for a macroblock or part of a macroblock coded in NAL units with
nal_unit type equal to 1, and 5.

Subclause 8.4 describes the decoding process for a macroblock or part of a macroblock coded in NAL units with
nal unit type equal to 1.

Subclause 8.5 describes the decoding process for a macroblock or part of a macroblock coded in NAL units with

nal unit t

/peequal to 1 and 5

NAL unit{
Picture pa
parameter
NAL units

No normat

8.2 S
8.21 D

Outputs o
PicOrderC

Each codeq

PicOrderC
reference

PicOrderC
subclauses

et within the slice headers of each picture. Sequence parameter sets are used in the decoding processes”of ot
as determined by reference to a sequence parameter set within the picture parameter sets of each sequence.

ve decoding process is specified for NAL units with nal unit type equal to 6, 9, 10, 11, and 12.

ice decoding process

pcoding process for picture order count

" this process are the functions PicOrderCnt( picX ) and DiffPicOrderCnt( picA, picB ) and the varial
nt.

| frame is associated with a picture order count, called PicOrderCnt.

ht indicates the picture order of the corresponding frame relative’ to the previous IDR picture or the previg
icture including a memory management control operation equalito 5 in decoding order.

8.2.1.1, 8.2.1.2, and 8.2.1.3, respectively? When  the current  picture includes

memory njanagement control operation equal to 5, after the deceding of the current picture, tempPicOrderCnt is set equall

PicOrderC

NOTE
the valu
argumer]
derived
refers

memoryf
values ¢
(resultin

The bitstre]
When the

1) Co
ind

a.

ht( CurrPic ), and PicOrderCnt is set equal to 0.

-When the decoding process for a picture currPic that includes a memory management_control operation equal to 5 refers
s of PicOrderCnt for the picture currPic (including references to the function PicOrderCnt( ) with the picture currPic as

hs specified in subclauses 8.2.1.1, 8.2.1.2,,anhd\8.2.1.3 for the picture currPic are used. When the decoding process for a pict
to the wvalues PicOrderCnt of the’ previous picture prevMmco5Pic in decoding order that includes
| management control operation equal to 5 (including references via the functions PicOrderCnt( ) or DiffPicOrderCnt( )),
f PicOrderCnt that is used for the-picture prevMmcoSPic are the values after the modification specified in the paragraph ab
2 in PicOrderCnt equal to 0).

hm shall not contain datathat result in PicOrderCnt not equal to 0 for a coded IDR frame.
urrent picture is not-anTDR picture, the following applies:

nsider the list variable listD containing as elements the PicOrderCnt values associated with the list of pictu
luding all ofithe following:

The fitstpicture in the list is the previous picture of any of the following types:

= \’"an IDR picture,

ht is derived by invoking one of the decoding processes for picture order count type 0, 1, and 2 |i

with nal unit type equal to 7 and 8 contain sequence parameter sets and picture parameter sets, respeetive]y.
ameter sets are used in the decoding processes of other NAL units as determined by reference to-a_ pictyre

cr

—_—

p1C

=

(0]

to
he

it and references to the function DiffPicOrderCnt(") with one of the arguments being currPic), the values of PicOrderCnt thaf is

e

he
ve

> apicture containing a memory management control operation equal to 5.

b. The following additional pictures:

72

— Ifpic order cnt type is equal to 0, all other pictures that follow in decoding order after the first picture in

the list 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 O 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
listD prior to the invoking of the decoded reference picture marking process.

n
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—  Otherwise (pic_order cnt_type is not equal to 0), all other pictures that follow in decoding ord

er 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 i
the decoded reference picture marking process.

nvoking of

2) Consider the list variable listO which contains the elements of listD sorted in ascending order. listO shall not contain

a PicOrderCnt that has a value equal to another PicOrderCnt.

TH

TH

TH

TH
ex

W

TH

In

Outputs of this process is PicOrderCnt.

TH

deboding process as specified in subclauses 8.2.1.1 to 8.2.1.3 that exceed the range of values from —2°' to 2’2\

e bitstream shall not contain data that result in values of PicOrderCnt, PicOrderCntMsb, or FrameNumOffsét,

e function PicOrderCnt( picX ) is specified as follows:

PicOrderCnt( picX ) = PicOrderCnt of the frame picX
en DiffPicOrderCnt( picA, picB ) is specified as follows:

DiftfPicOrderCnt( picA, picB ) = PicOrderCnt( picA ) — PicOrderCnt( picB )

e bitstream shall not contain data that result in values of DiffPicOrderCnt( picA, picB ) used in the decoding p
ceed the range of —2'° to 2'° — 1, inclusive.

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

hen the current picture includes a memory management control operation equal to 5, PicOrderCnt( CurrPid
pater than PicOrderCnt( any other picture in listD ).

P.1.1 Decoding process for picture order count type.Q
is process is invoked when pic_order cnt_type is equal to0:

put to this process is PicOrderCntMsb of the previous-teference picture in decoding order as specified in this sub

e 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 e
Otherwise (the current picture issnot an IDR picture), the following applies:

—  If the previous reference/picture in decoding order included a memory management control operation
the following applies:

previousreference picture in decoding order.

—  Otherwise” (the  previous reference picture in  decoding order did not in
memory management control operation equal to 5), prevPicOrderCntMsb is set equal to PicOrderCnt
previous reference picture in decoding order and prevPicOrderCntLsb is set equal to the value of pic_or
of the previous reference picture in decoding order.

used in the
hclusive.

(8-1)

(8-2)

rocess that

in the same
tive.

) shall be

Clause.

qual to 0.

equal to 5,

—  prevPicOfderCntMsb is set equal to 0 and prevPicOrderCntLsb is set equal to the value of PicOrderCnt for the

clude a
Msb of the
ler_cnt_Isb

Pi

OrderCntMsb of the current picture is derived as specified by the following pseudo-code:

if( (pic_order cnt Isb < prevPicOrderCntLsb ) &&
( (prevPicOrderCntLsb — pic_order cnt Isb) >= ( MaxPicOrderCntLsb/2)))
PicOrderCntMsb = prevPicOrderCntMsb + MaxPicOrderCntLsb
else if( ( pic_order cnt Isb > prevPicOrderCntLsb ) &&
( (pic_order_cnt Isb — prevPicOrderCntLsb ) > ( MaxPicOrderCntLsb/2)))
PicOrderCntMsb = prevPicOrderCntMsb — MaxPicOrderCntLsb
else
PicOrderCntMsb = prevPicOrderCntMsb
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PicOrderCnt is derived as

PicOrderCnt = PicOrderCntMsb + pic_order cnt Isb (8-4)

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 th
Outputs of]

s process 1S FrameNumOtiset of the previous picture in decoding order as specitied 1n this subclause.

this process is PicOrderCnt

The value [of PicOrderCnt is derived as specified in this subclause. Let prevFrameNum be equal to the frameynum of the

previous p
When the ¢
— If th

—  Otherpvise (the previous picture in decoding order did not include a memory management control operation equal
5), pr¢gvFrameNumOffset is set equal to the value of FrameNumOffset of the previous picture in decoding order.

NOTE +
frame in

The variab)

if( IdrPicFlag == 1)

else

elsd]

The variab)
if( 1
else

if( 1

When absH

pic
fran

The variab

if( 4

e previous picture in decoding order included a memory management control feperation equal to
prevFfameNumOffset is set equal to 0.

cture in decoding order.

urrent picture is not an IDR picture, the variable prevFrameNumOffset is derived as follows:

When gaps_in_frame num_value allowed flag is equal to 1, the previous picture in‘decoding order may be a "non-existit
ferred by the decoding process for gaps in frame num specified in subclause 8.2.5:2,

e FrameNumOffset is derived as specified by the following pseudo-code:

FrameNumOffset = 0
if( prevFrameNum > frame num ) (8-5)
FrameNumOffset = prevFrameNumOffset + MaxFrameNum

FrameNumOffset = prevFrameNumOffset

e absFrameNum is derived as specified by the following pseudo-code:

um_ref frames in pic order cnt cycleN= 0)

hbsFrameNum = FrameNumOffset + frame num

(8-6)
hbsFrameNum = 0

al ref ide == 0 && absFrameNum > 0)

hbsFrameNum = absFrameNum — 1

rameNum > 0, picOrderCntCycleCnt and frameNumInPicOrderCntCycle are derived as

rderCntCycle€nt= ( absFrameNum — 1 ) /num_ref frames in_pic_order cnt cycle
heNumInPicOrderCntCycle = ( absFrameNum — 1 ) % num _ref frames in_pic order cnt cycle 8-7)

e expeetedPicOrderCnt is derived as specified by the following pseudo-code:

bskFrameNum > 0 ){

)YpP{‘fP{“pi cQrderCnt = Pi cQrderCntCycleCnt * FYpPr‘fP{‘I DeltaPerPicQrderCntCycle

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

expectedPicOrderCnt = expectedPicOrderCnt + offset for ref frame[ i ]

} else
expectedPicOrderCnt = 0

if( nal_ref ide == 0) (8-8)
expectedPicOrderCnt = expectedPicOrderCnt + offset for non ref pic

The variables PicOrderCnt are derived as specified by the following pseudo-code:

74
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PicOrderCnt = expectedPicOrderCnt + 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 is PicOrderCnt .

2015(E)

(8-9)

A m] AL 1 kIR | ol £l - L . 1 1. 1
L L PICTVITAIIICINUIILI UT CUUAlL U UIT ITallIC ITUID O UIT PITVIOUS PIetul T IIT UCCOULITE OIUCL.

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

TH

TH

TH

8.£.2 (void)
8.2.3 (veid)
8

.p.4 Decoding process for reference picture lists construction

If the previous picture in decoding order included a memory management control opetation ed
prevFrameNumOffset is set equal to 0.

Otherwise (the previous picture in decoding order did not include a memory management_control operati
5), prevFrameNumOffset is set equal to the value of FrameNumOffset of the previous picture in decoding ord

NOTE — When gaps_in_frame num value allowed flag is equal to 1, the previous picture in decoding order may be a "n|
frame inferred by the decoding process for gaps in frame num specified in subclause 8.2.5.2,

e variable FrameNumOffset is derived as specified by the following pseudo-codeg:

if( IdrPicFlag == 1)

FrameNumOffset = 0
else if( prevFrameNum > frame num )

FrameNumOffset = prevFrameNumOffset + MaxFrameNum
else

FrameNumOffset = prevFrameNumOffset

e variable tempPicOrderCnt is derived as specified by the-fellowing pseudo-code:

if( IdrPicFlag == 1)

tempPicOrderCnt = 0
else if( nal ref idc == 0)

tempPicOrderCnt = 2 * ( FrameNumOffset + frame num ) — 1
else

tempPicOrderCnt = 2 * ( FrameNumOffset + frame num )

e variables PicOrderCnt is derived\as'specified by the following pseudo-code:

PicOrderCnt = tempPicOrderCnt

NOTE - Picture order cqurt type 2 cannot be used in a coded video sequence that contains consecutive non-reference
would result in more than-one of these pictures having the same value of PicOrderCnt

NOTE —Picture ordércount type 2 results in an output order that is the same as the decoding order.

ual to 5,

n equal to
er.

on-existing"

8-10)

8-11)

8-12)
bictures that

olkad ot tho haginpning ~f4ha don i o e nocace for anch D cling

T

15 }uuvvoo 5-Hvorxeaattie-oe ST SOt uvvvuul& ProcessTO—CatirT S1Cer

Decoded reference pictures are marked as "used for short-term reference" or "used for long-term reference" as specified by
the bitstream and specified in subclause 8.2.5. Short-term reference pictures are identified by the value of frame num. Long-
term reference pictures are assigned a long-term frame index as specified by the bitstream and specified in subclause 8.2.5.

Subclause 8.2.4.1 is invoked to specify the assignment of variables FrameNum, FrameNumWrap, and PicNum to each of the
short-term reference pictures, and the assignment of variable LongTermPicNum to each of the long-term reference pictures.
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Reference pictures are addressed through reference indices as specified in subclause 8.4.2.1. A reference index is an index
into a reference picture list. When decoding a P slice, there is a single reference picture list RefPicList0. At the beginning of
the decoding process for each slice, reference picture list RefPicList0, are derived as specified by the following ordered steps:

1. An initial reference picture list RefPicList0 are derived as specified in subclause 8.2.4.2.

2. When ref pic list modification flag 10 is equal to 1 or, the initial reference picture list RefPicList0 are modified as
specified in subclause 8.2.4.3

NOTE - The modification process for reference picture lists specified in subclause 8.2.4.3allows the contents|of
RefPicList0 to be modified in a flexible fashion. In particular, it is possible for a picture that is currently marked-'used [for
reference” to be inserted into RefPicList0 even when the picture is not in the initial reference picture list derived|as
specified in subclause 8.2.4.2.

The numbgr of entries in the modified reference picture list RefPicList0 is num_ref idx 10 active minusl#£/1]. A refererlce
picture majy appear at more than one index in the modified reference picture lists RefPicList0.

8.2.4.1 Decoding process for picture numbers

This proceps is invoked when the decoding process for reference picture lists construction spgeified in subclause 8.2.4, LlllTle
decoded rdference picture marking process specified in subclause 8.2.5, or the decoding-process for gaps in frame ni
specified i subclause 8.2.5.2 is invoked.

The variables FrameNum, FrameNumWrap, PicNum, LongTermFrameldx, and-LongTermPicNum are used for the
initialisatign process for reference picture lists in subclause 8.2.4.2, the modifieation process for reference picture lists|in
subclause §.2.4.3, the decoded reference picture marking process in subclaus€ 8,2.5, and the decoding process for gaps|in
frame num in subclause 8.2.5.2.

To each shprt-term reference picture the variables FrameNum and FrameNumWrap are assigned as follows. First, FrameNym
is set equall to the syntax element frame num that has been decoded(in the slice header(s) of the corresponding short-teym
reference gicture. Then the variable FrameNumWrap is derived as

if( frameNum > frame num )

FrameNumWrap = FrameNum — MaxFrameNum (8-13)
else]
FrameNumWrap = FrameNum

where the Value of frame num used in Equation §-13 is the frame num in the slice header(s) for the current picture.

Each longjterm reference picture has an associated value of LongTermFrameldx (that was assigned to it as specified|in
subclause §.2.5).

To each short-term reference picture a variable PicNum is assigned, and to each long-term reference picture a variable
LongTermPicNum is assigned. T

8.2.4.2 Injitialisation pracess for reference picture lists
This initialisation process-is invoked when decoding a P, slice header.

RefPicListD have initial entries as specified in subclause 8.2.4.2.1.

When the| nuinber of entries in the initial RefPicList0 produced as specified in subclause 8.2.4.2.1 is greater than
num_ref idx70 active minusl + 1 the extra entries past position num ref idx 10 active minusl are discarded from the
initial reference picture list.

When the number of entries in the initial RefPicList0 produced as specified in subclause 8.2.4.2.1 is less than
num_ref idx 10 active minusl + 1, the remaining entries in the initial reference picture list are set equal to "no reference
picture".

8.2.4.2.1 Initialisation process for the reference picture list for P slices in frames

This initialisation process is invoked when decoding a P slice in a coded frame.
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When this process is invoked, there shall be at least one reference frame that is currently marked as "used for reference” (i.e.,
as "used for short-term reference" or "used for long-term reference") and is not marked as "non-existing".

The reference picture list RefPicList0 is ordered so that short-term reference frames s have lower indices than long-term
reference frames The short-term reference frames are ordered starting with the frame with the highest PicNum value and
proceeding through in descending order to the frame with the lowest PicNum value.

¢ long-term reference frames are ordere I ith the ¢ with the lowe ermPicNum value and proceeding
fough in ascending order to the fra

0, 302, and
308 and two reference frames are marked as "used for long-term reference" with LongTermPicNumequdl to Oland 3, the
inftial index order is:

— | RefPicList0[0] is set equal to the short-term reference picture with PicNum = 303,
— | RefPicList0[1] is set equal to the short-term reference picture with PicNum = 302,
— | RefPicList0[2] is set equal to the short-term reference picture with PicNum = 300,
— | RefPicList0[3] is set equal to the long-term reference picture with LongTermPicNum = 0,

— | RefPicList0[4] is set equal to the long-term reference picture with LongTermPicNum = 3.

8.2.4.3 Modification process for reference picture lists
When ref pic_list modification flag 10 is equal to 1, the following applies:
1. Let refldxL0 be an index into the reference picture list RefPicList0. It is initially set equal to 0.

2. The corresponding syntax elements modification .0f/pic nums_idc are processed in the order they o¢cur in the
bitstream. For each of these syntax elements, the following applies:

—  If modification_of pic nums idc is equal to 0 or equal to 1, the process specified in subclause $.2.4.3.1 is
invoked with refldxL0 as input, and the output is assigned to refldxLO0.

—  Otherwise, if modification of(pic nums idc is equal to 2, the process specified in subclause §.2.4.3.2 is
invoked with refldxL0 as input, and the output is assigned to refldxLO0.

—  Otherwise (modification of pic nums_ idc is equal to 3), the modification process for reference jpicture list
RefPicListO is finished:

8.2.4.3.1 Modification pracess of reference picture lists for short-term reference pictures
Input to this process is amcindex refldxL0O

Ottput of this processis an incremented index refldxL0.

THe variable picNuUmLONoWTrap is derived as follows:

— | If modification of pic nums idc is equal to 0,

if(\picNumLOPred — (abs_diff pic num minusl +1)<0)
picNumLONoWrap = picNumLOPred — (abs_diff pic num minusl + 1 ) + MaxPicNum 8-14)

else
picNumLONoWrap = picNumLOPred — ( abs_diff pic num minusl + 1)

—  Otherwise (modification_of pic nums idc is equal to 1),

if( picNumLOPred + (abs_diff pic num minusl + 1) >= MaxPicNum )

picNumLONoWrap = picNumLOPred + ( abs_diff pic num minusl + 1 ) — MaxPicNum (8-15)
else

picNumLONoWrap = picNumLOPred + ( abs_diff pic num minusl + 1)
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picNumLOPred is the prediction value for the variable picNumLONoWrap. When the process specified in this subclause is
invoked the first time for a slice (that is, for the first occurrence of modification of pic nums_idc equal to 0 or 1 in the
ref pic_list modification( ) syntax), picNumLOPred is initially set equal to CurrPicNum. After each assignment of
picNumLONoWTrap, the value of picNumLONoWTrap is assigned to picNumLOPred.

The variable picNumLO is derived as specified by the following pseudo-code:

lf( 1: 1Nzl ON"‘era“ CrrerPieNagaas )

O O © P OO ICTN O

picNumLO = picNumLONoWrap — MaxPicNum (8-16)

elsg
picNumLO = picNumLONoWrap

picNumLO| shall be equal to the PicNum of a reference picture that is marked as "used for short-term reference' ,and shall ot
be equal tq the PicNum of a short-term reference picture that is marked as "non-existing".

The following procedure is conducted to place the picture with short-term picture number picNumL0 |into the index position
refldxL0, dhift the position of any other remaining pictures to later in the list, and increment the value of refldxLO0.

for(|cldx =num _ref idx 10 active minusl + 1; cldx > refldxL0; cldx——)

RefPicListO[ cldx ] = RefPicList0[ cldx — 1]

RefPicListO[ refldxL0O++ ] = short-term reference picture with PicNum equal to pieNumL0

nldx = refldxL0O

for(| cldx = refldxL0; cldx <=num_ref idx 10 active minusl + 1; cldx++) (8-17)
f( PicNumF( RefPicList0[ cldx ] ) != picNumLO )

RefPicListO] nldx++ ] = RefPicList0[ cldx ]

where the function PicNumF( RefPicListO[ cIdx ] ) is derived as follows:

—  If the| picture RefPicListO[ cldx ] is marked as "used for short<tetm reference", PicNumF( RefPicListO[ cIdx ] ) is the
PicNym of the picture RefPicList0[ cldx ].

—  Otherfvise (the picture RefPicListO[ cldx] is. @ot marked as ‘"used for short-term referencd"),
PicNymF( RefPicListO[ cldx ] ) is equal to MaxPicNum:
NOTE — A value of MaxPicNum can never be equal to picNumLO.

NOTE -+ Within this pseudo-code procedure, the length of the list RefPicList0 is temporarily made one element longer than the lenpth
needed for the final list. After the execution of this-procedure, only elements 0 through num ref idx 10_active_minus] of the list n¢ed
to be refpined.

8.2.4.3.2 [Modification process of reference picture lists for long-term reference pictures
Input to this process is an index refldxLO0!
Output of this process is an increfented index refldxL0.

The followfing procedure isc,conducted to place the picture with long-term picture number long term pic num into the index
position refldxL0, shift theposition of any other remaining pictures to later in the list, and increment the value of refldxLO0.

for(|cldx = num/ref idx 10 active minusl + 1; cldx > refldxL0O; cldx——)
RefPigListO[ cldx ] = RefPicList0[ cldx — 1]
RefPicFistO[ refldxLO++ ] = long-term reference picture with LongTermPicNum equal to long_term pic_num
nldx =T7efldxL0
for( cldx = refldxL0; cldx <=num_ref idx 10 active minusl + 1; cldx++) (8-18)
if( LongTermPicNumF( RefPicListO[ cldx ] ) !=long term pic num )
RefPicListO] nldx++ ] = RefPicList0[ cldx ]

where the function LongTermPicNumF( RefPicListO[ cldx ] ) is derived as follows:

—  If the picture RefPicListO[ cldx ] is marked as "used for long-term reference", LongTermPicNumF( RefPicListO[ cldx ] )
is the LongTermPicNum of the picture RefPicList0[ cldx ].
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Otherwise (the picture RefPicListO[ cldx] is not marked as "used for long-term reference"),

LongTermPicNumF( RefPicList0[ cIdx ] ) is equal to 2 * ( MaxLongTermFrameldx + 1 ).
NOTE — A value of 2 * ( MaxLongTermFrameldx + 1 ) can never be equal to long_term pic_num.

NOTE — Within this pseudo-code procedure, the length of the list RefPicList0 is temporarily made one element longer than the length

needed for the final list. After the execution of this procedure, only elements 0 through num ref idx 10_active_minus]1 of
to be retained.

the list need
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tefm picture number LongTermPicNum. When the current pictore is not an IDR picture, subclause 8.2.4.1 is

Sp
8.
Dg

¥.o becoded reference picture marking process

is process is invoked for decoded pictures when nal ref idc is not equal to 0.

NOTE — The decoding process for gaps in frame num that is specified in subclause 8.2.5.2 may also be invoked when n;
equal to 0, as specified in clause 8.

decoded picture with nal ref idc not equal to 0, referred to as a reference picture, is markeddas "used for

hmeNum. A picture that is marked as "used for long-term reference" is identified by its LongTermFrameldx.

hmes marked as "used for short-term reference” or as "used for long-term reference’\can be used as a referen
pdiction when decoding a frame until the frame, is marked as "unused for reference!™

picture can be marked as "unused for reference" by the sliding window referénee picture marking process, a fij
t mechanism specified in subclause 8.2.5.3 or by the adaptive memory:control reference picture marking
stomised adaptive marking operation specified in subclause 8.2.5.4.

short-term reference picture is identified for use in the decoding process by its variables FrameNum and Framg
d its picture number PicNum, and a long-term reference picture iS.identified for use in the decoding process 1

ecify the assignment of the variables FrameNum, FrameNumWrap, PicNum and LongTermPicNum.

P.5.1 Sequence of operations for decoded reference picture marking process
coded reference picture marking proceeds in the follewing ordered steps:
1. All slices of the current picture are decoded.
D. Depending on whether the current picfure is an IDR picture, the following applies:
— If the current picture is an IDR picture, the following ordered steps are specified:
a. All reference pietures are marked as "unused for reference"
b. Depending onlong term reference flag, the following applies:

— If lofigy term_reference flag is equal to 0, the IDR picture is marked as "used for short-term|
and MaxLongTermFrameldx is set equal to "no long-term frame indices".

2 Otherwise (long term reference flag is equal to 1), the IDR picture is marked as "used for

is set equal to 0.

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

1 ref idc is

short-term

erence”" or "used for long-term reference". A picture that is marked as "used for short-term 'reference” is identified by its

te for inter

st-in, first-
process, a

NumWrap
y its long-
invoked to

reference"

long-term

reference"”, the LongTermFrameldx for the IDR picture is set equal to 0, and MaxLongTerfnFrameldx

voked.

— TfﬂdapfiVP rPfJﬁiP mm‘king maode ﬂﬂg is Pqnﬂ] to 0 _the process QpP(‘iﬁPd in subclanse 8 2 5 3 ig i1

— Otherwise (adaptive ref pic_marking mode flag is equal to 1), the process specified in subclaus
invoked.

€82.54is

3. When the current picture is not an IDR picture and it was not marked as "used for long-term reference" by

memory management control operation equal to 6, it is marked as "used for short-term reference".

It is a requirement of bitstream conformance that, after marking the current decoded reference picture, the total number of
frames shall not be greater than Max( max_num _ref frames, 1).
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8.2.5.2 Decoding process for gaps in frame_num

This process is invoked when frame num is not equal to PrevRefFrameNum and is not equal to ( PrevRefFrameNum + 1) %
MaxFrameNum.

NOTE — Although this process is specified as a subclause within subclause 8.2.5 (which defines a process that is invoked only when
nal_ref idc is not equal to 0), this process may also be invoked when nal ref idc is equal to 0 (as specified in clause 8). The reasons for
the location of this subclause within the structure of this International Standard are historical.

NOTE Thi PIrocCc dl .'VI‘V."I OI' d O ."'l Cdlll WIIC odp i dITIC
When g

1.
0

=+

For each [of the values of frame num pertaining to "non-existing" pictures, in the order in which the values [of

1. The decoding process for picture numbers as specified in subclause 8.2.4.1 is invoked.
2. The sliding window decoded reference picture marking process as specified in subclausé 8.2.5.3 is invoked.
3. The decoding process generates a frame and the generated frame is marked as-"non-existing" and "used for shart-

grm reference". The sample values of the generated frame may be set to any‘value.

he bitstream shall not contain data that result in the dérivation of a reference picture that is marked |as
on-existing" in any invocation of the reference picture selection process specified in subclause 8.4.2.1.

c) The bitstream shall not contain data that result in a variable picNumLO that is equal to the PicNum of a pictjire
nmarked as "non-existing" in any invocation of the modification process for reference picture lists for short-tefm
r¢ference pictures specified in subclause 8.2.4.3.1.

d) The bitstream shall not contain data that resultin a variable picNumLO that is equal to the PicNum of a pictjire
nmarked as "non-existing” in any invocatién of the assignment process of a LongTermFrameldx to a short-tefm
r¢ference picture specified in subclause8.2.5.4.3.

NOTE - The above constraints specify that frames that are marked as "non-existing" by the process specified in this subclause must pot
be referenced in the inter prediction proc@sss(subclause 8.4), the modification commands for reference picture lists for short-tgrm
reference pictures (subclause 8.2.4.3.1),\ or the assignment process of a LongTermFrameldx to a short-term reference pictpre
(subclayse 8.2.5.4.3).

8.2.5.3 S|iding window decoded reference picture marking process
This process is invoked whefiradaptive ref pic marking mode flag is equal to 0.
Depending on the properties of the current picture as specified below, the following applies:

1. Ilet numShoftTerm be the total number of reference frames marked as "used for short-term reference". ILet
rlumLongTerm be the total number of reference frames marked as "used for long-term reference".

2. Whén numShortTerm +numLongTerm is equal to Max(max num ref frames, 1), the condition that
numShortTerm is greater than 0 shall be fulfilled, and the short-term reference frame that has the smallest value of
FrameNumWrap is marked as "unused for reference".

8.2.5.4 Adaptive memory control decoded reference picture marking process
This process is invoked when adaptive ref pic marking mode flag is equal to 1.

The memory management control operation commands with values of 1 to 6 are processed in the order they occur in the
bitstream after the current picture has been decoded. For each of these memory management control operation commands,
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one of the processes specified in subclauses 8.2.5.4.1 t08.2.5.4.6 is invoked depending on the value of
memory_management control operation. The memory management control operation command with value of 0 specifies
the end of memory management control operation commands.

Memory management control operations are applied to pictures as follows:

— memory management control operation commands are applied to the frames specified.

8.2.5.4.1 Marking process of a short-term reference picture as "unused for reference”
THis process is invoked when memory management control operation is equal to 1.

Let picNumX be specified by

picNumX = CurrPicNum — ( difference of pic nums minusl + 1). 8-19)
THe value of picNumX is used to mark a short-term reference picture as "unused for reference'las follows:

— | the short-term reference frame specified by picNumX is marked as "unused for reference".

8.2.5.4.2 Marking process of along-term reference picture as "unused-forreference"
THis process is invoked when memory management control operation is equahto.2.
THe value of LongTermPicNum is used to mark a long-term reference picture-as "unused for reference" as follows:

— | the long-term reference frame having LongTermPicNum equal to long term pic num is marked as "pnused for

reference".

8.2.5.4.3 Assignment process of a LongTermFrameldx\to a short-term reference picture
THis process is invoked when memory management contrel: operation is equal to 3.

Given the syntax element difference of pic_nums minusl, the variable picNumX is obtained as sgecified in
supclause 8.2.5.4.1. picNumX shall refer to a frame marked as "used for short-term reference" and not marked as "non-
exfsting".

When LongTermFrameldx equal to long.térmi frame idx is already assigned to a long-term reference frame, that frame is
mgrked as "unused for reference".

THe value of LongTermFrameldx_ is\used to mark a picture from "used for short-term reference” to "used for long-term
reference" as follows:

— | The marking of the shert-term reference frame specified by picNumX is changed from "used for short-term rgference” to
"used for long-termeference" and assigned LongTermFrameldx equal to long term frame idx.

8.2.5.4.4 Decoding-process for MaxLongTermFrameldx
This process isinvoked when memory management control operation is equal to 4.

Alll pictures™for which LongTermFrameldx is greater than max_long term frame idx plusl — 1 and that are markgd as "used
for long*term reference" are marked as "unused for reference".

THe'variable MaxLongTermFrameldx is derived as follows:

— Ifmax long term frame idx plusl is equal to 0, MaxLongTermFrameldx is set equal to "no long-term frame indices".

—  Otherwise (max_long term frame idx plusl is greater than 0), MaxLongTermFrameldx is set equal to
max_long term frame idx plusl — 1.

NOTE — The memory management control operation command equal to4 can be used to mark long-term reference pictures as

"unused for reference". The frequency of transmitting max_long term frame idx_plusl is not specified by this International Standard.

However, the encoder should send a memory management control operation command equal to 4 upon receiving an error message,
such as an intra refresh request message.
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8.2.5.4.5 Marking process of all reference pictures as "unused for reference" and setting
MaxLongTermFrameldx to "no long-term frame indices"

This process is invoked when memory management control operation is equal to 5.

All reference pictures are marked as "unused for reference" and the variable MaxLongTermFrameldx is set equal to "no long-
term frame indices".

8.2.5.4.6 |Process for assigning a long-term frame index to the current picture
This process is invoked when memory management control operation is equal to 6.

When a vafiable LongTermFrameldx equal to long term frame idx is already assigned to a long-term reference)frame, that
frame is mprked as "unused for reference".

The currdnt picture is marked as "used for long-term reference” and assigned LongTermErameldx equal [to
long_term |frame idx.

8.3 Intra prediction process
This proce$s is invoked for I macroblock types.

Inputs to this process are constructed samples prior to the deblocking filter process atid, for Intra 4x4 prediction modes, the
values of Ihtra4x4PredMode from neighbouring macroblocks.

Outputs offthis process are specified as follows:

—  If thejmacroblock prediction mode is Intra 4x4, the outputs are constructed luma samples prior to the deblocking filtey
process and chroma prediction samples of the macroblock predc, where C is equal to Cb and Cr.

—  Otherpvise, if mb_type is not equal to I PCM, the outputs are luma prediction samples of the macroblock pred; and
chronja prediction samples of the macroblock predc, where.€'is equal to Cb and Cr.

—  Othervise (mb_type is equal to I PCM), the outputs are‘constructed luma and chroma samples prior to the deblocking
filter process.

The variable MvCnt is set equal to 0.
Depending on the value of mb_type the followingapplies:

— If mb|type is equal to I PCM, the sample construction process for I PCM macroblocks as specified in subclause 8.3.5
is invpked.

—  Otherfvise (mb_type is not equalto I PCM), the following applies:
1. The decoding processes for Intra prediction modes are described for the luma component as follows:

- If the macroblock prediction mode is equal to Intra_4x4, the Intra 4x4 prediction process for luma samples §
specified’in subclause 8.3.1 is invoked.

w2

- Otherwise (the macroblock prediction mode is equal to Intra_16x16), the Intra 16x16 prediction process as
specified in subclause 8.3.3 is invoked with S as the input and the outputs are luma prediction samples of
the macroblock pred; .

2. the Intra prediction process for chroma samples as specified in subclause 8.3.4 is invoked with S'cy,, and S'c; as the
inputs and the outputs are chroma prediction samples of the macroblock predc, and predc;.

Samples used in the Intra prediction process are the sample values prior to alteration by any deblocking filter operation.
8.3.1 Intra_4x4 prediction process for luma samples

This process is invoked when the macroblock prediction mode is equal to Intra_4x4.
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Inputs to this process are the values of Intra4x4PredMode (if available) from neighbouring macroblocks or macroblock pairs.

The luma component of a macroblock consists of 16 blocks of 4x4 luma samples. These blocks are inverse scanned using the
4x4 luma block inverse scanning process as specified in subclause 6.4.3.

For all 4x4 luma blocks of the luma component of a macroblock with luma4x4BlkIdx = 0..15, the derivation process for the
Intra4x4PredMode as specified in subclause 8.3.1.1 is invoked with luma4x4BlkIdx as well as Intra4x4PredMode that are

pr
Ini

Fqg
1.

8.

In

av]

Ontput of this process is the variable Intra4x4PredMode[ luma4x4BlkIdx ].

T4

eviouslv _ (in___decoding order) derived for adjacent macroblocks as the input and the

variable

ra4x4PredMode[ luma4x4Blkldx ] as the output.
r each luma block of 4x4 samples indexed using luma4x4BlkIdx = 0..15, the following ordered steps are-specifig

The Intra 4x4 sample prediction process in subclause 8.3.1.2 is invoked with luma4x4Blkldx and thg
containing constructed luma samples prior to the deblocking filter process from adjacent luma blocks as the
the outputs are the Intra_4x4 luma prediction samples pred4x4,[ x, y ] with x, y=0..3.

The position of the upper-left sample of a 4x4 luma block with index luma4x4Blkldx.inSide the current ma
derived by invoking the inverse 4x4 luma block scanning process in subclause 6.4:3 with luma4x4BlkIdx 4
and the output being assigned to ( xO, yO ).

The values of the prediction samples pred; [ xO + x, yO + y | with x, y = 0..3(are derived by
predi [ xO +x, yO +y ] =pred4x4.[ X,y |

The transform coefficient decoding process and picture construefion process prior to deblocking filter
subclause 8.5 is invoked with pred; and luma4x4BlkIdx as theyinput and the constructed samples for the
luma block S’ as the output.

B.1.1 Derivation process for Intra4dx4PredMode

buts to this process are the index of the 4x4 luma,block luma4x4Blkldx and variable arrays Intra4x4Prg
hilable) that are previously (in decoding order) derived:for adjacent macroblocks.

ble 8-1 specifies the values for Intra4x4PredMode[ luma4x4BlkIdx ] and the associated names.

Table 8-1 — Specification’ of Intra4x4PredMode[ luma4x4BlkIdx | and associated names

d:
array S'L

inputs and

croblock is
s the input

8-20)

process in
urrent 4x4

dMode (if

Intra4x4PredMode| luma4x4BlkIdx | Name of Intra4dx4PredMode| luma4x4BlkIdx |
0 Intra_4x4 Vertical (prediction mode)
1 Intra_4x4 Horizontal (prediction mode)
2 Intra_4x4 DC (prediction mode)
3 Intra_4x4 Diagonal Down_Left (prediction mode)
4 Intra_4x4 Diagonal Down_Right (prediction mode)
5 Intra_4x4 Vertical Right (prediction mode)
6 Intra_4x4 Horizontal Down (prediction mode)
7 Intra_4x4 Vertical Left (prediction mode)
8 Intra_4x4 Horizontal Up (prediction mode)

Intra4x4PredMode[ luma4x4Blkldx ] labelled 0, 1, 3, 4, 5, 6, 7, and 8 represent directions of predictions as illustrated in
Figure 8-1.
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bdMode[ luma4x4BlkIdx ] is derived as specified by the following ordered steps:

process specified in subclause 6.4.11.4 is invoked with luma4x4Blkddx given as input and the output is assigne
nbAddrA, luma4x4BIlkIdxA, mbAddrB, and luma4x4BlkIdxB.

variable dcPredModePredictedFlag is derived as follows:

N being either replaced'by A or B, the variables intraMxMPredModeN are derived as follows:

O

Figure 8-1 — Intra_4x4 prediction mode directions (informative)

If any of the following conditions are true, dcPredModePredictedFlag is set equal to 1
—  the macroblock with address mbAddrA is neftavailable
—  the macroblock with address mbAddrB is‘not available

— the macroblock with address mbAddrA is available and coded in an Inter macroblock prediction mg
and constrained_intra pred flaglis'equal to 1

— the macroblock with addresssmbAddrB is available and coded in an Inter macroblock prediction mg
and constrained _intra pred flag is equal to 1

Otherwise, dcPredModePredictedFlag is set equal to 0.

If dcPredModePredictedFlag is equal to 1 or the macroblock with address mbAddrN is not coded in Intra_4x4
macroblock prédiction mode, intraMxMPredModeN is set equal to 2 (Intra_4x4 DC prediction mode).

Otherwise (dcPredModePredictedFlag is equal to 0 and the macroblock with address mbAddrN is coded|i
Intras4x4 macroblock prediction mode), the following applies:

< X If the macroblock with address mbAddrN is coded in Intra 4x4 macroblock prediction mogle,
intraMxMPredModeN is set equal to Intra4x4PredMode[ luma4x4BlkIdxN ], where Intra4x4PredMaqde

i5the variable array assigned 1o the macrobiock MbAddTN.

Intra4x4PredMode[ luma4x4BlkIdx ] is derived by applying the following procedure:
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This process is invoked for each 4x4 luma block of a macroblock with macroblock prediction mede) équal td

fo
I

=

O
lu

The position of the upper-left sample of a 4x4 luma block with indeéx“luma4x4BIlkldx inside the current ma

de

output being assigned to ( xO, yO ).

THe 13 neighbouring samples p[ x, y ] that are constructed luma samples prior to the deblocking filter process, W
y¥+—1.3and x=0..7, y=—1, are derived as specified by the following ordered steps:

.B.1.2 Intra_4x4 sample prediction

ISO/IEC 14496-29:2015(E)

predIntra4x4PredMode = Min( intraMxMPredModeA, intraMxMPredModeB )
if( prev_intra4x4 pred mode flag[ luma4x4BlklIdx ] )
Intrad4x4PredMode[ luma4x4Blkldx ] = predIntra4x4PredMode
else
if( rem_intra4x4 pred mode[ luma4x4Blkldx ] < predIntra4x4PredMode )
Intra4x4PredMode[ luma4x4Blkldx ] =rem intra4x4 pred mode[ luma4x4BlkIdx ]
else

(8-21)

Intra4x4PredMode[ luma4x4Blkldx | =rem intra4x4 pred mode[ luma4x4Blkldx ]+ 1

lowed by the transform decoding process and picture construction process prior to deblocking for-each 4x4 lumg
buts to this process are:

the index of a 4x4 luma block luma4x4BIkIdx,

an (PicWidthInSamples; )x(PicHeightInSamples) array c¢Sp containing constructéd Tuma samples prior to the
filter process of neighbouring macroblocks.

tput of this process are the prediction samples pred4x4.[ x,y ], with x, ="0..3, for the 4x4 luma block
a4x4BlkIdx.

rived by invoking the inverse 4x4 luma block scanning process in‘subClause 6.4.3 with luma4x4BlkIdx as the in

1. The luma location ( xN, yN ) is specified by
xN =x0 +x

YN=yO+y

2. The derivation process for neighbetring locations in subclause 6.4.12 is invoked for luma locations with (3
input and mbAddrN and ( xW, yW ) as output.

3. Each sample p[ x, y ] withx =—1,y=—1..3 and x =0..7, y = —1 is derived as follows:

prediction.’

— _<mbAddrN is not available,
constrained intra pred flag is equal to 1,

current macroblock does not have mb_type equal to SI,

Intra_4x4
block.

deblocking

with index

roblock is
put and the

ith x =—1,

8-22)
8-23)
kN, yN ) as

— If any of thé¢ following conditions are true, the sample p[ x,y ] is marked as "not available fof Intra 4x4

o~ the macroblock mbAddrN is coded in an Inter macroblock prediction nhode and

—  the macroblock mbAddrN has mb_type equal to SI and constrained _intra_pred flag is equal tp 1 and the

—  x is greater than 3 and luma4x4BIkIdx is equal to 3 or 11.

—  Otherwise, the sample p[ x, y | is marked as "available for Intra 4x4 prediction" and the value of the sample

pl %, y ] is derived as specified by the following ordered steps:

a. The location of the upper-left luma sample of the macroblock mbAddrN is derived by invoking the inverse
macroblock scanning process in subclause 6.4.1 with mbAddrN as the input and the output is assigned to

(xM, yM).
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b. the sample value p[ x, y ] is derived as follows:

pLx y]=cS[xM+xW, yM+yW ] (8-24)

When samples p[ x, —1 ], with x = 4..7, are marked as "not available for Intra 4x4 prediction," and the sample p[ 3, —1] is
marked as "available for Intra_4x4 prediction," the sample value of p[ 3, —1 ] is substituted for sample values p[ x, —1 ], with

X =

Depending on Intra4x4PredMode[ luma4x4Blkldx ], one of the Intra_4x4 prediction modes specified in subclauses 8!3, 2.
to 8.3.1.2.9 is invoked.

8.3.1.2.1 |Specification of Intra_4x4 Vertical prediction mode
This Intra [4x4 prediction mode is invoked when Intra4x4PredMode[ luma4x4BlkIdx ] is equal to 0.
This mode|shall be used only when the samples p[ x, —1 ] with x = 0..3 are marked as "available for Intrd 4x4 prediction".

The valued| of the prediction samples pred4x4,[ x, y ], with x, y = 0..3, are derived by

8.3.1.2.2 |Specification of Intra_4x4 Horizontal prediction mode
This Intra [4x4 prediction mode is invoked when Intra4x4PredMode[ luma4x4Blkldx | is equal to 1.
This mode|shall be used only when the samples p[ —1, y ], with y = 0..3, are rharked as "available for Intra 4x4 prediction”

The valued| of the prediction samples pred4x4,[ x, y ], with x, y = 0..3, ate.derived by

8.3.1.2.3 |Specification of Intra_4x4_DC prediction mede
This Intra [4x4 prediction mode is invoked when Intra4x4RredMode[ luma4x4BlkIdx ] is equal to 2.

The values| of the prediction samples pred4x4,[ x, y |, with x, y = 0..3, are derived as follows:

NOTE —Each-blockis-assumed-to-be-constructedinto-apicture array pr%nr to-decodinaofthe next block
r o

86

4..7, and samples p[ x, —1 ], with x =4..7, are marked as "available for Intra 4x4 prediction".

pred4x4 [ x,y]=p[x,—1 ], withx, y=0..3 (8-25)

predd4x4 [ x,y]=p[ -1,y ], withx,y=0..3 (8-26)

If all pamples p[ x, —1 ], with x = 0..3, and(p[)~1, y ], with y = 0..3, are marked as "available for Intra 4x4 predictio
the values of the prediction samples pred4x4, [ x, y ], with x, y = 0..3, are derived by

pre 4X4L[X:Y]:(P[Os_1]+P[ 1,_1]+p[2:_1]+P[3:_1]+
p[—1LO0]+p[ kA ]+p[-1,2]+p[-1,3]+4)>>3 (8-27)

Otherfvise, if any samples (phx, —1 ], with x = 0..3, are marked as "not available for Intra 4x4 prediction" and
samples p[ —1, y ], with ¥=0..3, are marked as "available for Intra 4x4 prediction", the values of the prediction samp
preddx4 [ x,y ], with-k, y = 0..3, are derived by

preddxd [ x, yS (p[—1L,0]+p[-L,1]+p[-L2]+p[—-1,3]+2)>>2 (8-28)

Otherpwise, #f any samples p[ —1,y], with y = 0..3, are marked as "not available for Intra 4x4 prediction" and
samples_pfx, —1 ], with x=0.. 3, are marked as "available for Intra 4x4 prediction", the values of the predicti

=]

samplespred4x4, [ x, y ], with x, y=0 .. 3, are derived by

preddx4 [ x,y]=(p[0,—-1]+p[1l,-1]+p[2,-1]+p[3,-1]+2)>2 (8-29)

Otherwise (some samples p[ x, —1 ], with x = 0..3, and some samples p[ —1, y ], with y = 0..3, are marked as "not
available for Intra 4x4 prediction"), the values of the prediction samples pred4x4.[ x, y ], with x, y = 0..3, are derived

by (wherein BitDepthy is equal to 8 in this standard):

pred4x4.[ x, y ] = (1 <<(BitDepthy— 1)) (8-30)
NOTE — A 4x4 luma block can always be predicted using this mode.
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8.3.1.2.4 Specification of Intra_4x4_Diagonal_Down_Left prediction mode

This Intra_4x4 prediction mode is invoked when Intra4x4PredMode[ luma4x4BlkIdx ] is equal to 3.

This mode shall be used only when the samples p[ x, —1 ] with x = 0..7 are marked as "available for Intra_4x4 prediction".

The values of the prediction samples pred4x4,[ x, y ], with x, y = 0..3, are derived as follows:

Hxis eaualto3 andsris eqgualto3
he § —J he § >

8.
TH
TH

pred4x4 [ x,y ]| =(p[6,—1]+3*p[7,-1]+2)>>2
Otherwise (x is not equal to 3 or y is not equal to 3),
preddx4 [ x,y]=(p[x+y,-1]+2*p[x+y+1,-1]+p[x+y+2,-1]+2)>>2
B.1.2.5 Specification of Intra_4x4 Diagonal_Down_Right prediction mode
is Intra_4x4 prediction mode is invoked when Intra4x4PredMode[ luma4x4BlklIdx ] is@qual to 4.
is mode shall be used only when the samples p[ x, —1 ] with x = 0..3 and p[ —1, y } with y = —1..3 are marked as

for Intra_4x4 prediction".

TH

8.
TH

Th
for

Ld
Th

e values of the prediction samples pred4x4,[ x, y |, with x, y = 0..3, are derived as follows:
If x is greater than y,
preddx4 [ X,y ] =(p[x—y—2,—-1]+2*p[x—y—1,-1 J+p[x—y,-1]+2)>2
Otherwise if x is less than y,
pred4x4 [ x,y ] =(p[-LLy—x—2]+2*p[-l,y*Xx—1]+p[-l,y—x]+2)>2
Otherwise (x is equal to y),
pred4x4 [ x,y ] =(p[ 0, -1 ]+2*p[-L,=1 T+p[—-1,0]+2)>>2
B.1.2.6 Specification of Intra_4x4 Vertical_Right prediction mode
is Intra_4x4 prediction mode is invoked/when Intra4x4PredMode[ luma4x4BlklIdx ] is equal to 5.

is mode shall be used only when.the samples p[ x, —1 | with x = 0..3 and p[ —1, y ] with y = —1..3 are marked aj{
Intra_4x4 prediction".

t the variable ZVR be setequal to 2 * x —y.
e values of the predictien samples pred4x4,[ x, y |, with x, y = 0..3, are derived as follows:
If zVR is equalto 0, 2, 4, or 6,
pred4xa{ x, y ] =(p[x—(y>> 1)~ L =1 ]+p[x—(y>>1),-1]+1)>>1
Otherwise, if zVR is equal to 1, 3, or 5,

8-31)

8-32)

"available

8-33)

8-34)

8-35)

"available

8-36)

preddxdi [ x, y | =(p[x—(y>>1)=2,-1]+2*p[x—(y>1) - L -1 ]+p[x—(y>1),-1]+2)

Otherwise, if zZVR is equal to —1,
preddx4[x,y ] =(p[-1,0]+2*p[-1,=1]+p[0,-1]+2)>>2
Otherwise (zVR is equal to —2 or —3),

preddxdi[ x,yl=(p[ -1, y—1]+2*p[-1l,y=2]+p[-1,y=3]+2)>>2

© ISO/IEC 2015 — All rights reserved
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8.3.1.2.7 Specification of Intra_4x4 Horizontal_Down prediction mode
This Intra_4x4 prediction mode is invoked when Intra4x4PredMode[ luma4x4BlkIdx ] is equal to 6.

This mode shall be used only when the samples p[ x, —1 ] with x =0..3 and p[ —1, y | with y =—1..3 are marked as "available
for Intra_4x4 prediction".

Let the variable zHD be set equal to 2 * y — x.

The values| of the prediction samples pred4x4,[ x, y ], with x, y = 0..3, are derived as follows:

— IfzHID is equal to 0, 2, 4, or 6,

f4x4[x, y]=(p[-Ly—-(x>>1)=1]+p[-Ly=(x>>1)]+1)>>1 (8-40)

[¢]

pr
—  Otherfvise, if zZHD is equal to 1, 3, or 5,

pred4x4 [ X, y]=(p[—Ly—(x>>1)=2]+2%p[-L,y—(x>1)-1]+p[-Ly—(x>*1)]+2)>>2

(8-41)
—  Otherpise, if zZHD is equal to —1,
predd4x4 [x,y]=(p[—-1,0]+2*p[—-1,-1]+p[0,-1]+2)>>2 (8-42)
—  Otherpvise (zHD is equal to —2 or —3),
preddxdi [ x,y]=(p[x—1,-1]+2*p[x—2,-1]+p[x—3,-1]%2)>>2 (8-43)

8.3.1.2.8 |Specification of Intra_4x4 Vertical_Left prediction maode
This Intra [4x4 prediction mode is invoked when Intra4x4PredMode[ltima4x4BlkIdx ] is equal to 7.
This mode|shall be used only when the samples p[ x, —1 ] with x50..7 are marked as "available for Intra_4x4 prediction".
The values| of the prediction samples pred4x4,[ x, y ], with x\y = 0..3, are derived as follows:
— Ifyis|equal to O or 2,

preddxd [ x, y 1= (p[x+(y>> 1), ~1 JEplx+(y>> 1)+ 1,-11+1)>> | (8-44)
—  Otherpvise (yis equal to 1 or 3),

pre¢dx4[ X,y =(p[x+(y>F ) -1 ]+2*p[x+(y> 1)+ 1, -1 ]+p[x+(y>1)+2,-1]+2)>>2
(8-45)

8.3.1.2.9 |Specification of Intra_4x4_ Horizontal_Up prediction mode

This Intra [4x4 predictionmede is invoked when Intra4x4PredMode[ luma4x4BlkIdx ] is equal to 8.

This mode(shall be usedonly when the samples p[ —1, y | with y = 0..3 are marked as "available for Intra 4x4 prediction".
Let the varfiable zHU be set equal tox +2 * y.

The values| of the prediction samples pred4x4,[ x, y ], with x, y = 0..3, are derived as follows:

— IfzHUisequal to 0, 2, or 4

preddx4 [ X, y]=(p[-Ly+(x>>1)]+p[-Ly+(x>1)+1]+1)>>1 (8-46)
—  Otherwise, if zZHU is equal to 1 or 3

preddx4 [ X, y]=(p[—Ly+(x>>1)]+2*p[-Ly+(x>1)+1]+p[-ly+t(x>>1)+2]+2)>>2
(8-47)
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Otherwise, if zZHU is equal to 5,

preddxdi [ x,y]=(p[—1,2]+3*p[-1,3]+2)>>2
Otherwise (zHU is greater than 5),

:2015(E)

(8-48)

(8-49)

8.

8.
TH

predd4x4 [ x,y]=p[—L1, 3]
B.2  (void)
B.3 Intra_16x16 prediction process for luma samples

is process is invoked when the macroblock prediction mode is equal to Intra 16x16. It specifies howithe Intra

luma samples for the current macroblock are derived.

In
to

but to this process is a (PicWidthInSamples; )x(PicHeightInSamples; ) array ¢Sy containing constructed luma saj
the deblocking filter process of neighbouring macroblocks.

Outputs of this process are Intra prediction luma samples for the current macroblock prediPx, y ].

TH
V1

Ld

Ini

e 33 neighbouring samples p[ x, y ] that are constructed luma samples prior to¢the deblocking filter process, W
F—1..15 and with x = 0..15, y = —1, are derived as specified by the following ordered steps:

1. The derivation process for neighbouring locations in subclause 6.4:12 is invoked for luma locations W
assigned to ( XN, yN ) as input and mbAddrN and ( xW, yW ) as dutput.

2. Each sample p[ x, y ] with x =—1, y=—1..15 and with x = 0.95, y = —1 is derived as follows:

— If any of the following conditions are true, the sample p[ x, y] is marked as "not available for I
prediction":

— mbAddrN is not available,

equalto 1,
— the macroblock mbAddrN has'mb_type equal to SI and constrained intra_pred flag is equal to 1.

— Otherwise, the sample p[ x, y] is marked as "available for Intra 16x16 prediction" and the value of
pl %, y ] is derived as specified by the following ordered steps:

a. The location 6f the upper-left luma sample of the macroblock mbAddrN is derived by invoking
macroblock\s¢anning process in subclause 6.4.1 with mbAddrN as the input and the output is
(xM, yM).

b. thesample value p[ x, y | is derived as follows:
Pl X, y]=cS[xM+xW, yM + yW ]
t pred.[ x5y )]'with x, y = 0..15 denote the prediction samples for the 16x16 luma block samples.

ra_LOox16 prediction modes are specified in Table 8-2.

prediction

mples prior

ith x =—1,

ith (x,y)

htra 16x16

— the macroblock mbAddrN is coded injai’Inter macroblock prediction mode and constrained intra_pred_flag is

the sample

the inverse
hssigned to

8-50)
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Table 8-2 — Specification of Intral6x16PredMode and associated names

Depending
invoked.

833.15S

This Intra |
Intra 16x1

The valueg
pre

8332 S

This Intra |
Intra 16x1

The valueg
pre

8333 S

This Intra |
Intra 16x1

- Ifall
Intra |

[¢]

pr

—  Other
predid
predid

pred

Intral6x16PredMode Name of Intral6x16PredMode
0 Intra_16x16_Vertical (prediction mode)
1 Intra_16x16_Horizontal (prediction mode)
2 Intra_16x16_DC (prediction mode)
3 Intra_16x16_Plane (prediction mode)

becification of Intra_16x16_Vertical prediction mode

16x16 prediction mode shall be used only when the samples p[ x, —1 ] with x = 0..15 are marked as "available

6 prediction”.

of the prediction samples pred, [ x, y |, with x, y = 0..15, are derived by

I [ x,y]=p[x,—1], withx,y=0..15 (8-51)
becification of Intra_16x16_Horizontal prediction mode

16x16 prediction mode shall be used only when the samples pf=l,"y] with y = 0..15 are marked as "available
6 prediction”.

of the prediction samples pred, [ x, y |, with x, y = 0..15are"derived by
I [x,y]=p[-1,y], withx,y=0..15 (8-52)
becification of Intra_16x16_DC prediction mode

16x16 prediction mode operates, depending on whether the neighbouring samples are marked as "available
6 prediction", as follows:

neighbouring samples p[ x, —1 Jawith x = 0..15, and p[ —1,y ], with y = 0..15, are marked as "available
16x16 prediction", the predictien-for all luma samples in the macroblock is given by:
15 15 .
Ll y1= O p[x',~1]€ ) p[- 1,y ]+16) >> 5. with x, y = 0..15 (8-53)
x'=0 y'=0

wise, if any of the'neighbouring samples p[ x, —1 ], with x = 0..15, are marked as "not available for Intra 16x]

tion" and all ©f<the neighbouring samples p[ —1, y ], with y = 0..15, are marked as "available for Intra 16x
tion", the prediction for all luma samples in the macroblock is given by:
15 .
L[ X YT= O p[-1,y]+8) >> 4, with x, y=0..15 (8-54)
y'=0

on Intral6x16PredMode, one of the Intra 16x16 prediction modes specified in subclauses 8.3.3.1,t0 8.3.3.4 i

for

or

for

for

16
16

—  Otherwise, if any of the neighbouring samples p[ —1, y |, with y = 0..15, are marked as "not available for Intra 16x16
prediction" and all of the neighbouring samples p[ x, —1 ], with x = 0..15, are marked as "available for Intra 16x16
prediction", the prediction for all luma samples in the macroblock is given by:

15

predi[ X,y ]= (3 p[x',~1]+8) >> 4, with x, y = 0..15 (8-55)

90

x'=0
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Otherwise (some of the neighbouring samples p[ x,—1], with x = 0..15, and some of the neighbouring samples
p[ —1,y], with y = 0..15, are marked as "not available for Intra 16x16 prediction"), the prediction for all luma samples

in the macroblock is given by:

predi[ x, y ] = (1 <<(BitDepthy— 1)), with x, y=0..15 (8-56)

8.3.3.4 Specification of Intra_16x16_Plane prediction mode

TH

ar¢ marked as "available for Intra 16x16 prediction".

TH

where

and H and V are specified as

8.

TH
m

In
ch|

Outputs of this process are Intfa prediction chroma samples for the current macroblock predcy[ X, y | and predc,[ x,

TH
th

B(
th
th
su

TH

is Intra_16x16 prediction mode shall be used only when the samples p[ x, —1 ] with x =—1..15and p[ —1, y ] i

e values of the prediction samples pred.[ x, y ], with x, y= 0..15, are derived by

predi[ X,y ] =Cliply((a+b*(x—7)+c*(y—7)+16)>>5), withx, y=0..15,

a=16*(p[—1,15]+p[ 15 -1])
b=(5*H+32)>>6

c=(5*V+32)>>6

Hzi(x‘+1)*(p[8+x',—1]—p[é-x',—l])

x'=0
7
V=>(y+D)*(p[-1,8+y' ]-p[-1.6-y'])
y'=0
B.4 Intra prediction process for chromasamples

is process is invoked for I macroblock “types. It specifies how the Intra prediction chroma samples for
icroblock are derived. (ChromaArrayType= 1 in this standard).

buts to this process are two (PicWidthInSamplesc)x(PicHeightInSamplesc) arrays cSc, and cS¢, containing
roma samples prior to the debloeking filter process of neighbouring macroblocks.

e following applies:
e following text speeifies the Intra prediction chroma samples for the current macroblock predcy[ X, y ] and predd

th chroma bloeks (Cb and Cr) of the macroblock use the same prediction mode. The prediction mode is applied
b chroma blecks separately. The process specified in this subclause is invoked for each chroma block. In the re
s subclauses chroma block refers to one of the two chroma blocks and the subscript C is used as a replacer]
bscript €b or Cr.

hy=0.15

8-57)

8-58)
8-59)
8-60)

8-61)

8-62)

he current

onstructed

vl

l’[ X’ y]'

to each of
mainder of
hent of the

ith x=-1,

e'ngighbouring samples p[ x, y | that are constructed chroma samples prior to the deblocking filter process, W

y=—1..MbHeightC — 1 and with x = 0..MbWidthC — 1, y = —1, are derived as specified by the following ordered steps:

1. The derivation process for neighbouring locations in subclause 6.4.12 is invoked for chroma locations with (X, y)

assigned to ( XN, yN ) as input and mbAddrN and ( xW, yW ) as output.
2. Each sample p[ x, y ] is derived as follows:

— If any of the following conditions are true, the sample p[ X, y ] is marked as "not available for Intra chroma

prediction":
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— (Ptherwise, the sample p[ X, y | 1s marked as "available for Inira chroma prediction” and the valu€ of the sam]

Let predc
samples.

Intra chroma prediction modes are specified in Table §-3.

Depending on intra_chroma pred“imode, one of the Intra chroma prediction modes specified in subclauses 8.3.4.1 to 8.3.4.

mvoked.

8.3.4.1 Specification of Intra_Chroma_DC prediction mode

This Intra
standard).

For each
following

14496-29:2015(E)

— mbAddrN is not available,

— the macroblock mbAddrN is coded in an Inter macroblock prediction mode and constrained intra pred flag
equal to 1,

is

— the macroblock mbAddrN has mb_type equal to SI and constrained intra pred flag is equal to 1 and the

current macroblock does not have mb_type equal to SI.

pl %, y ] is derived as specified by the following ordered steps:

a. The location of the upper-left luma sample of the macroblock mbAddrN is derived by invoking theinve
macroblock scanning process in subclause 6.4.1 with mbAddrN as the input and the outputis’assigned
(xL, yL).

b. The location ( xM, yM ) of the upper-left chroma sample of the macroblock mbAddr isderived by:

xM= (xL>>4)* MbWidthC (8-63)
yM = (( yL >> 4 )* MbHeightC ) + (yL % 2 ) (8-64)

c. the sample value p[ x, y ] is derived as follows:

Pl X, y]=cSc[xM +xW, yM + yW ] (8-65)
[|x, y] with x=0..MbWidthC — 1, y=0..MbHeightC — 1 denote the‘prediction samples for the chroma blg
y

Table 8-3 — Specification of Intra chroma prediction modes and associated names

intra_chroma_pred_mode Name.of intra_chroma_pred_mode
0 Intra_Chroma DC (prediction mode)
1 Intra_Chroma_Horizontal (prediction mode)
2 Intra_Chroma_Vertical (prediction mode)
3 Intra_Chroma_Plane (prediction mode)

chroma_prediction mode is invoked when intra_chroma pred mode is equal to 0. (ChromaArrayType= 1 int

ble

ck

chroma block of 4x4 samples indexed by chroma4x4Blkldx =0..( 1 <<( ChromaArrayType+1))—1, 1he

ppIics:

—  The position of the upper-left sample of a 4x4 chroma block with index chroma4x4BlkIdx inside the current macroblock
is derived by invoking the inverse 4x4 chroma block scanning process in subclause 6.4.7 with chroma4x4BlkIdx as the
input and the output being assigned to ( xO, yO ).

—  Depending on the values of xO and yO, the following applies:

— If ( xO, yO ) is equal to( 0, 0 ) or xO and yO are greater than 0, the values of the prediction samples

92

predc[ x + x0O, y + yO ] with x, y = 0..3 are derived as follows:
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— If all samples p[ x +xO, —1], with x=0..3, and p[ —1, y +yO ], with y=0..3, are marked as "available for
Intra chroma prediction", the values of the prediction samples predc[ x +xO, y +yO ], with x, y=0..3, are
derived as:

3 3
pred . [x+x0,y+yO]= [ > plx'+x0,-11+ > p[-1,y+yO]+ 4] >> 3, with x, y=0..3. (8-66)
x'=0 y'=0

—  Otherwise, if any samples p[ x +x0, —1], with x=0..3, are marked as "not available for IntLra chroma
prediction" and all samples p[ —1,y+yO ], with y=0.3, are marked as "available for“\nfra chroma
prediction”, the values of the prediction samples predc[ x + xO, y + yO ], with x, y = 0..3, are derivad as:

y'=0

3
pred [ x +x0,y+y0]= (Zp[—l, y+yOl+ 2] >>2, with x, y=0..3. 8-67)

—  Otherwise, if any samples p[ —1,y+yO ], with y=0..3, are marked as "not available for Infra chroma
prediction" and all samples p[ x+x0O,—1], with x=0..3, are marked’ as "available for Infra chroma
prediction", the values of the prediction samples predc[ x + xO, y + yO,with x, y = 0..3, are derivad as:

3

pred [ x+x0,y+yO]= (Zp[x'+x0,—]] + 2] >> 2, withix,'y = 0..3. 8-68)
x'=0

—  Otherwise (some samples p[ x +x0O, —1 ], with x =0,.3, and some samples p[ —1, y +yO ], with y=0..3, are

marked as "not available for Intra chroma .prediction"), the wvalues of the predictioh samples
predc[ x +x0O, y + yO ], with x, y = 0..3, are derived as (wherein BitDepthc is equal to 8 in this stanfard):

predc[ x +x0O, y+yO | = (1 << ( BitDepthc— 1)), with x, y =0..3. 8-69)

—  Otherwise, if xO is greater than 0 and yO is equal to 0, the values of the prediction samples predc[ x +xD, y + yO |
with x, y = 0..3 are derived as follows:

— If all samples p[ x + xO, —1 ], with-x = 0..3, are marked as "available for Intra chroma prediction") the values
of the prediction samples predafx + xO, y + yO ], with x, y = 0..3, are derived as:

3
pred [ x +x0, y+yO ] = (Zp[x'+x0,—]] + 2] >>2, withx,y=0.3. 8-70)
x'=0

—  Otherwise, if all samples p[ —1, y +yO ], with y = 0..3, are marked as "available for Intra chroma prediction",
the values of the prediction samples pred¢[ x + xO, y + yO ], with x, y = 0..3, are derived as:

3
pred.[x+x0,y+ yO]=(Zp[—l,y'+yO] + ZJ >>2, withx,y=0..3. 8-71)

y'=0

—\\Otherwise (some samples p[ x +x0O, —1 ], with x=0..3, and some samples p[ —1, y +yO ], with y=0..3, are
marked as "not available for Intra chroma prediction"), the values of the predictiop samples
predc[ x + %O, y + yO ], with x, y = 0..3, are derived as:

predc[ x +x0, y + yO ] = (1 << ( BitDepthc— 1)), with x, y =0..3. (8-72)

—  Otherwise (xO is equal to 0 and yO is greater than 0), the values of the prediction samples predc[ x + xO, y + yO ]
with x, y = 0..3 are derived as follows:

— If all samples p[ —1, y +yO ], with y = 0..3, are marked as "available for Intra chroma prediction", the values
of the prediction samples predc[ x + xO, y + yO |, with x, y = 0..3, are derived as:
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3
pred [ x +x0,y+y0]= [Zp[—l, y'+yO]+ 2] >>2, with x, y=0..3. (8-73)

y'=0

Otherwise, if all samples p[ x + xO, —1 ], with x =0..3, are marked as "available for Intra chroma prediction",
the values of the prediction samples predc[ x + xO, y + yO ], with x, y = 0..3, are derived as:
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Otherwise (some samples p[ x +xO, —1 ], with x=0..3, and some samples p[ —1, y +yO ], with y=.0:3;"are
marked as "not available for Intra chroma prediction"), the wvalues of the prediction) samp|es
predc[ x + %O, y + yO ], with x, y = 0..3, are derived as:

predc[ x +x0O, y +yO ] = (1 << ( BitDepthc— 1)), with x, y =0..3. (8-75)
becification of Intra_Chroma_Horizontal prediction mode

hroma prediction mode is invoked when intra_chroma pred mode is equal to 1.

shall be used only when the samples p[ —1, y ] with y = 0..MbHeightC — 1 ar¢\marked as "available for Infra
diction".

of the prediction samples predc[ X, y ] are derived as:
Ic[ x, y]=p[—1, y ], with x = 0.MbWidthC — 1 and y = 0..MbHeight€- 1 (8-76)
becification of Intra_Chroma_Vertical prediction mode

hroma prediction mode is invoked when intra_chroma_pred, mode is equal to 2.

shall be used only when the samples p[ x, —1 ] with x>= 0.MbWidthC — 1 are marked as "available for Infra

diction".

of the prediction samples predc[ X, y ] are derived-as:

Ic[ X, y]=p[ x, —1 ], with x =0..MbWidth€= 1 and y = 0..MbHeightC — 1 (8-77)
becification of Intra_Chroma_Plane prediction mode

chroma prediction mode is invoked when intra chroma pred mode is equal to 3. (ChromaArrayType = 1 in this

e shall be used only™when the samples p[x,—1], with x = 0.MbWidthC—1 and p[-1,y], wjth

\l

HeightC — 1 are marked)as "available for Intra chroma prediction".

=

of the predictionrsamples predc[ X, y | are derived by:

Ic[x,y]=Cliplc((a+b*(x—=3)+c*(y—3)+16)>>5),

with x = 0.MbWidthC — 1 and y = 0..MbHeightC — 1 (8-78)
where
a=06=*(p[=1 MbHeightC=1]+p[ MbWidthC=1 =11 879
b=(34 *H+32)>>6 (8-80)
c=(34 *V+32)>>6 (8-81)
and H and V are specified as:
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3+xCF

H= Y (x'+1)*(p[4 +xCF +x',~1]-p[2+xCF - x', - 1))
x'=0
3+yCF

V= > (y+D)*(p[-14+yCF+y']-p[-1,2+yCF-y'])
y'=0

2015(E)

(8-82)

(8-83)

TH

TH
pr
TH

TH

8.
TH

.B.5 Sample construction process for |_PCM macroblocks

is process is invoked when mb_type is equal to I PCM.

beess in subclause 6.4.1 with CurrMbAddr as input and the output being assigned to ( xP, yP ).

e constructed luma samples prior to the deblocking process are generated as specified by:

for(i=0;1<256;it++)
S [xP+ (1% 16),yP+(i/16))]=pecm_sample luma[1i]

e constructed chroma samples prior to the deblocking process are generated as specified by:

for( 1= 0; 1 <MbWidthC * MbHeightC; i++) {
S'co[ (xP/2)+ (1% MbWidthC ),
((yP+2-1)/2)+(i/MbWidthC)]=
pcm_sample chromal i ]
S'el (xP/2)+ (1% MbWidthC),
((yP+2-1)/2)+(i/MbWidthC)]=
pcm_sample chroma[ i + MbWidthC * MbHeightC |

A Inter prediction process

is process is invoked when decoding P macroblock types.

Ontputs of this process are Inter prediction’samples for the current macroblock that are a 16x16 array pred, of lu

an|
an|

TH
m

pa
re

€q
TH

Th
he

TH

d two (MbWidthC)x(MbHeightC) arrays predc, and predc, of chroma samples, one for each of the chroma com
d Cr.

e partitioning of a macroblock_is specified by mb_type. Each macroblock partition is referred to by mbPartIdx
icroblock partitioning consists of partitions that are equal to sub-macroblocks, each sub-macroblock can
[titioned into sub-magroblock partitions as specified by sub_mb_type[ mbPartldx ]. Each sub-macroblock
erred to by subMbRartldx. When the macroblock partitioning does not consist of sub-macroblocks, subMbPa
pal to 0.

e following steps are specified for each macroblock partition or for each sub-macroblock partition.

e functions’MbPartWidth( ), MbPartHeight( ), SubMbPartWidth( ), and SubMbPartHeight( ) describing the
ight of macroblock partitions and sub-macroblock partitions are specified in Tables 7-9 and 7-12.

e'‘range of the macroblock partition index mbPartldx is derived as follows:

e position of the upper-left luma sample of the current macroblock is derived by invoking the inverseiimacroblodk scanning

8-84)

8-85)

ha samples
ponents Cb

When the
be further
bartition is
rtldx is set

width and

mbPartldx proceeds over values 0. NumMbPart( mb_type ) — 1.

For each value of mbPartldx, the variables partWidth and partHeight for each macroblock partition or sub-macroblock
partition in the macroblock are derived as follows:

If mb_type is not equal to P_8x8 or P_8x8ref0, subMbPartldx is set equal to 0, and partWidth and partHeight are

derived as:

partWidth = MbPartWidth( mb_type )
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partHeight = MbPartHeight( mb_type ) (8-87)

—  Otherwise, if mb type 1is equal to P 88 or P 8x8refd, subMbPartldx proceeds over values
0..NumSubMbPart( sub_mb_type[ mbPartldx ]) — 1, and partWidth and partHeight are derived as:

partWidth = SubMbPartWidth( sub_ mb_type[ mbPartldx | ) (8-88)
partHeight = SubMbPartHeight( sub mhb_type[ mbPartldx ] (8-89)

The variables partWidthC and partHeightC are derived as:
partWidthC = partWidth / 2 (8490)
partHeightC = partHeight / 2 (8-91)

Let the var

The Inter [Eediction process for a macroblock partition mbPartldx and a sub-macroblock partition subMbPartldx consists

the followl]
1. The d4

Inputs|

- t

2. The v4
3. (void)
4. The d{

Inputs|
- 4
- 4
-
B
- 1

— T

iable MvCnt be initially set equal to 0 before any invocation of subclause 8.4.1 for the macroblock:

g ordered steps:
rivation process for motion vector components and reference indices as specified ihsubclause 8.4.1 is invoked.
to this process are:
macroblock partition mbPartldx,
sub-macroblock partition subMbPartIdx.
s of this process are:
ima motion vector mvL0 and the chroma motion vector mvCLO
eference indices refldxL0
rediction list utilization flag predFlagL0
he sub-macroblock partition motion vector count, subMvCnt.

riable MvCnt is incremented by subMvCnt;

coding process for Inter prediction'samples as specified in subclause 8.4.2 is invoked.
to this process are:

macroblock partition mbPartIdx,

sub-macroblock partition subMbPartIdx,

ariables specifying partition width and height for luma and chroma (if available), partWidth, partHeig
artWidthC-(itavailable), and partHeightC (if available),

ima mofion vector mvL0 and the chroma motion vector mvCLO,

eference index refldxL0,

of

—  prediction list utilization flag predFlagL0,

Outputs of this process are inter prediction samples (pred); which are a (partWidth)x(partHeight) array predPart; of
prediction luma samples and two (partWidthC)x(partHeightC) arrays predPartc,, and predPartc, of prediction chroma
samples, one for each of the chroma components Cb and Cr.

For use in derivation processes of variables invoked later in the decoding process, the following assignments are made:

MvVLO[ mbPartldx ][ subMbPartldx ] = mvLO0 (8-92)

96
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RefldxLO[ mbPartldx | = refldxL0 (8-93)

PredFlagl.0[ mbPartldx ] = predFlagl.0 (8-94)

The location of the upper-left sample of the macroblock partition relative to the upper-left sample of the macroblock is
derived by invoking the inverse macroblock partition scanning process as described in subclause 6.4.2.1 with mbPartldx as
the input and ( xP, yP ) as the output.

THe location of the upper-left sample of the sub-macroblock partition relative to the upper-left sample of the thacroblock
paftition is derived by invoking the inverse sub-macroblock partition scanning process as described in subclause.4.2.2 with
supMbPartldx as the input and ( xS, yS ) as the output.

The macroblock prediction is formed by placing the macroblock or sub-macroblock partition prediction samples in their
cofrect relative positions in the macroblock, as follows.

The variable pred; [ xP + xS + x, yP + yS + y | with x = 0..partWidth — 1, y = 0..partHeight — Lis’derived by:
pred [ xP +xS +x, yP +yS + y | = predPart; [ x, y ] 8-95)

THe variable predc with x = 0..partWidthC — 1, y = 0..partHeightC — 1, and C in predcnand predPartc being replacgd by Cb or
C1l is derived by:

predc[ xP/2+xS/2+x,yP/2+yS/2+y]=predPartc[ x,y ]
8-96)

8.4.1 Derivation process for motion vector components<and reference indices
I

=

buts to this process are:

— | amacroblock partition mbPartldx,

— | a sub-macroblock partition subMbPartIdx.

Outputs of this process are:

— | luma motion vector mvL0 and the chroma motion vector mvCLO,

— | reference index refldxL0,

— | prediction list utilization flag predFlagL0,

— | amotion vector count variabl¢ subMvCnt.

Far the derivation of the variables mvL0 as well as refldxL0, the following applies:

1.The variables'tefldxLL0 and predFlagl.0 are derived as follows:
—  IfMbPartPredMode( mb_type, mbPartldx ) or SubMbPredMode( sub_mb_type[ mbPartldx | ) |s equal to

Pred LO,
refldxLO =ref idx_10[ mbPartldx ] 8-97)
predFlagl0 =1 8-98)
Otharuaca tha variahlac +ofTAVT ) o d e BT GT ) aro cnacifiad hhyy
Otherwisethe-variablesrefldxl-0-and-predilask0-arespeeified by
refldxL0 =—1 (8-99)
predFlagl0 =0 (8-100)

2.The motion vector count variable subMvCnt is set equal to predFlagL0.

3.The variable currSubMbType is derived as follows:
currSubMbType is set equal to "na".
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4.When predFlagl0 is equal to 1, the derivation process for luma motion vector prediction in subclause 8.4.1.3 is
invoked with mbPartldx subMbPartldx, refldxL0, and currSubMbType as the inputs and the output being
mvpL0. The luma motion vectors are derived by

mvLO[ 0 ]=mvpL0[ 0 ] + mvd_10[ mbPartldx ][ subMbPartldx ][ 0 ] (8-101)

mvLO[ 1 ]=mvpLO0[ 1 ]+ mvd_10[ mbPartldx ][ subMbPartldx ][ 1 ] (8-102)

When predFlagL0 is equal to 1, the derivation process for chroma motion vectors in subclause 8.4.1.4 is invoked with mv[L.0
and refldxL0 as input and the output being mvCL0.

8.4.1.1 Dgrivation process for luma motion vectors for skipped macroblocks in P slices
This process is invoked when mb_type is equal to P_Skip.
Outputs of|this process are the motion vector mvL0 and the reference index refldxL0.

The referefice index refldxL0 for a skipped macroblock is derived as:

reffldxL.0 = 0. (8-103)
For the detfivation of the motion vector mvLO0 of a P_Skip macroblock type, the following-ordered steps are specified:

1. THe process specified in subclause 8.4.1.3.2 is invoked with mbPartldx set €qual to 0, subMbPartldx set equal tq 0,
cufrSubMbType set equal to "na", and listSuffixFlag set equal to 0 as input and the output is assigned to mbAddilA,
mbAddrB, mvLOA, mvLOB, refldxLOA, and refldxLOB.

2. The variable mvLO0 is specified as follows:

+ Ifany of the following conditions are true, both compoments of the motion vector mvLO0 are set equal to 0:

mbAddrA is not available,
— mbAddrB is not available,
refldxLLOA is equal to 0 and both compenents of mvLOA are equal to 0,

refldxLLOB is equal to 0 and both'components of mvLOB are equal to 0.

+  Otherwise, the derivation process” for luma motion vector prediction as specified in subclause 8.4.1.3] is
invoked with mbPartldx =.0,\'subMbPartldx = 0, refldxL0O, and currSubMbType = "na" as inputs and the
output is assigned to mvLO0.

NOTE - The output is directly assigned-to mvLO0, since the predictor is equal to the actual motion vector.

8.4.1.2 (Moid)
8.4.1.3 Derivation process for luma motion vector prediction

Inputs to thjis process are:
—  the mjcroblofkpartition index mbPartldx,

—  the sub;macroblock partition index subMbPartldx,

— the reference index of the current partition refldxL.O
—  the variable currSubMbType.
Output of this process is the prediction mvpLO of the motion vector mvLO .

The derivation process for the neighbouring blocks for motion data in subclause 8.4.1.3.2 is invoked with mbPartldx,
subMbPartldx, currSubMbType, and listSuffixFlag = 0 as the input and with mbAddrN\mbPartldxN\subMbPartIdxN,
reference indices refldxLON and the motion vectors mvLON with N being replaced by A, B, or C as the output.
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If MbPartWidth( mb_type) is equal to 16, MbPartHeight( mb type ) is equal to 8, mbPartldx is equal to 0, and

refldxL.OB is equal to refldxL.0, the motion vector predictor mvpLO0 is derived by:

mvpL0 = mvLOB (8-104)

Otherwise, if MbPartWidth( mb type ) is equal to 16, MbPartHeight( mb type ) is equal to 8, mbPartldx is

equal to 1,

bure 8-2 illustrates the non-median prediction as specified in Equations 8-104 to 8-107.

4.1.3.1 Derivation process for median luma motion vector prediction

puts to this\process are:

and refldxLOA is equal to refldxL0, the motion vector predictor mvpLO is derived by:

mvpL0 = mvLOA (

Otherwise, if MbPartWidth( mb_type ) is equal to 8, MbPartHeight( mb_type ) is equal to 16, mbPartldx is
and refldxLOA is equal to refldxL0, the motion vector predictor mvpLO is derived by:

mvpL0O = mvLOA (

Otherwise, if MbPartWidth( mb_type ) is equal to 8, MbPartHeight( mb_type ) is equal to 16, mbPartldx is
and refldxLOC is equal to refldxL.0, the motion vector predictor mvpLO is derivedby:

mvpL0 =mvL0OC (

Otherwise, the derivation process for median luma motion vector prédiction in subclause 8.4.1.3.1 is in)
mbAddrN\mbPartIldxN\subMbPartIldxN, mvLON, refldxLON with N being replaced by A, B, or C, and refld
inputs and the output is assigned to the motion vector predictor mypL0.

8*16 16*8

=

Figure 8-2 — Directional segmentation prediction (informative)

the n€ighbouring partitions mbAddrN\mbPartldxN\subMbPartIdxN (with N being replaced by A, B, or C),

8-105)

equal to 0,

8-106)

equal to 1,

8-107)

boked with
xL0 as the

the motion vectors mvLON (with N being replaced by A, B. or C) of the neighbouring partitions,

the reference indices refldxLON (with N being replaced by A, B, or C) of the neighbouring partitions,

the reference index refldxLO of the current partition.

Output of this process is the motion vector prediction mvpLO.

The variable mvpL0 is derived as specified by the following ordered steps:
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1. When both partitions mbAddrB\mbPartldxB\subMbPartldxB and mbAddrC\mbPartldxC\subMbPartldxC are not
available and mbAddrA\mbPartldxA\subMbPartIdxA is available,

mvLOB = mvLOA (8-108)
mvLOC = mvLOA (8-109)
rpfidxE0B=refldxE6A 8=110;
rpfldxLOC = refldxLOA (8-HL1)

2. Depending on reference indices refldxLOA, refldxLLOB, or refldxL.OC, the following applies:

— If one and only one of the reference indices refldxLOA, refldxLOB, or refldxLOC is equal to the-reference index
refldxLO of the current partition, the following applies. Let refldxLON be the reference index that is equal|to
refldxL0, the motion vector mvLON is assigned to the motion vector prediction mvpLO:

mvpL0 = mvLON (8-112)

— (ptherwise, each component of the motion vector prediction mvpLO0 is given by, the median of the corresponding
vector components of the motion vector mvLOA, mvLOB, and mvLOC:

mvpLO[ 0 ] =Median( mvLOA[ 0 ], mvLOB[ 0 ], mvLOC[ 0 ]) (8-113)

mvpLO[ 1 ] =Median( mvLOA[ 1 ], mvLOB[ 1 ], mvLOC[ 1 ]) (8-114)

8.4.1.3.2 |Derivation process for motion data of neighbouring’partitions
Inputs to this process are:

—  the maicroblock partition index mbPartldx,

—  the sub-macroblock partition index subMbPartldx,

— the current sub-macroblock type currSubMbType,

—  the list suffix flag listSuffixFlag.

Outputs offthis process are (with N being replaced by A, B, or C)

—  mbAddrN\mbPartIdxN\subMbPartldxN specifying neighbouring partitions,

—  the mption vectors mvLON of the neighbouring partitions,

—  the reference indices refldxI*ON of the neighbouring partitions.

Variable names that include-the string "LO" are interpreted with the 0 being equal to listSuffixFlag.

The partitipns mbAddrN\mbPartldxN\subMbPartIdxN with N being either A, B, or C are derived in the following ordered
steps:

1. LetjmbAddrD\mbPartldxD\subMbPartldxD be variables specifying an additional neighbouring partition.

2. The process in subclause 6.4.11.7 1s invoked with mbPartldx, currSubMbType, and subMbPartldx as mput and the
output is assigned to mbAddrN\mbPartldxN\subMbPartldxN with N being replaced by A, B, C, or D.

3. When the partition mbAddrC\mbPartIldxC\subMbPartldxC is not available, the following applies:
mbAddrC = mbAddrD (8-115)

mbPartldxC = mbPartIdxD (8-116)
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subMbPartldxC = subMbPartldxD (8-117)

The motion vectors mvLON and reference indices refldxLON (with N being A, B, or C) are derived as follows:

If the macroblock partition or sub-macroblock partition mbAddrN\mbPartldxN\subMbPartIdxN is not available or
mbAddrN is coded in an Intra macroblock prediction mode or predFlagl.0 of mbAddrN\mbPartldxN\subMbPartIdxN is

equal to 0, both components of mvLON are set equal to 0 and refldxLON is set equal to —1.

8.

In

Otherwise, the following ordered steps are specitied:

I. The motion vector mvLON and reference index refldxLON are  set
MvVLO[ mbPartIdxN ][ subMbPartldxN | and RefldxLO[ mbPartIdxN ], respectively, which jare {
vector mvLO and reference index refldxLO that have been assigned to the (sub-)macrobloc
mbAddrN\mbPartIldxN\subMbPartIdxN.

2. The variables mvLONJ 1 ] and refldxLON are further processed as follows:

—  Otherwise, the vertical motion vector component mvLON][ 1 ] and the reference index refldxLl
unchanged.

1.1.4 Derivation process for chroma motion vectors

puts to this process are a luma motion vector mvL0 and a reference index refldxL0.

Ovtput of this process is a chroma motion vector mvCLO.

A
TH

Fqg

In

chroma motion vector is derived from the corresponding luma motionwector.

e precision of the chroma motion vector components is 1 + ( 4.%2") horizontally and 1 + (4 * 2) vertically.

NOTE - For example, when using the 4:2:0 chroma format, singe, the units of luma motion vectors are one-quarter luma

and chroma has half horizontal and vertical resolution compated to luma, the units of chroma motion vectors are one-ei
sample units, i.e., a value of 1 for the chroma motion vector\refers to a one-eighth chroma sample displacement. For examp
luma vector applies to 8x16 luma samples, the corresponding chroma vector in 4:2:0 chroma format applies to 4x8 chroma
when the luma vector applies to 4x4 luma samples,.the corresponding chroma vector in 4:2:0 chroma format applies to
samples.

r the derivation of the motion vector mvCLQ;-the following applies:

the horizontal and vertical componeénts'of the chroma motion vector mvCLO are derived as:

mvCLO[ 0 ] =mvLO0[ 0 ]
mvCLO[ 1 ]=mvLO0[1{

~

4.2 Decoding procéss‘for Inter prediction samples

puts to this process @rc:
a macroblock)pattition mbPartldx,
a sub-macroblock partition subMbPartldx,

variables specifying partition width and height for luma and chroma (if available), partWidth, partHeight, part
dvailable) and partHeightC (if available),

bqual  to
he motion
K partition

ON remain

ample units
rhth chroma
le, when the
samples and
Dx2 chroma

8-118)
8-119)

WidthC (if

Tuma motion vectors mvLU and chroma motion vectors mvCLO,
reference indices refldxL0,

prediction list utilization flags, predFlagL0,

Outputs of this process are the Inter prediction samples predPart, which are a (partWidth)x(partHeight) array predPart; of
prediction luma samples two (partWidthC)x(partHeightC) arrays predPartcy,, predPartc, of prediction chroma samples, one for
each of the chroma components Cb and Cr.
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Let predPartL0. be (partWidth)x(partHeight) arrays of predicted luma sample values. Let predPartLOc,, and predPartLOc,,

be (partWidthC)x(partHeightC) arrays of predicted chroma sample values.
When predFlagL0 is equal to 1, the following applies:

—  The reference picture consisting of an ordered two-dimensional array refPicLOpof luma samples and two ordered two-

dimersional arrays refPicLUcpand reifPicLUc0f chroma samples 1s derived by invoking the process specified

subclduse 8.4.2.1 with refldxLLO and RefPicList0 given as input.

—  The array predPartLOand the arrays predPartLOcpand predPartLOcare derived by invoking the process specified|in

n

subclguse 8.4.2.2 with the current partition specified by mbPartldx\subMbPartldx, the motion vectors myL0,) mvCLO|(if

availaple), and the reference arrays with refPicL0r, refPicLOc,(if available), and refPicLOc(if available) given as inpuf.

For C beinfg replaced by L, Cb (if available), or Cr (if available), the array predPartc of the prediction samples of componé¢nt

C is derivefd by
predPprtc[ x, y | = predPartLOc[ X, y |

8.4.2.1 Reference picture selection process

Input to this process is a reference index refldxL0

Output of this process is a reference picture consisting of a two-dimensional arrdy’ of luma samples refPicL0. and two two-

dimensiongl arrays of chroma samples refPicLO¢, and refPicLOc,.

(8-120)

The referefce picture list RefPicList0 (which has been derived as specified:in subclause 8.2.4) consists of the following.

— each ¢ntry of RefPicList0 is a reference frame

For the detfivation of the reference picture, the following applies:

— the reference frame RefPicListO] refldxL0 ] is\‘the output. The output reference frame consists of]| a

(PicWidthInSamples; )x(PicHeightInSamplesy.) array of  luma samples refPicLO
(PicWidthInSamplesc)x(PicHeightInSamplesc ) arrays of chroma samples refPicLOc, and refPicLOc;.

The followjing applies:

and

two

—  the reference picture sample arrays refRicL0., refPicL.Oc,, and refPicLO¢, correspond to decoded sample arrays S, S,

Sc; derived in subclause 8.7 for a previously-decoded reference frame.

8.4.2.2 Fractional sample interpolation process

Inputs to thjis process are:

—  the current partition given-by its partition index mbPartldx and its sub-macroblock partition index subMbPartldx,

—  the width and height.partWidth, partHeight of this partition in luma-sample units,

—  alumj motion.veetor mvLO given in quarter-luma-sample units,

- a chi;rma motion vector mvCLO with a precision of one-(4*2)-th chroma-sample units horizontally and one-(4*2)ith

chronja=sample units vertically,

—  the selected reference picture sample arrays refPicL0;, refPicLO¢p, and refPicLOc;.

Outputs of this process are:

—  a (partWidth)x(partHeight) array predPartLO_of prediction luma sample values,

—  two (partWidthC)x(partHeightC) arrays predPartLOc,, and predPartLO¢,of prediction chroma sample values.
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Let ( xAr, yArL ) be the location given in full-sample units of the upper-left luma sample of the current partition given by
mbPartldx\subMbPartIdx relative to the upper-left luma sample location of the given two-dimensional array of luma samples.

Let ( xIntr, yInt; ) be a luma location given in full-sample units and ( xFracr, yFrac, ) be an offset given in quarter-sample
units. These variables are used only inside this subclause for specifying general fractional-sample locations inside the
reference sample arrays refPicLO;, refPicLOc,(if available), and refPicLO(if available).

For_cach luma sample location (0<=x; <partWidth, 0<=y; <partHeight) inside the prediction luma sample array

predPartL0p, the corresponding prediction luma sample value predPartL0.[ x;, yi ] is derived as specified by¢h¢ following

orglered steps:

1. The variables xInt;, yInt;, xFrac;, and yFrac are derived by:

xIntp =xAL+(mvLO[ 0 ]>>2)+x. (§-121)
yintp =yAp + (mvLO[ 1 ]>>2)+yL (§-122)
xFracp = mvLO[ 0 ]& 3 (8-123)
yFracp =mvLO[ | & 3 (§-124)

2. The prediction luma sample value predPartLO.[ x;,y. ] is derived /by, “invoking the process s
subclause 8.4.2.2.1 with ( xInt;, yInt, ), ( xFrac, yFrac, ) and refPicL0, given as input.

ecified in

Lgt ( xIntc, ylntc ) be a chroma location given in full-sample units and ( xEraec, yFracc ) be an offset given in ope-(4*2)-th

ch
su

Fqg
pr
pr

I

=

4.2.2.1 Luma'sample interpolation process

roma-sample units horizontally and one-(4*2)-th chroma-sample units{vertically. These variables are used onlyj]
pclause for specifying general fractional-sample locations inside the¥eference sample arrays refPicLO¢y, and refH

pdPartl.Oc, and predPartLOc, the corresponding predictien chroma sample values predPartLOgy[ x
pdPartLOc,[ Xc, yc ] are derived as specified by the following ordered steps:

1. the variables xIntc, yIntc, xFracc, and yFracc are«derived as follows:

xIntc = (xAL/2 )+ (mvCLO[ 0 ] >>3") + xc
yIntc =(yArL/2)+ (mvCLO[ 1 }&33 )+ yc

xFracc = mvCLO[ 0 ]& 7
yFracc =mvCLO[ 1 [& 7

~ A~~~

2. the following applies:

— The prediction sample value predPartLOcp[ Xc, yc] is derived by invoking the process sj
subclause 84:2.2.2 with ( xIntc, yIntc ), ( xFracc, yFracc ) and refPicLOc, given as input.

— The predietion sample value predPartLOc[ Xc yc] is derived by invoking the process sj
subclause 8.4.2.2.2 with ( xIntc, yIntc ), ( xFracc, yFracc ) and refPicLOc, given as input.

buts to this.process are:

2 luma location in full-sample units ( xInt., yInty ),

inside this
1cLOc;.

r each chroma sample location (0 <= x¢ < partWidthC, 0 <= yc<\partHeightC) inside the prediction chroma satmpple arrays

yc] and

8-125)
8-126)

8-127)
8-128)

ecified in

ecified in

7 tuma focation offSet i fractional-sampie Units ( XFracy, yrracr ),

the luma sample array of the selected reference picture refPicL.Oy.

Output of this process is a predicted luma sample value predPartL0. [ xi, yi ].
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Figure(8-3 — Integer samples (shaded blocks with upper-case letters) and fractional sample positions (un-shaded
blocks with lower-case letters)yfor quarter sample luma interpolation

The variable refPicHeightEffectiver, which.is'the height of the effective reference picture luma array, is derived as follows:
—  refPigHeightEffectiver is set equalto-PicHeightInSamples.

In Figure $-3, the positions labelled)with upper-case letters within shaded blocks represent luma samples at full-sample
locations ipside the given two-dimeénsional array refPicLOp of luma samples. These samples may be used for generating the
predicted Ipma sample value.predPartLO[ x;, y. ]. The locations ( xZy, yZ. ) for each of the corresponding luma samples|Z,
where Z mhy be A, B, C,D,E, F, G, H,, J, K, L, M, N, P, Q, R, S, T, or U, inside the given array refPicLO_ of luma samples
are derived as:

xZy|= Clip3(0, PicWidthInSamples,— 1, xInt, + xDZ; ) (8-129)
yZi|= Clip3( 0, refPicHeightEffective,— 1, ylnt, + yDZ, ) (8-130)

Table 8-4 dpeeifies (xD7, yD7, ) for different replacements of 7
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Table 8-4 — Differential full-sample luma locations

4 A |B |C |D |E F G |H |I J K |L M [N |P Q |R |S T |U
xDZ | 0 1 0 1 -2 -1 10 1 2 3 -2 |-110 1 2 3 0 1 1
yDZ, |2 |2 |-1 |-1]0 0 0 0 0 0 1 1 1 1 1 1 2 2 3 3

Given the luma samples 'A' to 'U' at full-sample locations ( XA, yAr ) to ( xUr, yUL ), the luma samples 'a}to''s'

sa

ap|
de

mple positions are derived by the following rules. The luma prediction values at half sample positioris are
plying a 6-tap filter with tap values ( 1, =5, 20, 20, =5, 1). The luma prediction values at quarter,Sample p
rived by averaging samples at full and half sample positions. The process for each fractional position is describe

a

The samples at half sample positions labelled b are derived by first calculating intermediate values denot

t fractional
derived by
sitions are
| below.

ed as b;by

applying the 6-tap filter to the nearest integer position samples in the horizontal direction. The samples at Qalf sample

positions labelled h are derived by first calculating intermediate values denoted as(h;by applying the 6-tap
nearest integer position samples in the vertical direction:

bj=(E-5*F+20*G+20*H-5*1+1J) (

h=(A-5*C+20*G+20*M—-5*R+T) (
The final prediction values b and h are derived using

b=Cliply( (b, +16)>>5) (

h=Cliply((h; +16)>>5) (

The samples at half sample position labelled as j are derived by first calculating intermediate value denot
applying the 6-tap filter to the intermediate values of the-Closest half sample positions in either the horizontal
direction because these yield an equal result:

ji=cc—5%dd+20*h; +20* m;— 5 * ee +ff, or (
ji=aa—5%*bb+20*b; +20*s—5%*gg+hh (

where intermediate values denoted as ad;bb, gg, s; and hh are derived by applying the 6-tap filter horizon|
same manner as the derivation of by-and intermediate values denoted as cc, dd, ee, m; and ff are derived by a
6-tap filter vertically in the same manner as the derivation of h;. The final prediction value j is derived using

j=Cliply( (j; +512)>>10") (
The final prediction values-s and m are derived from s, and m; in the same manner as the derivation of b and
by

s =Cliply((s{+16)>>5) (
m = Clipl¢(¢m; + 16 )>>5) (
The samples at quarter sample positions labelled as a, ¢, d, n, f, i, k, and q are derived by averaging wj

rounding.of the two nearest samples at integer and half sample positions using

flter to the

8-131)
8-132)

-133)
8-134)

ed as j; by
or vertical

8-135)
8-136)

tally in the
bplying the

8-137)

h, as given

8-138)
8-139)

th upward

a=(G+b+1)>>1 ($-140)
c=(H+b+1)>>1 ($-141)
d=(Gtht1)>1 (8-142)
n=(M+h+1)>>1 (8-143)
f=(b+j+1)>>1 (8-144)
i=(h+j+1)>>1 (8-145)
k=(j+m+1)>>1 (8-146)
q=(j+s+1)>>1 (8-147)

The samples at quarter sample positions labelled as e, g, p, and r are derived by averaging with upward rounding of the

two nearest samples at half sample positions in the diagonal direction using
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e=(b+th+1)>>1 (8-148)
g=(b+m+1)>1 (8-149)
p=(h+s+1)>>1 (8-150)
r=(m+s+1)>>1. (8-151)

The luma location offset in fractional-sample units ( xFracy, yFracy ) specifies which of the generated luma samples at full-
sample and fractional-sample locations is assigned to the predicted luma sample value predPartLO.[ X, y. ]. This assignment

: 1. + 1.1 Q 1 1 £ 1D Vh e 3 +} + +
is done acqoramrg 1o rabic 6-J. TIIT valuT O pIedr artULr[ X, yr | Is UIc Output:

Table 8-5 — Assignment of the luma prediction sample predPartL0,[ x., yy. |

xFrac,, 0 0 0 0 1 1 1 1 2 2 2 2 3 3 3 3

yFracp 0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3

predPartL0 [ x, v ] | G d h n a e i p b f j 4 c g k r

8.4.2.2.2 |Chroma sample interpolation process

Inputs to thjis process are:

— achrgma location in full-sample units ( xIntc, ylntc ),

—  achrdma location offset in fractional-sample units ( xFracc,yFracc ),

—  chromja component samples from the selected reference picture refPicLOc.
Output of this process is a predicted chroma sample valuepredPartLOc[ xc, yc |-

In Figure §-4, the positions labelled with A, B, C;iand D represent chroma samples at full-sample locations inside the given
two-dimen§ional array refPicLOc of chroma samplés.

XFrac.| 8-xFrac

8-yFrac,

Figure 8-4 — Fractional sample position dependent variables in chroma interpolation and surrounding integer position
samples A, B, C, and D

The variable refPicHeightEffectivec,which is the height of the effective reference picture chroma array, is derived as follows:
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The sample coordinates specified in Equations 8-152 through 8-159 are used for generating the predicted chroma sample

value predPartLOc[ xc, yc ]

xAc = Clip3( 0, PicWidthInSamplesc— 1, xIntc ) (8-152)

xB¢ = Clip3( 0, PicWidthInSamplesc— 1, xIntc + 1) (8-153)

xC o = ChLn33( 0 PieWadthTnSaomnloc 1 Tt { _154)

U e M AN I e Ly AU CJ AN

xD¢ = Clip3( 0, PicWidthInSamplesc— 1, xIntc + 1) ($-155)

yAc = Clip3( 0, refPicHeightEffectivec— 1, ylntc ) (§-156)

yBc = Clip3( 0, refPicHeightEffectivec— 1, yIntc ) (§-157)

yCc = Clip3( 0, refPicHeightEffectivec— 1, yIntc + 1) (8-158)

yD¢ = Clip3( 0, refPicHeightEffectivec— 1, ylntc + 1) ($-159)
Given the chroma samples A, B, C, and D at full-sample locations specified in Equations 84152 through 8-159, the predicted
chroma sample value predPartLOc[ xc, yc ] is derived as:

predPartLOc[ Xc, yc ] = (( 8 — xFracc ) * ( 8 — yFracc ) * A + xFracc * (8 — yFracc ) * B+

( 8 —xFracc ) * yFracc * C + xFracc * yFracc * D +32)>>6 ($-160)
8.p Transform coefficient decoding process and picture construction process |prior to
deblocking filter process

Inputs to this process are Intral6x16DCLevel (if available), Intral6xt6ACLevel (if available), LumaLevel4x4 (if|available),
LymaLevel8x8 (if available), ChromaDCLevel (if available),. ChromaACLevel (if available), CbLevel4x4 (if|available),

CilLevel4x4 (if available), CbLevel8x8 (if available), CrLevel8x8 (if available), and available Inter or Intra prediction sample

ary

Ottputs of this process are the constructed sample arrays prior to the deblocking filter process for the applicable d

Sy

TH

When the current macroblock is coded as P_Skip, all values of LumaLevel4x4, LumaLevel8x8, CbLeveld4x4, C
CiLevel4x4, CrLevel $x8,-ChromaDCLevel, ChromaACLevel are set equal to 0 for the current macroblock.

8.5.1 Specification of transform decoding process for 4x4 luma residual blocks

When the cufrent macroblock prediction mode is not equal to Intra 16x16, the variable LumaLevel4x4 contains th
th¢ luma transform coefficients. For a 4x4 luma block indexed by luma4x4Blkldx = 0..15, the following orderg)
spgcifieds

ays for the current macroblock for the applicable components pred;, predcy, or predc;.

NOTE — When decoding a macroblock in Intra_4x4 macfoblock prediction mode, the luma component of the macroblog
array may not be complete, since for each 4x4 lumalblock, the Intra 4x4 prediction process for luma samples as
subclause 8.3.1 and the process specified in this subclause are iterated.

» S'cp, or S'c.
NOTE — When decoding a macroblock in Intra_4x4 macroblock prediction mode, the luma component of the macroblock

sample arrays prior to the deblocking filter process may not be complete, since for each 4x4 luma block, the Intra 4x
process for luma samples as specified in subclause 8.3.1 and the process specified in this subclause are iterated.

is subclause specifies transform coefficient decoding and picture construction prior to the deblocking filter procg

k prediction
specified in

omponents

constructed
# prediction

SS.

bLevel8x8,

e levels for
d steps are

1.~ The inverse scanning process for 4x4 transform coefficients and scaling lists as specified in subclause 8.5.6

1s invoked

with LumaLevel4x4[ luma4x4Blkldx ] as the input and the two-dimensional array ¢ as the output.

2. The scaling and transformation process for residual 4x4 blocks as specified in subclause 8.5.12 is invoked with c as
the input and r as the output.
3. (void)
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4. The position of the upper-left sample of a 4x4 luma block with index luma4x4BIlkldx inside the macroblock is derived
by invoking the inverse 4x4 luma block scanning process in subclause 6.4.3 with luma4x4BIlklIdx as the input and the
output being assigned to ( xO, yO ).

5. The 4x4 array u with elements u; for i, j = 0..3 is derived as:
ujj = Cliply( pred [ XO+j, yO +i]+13) (8-161)

6. Th¢ picture construction process prior to deblocking filter process in subclause 8.5.14 is invoked with w-and
luma4x4BIklIdx as the inputs.

8.5.2 Specification of transform decoding process for luma samples of Intra_16x16 macroblogk
prediction mode

When thd current macroblock prediction mode is equal to Intra 16x16, the variables Intral6x16DCLevel and
Intral6x16ACLevel contain the levels for the luma transform coefficients. The transform coefficient déeoding proceeds in the
following ¢rdered steps:

1. Th¢ 4x4 luma DC transform coefficients of all 4x4 luma blocks of the macroblock are de¢oded.

a.[ The inverse scanning process for 4x4 transform coefficients and scaling lists\as specified in subclause 8.5.6| is
invoked with Intral6x16DCLevel as the input and the two-dimensional arrdy_ ¢/as the output.

b.| The scaling and transformation process for luma DC transform coefficients for Intra 16x16 macroblock type
specified in subclause 8.5.10 is invoked with BitDepthy, QP'y, and.cas the input and dcY as the output.

o

S

2. Thg¢ 16x16 array rtMb is derived by processing the 4x4 luma blocks.indexed by luma4x4Blkldx = 0..15, and for each
4x4 luma block, the following ordered steps are specified:

a.| The variable lumaList, which is a list of 16 entries, is\defived. The first entry of lumaList is the corresponding
value from the array dcY. Figure 8-5 shows the assignment of the indices of the array dcY to the luma4x4BlkIdix.

The two numbers in the small squares refer to indices i and j in dcYj;, and the numbers in large squares refer|to
luma4x4BIkIdx.

[oo] [or] [o2] [os]
0 1 4 5

N T R R
2 | 3 | 6 | 7

8 | 9 | 12 | 13

120] B [22] Ed
10 11 14 15

Figure 8-5 — Assignment of the indices of dcY to luma4x4BlkIdx

The elements in lumaList with index k = 1..15 are specified as:

lumalList[ k ] = Intral6x16ACLevel[ luma4x4BIlkldx [ k— 1] (8-162)

b. The inverse scanning process for 4x4 transform coefficients and scaling lists as specified in subclause 8.5.6 is
invoked with lumaList as the input and the two-dimensional array c as the output.

c. The scaling and transformation process for residual 4x4 blocks as specified in subclause 8.5.12 is invoked with ¢
as the input and r as the output.
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d. The position of the upper-left sample of a 4x4 luma block with index luma4x4BIklIdx inside the macroblock is
derived by invoking the inverse 4x4 luma block scanning process in subclause 6.4.3 with luma4x4BlkIdx as the

input and the output being assigned to ( xO, yO ).

e. The elements rMb[ x, y | of the 16x16 array rMb with x = x0..xO + 3 and y = yO..yO + 3are derived by

rMb[ xO +j, yO +i ] =r; (8-163)

8.
8.
TH

Fqg
01

Le
Fd

3. (void)

4. The 16x16 array u with elements u;; for i, j = 0..15 is derived as

b.3  (void)
b.4  Specification of transform decoding process for chroma samples

is process is invoked for each chroma component Cb and Cr separately.

r each chroma component, the variables ChromaDCLevel[ iCbCr | and ChromaACLevel[ iCbCr ], with iCbCr
or Cb and iCbCr set equal to 1 for Cr, contain the levels for both components of the chroma transform coefficien

t the variable numChroma4x4Blks be set equal to (MbWidthC / 4) *(MbHeightC / 4).
r each chroma component, the transform decoding proceeds separtately in the following ordered steps:

1. The numChroma4x4Blks chroma DC transform coefficients of the 4x4 chroma blocks of the component
iCbCr of the macroblock are decoded as specified incthe following ordered steps:

a. The 2x2 array c is derived using the inversgraster scanning process applied to ChromaDCLevel as fo

~

ChromaDCLevel[iGbCr][0] ChromaDCLevel[iCbCr ][ 1]
ChromaDCLevel[iCbCr][2] ChromaDCLevel[iCbCr][3]

b.  The scaling and transformation process for chroma DC transform coefficients as specified in subclau
invoked with c as the input and dcC as the output.

chroma4x4Blkldx = 0{numChroma4x4Blks — 1 of the component indexed by iCbCr, and for each 4x4 chr
the following ordered)steps are specified:

a. The variableé chromalList, which is a list of 16 entries, is derived. The first entry of chroma
correspofiding value from the array dcC. Figure 8-6 shows the assignment of the indices of the arrayj
chroma4x4BlkIdx. The two numbers in the small squares refer to indices i and j in dcCj;, and the
large squares refer to chroma4x4BlkIdx.

u; = Cliply(predy[j, i ] + rMb[ j,i]) ($-164)

5. The picture construction process prior to deblocking filter process in subclause 8.5.14 is invoked with u as the input.

et equal to
ts.

ndexed by

llows:
B-165)
ke 8.5.11 is

2. The (MbWidthC)x(MbHeightC) array rMb is derived by processing the 4x4 chroma blocks ipdexed by

pma block,

List is the
dcC to the

humbers in
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5.
8.5.5
8.5.6

Input to th

Output of this processTisia variable ¢ containing a two-dimensional array of 4x4 values. In the case of transform coefficien
values repreSent levels assigned to locations in the transform block. In the case of applying the inverse scanni
h scaling'list, the output variable ¢ contains a two-dimensional array representing a 4x4 scaling matrix.

these 4x4
process to

When this

(vol

Thg
der

Thg
(M

In

E
0 1
o |
2 3

The elements in chromaList with index k = 1..15 are specified as:

chromalList[ k ] = ChromaACLevel| chroma4x4Blkldx [[ k—1 ] (8-166)

The inverse scanning process for 4x4 transform coefficients and scaling lists as speeified in subclause 8.5.4 i

invoked with chromalList as the input and the two-dimensional array c as the output!

The scaling and transformation process for residual 4x4 blocks as specified-m subclause 8.5.12 is invoked w
c as the input and r as the output.

The position of the upper-left sample of a 4x4 chroma block with\ihdex chroma4x4BlkIdx inside the curr¢

macroblock is derived by invoking the inverse 4x4 chroma /block scanning process as specified
subclause 6.4.7 with chroma4x4BIklIdx as the input and the output being assigned to ( xO, yO ).

The elements rMb[ x, y | of the (MbWidthC)x(MbHeightC).darray rMb with x = x0..xO + 3 and y = yO..yO +
are derived by:
Mb[ xO +j, yO +i] =15 (8-167)
d)
(MbWidthC)x(MbHeightC) array u with_elements u; for i=0..MbHeightC —1 and j=0.MbWidthC - 1|i
ved as:
u = Clipl¢( predc[ j,i]+rMb[],1]) (8-168)

picture construction process pripr to deblocking filter process in subclause 8.5.14 is invoked with u as the input
oid)
verse scanning process for 4x4 transform coefficients and scaling lists

s process is a list'ef 16 values.

ts,
ng

subclause is invoked with a list of transform coefficient levels as the input, the sequence of transform coeffici

ent

levels is mapped to the transform coefficient level positions. Table 8-6 specifies the mapping: inverse zig-zag scan. The
inverse zig-zag scan is used for transform coefficients in frame macroblocks.

When this subclause is invoked with a scaling list as the input, the sequence of scaling list entries is mapped to the positions
in the corresponding scaling matrix. For this mapping, the inverse zig-zag scan is used.

Figure 8-7 illustrates the scan.
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9 —10 14 —»q5

Figure 8-7 — 4x4 block scan: the zig-zag scan.

Table 8-6 provides the mapping from the index idx of input list of 16 elements to indices i and j of the two-dimendional array

Table 8-6 — Specification of mapping’of idx to c;; for zig-zag

idx 0|12 ]34 |56 |78 ]9 1011 1213|1415

Zig-zag | Coo | Co1 | Cio | Co0 | Ci1 | Co2 | €3 | Ci2 | Co1 | €30 | €31 | o | €13 | €3 | C32 | €33

8.5.7 (void)

8.5.8 Derivation process for chroma quantisation parameters

Outputs of this process are:

— | QPc: the chroma quantisationtparameter for each chroma component Cb and Cr,
NOTE — QP quantisation pavameter values QPy and QSy are always in the range of —0 to 51, inclusive. QP quantisatign parameter
values QPc and QS are always“in the range of —0 to 39, inclusive.
The value of QPc forHa chroma component is determined from the current value of QPy and thel value of
chfoma gp index offset:

NOTE - The scaling equations are specified such that the equivalent transform coefficient level scaling factor doubl¢s for every
increment ofi6,in QPy. Thus, there is an increase in the factor used for scaling of approximately 12 % for each increase of 1|in the value
of QPy.
The value,of QP for each chroma component is determined as specified in Table 8-7 based on the index denoted as qP;.

Thetvariable qPogx.; for each chroma component is derived as follows:

—  Ifthe chroma component is the Cb component, qPos is specified as:

qPosret = chroma_qp_index_offset (8-169)

—  Otherwise (the chroma component is the Cr component), qPogr is specified as:

qPosre = chroma_gp_index_offset (8-170)

The value of qP; for each chroma component is derived as:
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nts

qP; = Clip3(—0, 51, QPy + qPosset ) (8-171)
The value of QP’¢ for the chroma components is derived as:
QP'c=QPc+0 (8-172)
Table 8-7 — Specification of QP as a function of qP,
qP, <30[ {30 | 3132|3334 [35|36[37 38394041 |42 |43 |44 45|46 |47 |48 149|505l
QPc | =qi |29 |30 |31 [ 32|32 (33|34 |34|35|35|36|36|37|37|37 38|38 |38]39]39]39)39
8.5.9 Derivation process for scaling functions
Outputs offthis process are:
—  LevelBcale4x4: the scaling factor for 4x4 block transform luma or chroma coefficient levels,
LevelScalgdx4( m, i, j ) is specified by:
LevglScale4x4( m, i, j) = 16 * normAdjust4x4(m, i, j ) (8-173)
where
Vo for(i%2,j%2)equalto(0,0),
normAdjust4x4(m,i,j) =<v,, for(i%?2,j%2)equalto(l,1), (8-174)
v, otherwise;
where the first and second subscripts of v are row and column indices, respectively, of the matrix specified as:
10 16 13]
11 18 14
13 20 16
= . (8-175)
14 23 18
16 25 20
|18 29 23]
8.5.10 Sgaling and transformation process for DC transform coefficients for Intra_16x16 macroblock ty
Inputs to thjis process are:
—  the vgriables bitDepth-and gP,
—  transform coefficient level values for DC transform coefficients of Intra_16x16 macroblocks as a 4x4 array ¢ w
elemgnts cjwhere i and j form a two-dimensional frequency index.
Outputs oflthis process are 16 scaled DC values for 4x4 blocks of Intra 16x16 macroblocks as a 4x4 array dcY with eleme
dCYij.

The following applies:

— the following text of this process specifies the output.
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The inverse transform for the 4x4 luma DC transform coefficients is specified by:

TH

TH
va

8.

In
of]
frd

I 1 1 1| |cep € Cm S| |1 1 1 1
fo I 1 -1 -1 o G0 e G| I 1 -1 -1 '

I =1 =1 1] [cy €y €y €y I -1 -1 1

I -1 1 —1] [cyy €5 €3 Cys 1 -1 1 -1

(8-176)

e bitstream shall not contain data that result in any element f; of f with i, j = 0..3 that exceeds the range of.int
_2(7 + bitDepth) to 2(7 + bitDepth) __ 1. inclusive.

Im
After the inverse transform, the scaling is performed as follows:

If P is greater than or equal to 36, the scaled result is derived as:

deY;; = (f * LevelScale4x4( qP % 6,0,0) ) <<(gP/6—-6), with i,j=0...3 (
Otherwise (qP is less than 36), the scaled result is derived as:
deY;; = (fj * LevelScale4x4( qP % 6,0,0)+ (1 <<(5—-qP/6)))>(6{qP/6), with i,j=0...3 (

e bitstream shall not contain data that result in any element dcYj; of deY withi, j = 0..3 that exceeds the rangg
Jues from —20 " PP o 27 #PIDePI) _ 1 i clusive.

NOTE — When entropy_coding mode flag is equal to 0 and gP is less than10 and profile idc is equal to 66, 77, or 88,
values that can be represented for the elements ¢ of ¢ is not sufficient torgpresent the full range of values of the elements
that could be necessary to form a close approximation of the contents of any possible source picture by use of the
macroblock type.

values must be supported in the decoder prior to the right shiff

b.11 Scaling and transformation process forchroma DC transform coefficients

puts to this process are transform coefficient level values for chroma DC transform coefficients of one chroma
the macroblock as an (MbWidthC / 4)x(MbHeightC / 4) array ¢ with elements c;;, where i and j form a two-d|
quency index.

Ontputs of this process are the scaled DE.values as an (MbWidthC / 4)x(MbHeightC / 4) array dcC with elements

TH
TH

8.

e variables bitDepth and qP aresetiequal to BitDepthc and QP’c, respectively.
e following ordered steps ar€ specified:

1. The transformation/process for chroma DC transform coefficients as specified in subclause 8.5.11.1 is in
bitDepth and.¢c-as the inputs and the output is assigned to the (MbWidthC / 4)x(MbHeightC / 4) array f
DC values with elements fj;.

2. The scaling process for chroma DC transform coefficients as specified in subclause 8.5.11.2 is iny
bitDepth, qP, and f as the inputs and the output is assigned to the (MbWidthC / 4)x(MbHeightC / 4) a1
sedled chroma DC values with elements dcCj.

b.21.1 Transformation process for chroma DC transform coefficients

pger values

8-177)

B-178)
b of integer
the range of

IcYj of dcY
Intra 16x16

NOTE - Since the range limit imposed on the elements dcYj; of deY'is imposed after the right shift in Equation 8-178, a lafjger range of

component
imensional

iCCij.

voked with
of chroma

oked with
ray deC of

Inputs of this process are transform coefficient level values for chroma DC transform coefficients of one chroma component
of the macroblock as an (MbWidthC / 4)x(MbHeightC / 4) array ¢ with elements c;;, where i and j form a two-dimensional
frequency index.

Outputs of this process are the DC values as an (MbWidthC / 4)x(MbHeightC / 4) array f with elements

£

ij»

The inverse transform is specified as follows:

the inverse transform for the 2x2 chroma DC transform coefficients is specified as:
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o 1 1 o Coo Cor |, 1 1 (8-179)
1 =1] |¢o ©p 1 -1

8.5.11.2 Scaling process for chroma DC transform coefficients

Inputs of this process are:

— the v4

—  DC vjlues as an (MbWidthC / 4)x(MbHeightC / 4) array f with elements fj;.

Outputs of]

riables bitDepth and gF,

this process are scaled DC values as an (MbWidthC / 4)x(MbHeightC / 4) array dcC with elements d¢€;.

The bitstream shall not contain data that result in any element f; of f with i, j = 0..3 that exceeds the range-of ifiteger valyes

from -2

Scaling is performed as follows:

- the sq

The bitstregam shall not contain data that result in any element dcCj; of deC with i, j = 0.3 that exceeds the range of integ

values fron
NOTE +

of ¢ in spbclause 8.5.11.1 may not be sufficient to represent the full range of values'of.the elements dcCj; of dcC that could be necess
to form p close approximation of the content of any possible source picture.

NOTE A

values must be supported in the decoder prior to the right shift.

8.5.12 Sgaling and transformation process for residual\4x4 blocks

Input to th
component

Outputs of]
The variab
—  Ifthe
—  Otheq
The variab
—  sMbH
The variab
— Ifthe

qP

L opy (8-181)

bitDepth) to 2(7 + bitDepth) __ 1. inclusive
, .

aled result is derived as:

dcC;; = ((f}; *LevelScale4x4(qP %6,0,0)) << (qP/6))>>5, with [d;y=0,1 (8-180)

h _2(7 + bitDepth) to 2(7 + bitDepth) __ 1’ inclusive.

When qP is less than 4 and profile_idc is equal to 66, 77, or 88, the range of-values that can be represented for the elementsg

Since the range limit imposed on the elements dcC;; of deC is imposedrafter the right shift in Equation 8-180, a larger rangg

is process is a 4x4 array c¢ with elements c; whi¢h is either an array relating to a residual block of the Iuj
or an array relating to a residual block of a chroma component.

this process are residual sample values as 4x4 array r with elements r;;.

e bitDepth is derived as follows:

input array c relates to a luma residual block, bitDepth is set equal to BitDepthy.

wise (the input array c relates to/a chroma residual block), bitDepth is set equal to BitDepthc.
e sMbFlag is derived as(follows:

lag is set equal to 0:

e qP is derived-asfollows:

input array g relates to a luma residual block and sMbFlag is equal to 0,

rer

Ci
ry

of

- Other

wise, if the input array c relates to a luma residual block and sMbFlag is equal to 1,

qP = QSy (8-182)

—  Otherwise, if the input array c relates to a chroma residual block and sMbFlag is equal to 0,

qP =QP'c (8-183)

—  Otherwise (the input array c relates to a chroma residual block and sMbFlag is equal to 1),

qP = QSc (8-184)
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The following applies:

In

Output of this process is a 4x4 array of scaled transform coefficients d with elements dy’

.5.12.1 Scaling process for residual 4x4 blocks

the following ordered steps are specified:

1. The scaling process for residual 4x4 blocks as specified in subclause 8.5.12.1 is invoked with bitDepth, qP, and ¢ as

the inputs and the output is assigned to the 4x4 array d of scaled transform coefficients with elements d;;.

2. The transformation process for residual 4x4 blocks as specified in subclause 8.5.12.2 is invoked with bitDepth and

d as the mputs and the output 1s assigned to the 4x4 array r of residual sample values with elements 1.

puts of this process are:

the variables bitDepth and gP,

relating to a residual block of a chroma component.

a 4x4 array ¢ with elements c; which is either an array relating to a residual block of luha component ¢r an array

THe bitstream shall not contain data that result in any element c;; of ¢ with i, j = 0+3,that exceeds the range of intgger values

frgm

Scpling of 4x4 block transform coefficient levels c;; proceeds as follows:

_2(7 + bitDepth) to 2(7 + bitDepth) __ 1’ inclusive.

If all of the following conditions are true:
— iisequal to 0,
— jisequaltoO,

— crelates to a luma residual block coded using Intra 16x16 macroblock prediction mode or c relates t
residualblock.

the variable dy, is derived by

Otherwise, the following applies:

—  If gP is greater than or equal to 24, the scaled result is derived as

—  Otherwise (qP jis'less than 24), the scaled result is derived as

doo = Coo (3-

djj = (¢ * LevelScaledx4(qP%6,1,j))<<(qP / 6 —4), with i,j = 0..3 except as noted above ($-

d; = (c;FLevelScaledx4(qP % 6,1, j) + 2376y 55 (4—qP/6), withi,j=0..3 except as noted above  (§-

a chroma

185)

186)

187)

THe bitstream_shall not contain data that result in any element d;j of d with i, j = 0..3 that exceeds the range of intgger values

frgm

8.
In

_2(7 + bitDepth) to 2(7 + bitDepth)_ 1’ inclusive.

b.12.2(Transformation process for residual 4x4 blocks

uts’of this process are:

the variable bitDepth,

a 4x4 array of scaled transform coefficients d with elements dj;.

Outputs of this process are residual sample values as 4x4 array r with elements rj;.

The bitstream shall not contain data that result in any element d; of d with i, j = 0..3 that exceeds the range of integer values
7 + bitDepth 7 + bitDepth Y ! J & &
from —20 " PPePth) ¢ D7 biDepth)_ 1 i clusive.
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The transform process shall convert the block of scaled transform coefficients to a block of output samples in a manner
mathematically equivalent to the following.

First, each (horizontal) row of scaled transform coefficients is transformed using a one-dimensional inverse transform as
follows.

A set of intermediate values is computed as follows:

e T+, with T=90-3 (8=188)
e §F dig— dip, with 1=0..3 (8-189)
ep F(di>>1)—ds, with 1=0.3 (8-190)
enFdiy+(dz>1), with i=0.3 (8-191)

The bitstream shall not contain data that result in any element ¢; of ¢ with i, j = 0..3 that exceeds the range of integer valles
7 +|bitDepth 7+ bitDepth Y ’ ] g g
from —27 F|PHPePth) ¢ o7 biDepth)_ 1 i clusive.

Then, the tfansformed result is computed from these intermediate values as follows:

fo 3 e tep, with 1=0.3 (8-192)
fi3en tep, with 1=0.3 (8-193)
fr 3 en—ep, with 1=0..3 (8-194)
fs 3 ep—e3, with 1=0..3 (8-195)

The bitstream shall not contain data that result in any element f; of £with 1, j = 0..3 that exceeds the range of integer values
7 +|bitDepth 7+ bitDepth Y ’ ] g g
from —27 F|PHPeP) ¢ D7 biDepth)_ 1 i clusive.

Then, eacl (vertical) column of the resulting matrix is transformed using the same one-dimensional inverse transform |as
follows.

A set of infermediate values is computed as follows:

2o foj + B, with j=0.3 (8-196)
g F fo- B, with j=0.3 (8-197)
gt (f>>1)—fy, with j=0.3 (8-198)
g fi+ (£>> 1), with-320..3 (8-199)

The bitstrepm shall not contain“data that result in any element g; of g with i, j = 0..3 that exceeds the range of integer valles
7 +[bitDepth 7+ bitDepth Y &i Ot & ] & g
from —2 F|PHPeP) ¢ 27 BIDRB_ 1 “inclusive.

Then, the tfansformed-esult is computed from these intermediate values as follows:

hy; F goj Hgapy with j=0..3 (8-200)
hyj £ G gy, with §=0.3 (8-201)
hyj =g g, with j=0.3 (8-202)
hy; = go— g3, with j=0.3 (8-203)

The bitstream shall not contain data that result in any element h; of h with i, j = 0..3 that exceeds the range of integer values
7 + bitDepth 7 + bitDepth Y ! J & &
from —207 * PPepth) 4 p (7 bitDepth)_ 33 iy clusive.
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After performing both the one-dimensional horizontal and the one-dimensional vertical inverse transforms to produce an
array of transformed samples, the final constructed residual sample values is derived as:

r,=(h; +2°)>>6 with i,j=0.3 (8-204)

8.5.13 (void)

8.

In

TH

W

W

b.14 Picture construction process prior to deblocking filter process

puts to this process are:

a sample array u with elements u;; which is a 16x16 luma block or an (MbWidthC)x(MbHeightC) chiota blo
luma block or a 4x4 chroma block,

when u is not a 16x16 luma block or an (MbWidthC)x(MbHeightC) chroma block, a block ihdex luma4x
chroma4x4BlkIdx.

beess in subclause 6.4.1 with CurrMbAddr as input and the output being assigned to(xP; yP ).
hen u is a luma block, for each sample uj; of the luma block, the following orderéd steps are specified:
1. Depending on the size of the block u, the following applies:

— Ifuisa 16x16 luma block, the position ( xO, yO ) of the upper-left sample of the 16x16 luma block
macroblock is set equal to ( 0, 0 ) and the variable nE is.set equal to 16.

—  Otherwise, if u is an 4x4 luma block, the position df\the upper-left sample of the 4x4 luma block
luma4x4BIlkldx inside the macroblock is derived ‘by’invoking the inverse 4x4 luma block scanning
subclause 6.4.3 with luma4x4Blkldx as the inpttvand the output being assigned to ( xO, yO ), and t
nE is set equal to 4.

2. The following applies:
S'UXxP+xO+j,yP+yO+i]=wy’ withi,j=0.nE -1 (
hen u is a chroma block, for each sample.fipof the chroma block, the following ordered steps are specified:

1. The subscript C in the variable S'¢ is replaced with Cb for the Cb chroma component and with Cr for the
component.

2. Depending on the size©f the block u, the following applies:

— Ifuis an (MbWidthC)x(MbHeightC) Cb or Cr block, the variable nW is set equal to MbWidthC, t
nH is set.equal to MbHeightC, and the position ( xO, yO ) of the upper-left sample of the (nW)x(nH
block inside the macroblock is set equal to ( 0, 0).

ck or a 4x4

ABlkIdx or

e position of the upper-left luma sample of the current macroblock is derived by invoking the inverse macroblodk scanning

t inside the

'with index
process in
he variable

8-205)

Cr chroma

he variable
[) Cb or Cr

—  Otherwise, if u is a 4x4 Cb or Cr block, the variables nW and nH are set equal to 4, and the posjtion of the

upper-left sample of a 4x4 Cb or Cr block with index chroma4x4BlkIdx inside the macroblock is|derived as

follows:

—  the position of the upper-left sample of the 4x4 chroma block with index chroma4x4BIkldx| inside the
macroblock is derived by invoking the inverse 4x4 chroma block scanning process in subclausg 6.4.7 with
chroma4x4BlkIdx as the input and the output being assigned to ( xO, yO ).

3. the following applies:
Sc[ (xP/2)+x0+j, (yP/2) +yO +i]=uj
withi=0.nH—-1 and j=0.0W — 1 (8-206)
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8.6  (void)

8.7 Deblocking filter process

A conditional filtering process is specified in this subclause that is an integral part of the decoding process which shall be

applied by

The condit
any edges
filtering p

deblocking

decoders.

for which the deblocking filter process is disabled by disable deblocking filter idc, as specified below, T
ocess is performed on a macroblock basis after the completion of the picture construction process\prior

processed in order of increasing macroblock addresses.

NOTE - Prior to the operation of the deblocking filter process for each macroblock, the deblocked samples of the-macroblock above

any) an
perform|

Howevg

differen

The deblo

component

the edges
starting wi
their geom

slices are considered not available during specified steps of the operation of the deblocking filtér process.

owards the right-hand side of the macroblock in their geometrical order,cand then horizontal edges are filter

ptrical order. Figure 8-8 shows edges of a macroblock which can be infefpreted as luma or chroma edges.

When intefpreting the edges in Figure 8-8 as luma edges, the following applies:
—  Dboth fypes, the solid bold and dashed bold luma edges are filtered.

When intefpreting the edges in Figure 8-8 as chroma edges, the following applies:

—  only the solid bold chroma edges are filtered.

)

)

)

)

)

)

)

)
Pt
Horizontal Edges

Vertical Edges

fonal Tiltering process is applied to all 4x4 block edges of a picture, except edges at the boundary of the picture and

filter process (as specified in subclauses 8.5) for the entire decoded picture, with all macroblocks~in'a pictyre

Gf

I the macroblock to the left (if any) of the current macroblock are always available because the deblocking filter procesy is
bd after the completion of the picture construction process prior to deblocking filter process for théxentire decoded pictyre.
r, for purposes of determining which edges are to be filtered when disable deblocking filter idc is ¢qual to 2, macroblocky

-

n

king filter process is invoked for the luma and chroma components separately= For each macroblock and eqch
, vertical edges are filtered first, starting with the edge on the left-hand side of the’macroblock proceeding through

bd,

th the edge on the top of the macroblock proceeding through the edges towards the bottom of the macroblock]in

Figure 8-8 — Boundaries in a macroblock to be filtered

For the current macroblock address CurrMbAddr proceeding over values 0..PicSizeInMbs — 1, the following ordered steps
are specified:

1. The derivation process for neighbouring macroblocks specified in subclause 6.4.11.1 is invoked and the output is
assigned to mbAddrA and mbAddrB.
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2. The variables filterInternalEdgesFlag, filterLeftMbEdgeFlag and filterTopMbEdgeFlag are derived as specified by the
following ordered steps:
a. The variable filterInternalEdgesFlag is derived as follows:
—  If disable_deblocking_filter idc for the slice that contains the macroblock CurrMbAddr is equal to 1, the
variable filterInternalEdgesFlag is set equal to 0.
— Otherwise (disable_deblocking_Tilter_idc for the slice that contains the macroblock CurrMbAddr is not
equal to 1), the variable filterInternalEdgesFlag is set equal to 1.
b. The variable filterLeftMbEdgeFlag is derived as follows:
—  If any of the following conditions are true, the variable filterLeftMbEdgeFlag is sct/equal to O:
—  CurrMbAddr % PicWidthInMbs is equal to 0,
— disable_deblocking_filter idc for the slice that contains the macroblock CurrMbAddr is equal to 1,
— disable_deblocking_filter idc for the slice that contains the maeroblock CurrMbAddr i equal to 2
and the macroblock mbAddrA is not available.
—  Otherwise, the variable filterLeftMbEdgeFlag is set equal to‘}:
c. The variable filterTopMbEdgeFlag is derived as follows:
—  If any of the following conditions are true, the varidble'filterTopMbEdgeFlag is set equal to 0:
—  CurrMbAddr is less than PicWidthInMbs,
— disable deblocking_filter idc for the slice that contains the macroblock CurrMbAddr is equal to 1,
— disable_deblocking_filter idc for the slice that contains the macroblock CurrMbAddr i equal to 2
and the macroblock mbAddrB.is not available.
—  Otherwise, the variable filterTopMbEdgeFlag is set equal to 1.
3. Given the variables filterInternalEdgesFlag, filterLeftMbEdgeFlag and filterTopMbEdgeFlag the deblocking filtering
is controlled as follows:
a. When filterLeftMbEdgeFlag is equal to 1, the left vertical luma edge is filtered by invoking the process
specified in subclause8.7.1 with chromaEdgeFlag =0, verticalEdgeFlag=1, and (xEy, yEx) = (0, k) with
k =0..15 as the inputs and S'| as the output.
b.  When filterInternalEdgesFlag is equal to 1, the filtering of the internal vertical luma edges is specified by the
following érdefed steps:
i. the-process specified in subclause 8.7.1 is invoked with chromaEdgeFlag = 0, verticalEdgeFlag = 1, and
(XEx, YEx) = (4, k) with k = 0..15 as the inputs and S', as the output.
it. The process specified in subclause 8.7.1 is invoked with chromaEdgeFlag = 0, verticalEdgeFlag = 1, and
(xEx, YEx) = (8, k) with k = 0..15 as the inputs and S'; as the output.
iii. the process specified in subclause 8.7.1 is invoked with chromaEdgeFlag = 0, verticalEdgeFlag =1, and
xEyE)=(12 k) withk=0_15 as the inputs and S'y_as the output
c.  When filterTopMbEdgeFlag is equal to 1, the filtering of the top horizontal luma edge is specified as follows:
—  Otherwise, the process specified in subclause 8.7.1 is invoked with chromaEdgeFlag=0,
verticalEdgeFlag = 0, and (xEy, yEx) = (k, 0) with k = 0..15 as the inputs and S', as the output.
d.  When filterInternalEdgesFlag is equal to 1, the filtering of the internal horizontal luma edges is specified by the

following ordered steps:
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The arrays
871 F

Inputs to

verticalEdgeFlag, and a set‘of nE sample locations (xEx, yEi), with k = 0..nE — 1, expressed relative to the upper left corTer
of the madroblock CurtMbAddr. The set of sample locations (xEy, yEx) represent the sample locations immediately to

right of a

is equal to 0).
The variablemnE‘s derived as follows:

—  If chromaEdgeFtag s equal to 0, TIE 1S Set equat 1o 10-

i.  the process specified in subclause 8.7.1 is invoked with chromaEdgeFlag = 0, verticalEdgeFlag = 0, and
(xEx, YEx) = (k, 4) with k = 0..15 as the inputs and S', as the output.

ii. The process specified in subclause 8.7.1 is invoked with chromaEdgeFlag = 0, verticalEdgeFlag = 0, and
(xEx, YEx) = (k, 8) with k = 0..15 as the inputs and S'. as the output.

iii. the process specified in subclause 8.7.1 is invoked with chromaEdgeFlag = 0, verticalEdgeFlag = 0, and
(xEx, yE) = (k, 12) with k=0..15 as the inputs and S'; as the output

When filtering of both chroma components, with iCbCr = 0 for Cb and iCbCr = 1 for Cr, the following ordelled
steps are specified:

i.  When filterLeftMbEdgeFlag is equal to 1, the left vertical chroma edge is filtered by invokingthe proc¢ss
specified in subclause 8.7.1 with chromaEdgeFlag=1, iCbCr, verticalEdgeFlag=1, and
(xEx, YEx) = (0, k) with k = 0..MbHeightC — 1 as the inputs and S'c with C being teéplaced by Cb for
iCbCr = 0 and C being replaced by Cr for iCbCr = 1 as the output.

ii. When filterInternalEdgesFlag is equal to 1, the filtering of the internal vertical chroma edge is specified
by the following ordered steps:

(1) the process specified in subclause 8.7.1 is invoked with ) chromaEdgeFlag=1, iCbC(r,
verticalEdgeFlag = 1, and (xEy, yEx) = (4, k) with k = 0..MbHeightC — 1 as the inputs and S'c with C
being replaced by Cb for iCbCr = 0 and C being replaced by Crfor iCbCr = 1 as the output.

iii. When filterTopMbEdgeFlag is equal to 1, the filtering of the top horizontal chroma edge is specified|as
follows:

— the process specified in subclause 8.7.1 ¢8> invoked with chromaEdgeFlag=1, iCb(r,
verticalEdgeFlag = 0, and (xEy, yEx) = (k, 0) with k = 0..MbWidthC — 1 as the inputs and S'c with C
being replaced by Cb for iCbCr = 0 and Cbeing replaced by Cr for iCbCr = 1 as the output.

iv. When filterInternalEdgesFlag is equal to 1, the filtering of the internal horizontal chroma edge is specified
by the following ordered steps:

(1) the process specified in subclause 8.7.1 is invoked with chromaEdgeFlag=1, iCbC(r,
verticalEdgeFlag = 0, and (xEi;yEy) = (k, 4) with k = 0..MbWidthC — 1 as the inputs and S'c with C
being replaced by Cb forACbCr = 0 and C being replaced by Cr for iCbCr = 1 as the output.

NOTE - For example, in 4:2:0- chroma format, the following applies: 3 horizontal luma edges, 1 horizontal chroma
edge for Cb, and 1 horizontal ‘¢hroma edge for Cr are filtered that are internal to a macroblock.

S'L, S'ch, S'c; are assigned tgthe’arrays Sy, Scy,, Scr (Which represent the decoded picture), respectively.

Itering process forblock edges

his process are chiromaEdgeFlag, the chroma component index iCbCr (when chromaEdgeFlag is equal to|l),

he
rtical edge (when verticalEdgeFlag is equal to 1) or immediately below a horizontal edge (when verticalEdgeFlag

—  Otherwise (chromaEdgeFlag is equal to 1), nE is set equal to 8.

Let s’ be a variable specifying a luma or chroma sample array. s’ is derived as follows:

—  If chromaEdgeFlag is equal to 0, s’ represents the luma sample array S’y of the current picture.

—  Otherwise, if chromaEdgeFlag is equal to 1 and iCbCr is equal to 0, s’ represents the chroma sample array S'cy, of the
chroma component Cb of the current picture.
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Otherwise (chromaEdgeFlag is equal to 1 and iCbCr is equal to 1), s’ represents the chroma sample array S'c, of the
chroma component Cr of the current picture.

The position of the upper-left luma sample of the macroblock CurrMbAddr is derived by invoking the inverse macroblock
scanning process in subclause 6.4.1 with mbAddr = CurrMbAddr as input and the output being assigned to ( xI, yI ).

The variables xP and yP are derived as follows:

— —IHchronmabdgettagtsequat-to-0; xPissetequattoxtand-yP-issetequattovyk
— | Otherwise (chromaEdgeFlag is equal to 1), xP is set equal to xI / 2 and yP is set equal to (yl +2— 1) /2.
b3 b2 p: Po o qi Q2 q3
Figure 8-9 — Convention for describing samples across a 4x4 block horizontal, orvertical boundary
Fdr each sample location ( XEy, yEx ), k =0..(nE — 1), the following ordered stepsZate specified:

1. The filtering process is applied to a set of eight samples across a 4x4)block horizontal or vertical edge dgnoted as p;
and q; with i = 0..3 as shown in Figure 8-9 with the edge lying between p,y and qo. p; and q; with i = 0..3 afe specified
as follows:

— If verticalEdgeFlag is equal to 1,
qi = s'[ xP + xE +1, yP + yEy ] (8-207)
pi=s[xP+xE—i—1, yP+ yE] (8-208)
— Otherwise (verticalEdgeFlag is equal to.0),
qi = s'[ xP + xEy, yP + yEi + 1] (8-209)
pi=s[xP+xE,, yP + yEp=li — 1] (8-210)

P.  The process specified in subelause 8.7.2 is invoked with the sample values p; and g; (i = 0..3), chromaEdgeFlag, and
verticalEdgeFlag as the-inputs, and the output is assigned to the filtered result sample values p'; and q'; with|i = 0..2.

3. The input sample valges p; and g; with i = 0..2 are replaced by the corresponding filtered result sample values p’; and
q’; with 1 = 0..2 inside the sample array s’ as follows:

— If verticalEdgeFlag is equal to 1,
STXP + xE, +1, yP + yE, | =q; (8-211)
s[xP+xE—i—1,yP+yE ] =p'i (8-212)
= Otherwise (verticalEdgeFlag is equal to 0),
s xP +xEy, yP +yE, +i]=(; (8-213)
s'[ XxP + xEy, yP + yE,—i— 1] =p’; (8-214)
8.7.2 Filtering process for a set of samples across a horizontal or vertical block edge

Inputs to this process are the input sample values p; and q; with i in the range of 0..3 of a single set of samples across an edge
that is to be filtered, chromaEdgeFlag, and verticalEdgeFlag.

© ISO/IEC 2015 — All rights reserved
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Outputs of

this process are the filtered result sample values p’; and q'; with i in the range of 0..2.

The content dependent boundary filtering strength variable bS is derived as follows:

—  If chromaEdgeFlag is equal to 0, the derivation process for the content dependent boundary filtering strength specified in
subclause 8.7.2.1 is invoked with py, qo, and verticalEdgeFlag as input, and the output is assigned to bS.

—  Otherwise (chromaEdgeFlag is equal to 1), the bS used for filtering a set of samples of a horizontal or vertical chroma

edge i
conta
chrony

ns the luma sample at location ( 2 * x, 2* y ) inside the luma array of the frame, where ( x, y ) is the location.0f
a sample qq inside the chroma array for that frame.

S set equal to the value of bS for Tiltering the set of samples of a horizontal or vertical Tuma edge, respectively, that

he

Let filterOfffsetA and filterOffsetB be the values of FilterOffsetA and FilterOffsetB as specified in subclaus¢-7)4.3 for the

slice that ¢

Let gP, an
respectivel

—  Ifchr

—

|
o O

—  Other

—

(o)

The procey
qPy, and g

Depending
- Iffiltd

I
b
(
g

—  Other
corres

for

for

pbntains the macroblock containing sample q.

 qP, be variables specifying quantisation parameter values for the macroblocks containing the samples py and
y. The variables qP, (with z being replaced by p or q) are derived as follows:

maEdgeFlag is equal to 0, the following applies:
f the macroblock containing the sample z, is an I PCM macroblock, P, is set to/0:

therwise (the macroblock containing the sample z, is not an I PCM macrobleck), qP, is set to the value of QPy
he macroblock containing the sample z,.

wise (chromaEdgeFlag is equal to 1), the following applies:

orresponds to a value of 0 for QPy as specified in subclause 8.5.8:

therwise (the macroblock containing the sample z, is net"dn I PCM macroblock), qP, is set equal to the value
P that corresponds to the value QPy of the macroblock containing the sample z, as specified in subclause 8.5.§]

s specified in subclause 8.7.2.2 is invoked with pgi“qo, p1, qi, chromaEdgeFlag, bS, filterOffsetA, filterOffse
P, as inputs, and the outputs are assigned to filterSamplesFlag, indexA, o, and f.

on the variable filterSamplesFlag, the following applies:
rSamplesFlag is equal to 1, the following applies:

f bS is less than 4, the process specified in subclause 8.7.2.3 is invoked with p; and q; (i = 0..2), chromaEdgeFl1
S, B, and indexA given as input,)and the output is assigned to p’; and q'; (i = 0..2).

therwise (bS is equal to\4), the process specified in subclause 8.7.2.4 is invoked with p; and ¢; (i = O..
hromaEdgeFlag, o, arid-$given as input, and the output is assigned to p’; and q'; (i = 0..2).

Ho,

f the macroblock containing the sample z, is an I PCM macroblock, qP, is set equal to the value of QP that

of

B,

e,

3)5

wise (filterSamplesElag is equal to 0), the filtered result samples p’; and q’; (i = 0..2) are replaced by the
ponding input&amples p; and q;:

=0.2, p’i = Pi (8-215)

= 0.2 q’i =qi (8-216)

8.7.21 D

+ s £ +lao 1 + PN | al + al £l H + +lo
VAU PTUL TS S TUT e TUTITA CUTTICT T UTPUTITUTT T OUTT O Al y Tty STyttt

Inputs to this process are the input sample values py and qp of a single set of samples across an edge that is to be filtered and
verticalEdgeFlag.

Output of this process is the variable bS.

The variable bS is derived as follows:

—  Ifthe

122

block edge is also a macroblock edge and the following condition is true, a value of bS equal to 4 is the output:
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— either or both of the samples p, or qq is in a macroblock coded using an Intra macroblock prediction mode,

Otherwise, if the following condition is true, a value of bS equal to 3 is the output:

— either or both of the samples p, or qq is in a macroblock coded using an Intra macroblock prediction mode,

Otherwise, if any of the following conditions are true, a value of bS equal to 2 is the output:

e 4x/ m asform-—bloec

transform coefficient levels,

— the 4x4 luma transform block associated with the 4x4 luma block containing the sample qycentain
transform coefficient levels.

Otherwise, if any of the following conditions are true, a value of bS equal to 1 is the output:

—  for the prediction of the macroblock/sub-macroblock partition containing the sample pi different referen
are used than for the prediction of the macroblock/sub-macroblock partition contaihitig the sample qq,

1S NON-Zero

S Non-zE€ro

ce pictures

NOTE — The determination of whether the reference pictures used for the two macroblock/sub-macroblock partitions are

the same or different is based only on which pictures are referenced, without regard to whether the index posif
reference picture list is different.

— one motion vector is used to predict the macroblock/sub-macroblock “partition containing the sample
motion vector is used to predict the macroblock/sub-macroblock pattition containing the sample qo and t
difference between the horizontal or vertical components of the motion vectors used is greater than or e
units of quarter luma frame samples,

Otherwise, a value of bS equal to 0 is the output.

puts to this process are:
the input sample values po, qo, p1 and q; of a single’set of samples across an edge that is to be filtered,
the variables chromaEdgeFlag and bS, for the’set of input samples, as specified in subclause 8.7.2,

the variables filterOffsetA, filterOffsetB,)qP,, and qP,.

lexA, and the values of the threshold variables o and f3.
t qP., be a variable specifyirig,an average quantisation parameter. It is derived as:
anv:(qPP+qPq+1)>>1 (

t indexA be a variable that is used to access the o table (Table 8-8) as well as the tc, table (Table 8-9), which

ion within a

po and one
he absolute
ual to 4 in

he value of

-217)

is used in
ccess the f3

-218)

ering of edges/with bS less than 4 as specified in subclause 8.7.2.3, and let indexB be a variable that is used to a
le (Table 8-8)~The variables indexA and indexB are derived as:
indexA = Clip3( 0, 51, qP,, + filterOffsetA ) (
indexB = Clip3( 0, 51, qP,, + filterOffsetB ) (

-219)

The variables o’ and B’ depending on the values of indexA and indexB are specified in Table 8-8. Depending on
chromaEdgeFlag, the corresponding threshold variables o and 3 are derived as follows:

If chromaEdgeFlag is equal to 0,

a=a'* (1 <<(BitDepthy— 8)) (8-220)

B=p"* (1 <<(BitDepthy—8)) (8-221)
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—  Otherwise (chromaEdgeFlag is equal to 1),

a=a'* (1 <<(BitDepthc—8)) (8-222)

B=p* (1 <<(BitDepthc—8)) (8-223)
The variable filterSamplesFlag is derived by:

rSamplesFlag = (bS =0 && Abs( po— qo ) <a&& Abs( p1— po ) <P&& Abs(q—qo) <B) (8-224)

filtd

Table 8-8 — Derivation of offset dependent threshold variables o’ and ' from indexA and indexB

indexA (for ') or indexB (for )
O(1 (2|3 |4|5]6|7 89 [10]11|12|13|14|15|16(17| 181920 21,22 |23 (24|25
a" |0 ofojojo0jofojojojofojojojoloj|4|4|5(6|7N8|9|10]12]13
B’ 0 o(ojojo0ojo0ofojojojofojojO0]O010]2|2]2|30H83 3|3 |4]4)4
Tabl¢ 8-8 (concluded) — Derivation of indexA and indexB from offset dependent threshold variables o’ and B’

indexA (for ') or indexB (for ')

26 |2 | 28129 (30|31 (32|33|34(35(36|37(38[39|40|41\\42 |43 |44 (45|46 |47 |48|49|50]51
o | 151 202225 (28 (3236|4045 |50|56|63 |71 80490 |101|113(127|144|162]182(203|226|255|255
B’ 6 1477|1889 |9 |10{1011|11]|12| 12313 (13|14 |14 |15|15|16| 16|17 |17 |18 18
8.7.2.3 Flltering process for edges with bS less-than 4

Inputs to this process are the input sample values jp; and q; (i = 0..2) of a single set of samples across an edge that is to

filtered, chromaEdgeFlag, bS, 3, and indexAs, for the set of input samples, as specified in subclause 8.7.2.

Outputs offthis process are the filtered result sample values p'; and q'; (i = 0..2) for the set of input sample values.

Depending

on the values of indexArand bS, the variable tc is specified in Table 8-9.

Table 8-9 — Value of variable tc, as a function of indexA and bS

indexA
OWIN2 (3[4 (516|789 |10|11|12]13|14|15]|16|17|18[19/20|21|22|23 24|25
bS=1 o,0/0{0}jO0O]OJO|]0O]0O]O|0O]0O|]0O]O|O]O]O]O[O|O0O|O0]O0O]O0O]1 1|1
bS=2 o,0/0{0}j0jOJO|]O]O]OJO0O]0O|]O]O|O]O]O]O][O|O|O|1T |11 1|1
bS=3 o,0/j0{0}j0jOJO0O|]O]O]OJO]O|]O]O|O]O]jO|T [T |2 2|22 ]1 1|1
124
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Table 8-9 (concluded) — Value of variable tc, as a function of indexA and bS

indexA

2612712812930 31(32/33(34(35[36|37|38|39|40 |41 |42|43|44|45|46|47|48|49|5051

bS=1 rj1rj1y1jtrjtrj1(222{2(3[3|3[|4|4|4|5|]6|6]7|8|9]10]1113
by =2 rj1rj1 (1)1} 2(2(22|3[3[3[4/4|5|5]6|7|8|8]1011|12|13]15417
b$=3 1121212123334 |/4|4|5|6|6|7[8]9|10|11|13]14|16/|18|20y23 |25

THe threshold variables a, and a, are derived by:

a, = Abs(p>—po) ($-225)

aq=Abs( 2= qo) ($-226)
THe threshold variable tc is determined as follows:
— | If chromaEdgeFlag is equal to 0,

tc=teot ((a<P)?1:0)+((ag<P)?1:0) (8-227)
— | Otherwise (chromaEdgeFlag is equal to 1),

tC = tCO + 1 ( §-228)

Lgt Clipl() be a function that is replaced by Cliply()~when chromaEdgeFlag is equal to 0 and by Clip[lc() when
chfomaEdgeFlag is equal to 1.

The filtered result samples p'y and q'y are derived by:

A= Clip3(—tc, te, ((((qo—=po) <<2) +pi—qi) +4)>>3)) ($-229)

po=Clipl(py+A) ($-230)

g = Clipl( qr—=A ) ($-231)
The filtered result sample p'; is derived as follows:
— | If chromaEdgeFlag is equal\to 0 and a,, is less than f3,

p't = pi + Clip3( téatco, (p2+ ((pot+ o+ 1)>>1)=(pi<<1)) >> 1) ($-232)
— | Otherwise (chromaEdgeFlag is equal to 1 or a, is greater than or equal to f3),

p'1=p1 (8-233)
The filtered\result sample q'y is derived as follows:
— | IfcchromaEdgeFlag is equal to 0 and aq is less than f3,

g Pttt T a1 (8-234)
—  Otherwise (chromaEdgeFlag is equal to 1 or a4 is greater than or equal to f3),

qd1=a (8-235)
The filtered result samples p', and q’, are always set equal to the input samples p, and qy:

p2=p2 (8-236)

q2= @ (8-237)
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8.7.2.4 Filtering process for edges for bS equal to 4

Inputs to this process are the input sample values p; and q; (i = 0..3) of a single set of samples across an edge that is to be
filtered, chromaEdgeFlag, and the values of the threshold variables o and [ for the set of samples, as specified in
subclause 8.7.2.

Outputs of this process are the filtered result sample values p’; and q'; (i = 0..2) for the set of input sample values.

Let a, and p, be two threshold variables as specified in Equations 8-225 and 8-226, respectively, in subclause 8.7.2.3.
The filteredl result samples p'; (i = 0..2) are derived as follows:
—  If chrpmaEdgeFlag is equal to 0 and the following condition holds,

a,<P&& Abs(po—qo) <((a>>2)+2) (8-238)

then the variables p'y, p'1, and p'; are derived by:

PloF (pa+ 2%p; + 2%py + 2%qo + q +4 ) >>3 (8-239)
PiF(p2tpitpotqt+2)>>2 (8-240)
P2 T (2*ps +3*patprtpotqot4)>>3 (8-241)

—  Otherpvise (chromaEdgeFlag is equal to 1 or the condition in Equation 8-238(does not hold), the variables p'y, p'1, and p’»
are darived by:

PoF(2*pi+potqit+2)>>2 (8-242)
. (8-243)
st po (8-244)

The filteredl result samples q'; (i = 0..2) are derived as follows:
—  If chrpmaEdgeFlag is equal to 0 and the following condition holds,
a;<P&& Abs(po—qo) <((o>>2)+2) (8-245)
then th¢ variables q'y, q'1, and q'; are derived by

qQ'oF (p1 +2%po +2¥qo +2*q1 Tt g+ 4 ) >>3 (8-246)
QiF(pot@taitqt2)>>2 (8-247)
q2 T (2%q + 3*q Q¥ qo+po+4)>>3 (8-248)

—  Othervise (chromaEdgeFlag is equal to 1 or the condition in Equation 8-245 does not hold), the variables q'y, q';, and g,
are darived by:

QoF(2%q(+qotpi+2)>>2 (8-249)
q'y {8-256)
q’z =Q2 (8-251)

9 Parsing process
Inputs to this process are bits from the RBSP.

Outputs of this process are syntax element values.
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This process is invoked when the descriptor of a syntax element in the syntax tables in subclause 7.3 is equal to ue(v), me(v),
se(Vv), te(v) (see subclause 9.1), ce(v) (see subclause 9.2)

9.

1 Parsing process for Exp-Golomb codes

This process is invoked when the descriptor of a syntax element in the syntax tables in subclause 7.3 is equal to ue(v), me(v),

se
In

Outputs of this process are syntax element values.

v), or te(v). For syntax elements in subclauses 7.3.4 and 7.3.5.

buts to this process are bits from the RBSP.

Syintax elements coded as ue(v), me(v), or se(v) are Exp-Golomb-coded. Syntax elements coded as te(v) are trunicated Exp-

G
th

pr

THe variable codeNum is then assigned as follows:

lomb-coded. The parsing process for these syntax elements begins with reading the bits startingat the current
b bitstream up to and including the first non-zero bit, and counting the number of leading |bits that are equa
bcess is specified as follows:

leadingZeroBits = —1
for( b= 0; !b; leadingZeroBits++ )
b =read bits( 1)

codeNum = 2'eingZeroBis_ 1 4 read bits( leadingZeroBits )

location in
to 0. This

(9-1)

(9-2)

where the value returned from read bits( leadingZeroBits ) is interpreted as a binary representation of an unsighed integer
with most significant bit written first.
Tdble 9-1 illustrates the structure of the Exp-Golomb code by'separating the bit string into "prefix" and "suffix{" bits. The
"prefix" bits are those bits that are parsed in the above pseudo<code for the computation of leadingZeroBits, and are shown as
either 0 or | in the bit string column of Table 9-1. The “suffix" bits are those bits that are parsed in the computation of
cofleNum and are shown as Xx; in Table 9-1, with i beipg:in the range 0 to leadingZeroBits — 1, inclusive. Each x; ¢an take on
vajues 0 or 1.
Table 9-1 — Bit strings with "prefix!'land "suffix" bits and assignment to codeNum ranges (informatiyve)
Bit string form Range of codeNum
1 0
01 Xo 1.2
001X, Xo 3.6
000 1 X, X3 Xo 7..14
00001 X3 Xp X3 Xo 15..30
000001 X4 X3 Xo X1 Xg 31..62
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Table 9-2 illustrates explicitly the assignment of bit strings to codeNum values.

Depending

If the

Other
proce

Other
proce

Other
The r
in the

|
g

Table 9-2 — Exp-Golomb bit strings and codeNum in explicit form and used as ue(v) (informative)

Bit string codeNum

010 1

011 2
00100 3
00101 4
00110 5
00111 6
0001000 7
0001001 8
0001010 9

on the descriptor, the value of a syntax element is detived as follows:
syntax element is coded as ue(v), the value of the syntax element is equal to codeNum.

wise, if the syntax element is coded as se(W);-the value of the syntax element is derived by invoking the mappi
s for signed Exp-Golomb codes as specified in subclause 9.1.1 with codeNum as the input.

wise, if the syntax element is coded as me(v), the value of the syntax element is derived by invoking the mappi
s for coded block pattern as spegified in subclause 9.1.2 with codeNum as the input.

wise (the syntax element iscoded as te(v)), the range of possible values for the syntax element is determined fit
inge of this syntax elemént may be between 0 and x, with x being greater than or equal to 1 and the range is ug
derivation of the value-of the syntax element value as follows:

f x is greater than)l; codeNum and the value of the syntax element is derived in the same way as for synt
lements coded\as-ue(v).

therwise (x)is equal to 1), the parsing process for codeNum which is equal to the value of the syntax element
iven by a process equivalent to:

b'=read bits( 1) (9-3)

—

S

codeNum ='h

911 M

apping process for signed Exp-Golomb codes

Input to this process is codeNum as specified in subclause 9.1.

Output of this process is a value of a syntax element coded as se(v).

The syntax element is assigned to the codeNum by ordering the syntax element by its absolute value in increasing order and
representing the positive value for a given absolute value with the lower codeNum. Table 9-3 provides the assignment rule.
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Table 9-3 — Assignment of syntax element to codeNum for signed Exp-Golomb coded syntax elements se(v)

codeNum | syntax element value

0 0

] ]

2 -1

3 2

4 -2

5 3

6 -3

k (D! Ceil( k+2)

9.1.2 Mapping process for coded block pattern
Input to this process is codeNum as specified in subclause 9.1.
Ontput of this process is a value of the syntax element coded blockpattern coded as me(v).

Tdble 9-4 shows the assignment of coded block pattern to cddeNum depending on whether the macroblock predigtion mode
is pqual to Intra_4x4 or Inter.

Table 9-4 — Assignment of codeNum to values of coded_block_pattern for macroblock prediction mofles

codeNum coded_block_pattern
Intra_4x4 Inter
0 47 0
1 31 16
2 15 1
3 0 2
4 23 4
5 27 8
6 29 32
7 30 3
8 7 5
9 11 10
10 13 12
11 14 15
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codeNum coded_block_pattern
Intra_4x4 Inter
12 39 47
13 43 7
14 45 11
15 46 13
16 16 14
17 3 6
18 5 9
19 10 31
20 12 35
21 19 37
22 21 42
23 26 44
24 28 33
25 35 34
26 37 36
27 42 40
28 44 39
29 1 43
80 2 45
31 4 46
32 8 17
33 17 18
34 18 20
35 20 24
36 24 19
37 6 21
38 9 26
39 22 28
40 25 23
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9.p

THis process is invoked for the parsing of syntax elements with descriptor equal to ce(v) in subclause 7.3.5.3.2.

codeNum coded_block_pattern
Intra_4x4 Inter
41 32 27
42 33 29
43 34 30
44 36 22
45 40 25
46 38 38
47 41 41

CAVLC parsing process for transform coefficient levels

Inputs to this process are bits from slice data, a maximum number, of non-zero transform coefficient levels maxNumCoeff,
th¢ luma block index luma4x4BlkIdx or the chroma block iadex chroma4x4BlkIdx,cb4x4Blkldx or cr4x4BINIdx of the
cufrent block of transform coefficient levels.

Output of this process is the list coeffLevel containing, transform coefficient levels of the luma block with Ylock index

luma4x4BIkIdx or the chroma block with block index chroma4x4BIkIdx, cb4x4BlklIdx or cr4x4BlkIdx.

THe process is specified in the following ordered steps:

1.

All transform coefficient level values'coeffLevel[ i ], with indices i ranging from 0 to maxNumCoeff — 1} in the list

coeffLevel are set equal to 0.

The total number of non-zero transform coefficient levels TotalCoeff( coeff token ) and the number of trailing one
transform coefficient lewels® TrailingOnes( coeff token ) are derived by parsing coeff token as specified in

subclause 9.2.1.

The following thenlapplies:

— If the numbér-0f non-zero transform coefficient levels TotalCoeff( coeff token ) is equal to 0, the list codffLevel (in
whichall)transform coefficient level values are equal to 0) is returned and no further steps are carried gut.

— Otherwise, the following steps are carried out:

a. The non-zero transform coefficient levels are derived by parsing trailing ones sign flag, level jprefix, and

level suffix as specified in subclause 9.2.2.

bh__The runs of zero transform coefficient levels hefore each non-zero transform coefficient level arelderived by

parsing total zeros and run_before as specified in subclause 9.2.3.

c. The level and run information are combined into the list coeffLevel as specified in subclause 9.2.4.
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9.2.1 Parsing process for total number of non-zero transform coefficient levels and number of trailing

ones

Inputs to this process are bits from slice data, a maximum number of non-zero transform coefficient levels maxNumCoeff,
the luma block index luma4x4BlkIdx or the chroma block index chroma4x4BIlkIdx,cb4x4Blkldx or cr4x4BIkIdx of the
current block of transform coefficient levels.

Outputs of this process are TotalCoeff( coeff token ), TrailingOnes( coeff token ), and the variablenC,

The syntay element coeff token is decoded using one of the six VLCs specified in the six right-most columns of Tableé-9t
Each VL({ specifies both TotalCoeff( coeff token ) and TrailingOnes( coeff token ) for a given codeword coeff)tok

Theselecti
—  Ifthe
—  Other

1. When the CAVLC parsing process is invoked for Intral6x16DCLevel, luma4x4BIkldx is set-equal to 0.

2. (
3. (

4. The variables blkA and blkB are derived as follows:

pn of the applicable column ofTable 9-5is determined by a variable nC. The value of nCis derived as fellows:
ICAVLC parsing process is invoked for ChromaDCLevel, nC is set equal to —1,

wise, the following ordered steps are performed:

void)
void)

en.

[he variable availableFlagN with N beingreplaced by A and B is derived as follows:

or N being replacedbyA and B, when availableFlagN is equal to 1, the variable nN is derived as follows:

— If the CAVLC parsing process is invoked for Intral6x16DCLevel,\Jhtral 6x16ACLevel, or LumaLevel4x4, the
process specified in subclause 6.4.11.4 is invoked with luma4x4Blkldx as the input, and the output|is
assigned to mbAddrA, mbAddrB, luma4x4BIkldxA, and\luma4x4BlkldxB. The 4x4 luma block specified
by mbAddrA\luma4x4BlkldxA is assigned toblkAy' and the 4x4 luma block specified [by
mbAddrB\luma4x4BlkIdxB is assigned to blkB.

— Otherwise (the CAVLC parsing process is invoked for ChromaACLevel), the process specified |in
subclause 6.4.11.5 is invoked with chroma4x4Blkldx as input, and the output is assigned to mbAddifA,
mbAddrB, chroma4x4BlkldxA, and chroma4x4BlkldxB. The 4x4 chroma block specified by
mbAddrA\iCbCr\chroma4x4BlkIdxA .i§) assigned toblkA, and the 4x4 chroma block specified by
mbAddrB\iCbCr\chroma4x4BlkIdxBlis assigned to blkB.

— If any of the following conditiens are true, availableFlagN is set equal to 0:
— mbAddrN is not available,

— Otherwise, availableFlagN is set equal to 1.

— If any of the fellowing conditions are true, nN is set equal to O:
— The 'macroblock mbAddrN has mb_type equal to P_Skip,

~-The macroblock mbAddrN has mb_type not equal to I PCM and all AC residual transform coeffici¢nt
levels of the neighbouring block bIkN are equal to0 due to the corresponding bit |of
CodedBlockPatternLuma or CodedBlockPatternChroma being equal to 0.

132

— Otherwise, if mbAddrN is an I PCM macroblock, nN is set equal to 16.

— Otherwise, nN is set equal to the value TotalCoeff( coeff token ) of the neighbouring block blkN.

NOTE - The values nA and nB that are derived using TotalCoeff( coeff token ) do not include the DC transform
coefficient levels in Intra 16x16 macroblocks or DC transform coefficient levels in chroma blocks, because these
transform coefficient levels are decoded separately. When the block above or to the left belongs to an Intra 16x16
macroblock, nA ornB is the number of decoded non-zero AC transform coefficient levels for the adjacent 4x4 block
in the Intra_16x16 macroblock. When the block above or to the left is a chroma block, nA or nB is the number of
decoded non-zero AC transform coefficient levels for the adjacent chroma block.
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NOTE — When parsing for Intral6x16DCLevel the values nA and nB are based on the number of non-zero transform
coefficient levels in adjacent 4x4 blocks and not on the number of non-zero DC transform coefficient levels in
adjacent 16x16 blocks.

7. The variable nC is derived as follows:

— If availableFlagA is equal to 1l and availableFlagB is equal to 1, the variable nC is set equal to
(nA+nB+1)>>1.

— Otherwise, if availableFlagA is equal to 1 (and availableFlagB is equal to 0), the variable n€C-jf set equal
to nA.

— Otherwise, if availableFlagB is equal to 1 (and availableFlagA is equal to 0), the variablenC is set equal to nB.
— Otherwise (availableFlagA is equal to 0 and availableFlagB is equal to 0), the variable.iC is set equgl to O.

When maxNumCoeff is equal to 15, it is a requirement of bitstream conformance that the valueof TotalCoeff( coeff token )
rejulting from decoding coeff token shall not be equal to 16.
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Table 9-5 — coeff_token mapping to TotalCoeff( coeff token ) and TrailingOnes( coeff token )

134

:::EBQ %Q 0<=nC<2 2<=nC<4 4<=nC<8 | 8<=nC [ nC==-1
0 0 1 11 1111 000011 | 01
0 1 0001 01 0010 11 0011 11 0000 00 | 0001 11
1 1 01 10 1110 000001 | 1
0 2 0000 0111 0001 11 0010 11 0001 00 ,|\0001 00
1 2 0001 00 00111 01111 0001101 | 0001 10
2 2 001 011 1101 0001 10 | 001
0 3 0000 0011 1 0000 111 0010 00 001000 | 0000 11
1 3 0000 0110 0010 10 01100 001001 | 0000011
2 3 0000 101 0010 01 0110 0010 10 | 0000 010
3 3 0001 1 0101 1100 0010 11 | 0001 01
0 4 0000 0001 11 0000 0111 0001 111 0011 00 | 0000 10
1 4 0000 0011 O 0001 10 01010 0011 01 | 00000011
2 4 0000 0101 0001 O 0101 1 0011 10 | 0000 0010
3 4 0000 11 0100 1011 0011 11 | 0000 000
0 5 0000 0000 111 0000 0100 0001 011 010000 | -
1 5 0000 0001 10 0000 110 01000 010001 | -
2 5 0000 0010:% 0000 101 0100 1 010010 | -
3 5 0000 100 00110 1010 010011 | -
0 6 0000°0000 0111 1 0000 0011 1 0001 001 010100 | -
1 6 0000 0000 110 0000 0110 0011 10 010101 | -
2 6 0000 0001 01 0000 0101 0011 01 010110 | -
3 6 0000 0100 0010 00 1001 010111 | -
0 7 0000 0000 0101 1 0000 0001 111 0001 000 011000 | -
1 7 0000000001110 000000110 001010 011001 =
2 7 0000 0000 101 0000 0010 1 0010 01 011010 | -
3 7 0000 0010 0 0001 00 1000 011011 | -
0 8 0000 0000 0100 0 0000 0001 011 0000 1111 011100 | -
1 8 0000 0000 0101 0 0000 0001 110 0001 110 011101 | -
2 8 0000 0000 0110 1 0000 0001 101 0001 101 011110 | -
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Table 9-5 — coeff_token mapping to TotalCoeff( coeff token ) and TrailingOnes( coeff token )

:::EBQ %Q 0<=nC<2 2<=nC<4 4<=nC<8 | 8<=nC | nC -1
3 8 0000 0001 00 0000 100 01101 011111 | -
0 9 0000 0000 0011 11 0000 0000 1111 0000 1011 1000 00 |
1 9 0000 0000 0011 10 0000 0001 010 0000 1110 100001 -
2 9 0000 0000 0100 1 0000 0001 001 0001 010 1000 10 | -
3 9 0000 0000 100 0000 0010 0 0011 00 1000 11 | -
0 10 0000 0000 0010 11 0000 0000 1011 0000 0111 1001 00 | -
1 10 0000 0000 0010 10 0000 0000 1110 000021010 100101 | -
2 10 0000 0000 0011 01 0000 0000 1101 0000 1101 1001 10 | -
3 10 0000 0000 0110 0 0000 0001 100 0001 100 1001 11 | -
0 11 0000 0000 0001 111 0000 0000 1000 0000 0101 1 101000 | -
1 11 0000 0000 0001 110 | 0000 0600°1010 000001110 101001 | -
2 11 0000 0000 0010 01 0000-0000 1001 0000 1001 101010 | -
3 11 0000 0000 0011 00 0000 0001 000 0000 1100 101011 | -
0 12 0000 0000 000150.L1 0000 0000 0111 1 0000 0100 0 101100 | -
1 12 0000 0000-0001 010 | 0000 0000 0111 0 0000 0101 0 101101 | -
2 12 0000 0000°0001 101 0000 0000 0110 1 00000110 1 101110 | -
3 12 0000 0000 0010 00 0000 0000 1100 0000 1000 101111 | -
0 13 0000 0000 0000 1111 | 0000 0000 0101 1 0000 0011 01 | 110000 | -
1 13 0000 0000 0000 001 0000 0000 0101 0 0000 0011 1 110001 | -
2 13 0000 0000 0001 001 0000 0000 0100 1 0000 0100 1 1100 10 | -
3 13 0000 0000 0001 100 | 0000 0000 0110 0 000001100 1100 11 | -
0 14 0000 0000 0000 1011 | 0000 0000 0011 1 0000 001001 | 110100 | -
1 14 0000 0000 0000 1110 | 0000 0000 0010 11 | 0000 0011 00 | 110101 | -
2 14 000000000000 1101 0000000000110 0000001011 110110 { -
3 14 0000 0000 0001 000 | 0000 0000 0100 0 0000 001010 | 110111 | -
0 15 0000 0000 0000 0111 | 0000 0000 0010 01 | 0000 0001 01 | 111000 | -
1 15 0000 0000 0000 1010 | 0000 0000 0010 00 | 0000 001000 | 111001 | -
2 15 0000 0000 0000 1001 | 0000 0000 0010 10 | 00000001 11 | 111010 | -
3 15 0000 0000 0000 1100 | 0000 0000 0000 1 0000 0001 10 | 111011 | -
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Table 9-5 — coeff_token mapping to TotalCoeff( coeff token ) and TrailingOnes( coeff token )

8 | ==
52 | &
== = 0<=nC<2 2<=nC<4 4<=nC<8 | 8<=nC [ nC==-1
£ g
s @ S @
=R =3
0 16 0000 0000 0000 0100 | 0000 0000 0001 11 0000 0000 01 111100 | -
1 16 0000 0000 0000 0110 | 0000 0000 0001 10 | 0000 0001 00 | 111101 | -
2 16 0000 0000 0000 0101 | 0000 0000 0001 01 0000 0000 11 111110 | -
3 16 0000 0000 0000 1000 | 0000 0000 0001 00 | 0000 0000 10 | 1111 11 ,\»
9.2.2 Pprsing process for level information

Inputs to tlis process are bits from slice data, the number of non-zero transform coefficient levels TotalCoeff( coeff token ),
and the number of trailing one transform coefficient levels TrailingOnes( coeff token.).

Output of this process is a list with name level Val containing transform coefficient levels.

Initially anfindex i is set equal to 0. Then, when TrailingOnes( coeff token\).s not equal to 0, the following ordered steps gre
applied TrgilingOnes( coeff token ) times to decode the trailing one transferm coefficient levels:

1. A 1-bit syntax element trailing ones sign flag is decoded atid*evaluated as follows:
— Iftrailing_ones _sign flag is equal to 0, levelVal[ i ] is'set equal to 1.
— (therwise (trailing_ones_sign_flag is equal to 1), [evelVal[ i ] is set equal to —1.
2. Th¢ index i is incremented by 1.
Then, the Yariable suffixLength is initialised as follows:

—  If TofalCoeff( coeff token ) is greater than'10 and TrailingOnes( coeff token ) is less than 3, suffixLength is set equal
to 1.

—  Othenwise (TotalCoeff( coeff token ) is less than or equal to 10 or TrailingOnes( coeff token ) is equal to 3),
suffixLength is set equal to 0.

Then, wheh Total Coeff( coeff-foken ) — TrailingOnes( coeff token ) is not equal to 0, the following ordered steps are applied
TotalCoefff coeff token )~ TrailingOnes( coeff token ) times to decode the remaining non-zero level values:

1. Thg¢ syntax elemént level prefix is decoded as specified in subclause 9.2.2.1.
2. Th¢ variable.levelSuffixSize is set as follows:

— Ifiével prefix is equal to 14 and suffixLength is equal to 0, levelSuffixSize is set equal to 4.

— Otherwise, if level prefix is equal to 15, levelSuffixSize is set equal tolevel prefix — 3.
— Otherwise, levelSuffixSize is set equal to suffixLength.
3. The syntax element level suffix is decoded as follows:

— IflevelSuffixSize is greater than 0, the syntax element level suffix is decoded as unsigned integer representation
u(v) with levelSuffixSize bits.

— Otherwise (levelSuffixSize is equal to 0), the syntax element level suffix is inferred to be equal to O.
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4. The variable levelCode is set equal to (level prefix << suffixLength ) + level suffix.
5. (void)

6. (void)

7.

When the index i is equal to TrailingOnes( coeff token ) and TrailingOnes( coeff token ) is less than 3, levelCode is
incremented by 2.

8. The variable levelVal[ i ] is derived as follows:

— IflevelCode is an even number, levelVal[ i ] is set equal to ( levelCode + 2 ) >> 1.

— Otherwise (levelCode is an odd number), levelVal] i ] is set equal to ( —levelCode — 1) >> 1«
9. When suffixLength is equal to 0, suffixLength is set equal to 1.

10. When the absolute value of levelVal[ i ] is greater than ( 3 << ( suffixLength — 1 ) ) and suffixLength is |ess than 6,
suffixLength is incremented by 1.

11. The index i is incremented by 1.

9.2.2.1 Parsing process for level_prefix
Inputs to this process are bits from slice data.
Ovtput of this process is level prefix.

The parsing process for this syntax element consists in reading the bits starting at the current location in the bitsfream up to
and including the first non-zero bit, and counting the number af\leading bits that are equal to 0. This process is gpecified as
follows:

leadingZeroBits = —1

for( b = 0; !b; leadingZeroBits++ ) 9-4)
b =read bits( 1)

level prefix = leadingZeroBits

Table 9-6 illustrates the codeword table for level prefix.
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Table 9-6 — Codeword table for level prefix (informative)

level_prefix | bit string
0 1
1 01
2 001
3 0001
4 0000 1
5 0000 01
6 0000 001
7 0000 0001
8 0000 0000 1
9 0000 0000 01
10 0000 0000 001
11 0000 0000 0001
12 0000 0000 00001
13 0000 00000000 01
14 00000000 0000 001
15 0000 0000 0000 0001
9.2.3 Pprsing process for run informatien
Inputs to tlis process are bits from slice data, the number of non-zero transform coefficient levels TotalCoeff( coeff token ),
and the maximum number of non-zero transform coefficient levels maxNumCoeff.
Output of fthis process is a list of runs.of zero transform coefficient levels preceding non-zero transform coefficient levgls
called runVYal.
Initially, afp index i is set equalte*0.
The variable zerosLeft is<lerived as follows:
—  If the|number @of hon-zero transform coefficient levels TotalCoeff( coeff token ) is equal to the maximum number |of
non-zpro transform coefficient levels maxNumCoeff, a variable zerosLeft is set equal to 0.
—  Othervise (the number of non-zero transform coefficient lev
number of non-zero transform coefficient levels maxNumCoe
value.

The variable tzVicIndex is setequal to TotalCoeff( coeff token ).

The VLC used to decode total zeros is derived as follows:

—  If maxNumCoeff is equal to 4, one of the VLCs specified in Table 9-9 is used.

—  Otherwise (maxNumCoeff is not equal to 4), VLCs from Tables 9-7 and 9-8 are used.
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1. The variable runVal[ i ] is derived as follows:
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— If zerosLeft is greater than zero, a value run_before is decoded based on Table 9-10 and zerosLeft. runVal[ i | is set

equal to run_before.

— Otherwise (zerosLeft is equal to 0), runVal[ i ] is set equal to 0.

2. The value of runVal[ i ] is subtracted from zerosLeft and the result is assigned to zerosLeft. It is a reqy
bitstream conformance that the result of the subtraction shall be greater than or equal to 0.
3. The index i is incremented by 1.
hally the value of zerosLeft is assigned to runVal[ i ].
Table 9-7 — total_zeros tables for 4x4 blocks with tzVicIndex 1 to7
total_zeros tzVlcIndex
1 2 3 4 5 6 7
0 1 111 0101 00011 | O161 0000 01 | 0000 01
1 011 110 111 111 0100 0000 1 0000 1
2 010 101 110 0101 0011 111 101
3 0011 100 101 0100 111 110 100
4 0010 011 0100 110 110 101 011
5 0001 1 0101 0011 101 101 100 11
6 00010 0100 100 100 100 011 010
7 0000 11 0011 011 0011 011 010 0001
8 0000 10 0010 0010 011 0010 0001 001
9 0000 011 0001 1 0001 1 0010 00001 | 001 0000 00
10 0000 010 00010 | 00010 | 00010 | 0001 000000 | -
k1 0000 0011 0000 11 | 000001 [ 00001 | 00000 | - -
12 0000 0010 0000 10 | 0000 1 00000 | - - -
13 0000 0001 1 | 000001 [ 000000 | - - - -
14 0000 0001 0 | 0000 00 | - - - - -
15 000000001 | - - - - - -
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Table 9-8 — total_zeros tables for 4x4 blocks with tzVicIndex 8 to 15

total_zeros tzVlcIndex
8 9 10 11 12 13 14115

0 0000 01 | 000001 [ 0000 1 | 0000 | 0000 [ 000 | 00 | O
1 0001 0000 00 | 00000 | 0001 [ 0001 | 001 | O1 | 1
2 00001 | 0001 001 001 | 01 1 1 |-
3 011 11 11 010 |1 01 | - -
4 11 10 10 1 001 | - - -
5 10 001 01 o1t | - - - -
6 010 01 0001 - - - - {
7 001 00001 | - - - - L -
8 0000 00 | - - - - - - -

Table 9-9 — total_zeros tables for chroma DC 2x2,(4:2:0 chroma sampling)

tzVicIndex

total_zeros
1 2 3
0 1 1 1
1 01 01 0
2 001 00 -
3 000 - -
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9.

In
no

run_before | zerosLeft
112 |3 |4 5 6 >6
0 1|1 i |1 11 | 111
1 0|01]|10| 10 |10 | 000 | 110
2 - 100| 01|01l |oOLl]o001]| 101
3 - |- 1001 001|010 0Ll | 100
4 - - - {000 | 001 | 010 | O11
5 - - - |- 000 | 101 | 010
6 - - - |- - 100 | 001
7 - - - |- - - 0001
] - - |- - - 00001
9 - - - |- - : 000001
10 - - - |- < - 0000001
11 - - - |- - - 00000001
12 - - - N - - 000000001
13 - -l - - - 0000000001
14 afr - |- - - 00000000001

.4 Combining level and rug information

but to this process are a list of transform coefficient levels called levelVal, a list of runs called runVal, and the|number of
n-zero transform coefficientdevels TotalCoeff( coeff token ).

Output of this process is@n list coeffLevel of transform coefficient levels.

A
stq

variable coeffNum,is' set equal to —1 and an index i is set equal to TotalCoeff( coeff token ) — 1. The following ordered

ps are then applied TotalCoeff( coeff token ) times:

1. coeffNum is incremented by runVal[ i ] + 1.

2. coeffLevel[ coeffNum ] is set equal to levelVal[ i ].

3v7) The index i is decremented by 1.
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Annex A
(normative)

Profiles and levels

Profiles anld levels specify restrictions on bitstreams and hence limits on the capabilities needed to decode the bitstrear]
Profiles anfl levels may also be used to indicate interoperability points between individual decoder implementations.

NOTE
interop

Each profi

- This International Standard does not include individually selectable "options" at the decoder, as this~would incre
erability difficulties.

profile. All specifications that are not specified by the profile in this Annex shall be considered informative.

NOTE

+ Encoders are not required to make use of any particular subset of features supported in a prefile. This text is derived fi

ISO/IE( 14996-10 and is intended to only specify Constrained Baseline profile.

Each level[specifies a set of limits on the values that may be taken by the syntax elements ©f)this International Standard. Tj
same set of level definitions is used with all profiles, but individual implementations niay) support a different level for eg

supported

Al
Capabiliti

profile. For any given profile, levels generally correspond to decoder processing load and memory capability.

Requirements on video decoder capability

gs of video decoders conforming to this International Standard aré specified in terms of the ability to decode vid

streams copforming to the constraints of profiles and levels specified in this annex. For each such profile, the level support
for that prqfile shall also be expressed.

Specific vglues are specified in this annex for the syntax elements profile idc and level idc. All other values of profile
and level idc are reserved for future use by ITU-T | ISO/IEC;

NOTE

+ Decoders should not infer that when a reserved yalue of profile idc or level idc falls between the values specified in t

Internat{onal Standard that this indicates intermediate capabilities between the specified profiles or levels, as there are no restrictions
the method to be chosen by ITU-T | ISO/IEC for the use'6f such future reserved values.

A2

All constra

Brofiles

are activatgd in the bitstream. All constraints for sequence parameter sets that are specified in subclause A.2.1 are constrai
for sequenge parameter sets that arg agtivated in the bitstream.

A.2.1 Cpnstrained Baseline-profile

Bitstream

s|conforming to(the’Constrained Baseline profile shall obey the following constraints:

—  Only] and P slieertypes may be present.

—  NAL pnit streams shall not contain nal unit type values in the range of 2 to 4, inclusive.

—  Arbitfary slice order is not allowed.

ns.

e specifies a subset of algorithmic features and limits that shall be supported by all decodets; conforming to that

m

he
ch

dc

his

ints for picture parameter set§ that are specified in subclause A.2.1 are constraints for picture parameter sets that

nts

- Seunlle Pardiicicr SCs bhdi‘l ‘lldVC ﬁa[uc_[ubb_uu'ly_ﬁag cqual Lo 1

—  Picture parameter sets shall have num_slice groups minus! equal to 0 only.

—  Picture parameter sets shall have redundant pic cnt present flag equal to 0 only.

—  Picture parameter sets shall have weighted pred flag and weighted bipred idc both equal to 0.

—  Picture parameter sets shall have entropy _coding mode flag equal to 0.

—  The syntax element level prefix shall not be greater than 15 (when present).
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The syntax elements pcm sample luma[i], with 1=0.255 ~and pcm sample chroma[
1=0..2 * MbWidthC * MbHeightC — 1, shall not be equal to 0 (when present).

The level constraints specified for the Constrained Baseline profile in subclause A.3.1 shall be fulfilled.

i], with

Conformance of a bitstream to the Constrained Baseline profile is indicated by profile idc being equal to 66 with
constraint_setl flag being equal to 1. Alternatively, bitstreams conforming to this Specification may indicate conformance to
the Constrained Baseline profile by profile idc being equal to 77 with constraint set0 flag being equal to 1 or by

be

Dg

profile idc

ng equal to 88 with both constraint set0 flag and constraint set! flag being equal to 1.

which all of the following are true:

As
co

Al

profile idc is equal to 66 or constraint set0 flag is equal to 1,
constraint_setl flag is equal to 1,

level idc and constraint set3 flag represent a level less than or equal to the specified leye]x

hforming AVC Constrained Baseline Profile decoder as defined in ISO/IEC 14496+10,

ngcessary for conformance to Constrained Baseline Profile shall be.€onsidered informative.

3 Levels

B.1 General

THe following is specified for expressing the constraints in this annex.

Bi

Let access unit n be the n-th access unit in decoding otder with the first access unit being access unit 0.

Let picture n be the primary coded picture or the cetresponding decoded picture of access unit n.
t the variable fR be derived as follows:
fR is set equal to 1 + 172.

fstreams conforming to the Constrained Baseline profile at a specified level shall obey the following constraints:

MaxMBPS is the valug specified in Table A-1 that applies to picture n — 1 and PicSizeInMbs is the
macroblocks in picture n — 1.

b) The differeneebetween consecutive output times of pictures from the DPB as specified in subclause C.2

Table Azl~for picture n and PicSizeInMbs is the number of macroblocks of picture n, provided that pi
picturethat is output and is not the last picture of the bitstream that is output.

c) Jhe' sum of the NumBytesInNALunit variables for access unit 0 1is less than or
384 *( Max( PicSizeInMbs, fR * MaxMBPS ) + MaxMBPS * (t(0)—t.,(0)) )+ MinCR, where Max

coders conforming to the Constrained Baseline profile at a specific level shall be capable of decoding all bifstreams in

defined here, a conforming Web Video Coding decoder is able to decode all bitstreams that can be dedoded by a

| parts of this International Standard that are not part of the set‘of technical specificationg that are

a) The nominal removal timetof access unit n with n > 0 from the CPB as specified in subclause C.1.2, satisfies the
constraint that t.,(n )y=#(n—1) is greater than or equal to Max( PicSizeInMbs + MaxMBPS, {R), where

number of

2, satisfies

the constrdint-that At,g4,,( n ) >= Max( PicSizeInMbs + MaxMBPS, fR ), where MaxMBPS is the value gpecified in

ture n is a

equal to
MBPS and

MinCR are the values specified in Table A-1 that apply to picture 0 and PicSizeInMbs is the number of macroblocks

1 picture 0.

d) The sum of the NumBytesInNALunit variables for access unit n with n > 0 is less than or equal to
384 * MaxMBPS * (t(n)—t(n—1))+MinCR, where MaxMBPS and MinCR are the values specified in

Table A-1 that apply to picture n.
e) PicWidthInMbs * FrameHeightInMbs <= MaxFS, where MaxFSs is specified in Table A-1
f) PicWidthInMbs <= Sqrt( MaxFS * 8 )

© ISO/IEC 2015 — All rights reserved

143


https://standardsiso.com/api/?name=80c7fbc0583b36a7ae10b89c0957f87e

ISO/IEC 14496-29:2015(E)

g)
h)

),

k)

D

144

FrameHeightInMbs <= Sqrt( MaxFS * 8 )

max_dec frame buffering <= MaxDpbFrames, where MaxDpbFrames is equal to
Min( MaxDpbMbs / ( PicWidthInMbs * FrameHeightInMbs ), 16 ) and MaxDpbMbs is given in Table A-1.

For the VCL HRD parameters, BitRate[ SchedSelldx | <= 1000 * MaxBR and CpbSize[ SchedSelldx ] <= 1000 *
MaxCPB for at least one value of SchedSelldx, where BitRate[ SchedSelldx ] and CpbSize[ SchedSelldx ] are given
as_follows:

—|  If vcl hrd parameters present flag is equal to 1, BitRate[ SchedSelldx ] and CpbSize[ SchedSelldx ]-are
given by Equations E-37 and E-38, respectively, using the syntax elements of the hrd parameters(\))synfax
structure that immediately follows vcl _hrd parameters present flag.

— Otherwise  (vcl_hrd parameters present flag is equal to 0), BitRate[ SchedSelldx] and
CpbSize[ SchedSelldx ] are inferred as specified in subclause E.2.2 for VCL HRD parameters:

MaxBR and MaxCPB are specified in Table A-1 in units of 1000 bits/s and 1000 bits, respectively. The bitstreqm
shall satisfy these conditions for at least one value of SchedSelldx in the range 0 to cpb_ent minusl, inclusive.

For the NAL HRD parameters, BitRate[ SchedSelldx | <= 1200 * MaxBR and CpbSiz¢[ SchedSelldx | <= 1200 *
MaxCPB for at least one value of SchedSelldx, where BitRate[ SchedSelldx ] and CpbSize[ SchedSelldx ] are giyen
aq follows:

—| If nal hrd parameters present flag is equal to 1, BitRate[ SchedSelldx ] and CpbSize[ SchedSelldx | are
given by Equations E-37 and E-38, respectively, using the syntaX.elements of the hrd parameters() synfax
structure that immediately follows nal hrd parameters present)fldg.

- Otherwise  (nal hrd parameters present flag is cequal to 0), BitRate[ SchedSelldx] and
CpbSize[ SchedSelldx ] are inferred as specified in subelause E.2.2 for NAL HRD parameters.

MaxBR and MaxCPB are specified in Table A-1 in units*of 1200 bits/s and 1200 bits, respectively. The bitstreqm
shall satisfy these conditions for at least one value of SchedSelldx in the range 0 to cpb_cnt_minusl.

The vertical motion vector component range for luma motion vectors does not exceed MaxVmvR in units of lumna
frame samples, where MaxVmvR is specified ithFable A-1

The horizontal motion vector range does:not exceed the range of —2048 to 2047.75, inclusive, in units of luma
samples

Lgt setOf2Mb be the set of unsorted pairs of macroblocks that contains the unsorted pairs of macroblogks
(mbA, mbB) of a coded video séquence for which any of the following conditions are true:

- mbA and mbB are m@creblocks that belong to the same slice and are consecutive in decoding order,

- mbaA is the lastimaeroblock (in decoding order) of aslice, and mbB is the first macroblock (in decoding ordgr)
of the next slicein decoding order,

NOTE#The macroblocks mbA and mbB can belong to different pictures.

For each unsorted pair of macroblocks (mbA, mbB) of the set setOf2Mb, the total number of motion vectors (given
by the sum of the number of motion vectors for macroblock mbA and the number of motion vectors for macroblgck

B)‘does not exceed MaxMvsPer2Mb, where MaxMvsPer2Mb is specified in Table A-1. The number of motion
vgctots for each macroblock is the value of the variable MvCnt after the completion of the intra or inter predictjon
process for the macroblock.

NOTE - The constraint specifies that the total number of motion vectors for two consecutive macroblocks in
decoding order must not exceed MaxMvsPer2Mb.

The number of bits of macroblock layer( ) data for any macroblock is not greater than 3200. The number of bits of
macroblock layer() data is given by the number of bits in the macroblock layer() syntax structure for a
macroblock.
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Table A-1 specifies the limits for each level. A definition of all levels identified in the "Level number" column of Table A-1
is specified for the Constrained Baseline profile. Each entry in Table A-1 indicates, for the level corresponding to the row of
the table, the absence or value of a limit that is imposed by the variable corresponding to the column of the table, as follows:

—  If the table entry is marked as "-", no limit is imposed by the value of the variable as a requirement of bitstream
conformance to the profile at the specified level.

— __ Otherwise, the table entry specifies the value of the variable for the associated limit that is imposed as a requirement of
bitstream conformance to the profile at the specified level.

Fdr purposes of comparison of level capabilities, a level shall be considered to be a lower (higher) level than.some|other level
if the level appears nearer to the top (bottom) row of Table A-1 than the other level.

In| bitstreams conforming to the Constrained Baseline profile, the conformance of the bitstream 6" a specifipd level is
inglicated by the syntax elements level idc and constraint set3 flag as follows:

— | Iflevel idcisequal to 11 and constraint set3 flag is equal to 1, the indicated level is lexel1b.

— | Otherwise (level idc is not equal to 11 or constraint set3 flag is not equal to 1),level idc is equal to a vpalue of ten
times the level number (of the indicated level) specified in Table A-1.
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Table A-1 — Level limits

Level Max Max Max Max Max Vertical MV Min Max number of
number| macroblock | frame decoded video CPB size component |(compression| motion vectors
processing size picture |bit rate MaxBR MaxCPB range ratio per two
rate MaxFS | buffer size | (1000 bits/s or | (1000 bits or MaxVmvR MinCR |consecutive MBs
MaxMBPS | (MBs) |MaxDpbMbs| 1200 bits/s) 1200 bits) (luma frame MaxMyvsPer2Mb
(MB/s) (MBs) samples)
1 1 485 99 396 64 175 [-64,+63.75] 2 -
1b 1 485 99 396 128 350 [-64,+63.75] 2 -
1.1 3000 396 900 192 500 [-128,+127.75] 2 -
1.2 6 000 396 2376 384 1 000 [-128,+127.75] 2 -
1.3 11 880 396 2376 768 2 000 [-128,+127779] 2 -
2 11 880 396 2376 2 000 2 000 [-128,+127.75] 2 -
2.1 19 800 792 4752 4 000 4 000 [#256;,+255.75] 2 -
2.2 20 250 1 620 8 100 4 000 4 000 [256,+255.75] 2 -
3 40 500 1 620 8100 10 000 10 000 [-256,+255.75] 2 32
3.1 108 000 3 600 18 000 14 000 14-600 [-512,+511.75] 4 16
3.2 216 000 5120 20 480 20 000 20 000 [-512,+511.75] 4 16
4 245 760 8192 32 768 20 000 25 000 [-512,+511.75] 4 16
4.1 245 760 8192 32 768 50 000. 62 500 [-512,+511.75] 2 16
4.2 522 240 8704 34 816 50 000 62 500 [-512,+511.75] 2 16
5 589 824 22 080 110 400 135 000 135000 [-512,+511.75] 2 16
5.1 983 040 36 864 184 320 240 000 240 000 [-512,+511.75] 2 16
Levels with non-integer level numbers in Table A-1 are referred to as "intermediate levels".
NOTE - All levels have the same Status, but some applications may choose to use only the integer-numbered levels.
Informativg subclause A.3:2'shows the effect of these limits on frame rates for several example picture formats.
In bitstreams conforming to the Constrained Baseline profile, (xIntp,— xInty, + 6) * (ylnty,— ylnty, +6)
MaxSubMpRectSizesin macroblocks coded with mb type equal to P_8x8 or P_8x8ref0 for all invocations of the procgss
specified in subclause 8.4.2.2.1 used to generate the predicted luma sample array for a single reference picture list (refererjce
picture list=.0) for each 8x8 sub-macroblock with the macroblock partition index mbPartldx, where
§ . ) R o o Constrained

NumSub tHb—
Baseline profile and

—  xInty, is the minimum value of xInt; among all luma sample predictions for the sub-macroblock
—  xInty,, is the maximum value of xInt; among all luma sample predictions for the sub-macroblock

—  ylnt,y, is the minimum value of yInt; among all luma sample predictions for the sub-macroblock

yInty,, is the maximum value of yInt; among all luma sample predictions for the sub-macroblock
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Table A-2 specifies limits for each level that are specific to bitstreams conforming to the Constrained Baseline profile. Each
entryin Table A-2 indicates, for the level corresponding to the row of the table, the absence or value of a limit that is imposed
by the variable corresponding to the column of the table, as follows:

—  If the table entry is marked as "-", no limit is imposed by the value of the variable as a requirement of bitstream
conformance to the profile at the specified level.

- Otherwise, the table entry specifies the value of the variable for the associated limit that is imposed as a requirement of

bitstream conformance to the profile at the specified level.
Table A-2 —Constrained Baseline profile level limits
Level number | MaxSubMbRectSize

1 576

1b 576

1.1 576

1.2 576

1.3 576

2 576

2.1 576

2.2 576

3 576

3.1 -

3.2 -

4 -

4.1 -

4.2 -

5 -

5.1 -

© ISO/IEC 2015 — All rights reserved 147


https://standardsiso.com/api/?name=80c7fbc0583b36a7ae10b89c0957f87e

ISO/IEC 14496-29:2015(E)

A.3.2 Effect of level limits on frame rate (informative)

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

Table A-3 — Maximum frame rates (frames per second) for some example frame sizes

Level: 1 1b 1.1 1.2 13 2 2.1
Max framg size (macroblocks): 99 99 396 396 396 396 792
Max macrpblocks/second: 1485 1485 3000 6000 11 880 11 880 19 800
Max framg size (samples): 25 344 25 344 101 376 101 376 101 376 101376 202 752
Max sampjles/second: 380 160 380 160 768 000 1536000[ 3041280| 3041280 5068 800
Luma| Luma MBs Luma

Format Width | Height Total | Samples

SQCIF 128 96 48 12288 30.9 30.9 62.5 125.0 172.0 172.0 172.0
QCIF 176 144 99 25 344 15.0 15.0 30.3 60.6 120.0 120.0 172.0
QVGA 320 240 300 76 800 - - 10.0 20.0 39.6 39.6 66.0
525 SIF 352 240 330 84 480 - - 9.1 18.2 36.0 36.0 60.0
CIF 352 288 396 101 376 - - 7.6 15.2 30.0 30.0 50.0
525 HHR 352 480 660 168 960 - : - - - - 30.0
625 HHR 352 576 792 202 752 - b - - - - 25.0
VGA 640 480 1200 307 200 - - - - - - -
525 4SIF 704 480 1320 337 920 - - - - - - -
525 SD 720 480 1350 345 600 - - - - - - -
4CIF 704 576 1584 405 504 - - - - - - -
625 SD 720 576 1620 414720 - - - - - - -
SVGA 800 600 1900 486 400 - - - - - - -
XGA 1024 768 3072 786 432 - - - - - - -
720p HD 1280 7207\ N3 600 921 600 - - - - - - -
4VGA 1280 960 | 4800| 1228800 - - - - - - -
SXGA 12860 1024 5120] 1310720 - - - - - - -
525 16SIF| 1408 960 5280 1351680 - - - - - - -
16CIF 1408 1152 6336| 1622016 - - - - - - -
4SVGA 1600 1200 7500] 1920000 - - - - - - -
1080 HD 1920 1088 8160 | 2088960 - - - - - - -
2Kx1K 2048 1024 8192| 2097152 - - - - - - -
2Kx1080 2048 1088 8704 | 2228224 - - - - - - -
4XGA 2048 1536| 12288 3145728 - - - - - - -
16VGA 2560 1920 19200] 4915200 - - - - - - -
3616x1536 (2.35:1) 3616 1536 21696| 5554176 - - - - - - -
3672x1536 (2.39:1) 3680 1536 22080| 5652480 - - - - - - -
4Kx2K 4096 2048 | 32768 | 8388608 - - - - - - -
4096x2304 (16:9) 4096 2304 | 36864| 9437184 - - - - - - -
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Level: 2.2 3 3.1 32 4 4.1 4.2
Max frame size (macroblocks): 1620 1620 3600 5120 8192 8192 8 704
Max macroblocks/second: 20 250 40 500 108 000 216 000 245760 245760 522 240
Max frame size (samples): 414 720 414 720 921 600| 1310720| 2097 152| 20974152 2228224
Max samples/second: 518400010368 000 | 27 648 000 | 55 296 000 | 62 914 560 | 62 914 560 | 133 693 440
Luma| Luma MBs Luma

Foyjmat Width | Height Total | Samples

SQCIF 128 96 48 12288 172.0 172.0 172.0 172.0 172.0 172.0 172.0
QJIF 176 144 99 25 344 172.0 172.0 172.0 1720, 172.0 172.0 172.0
QVGA 320 240 300 76 800 67.5 135.0 172.0 172.0 172.0 172.0 172.0
524 SIF 352 240 330 84 480 61.4 122.7 1720 172.0 172.0 172.0 172.0
CIj 352 288 396 101 376 51.1 102.3 172.0 172.0 172.0 172.0 172.0
52§ HHR 352 480 660 168 960 30.7 61.4 163.6 172.0 172.0 172.0 172.0
62§ HHR 352 576 792 202 752 25.6 5.1 136.4 172.0 172.0 172.0 172.0
VGA 640 480 1200 307 200 16.9 33.8 90.0 172.0 172.0 172.0 172.0
529 4SIF 704 480 1320 337 920 15.3 30.7 81.8 163.6 172.0 172.0 172.0
524 SD 720 480 1350 345 600 15.0 30.0 80.0 160.0 172.0 172.0 172.0
4CIF 704 576 1584 405 504 12.8 25.6 68.2 136.4 155.2 155.2 172.0
629 SD 720 576 1620 414 720 12.5 25.0 66.7 133.3 151.7 151.7 172.0
SVGA 800 600 190Q 486 400 - - 56.8 113.7 129.3 129.3 172.0
XGA 1024 768 3072 786 432 - - 35.2 70.3 80.0 80.0 172.0
72(p HD 1280 720 3600 921 600 - - 30.0 60.0 68.3 68.3 145.1
4VGA 1280 960| 4800| 1228800 - - - 45.0 51.2 51.2 108.8
SXGA 1280 1024 5120| 1310720 - - - 42.2 48.0 48.0 102.0
529 16SIF 1408 960 5280| 1351680 - - - - 46.5 46.5 98.9
16¢IF 1408 1152 6336] 1622016 - - - - 38.8 38.8 82.4
4SYGA 1600 1200 7500] 1920000 - - - - 32.8 32.8 69.6
1040 HD 1920 1088 8160 2088960 - - - - 30.1 30.1 64.0
2Kk1K 2048 1024 8192] 2097152 - - - - 30.0 30.0 63.8
2Kk1080 2048 1088 8704 | 2228224 - - - - - - 60.0
4XGA 2048 1536| 12288| 3145728 - - - - - - -
16VGA 2560 1920 19200| 4915200 - - - - - - -
3616x1536 (2.35:1) 3616 1536 21696| 5554176 - - - - - - -
3672x1536 (2.39:1) 3680 1536 22080| 5652480 - - - - - - -
4Kx2K 4096 2048 32768 | 8388608 - - - - - - -
4096x2304 (16:9) 4096 2304| 36864| 9437184 - - - - - - -
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Table A-3 (concluded) — Maximum frame rates (frames per second) for some example frame sizes

Level: 5 5.1
Max frame size (macroblocks): 22 080 36 864
Max macroblocks/second: 589 824 983 040
Max frame siz¢ (samples): 5652480 9437184
Max samples/skcond: 150 994 944 251 658 240
Luma| Luma MBs Luma

Format Width | Height Total | Samples

SQCIF 128 96 48 12 288 172.0 172.0
QCIF 176 144 99 25 344 172.0 172.0
QVGA 320 240 300 76 800 172.0 172.0
525 SIF 352 240 330 84 480 172.0 172.0
CIF 352 288 396 101 376 172.0 172.0
525 HHR 352 480 660 168 960 172.0 172.0
625 HHR 352 576 792 202 752 172.0 172.0
VGA 640 480 1200 307 200 172.0 172.0
525 4SIF 704 480 1320 337 920 172.0 1720
525 SD 720 480 1350 345 600 172.0 172:0
4CIF 704 576 1584 405 504 172.0 172.0
625 SD 720 576 1620 414 720 172.0, 172.0
SVGA 800 600 1900 486 400 192.0 172.0
XGA 1024 768 3072 786 432 172.0 172.0
720p HD 1280 720 3600 921 600, 163.8 172.0
4VGA 1280 960 4800| 112228800 122.9 172.0
SXGA 1280 1024 5120 1'310720 115.2 172.0
525 16SIF 1408 960 5280| 1351680 111.7 172.0
16CIF 1408 1152 6336| 1622016 93.1 155.2
4SVGA 1600 1200 7500| 1920000 78.6 131.1
1080 HD 1920 1088 8160| 2088960 72.3 120.5
2Kx1K 2048 1024 8192| 2097152 72.0 120.0
2Kx1080 2048 1088 8704 | 2228224 67.8 112.9
4XGA 2048 1536| 12288| 3145728 48.0 80.0
16VGA 2560 1920 19200| 4915200 30.7 51.2
3616x1536 2.35h 3616 1536 269615554176 272 453
3672x1536 (2.39:1) 3680 1536| 22080| 5652480 26.7 44.5
4Kx2K 4096 2048| 32768 | 8388608 - 30.0
4096x2304 (16:9) 4096 2304| 36864| 9437184 - 26.7

150
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