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Foreword

ISO

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

Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical

com

mittees established by the respective organization to deal with particular fields of technical

actiyity. TISO and [TEC technical commitieesS collaborate in iields of mutual iniefest. Other
international organizations, governmental and non-governmental, in liaison with ISO~and IEC, also

take
tech

The

part in the work. In the field of information technology, ISO and IEC have established a joint
hical committee, ISO/IEC JTC 1.

procedures used to develop this document and those intended for its>further maintenance are

desgribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria|needed for
the dlifferent types of document should be noted. This document was drafted in accordamce with the

editgrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Atte
of p

ntion is drawn to the possibility that some of the elements.of this document may be|the subject
atent rights. 1ISO and IEC shall not be held responsible-for identifying any or all such patent

rights. Details of any patent rights identified during the development of the document will be in the
Intrgduction and/or on the I1SO list of patent declarations received (see www.iso.org/pateits).

Any

not ¢onstitute an endorsement.

For

trade name used in this document is information given for the convenience of usels and does

an explanation on the meaning of 1ISO© specific terms and expressions related tg conformity

assgssment, as well as information ahgut 1ISO's adherence to the WTO principles in thg Technical

Barr

The
Cod

ISO/
audi

ers to Trade (TBT) see the following URL: Foreword - Supplementary information

committee responsible forthis document is ISO/IEC JTC 1, Information technolggy, SC 29,
ng of audio, picture, multimedia and hypermedia information.

EC 14496 consists.of\the following parts, under the general title Information technology + Coding of
-visual objects:

Part 1. Systems
Part 2: Visual

Patt 37 Audio

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

© ISO/IEC 2015 — All rights reserved Y
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: Advanced Video Coding

Scene description and application engine
ISO base media file format
Intellectual Property Management and Protection (IPMP) extensions

MP4 file format

: Advanced Video Coding (AVC) file format

Animation Framework eXtension (AFX)
Streaming text format

Font compression and streaming
Synthesized texture stream
Lightweight Application Scene Representation (LASeR) and Simple€ Aggregation Format (SAF)
MPEG-J Graphics Framework eXtensions (GFX)
Open Font Format

Symbolic Music Representation

Audio and systems interaction

3D Graphics Compression Model

Audio conformance

3D Graphics conformance

Composite font representation

Web video coding
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Introduction

This International Standard specifies Web Video Coding, a technology that is compatible with the Constrained
Baseling Profife of ISO/TEC T4996-10- Onty the subset that IS specitied i Annex A for the Constrained Baseijne
Profile |is a normative specification, while all remaining aspects are informative. This text is derived frompISQYIEC
14996-1 0, with which the section numbers in this specification are aligned, and that specification may-additiopally
be congulted if desired, as an aid to understanding this Specification.
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2015(E)

Information technology — Coding of audio-visual objects —

Part

29: Web video coding

1 S
This Pa

2 N

The following referenced documents are indispensable for the application of this document. For dated refe

edition
applies

3 D
For the
3.1

3.2

3.3

34

Cope
rt of ISO/IEC 14496 specifies Web Video Coding for coding of audio-visual objects.

brmative references

cited applies. For undated references, the latest edition of the referenced document (including ar
— IS0 11664-1, Colorimetry — Part 1: CIE standard colorimetric observers.
— ISO/IEC 14496-10: Information technology — €oding of audio-visual objects — Part 10: 4
Coding
efinitions
purposes of this document, the following definitions apply:

access unit: A set of NAL unitS\that are consecutive in decoding order and contain exactly ong
picture. In addition to the primary coded picture, an access unit may also contain one auxiliary ¢
other NAL units not containjng slices of a coded picture. The decoding of an access unit always resy
picture.

non-zero.

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

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

rences, only the
y amendments)

Advanced Video

primary coded
bded picture, or
Its in a decoded

AC transform cgefficient: Any transform coefficient for which the frequency index in one or both dimensions is

forming one or
tream or a byte

3.5
3.6

3.7

3.8

[void]

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

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

ignificant bit on

byte-aligned: A position in a bitstream is byte-aligned when the position is an integer multiple of 8 bits from the

© 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 in
Annex B.

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

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

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

coded frame: A coded representation of a frame.
coded picture: A coded representation of a picture.

coded picture buffer (CPB): A first-in first-out buffer containing access units in decodingcorder specifiefl in the
hypothetical reference decoder in Annex C.

coded representation: A data element as represented in its coded form.
[void
coded slice NAL unit: A NAL unit containing a slice that is not a slice of anlauxiliary coded picture.

coded video sequence: A sequence of access units that consists, in deéoding order, of an IDR access unit fpllowed
by zeto or more non-IDR accessunits including all subsequent access.units up to but not including any subsequent
IDR access unit.

comppnent: An array or single sample from one of the three.arrays (luma and two chroma) that make up a frame in
4:2:0 polour format.

DC tijansform coefficient: A transform coefficient forwhich the frequency index is zero in all dimensions.
decoded picture: A decoded picture is derived byrdecoding a coded picture. A decoded picture is a decoded frame.

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

decoder: An embodiment of a decoding-process.

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

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

decoding process/Fhe process specified in this International Standard that reads a bitstream and derives decoded
pictures from it.

[void

display—preeess—A—process-not-specified—n—thisInternational-Standard-having—as—its—nput—the-eropped-decoded
pictures that are the output of the decoding process.

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

encoder: An embodiment of an encoding process.

encoding process: A process, not specified in this International Standard, that produces a bitstream conforming to
this International Standard.
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3.33
3.34

3.35

3.36
3.37

3.38

3.39

3.40

3.41

3.42

3.43

3.44
3.45

3.46

3.47

3.48

3.49
3.50

3.51

3.52

3.53
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flag: A variable that can take one of the two possible values 0 and 1.

frame: A frame contains an array of luma samples and two corresponding arrays of chroma s
format.

amples in 4:2:0

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

frame macroblocks.

[void]

frequency indexAone=timensionat-ortwo=dimensionat-index assoctated witha transformrcoeffi
inverse transform part of the decoding process.

Cient prior to an

hypothetical reference decoder (HRD): A hypothetical decoder model that specifies constraints dn the variability

of conforming NAL unit streams or conforming byte streams that an encoding process mayyproduce

hypothetical stream scheduler (HSS): A hypothetical delivery mechanism for, theytiming and

lata flow of the

input of a bitstream into the hypothetical reference decoder. The HSS is used for-¢hecking the cgnformance of a

bitstream or a decoder.

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

informative: A term used to refer to content provided in this International Standard that is not an| integral part of

this International Standard. Informative content does not establishzany mandatory requirements for
this International Standard.

instantaneous decoding refresh (IDR) access unit: An &cceSs unit in which the primary coded p
picture.

instantaneous decoding refresh (IDR) picture: A coded picture for which the variable IdrPicFl
An IDR picture causes the decoding process to miark all reference pictures as "unused for referen

conformance to

cture is an IDR

he is equal to 1.
ce" immediately

after the decoding of the IDR picture. All_caded pictures that follow an IDR picture in decodifg order can be

decoded without inter prediction from anypicture that precedes the IDR picture in decoding
picture of each coded video sequence in decoding order is an IDR picture.

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

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

brder. The first

current decoded

interpretation sample.value: A possibly-altered value corresponding to a decoded sample valud of an auxiliary
coded picture that may.be generated for use in the display process. Interpretation sample values ar¢ not used in the

decoding process(and have no normative effect on the decoding process.

intra codingtCoding of a block, macroblock, slice, or picture that uses intra prediction.
intra prediction: A prediction derived from the decoded samples of the same decoded slice.
intraslice: See | slice.

inverse transform: A part of the decoding process by which a set of transform coefficients arg

DAlldI-JOITd Vallc O DY WI d O cl U Ut d Onv d IO U cl U

converted into
.oefficients.

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

level: A defined set of constraints on the values that may be taken by the syntax elements and variables of this
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).

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
has three sample arrays, or a 16x16 block of samples of a monochrome picture or a picture that is coded using three
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 of the{ picture
startirlg with zero for the top-left macroblock in a picture.

macroblock location: The two-dimensional coordinates of a macroblock in a picture denoted by (%, y ). |For the
top lefft macroblock of the picture (x,y) is equal to (0, 0). x is incremented by 1 for each ‘macroblock |column
from left to right. y is incremented by 1 for each macroblock row from top to bottom.

macrpblock partition: A block of luma samples and two corresponding blocks of chroma samples resulting from a
partitjoning of a macroblock for inter prediction for a picture that has three sample arrays or a block ¢f luma
samples resulting from a partitioning of a macroblock for inter prediction for a monochrome picture or afpicture
that iy coded using three separate colour planes.

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

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

memgry 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 coordipates in
the decoded picture to the coordinates in a reference:picture.

must:[ A term used in expressing an observatienabout a requirement or an implication of a requirement that is
speciffed elsewhere in this International Standard. This term is used exclusively in an informative context.

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

NAL pnit stream: A sequence of NAL units.
non-reference frame: A frame‘coded with nal_ref idc equal to 0.

non-reference picture{ A picture coded with nal ref idc equal to 0. A non-reference picture is not used for inter
predigtion of any otherpictures.

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

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

P slicg:\A-Slice that may be decoded using intraprediction or inter prediction using at most one motion vegtor and
reference index to predict the sample values of each block.

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

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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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.

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

ement currently

predictive slice: See P slice.

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

primary coded picture: The coded representation of a picture to be used by the decoding proces
conforming to this International Standard. The primary coded picture contains allmacroblocks of
only pictures that have a normative effect on the decoding process are primary ¢oded pictures. e.

profile: A specified subset of the syntax of this International Standard.
quantisation parameter: A variable used by the decoding process forscaling of transform coeffici

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

raster scan: A mapping of a rectangular two-dimensional,pattern to a one-dimensional pattern sy
entries in the one-dimensional pattern are from the first4op row of the two-dimensional pattern scar
right, followed similarly by the second, third, etc., rows of the pattern (going down) each scanned ff|

raw byte sequence payload (RBSP): A syntax Structure containing an integer number of bytes tha
in a NAL unit. An RBSP is either empty or has@he form of a string of data bits containing syntax el
by an RBSP stop bit and followed by zero of\more subsequent bits equal to 0.

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

searching from the end of the RBSP/for the RBSP stop bit, which is the last non-zero bit in the RBSH.

recovery point: A point inthe bitstream at which the recovery of an exact or an approximate reprg
decoded pictures represenited 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 fra
See also referencé picture.

reference index’ An index into a reference picture list.

reference{picture: A picture with nal ref idc not equal to 0. A reference picture contains samp
used for-inter prediction in the decoding process of subsequent pictures in decoding order.

reference picture list: A list of reference pictures that is used for inter prediction of a P slice. H

ents used in the

for a bitstream
the picture. The

ent levels.

peginning of the

ch that the first
ned from left to
pm left to right.

is encapsulated

bments followed

payload (RBSP)
be identified by

sentation of the

me are decoded.

les that may be

or 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 prediction used for

P slices uses reference picture list 0.

reference picture marking: Specifies, in the bitstream, how the decoded pictures are marked for in

ter 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
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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
width and v is vertical height (in arbitrary units of spatial distance).

S.

scaling:

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

shall:(A term used to express mandatory requirements for conformance to this International-Standard. When used
to express a mandatory constraint on the values of syntax elements or on the results obtained by operatiop of the
specified decoding process, it is the responsibility of the encoder to ensure that the coristraint is fulfilled. When
used n reference to operations performed by the decoding process, any decoding-process that produces iflentical
results to the decoding process described herein conforms to the decoding-process requirements |of this
Internptional Standard.

shouldl: A term used to refer to behaviour of an implementation that is enCeuraged to be followed under antjcipated
ordindry circumstances, but is not a mandatory requirement for conformance to this International Standard.

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

slice: [An integer number of macroblocks ordered consecutively in the raster scan within the primary coded picture.
The macroblock addresses are derived from the first macroblock address in a slice (as represented in the slice
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 centaining the data elements pertaining to the first or all macroblocks
represented in the slice.

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

start pode prefix: A uniquésequence of three bytes equal to 0x000001 embedded in the byte stream as a grefix to
each NAL unit. The location/of a start code prefix can be used by a decoder to identify the beginning of a n¢gw NAL
unit and the end of a previous NAL unit. Emulation of start code prefixes is prevented within NAL unit§ by the
inclusfion of emulatior prevention bytes.

string of data bits (SODB): A sequence of some number of bits representing Syntax elements present within a raw
byte dequence. payload prior to the raw byte sequence payload stop bit. Within an SODB, the left-most bit is
considered t0 be the first and most significant bit, and the right-most bit is considered to be the last a11d least
signi cant hit

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

sub-macroblock partition: A block of luma samples and two corresponding blocks of chroma samples resulting
from a partitioning of a sub-macroblock for inter prediction for a picture that has three sample arrays 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
3.113
3.114

3.115

3.116

3.117

3.118

3.119
3.120

4 A
For the
CAVL
CBR
CPB
DPB
DUT
FIFO
HRD
HSS
IDR
LSB
MB
MSB
NAL
RBSP
SEI
SODB
UuID

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

ISO/IEC 14496-29:2015(E)

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

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.

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.

identifiers.

meaning in the future as an integral part of this International Standard.

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

pbreviations

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

Coded Picture Buffer

Decoded Picture Buffer

Decoder under test

First-In, First-Out,

Hypothetical Reférence Decoder
HypotheticalStream Scheduler

Instantancous Decoding Refresh

Feast Significant Bit

universal unique identifier (UUID): An identifier that is unique with respect to the space ofiall yniversal unique

unspecified: The term unspecified, when used in the clauses specifying some values.of @ particular| syntax element,
indicates that the values have no specified meaning in this International Standard'and will not have a specified

variable length coding (VLC): A reversible procedure for entropy ceding that assigns shortg¢r bit strings to
symbols expected to be more frequent and longer bit strings to symbols expected to be less frequent.

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 cqefficient levels in frame macroblocks.

Macroblock

Most Significant Bit

Network Abstraction Layer

Raw Byte Sequence Payload
Supplemental Enhancement Information
String Of Data Bits

Universal Unique Identifier
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VBR Variable Bit Rate

VCL Video

Coding Layer

VLC Variable Length Coding

VUI Video

5 Conven

Usability Information

ions

NOTE - The

mathematical operators used in this Specification are similar to those used in the C programming languagé/H

integer divisi¢n and arithmetic shift operations are specifically defined. Numbering and counting conventions generally begin f}

51 Arith
The following 4

y

S i
X%y

52 Logig
The following 1
x&&y

x ||y
|

x?y:z

metic operators

rithmetic operators are defined as follows:

Addition
Subtraction (as a two-argument operator) or negation (as a unary prefix opérator)
Multiplication, including matrix multiplication

Exponentiation. Specifies x to the power of y. In other contexts, such-notation is used for superscrip,
intended for interpretation as exponentiation.

Integer division with truncation of the result toward zero. Fer example, 7/4 and —7/—4 are truncated {
—7/4 and 7/—4 are truncated to —1.
Used to denote division in mathematical equations whefe no truncation or rounding is intended.

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

The summation of f{ i ) with i taking allinteger values from x up to and including y.
Modulus. Remainder of x dividéd by y, defined only for integers x and y with x >= 0 and y > 0.

al operators

bgical operators are defined as follows:

Boolean logical\'and" of x and y.
Boolean lpgical "or" of x and y.
Boolean logical "not".

If X 13 TRUE or not equal to 0, evaluates to the value of y; otherwise, evaluates to the value of z.

owever,
om 0.

ting not

o1 and

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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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:

55
The fol

5.6
The fol

X=Yy.z

5.7

Ke

(>>y

(<<y

-

Assignment operators

owing arithmetic operators are defined as follows:

Range notation

ovwiano notationis used to specifiz a rance of values:
t=) r J t=)

Bit-wise "and". When operating on integer arguments, operates on a two's complement répy
integer value. When operating on a binary argument that contains fewer bits than @nothg
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 reprg
integer value. When operating on a binary argument that contains fewer Bits than anothd
shorter argument is extended by adding more significant bits equal to 0.

Bit-wise "exclusive or". When operating on integer arguments) 'Operates on a tw
representation of the integer value. When operating on a binary argument that contains
another argument, the shorter argument is extended by adding mfefe significant bits equal to

Arithmetic right shift of a two's complement integer represéntation of x by y binary digits.
defined only for positive integer values of y. Bits shifted ito the MSBs as a result of the r
value equal to the MSB of x prior to the shift operation:

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

Assignment operator.

Increment, i.e., X++ is egivalent to X=X + 1; when used in an array index, evaluates to
variable prior to the inctement operation.

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

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

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

psentation of the
r argument, the

sentation of the
r argument, the

's complement
fewer bits than
0.

This function is
ght shift have a

This function is
left shift have a

he value of the

he value of the

B) is equivalent

B) is equivalent

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

Mathematical functions

The following mathematical functions are defined as follows:

BitDepthy and BitDepth are both specified to be equal to 8 in this standard
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Abs(x)=] X 3 x>=0 (5-1)
-x ; x<0
Ceil( x ) the smallest integer greater than or equal to x. (5-2)
Cliply(x )= Clip3( 0, ( 1 <<BitDepthy ) — 1, x) (5-3)
Cliple(x)=Clip3(0, (1 << BitDepthc ) — 1, x) (5-4)
X 1 <X
Clip3(x)y,z)=1y ; z>y (515)
z ; otherwise
Floor( x |) the greatest integer less than or equal to x. (516)
a%(d/b))*b ; e==0
InverseRasterScan( a, b, ¢, d, e )= (a%(d/b)) ’ (5t7)
(a/(d/b))*c ; e==1
Log2( x ) returns the base-2 logarithm of x. (58)
Logl0( § ) returns the base-10 logarithm of x. (519)
Median(|x, y, z)=x+y+z—Min( X, Min(y, z ) ) — Max( x, Max('y, z ) ) (5-10)
Min(x,y)={"* * *°7Y (5-11)
y 5 X>Yy
Max(x, )= {* * *77Y (5-12)
y 5 x<Yy
Round( 3 ) = Sign( x ) * Floor( Abs( x).4£0.5) (5-13)
Sign(x)|= | 1 3 x>=0 (5-14)
-1 ; x<0
Sqrt( x ) v/x (5-15)
5.8 Order of operation precedence
When order of grecedence in an expression is not indicated explicitly by use of parentheses, the following rules apply:

—  operations of T higher precedence are cvatuated before amy operation of @ fOWeT PIeCedgelcs,

—  operations of the same precedence are evaluated sequentially 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"

non "
>

" = yu’ " 4= y' X %=y

Variables, syntax elementSyand tables

elements in the bitstream are'tepresented in bold type. Each syntax element is described by its namg
vith underscore characters);-its one or two syntax categories, and one or two descriptors for its nj
htation. The decoding process behaves according to the value of the syntax element and to the valu
I syntax elements. When a value of a syntax element is used in the syntax tables or the text, it appear

1) type.
b cases the syntax tables may use the values of other variables derived from syntax elements values

in the symtax tables, or text, named by a mixture of lower case and upper case letter and without
brs. Variables starting with an upper case letter are derived for the decoding of the current syntax

ng,syntax structures. Variables starting with an upper case letter may be used in the decoding process
es. without mentioning the originating syntax structure of the variable. Variables starting with a lowg

(all lower case
ethod of coded
s of previously
in regular (i.e.,

Such variables
any underscore
tructure and all
for later syntax
r case letter are

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

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

Functions 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

© ISO/IEC 2015 — All rights reserved
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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 or square parentheses are used for the indexing of arrays. In reference to a V1sua1 deprctron of a matrlx the first
subscript is useg-a g order

is reversed whe
position x and

using square parentheses rather than subscrlpts for 1ndex1ng Thus an element of a matrrx s at‘hg
ertical position y may be denoted either as s[ x, y ] or as syy.

rizontal

Binary notation|is indicated by enclosing the string of bit values by single quote marks. For example, '01000001' represents

an eight-bit strij

Hexadecimal nd
the number of Y
last bits (counte

Numerical valu

A value equal t
from zero.

510 Text

In the text, a stal

if( con
staten
else if
staten

else /*

staten

may be describg
.. as

I

(

q
Each "If...Othd

g having only its second and its last bits (counted from the most to the least significant bit) equal to 1.

tation, indicated by prefixing the hexadecimal number by "0x", may be used instead-of binary notatid
its is an integer multiple of 4. For example, 0x41 represents an eight-bit string haying only its second
d from the most to the least significant bit) equal to 1.

ps not enclosed in single quotes and not prefixed by "0x" are decimal valuges!

b 0 represents a FALSE condition in a test statement. The value TRUEAs represented by any value d

escription of logical operations

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

lition 0 )

nent 0
condition 1)
hent 1

informative remark on remaining cefndition */
hent n

d in the following manner:
follows / ... the following applies:
[ condition 0, statemient 0

therwise, if condition 1, statement 1

therwise.(informative remark on remaining condition), statement n

n n

. the fo
" is aly

rwise;~if...Otherwise, statement in the text is introduced with "... as follows" or

n when
and its

ifferent

llowing

applies” immed

iately followed by "If ... ". The last condition of the "If...Otherwise, if...Otherwise,

bays an

"Otherwise, ..."

. Interleaved "If...Otherwise, if...Otherwise, ..." statements can be identified by matching "

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

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

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

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

12

.. as follows" or
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else
statement n

described in the following manner:

... as follows / ... the following applies:
—  If all of the following conditions are true, statement 0

—  condition Oa

-29:2015(E)

In the t

may be

511

Process
syntax
availab
specifig
an uppq

When 1

In the S
address|

—cormditior B

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

—  Otherwise, statement n

pxt, a statement of logical operations as would be described in pseudo-code ag:

if( condition 0 )
statement 0

if ( condition 1)
statement 1

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

When condition 1, statement 1

Processes

es are used to describe the decoding of\syntax elements. A process has a separate specification ar
elements and upper case variables that pertain to the current syntax structure and depending syntd
e in the process specification and invoking. A process specification may also have a lower case va
d as the input. Each process spécification has explicitly specified an output. The output is a variable tl
r case variable or a lower cdse variable.

hvoking a process, the.assignment of variables is specified as follows:

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

—  Othefwise (the variables at the invoking and the process specification have the same name
indplied.

pecification of a process, a specific macroblock may be referred to by the variable name having a v4
of\the specific macroblock.

d invoking. All
X structures are
riable explicitly
nat can either be

he variables are

, assignment is

lue equal to the

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

6.1

neighbouring relationships

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 stream format can be extracted from the byte stream format by searching for the location of the unique start code prefix
pattern within this stream of bytes. Methods of framing the NAL units in a manner other than use of the byte stream format
are outside the dcope of this International Standard. The byte stream format is specified in Annex B.

6.2 Sourc¢e, decoded, and output picture formats
This subclause gpecifies the relationship between source and decoded frames that is given via the bitstream,
The video sourde that is represented by the bitstream is a sequence of frames (called pictures) in decoding order.

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

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

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

\rrays representing other unspecified monochrome or tri-stimulus colour samplings (for example, YZX, also
nown as XYZ), with or without an auxiliary array.

I
I
—  (reen, Blue and Red (GBR, also known as RGB), with or without anfauXiliary array.
A
K

For conveniencg of notation and terminology in this Specification, the{yariables and terms associated with these arfays are
referred to as luma (or L or Y) and chroma, where the two chroma arrays are referred to as Cb and Cr; regardless of the actual
colour represenftation method in use. The actual colour representation method in use can be indicated in syntax| that is
specified in Anmex E.

Table 6-1 ~Chroma Format

chroma_format_ide¢ |Chroma Format

1 4:2:0

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

For the purposes of this version of this Specification, the value of chroma format idc shall be inferred to be equal o 1 and
the chroma format shall be inferred 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 usir]g 4:2:0
chroma samplirlg, 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 cfopping
rectangle.

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

The 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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The samples are processed in units of macroblocks. The dumha array for each macroblock is 16 samples in

height.
each m

M

6.3
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X X X X X X ¢
O O O

X X X X X X

X X X X X X

O O O Frame
X X X X X X

X X X X X X

O O O

X X X X X X

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

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

[The variables MbWidthC and MbHeightC, whichpspecify the width and height, respectively, of the clj
hcroblock, are derived as follows:

bWidthC and MbHeightC are derived as

MbWidthC =16/2
MbHeightC =16/2

Spatial subdivision ef)pictures and slices

bclause specifies how*a-picture is partitioned into slices and macroblocks. Pictures are divided into sl
e of macroblocks.- \Each macroblock is comprised of one 16x16 luma array and two corresponding
Fach macroblock represents a spatial rectangular region of the picture. For example, a picture may be
5 shown in Figure 6-2.

frame

both width and
)roma arrays for

(6-1)
(6-2)

ces. A slice is a
chroma sample
Hivided into two
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6.4 Inver

This subclause
neighbours.

6.4.1 Invers

Input to this prd

Output of this
to the upper-lefy

The inverse ma
X = Iny
y = Iny

6.4.2 Invers

Macroblocks o
Figure 6-3. The
the partitions. 1]
macroblock par

The functions

height of macr
MbPartHeight(
and SubMbPart

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

e scanning processes and derivation processes for neighbours

specifies inverse scanning processes; i.e., the mapping of indices te locations, and derivation proce:

e macroblock scanning process
cess is a macroblock address mbAddr.

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

roblock scanning process is specified as follows:

erseRasterScan( mbAddr, 16, 16, PicWidthInSamples;, 0 ) (6

erseRasterScan( mbAddr, 16, 16, PicWidthInSamples;, 1) (6

e macroblock partition and-sub-macroblock partition scanning process

sub-macroblocks may_be partitioned, and the partitions are scanned for inter prediction as sh
outer rectangles refero'the samples in a macroblock or sub-macroblock, respectively. The rectangles
'he number in eaeh\rectangle specifies the index of the inverse macroblock partition scan or invel
ition scan.

MbPartWidth(~), MbPartHeight( ), SubMbPartWidth( ), and SubMbPartHeight( ) describing the wi
block partitions and sub-macroblock partitions are specified in Tables 7-9 and 7-12. MbPartWidtl
aressetto appropriate values for each macroblock, depending on the macroblock type. SubMbPart\
Height( ') are set to appropriate values for each sub-macroblock of a macroblock with mb_type equal t

or P_8x8refl, d

kses for

relative

.3)

L4)

own in
refer to
se sub-

dth and
1() and
Vidth( )
P 8x8

)pending on the snh-macroblock type

16
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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-macrobleck-pprtitions
of 8*8 luma samples and of 8*4 luma samples and of 4*8 luma samples and of 4*4 luma‘samples and
associated chroma samples | associated chroma samples |associated chroma samples |associated chroma §amples
$ub-macroblock 0 0 ]
partitions 0 0 1

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

6.4.2.1 Inverse macroblock partition scanning process

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

Output [of this process is the location ( X, y ) of theupper-left luma sample for the macroblock partition mbPgrtldx relative to

the upper-left sample of the macroblock.

The inverse macroblock partition scanningprocess 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-macroblock partition scanning process

Inputs fo this process\are the index of a macroblock partition mbPartldx and the index of a sub-macr
subMbPartldx.

bblock partition

Output h subMbPartldx

relative

of thissprocess is the location ( X, y ) of the upper-left luma sample for the sub-macroblock partitio:
to the upper-left sample of the sub-macroblock.

The invierse-sub-macroblock partition scanning process-is-specified-asfollows:
If mb_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 this process is the location ( x, y ) of the upper-left luma sample for the 4x4 luma block with index luma4x4BlkIdx
relative to the upper-left luma sample of the macroblock.

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

The inverse 4x4|

10 [ 11 | 14 | 15

Figure 6-4 — Scan for 4x4 luma blocks

luma block scanning process is specified by

x = InversgRasterScan( luma4x4Blkldx / 4, 8, 8, 16, 0) +
InverseRagterScan( luma4x4Blkldx % 4, 4,4, 8,0)

y = Inversg

RasterScan( luma4x4Blkldx / 4, 8, 8, 16, 1 )+

InverseRapterScan( luma4x4Blkldx % 4, 4, 4, 8, 1,)

6.4.4 (void)
6.4.5 Invers

e 8x8 luma block scanningprocess

Input to this prdcess is the index of an 8x8 luma block luma8x8BlkIdx.

(6-11)

(6-12)

Output of this process is the location (xy'y ) of the upper-left luma sample for the 8x8 luma block with index luma8x$BlkIdx
relative to the upper-left luma sample of the macroblock.

Figure 6-5 show

s the scan for.the 8x8 luma blocks.

18

Figure 6-5 — Scan for 8x8 luma blocks
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The inverse 8x8 luma block scanning process is specified by:

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

y = InverseRasterScan( luma8x8BIkldx, 8, 8, 16, 1)

6.4.6
6.4.7

(void)

Inverse 4x4 chroma block scanning process

Input tq
Output

chromaix4Blkldx relative to the upper-left chroma sample of the macroblock.

The invierse 4x4chroma block scanning process is specified by

6.4.8
Input tq

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

The m3
marked

- mIAddr <0,

- m

—  thg

6.4.9
The ou

—  mbAddrA: the address and availability status of the macroblock to the left of the current macroblock,
—  mbAddrB: the address and\availability status of the macroblock above the current macroblock,
—  mbAddrC: the address\and availability status of the macroblock above-right of the current macroblock,

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

Figure p-6 shows~the relative spatial locations of the macroblocks with mbAddrA, mbAddrB, mbAddrC
relative to the ctirrent macroblock with CurrMbAddr.

x = InverseRasterScan( chroma4x4BIkIdx, 4, 4, 8,0 )

¥ = InverseRasterScan( chroma4x4BIkldx, 4, 4, 8, 1)

this process is the index of a 4x4 chroma block chroma4x4BlkIdx.

of this process is the location (X,y) of the upper-left chroma sample for a 4x4 chrema bl

Derivation process of the availability for macroblock addresses

this process is a macroblock address mbAddr.

croblock is marked as available, unless any of the following conditions are true, in which case th
as not available:

Addr > CurrMbAddr,
macroblock with address mbAddr belongs)to a different slice than the macroblock with address Curr]

Derivation process for neighb©uring macroblock addresses and their availability

puts of this process are:

(6-13)

(6-14)

bck with index

(6-15)
(6-16)

 macroblock is

MIbAddr.

and mbAddrD

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

mbAddrA | CurrMbAddr

Input to the pro
available. In ad(

Input to the p
macroblock mb

Input to the pr|
macroblock 1
( CurrMbAddr

Input to the pr|
macroblock mb)
is equal to 0.

6.4.10 (void)

6.4.11 Deriv{
Subclause 6.4.1]
Subclause 6.4.1]
Subclause 6.4.1]
Subclause 6.4.1

Table 6-2 speci
mbAddrN, mH
chroma4x4BIkI
variable predPa

Figure 6-6 — Neighbouring macroblocks for a given macroblock

ess in subclause 6.4.8 is mbAddrA = CurrMbAddr — 1 and the output is whether the macroblock mbA
lition, mbAddrA is marked as not available when CurrMbAddr % PicWidthinMbs is equal to 0.

AddrB is available.

mbAddrC is available. In mbAddr€ ) "is  marked not available

- 1) % PicWidthInMbs is equal to 0.

addition, as

AddrD is available. In addition, mbAddrD is matked as not available when CurrMbAddr % PicWidt

ition processes for neighbouring macroblocks, blocks, and partitions
1.1 specifies the derivation prog¢ess for neighbouring macroblocks.

1.4 specifies the derivation process for neighbouring 4x4 luma blocks.

1.5 specifies the depivation process for neighbouring 4x4 chroma blocks.

1.7 specifies the derivation process for neighbouring partitions.

fies the valGes*for the difference of luma location (xD, yD ) for the input and the replacement f§
PartldxN{ subMbPartIdxN, luma8x8BIkIdxN, luma4x4BIkIdxN, cb4x4BIKIdxN, cr4x4BlklIdx]
IxN for the output. These input and output assignments are used in subclauses 6.4.11.1 to 6.4.11]
tWidth is specified when Table 6-2 is referred to.

ddrA is

rocess in subclause 6.4.8 is mbAddrB = CurrMbAddr — PicWidtliIaMbs and the output is whether the

pcess in subclause 6.4.8 is mbAddrC = CurrMbAddr — PicWidthInMbs + 1 and the output is whether the

when

bcess in subclause 6.4.8 is mbAddrD = CurrMbAddr' — PicWidthInMbs — 1 and the output is whether the

hInMbs

br N in
N, and
.7. The

20
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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

Figure p-7 illustrates the relative location of the neighbouring macroblocks, blocks, or partitiofisyA, B, C, and|D to the current
macroblock, partition, or block, when the current macroblock, partition, or block is in frame eoding mode.

D B C
A Current
Macroblock
or Rartition
or Block

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

6.4.11)1 Derivation process for neighbouring macroblocks

Outputs of this process are:
— mIAddrA: 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.
mbAddrN (with N-being A or B) is derived as specified by the following ordered steps:

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

2.| “The derivation process for neighbouring locations as specified in subclause 6.4.12 is invoked for] luma locations
with ( XN, yN') equal to ( xD, yD ), and the output 1s assigned to mbAddrN.

6.4.11.2 (void)
6.4.11.3 (void)

6.4.11.4 Derivation process for neighbouring 4x4 luma blocks

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

© ISO/IEC 2015 — All rights reserved 21


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

ISO/IEC 14496-29:2015(E)

Outputs of this process are:
mbAddrA: either equal to CurrMbAddr or the address of the macroblock to the left of the current macroblock and its
availability status,
luma4x4BIkIdxA: the index of the 4x4 luma block to the left of the 4x4 block with index luma4x4BlkIdx and its
availability status,

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

mbAddrN and 1

6.4.11.5 Deriv
Input to this prd
Outputs of this |

luma4x4BIKIdXB: the index of the 4x4 luma block above the 4x4 block with index luma4x4BIKIdX and its avajlability

status.

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

2. Thein

input 4

3. The Iy
X

Y

4. The d

with (
5. The v

|
—

q
S
t

mbAddrA
availability

chroma4x4
chroma4x4

mbAddrB
availability

ima4x4BlkIdxN (with N being A or B) are derived as specified by the following ordered steps:

verse 4x4 luma block scanning process as specified in subclause 6.4.3 is invoked with)luma4x4BIlkId

nd ( %, y) as the output.

ma location ( XN, yN ) is specified by

N = x + xD (6-
N =y +yD (6-
brivation process for neighbouring locations as specified in/subclause 6.4.12 is invoked for luma 1

XN, yN ) as the input and the output is assigned to mbAddeNyand ( xW, yW ).
riable luma4x4BIkIdxN is derived as follows:
 mbAddrN is not available, luma4x4BIkIdxN is marked as not available.

therwise (mbAddrN is available), the derivation process for 4x4 luma block indices as spec
ubclause 6.4.13.1 is invoked with the lumia* location (xW, yW ) as the input and the output is 4
b luma4x4BlkIdxN.

ation process for neighbouring-4x4 chroma blocks
cess is a 4x4 chroma block index’chroma4x4BlkIdx.

Process are:

either equal to CurrMbAddr or the address of the macroblock to the left of the current macroblock)
status,

BlkIdxA (the\index of the 4x4 chroma block to the left of the 4x4 chroma block with
BlkIdx) andts"availability status,

(either_equal to CurrMbAddr or the address of the macroblock above the current macroblock)
status,

X as the

7)
8)

cations

fied in
ssigned

and its
index

and its

chroma4x4

BikldxB (the index of the 4x4 chroma block above the 4x4 chroma block with index chroma4x4Blkldx) and

its availabi

lity status.

mbAddrN and chroma4x4BIlkIdxN (with N being A or B) are derived as specified by the following ordered steps:

22

1. Thedi

fference 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. The 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

5.

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

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

6.4.11
6.4.11

Inputs {

— amnpacroblock partition index mbPartIdx
— acprrent sub-macroblock type currSubMbType

— a spb-macroblock partition index subMbPartIdx

Output

— mjy
ma
avy

— mjy
ma
avy

— mb

cufrent macroblock and its availability status, or the sub-macroblock partition CurrMbAddr\mbPartId|

an

— mb

cufrent macroblock and its availability status, or the sub-macroblock partition CurrMbAddr\mbPartId|

an

mbAdd
steps:

1.

chroma4x4BIkIdxN.
6 (void)
7 Derivation process for neighbouring partitions

o this process are:

of this process are:

AddrA\mbPartldxA\subMbPartldxA: specifying the macroblock or sub-macroblock partition to the 1g

ilability status,
AddrB\mbPartldxB\subMbPartldxB: specifying theé- macroblock or sub-macroblock partition ab

ilability status,
AddrC\mbPartldxC\subMbPartldxC: spe¢ifying the macroblock or sub-macroblock partition to the ri

| its availability status,

AddrD\mbPartIdxD\subMbPartldxD: specifying the macroblock or sub-macroblock partition to the 1

| its availability status.

rN, mbPartIdxN, and subMbPartldxN (with N being A, B, C, or D) are derived as specified by the fo

The inverSé-macroblock partition scanning process as described in subclause 6.4.2.1 is invoked wi
the inpat and ( x, y ) as the output.

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

as specified in

subctause 64132 s mvoked - withr the chrommafocatior (< W, y W as the mputamd-the outpyt is assigned to

ft of the current

croblock and its availability status, or the sub-macrobleck partition CurrMbAddr\mbPartIdx\subMbPartldx and its

ve the current

croblock and its availability status, or the sub-macroblock partition CurrMbAddr\mbPartldx\subMpPartldx and its

bht-above of the
x\subMbPartldx

eft-above of the
x\subMbPartldx

llowing ordered

th mbPartldx as

WS!

~ If mb type is equal toP 8x8 or P 8x8refl) the inverse sub-macroblock partition scanm

ing process as

described in subclause 6.4.2.2 is invoked with subMbPartldx as the input and ( xS, yS ) as the output.

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

yN=y+yS+yD

(6-21)

(6-22)

6. The derivation process for neighbouring locations as specified in subclause 6.4.12 is invoked for luma locations

with (

7. Depending on mbAddrN, the following applies:

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

6.4.12 Deriv{

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

macroblock.
Outputs of this |

—  mbAddrN:
availability|

- (XW’ yW)

Let maxW and
respectively. mg

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

and, when mbTypeN is equal to P_8x8 or P 8x8refl, let subMbTypeN be the syntax elen
sub_mb_type of the macroblock with macroblock address mbAddrl\.

b. The derivation process for macroblock and sub-macrobleck, ‘partition indices as spec
subclause 6.4.13.4 is invoked with the luma location ( xW, yW5); the macroblock type mbTypd
when mbTypeN is equal to P_8x8 or P_8x8refl, the list of sub-macroblock types subMbType)
inputs and the outputs are the macroblock partition index mbPartldxN and the sub-mag
partition index subMbPartIdxN.

c. When the partition given by mbPartIdxN and ‘subMbPartIdxN is not yet decoded, the mac
partition mbPartldxN and the sub-macroblock pattition subMbPartIdxN are marked as not avai

NOTE - The latter condition is, for example, the case when mbPartldx = 2, subMbPartldx = 3, xD =4, yD
when neighbour C of the last 4x4 luma block of\€hethird sub-macroblock is requested.

ition process for neighbouring locations

Process are:

either equal to CurrMbAddr or to the address of neighbouring macroblock that contains (xN, yN)
status,

maxH beyvariables specifying maximum values of the location components xN, xW, and yl
xW andmiaxH are derived as follows:

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

a. Let mbTypeN be the syntax element mb_type of the macroblock with maeroblock address mbAddrN

jent list

fied in
N, and,
N as the
roblock

roblock
able.

-1, 1e.,

current

and its

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

N, yW,

—  If this procgssds invoked for neighbouring luma locations,
maxW = maxH = 16 (6-23)
—  Otherwise (this process is invoked for neighbouring chroma locations),
maxW = MbWidthC (6-24)
maxH = MbHeightC (6-25)

24
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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 MA 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 availablé
>maxH -1 not@vailable

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

Subclayse 6.4.13.1 specifies the derivation process for 4x4 luma block indices.
Subclayse 6.4.13.2 specifies the derivation*process for 4x4 chroma block indices.
Subclayse 6.4.13.3 specifies the derivation process for 8x8 luma block indices.

Subclayse 6.4.13.4 specifies the derivation process for macroblock and sub-macroblock partition indices.

6.4.13]1 Derivation process for 4x4 luma block indices

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

The 4x4 luma'block index luma4x4BIklIdx is derived by

lirhadx4BIkIdx =8 * (yP /8 )+ 4 * (xP/8)+2* ((yP%8)/4)+((xP %8)/4) (6-28)

6.4.13.2 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 chroma4x4BIkIdx is derived by

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

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

ation process for 8x8 luma block indices

Outputs of this process is an 8x8 luma block index luma8x8BlkIdx.

The 8x8 luma block index luma8x8BIklIdx is derived by

luma8

x8BIkIdx =2 * (yP /8 )+ (xP/8)

(6-30)

6.4.13.4 Deri
Inputs to this pr|
— alumaloca
— amacroblo
—  when mbTy
Outputs of this |
— amacroblo

— asub-macr

pcess are:
tion ( xP, yP ) relative to the upper-left luma sample of a macroblock,

Ck type mbType,

brocess are:
Lk partition index mbPartldx,
bblock partition index subMbPartIdx.

The macroblock partition index mbPartldx is derived as follows:

— If mbType

—  Otherwise

mbPa
(xP

The sub-macroH
—  If mbType

—  Otherwise

subM
((yP

7 Syntax

7.1 Norm

kpecifies an I macroblock type, mbPartldx is set equal to 0.

mbType does not specify an I macroblock type), mbPartldx is derived by

'tldx = ( 16 / MbPartWidth( mbType ) ) * (yP / MbPartHeight( mbType ) ) +
MbPartWidth( mbType ) )

lock partition index subMbPartIdx is derivedas follows:
s not equal to P_8x8 or P_8x8refl, subMbPartldx is set equal to 0.
mbType is equal to P_8x8 or P_8x8ret0), subMbPartldx is derived by

bPartldx = ( 8 / SubMbPartWidth( subMbType[ mbPartldx ]) ) *
% 8 ) / SubMbPartHeight( subMbType[ mbPartldx ] ) ) +
( (xP %-8Y / SubMbPartWidth( subMbType[ mbPartldx ] ) )

and semantics

ative'Syntax and Semantics

7.1.1 Norm

htive and Informative Technologies

atioTT process for mracrobtockamdsub-nracrobtock partitiorridices

pe is equal to P_8x8 or P_8x8refl, a list of sub-macroblock types subMbType with\4 elements.

(6-]

(6-]

2)

The normative requirements of this specification extend only to the technologies required to implement the profile specified
in A.2.1. All other aspects of this specification are informative only, and not normative. Specifically, 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)  color sampling formats other than 4:2:0;

c) pictur

e size scaling;

d) BitDepthy and BitDepth values other than 8;

26
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bipredictive and switching slice types (i.e. slice types other than I and P slices);

weighted prediction modes other than the default (i.e. weighted pred flag or weighted bipred_idc not equal to 0);
entropy coding modes other than CAVLC (i.e. entropy coding_mode flag not equal to 0);

8x8 inverse transform block size;

arbitrary slice order;

more than one slice group per picture;

7.1.2

Method of specifying syntax in tabular form

The syntax tables specify a superset of the syntax of all allowed bitstreams. Additional constraintsion the syntax may be

specifig

NOJ
non-

d, either directly or indirectly, in other clauses.

'E — An actual decoder should implement means for identifying entry points into the bitstream@nd means to identify and handle
conforming bitstreams. The methods for identifying and handling errors and other such situations are not specifiedl here.

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

that a
syntax

yntax element is parsed from the bitstream and the bitstream pointer is advanced to the next position beyond the
element in the bitstream parsing process.

Descriptar

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

syntax_element ue(v)
conditioning statement

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

statement

statement

}

/* A "while" stfgcture specifies a test of whether a condition is true, and if true,
specifies eyaluation of a statement (or compound statement) repeatedly until the
condition is-no longer true */
while(, condition )

statement

/* A "do ... while" structure specifies evaluation of a statement once, followed by
a test of whether a condition is true, and if true, specifies repeated evaluation of

the statement until the condition 1s no longer true *
do

statement
while( condition )

/* An "if ... else" structure specifies a test of whether a condition is true, and if
the condition is true, specifies evaluation of a primary statement, otherwise,
specifies evaluation of an alternative statement. The "else" part of the structure
and the associated alternative statement is omitted if no alternative statement
evaluation is needed */
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if( condition )

primary statement

else

alternative statement

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

primary statement followed by a subsequent statement until the condition is no
1qnggr trye- */

fr( initial statement; condition; subsequent statement )

primary statement

7.2 Specffication of syntax functions, categories, and descriptors
The functions gresented here are used in the syntactical description. These functions assume the ‘eXistence of a bitstream
pointer with an |ndication of the position of the next bit to be read by the decoding process from the'bitstream.
byte aligned( ) |s specified as follows:
— If the current position in the bitstream is on a byte boundary, i.e., the next bit in‘the’bitstream is the first bit ir] a byte,
the retyrn value of byte aligned( ) is equal to TRUE.
—  Otherwise, the return value of byte aligned( ) is equal to FALSE.
more_data_in_Yyte stream( ), which is used only in the byte stream NALcunit syntax structure specified in Ann¢x B, is

specified as follpws:

If morg

Otherw

more rbsp data
If therg

Otherw|
RBSP.
structu

If
mg

The metho
Annex B fg

more rbsp _trailing, data( ) is specified as follows:

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

data follow in the byte stream, the return value of mot¢: data_in_byte stream( ) is equal to TRUE.
ise, the return value of more data in byte stream ) is equal to FALSE.
() is specified as follows:

is no more data in the RBSP, the return\value of more rbsp data( ) is equal to FALSE.

Given the position of this bit, which is the first bit (rbsp_stop one bit) of the rbsp_trailing bits(
¢, the following applies:

re rbsp_data( ) is equatto TRUE.

r applications that use the byte stream format).

If therg

isumore data in an RBSP. the return value of more rbsp trailing data( ) is equal to TRUE.

28

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

ise, the RBSP data is searched for<the last (least significant, right-most) bit equal to 1 that is present in the

syntax

there is more data in, an RBSP before the rbsp trailing bits() syntax structure, the return vplue of

| for enabling. determination of whether there is more data in the RBSP is specified by the applicatiop (or in
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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.

The following descriptors specify the parsing process of each syntax element

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

value of the function read_bits( 8 ).

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

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

sing process for

process for this

inner dependent

on the value of other syntax elements. The parsing process for this descripter is specified by the return value of the

function read bits( n ) interpreted as a two's complement integer representation with most significant

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

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

bit written first.

his descriptor is

r this descriptor

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

specified in subclause 9.1.

u(n): unsigned integer using n bits. When n_is)"v" in the syntax table, the number of bits vari
dependent on the value of other syntax elemients. The parsing process for this descriptor is specifi
value of the function read bits( n ) interpréted as a binary representation of an unsigned integer with
bit written first.

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

les in a manner
bd by the return
most significant

brocess for this

© ISO/IEC 2015 — All rights reserved
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7.3 Syntax in tabular form

7.3.1 NAL unit syntax

nal_unit( NumBytesInNALunit ) { Descriptor
forbidden_zero_bit f(1)
nal_ref _idc u(2)
nal_unit_type u@©)

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(s)

i+=2

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

rbsp_byte][ NumBytesInRBSP++ | b(8)

7.3.2 Raw Qyte sequence payloads and RBSP trailing bits syntax

7.3.2.1 Sequeénce parameter set RBSP syntax

deq_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)
constraint_setl flag /* normally equal to 1 */ u(1)
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(1)
reserved_zero 2bits /* equal to 0 */ u2)
level idc u(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 order{cnt 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_minus1 ue(v)
frame_mbs_only_flag /*¢qual to 1*/ u(1)
direct_8x8 inference flag u(1)
frame_cropping flag u(1)
if( frame crepping 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 )

vul parameters( )

I
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7.3.2.2 Picture parameter set RBSP syntax

7.3.2.3 Suppl

32

pic_parameter_set rbsp( ) { Descriptor

pic_parameter_set _id ue(v)
seq_parameter_set id ue(V)
entropy_coding _mode flag /*equal to zero*/ u(1)
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(¥)
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( )

femental enhancement information RBSP syntax

ei_rbsp( ) { Descriptor

do

sei_message( )

while( more rbsp data())

rbsp _trailing bits( )

© ISO/IEC 2015 — All rights reserved


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

7.3.2.3.1 Supplemental enhancement information message syntax

ISO/IEC 14496-29:2015(E)

sei_message( ) {

Descriptor

payloadType = 0

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

ff_byte /* equal to OxFF */

f(®)

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 )

7.3.2.4 Access unit delimiter RBSP syntax

access_unit delimiter rbsp() {

Descripton

primary pic_type

u(3)

rbsp _trailing bits( )

}

7.3.2.5 End of sequence RBSP-syntax

end_of seqlubsp() {

Descripton

}

7.3.2.4 End-of stream RBSP syntax

end_of stream rbsp() {

Descriptor

}

© ISO/IEC 2015 — All rights reserved
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7.3.2.7 Filler data RBSP syntax

7.3.2.9 (void)

filler data rbsp() { Descriptor
while( next bits( 8) == 0xFF)
ff_byte /* equal to OxFF */ f(8)
rbsp _trailing bits( )
7.3.2.8 Slice layer RBSP syntax
slice layer rbsp() { Deseriptor
slice_header( )
slice_data( ) /* all categories of slice data( ) syntax */
rbsp_slice trailing bits( )
i
7.3.2.10 RBSP slice trailing bits syntax
bsp_slice_trailing_bits( ) { Descriptor
rbsp _trailing bits( )
7.3.2.11 RBSP trailing bits syntax
bsp_trailing_bits( ) 4 Descriptor
rbsp_stop_one_ bit /* equal to 1 */ f(1)
while( 'byte_aligned( ) )
rbsp_alignment_zero_bit /* equal to 0 */ f(1)

34
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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 uEv)
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 flag)\{
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 ide = 1) {
slice_alpharc0. offset div2 se(V)
slice_beta offset div2 se(V)
I
I
I

© ISO/IEC 2015 — All rights reserved 35


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

ISO/IEC 14496-29:2015(E)

7.3.3.1 Reference picture list modification syntax

7.3.3.2 (void)

ref pic_list modification( ) { Descriptor
if( slice type % 5 = 2 && slice type % 5 = 4) {
ref pic_list modification_flag 10 u(1)
if( ref pic list modification flag 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
7.3.3.3 Decoded reference picture marking syntax
lec 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._inanagement control operation == 3)
difference of pic_ nums minusl ue(v)
if(memory management control operation == 2 )
lonig_term_pic_num ue(v)
if("'memory 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( memory management control operation != 0)
i

36
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7.3.4 Slice data syntax

slice data( ) { Descriptor

CurrMbAddr = first mb _in_slice
moreDataFlag = 1
prevMbSkipped = 0
do {
if( slice type '=1) {
mb_skip_run
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()

ue(v)

i
if( moreDataFlag )

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

}
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7.3.5

macroblock layer( ) { Descriptor
mb_type ue(v)
ifl mb type == 1 PCM) {
while( 'byte aligned())
pem_alignment zero bit f(1)
for(1=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 16x164 §
mb_qp_delta se(v)
residual( )
i
i
7.3.5.1 Macrgblock prediction syntax
mb_pred( mb_type ) { Descriptor
if MbPartPredMogde(\mb_type, 0 ) == Intra 4x4 ||
MbPartPredMode(;mb _type, 0 ) == Intra 16x16) {
if MbPartPredMode( mb_type, 0) == Intra 4x4)
for( laima4x4BlkIdx=0; luma4x4BlkIdx<16; luma4x4Blkldx++) {
prev_intra4x4 pred_mode flag| luma4x4BIkldx ] u(l)
if( !prev_intra4x4 pred mode flag| luma4x4Blkldx ] )
rem_intra4x4_pred_mode[ luma4x4BIkIdx | u(3)
!
intra_chroma_pred_mode ue(v)
} else {
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)

7.3.5.3 Residual data syntax

residual() { Descriptor

residual luma( i116x16DClevel, i16x16AClevel, level4x4)
Intral6x16DCLevel = i16x16DClevel
Intral6x16ACLevel = i16x16AClevel
LumalLevel4x4 = level4x4
for( iCbCr = 0; iCbCr < 2; iCbOr++ )
if( CodedBlockPatternChroma & 3 )
#¥chroma DC residual present */
residual block(-ChromaDCLevel[ iCbCr |, 0, 3,4 )
else
for(i=0;1<4; i++)
ChromaDCLevel[ iCbCr ][1]=0
for( iCbCr = 0; iCbCr < 2; iCbCr++ )
for(\idx4 = 0; 14x4 < 4; i4x4++)
if( CodedBlockPatternChroma & 2)
/* chroma AC residual present */
residual block( ChromaACLevel[ iCbCr ][ i4x4 ], 0,14,15)
else
for(i=0;1<15;i++)
e

ral) AT 1 Cl | S Iy T | |
CTHUMIAZYCTECUVUIT TOUCTT T ITATT || I ]

=10
v
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7.3.5.3.1 Residual luma syntax

residual luma( i16x16DClevel, i16x16AClevel, leveld4x4 ) { Descriptor

if MbPartPredMode( mb_type, 0) == Intra 16x16)
residual block( i116x16DClevel, 0, 15, 16)
for( i8x8 = 0; i8x8 < 4; i8x8++ )
for( i4x4 = 0; i4x4 < 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

coeff token

ce(Vv)

if( TotalCoeff( coeff token )>0) {

11( TotalCoett( coett token ) > 10 &d& lrailingOnes( coett 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 ] = (levelCodext+ 2 ) >> 1

else

levelVal[i] = (—levelCode —1)>>1

if( suffixLength == 0)

suffixLength =1

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

suffixLength++

}

if( Total€oeff( 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(v)

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 |

}

}

}

7.4

Semantics

Semantics associated with the syntax structures and Wlth the syntax elements within these structures are spemﬁed in this

subclause. Whg
specified in the

741 NAL
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provide headg
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outside of this I
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to 0 for one NA
NAL units with

nal _ref idc sha
nal _ref idc sha
nal_unit_type j

For coded vide
decoding proce:
"Annex A NAL|

nit semantics

VCL is specified to efficiently represent the content of the video data. The NAL is specified to~fermat that
r information in a manner appropriate for conveyance on a variety of communication channels or stofage media.

in NAL units, each of which contains an integer number of bytes. A NAL unit specifies a genetic format for us¢

d and bitstream systems. The format of NAL units for both packet-oriented transport and byte-stream is identicg
L unit can be preceded by a start code prefix and extra padding bytes in the byte stream format.

Lunit specifies the size of the NAL unit in bytes. This value is required for decoding of the NAL uni
cation of NAL unit boundaries is necessary to enable inference of NumBytesInNALunit. Or
thod is specified in Annex B for the byte stream format. Other methods of demarcation may be sj
hternational Standard.

_bit shall be equal to 0.

equal to 0 specifies that the content of the NAL unit contains a sequence parameter set, a picture pa
a reference picture.

p sequences conforming to one or more of the profiles specified in Annex A that are decoded us
s specified in clauses 2-9, nal _ref idc equal to Ofor a NAL unit containing a slice indicates that the
ference picture.

L unit with nal unit type in the range“of 1 to 4, inclusive, of a particularpicture, it shall be equal to
nal unit type in the range of 1 to 45 inclusive, of the picture.

| not be equal to 0 for NAL units with nal unit type equal to 5.
| be equal to O for all NAL units having nal unit type equal to 6, 9, 10, 11, or 12.
pecifies the type of RBSP data structure contained in the NAL unit as specified in Table 7-1.

p sequences conferming to one or more of the profiles specified in Annex A that are decoded us
s specified invelauses 2-9, VCL and non-VCL NAL units are specified in Table 7-1 in the column
unit type,class".
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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 (SEI) 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 \tbsp( )
10 End of sequence non-VCL
end of seq rbsp()
11 End of stréam non-VCL
end_of “stream rbsp( )
12 Filler data non-VCL
filler data rbsp()
13 Reserved non-VCL
14 Reserved non-VCL
15 Reserved non-VCL
16..18 Reserved non-VCL
19 Reserved non-VCL
20 Reserved non-VCL
2123 Reserved non-vCL
24.31 Unspecified non-VCL

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 picture NAL unit. The variable IdrPicFlag is specified as

IdrPicFlag = ( ( nal unit type == 5)? 1

When the valu

:0)

of nal unit tmeis-equal-toSfor a NALunit Nmfammn a-shece—ofa—particylar hn’\fnrc\ the picture-s
P e+ < 51 HHCHA P

contain NAL ur
of the profiles

referred to as an
rbsp_byte[i] i

The RBSP cont

Otherwise,

1
RBSP)

2)

T
B

i) 1
i) |
f

i)

Syntax structur
shall be carried
structures to thg
NOTE — Whd
the bytes of
discarding an|
decoding prodg

emulation_pre
unit, it shall be

The last byte of]

Within the NAI|
0x000000

its with nal umt _type in the range of 1 to 4, inclusive. For coded video sequences conformlng to ofie
gpecified in Annex A that are decoded using the decoding process specified in clauses 2-9,such, a* pi

5 the i-th byte of an RBSP. An RBSP is specified as an ordered sequence of bytes as followss

hins an SODB as follows:
If the SODB is empty (i.e., zero bits in length), the RBSP is also empty.

rbsp_{frailing bits( ) are present after the SODB as follows:

ny).

bs having these RBSP properties are dénoted in the syntax tables using an

the RBSP and discarding the, rbsp stop one bit, which is the last (least significant, right-most) bit equal t
y following (less significant, farther to the right) bits that follow it, which are equal to 0. The data necessary

liscarded by thédecoding process.

Hotore

IDR picture.

the RBSP contains the SODB as follows:

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

contains the next eight bits of the SODB, etc., until fewer than eight-bits'of the SODB remain.

he first (most significant, left-most) bits of the final RBSP byte-contains the remaining bits of the S

he next bit consists of a single rbsp_stop_one_bit equal to 1.

" rbsp" suffix. These st
within NAL units as the content, Of the rbsp byte[ i ] data bytes. The association of the RBSP
NAL units shall be as specified in_ Table 7-1.
n the boundaries of the RBSP aresknown, the decoder can extract the SODB from the RBSP by concatenating th

ess is contained in the SODB part of the RBSP.

(7-

1)

all not

br more
icture is

of the

DDB (if

Vhen the rbsp stop one bit is not the last bit of a byté-aligned byte, one or more rbsp_alignment zero bit is
resent to result in byte alignment.

uctures
syntax

e bits of
o 1, and
| for the

ention_three_byte,is a byte equal to 0x03. When an emulation_prevention three byte is present in the NAL

the NAL amit shall not be equal to 0x00.

units-the following three-byte sequences shall not occur at any byte-aligned position:

0x000001
0x000002

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

44

0x00000300
0x00000301
0x00000302
0x00000303
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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.

The form of encapsulation of an SODB within an RBSP and the use of the emulation prevention three byte for
encapsulation of an RBSP within a NAL unit is specified for the following purposes:

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

—  tolenable identification of the end of the SODB within the NAL unit by searching the RBSP_forithe rbfp stop one bit
stdrting at the end of the RBSP,

The eng¢oder can produce a NAL unit from an RBSP by the following procedure:
1. | The RBSP data is searched for byte-aligned bits of the following binary patterns;

'00000000 00000000 000000xx" (where xx represents any 2 bit patterd: 90, 01, 10, or 11),
and a byte equal to 0x03 is inserted to replace these bit patterns with the'patterns:

'00000000 00000000 00000011 000000xx',

2. | The resulting sequence of bytes is prefixed with the first byte of the NAL unit containing the $yntax elements
forbidden zero bit, nal ref idc, and nal unit type, where(nal unit type indicates the type of RBSP data structure
the NAL unit contains.

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

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

— nolbyte-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 within the
NAL unit.

7.4.1.2 Order of NAL units and assoctation to coded pictures, access units, and video sequences
This supclause specifies constraints-on'the order of NAL units in the bitstream.

Any orfler of NAL units in the bitstream obeying these constraints is referred to in the text as the decoding order of NAL
units. Within a NAL unit, the:syntax in subclauses 7.3 and E.1 specifies the decoding order of syntax elethents. Decoders
shall bq capable of receiving-NAL units and their syntax elements in decoding order.

7.4.1.2.1 Order ofssequence and picture parameter set RBSPs and their activation

This sybclause. Specifies the activation process of picture and sequence parameter sets for coded video| sequences that
conforth to en¢-or more of the profiles specified in Annex A and are decoded using the decoding procpss specified in
clauses|2-9,

NOTE-The sequence and picture parameter set mechanism deconples the transmission of infrequently changing information from the

transmission of coded macroblock data. Sequence and picture parameter sets may, in some applications, be conveyed "out-of-band"
using a reliable transport mechanism.

A picture parameter set RBSP includes parameters that can be referred to by the coded slice NAL units 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 picture parameter set NAL unit with a partlcular Value of plC _parameter_set id is recelved its content replaces the

content of the p
(when a previoy
NOTE - A
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[ NAL units containing a buffering period SEI message (see Annex D). Each sequefice’parameter set |
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e parameter set RBSP (with a particular value of seq parameter_set_id) is not already active and it is
of a picture parameter set RBSP (using that value of seq parameter_set id) or is referred to by an S}

IBSP is called the active sequence parameter set RBSP until it"is deactivated by the activation of
eter set RBSP. A sequence parameter set RBSP, with that patticular value of seq parameter set id,

decoding process prior to its activation. An activated sequence parameter set RBSP shall remain activg
€0 sequence.

entire coded video sequence, a sequence parametersét’'RBSP can only be activated by a buffering period SEI
ering period SEI message is part of an IDR access, unit.

arameter set NAL unit containing the value of seq parameter set id for the active sequence param
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uence unless it follows the last accéss unit of the coded video sequence and precedes the first VCL N
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All constraints that are expressed on the relationship between the values of the syntax elements (and the values of variables
derived from those syntax elements) in sequence parameter sets and picture parameter sets and other syntax elements are
expressions of constraints that apply only to the active sequence parameter set and the active picture parameter set. If any
sequence parameter set RBSP is present that is not activated in the bitstream, its syntax elements shall have 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

A bitstre

.2 Order of access units and association to coded video sequences

am 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
profiles specified in Annex A and are decoded using the decoding process specified in clauses 2-9, the order of NAL units

and co

ed pictures and their association to access units is described in subclause 7.4.1.2.3
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The firgt access unit in the bitstream starts-with the first NAL unit of the bitstream.

The fir
new ac
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S€
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SH
N4

5t access unit of each coded video sequence is an IDR access unit. All subsequent access units\in

e are non-IDR access units.

equirement of bitstream conformance that, when two consecutive access units in decoding,erder withi
e both contain non-reference pictures, the value of picture order count for each coded frame in the
11 be less than or equal to the value of picture order count for each coded frame in thé.s¢cond such acc

quirement of bitstream conformance that, when present, an access unit following’an access unit that
ence NAL unit shall be an IDR access unit.

equirement of bitstream conformance that, when an SEI NAL unit contains’data that pertain to more
r example, when the SEI NAL unit has a coded video sequence as it§ _scope), it shall be contained i
vhich it applies.

equirement of bitstream conformance that, when an end of stréam NAL unit is present in an access
11 be the last access unit in the bitstream and the end of stregam. NAL unit shall be the last NAL unit in

.3 Order of NAL units and coded pictures and\association to access units

bclause specifies the order of NAL units and coded ‘pictures and association to access unit for coded

2-9.

bss unit consists of one primary coded picfure, , and zero or more non-VCL NAL units. The associati
primary is described in subclause 7.4-].2.5.

t of any of the following NAL units after the last VCL NAL unit of a primary coded picture specifi
€ss unit:

bess unit delimiter NAL unit (when present),
luence parameter set NAL unit (when present),
ture parameter set NAL unit (when present),

I NAL unit (when present),

AL \anits with nal unit type in the range of 14 to 18, inclusive (when present),

he coded video

n a coded video
first such access
ESS unit.

contains an end

than one access
the first access

unit, this access
hat access unit.

video sequences
ess specified in

in of VCL NAL

es the start of a

firs

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

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

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 unit of the primary coded plcture

NOTE - Seque 3 [low the
last VCL NAL unit of the primary coded picture w1th1n the access unit, as thls condmon would spec1fy the start of a new aceesq unit.

NOTE — Wh¢n 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 o in the
coded picturep of the access unit in which it is present, and may be referred to in coded pictures of subsequent access ufits-

The structure of access units not containing any NAL units with nal unit type equal to 0, 7, 8, or in the fange of 1P to 18,
inclusive, or in the range of 20 to 31, inclusive, is shown in Figure 7-1.
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end of sequence

v

end of stream

<

\J

end

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

7.4.1.2.4 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:
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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 decodin

g 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

pri

nal_ref idc

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

P a1 da

loavial 3

profile_idc and

idesndicatatha £la o aval to xohiol tlha o daxndan caqiianoa o £ <
VOO O Ot Ot O prorCan GO v O tO-win Tt O CoOaCa—vIGCO-SCautCC-CONTOTITS:

constraint_set0_flag equal to 1, when profile idc is equal to 66, has no meaning and should be equal to 1 and its value shall
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
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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 al

1 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:

If profile idc is equal to 66, 77, or 88 and level idc is equal to 11, constraint set3 flag equal to | indicates that the

coded video sequence obeys all constraints specified in Annex A for level 1b and constraint set3 flag equal to 0

mgicates that the coded video sequence obeys all constraints specitied in Annex A for level 1.1.
—  Oftherwise the value of 1 for constraint_set3 flag is reserved for future use by ITU-T | ISO/IEC An‘thi
shiall ignore the value of constraint_set3 flag.

constrg

int_setd flag is reserved for future use by ITU-T | ISO/IEC; the value shall be ignored by,decoders,

5 case, decoders

and shall be set

and shall be set

ture by ITU-T |

tt. The value of

nce parameter set
rameter_set id.

(7-2)

. The value of

a non-reference

in the decoding

to 0 by fencoders.
constrgint_setS_flag is reserved for future use by ITU-T | ISO/IEC; the value shall be ignored by decoders,
to 0 byfencoders.
reservdd_zero_ 2bits shall be equal to 0. Other values of reserved zero 2bits 4may be specified in the ful
ISO/IEL. Decoders shall ignore the value of reserved _zero 2bits.
seq_parameter_set_id identifies the sequence parameter set that is referréd to by the picture parameter s
seq_pafameter_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 sequd

syntax elements differ rather than changing the values of the syntax elemeénts associated with a specific value of seq_p
log2_max_frame_num_minus4 specifies the value of the.variable MaxFrameNum that is used in frane num related
derivations as follows:

MaxFrameNum = 2( log2_max_frame num minus4 +4 )

The VaIJe of log2 max frame num_ minus4 shalbbe in the range of 0 to 12, inclusive.
pic_order_cnt_type specifies the method to decode picture order count (as specified in subclause 8.2.1
pic_order cnt_type shall be in the range of 0-to 2, inclusive.
pic_order cnt type shall not be equakto2 in a coded video sequence that contains an access unit containing
frame fpllowed immediately by an aecess unit containing a non-reference picture,
log2_max_pic_order_cnt_lsb-minus4 specifies the value of the variable MaxPicOrderCntLsb that is used
process| for picture order gount as specified in subclause 8.2.1 as follows:

The value of log2_max pic_order _cnt_Isb_minus4 shall be in the range of 0 to 12, inclusive.

delta_y
present

MaxPicOrderGntl.sb = 2( log2_max_pic_order_cnt_Isb_minus4 +4)

ic_order_always_zero_flag equal to | specifies that delta pic order cnt[ 0] and delta pic order |

(7-3)

ient[ 1] are not

in the slice headers of the sequence and shall be inferred to be equal to 0. delta_pic_order always ze

ro flag equal to

0 speci
present

in the slice headers of the sequence.

ics that delta_pic_order_cnt| U | IS present in the stice headers of the sequence and deita_pic_order_

cnt[ 1 ] may be

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 process for inter prediction of any picture in the coded video sequence. max_num_ref frames also determines the
size of the sliding window operation as specified in subclause 8.2.5.3. The value of max num ref frames shall be in the
range of 0 toMaXxDpbFrames (as specified il subciause A.3-1), MNCIUSIVE.

gaps_in_frame| num_value_allowed_flag specifies the allowed values of frame num as specified in subclause-7.4.3|and the
decoding procegs in case of an inferred gap between values of frame num as specified in subclause 8.2.5.2.

pic_width_in_mbs_minus]1 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 (75)
The variable for picture width for the luma component is derived as
PicWidthInSamples; = PicWidthInMbs * 16 (7t6)

The variable for) picture width for the chroma components is derived as

PicWidthInSamplesc = PicWidthInMbs * MbWidthC (7t

frame_mbs_only flag shall be equal to 1 and specifies that every coded picture of the coded video sequence is § coded
frame containing only frame macroblocks.

The allowed range of values for pic width in mbs minusl, pie/height in map units minusl, is specified by constifaints in
Annex A.

pic_height_in_map_units_minusl1 plus 1 is the height @f@ frame in units of macroblocks.

The variable FrameHeightInMbs is derived as

FrameHgightInMbs = ( 2 — frame mbs:«0nly flag ) * PicHeightInMapUnits (718)

direct_8x8 infe¢rence_flag is not used and may have any value.

frame_cropping_flag equal to | specifies that the frame cropping offset parameters follow next in the sequence parameter
set. frame cropping_flag equal to/0 specifies that the frame cropping offset parameters are not present.

frame_crop_left_offset, frame crop_right_offset, frame_crop_top_offset, frame crop_bottom_offset spec|fy the
samples of the |pictures in-the¢ coded video sequence that are output from the decoding process, in terms of a recfangular
region specified in frame.eeordinates 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 O, the values of frame crop left offset,
frame crop top offset, and frame crop bottom_offset shall be inferred to be equal to 0.

frame crop right offset,

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
present. vui_parameters present flag equal to O specifies that the vui_parameters( ) syntax structure as specified in Annex E

is not present.

7.4.2.2 Picture parameter set RBSP semantics

rameter_set_id identifies the picture parameter set that is referred to in the slice Aleader.
ameter set id shall be in the range of 0 to 255, inclusive.

pic_pa
pic_par

seq_pa
of 0 to

Fameter_set_id refers to the active sequence parameter set. The value of seq parameter Set id shalll
B 1, inclusive.

entrop
to 0, an
CAVL

y_coding_mode_flag selects the entropy decoding method to be applied for thevSyntax elements. It
d the method specified by the left descriptor in the syntax table is applied (Exp-Golomb coded, see
, see subclause 9.2).

bottom
(when

related
specifig
delta p

pic order cnt type is equal to 0) or delta pic order cnt[ 1 ] (when’ pic order cnt type is equal t
to picture order counts for the bottom field of a coded frame,-are present in the slice headers for

d in subclause 7.3.3. bottom field pic order in frame present flag equal to O specifies that the

jc_order _cnt_bottom and delta_pic_order cnt[ 1 ] are notpresent in the slice headers.

_slice_groups_minusl shall be equal to 0.

num_ref idx_10_default_active_minusl specifies how hum ref idx 10 active minusl is inferred for
num_rdf idx_active override flag equal to 0. The valu¢-of num ref idx 10 default active minusl shall be i
to 31, ifclusive.

num_ref idx_11_default_active_minus] is not used and shall be in the range of 0 to 31, inclusive.
weighted_pred_flag shall be equal to 0.
weighted_bipred_idc shall be equal t0.0.

_qp_minus26 specifies the initial value minus 26 of SliceQPy for each slice. The initial value is mod
en a non-zero value of\slice qp delta is decoded, and is modified further when a non-zero value of}

The value of

be in the range

shall be equal
subclause 9.1 or

| field_pic_order_in_frame_present_flag equal to 1 specifies that the syntax elements delta pic ofder cnt bottom

b 1), which are
oded frames as
syntax elements

P slices with
n the range of 0

ified at the slice
mb_gp delta is
inclusive.

QP values for

ie.

haracteristics of

s that the set of

syntax elements controlhng the characterlstlcs of the deblocklng filter is not present in the shce headers and their inferred
values are in effect.

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

redundant_pic_cnt_present_flag shall be equal to 0 and specifies that the redundant pic_cnt syntax element is not present
in slice headers that refer to the picture parameter set.
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7.4.2.3 Suppl

emental enhancement information RBSP semantics

Supplemental Enhancement Information (SEI) contains information that is not necessary to decode the samples of coded

pictures from V

7.4.2.3.1Supp

CL NAL units.

lemental 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 payloadS1ze of the SEI payload SEI payloads 1dent1ﬁed herem as the sei _payload( ) syntax structure,

are specified by
RBSP bytes in

NOTE - The
by emulation
quantity of en

ff_byte is a bytd
last_payload_t]
last_payload_s
7.4.2.4 Acces

The access unit
detection of thd
delimiter.

primary_pic_t)
in Table 7-2 for|

NOTE — The
slice_type syif

ANNEX

e SEI payload.

INAL unit byte sequence containing the SEI message might include one or more emulation prevention bytes (rep
| prevention_three byte syntax elements). Since the payload size of an SEI message is specified in‘RBSP b
hulation prevention bytes is not included in the size payloadSize of an SEI payload.

ype_byte is the last byte of the payload type of an SEI message.
ze_byte is the last byte of the payload size of an SEI message.

s unit delimiter RBSP semantics

delimiter may be used to indicate the type of slices present in a primary coded picture and to simp]
boundary between access units. There is no normative decoding' process associated with the acc

ype indicates that the slice type values for all slices of the,primary coded picture are members of the s
the given value of primary pic_type.

value of primary pic_type applies to the slice type valuésiin all slice headers of the primary coded picture, incly
tax elements in all NAL units with nal_unit type equakto 1 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 0,2,5,9

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

mber of

resented
vtes, the

equal to OxFF identifying a need for a longer representation of the syntax structure thdt-f is used withjin.

lify the
ESS unit

bt listed

ding the

7.4.2.5 End o

f sequence RBSP semantics

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

The end of stream RBSP indicates that no additional NAL units shall be present in the bitstream that are subsequent to the
end of stream RBSP in decoding order. The syntax content of the SODB and RBSP for the end of stream RBSP are empty.
No normative decoding process is specified for an end of stream RBSP.

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). In some system environments, another bitstream may follow after the bitstream that has ended, either immediately or at
some time thereafter, possibly within the same communication channel. Under such circumstances, the scope of this International

trang
7.4.2.7
The fil]]
ff_byte
7.4.2.8
The sli
7.4.2.9
7.4.2.1
In this
7.4.2.1
rbsp_s

Standard applies only to the processing of each of these individual bitstreams. No requirements are specified herein regarding the

M d o 2 s ta )
CasS (O g T T e gara Ot e, DU e TS OpCTation—CtCTyr

Filler data RBSP semantics
er data RBSP contains zero or more bytes. No normative decoding process is specified for a-filler data
is a byte. It is a requirement of bitstream conformance that the value of ff byte shall be equal to OxFF
Slice layer without partitioning RBSP semantics
e layer without partitioning RBSP consists of a slice header and slice data.
(void)
0 RBSP slice trailing bits semantics
Bpecification, the RBSP trailing bits syntax and semantics are th€ same as the RBSP trailing bits syntaj
1 RBSP trailing bits semantics

op_one_bit shall be equal to 1.

rbsp_alignment_zero_bit shall be equal to 0.

7.4.3

When
pic_ord
picture]

first_m
follows|

—  thg
pi

Slice header semantics

present, the value of the slice header syntax elements pic parameter set id, frame num
er_cnt_Isb, delta pic_order cnt[ 0 ]J,and delta_pic_order cnt[ 1 ] shall be the same in all slice hea

b_in_slice specifies the address of the first macroblock in the slice. the value of first mb in_slice i

value of first mb 4n3slice shall not be less than the value of first mb in slice for any other slic
ture that precedes the‘current slice in decoding order.

The firgt macroblock<«address of the slice is derived as follows:

— i

5t mb_in( slice is the macroblock address of the first macroblock in the slice, and first mb_in_slicq

rafpge of.0:to PicSizeInMbs — 1, inclusive.

slice_ty

RBSP.

k and semantics.

, 1idr_pic_id,
ders of a coded

5 constrained as

e of the current

shall be in the

péespecifies the coding type of the slice according to Table 7-3. Reserved slice_type values shall not |

be present in the

slice h

1
dUcCT.
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Table 7-3 — Name association to slice_type

Name of slice_type
P (P slice)
Reserved

I (I'slice)

Reserved

slice_type

WIN[—|O

When slice typ
coded picture {
slice_type miny|
NOTE — Vali
(slice_type %

When nal_unit |

When max_num ref frames is equal to 0, slice_type shall be equal to:2-or 7.

pic_parameter

frame_num is
bitstream. framg

The variable Pr

If the curre

Otherwise

If the

for afh access unit that(contained a non-reference picture that followed the previous access unit in decodir]

that (
"non-
subcl

Other
order]

RUDUI VUd
P (P slice)
Reserved
I (I'slice)
Reserved

O |0 |Q|N|Wn|H

Reserved

e has a value in the range 5..9, it is a requirement of bitstream conformangethat all other slices of the
hall have a value of slice type equal to the current value of slicetype or equal to the current ¥
5 5.

es 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
5). Values of slice_type in the range 5..9 are otherwise equivalent to corresponding values in the range 0..4.

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

used as an identifier for pictures and shall*be represented by log2 max frame num minus4 + 4 bit]
num is constrained as follows:

pvRefFrameNum is derived as follows:
nt picture is an IDR picture, PrevRefFrameNum is set equal to 0.
the current picture is not an IDR picture), PrevRefFrameNum is set as follows:

decoding process fof gaps in frame num specified in subclause 8.2.5.2 was invoked by the decoding

vise\ PrevRefFrameNum is set equal to the value of frame num for the previous access unit in d
thatcontained a reference picture.

current
alue of

value of

| set_id specifies the picture parameter set in use.Fhe value of pic_parameter set id shall be in the rapge of 0
to 255, inclusivg.

5 in the

process
g order

ontained a reference picture, PrevRefFrameNum is set equal to the value of frame num for the last of the
existing" reference frames inferred by the decoding process for gaps in frame num specified in
huse 8.2.5.2!

pcoding

The value of frame num is constrained as follows:

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

Otherwise (the current picture 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 pic

ture shall not be equal to PrevRefFrameNum unless all of the following three conditions are true:

a) The 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,

to 5,

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

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

When the value of frame num is not equal to PrevRefFrameNum, it is a requirement of bitstteam confo

followi

)

a

b)

A picty
above 4

hg constraints shall be obeyed:

There shall not be any previous frame in decoding order that is currently marked{as~"used for short
that has a value of frame num equal to any value taken on by the variable_UnusedShortTermFr
following:

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

The value of frame num is constrained as follows:

If gaps in frame num_value allowed flag is equdl to 0, the value of frame num for the curr
be equal to ( PrevRefFrameNum + 1 ) % MaxFrameNum.

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

If frame num is greater than PreyReéfFrameNum, there shall not be any non-reference
bitstream that follow the previous reference picture and precede the current picture in dg
which either of the following eonditions is true:

The value of frame num for the non-reference picture is less than PrevRefFrameNunj

The value of frame num for the non-reference picture is greater than the value of fraj
current picture!

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

Th¢ value of frame num for the non-reference picture is less than PrevRefFrameNunj

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

nd,after the decoding of the current picture and the processing of the memory management contro

There is a prlmary coded picture that precedes the precedmg reference picture and the prlmary coded picture
2 the preced ofe : = : ame > = ameNum,

y coded picture

rmance that the

term reference"
ameNum in the

(7-11)

ent picture shall

pictures in the
coding order in

>

me num for the

ence pictures in
decoding order

>

me num for the

re including a memory management control operation equal to 5 shall have frame num constraifits as described

operations, the

picture

shall be inferred to have had ﬁ"amP_mlm Pqnﬂl to 0 for all thQPannt use in the dernding pracess_ex

ept as specified

in subclause 7.4.1.2.4.

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
in 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 be equal to 0.

redundant picentshaH-be-equalto-Bandspectiesthat—sheesbelopsto-the-primary-coded-pteture
When the value|of nal ref idc in one VCL NAL unit of an access unit is equal to 0, the value of nal ref idc in allother VCL
NAL units of the same access unit shall be equal to 0.
The marking status of reference pictures and the value of frame num after the decoded reference picture niarking process as
specified in sufjclause 8.2.5 is invoked for the primary coded picture of the same access unit shall (be’identical regardless
whether the prifnary coded picture of the access unit would be decoded.
num_ref_idx_active_override_flag equal to 1 specifies that the syntax element num_ref idx\l0 active minusl is|present
for P slices. num_ref idx active override flag equal to O specifies that the syntax element fum ref idx 10 active mjnusl is
not present.
When the currgnt slice is a P slice and the value of num ref idx 10 default active-minusl in the picture parampeter set
exceeds 15, num ref idx_active override flag shall be equal to 1.
num_ref_idx_IP_active_minuslspecifies the maximum reference index for, reference picture list O that shall be used to
decode the slice]
When the currept slice is a P slice and num ref idx 10 active minusl is not present, num_ref idx 10 active minufl shall
be inferred to b¢ equal to num_ref idx 10 default active minusl.
The range of num_ref idx 10 active minusl is specified as follows:
num_ref idx 10 active minusl shall be in the range of 0 tell'5, inclusive.
slice_qp_delta ppecifies the initial value of QPy to be used for all the macroblocks in the slice until modified by the value of
mb_gp_delta in|the macroblock layer. The initial QPy-quantisation parameter for the slice is computed as

SliceQPy = 26 + pic_init_qp _minus26<kslice qp delta (7-12)
The value of slite qp_delta shall be limited such that SliceQPy is in the range of —0 to +51, inclusive.
disable_deblocking_filter_idc specifies whether the operation of the deblocking filter shall be disabled across somie block
edges of the slige and specifies for which edges the filtering is disabled. When disable deblocking_filter idc is not present in
the slice header{ the value of disable deblocking filter idc shall be inferred to be equal to 0.
The value of digable debloeking filter idc shall be in the range of 0 to 2, inclusive.
slice_alpha_c0] offset .div2 specifies the offset used in accessing the o and t¢y deblocking filter tables for filtering opgrations
controlled by thfe macroblocks within the slice. From this value, the offset that shall be applied when addressing thesg tables
shall be computed-as

FilterOffsetA = slice_alpha c0 offset div2 <<1 (7-13)

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 <<
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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 th

e 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 idc is present for

specifyi

ng reference picture list 0. ref pic list modification flag 10 equal to 0 specifies that this syntax

element is not

present

When 1
to 3 fol

When

subclay
modifig
list pro

modifig
referen
first mq

abs_dit
to the ¢
MaxPig

long_tq
decodii

marked as

ef pic_list modification flag 10 is equal to 1, the number of times that modification of pigynums |
owing ref pic_list modification flag 10 shall not exceed num_ref idx 10 active minusl 1.

RefPicListO[ num ref idx 10 active minusl ] in the initial reference picture listsproduced 2
se 8.2.4.2 is equal to "no reference picture", ref pic_list modification flagl1l0~ shall be d
ation_of pic nums_idc shall not be equal to 3 until RefPicListO[ num_ref idx {l0”active minus] ]

luced as specified in subclause 8.2.4.3 is not equal to "no reference picture".

ation_of pic_nums_idc together with abs diff pic num minusl or lémg term pic num specifie
be pictures are re-mapped. The values of modification of pic nums jdc\are specified in Table 7-4.
dification_of pic nums idc that follows immediately after ref pic dist-modification flag 10 shall no

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

idc is not equal

s specified in
qual to1 and
in the modified

5 which of the
[he value of the
be equal to 3.

ists

modification_of pic_nums_idc modification specified

0 abs_diff pic hum minus] is present and corresponds to a differer

subtract from a picture number prediction value

ce to

abs~@iff pic num minusl is present and corresponds to a differeq]
addto a picture number prediction value

ce to

long_term pic num is present and specifies the long-term picture ny
for a reference picture

mber

End loop for modification of the initial reference picture list

f pic_num_minuslplus'| specifies the absolute difference between the picture number of the pictd
prrent index in the-list/and the picture number prediction value. abs_diff pic num_minus] shall be in
Num — 1. The allowed values of abs_diff pic num minus] are further restricted as specified in subcls

rm_pic_nunrspecifies the long-term picture number of the picture being moved to the current index
g a coded_frame, long_term_pic_num shall be equal to a LongTermPicNum assigned to one of the 1
"used for long-term reference".

7.4.3.2

re being moved
he range of 0 to
use 8.2.4.3.1.

n the list. When
eference frames

(void)

7.4.3.3 Decoded reference picture marking semantics

The syntax elements no output of prior pics flag,

long term reference flag,

adaptive ref pic_marking mode flag,

memory management _control operation, difference of pic nums minusl, long term frame idx, long term pic num, and
max_long term_frame idx plusl specify marking of the reference pictures.

The marking of a reference picture can be "unused for reference",

nn

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

© ISO/IEC 2015 — All rights reserved

59


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

ISO/IEC 14496-29:2015(E)

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_pics_flag specifies how the previously-decoded pictures in the decoded picture buffer are treated after
decoding of an IDR picture. See Annex C. When the IDR picture is the first IDR picture in the bitstream, the value of
no_output_of prior _plcs ﬂag has no effect on the decodlng process. When the IDR plcture is not the ﬁrst IDR plcture in the
bitstream and A

sequence para
derived from th|
should not) be i

eter set is dlfferent from the value of Pch1dthIans FrameHelghtIans or max_ dec frame b
e sequence parameter set active for the preceding picture, no output of prior pics flag equalcte, I'
hferred by the decoder, regardless of the actual value of no_output of prior pics flag.

h frame
pecifies
ng-term
to 0,

long_term_ref{
indices" and thg
that the MaxLd|
reference” an
long term refeq

rence_flag equal to 0 specifies that the MaxLongTermFrameldx variable is set equal to "ne long-tert
t the IDR picture is marked as "used for short-term reference”. long_term_referenceflag equal to 1 s
ngTermFrameldx variable is set equal to 0 and that the current IDR picture is marked "used for lo
1 is assigned LongTermFrameldx equal to0. When max num ref‘frames is equa
ence_flag shall be equal to 0.

ture as
hat are

adaptive_ref pic_marking_mode_flag selects the reference picture marking mode of the currently decoded pid
specified in Table 7-5. adaptive ref pic _marking mode flag shall be equal to L ‘when the number of frames,
currently marked 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.

Adaptive reference picture marking mode: A reference picture
marking mode providing syntax elements to specify marking of
teference pictures as "unused for reference" and to assign long-term
frame indices.

picture
peration
ed with

ement_control_operation specifies a control operation to be applied to affect the reference

memory_manﬁ
emory managementycontrol operation syntax element is followed by data necessary for the of

marking. The

specified by th
memory manag
elements are pr

e value of memoOry management control operation. The values and control operations associat
ement control ‘operation are specified in Table 7-6. The memory management control operation
ocessed by<the' decoding process in the order in which they appear in the slice header, and the s¢|

syntax
mantics

constraints expriessed for{edach memory management control operation apply at the specific position in that order at which

that individual nemorymanagement control operation is processed.

For interpretatign.of memory management control operation, the term "reference picture" refers to a reference frame

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

memory management control operation shall not be equal 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.

Not more than one memory management control operation equal to 6 shall be present in a slice header.

memor
memor
syntax

A mem
in the s

When 4
2, 3, or
the curt
NOT
sped
men
mor
sped
men
"uny

~TITAITAZEIEITt_COMrol_Operation — Siatt— 1ot be—equat — t0 9 1T @ SICE  Neade
) management control operation in the range of 1 to 3 is present in the same decoded reference
structure.

ory _management control operation equal to 5 shall not follow a memory management control opef
hme slice header.

memory management control operation equal to 6 is present, any memory manageiient control of

ent picture to be marked as "unused for reference".

['E — These constraints prohibit any combination of multiple memory managemefit” control operation syntax elg
ify the current picture to be marked as "unused for reference".™ However, some other
hory management_control_operation syntax elements are permitted that may‘affect the marking status of other

ifies a long-term frame index to be assigned to a particular short-term reference picture to be followed in the samg
hory management_control operation equal to 2, 3, 4 or 6 that spegifies’the same reference picture to subseque
sed for reference".

unless no
picture marking

ation equal to 6

eration equal to

4 that follows the memory management control operation equal to 6 within thé’same slice header ghall not specify

ments that would
tombinations of
eference pictures

e than once in the same slice header. In particular, it is permitted for a miemory management control operatign equal to 3 that

slice header by a
ntly be 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 assigh.a
long-term frame index to it

4 Specify the maximum long-term, frame index
and mark all long-term refefence pictures
having long-term frameindices greater than
the maximum value as"unused for reference”

5 Mark all reference pictures as
"unused for reference” and set the
MaxLongFermFrameldx variable to
"no long-term frame indices"

6 Matk 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 long-
term frame indgx to a short-term reference pictiire or to mark a short-term reference picture as "unused for reference'l. When
the associated rpemory management control)operation is processed by the decoding process, the resulting picture pumber
derived from difference of pic nums minusl shall be a picture number assigned to one of the reference pictures mdrked as
"used for referefice” and not previously:assigned to a long-term frame index.

The resulting picture number is constrained such that the resulting picture number shall be one of the set of picture umbers
assigned to refefence frames.

long_term_pic|num is (used (with memory management control operation equal to2) to mark a long-term rdference
picture as "unuged for reference". When the associated memory management_control_operation is processed by the dgcoding
process, long_t¢rme pic num shall be equal to a long-term picture number assigned to one of the reference picture§ that is
currently marked‘as."used for long-term reference".

The resulting long-term picture number is constrained such that the resulting long-term picture number shall be one of the set
of long-term picture numbers assigned to reference frames.

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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Slice data semantics

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
specifies the end of the slice and that no further macroblock follows.

The function NextMbAddress(n ) used in the slice data syntax table is specified as:

7.4.5

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

Tables
the nar
predict

MbParﬂgredMode( mb type, 0) function) and the prediction mode of sthe’ second partition

MbPar
mb_typ
"macro|
macrob

Table 7

Macrol
The ma

NextMbAddress(n) =n + 1

Macroblock layer semantics

hind semantics are specified for the various macroblock types for I, P slices. Each table)presents the v
ne of mb type, the number of macroblock partitions used (given by the NumMbPart( mb_type
on mode of the macroblock (when it is not partitioned) or .the  first partition

redMode( mb_type, 1) function). When a value is not applicable it is\designated by "na". In the tq
e may be referred to as the macroblock type, the value of MbPartPredMode( ) may be referred t
block (partition) prediction mode", and a value X of MbPartPredMode( ) may be referred to in
lock (partition) prediction mode" or as "X prediction macroblocks'.

-7 shows the allowed collective macroblock types for eaclyslice type.

Table 7-7 — Allowed collective.macroblock types for slice_type

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

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

croblock types for I slices are all I macroblock types.

lue of mb_type,

function), the
oiven by the
civen by the
xt, the value of

in the text by
the text 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}
=" = =31 & 2 =t
3} g e (=X - = <
| D oy o g z
o S £ .| — 22 O]
— = Py 5= 9
£ A E = S =
s 2 - g =) =
“ = E 3 <
@)

0 1 4x4 Intra_4x4 na Equation 7-15 | Equatiofif/-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_16x06 0 2 0
10 L 16x16 120 Intgd_16x16 1 2 0
11 [ 16x16 2 2 0 Intra_16x16 2 2 0
12 I 16x16 3 2 0 Intra_16x16 3 2 0
13 I 16x16(0N0 1 Intra_16x16 0 0 15
14 [16x16 1 0 1 Intra_16x16 1 0 15
15 L16x16 2 0 1 Intra_16x16 2 0 15
16 I 16x16 3 0 1 Intra_16x16 3 0 15
17 L16x16 0 11 Intra 16x16 0 1 15
18 L16x16 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:

To eacl Intra_16x16 prediction macroblock, an Intral6x16PredMode is assigned, which 'specifies the Intra |

mode, gnd values of CodedBlockPatternLuma and CodedBlockPatternChroma are assigned as specified in Ta

Intra_4

I NxN: A mnemonic name for mb_type equal to 0 with MbPartPredMode( mb_type, 0 ) equal to Intsa’”.4

specifigd in subclause 8.3.1. Intra_4x4 is an Intra macroblock prediction modé.

Intra 1

specifidd in subclause 8.3.3. Intra_16x16 is an Intra macroblock prediction mode.

For am

Macroflock 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 O to 4

Table 7

I l6x16 0 0 0, 1 16x16 1 0 0,1 16x16 2 0 0,1 16x16 3 0 0,1 16x16 0 1 0, I 16x16 ‘1)t 0,
[ l6x16 3 1 0,1 16x16 0 2 0,1 16x16 1 2 0,1 16x16 2 2 0,1 16x16 3 2 0,1 16x16)0 0 1,
[ l6x16 2 0 1,1 16x16 3 0 1,1 16x16 0 1 1,1 16x16 1 1 1,1 16x16 2 1 1,1 16xl6 3 1 1,
L lex16 1 2 1,1 16x16 2 2 1,1 16x16 3 2 1:the macroblock is coded as an Intra (06x16 prediction|

k4 specifies the macroblock prediction mode and specifies that the Jmtrda 4x4 prediction proces
bx 16 specifies the macroblock prediction mode and specifies that'the Intra 16x16 prediction proce

acroblock coded with mb_type equal to I PCM, the Intra.macroblock prediction mode shall be inferrefd.

K4,

_16x16 2 1 0,
_16x16 1 0 1,
_16x16 0 2 1,
macroblock.

6x16 prediction
ble 7-8.
is invoked as

s 1s invoked as

hre specified in

-9 and mb_type values 5 to 30 are specified in.Table 7-8, indexed by subtracting 5 from the value of mb_type.

Table 7-9 — Macreblock type values 0 to 4 for P and SP slices
o Q Q
5 * S o 2 cﬁ 2 '_l =g 2y
=3 = & 2 =) =] = & 22
z = sz 2= 2= z 2 Tz
| — =7 ol ol "Rl £
) ) = € ! € I s 2 =2
g @ s & &< =< & E &~ E
=] = =2~ 2 2
z = =
0 P L0 _16x16 1 Pred LO na 16 16
1 P L0 LO 16x8 2 Pred LO Pred LO 16 8
2 P L0 LO 8xl6 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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P L0 16x16: the samples of the macroblock are predicted with one luma macroblock partition of size 16x1
samples and associated chroma samples.

luma partitions of size MxN equal to 16x8, or two luma partitions of size MxN equal to 8x16, and associated
samples, respectively.

macroblock partition index for the corresponding sub-macroblock) is present in the bitstream that specifies the
the correspprédingsub-macrobloek(s Hse—F4-52)-

P 8x8ref0: has the same semantics as P_8x8 but no syntax element for the reference index (ref idx 10[ mbPartkd
mbPartldx [~ 0..3) is present in the bitstream and ref idx 10[ mbPartldx ] shall be inferred to be equal t9'0’for
macroblocks of the macroblock (with indices mbPartldx = 0..3).

P_Skip: ng

ece-subela
Se-SHocrd

further data is present for the macroblock in the bitstream.

The following
macroblock par

Pred LO: §
prediction

emantics are assigned to the macroblock prediction modes (for macroblocks that*are not partition
ition prediction modes (for macroblocks that are partitioned) specified by MbPartPredMode( ) in Tabl

pecifies that the Inter prediction process is invoked using list 0 predictiofie Pred LO is an Inter mag
mode (for macroblocks that are not partitioned) and an Inter macroblock partition prediction mg

macroblocks that are partitioned).

When mb_type fis equal to any of the values specified in Table 7-9, the macroblock is coded in an Inter macroblock pr

mode.

pem_alignment_zero_bit is a bit equal to 0.

pem_sample_lymal i ] is a sample value. The pcm_sample luma] i {values represent luma sample values in the ras
within the macroblock. The number of bits used to represent each of these samples is BitDepthy. (BitDepthy is equa
this standard.) pcm_sample luma[ i ] shall not be equal to zero.

pem_sample_chromal i | is a sample value. The first MbWidthC * MbHeightC pcm_sample chroma[ i ] values rg
Cb sample lues in the raster scan within (th€ macroblock and the remaining MbWidthC * Mb}
pcm_sample chroma[ i | values represent Cr samplevalues in the raster scan within the macroblock. The number of b
to represent each of these samples is BitDepthc. (BitDepthc is equal to 8 in this standard.) pcm_sample chroma[i] s

be equal to zer

coded_block
contain non-ze|
CodedBlockPat

CodedBI
CodedBI

When the macr

If the macr

ttern specifies which of the four 8x8 luma blocks and associated chroma blocks of a macroblo
Fo transform coefficiefit, levels. When coded block pattern is present in the bitstream, the V|
ernLuma and CodedBlockPatternChroma are derived as

ockPatternLuma.= coded block pattern % 16

ockPatternChroma = coded block pattern / 16 (7-
block type-is not equal to P_Skip or I PCM, the following applies:

pblockprediction mode is equal Intra_16x16, the following applies:

6 luma

P L0 LO MxN, with MxN being replaced by 16x8 or 8x16: the samples of the macroblock are predicted using two

chroma

P 8x8: for each sub-macroblock an additional syntax element (sub _mb type[ mbPartldx ] with mbPartldx being the

type of

% | with
all sub-

ed) and
e 7-9:

roblock
de (for

ediction

er scan
to 8 in

tpresent
eightC
its used
hall not

ck may
hriables

the va'

£ O dadP] l-Pott I 5 tlaa £o11 1
UCUT CUUCUDTUOURT attU N I U SPULCTITOS TV TUTTO WIS

macroblock are equal to 0 for all 16 of the 4x4 blocks in the 16x16 luma block.

If CodedBlockPatternLuma is equal to 0, all AC transform coefficient levels of the luma component of the

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.

and the following applies:

66

Otherwise (the macroblock prediction mode is not equal to Intra 16x16),coded block pattern is present in the bitstream,
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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 CodedBlockPatternL.uma 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
transform coefficient levels of the corresponding transform blocks are scanned.

1 1.1 1 + - + 1 Q1 Vel el 1 1 1 1 b £ - M- + 1 T :
When ftreTmacrobtock typT TIs IOt cquar 1O P_ol\lp Or I_P\/IVI, CodedBlockPattermChrormmaTs—Tmter preted) as spemﬁed m

Table 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 coefficienf legvels shall be non-zero vilued.
All chroma AC transform coefficient levels afe’equal to 0.

2 Zero or more chroma DC transform- coefficient levels are non-zero valued.
One or more chroma AC transform coefficient levels shall be non-zero valuef.

mb_qp| delta can change the value of QPy in the macroblock layer. The decoded value of mb_qp_delta shal| be in the range
of =(26+0/2) to+(25+0/2), inclusive. mb_qp_delta shall be inferred to be equal to 0 when it is not|present for any
macrobjock (including P_Skip macroblock types).

The value of QPy is derived as
QPY = ( ( QPY,PREV + mb_qp_delta +52+2,*0 ) % ( 52+0 ) ) -0 (7-16)

where QPy prpyv is the luma quantisation parameter, QPy, of the previous macroblock in decoding order in the current slice.
For the|first macroblock in the slice QPy priv is initially set equal to SliceQPy derived in Equation 7-12 at the start of each
slice.

The value of QP'y is derived as
PP’y = QPy + 0 (7-17)
7.4.5.1 Macroblockyprediction semantics

All sanjples of the-ndacroblock are predicted. The prediction modes are derived using the following syntax elements.

_intradx4-pred_mode_flag[ luma4x4BlkIdx Jand rem_intra4x4 pred_mode[ luma4x4Blkldx | specify the Intra 4x4

intra_ — T T rett T mg Intra 4x4 or
Intra 16x16 prediction, as shown in Table 7-11. The value of intra chroma pred mode shall be in the range of 0 to 3,
inclusive.
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Table 7-11 — Relationship between intra_chroma_pred_mode and spatial prediction modes

ref_idx_10[ mb]
prediction.

The range of
ref idx 10[ mbH

When only one
equal to 0.

mvd_10[ mbPar]
prediction. The
macroblock is
and is assigned
compldx = 1. T
vector variable

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

ref idx 10[ mbPartldx ], the index in list O of the reference picture, is spé€eified such that v
artldx ] shall be in the range of 0 to num_ref idx 10 active minusl, inclusive.

reference picture is used for inter prediction, the values of ref idx 10[.mabPartldx ] shall be inferrg

tldx ][ O ][ compldx ] specifies the difference between a list 0 motien vector component to be used
index mbPartldx specifies to which macroblock partition mvd 10 is assigned. The partitioning]
pecified by mb_type. The horizontal motion vector component difference is decoded first in decodin
compldx = 0. The vertical motion vector component is-de¢oded second in decoding order and is a
he range of the components of mvd_10[ mbPartldx ][ O [[Fcompldx ] is specified by constraints on the
alues derived from it as specified in Annex A.

7.4.5.2 Sub-macroblock prediction semantics

sub_mb_type|

Tables and sem
value of sub m
(given by the N
by the SubMbP
referred to by "
prediction modg

The interpretat]
"inferred" speci

mbPartldx | specifies the sub-macroblock types.

antics are specified for the various sub:macroblock types for P macroblock types. Each table pres
b _type[ mbPartldx ], the name of sub)mb_type[ mbPartldx ], the number of sub-macroblock partitio
pmSubMbPart( sub_mb_type[ mbPRartldx | ) function), and the prediction mode of the sub-macroblocl
FedMode( sub_mb_type[ mbPartldx | ) function). In the text, the value of sub_mb_type[ mbPartldx ]
sub-macroblock type". In the/text, the value of SubMbPredMode( ) may be referred to by "sub-mad|
" or "macroblock partitien prediction mode".

on of sub _mb_type[.mbPartldx | for P macroblock types is specified in Table 7-12, where the
fies values inferred-when sub_mb_type[ mbPartldx ] is not present.

Partldx | when present, specifies the index in reference picture list 0 of the reference picture to be ysed for

hlue of

d to be

and its
of the
g order
ssigned
motion

ents the
ns used
C (given
may be
roblock

ow for
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Table 7-12 — Sub-macroblock types in P macroblocks

The fol

P 1O N
luma p
equal t

The fo
modes)

Pred L
ref idx

mvd_1(
applied
macrob

7.4.5.3

The sy
residua

The sy}

" " " " " "
= S 3 = = =
= = - Py == =%
5 5 EL | E% £ 55
£ <5 ££ | 25 & | 25
g g £ s g TE T E ¥ g
T ET =3 £ &3 £3
& s @ = == s & s &
) ) = o S = 22 <2
El El z El ) El % El 7 El
= = = = = =
= = = = = =
w w w w w w
inferred na na na na ha
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

owing semantics are assigned to the sub-macroblock types in Table 7-12:

VXN, with MxN being replaced by 8x8, 8x4, 4x8, or4x4: the samples of the sub-macroblock are pre
irtition of size MxN equal to 8x8, two luma partitions of size MxN equal to 8x4, or two luma partitig
4x8, or four luma partitions of size MxN equal\to 4x4, and associated chroma samples, respectively.

[lowing semantics are assigned to thezsub-macroblock prediction modes (or macroblock part]
specified by SubMbPredMode( ) in Table*7-12:

D: see semantics for Table 7-9.
| 10] mbPartldx Jhas the same'semantics as ref idx 10 in subclause 7.4.5.1.

[ mbPartldx ][ subMbParfldx ][ compldx Jhas the same semantics as mvd 10 in subclause 7.4.5.1,
to the sub-macroblockipartition index with subMbPartldx. The indices mbPartldx and subMbPartldx
[ock partition and,sub-macroblock partition mvd 10 is assigned.

Residual data semantics

ntax structure residual block(), which is used for parsing the transform coefficient levels 1
_bloecktcavle, which is used for parsing the syntax elements for transform coefficient levels.

htax_structure residual luma( i16x16DClevel, i16x16AClevel, leveld4x4, level8x8, startldx, endIdx ) i

licted using one
ns of size MxN

ition prediction

bxcept that it is
pecify to which

s set equal to

5 used with the

first fourvariablcs i brackets being its Output and being assigned as 1oitows.

Intral6x16DCLevel is set equal to i116x16DClevel, Intral6x16ACLevel is set equal to i16x16AClevel, LumalLevel4x4 is set
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 + i4x4)-th list of the
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.

1CbCr-

Depending on mb_type, the syntax structure residual block( coeffLevel, startldx, endldx, maxNumCoeff) is used with the

arguments coefflLevel which is a list r‘nn'mining the maxNumCoeff transform coefficient levels that are p

sed in

residual block(]), startldx, endldx, and maxNumCoeff as follows.

Depending on

PartPredMode( mb_type, 0 ), the following applies:

—  If MbPartPredMode( mb_type, 0 ) is equal to Intra 16x16, the transform coefficient levels are patsed into
i16x16DClevel and into the 16 lists i16x16AClevel[ i ]. i16x16DClevel contains the 16 transform coefficient 1
the DC trapsform coefficient levels for each 4x4 luma block. For each of the 16 4x4 luma blocks indexed by i
the 15 AC fransform coefficients levels of the i-th block are parsed into the i-th list il6x16AClevel[ i ].

—  Otherwise ([MbPartPredMode( mb_type, 0 ) is not equal to Intra_16x16), the following dpplies:
for each of the 16 4x4 luma blocks indexed by i = 0..15, the 16 transform coefficientilévels of the i-th block arg
into the i-th list level4x4[ i ].

7.4.5.3.2 Resjdual block CAVLC semantics

The function TotalCoeff( coeff token ) that is used in subclause 7.3.5.32 returns the number of non-zero tr:
coefficient levels derived from coeff token.

The function
coeff token.

railingOnes( coeff token ) that is used in subclaise 7.3.5.3.2 returns the trailing ones derive

coeff token spgcifies the total number of non-zero transformi.coefficient levels and the number of trailing one tr
coefficient levels in a transform coefficient level scan. Avtrailing one transform coefficient level is one of up f{
consecutive nop-zero transform coefficient levels having’ an absolute value equal to 1 at the end of a scan of n
transform coefficient levels. The range of coeff token iS'specified in subclause 9.2.1.

trailing_ones_sign_flag specifies the sign of a trdiling one transform coefficient level as follows:
— Iftrailing pnes sign flag is equal to 0{ the corresponding transform coefficient level is decoded as +1.
—  Otherwise [trailing_ones sign_flagiequal 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 pre
level suffix is specified in subclause 9.2.2.

total_zeros spefifies the total-number of zero-valued transform coefficient levels that are located before the positio
last non-zero trpnsformsgcoefficient level in a scan of transform coefficient levels. The range of total zeros is sped
subclause 9.2.3

the list
bvels of
=0..15,

parsed

insform

d from

insform
o three
on-zero

fix and

h of the
ified in

on-zero

run_before spdcifies the number of consecutive transform coefficient levels in the scan with zero value before a nl

valued transform coefficient level. The range of run_before is specified in subclause 9.2.3.

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

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:
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— 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.

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.

Each picture referred to in this clause is a complete primary coded picture. Each slice referred to in this clause is a slice of a
primary coded picture.

The deg¢oding process is structured as follows:
the decpding 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 arld above:

—  Variables and functions relating to picture order count are deriyed-in subclause 8.2.1. (only needed to be
invoked for one slice of a picture)

—  When the frame num of the current picture is not eq@al to PrevRefFrameNum and is not equal to
( PrevRefFrameNum + 1 ) % MaxFrameNum, the decoding process for gaps in frame num is performed
according to subclause 8.2.5.2 prior to the decoding of any slices of the current picture.

— At the beginning of the decoding process for each P slice, the decoding process for referepce picture lists
construction specified in subclause 8.2.4 is invoked for derivation of reference picture list O (ReefPicList0).

—  When the current picture is a reference picture’and after all slices of the current picture have bgen decoded, the
decoded reference picture marking process' in subclause 8.2.5 specifies how the current pictufe is used in the
decoding process of inter prediction in later decoded pictures.

— | The processes in subclauses 8.3, 8.4,::85, 8.6 and 8.7 specify decoding processes using syntax flements in the
macroblock layer and above.

—  The intra prediction process for I macroblocks, except for I PCM macroblocks as specified ip subclause 8.3,
has intra prediction samples as its output. For I PCM macroblocks subclause 8.3 directly spgcifies 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 prediction samples
being the ouitput.

—  The transform coefficient decoding process and picture construction process prior to deblockipg filter process
are §peeified in subclause 8.5. That process derives samples for I macroblocks and for P mlacroblocks in P
slicgs. The output are constructed samples prior to the deblocking filter process.

— (_ jThe constructed samples prior to the deblocking filter process that are next to the edged of blocks and
macroblocks are processed by a deblocking filter as specified in subclause 8.6 with the dqutput being the
decoded sampics.

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 type equal to 1 and 5.

NAL units with nal unit type equal to 7 and 8 contain sequence parameter sets and picture parameter sets, respectively.

Picture parame
parameter set W
NAL units as dd

No normative d

8.2 Slice

8.2.1 Decoq

Outputs of thig
PicOrderCnt.

Each coded frar

PicOrderCnt in
reference pictur

PicOrderCnt is

subclauses 8.2.1.

memory_manag
PicOrderCnt( C

NOTE —Whe
the values of
argument and|
derived as spq
refers to t

memory management control operation equakto (including references via the functions PicOrderCnt( ) or DiffPicOrderCr

values of Pic
(resulting in H

The bitstream s
When the curre;

1) Considd
includin

a. T

|

er sets are used in the decoding processes of other NAL units as determined by reference tora
ithin the slice headers of each picture. Sequence parameter sets are used in the decoding processes
termined by reference to a sequence parameter set within the picture parameter sets of each sequence.

pcoding process is specified for NAL units with nal unit type equal to 6, 9, 10, 11, and 12:

decoding process

ing process for picture order count

process are the functions PicOrderCnt( picX ) and DiffPicOrderCnt(”picA, picB ) and the |

he is associated with a picture order count, called PicOrderCnt.

licates the picture order of the corresponding frame relatige to the previous IDR picture or the f
e including a memory management control operation equal)to 5 in decoding order.

derived by invoking one of the decoding processes for picture order count type 0, 1, anl
1, 8.2.1.2, and 8.2.1.3, respectively. When  the current  picture includ
ement control operation equal to 5, after the dedoding of the current picture, tempPicOrderCnt is set

irrPic ), and PicOrderCnt is set equal to 0.

h the decoding process for a picture currPic thatincludes a memory management control operation equal to 5

PicOrderCnt for the picture currPic (including references to the function PicOrderCnt( ) with the picture currP|
references to the function DiffPicOrderCat( ) with one of the arguments being currPic), the values of PicOrderCr
cified in subclauses 8.2.1.1, 8.2.1.2, and.8.2.1.3 for the picture currPic are used. When the decoding process for
he values PicOrderCnt of the~ previous picture prevMmcoS5Pic in decoding order that inc

rderCnt that is used for the pieture prevMmco5Pic are the values after the modification specified in the paragraj
icOrderCnt equal to 0).

all not contain data(that result in PicOrderCnt not equal to 0 for a coded IDR frame.
t picture is not‘an.IDR picture, the following applies:

T the listvafiable listD containing as elements the PicOrderCnt values associated with the list of
g all of the-following:

he first/picture in the list is the previous picture of any of the following types:

picture
f other

yariable

revious

d 2 in
es a
pqual to

refers to
c as the
t that is

picture
udes a
t( )), the
h above

bictures

an IDR pi(‘ﬁlr?
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a picture containing a memory management control operation equal to 5.

The following additional pictures:

If pic_order cnt type is equal to 0, all other pictures that follow in decoding order after the first pi

cture 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 in

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

g order after the
current picture.

When pic_order cnt_type is not equal to 0, the current picture is included in listD prior to the invoking of

the decoded reference picture marking process.

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.

The bitstream shall not contain data that result in values of PicOrderCnt, PicOrderCntMsb, or FrameNumOffset used in the

ccified in cubelaucec € 9 1 14089 1 3 that aveoaad tho vango of alioag foon 9314 ~31
s 2+1+to-82 13 thatexe -6 5o to

decodine-preeess-as-sp

- 1, inclusive.

T O T SuoTTaud T AAA-am2ea—a-ey Tvorrer

The furction PicOrderCnt( picX ) is specified as follows:

PicOrderCnt( picX ) = PicOrderCnt of the frame picX

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

DiffPicOrderCnt( picA, picB ) = PicOrderCnt( picA ) — PicOrderCnt( picB )

The bit]
exceed

NOT
outp|

stream shall not contain data that result in values of DiffPicOrderCnt( picAypicB ) used in the decod|
the range of —2'° to 2'° — 1, inclusive.

'E — Let X be the current picture and Y and Z be two other pictures in the same-sequence, Y and Z are considered
ut order direction from X when both DiffPicOrderCnt( X, Y ) and DiffPicOrder€nt( X, Z ) are positive or both ar

When the current picture includes a memory management control opgration equal to 5, PicOrderCnt( Cy
greater [than PicOrderCnt( any other picture in listD ).

8.2.1.1 Decoding process for picture order count type 0

This prpcess is invoked when pic_order cnt_type is equal to0.0.

Input tq this process is PicOrderCntMsb of the previous-téeference picture in decoding order as specified in thi

Outputs of this process is PicOrderCnt.

The vatjiables prevPicOrderCntMsb and prevPicOrderCntLsb are derived as follows:

If I:e current picture is an IDR pictuge, prevPicOrderCntMsb is set equal to 0 and prevPicOrderCntLsb is
the

Otherwise (the current picture jsnot an IDR picture), the following applies:

If the previous reference.picture in decoding order included a memory management control oper
the following appli€s:

prevPicOrdetCntMsb is set equal to 0 and prevPicOrderCntLsb is set equal to the value of Pic
previous\reference picture in decoding order.

Otherwise® (the  previous reference  picture in  decoding order did not
memory management control operation equal to 5), prevPicOrderCntMsb is set equal to PicOrdg
previous reference picture in decoding order and prevPicOrderCntLsb is set equal to the value of pi

(8-1)

(8-2)

ing process that

to be in the same
negative.

irrPic ) shall be

5 subclause.

set equal to 0.

ition equal to 5,

DrderCnt for the

include a
rCntMsb of the
c_order cnt Isb

of'the previous reference picture in decoding order.

PicOrderCntMsb 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

8.2.1.2 Decoding process for picture order count type 1

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

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

(8-

4)

Outputs of this

The value of P
previous picturg

TOCESS 15 PicOTderCnt

in decoding order.

When the curreft picture is not an IDR picture, the variable prevFrameNumOffset is derived as follows:

cOrderCnt is derived as specified in this subclause. Let prevFrameNum be equal to the frame, hum of the

— If the prpvious picture in decoding order included a memory management control ‘operation equall to 5,
prevFrameNumOffset is set equal to 0.
—  Otherwise |(the previous picture in decoding order did not include a memory management control operation ¢qual to
5), prevFrgmeNumOffset is set equal to the value of FrameNumOffset of the previous picture in decoding order.
NOTE — Whdn gaps_in_frame num_value allowed flag is equal to 1, the previous picture’in decoding order may be a "non-¢xisting"
frame inferred by the decoding process for gaps in frame num specified in subclause 8.2.5.2:
The variable FrgmeNumOffset is derived as specified by the following pseudo-cede:
if( IdrPidFlag == 1)
FrameNumOffset = 0
else if( pfevFrameNum > frame num ) (8F5)
FrameNumOffset = prevFrameNumOffset + MaxFrameNum
else
FrameNumOffset = prevFrameNumOffset
The variable absFrameNum is derived as specified by the'féllowing pseudo-code:
if( num _tef frames in pic order cnt cycle<!= 0)
absFilameNum = FrameNumOffset +Arame num
else (8}6)
absFlameNum = 0
if( nal rdf ide == 0 && absFrameNum > 0)
absFlameNum = absFrandieNum — 1
When absFramgNum > 0, picOrderCntCycleCnt and frameNumInPicOrderCntCycle are derived as
picOrderCntCycle€nt.= ( absFrameNum — 1 ) /num_ref frames_in_pic_order cnt cycle
frameNumInPicOzrderCntCycle = ( absFrameNum — 1 ) % num_ref frames in_pic_order cnt_cycle 8t7)
The variable expectedPicOrderCnt is derived as specified by the following pseudo-code:
if( absFrameNum > 0 ){
expectedPicOrderCnt = picOrderCntCycleCnt * ExpectedDeltaPerPicOrderCntCycle
for( 1= 0; i <= frameNumInPicOrderCntCycle; i++ )
expectedPicOrderCnt = expectedPicOrderCnt + offset for ref frame[ i ]
} else
expectedPicOrderCnt = 0
if( nal_ref idc == 0) (8-8)

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 ]

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 .

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

When the

- If
pr

—  Otherwise (the previous picture in decoding order did not include a memory management) ¢entrol _op|

5)

NO7
fram

The var

The var

The var

NOJ
wou

NOT
8.2.2
8.2.3

the previous picture in decoding order included a memory management control operatio
evFrameNumOffset is set equal to 0.

prevFrameNumOffset is set equal to the value of FrameNumOffset of the previous picture'in decodin
'E — When gaps_in_frame num_value allowed flag is equal to 1, the previous picture in décoding order may b
e inferred by the decoding process for gaps in frame num specified in subclause 8.2.5.2.

iable FrameNumOffset is derived as specified by the following pseudo-codet

f( IdrPicFlag == 1)
FrameNumOffset = 0
lse if( prevFrameNum > frame num )
FrameNumOffset = prevFrameNumOffset + MaxFrameNum
plse
FrameNumOffset = prevFrameNumOffset

iable tempPicOrderCnt is derived as specified by the following pseudo-code:

f( IdrPicFlag == 1)
tempPicOrderCnt = 0
lse if( nal ref idc == 0)
tempPicOrderCnt = 2 * ( FrameNumOffset + frame num ) — 1
plse
tempPicOrderCnt =2 * ( FrameNumOffset + frame num )

iables PicOrderCnt is derived as specified by the following pseudo-code:

PicOrderCnt = tempRicOrderCnt

'E — Picture order count)type 2 cannot be used in a coded video sequence that contains consecutive non-refer
d result in more than éne of these pictures having the same value of PicOrderCnt

'E —Picture order.count type 2 results in an output order that is the same as the decoding order.
(void)
(void)

(8-9)

equal to 5,

eration equal to
b order.

e a "non-existing"

(8-10)

(8-11)

(8-12)
ence pictures that

8.24

(H £ £ H [, 4 gt
DUL,UUIIIU PTULESS TUT TETTETTTILE PJICIUTT TTS1S CUTTSTTULUUTT

This process is invoked at the beginning of the decoding process for each P slice.

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.
2.

An 1niti

specifie

al reference picture list RefPicList0 are derived as specified in subclause 8.2.4.2.

d in subclause 8.2.4.3.

When ref pic list modification flag 10 is equal to 1 or, the initial reference picture list RefPicList0 are modified as

NOTE - The modification process for reference picture lists specified in subclause 8.2.4.3allows the contents of

]

r

[

N

The number of
picture may app

8.2.4.1 Decoq

This process is
decoded referer
specified in sub

The variables

initialisation pr
subclause 8.2.4.
frame numin s

To each short-td

U5 0 PPN EPPYA W NN N P2 PR LD I £ dbla ool 1 v 1 it 2 lla £ ot tlaot o +1 Jead
CIT TS TUtO O U Ot I CO T a4 rCXTOTC TaSTH O T PartrCtrat ;T 15 POSSTOrC O a Pt T urar IS CutTontr y THar e

becified in subclause 8.2.4.2.

ear at more than one index in the modified reference picture lists RefPicList0.

ing process for picture numbers

invoked when the decoding process for reference picture lists construction spécified in subclause 8.

Clause 8.2.5.2 is invoked.

FrameNum, FrameNumWrap, PicNum, LongTermFrameldx, and \LongTermPicNum are used

beess for reference picture lists in subclause 8.2.4.2, the modificatien process for reference picture
3, the decoded reference picture marking process in subclause8:2.5, and the decoding process for
ibclause 8.2.5.2.

rm reference picture the variables FrameNum and FrameéNumWrap are assigned as follows. First, Fra

bference" to be inserted into RefPicList0 even when the picture is not in the initial reference picture list,dgd
p p

entries in the modified reference picture list RefPicList0O is num_ref idx 10 active minuskst V. A rg

used for
rived as

ference

D.4, the

ce picture marking process specified in subclause 8.2.5, or the decoding(process for gaps in frame num

for the
lists in
gaps in

meNum

is set equal to the syntax element frame num that has been decoded\in the slice header(s) of the corresponding sh¢rt-term

reference pictur

if( Framd
Fram|

else
Fram|

where the value

Each long-term|

subclause 8.2.5].

To each short-{
LongTermPicN

8.2.4.2 Initial
This initialisatid

RefPicList0 hayf

e. Then the variable FrameNumWrap is derived as

Num > frame num )

eNumWrap = FrameNum — MaxFrameNum (8-

eNumWrap = FrameNum
of frame num used in Equation8-13 is the frame num in the slice header(s) for the current picture.

reference picture has an dssociated value of LongTermFrameldx (that was assigned to it as speq

erm reference picturéya variable PicNum is assigned, and to each long-term reference picture a
im is assigned. T

sation pracess for reference picture lists
n process.is invoked when decoding a P, slice header.

e initial entries as specified in subclause 8.2.4.2.1.

ified in

yariable

When the number of entries in the initial ReiPicListU produced as speciiled in subclause 8.2.4.2.1 is greater than
num_ref idx 10 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.

The long-term reference frames are ordered starting with the frame with the lowest LongTermPicNum value and proceeding
through in ascending order to the frame with the highest LongTermPicNum value.

For example, when three reference frames are marked as "used for short-term reference" with PicNum equal

0 300, 302, and

303 angl two reference frames are marked as "used for long-term reference" with LongTermPicNum_gquall to 0 and 3, the

mnitial ipdex order is:

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.
2.

8.2.4.3.1 Modification precess of reference picture lists for short-term reference pictures

Input tq this process is an index refldxL0

R4fPicList0[0] is set equal to the short-term reference picture with PicNum = 303,
RqfPicListO[ 1] is set equal to the short-term reference picture with PicNum = 302,
RqfPicList0[2] is set equal to the short-term reference picture with PicNum = 300,
RafPicList0[3] is set equal to the long-term reference picture with LongTermPicNum = 0,

RafPicList0[4] is set equal to the long-term reference picture with LongTermPicNum = 3.

Output

The vatjiable pieNumLONoWTrap is derived as follows:

If

Let refldxL0 be an index into the reference picture list RefPicList0. It is initially set equal to 0.

The corresponding syntax elements modification, ef*pic nums idc are processed in the order th|
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 subcl
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 subcls
invoked with refldxLO0 as input, and the output is assigned to refldxL0.

—  Otherwise (modificatiod_of pic nums_idc is equal to 3), the modification process for refer
RefPicList0 is finished:

of this processiis an incremented index refldxLO0.

modification of pic nums idc is equal to 0,

ey occur in the

huse 8.2.4.3.1 is

use 8.2.4.3.2 is

ence picture list

fCpicNumLoPTed —( abs_diff pic_num minust + 1 ) <0)

picNumLONoWrap = picNumLOPred — (abs_diff pic num minusl + 1 ) + MaxPicNum
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
else
picNumLONoWrap = picNumLOPred + ( abs_diff pic num minusl + 1)

© ISO/IEC 2015 — All rights reserved
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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

picNumLONoW:
The variable pic

if( picNu

picNumLO = picNumLONoWrap — MaxPicNum

rap, the value of picNumLONoWTrap is assigned to picNumLOPred.
NumLO0 is derived as specified by the following pseudo-code:

mLONoWrap > CurrPicNum )

else
pic}

picNumLO shal]
be equal to the |

The following

refldxL0, shift the position of any other remaining pictures to later in the list, and increment the valu¢of refldxLO0.

for( cldx|
RefP
RefPicL
nldx = rd
for( cldx|
if( Pi

R

where the funct

PicNum of

Otherwise
PicNumF(
N(

NOTE — Wit}
needed for th
to be retained

8.2.4.3.2 Mog
Input to this prd
Output of this p|

The following
position refldx[]

for( cldx|
RefP

If the pictfire RefPicListO[ cldx ] is marked as "used for shortsterm reference", PicNumF( RefPicListO[ cldx ]

NumLO = picNumLONoWrap

be equal to the PicNum of a reference picture that is marked as "used for short-term reference! and §
PicNum of a short-term reference picture that is marked as "non-existing".

rocedure is conducted to place the picture with short-term picture number picNumLQ'into the index {

=num_ref idx 10 active minusl + 1; cldx > refldxL0; cldx— —)

cListO[ cldx ] = RefPicList0[ cIdx — 1]

stO[ refldxLO++ ] = short-term reference picture with PicNum equal to pieNamL0
fldxL0

=refldxL0; cldx <=num_ref idx 10 active minusl + 1; cldx++ )

ENumF( RefPicList0[ cldx ] ) != picNumLO )

bfPicListO[ nldx++ | = RefPicListO[ cldx ]

on PicNumF( RefPicListO[ cIdx ] ) is derived as follows

(8-

the picture RefPicListO[ cldx ].

(the picture RefPicListO[ cldx ] is
RefPicListO[ cldx ]) is equal to MaxPicNum:.
TE — A value of MaxPicNum can never be egual to picNumLO.

in this pseudo-code procedure, the lengthyof the list RefPicList0 is temporarily made one element longer than th
e final list. After the execution of this precedure, only elements 0 through num_ref idx 10 active minus] of the

not marked as "used for short-term refe

ification process of reference picture lists for long-term reference pictures
cess is an index refldXL0.
Focess is an incremented index refldxL0.

rocedure is,conducted to place the picture with long-term picture number long term_ pic num into th
0, shift theposition of any other remaining pictures to later in the list, and increment the value of refld

=num) ref idx 10 active minusl + 1; cldx > refldxL0; cldx— —)
cList0[ cldx | = RefPicListO[ cldx — 1]

(8-16)

hall not

bosition

) is the

rence"),

e length
list need

e index
xLO.

RefPicLi

StOf Tefldx 0+ = fong-term reference picture with LONg 1 ermPicINUM equat 1o ong_term_pic_num

nldx = refldxL0

for( cldx

=refldxL0; cldx <=num_ref idx 10 active minusl + 1; cldx++)

if( LongTermPicNumF( RefPicList0[ cIdx ] ) !=long_term pic_num )
RefPicListO] nldx++ ] = RefPicList0[ cldx ]

where the function LongTermPicNumF( RefPicListO[ cldx ] ) is derived as follows:

is the LongTermPicNum of the picture RefPicList0[ cldx ].
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If the picture RefPicList0[ cldx ] is marked as "used for long-term reference", LongTermPicNumF( RefPicListO[ cldx ])
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—  Otherwise (the picture RefPicListO[ cIdx] 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] of the list need
to be retained.

8.2.5
This pr

NOTE — The decoding process for gaps in frame num that is specified in subclause 8.2.5.2 may also be invoked w]
equdl to 0, as specified in clause 8.

Decoded reference picture marking process

peess TS vokedfor decoded prctures wirern mat—Tef e s ot equat to -

hen nal ref idc is

A decoded picture with nal ref idc not equal to 0, referred to as a reference picture, is markédyas "used for short-term

referen

FrameNum. A picture that is marked as "used for long-term reference" is identified by its LongFermFrameldy.

Frames|

predictjon when decoding a frame until the frame, is marked as "unused for reference".

A picture can be marked as "unused for reference" by the sliding window reference’ picture marking process

out mg
custom

be" or "used for long-term reference”. A picture that is marked as "used for short-term reference" is

marked as "used for short-term reference" or as "used for long-term reference! \¢an be used as a re

sed adaptive marking operation specified in subclause 8.2.5.4.

identified by its

ference for inter

a first-in, first-

chanism specified in subclause 8.2.5.3 or by the adaptive memory( control reference picture marking process, a

A shorf-term reference picture is identified for use in the decoding proCess by its variables FrameNum and FrameNumWrap

and its
specify
8.2.5.]
Decode

1. A
2. 0

the assignment of the variables FrameNum, FrameNumWrap, PicNum and LongTermPicNum.

Sequence of operations for decoded reference picture marking process
d reference picture marking proceeds in the following ordered steps:

L1 slices of the current picture are decoded:

epending on whether the current picfure is an IDR picture, the following applies:

- If the current picture is an IDR jpicture, the following ordered steps are specified:

a. All reference pictures are marked as "unused for reference"

b. Depending.onilong term reference flag, the following applies:

— If long term_reference flag is equal to 0, the IDR picture is marked as "used for short
and MaxLongTermFrameldx is set equal to "no long-term frame indices".

—=\Otherwise (long term reference flag is equal to 1), the IDR picture is marked as "usd
reference"”, the LongTermFrameldx for the IDR picture is set equal to 0, and MaxLon
is set equal to 0.

picture number PicNum, and a long-term reference pictureli$ identified for use in the decoding progess by its long-
term picture number LongTermPicNum. When the current pieture is not an IDR picture, subclause 8.2.4

1 is invoked to

term reference"

d for long-term
bTermFrameldx

4 110 thao £711

thorurnca (dha oot atntiieg 1ot o TIYD o a) thao follagin o anaaliac.
oterwvSse(te-cHrreRtpictureSs ot airo e picture s eTorovwAREappHes:

— If adaptive ref pic marking mode flag is equal to 0, the process specified in subclause 8.2.5.3 is invoked.

— Otherwise (adaptive ref pic marking mode flag is equal to 1), the process specified in subclause 8.2.5.4 is

invoked.

3. When the current picture is not an IDR picture and it was not marked as "used for long-term 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 - This process can only be invoked for a conforming bitstream when gaps_in frame num value allowed flag is equal to 1.
When gaps_in frame num value allowed flag is equal to 0 and frame num is not equal to PrevRefFrameNum and is not equal to

( PrevRefFray

When this procq

preiNurT =16 MaxFrame N, the decoding process shoutd nfer-am umimntemntionat fossof pictures:

ss is invoked, a set of values of frame num pertaining to "non-existing" pictures is derived as all.valu

on by UnusedSlI\ortTermFrameNum in Equation 7-11 except the value of frame num for the current picture.

For each of t
UnusedShortTe

1. The dd
2. Thesl

3. Thed
term r

The following d
a) (void)

b) The b
"non-g

c) Theb
marke

bs taken

e values of frame num pertaining to "non-existing" pictures, in the order in which the vallues of

'mFrameNum are generated by Equation 7-11, the following ordered steps are specified:
coding process for picture numbers as specified in subclause 8.2.4.1 is invoked.
ding window decoded reference picture marking process as specified in subctause 8.2.5.3 is invoked.

bcoding process generates a frame and the generated frame is marked as\'mOn-existing" and "used fo
pference". The sample values of the generated frame may be set to any(value.

onstraints shall be obeyed:

itstream shall not contain data that result in the démvation of a reference picture that is maj
xisting" in any invocation of the reference picture seléction process specified in subclause 8.4.2.1.

tstream shall not contain data that result in a variable picNumLO that is equal to the PicNum of a
1 as "non-existing" in any invocation of thesmnodification process for reference picture lists for sh

referefce pictures specified in subclause 8.2.4.3.1.

d) Theb
marke

tstream shall not contain data that result in a variable picNumLO that is equal to the PicNum of a
1 as "non-existing" in any invocatign of the assignment process of a LongTermFrameldx to a sh

referefce picture specified in subclause.8.2.5.4.3.

NOTE — The
be referenced
reference pid
(subclause 8.3

8.2.5.3 Slidin

This process is

pbove constraints specify that framies’that are marked as "non-existing" by the process specified in this subclause

in the inter prediction process.(subclause 8.4), the modification commands for reference picture lists for si
tures (subclause 8.2.4.3.1), or the assignment process of a LongTermFrameldx to a short-term referencd
.5.4.3).

p window decoded reference picture marking process

nvoked whefi.adaptive ref pic marking mode flag is equal to 0.

Depending on the properties of the current picture as specified below, the following applies:

1. Letn
numl}

umShertTerm be the total number of reference frames marked as "used for short-term referend

r short-

ked as

picture
rt-term

picture
rt-term

must not
ort-term
picture

e". Let

onigTerm be the total number of reference frames marked as "used for long-term reference".

2. When

8.2.5.4 Adapt

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".

ive 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 prpcess 1s invoked when memory management control_operation is equal to T.
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(as follows:

—  th¢ 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 for reference"
This prpcess is invoked when memory management control operation is equal to.2.
The value of LongTermPicNum is used to mark a long-term reference pictur€as "unused for reference" as follows:

—  th¢ long-term reference frame having LongTermPicNum equal’to long term pic num is marked [as "unused for
reference".

8.2.5.4.3 Assignment process of a LongTermFrameldxito a short-term reference picture

This prpcess is invoked when memory management control~operation is equal to 3.

Given |the syntax element difference of pic_numis ‘minusl, the variable picNumX is obtained as specified in
subclause 8.2.5.4.1. picNumX shall refer to a frame marked as "used for short-term reference" and not marked as "non-
existing".

When LongTermFrameldx equal to long érm frame idx is already assigned to a long-term reference franje, that frame is
marked as "unused for reference".

The vaJue of LongTermFrameldx(is,used to mark a picture from "used for short-term reference” to "used for long-term
referenge" as follows:

—  THe marking of the shortsterm reference frame specified by picNumX is changed from "used for short-tefm reference" to
"uped for long-term reference" and assigned LongTermFrameldx equal to long term frame idx.

8.2.5.4.4 Decoding-process for MaxLongTermFrameldx

This prpcess is inveked when memory management control operation is equal to 4.

All picures for which LongTermFrameldx is greater than max_long term frame idx plusl — 1 and that are marked 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 fnvoked when memory _management confrol_operation is equal to 6.

When a variabl¢ LongTermFrameldx equal to long term frame idx is already assigned to a long-term reference frame, that
frame is marked as "unused for reference".

The current gicture is marked as "used for long-term reference" and assigned LongTermFrameldx equal to
long term_framje idx.

8.3 Intra prediction process
This process is fnvoked for I macroblock types.

Inputs to this prjocess are constructed samples prior to the deblocking filter process,and; for Intra 4x4 prediction moges, the
values of Intra4k4PredMode from neighbouring macroblocks.

Outputs of this process are specified as follows:

—  If the macroblock prediction mode is Intra 4x4, the outputs are construgted luma samples prior to the deblockingffilter
process angl chroma prediction samples of the macroblock predc, where C is equal to Cb and Cr.

—  Otherwise,|if mb_type is not equal to I PCM, the outputs are ltuna prediction samples of the macroblock pred;, afjd
chroma pr¢diction samples of the macroblock predc, where-&“is equal to Cb and Cr.

—  Otherwise [mb_type is equal to I PCM), the outputs are‘constructed luma and chroma samples prior to the deblogking
filter process.

The variable MYCnt is set equal to 0.
Depending on the value of mb_type the following applies:

— Ifmb_typelis equal to I PCM, the sample construction process for I PCM macroblocks as specified in subclause8.3.5
is invoked,

—  Otherwise (mb_type is not equal-to 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 as
specifieduin subclause 8.3.1 is invoked.

—  (pthiefwise (the macroblock prediction mode is equal to Intra 16x16), the Intra 16x16 prediction process as
s ad o hal Q22 o lead il tha 4 d ] 4 4 1 diats 1 f
DPU\ALIUU I SUuvuLvIausy U.J. 015 HIVURALU WILL I 1 4dds uiv ]JJPUL amnmyu uIlv \}ULPULD arv rulilia lJl VUILLIUIT Dulllt}l\/b 0

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
previously (in decoding order) derived for adjacent macroblocks as the input and the variable
Intra4x4PredMode[ luma4x4Blkldx ] as the output.

For each luma block of 4x4 samples indexed using luma4x4Blkldx = 0..15, the following ordered steps aresspecified:

1. The Intra 4x4 sample prediction process in subclause 8.3.1.2 is invoked with luma4x4BIkIdx and the array S'_
cpntaining constructed luma samples prior to the deblocking filter process from adjacent luma blocks gs the inputs and
the outputs are the Intra_4x4 luma prediction samples pred4x4,[ x, y ] with x, y=0..3.

2. Tfhe position of the upper-left sample of a 4x4 luma block with index luma4x4BlkIdxiniside the currerjt macroblock is
derived by invoking the inverse 4x4 luma block scanning process in subclause 6.4.3 with luma4x4BIlKIdx as the input
ahd the output being assigned to ( xO, yO ).

3. The values of the prediction samples pred, [ xO + x, yO + y | with x, y = 0..3 are’derived by

predi [ xO +x, yO +y ] =pred4x4.[ X,y | (8-20)
4. The transform coefficient decoding process and picture construction process prior to deblocking filter process in

spbclause 8.5 is invoked with pred; and luma4x4BlklIdx as the input and the constructed samples for|the current 4x4
yma block S'| as the output.

[a—

8.3.1.1 Derivation process for Intra4x4PredMode

Inputs fo this process are the index of the 4x4 luma-block luma4x4Blkldx and variable arrays Intra4x4PredMode (if
available) that are previously (in decoding order) derived for adjacent macroblocks.

Output fof this process is the variable Intra4x4PredMode[ luma4x4BlkIdx ].
Table §1 specifies the values for Intra4x4PredMode[ luma4x4BlkIdx ] and the associated names.

Table 8-1 — Specification-of Intra4x4PredMode[ luma4x4BlkIdx | and associated names

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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Figure 8-1 — Intra_4x4 prediction mode directions (informative)

de[ luma4x4Blkldx ] is derived as specified by the following ordered-steps:

ess specified in subclause 6.4.11.4 is invoked with luma4x4Blkldx given as input and the output is asigned

drA, luma4x4BIkIdxA, mbAddrB, and luma4x4BlkIdxB.

pble dcPredModePredictedFlag is derived as follows:

f any of the following conditions are true, dcPredModePredictedFlag is set equal to 1
the macroblock with address mbAddrA is net@available

the macroblock with address mbAddrB.is\not available

the macroblock with address mbAddrA is available and coded in an Inter macroblock prediction mode

and constrained_intra_pred flaglis equal to 1

the macroblock with address,;mbAddrB is available and coded in an Inter macroblock prediction mode

and constrained_intra_pred flag is equal to 1
therwise, dcPredModeRredictedFlag is set equal to 0.
ing either replaced-by/A or B, the variables intraMxMPredModeN are derived as follows:

[ dcPredModePRredictedFlag is equal to 1 or the macroblock with address mbAddrN is not coded in Infra_4x4

hacroblock prediction mode, intraMxMPredModeN is set equal to 2 (Intra_4x4 DC prediction mode).

therwises(dcPredModePredictedFlag is equal to 0 and the macroblock with address mbAddrN is cpded in

htra '4x4 macroblock prediction mode), the following applies:

intraMxMPredModeN is set equal to Intra4x4PredMode[ luma4x4BIKIdxN ], where Intra4x4Pre
is the variable array assigned to the macroblock mbAddrN.

4. Intra4x4PredMode[ luma4x4Blkldx ] is derived by applying the following procedure:

84

mode,
dMode
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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
Intra4x4PredMode[ luma4x4Blkldx | =rem intra4x4 pred mode[ luma4x4Blkldx ]+ 1

8.3.1.2

This py
followg

Inputs fo this process are:

thd

an
fil

Output
luma4x

The pol
derived
output |

The 13
y=—1.

1.

Intra_4x4 sample prediction

d by the transform decoding process and picture construction process prior to deblocking for each 4x4

b index of a 4x4 luma block luma4x4BIkIdx,

(PicWidthInSamples, )x(PicHeightInSamples; ) array ¢Sy containing constructedfuma samples prior t
er process of neighbouring macroblocks.

of this process are the prediction samples pred4x4.[ x,y ], with x,y\= 0..3, for the 4x4 luma b
UBlkIdx.

sition of the upper-left sample of a 4x4 luma block with index. luma4x4Blkldx inside the curren

peing assigned to ( xO, yO ).

neighbouring samples p[ x, y ] that are constructed luma’samples prior to the deblocking filter procd
3and x=0..7, y=—1, are derived as specified by the-following ordered steps:

The luma location ( xN, yN ) is specified by
xN =x0 +x

YN=yO+y

The derivation process for neighbouring locations in subclause 6.4.12 is invoked for luma locations w
input and mbAddrN and ( xXW,yW ) as output.

Each sample p[ x, y ] with x=—1,y=—1..3 and x=0..7, y = —1 is derived as follows:

If any of the\following conditions are true, the sample p[ X, y] is marked as "not availabl
prediction"

mbAddrN is not available,

© ISO

X is greater than 3 and luma4x4BIlkldx is equal to 3 or 11.

Otherwise, the sample p[ x, y ] is marked as "available for Intra 4x4 prediction" and the valu
pl %, y ] is derived as specified by the following ordered steps:

a.

—\"the macroblock mbAddrN is coded in an Inter macroblock predictiop
constrained intra pred flag is equal to 1,
current macroblock does not have ;nb_type equal to SI,

29:2015(E)

(8-21)

ocess is invoked for each 4x4 luma block of a macroblock with macroblock prediction mdde eqyal to Intra 4x4

luma block.

the deblocking

ock with index

macroblock is

by invoking the inverse 4x4 luma block scanning process in{subclause 6.4.3 with luma4x4BIkldx as the input and the

ss, with x =—1,

(8-22)
(8-23)
th (xN, yN ) as

e for Intra 4x4

mode and

edual to 1 and the

e of the sample

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).

/IEC 2015 — All rights reserved
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b.

the sample value p[ x, y | is derived as follows:

plx, y]=cSc[ 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 =4..7, and samples p[ x, —1 ], with x =4..7, are marked as "available for Intra 4x4 prediction".

NOTE - Each block is assumed to be constructed into a picture array prior to decoding of the next block.

Depending on

tra4x4PredMode luma4x4BlkIdx ], one of the Intra 4x4 prediction modes specified in subclauses

3.1.2.1

t0 8.3.1.2.9 is in}
8.3.1.2.1 Spe
This Intra_4x4 {
This mode shall
The values of ti

pred4
8.3.1.2.2 Spe
This Intra_4x4 {
This mode shall
The values of ti

pred4
8.3.1.2.3 Spe
This Intra_4x4 {
The values of ti

If all sampy
the values

pred4x4|
Otherwise,
samples p[
preddx4 [

pred4x4

voked.

cification of Intra_4x4_Vertical prediction mode

prediction mode is invoked when Intradx4PredMode[ luma4x4BIklIdx ] is equal to 0.

be used only when the samples p[ x, —1 ] with x = 0..3 are marked as "available for Intra’ 4x4 predicti
e prediction samples pred4x4, [ x, y ], with x, y=0..3, are derived by
k4 [ x,y]=p[x,—1], withx,y=0..3

cification of Intra_4x4_Horizontal prediction mode

prediction mode is invoked when Intradx4PredMode[ luma4x4BIkIdx] is equal to 1.

e prediction samples pred4x4, [ x, y ], with x, y = 0..3, at® derived by
(4L[ X, Y] = P[ _1: y ]: with Xy= 0.3
cification of Intra_4x4_DC prediction mopde

prediction mode is invoked when Intradx4PredMode[ luma4x4BIklIdx ] is equal to 2.

e prediction samples pred4x4,[ x, y ], .with x, y = 0..3, are derived as follows:

Otherwise,

les p[ x, —1 ], with x = 0..3, and\p[.—1, y ], with y = 0..3, are marked as "available for Intra 4x4 pred

bf the prediction samples pred4x4y [ x, y ], with x, y = 0..3, are derived by
[x,y]=(pl0,~1]+p[1,~1]+p[2,-1]+p[3,—1]+

pl-LOJ+pl=tplJ+p[—1,2]+p[-1,3]+4)>>3 (8-]

if any samples p[x, —1 ], with x = 0..3, are marked as "not available for Intra 4x4 prediction”
—1,y ], with ¥='0..3, are marked as "available for Intra 4x4 prediction", the values of the prediction

K, v |, with Xyy= 0..3, are derived by

[x,yIs(p[-LO0]+p[-1, 1]+p[-1,2]+p[-1,3]+2)>>2 (8-]
if¥ariy samples p[ —1,y ], with y = 0..3, are marked as "not available for Intra 4x4 prediction”

(8-2

be used only when the samples p[ —1, y ], with y = 0..3, are tharked as "available for Intra 4x4 predicti

(8-2

pn- .

iction",

7)

and all
amples

P 8)
and all

samples p[X, —1], with x=10.. 3, arc marked as "available for Intra_4x4 prediction", the values of the prediction
samples pred4x4,[ x, y ], with x, y=0 .. 3, are derived by

Pred4X4L[X:Y]:(P[05_1]+P[ 15_1]+p[25_1]+p[39_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))

NOTE — A 4x4 luma block can always be predicted using this mode.

86

(8-30)
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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:

— Ifxisequal to 3 and y is equal to 3,

preddxdiy—tp6—H+ 32 ptH—H+2 =2 (8-31)
— Olerwise (x is not equal to 3 or y is not equal to 3),
preddx4[x,y]=(p[x+y, -1 ]+2*p[x+y+ L -1 ]+p[x+y+2,-1]+2)>>2 (8-32)

8.3.1.2.5 Specification of Intra_4x4_Diagonal_Down_Right prediction mode
This Infra_4x4 prediction mode is invoked when Intra4x4PredMode[ luma4x4BlkIdx ] isiequal to 4.

This mede 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 Intrp 4x4 prediction".

The values of the prediction samples pred4x4,[ x, y ], with x, y = 0..3, are derived as follows:
—  Ifk 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 (8-33)

—  Otherwise if x is less than y,

reddx4i [ x,y]=(p[—-1,y—x—2]+2*p[-1,y&x—1]+p[-1l,y—x]+2)>2 (8-34)
—  Otherwise (x is equal to y),
preddx4 [ x,y]=(p[0,-1]+2*p[—-1,=R]+p[-1,0]+2)>>2 (8-35)
8.3.1.2.6 Specification of Intra_4x4 Vertical_Right prediction mode
This Infra_4x4 prediction mode is invoked-when Intra4x4PredMode[ luma4x4BlkIdx ] is equal to 5.

This mpde shall be used only wher( theé samples p[ x, —1 ] with x = 0..3 and p[ —1, y | with y =—1..3 are marKed as "available
for Intrp4x4 prediction".

Let the[variable zVR be setequal to 2 * x —y.

The values of the predietion samples pred4x4,[ x, y ], with x, y = 0..3, are derived as follows:
— IfgVRisequakto 0, 2, 4, or 6,

pred4xdilx, y 1= (plx— (y>> 1) = 1, =1 J+p[x—(y>>1),-1]+1)>>1 (8-36)
- Otperwise, ifzZVR is equal to 1, 3, or 5,

preddx4 [ x,y | =(p[x—(y>1)=2,-1]+2*p[x—(y>1)- L -1 ]+p[x—(y>1),-1]+2)>>2

(8-37)
—  Otherwise, if zVR is equal to —1,
preddx4 [ x,y]=(p[-1,0]+2*p[-1,-1]+p[0,-1]+2)>>2 (8-38)
—  Otherwise (zVR is equal to —2 or —3),
preddxdi [ x,y]=(p[-L,y—-1]+2*p[-1,y—2]+p[-1,y—3]+2)>>2 (8-39)
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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:

— IfzHDis gqual to 0, 2, 4, or 6,

preddx4f[ x, y 1= (p[~1,y— (x>> 1) =1 ]+p[~1,y— (x>>1)]+1)>>1 (8-40)
—  Otherwise,|if zZHD is equal to 1, 3, or 5,

preddx4f[ X, y ] =(p[—Ly—(x>>1)-2]+2%p[-Ly—(x>>1)-1]+p[-Ly—(x331)]+2)>>]

(8-41)
—  Otherwise,|if zZHD is equal to —1,
preddx4|[x,y]=(p[—1,0]+2*p[—-1,-1]+p[0,-1]+2)>>2 (8-42)
—  Otherwise [zHD is equal to —2 or —3),
preddx4|[ x,y]=(p[x—1,-1]+2*p[x—2,-1]+p[x—3,-1]#2)>>2 (8-43)

8.3.1.2.8 Sperification of Intra_4x4 Vertical_Left prediction mode
This Intra_4x4 prediction mode is invoked when Intra4x4PredMode[, luma4x4BlkIdx ] is equal to 7.
This mode shallf be used only when the samples p[ x, —1 ] with. x<.0..7 are marked as "available for Intra_4x4 predictipn".
The values of the prediction samples pred4x4,[ x, y ], with x,y = 0..3, are derived as follows:
— Ifyisequgl toOor 2,

preddx4j[x, y]=(p[x+(y>1), -1 [t p[x+(y>1)+1,-1]+1)>1 (8-44)
—  Otherwise [y is equal to 1 or 3),

reddxd[ X, y [ =(p[x+(y>>), -1 ]+ 2*p[x+(y>1)+1,-1]+p[x+(y>1)+2,-1]+2)>>]
p yl=(p s

8.3.1.2.9 Sperification of Intra_4x4 Horizontal _Up prediction mode
This Intra_4x4 predictionmiede is invoked when Intra4x4PredMode[ luma4x4BlkIdx ] is equal to 8.

n

This mode shall be used only when the samples p[ —1, y | with y = 0..3 are marked as "available for Intra 4x4 predictipn".

Let the variable[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

predxdi[ x,y 1= (p[—1,y+ (x>> 1) J+p[~L,y+(x>> 1)+ 1]+1)>>1 (8-46)
—  Otherwise, if zZHU is equal to 1 or 3

red4x4 [ X,y [=(p[—Ly+(x>>1)]+2%*p[-Ly+(x>1)+1]+p[-Ly+(x>1)+2]+2)>>2
’ (8-47)
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),

predd4x4 [ x,y]=p[—L1, 3]

8.3.2

(void)

(8-48)

(8-49)

8.3.3

This prpcess is invoked when the macroblock prediction mode is equal to Intra_16x16. It specifies how the

luma s4

Input tq

Output

The 33
y=-1.
1.

Let pre

Intra_16x16 prediction process for luma samples

mples for the current macroblock are derived.

of this process are Intra prediction luma samples for the current macroblock predif'x, y ].

neighbouring samples p[ X, y ] that are constructed luma samples prior to-the)deblocking filter proce
15 and with x = 0..15, y = —1, are derived as specified by the following ordered steps:

pssigned to ( xN, yN ) as input and mbAddrN and ( xW, yW ) as output.
Each sample p[ x, y | with x =—1, y = —1..15 and with x = 015, y = —1 is derived as follows:

- If any of the following conditions are true, the sataple p[ x, y] is marked as "not available
prediction":

— mbAddrN is not available,

— the macroblock mbAddrN is coded in an'Inter macroblock prediction mode and constrained_in
equalto 1,

- Otherwise, the sample p[ x, y°]-is marked as "available for Intra 16x16 prediction" and the valu,
pl %, y ] is derived as specified by the following ordered steps:

macroblock:scanning process in subclause 6.4.1 with mbAddrN as the input and the outp
(xM, yM.).
b. thesample value p[ x, y | is derived as follows:
pl X, y]=cS [ xM+xW, yM + yW |
1) [ x(yy] with x, y = 0..15 denote the prediction samples for the 16x16 luma block samples.

— the macroblock mbAddrN has.mb_type equal to SI and constrained intra_pred flag is equal tof 1.

Intra prediction

this process is a (PicWidthInSamples; )x(PicHeightInSamples; ) array ¢Sy containing eonstructed lunpa samples prior
to the deblocking filter process of neighbouring macroblocks.

ss, with x =—1,

The derivation process for neighbouring locations in subclause 64«12 is invoked for luma locatigns with (x,y)

for Intra_16x16

tra_pred_flag is

—_

e of the sample

a. The location, of the upper-left luma sample of the macroblock mbAddrN is derived by invoking the inverse

it is assigned to

(8-50)

Intra 1

bx'16 prediction modes are specified in Table 8-2.
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Table 8-2 — Specification of Intral6x16PredMode and associated names

Depending on |
invoked.

8.3.3.1 Speci

This Intra_16x]]
Intra 16x16 prd

The values of th
pred;[ X,

8.3.3.2 Speci

This Intra_16x]]
Intra 16x16 prg

The values of th
pred;[ X,

8.3.3.3 Speci

This Intra 16x]
Intra 16x16 prg

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)

ntral 6x16PredMode, one of the Intra 16x16 prediction modes specified in subclauses 8.3.3)1-to 8,

ication of Intra_16x16_Vertical prediction mode

6 prediction mode shall be used only when the samples p[ x, —1 ] with x = 0..15 are'marked as "avail
diction".

e prediction samples pred; [ X, y |, with x, y = 0..15, are derived by
y]=p[x,—1], withx,y=0..15
ication of Intra_16x16_Horizontal prediction mode

6 prediction mode shall be used only when the samples pf=[} y] with y = 0..15 are marked as "avail
diction".

e prediction samples pred,[ x, y ], with x, y = 0..15¢are"derived by
y]l=p[—-1,y], withx,y=0..15
ication of Intra_16x16_DC predictiofi-mode

6 prediction mode operates, depending on whether the neighbouring samples are marked as "avail
diction", as follows:

(8-%

(8-%

3.3.4 is

hble for

hble for

2)

hble for

ble for

| 16x16
| 16x16

— If all neighbouring samples p[ x, —1 ]-with x = 0..15, and p[ —1,y], with y = 0..15, are marked as "avail:
Intra_16x1[6 prediction", the prediction:for all luma samples in the macroblock is given by:
15 135 . I
predi[ Xy 1= (3 p[x',~1]+D)p[-1,y]+16) >> 5. with x, y = 0..15 (8-
x'=0 y'=0
—  Otherwise,| if any of thie.neighbouring samples p[ x, —1 ], with x = 0..15, are marked as "not available for Intra
prediction'| and all ©f)the neighbouring samples p[ —1, y ], with y = 0..15, are marked as "available for Intra
prediction'], the pfediction for all luma samples in the macroblock is given by:
15 .
predL[ X’ }I] =. (Zp[—l,y’]j—g) 4"X7|f]’\ v’ }I:n ]q (Q

y'=0

L)

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”

pred;[ X,

90

, the prediction for all luma samples in the macroblock is given by:

15
y1= O plx,~1]+8) >> 4, with x, y = 0..15

x'=0

(8-55)
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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

This Intra_16x16 prediction mode shall be used only when the samples p[ x, —1 | with x =—1..15 and p[ -1, y ] with y=0..15

are marjced-as—avatableforIntra—+6xt6-predietion'-
The va||tes of the prediction samples pred, [ x, y |, with x, y = 0..15, are derived by
pred [ x, y]=Cliply((a+b*(x—7)+c*(y—7)+16)>>5), withx, y=0..15, (8-57)
where
afgl6*(p[—-1,15]+p[15-1]) (8-58)
bF(5*H+32)>>6 (8-59)
CF(5*V+32)>>6 (8-60)

and H g4nd V are specified as

HZi(X'“)*(p[SH',—l]-p[é-X',-l]) (8-61)
V=2 (y+D)*(pl -1,8+y' ]-p[-1,6-y']) (8-62)

8.3.4 | Intra prediction process for chromasamples

This pgocess is invoked for I macroblock types. It specifies how the Intra prediction chroma samples|for the current
macrobjock are derived. (ChromaArrayType= 1 in this standard).

Inputs to this process are two (PicWidthInSamplesc)x(PicHeightInSamplesc) arrays c¢Sc, and cS¢, contairfing constructed
chroma samples prior to the deblocking filter process of neighbouring macroblocks.

Outputs of this process are Intra'prediction chroma samples for the current macroblock predey[ X, y | and predf, [ x, y ].
The following applies:
the follpwing text spéeifies the Intra prediction chroma samples for the current macroblock predcy[ X, y ] and prede,[ x, y |.

Both chjiroma blocks (Cb and Cr) of the macroblock use the same prediction mode. The prediction mode is agplied to each of
the chropma blocks separately. The process specified in this subclause is invoked for each chroma block. In LJl—ne remainder of

this subclause; chroma block refers to one of the two chroma blocks and the subscript C is used as a replacement of the
subscript'€b or Cr.

The neighbouring samples p[ x, y ] that are constructed chroma samples prior to the deblocking filter process, with x =—1,
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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— mbAddrN is not available,

— the macroblock mbAddrN is coded in an Inter macroblock prediction mode and constrained intra_pred_flag is

equal to 1,

— the macroblock mbAddrN has mb_type equal to SI and constrained intra pred flag is equal to 1 and the

current macroblock does not have mb_type equal to SI.

— Otherwise, the sample p[ x, y ] is marked as "available for Intra chroma prediction" and the value of the sample
pl x, v ] is derived as specified by the following ordered steps:

a.

o

Let predc[ x, y
samples.

Intra chroma pr

Depending on itra_chroma predimode, one of the Intra chroma prediction modes specified in subclauses 8.3.4.1 to §

mvoked.

8.3.4.1 Speci

This Intra chr0[|na prediction mode is invoked when intra chroma pred mode is equal to 0. (ChromaArrayType = |

standard).

The location of the upper-left luma sample of the macroblock mbAddrN is derived by invoking the
(xL,yL).
The location ( xM, yM ) of the upper-left chroma sample of the macroblock mbAddr-is dérived by:

xM = (xL>>4)* MbWidthC (8-
yM = ((yL >>4)* MbHeightC )+ (yL % 2) (8-4

the sample value p[ x, y ] is derived as follows:

p X, y]=cSc[ xM +xW, yM + yW ] (8¢
| with x=0.MbWidthC — 1, y=0..MbHeightC — 1 denote the, prediction samples for the chrom

pdiction modes are specified in Table 8-3.

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)

ication.@f/intra_Chroma_DC prediction mode

mverse

macroblock scanning process in subclause 6.4.1 with mbAddrN as the input and the output(isassigned to

3)
4)

5)
h block

3.4.4is

in this

For each chroma block of 4x4 samples indexed by chroma4x4Blkldx =0..( 1 << ( ChromaArrayType+1))—1, the
following applies:

—  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
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.
x'=0 y'=0

(8-66)

Otherwise, if any samples p[ x +x0, —1], with x=0..3, are marked as "not available for Intra chroma

nrediction" and all samnples vl —1 v4+vO 1 with v=0 3 are marked as "available fo
r r L 77 7 a7 7 b

Intra chroma

prediction", the values of the prediction samples predc[ x + xO, y + yO ], with x, y = 0..3, arfe-derived as:

y'=0

3
pred [ x +x0,y+ yO]=(Zp[—l,y‘+yO] + 2] >>2, withx, y=0..3.

(8-67)

Otherwise, if any samples p[ —1,y+yO ], with y=0..3, are marked as\'not available fqr Intra chroma

prediction" and all samples p[ x+xO,—1], with x=0..3, are magked as "available fo

r Intra chroma

prediction", the values of the prediction samples predc[ x + xO, y + y© ], with x, y = 0..3, are derived as:

3
pred.[x+x0,y+yO]= (Zp[x'+x0,—]] + 2] >> 2, withx)y=0..3.

x'=0

(8-68)

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
predc[ x + %O, y + yO |, with x, y = 0..3, are derived.as (wherein BitDepthc is equal to 8 in this

predc[ x +x0, y +yO ] = (1 << ( BitDepthc— 1) ), with x, y =0..3.

"not available for Intra chroma . prediction"), the values of the prediction samples

standard):

(8-69)

— | Otherwise, if xO is greater than 0 and yO is.equdl to 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[ x + xO, —1 ], withix = 0..3, are marked as "available for Intra chroma predic
of the prediction samples predc[x + xO, y + yO |, with x, y = 0..3, are derived as:

3
pred [ x +xO, y*yO = (Zp[x'+x0,—]] + 2] >>2, withx,y=0..3.
x'=0

Otherwise, if all\samples p[ —1, y +yO ], with y = 0..3, are marked as "available for Intra chr
the values of the prediction samples predc[ x + xO, y + yO ], with x, y = 0..3, are derived as:

3
pred. [ x+x0,y+ yO]=(Zp[—l,y'+yO] + ZJ >>2, withx, y=0..3.

y'=0

ion", the values

(8-70)

yma prediction",

(8-71)

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 values of the prediction 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
> pl-1,y+yOl+2

y'=0

predc[x+x0,y+y0]:[ ]>>2,withx,y—0..3.

the values of the prediction samples predc[ x + xO, y + yO ], with x, y = 0..3, are derived as:

(8-73)

Otherwise, if all samples p[ x + xO, —1 ], with x =0..3, are marked as "available for Intra chroma prediction",

predc[ x +x0, y+yO ] = (1 << (BitDepthc — 1) ), with x, y=0..3. (8-74)

— therwise (Qnmp camplpc plx+x0O =11 with x =03 _and some Qamplpc pl=1 v +yO ] with y=0.3, are
marked as "not available for Intra chroma prediction"), the wvalues of the prediction~$amples
gdredc[ 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. (8-15)

8.3.4.2 Speci

This Intra chron

ication of Intra_Chroma_Horizontal prediction mode

ha prediction mode is invoked when intra_chroma pred mode is equal to 1.

This mode shall be used only when the samples p[ —1, y ] with y = 0..MbHeightC — 1 are marked as "available f

chroma predicti
The values of ti

predc| x,
8.3.4.3 Speci

This Intra chron

"

pbn

e prediction samples predc[ X, y ] are derived as:

y1=p[ -1, y], with x =0..MbWidthC — 1 and y = 0..MbHeightC.— 1 (8-
ication of Intra_Chroma_Vertical prediction mode

ha prediction mode is invoked when intra_chroma_pred,_mode is equal to 2.

This mode shall be used only when the samples p[ x, —1 ] with, x»= 0..MbWidthC — 1 are marked as "available f

chroma predicti

The values of th

"

pbn

e prediction samples predc[ x, y ] are derived as:

br Intra

/6)

br Intra

predc[ x|y ] =p[ x, —1 ], with x = 0.MbWidthC= 1 and y = 0..MbHeightC — 1 &-17
8.3.4.4 Specification of Intra_Chroma_Plane prediction mode
This Intra chroma prediction mode is invoked when intra chroma pred mode is equal to 3. (ChromaArrayType = | in this
standard)
This mode shall be used only( when the samples p[x,—1], with x = 0.MbWidthC—1 and p[—1,y][, with
y=—1..MbHeightC — 1 are marked as "available for Intra chroma prediction".
The values of the prediction saniples predc[ x, y ] are derived by:

prede[ x|y ]=€liptc((a+b*(x—3)+c*(y—3)+16)>>5),

with'x = 0.MbWidthC — 1 and y = 0..MbHeightC — 1 (8-18)

where

a=16 * (p[ —1, MbHeightC — 1 ] + p[ MbWidthC—1,-11) (8-79)

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+)*(p[-14+yCF+y']-p[-12+yCF-y'])

8.3.5

y'=0

Sample construction process for I_PCM macroblocks

(8-82)

(8-83)

This pr

The po
process|

The comstructed luma samples prior to the deblocking process are generated as specified by:

The comstructed chroma samples prior to the deblocking process are generated as specified by:

8.4
This pr

Output
and twi
and Cr.

The paj
macrob|
partitio
referred
equal t

The fol
The fu

hcess 1s invoked when mb_type 1s equal to I PCM.

ition of the upper-left luma sample of the current macroblock is derived by invoking the inverse-macr
in subclause 6.4.1 with CurrMbAddr as input and the output being assigned to ( xP, yP ).

for(1=0;1<256;i++)
S [xP+(i% 16),yP+(i/16))]=pcm_sample luma[i ]

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 |

Inter prediction process
bcess is invoked when decoding P macroblock types.

of this process are Inter predictiontsamples for the current macroblock that are a 16x16 array predp
(MbWidthC)x(MbHeightC) arrays predc, and predc, of chroma samples, one for each of the chroma)

titioning of a macroblogk is specified by mb_type. Each macroblock partition is referred to by mbPaj
lock partitioning consists of partitions that are equal to sub-macroblocks, each sub-macroblock
hed into sub-magroblock partitions as specified by sub_mb_type[ mbPartldx ]. Each sub-macrobl
to by subMbPartldx. When the macroblock partitioning does not consist of sub-macroblocks, sub}
0.

owing steps are specified for each macroblock partition or for each sub-macroblock partition.

hctions’ MbPartWidth( ), MbPartHeight( ), SubMbPartWidth( ), and SubMbPartHeight( ) describing

bblock scanning

(8-84)

(8-85)

f luma samples
components Cb

rtldx. When the
can be further
pck partition is
bPartldx is set

the width and

height

f'mdcroblock partitions and sub-macroblock partitions are specified in Tables 7-9 and 7-12.

The range of the macroblock partition index mbPartldx is derived as follows:

—  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_8x8refl, 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 mb_type[ mbPartldx ] ). (8-89)
The variables partWidthC and partHeightC are derived as:
partWidthC = partWidth / 2 (8<90)
partHeightC = partHeight / 2 (8-91)
Let the variable|MvCnt be initially set equal to 0 before any invocation of subclause 8.4.1 for the macroblock:
The Inter predigtion process for a macroblock partition mbPartldx and a sub-macroblock partition subMbPartldx consists of
the following ordered steps:
1. The derivation process for motion vector components and reference indices as specified in subclause 8.4.1 is invoked.
Inputs to this process are:
—  amacfoblock partition mbPartldx,
—  a subqmacroblock partition subMbPartldx.
Outputs of this process are:
—  luma motion vector mvL0 and the chroma motion vector mvCI¥0
—  referepce indices refldxL0
—  prediqtion list utilization flag predFlagL0
—  the sup-macroblock partition motion vector count subMvCnt.
2. The variable MvCnt is incremented by subMvCnt,
3. (void)
4. The decodihg process for Inter prediction;samples as specified in subclause 8.4.2 is invoked.
Inputs to this process are:
—  amacfoblock partition mbRartldx,
—  a subqmacroblock pattition subMbPartldx,
—  variablles specifying partition width and height for luma and chroma (if available), partWidth, par{Height,
partWidthC _(if-available), and partHeightC (if available),
—  luma motion vector mvL0 and the chroma motion vector mvCLO,

reference index refldxLO0,

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:

96

MvVLO[ mbPartldx ][ subMbPartldx ] = mvLO0 (8-92)
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RefldxLO[ mbPartldx | = refldxL0

PredFlagl.0[ mbPartldx ] = predFlagl.0

(8-93)
(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 1ocat10n of the upper- 1eft sample of the sub-macroblock partltlon relatlve to the upper 1eft sample of the macroblock

partitioj
subMbl

The ma3
correct

The var

]

The vat
Cr is ddg

]

8.4.1
Inputs {
- af
- as

Output

—  lugna motion vector mvL0 and the chroma motion vector mvCLO,

—  rel
— arf

For the

’artIdx as the input and ( xS yS ) as the output

croblock prediction is formed by placing the macroblock or sub-macroblock partition predietion
relative positions in the macroblock, as follows.

iable pred.[ xP + xS + x, yP + yS + y ] with x = 0..partWidth — 1, y = 0..partHeight — Fig’derived by:

bred; [ XP + xS + x, yP +yS + y ] = predPart; [ x, y ]

iable predc with x = 0..partWidthC — 1, y = 0..partHeightC — 1, and C in predc,and predPartc being rd
rived by:

predc[ xP /2 +xS/2+x,yP/2+yS/2+y]=predPartc[ X,y |

Derivation process for motion vector componentszand reference indices
o this process are:
hacroblock partition mbPartIdx,
ub-macroblock partition subMbPartIdx.

of this process are:

erence index refldxLO0,

pdiction list utilization flag predFlagL0,

hotion vector count variable subMvCnt.

derivation of the varfiables mvLO0 as well as refldxL0, the following applies:

1.The variables.refldxL0 and predFlagl0 are derived as follows:

—  IfMbPartPredMode( mb_type, mbPartldx ) or SubMbPredMode( sub_mb_type[ mbPartld
Pred LO,

refldxLO =ref idx_10[ mbPartldx ]

ause 6.4.2.2 with

amples in their

(8-95)
placed by Cb or

(8-96)

k 1) is equal to

(8-97)

predFlagl0 =1
—  Otherwise, the variables refldxLLO and predFlagL.0 are specified by

refldxL0 = —1

predFlagl.0 =0
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

© ISO/IEC 2015 — All rights reserved
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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 mvL0

and refldxLO0 as

10

8.4.1.1 Derivation process for luma motion vectors for skipped macroblocks in P slices

This process is

Outputs of this process are the motion vector mvL0 and the reference index refldxL0.

The reference iif

refldxILO = 0. (8-1

For the derivati

1. The prd
currSuh
mbAdd|

2. The var
- 1

~
i
(¢

NOTE - The
8.4.1.2 (void)

8.4.1.3 Deriv{
Inputs to this pr|

—  the macrof

: 4 J41s 4 tloas yal
TP ot anra e OutpPp Ut OCIITIZE TIT VO ITDUT

nvoked when mb_type is equal to P_Skip.

dex refldxL0 for a skipped macroblock is derived as:

n of the motion vector mvL0 of a P_Skip macroblock type, the following ordered steps are specified:

MbType set equal to "na", and listSuffixFlag set equal to 0 as input and the output is assigned to mb
1B, mvLOA, mvLOB, refldxLOA, and refldxLOB.

iable mvLO is specified as follows:
[ any of the following conditions are true, both components of the motion vector mvLO0 are set equal tg
mbAddrA is not available,
mbAddrB is not available,
refldxLLOA is equal to 0 and both compeénents of mvLOA are equal to 0,
refldxLLOB is equal to 0 and both‘components of mvLOB are equal to 0.

therwise, the derivation procéss® for luma motion vector prediction as specified in subclause 8.
hvoked with mbPartldx = 0, jsubMbPartldx = 0, refldxL.O, and currSubMbType ="na" as inputs
utput is assigned to mvLO0:

putput is directly assigned:to mvL0, since the predictor is equal to the actual motion vector.

ition process for luma motion vector prediction
DCESS_are:

lock partition index mbPartldx,

3)

cess specified in subclause 8.4.1.3.2 is invoked with mbPartldx setequal to 0, subMbPartldx set eqyal to 0,

AddrA,

0:
1.1.3 is
ind the

—  the sub-ma

croblock 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 indice
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s refldxLON and the motion vectors mvLON with N being replaced by A, B, or C as the output.
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The motion vector predictor mvpLO is derived as follows:

8.

If MbPartWidth( mb_type) is equal to 16, MbPartHeight( mb type ) is equal to 8, mbPartldx is equal to 0, and
refldxLOB is equal to refldxL0, 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,
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, mbBartI
an{d 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, mbPartl
an{d refldxLOC is equal to refldxL.0, the motion vector predictor mvpLO is derived by?

4131

mvpL0 =mvL0OC

AddrN\mbPartIdxN\subMbPartIdxN, mvLON, refldxLON with N+being replaced by A, B, or C, and

Otherwise, the derivation process for median luma motion vector prediction in subclause 8.4.1.3.1
uts and the output is assigned to the motion vector predictor mvpLO0.

B-2 illustrates the non-median prediction as specified in Equations 8-104 to 8-107.

8*16 16*8

Figure 8-2 — Directional segmentation prediction (informative)

Derivation process for median luma motion vector prediction

Inputs fo this process are:

th neighhmlring pm‘titinnc mbAddrN\mbhPartIdxN\subMbPartIdxN (with N hPing TPplﬂf‘Pd bvA B aor(

(8-105)

1x is equal to 0,

(8-106)

1x is equal to 1,

(8-107)

s invoked with
refldxL0 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)
refldxLOB = refldxLOA (8-110)
refldxE6€C=Tefldxt6 8= 1)
2. Depending on reference indices refldxLOA, refldxLLOB, or refldxL.OC, the following applies:

— If ond 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 idex that is ¢qual to
refldxL0, the motion vector mvLON is assigned to the motion vector prediction mvpLO:

mvpL0 = mvLON (8-112)
— Otherfvise, 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 prpcess are:
—  the macroljlock partition index mbPartldx,
—  the sub-malcroblock partition index subMbPartldx,
— the current|sub-macroblock type currSubMbType,
—  the list suffix flag listSuffixFlag.
Outputs of this process are (with N being replaced by A, B, or C)
—  mbAddrN\mbPartIldxN\subMbPartldxN specifying neighbouring partitions,
—  the motion|vectors mvLON of-the'neighbouring partitions,
—  the referenge indices refldxbON of the neighbouring partitions.
Variable names|that includethe string "LO" are interpreted with the 0 being equal to listSuffixFlag.
The partitions mbAddrN\mbPartIldxN\subMbPartIdxN with N being either A, B, or C are derived in the following ord¢red
steps:

1.

Let mbAddrD\mbPartldxD\subMbPartldxD be variables specifying an additional neighbouring partition.

2. The process in subclause 6.4.11.7 is invoked with mbPartldx, currSubMbType, and subMbPartldx as input and the
output is assigned to mbAddrN\mbPartldxN\subMbPartldxN with N being replaced by A, B, C, or D.
3. When the partition mbAddrC\mbPartldxC\subMbPartldxC is not available, the following applies:
mbAddrC = mbAddrD (8-115)
mbPartldxC = mbPartldxD (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.

8.4.1.4
Inputs {
Output
A chroina motion vector is derived from the corresponding luma mation-vector.

The prdg

For the

8.4.2

Inputs {

Otherwise, the following ordered steps are specified:

NOT
and
sam
lum
whe|
sam

thd

al

a

T —The—motiom——vector — mvEON—amd—Teferenrce —dex —TefidxEON—are——s
MvVLO[ mbPartldxN ][ subMbPartldxN | and RefldxLO[ mbPartIdxN ], respectively, which
vector mvLO and reference index refldxLO that have been assigned to the (subd)macr
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 re
unchanged.

Derivation process for chroma motion vectors
0 this process are a luma motion vector mvL0 and a reference index refldxL0.

of this process is a chroma motion vector mvCLO.

cision of the chroma motion vector components is 1 + (47%2') horizontally and 1 + (4 * 2) vertically.

'E — For example, when using the 4:2:0 chroma format, since the units of luma motion vectors are one-quarter |
chroma has half horizontal and vertical resolution compared to luma, the units of chroma motion vectors are o
ble units, i.e., a value of 1 for the chroma motion vectorxefers to a one-eighth chroma sample displacement. For d

vector applies to 8x16 luma samples, the corresponding chroma vector in 4:2:0 chroma format applies to 4x8 ch
h the luma vector applies to 4x4 luma samples, the corresponding chroma vector in 4:2:0 chroma format appli
bles.

derivation of the motion vector mvCL0, the following applies:

horizontal and vertical componeiits of the chroma motion vector mvCLO are derived as:

mvCLO[ 0 ] =mvLO0[ 0 ]
mvCLO[ 1 ]=mvL0[ 1]

Decoding process for Inter prediction samples
o this process.are:

hacroblogk partition mbPartldx,

ub-macroblock partition subMbPartldx,

va

equal  to
hre the motion
block partition

[TdXLON remain

uma sample units
ne-eighth chroma
xample, when the
roma samples and
es to 2x2 chroma

(8-118)
(8-119)

Fiabl€s specifying partition width and height for luma and chroma (if available), partWidth, partHeighf

partWidthC (if

available) and partHeightC (if available),

luma motion vectors mvL0 and chroma motion vectors mvCLO0,

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 refPicLO_of luma samples and two ordered two-

dimensional arrays refPicLOcp,and refPicLOcof chroma samples is derived by invoking the process specified in
subclause 8.4.2.1 with refldxLO and RefPicList0 given as input.

—  The array [predPartLO and the arrays predPartLOcpand predPartLOcare derived by invoking the process gpeeffied in
subclause §.4.2.2 with the current partition specified by mbPartldx\subMbPartldx, the motion vectors myL0, mvyCLO (if
available), jand the reference arrays with refPicLOy, refPicLO¢y(if available), and refPicLOc(if available) given as finput.

For C being replaced by L, Cb (if available), or Cr (if available), the array predPartc of the prediction samples of component

C is derived by
predPart([ x, y | = predPartLOc[ X, y | (8-120)

8.4.2.1 Refer¢nce picture selection process

Input to this pracess is a reference index refldxL0

Output of this grocess is a reference picture consisting of a two-dimensional array ‘of luma samples refPicL0. and two two-

dimensional arrfiys of chroma samples refPicLOc¢, and refPicLOc;.

The reference pjcture list RefPicListO (which has been derived as specified.in subclause 8.2.4) consists of the followinjg.

— each entryjof RefPicList0 is a reference frame

For the derivatipn of the reference picture, the following applies:

— the reference frame RefPicListO] refldxLO ] is “‘the output. The output reference frame consisty of a
(PicWidthInSamples; )x(PicHeightInSamplesy,) array of  luma samples refPicLO and| two
(PicWidthInSamplesc)x(PicHeightInSamples¢) arrays of chroma samples refPicLOc, and refPicLOc,.

The following ajpplies:

—  the referenpe picture sample arrays refPicl0,, refPicL.Oc,, and refPicLO¢, correspond to decoded sample arrays S, Scy,
Sc; derived|in subclause 8.7 for a previeusly-decoded reference frame.

8.4.2.2 Fractipnal sample interp@lation process

Inputs to this prpcess are:

—  the current|partition given by its partition index mbPartldx and its sub-macroblock partition index subMbPartldx,

—  the width gqnd height'partWidth, partHeight of this partition in luma-sample units,

—  aluma mofion veetor mvL0 given in quarter-luma-sample units,

— a chroma motion vector mvC L0 With @ precision of one-(4*2J-tr chroma-sampic umnits horizomatly and one-(4*2)-th

chroma-sample units vertically,

the selected reference picture sample arrays refPicL0;, refPicLO¢yp, and refPicLOc;.

Outputs of this process are:

102

a (partWidth)x(partHeight) array predPartLO of prediction luma sample values,
two (partWidthC)x(partHeightC) arrays predPartLOcp, and predPartLOc,0f prediction chroma sample values.

© ISO/IEC 2015 — All rights reserved


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

ISO/IEC 14496-29:2015(E)

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 each luma sample location (0 <=xp <partWidth, 0 <=y <partHeight) inside the prediction luma sample array
predPartL0., the corresponding prediction luma sample value predPartL0.[ x;, yi ] is derived as specified by the following

Stena:

ordere

STOPYT

1. [The variables xInt;, yInt;, xFrac;, and yFrac are derived by:

2. [The prediction luma sample value predPartLO.[ x;,y. ] is derived, by) invoking the proces
subclause 8.4.2.2.1 with ( xInty, yInt; ), ( xFracy, yFrac, ) and refPicL0 given as input.

Let ( xIntc, ylntc ) be a chroma location given in full-sample units and ( xFraec, yFracc ) be an offset given|
chromasample units horizontally and one-(4*2)-th chroma-sample units, vertically. These variables are used|

xIntp =xAL+ (mvLO[ 0 ]>>2)+x_
yintp =yAp + (mvLO[ 1 ]>>2)+yL

xFracp =mvLO[ 0 ]& 3
yFrac, =mvLO[ 1 ]& 3

subclause for specifying general fractional-sample locations inside the néference sample arrays refPicLO¢y, an

For each chroma sample location (0 <= x¢ < partWidthC, 0 <= y<<\partHeightC) inside the prediction chron

predPattlLOc, and predPartLOc, the corresponding prediction chroma sample values predPartL0,
predPagtLOc,[ 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=(yAL/2)+ (mvCLO[ 1 %> 3 )+ yc

xFracc = mvCLO[ 0 ]& 7
yFracc =mvCLO[ 1 [& 7

2. the following applies:

8.4.2.2

Inputs {

— The prediction \sample value predPartLOcp[ Xc yc] is derived by invoking the proce
subclause 8.4.2.2.2 with ( xIntc, yIntc ), ( xFracc, yFracc ) and refPicLOc, given as input.

— The prediction sample value predPartLOq[ Xc yc] is derived by invoking the proce
subclause 8.4.2.2.2 with ( xIntc, yIntc ), ( xFracc, yFracc ) and refPicLOc, given as input.

.1 Luma-sample interpolation process

o_thisprocess are:

(8-121)
(8-122)

(8-123)
(8-124)

w2

specified in

in one-(4*2)-th
only inside this
i refPicLOc,.

a sample arrays
o[ Xc, ye ] and

(8-125)
(8-126)

(8-127)
(8-128)

w2

specified in

w2

specified in

—  aluma location m full-sample units ( xInt;, yInt; ),

—  aluma location offset in fractional-sample units ( xFrac, yFrac ),

— the luma sample array of the selected reference picture refPicLOy.

Output

of this process is a predicted luma sample value predPartLO.[ xi, yi ].
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Figure 8-3 -

The variable refPicHeightEffectiver, which(is the height of the effective reference picture luma array, is derived as fol

—  refPicHeig

In Figure 8-3, the positions labelled_with upper-case letters within shaded blocks represent luma samples at full
the given two-dimensional array refPicLO. of luma samples. These samples may be used for genera
sample value predPartLOL[ x1, yr ]. The locations ( xZy, yZ ) for each of the corresponding luma samples Z,
A B CBEFGHILJLKLMNP QR,S,T,orU, inside the given array refPicLO_ of luma

locations inside
predicted luma
where Z may bd
are derived as:

L] L] L] L

Glalofc[H]  [i]
d flg

aannn
niplqlr

M [s] [N] 7] ]

L] L] L] L

blocks with lower-case letters)for quarter sample luma interpolation

htEffectivey is set equalito PicHeightInSamples; .

xZy = Clip3¢0, PicWidthInSamples, — 1, xInt; + xDZ; )
yZ;, = Cl S icHei fHectiver=t—~ydnt—=—yDZ)

Table 8-4 specifies ( xDZr, yDZ, ) for different replacements of Z.

104

A~

- Integer samples (shaded blocks with upper-case letters) and fractional sample positions (un-shaded

OWS!

sample

ting the

amples

29)
30)
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Table 8-4 — Differential full-sample luma locations

Z A |B |C |[D |E |F G |H |I J K |[L |[M|N |P |Q |R |S T | U
xDZ. | 0 1 0 1 -2 |-1 10 1 2 3 -2 |-1 |0 1 2 3 0 1 0 1
yDZ, |2 |2 |-1 |-1]0 0 0 0 0 0 1 1 1 1 1 1 2 2 3 3
Given the luma samples 'A' to 'U' at full-sample locations ( xAr, yAr ) to ( xUr, yUL ), the luma samples 'd-tp 's' at fractional
sample|positions are derived by the following rules. The luma prediction values at half sample positiens| are derived by
applyinjg a 6-tap filter with tap values ( 1, =5, 20, 20, =5, 1 ). The luma prediction values at quartér-sample positions are

derived| by averaging samples at full and half sample positions. The process for each fractional positien is des

THe samples at half sample positions labelled b are derived by first calculating internjediate values
applying the 6-tap filter to the nearest integer position samples in the horizontal direction. The sample;
pokitions labelled h are derived by first calculating intermediate values denoted as'hyby applying the 6
neprest integer position samples in the vertical direction:

1 =(E-5*F+20*G+20*H-5*1+1J)

1=(A-5*C+20*G+20*M—-5*R+T)
THe final prediction values b and h are derived using

=Cliply((b; +16)>>35)

=Cliply((h, +16)>>35)

THe samples at half sample position labelled as j are derived by first calculating intermediate value (
applying the 6-tap filter to the intermediate values of the closest half sample positions in either the horiz
ditection 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%*gg4 hh

where intermediate values denoted as aa, bb, gg, s; and hh are derived by applying the 6-tap filter ho,
same manner as the derivation of b; and intermediate values denoted as cc, dd, ee, m; and ff are derived
6-tap filter vertically in the same-manner as the derivation of h;. The final prediction value j is derived ug
]=Cliply( (j; +512)>>107

The final prediction valies's and m are derived from s; and m; in the same manner as the derivation of i

= Cliply( (8> 16)>>5)
m = Cliply(((m; + 16 )>>5)

ribed below.

lenoted as b,by
5 at half sample
Htap filter to the

(8-131)
(8-132)

(8-133)
(8-134)

lenoted as j; by
ontal or vertical

(8-135)
(8-136)

rizontally in the

by applying the
ing

(8-137)

and h, as given

(8-138)
(8-139)

The samples at quarter sample positions labelled as a, ¢, d, n, f, i, k, and q are derived by averaging with upward

royunding.of the two nearest samples at integer and half sample positions using

a=(GTBTT) > 1
c=(H+b+1)>1
d=(G+h+1)>>1
n=(M+h+1)>1
f=(b+j+1)>1
i=(h+j+1)>1
k=(j+m+1)>>1
q=(jts+1)>1

The samples at quarter sample positions labelled as e, g, p, and r are derived by averaging with upward
two nearest samples at half sample positions in the diagonal direction using

© ISO/IEC 2015 — All rights reserved

(8-140)
(8-141)
(8-142)
(8-143)
(8-144)
(8-145)
(8-146)
(8-147)

rounding of the
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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
is done according to Table 8-5. The value of predPartL0. [ xi, yi ] is the output.

Table 8-5 — Assignment of the luma prediction sample predPartL0,[ x., yy. |

xFracp 0 0 0 0 1 1 1 1 2 2 2 2 3 3 3 3
yFracp 0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3
predPartLO [ xif v ] | G d h n a e 1 p b f ] q c g k r
8.4.2.2.2 Chrpma sample interpolation process

Inputs to this prpcess are:

— achroma lpcation in full-sample units ( xIntc, ylntc ),

—  achroma lpcation offset in fractional-sample units ( xFracc, ykracc ),

—  chroma component samples from the selected referencepicture refPicLOc.

Output of this p|

In Figure 8-4, t
two-dimension

Focess is a predicted chroma sample valuepredPartLO0[ xc, yc -

e positions labelled with A, B, C,‘and D represent chroma samples at full-sample locations inside the given
| array refPicLO¢ of chroma samples.

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:

106

© ISO/IEC 2015 — All rights reserved



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

ISO/IEC 14496-29:2015(E)

refPicHeightEffectivec is set equal to PicHeightInSamplesc.

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 )
xBc = Clip3( 0, PicWidthInSamplesc— 1, xIntc + 1)
xC¢ = Clip3( 0, PicWidthInSamplesc— 1, xIntc )
xD¢ = Clip3( 0, PicWidthInSamplesc— 1, xIntc + 1)

Given the chroma samples A, B, C, and D at full-sample locations specified in Equations 8152 through 8-13

chroma

]

8.5

Inputs {
Lumal
CrLeve
arrays f
NOT
arraj
subd

Output
S, S'c
NOT
sam;
prod

This su

When the current macroblock is coded as P_Skip, all values of Lumalevel4x4, LumaLevel8x8, CbLevel4x

CrLeve

8.5.1

When ¢
the lum

YAc = Clip3( 0, refPicHeightEffectivec— 1, ylntc )
¥Bc = Clip3( 0, refPicHeightEffectivec— 1, yIntc )
Y¥Cc = Clip3( 0, refPicHeightEffectivec— 1, yIntc + 1)
¥Dc = Clip3( 0, refPicHeightEffectivec— 1, ylntc + 1)

sample value predPartLOc[ X, 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

Transform coefficient decoding process and pieture construction proce
deblocking filter process

o this process are Intral6x16DCLevel (if available), Intral6X16ACLevel (if available), Lumalevel4;
pvel8x8 (if available), ChromaDCLevel (if available)ChromaACLevel (if available), CbLevel4x

or the current macroblock for the applicable components pred;, predcy, or predc;.
'E — When decoding a macroblock in Intra 4x4 magcrablock prediction mode, the luma component of the ma

lause 8.3.1 and the process specified in this subclause are iterated.

of this process are the constructed sample arrays prior to the deblocking filter process for the applica
,or S'c.

'E — When decoding a macroblock in-Intra_4x4 macroblock prediction mode, the luma component of the macroj
ple arrays prior to the deblocking\filter process may not be complete, since for each 4x4 luma block, the Int
ess for luma samples as specifiedin subclause 8.3.1 and the process specified in this subclause are iterated.

bclause specifies transform coefficient decoding and picture construction prior to the deblocking filter

[4x4, CrLevel8%8,.ChromaDCLevel, ChromaACLevel are set equal to 0 for the current macroblock.

Specification of transform decoding process for 4x4 luma residual blocks

he cyrrént macroblock prediction mode is not equal to Intra_16x16, the variable LumaLevel4x4 contai
a {ransform coefficients. For a 4x4 luma block indexed by luma4x4Blkldx = 0..15, the following o

(8-152)
(8-153)
(8-154)
(8-155)
(8-156)
(8-157)
(8-158)
(8-159)

9, the predicted

(8-160)

SS prior to

4 (if available),
i (if available),

[4x4 (if available), CbLevel8x8 (if available), CrLevel8x8 (if available), and available Inter or Intra pfediction sample

block prediction

c
I may not be complete, since for each 4x4 luma block, the Intra 4x4 prediction process for luma samplj(s) as specified in

ble components

block constructed
ra_4x4 prediction

[Process.

4, CbLevel8x8,

ns the levels for
rdered steps are

specifid

-

1.

The inverse scanning process for 4x4 transform coefficients and scaling lists as specified in subclause
with LumaLevel4x4[ luma4x4Blkldx ] as the input and the two-dimensional array ¢ as the output.

The scaling and transformation process for residual 4x4 blocks as specified in subclause 8.5.12 is in
the input and r as the output.

(void)
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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 luma4x4BlkIdx as the input and the
output being assigned to ( xO, yO ).

u;; = Cliply( pred [ xO+j, yO+i]+13)

array u with elements u;; for i, j = 0..3 is derived as:

Blkldx as the inpnfc

(8-161)

The picture construction process prior to deblocking filter process in subclause 8.5.14 is invoked with u and

ication of transform decoding process for luma samples of Intra_16x16 macr
tion mode

rent macroblock prediction mode is equal to Intra 16x16, the wvariables Intral6x16DCLey
evel contain the levels for the luma transform coefficients. The transform coefficient décgding proceed
pd steps:

luma DC transform coefficients of all 4x4 luma blocks of the macroblock are decoded.

inverse scanning process for 4x4 transform coefficients and scaling lists-as specified in subclause
bked with Intral6x16DCLevel as the input and the two-dimensional array,¢ as the output.

scaling and transformation process for luma DC transform coeffici€nts for Intra 16x16 macroblock
Cified in subclause 8.5.10 is invoked with BitDepthy, QP'y, and ¢as the input and dcY as the output.

16 array rMb is derived by processing the 4x4 luma blocks-ifidexed by luma4x4Blkldx = 0..15, and {
h block, the following ordered steps are specified:

variable lumaL.ist, which is a list of 16 entries, is derived. The first entry of lumaList is the corresj

bblock

el and

s in the

8.5.6 is

type as

or each

onding

valyie from the array dcY. Figure 8-5 shows the assignment of the indices of the array dcY to the luma4x4BlkIdx.

two numbers in the small squares refer to indices i and j in dcYj;, and the numbers in large squares
a4x4BlkIdx.
[oo] [or] [o2] [os]
0 1 4 5
0] 1] 22] 23]
2 3 6 7
[20] [21] [22] 23]
8 9 12 13
120] B [22] Ed
10 11 14 15

Figure 8-5 — Assignment of the indices of dcY to luma4x4BlkIdx

refer to

The elements in lumaList with index k = 1..15 are specified as:

lumalList[ k ] = Intral6x16ACLevel[ luma4x4BIlkldx [ k— 1]

invoked with lumalList as the input and the two-dimensional array c as the output.

as the input and r as the output.

4,
5. The 4x4
6.
luma4x:
8.5.2 Speci
predig
When the cu
Intral6x16ACL
following order
1. The 4x4
a. Thg
inv
b. Thgq
spe
2. The 16x
4x4 lum
a. Thd
Thd
lunj
b.
c.
108

(8-162)

The inverse scanning process for 4x4 transform coefficients and scaling lists as specified in subclause 8.5.6 is

The scaling and transformation process for residual 4x4 blocks as specified in subclause 8.5.12 is invoked with ¢
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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 rMbJ x, y ] of the 16x16 array rMb with x = xO..xO + 3 and y = yO..yO + 3are derived by

Mb[ xO +j, yO+i] =13 (8-163)

3. (void)

4. he 16x16 array u with elements uj; for 1, J = 0..15 1s derived as

u; = Cliply( pred.[j, i] +rMb[j,1]) (8-164)

5. [The picture construction process prior to deblocking filter process in subclause 8.5.14 is invekéd with ju as the input.
8.5.3 | (void)
8.5.4 | Specification of transform decoding process for chroma samples
This prpcess is invoked for each chroma component Cb and Cr separately.
For eadh chroma component, the variables ChromaDCLevel[ iCbCr | and ChromaACLevel[ iCbCr ], with iCpCr set equal to
0 for Cb and iCbCr set equal to 1 for Cr, contain the levels for both compon@nts’of the chroma transform coefficients.
Let the|variable numChroma4x4Blks be set equal to (MbWidthC / 4) * (MbHeightC / 4).
For each chroma component, the transform decoding proceeds separately in the following ordered steps:

1. [The numChroma4x4Blks chroma DC transform coefficients of the 4x4 chroma blocks of the component indexed by
ICbCr of the macroblock are decoded as specified in.the following ordered steps:

a. The 2x2 array c is derived using the invegse¢raster scanning process applied to ChromaDCLevel [as follows:

_ | ChromaDCLevel[iCbCr ][0]  ChromaDCLevel[iCbCr ][ 1] (8-165)
| ChromaDCLevelfiCbCr][2] ChromaDCLevel[iCbCr][3]

b.  The scaling and transformation process for chroma DC transform coefficients as specified in subclause 8.5.11 is
invoked with c as the input’and dcC as the output.

2. [The (MbWidthC)x(MbHeightC) array rMb is derived by processing the 4x4 chroma blocks indexed by
chroma4x4Blkldx = Ox:niumChroma4x4Blks — 1 of the component indexed by iCbCr, and for each 4x#t chroma block,
the following ordered steps are specified:

a. The variable chromaList, which is a list of 16 entries, is derived. The first entry of chfomalList is the
corresponding value from the array deC. Figure 8-6 shows the assignment of the indices of the prray dcC to the
chroma4x4BlklIdx. The two numbers in the small squares refer to indices i and j in dcC;, and| the numbers in
large squares refer to chroma4x4BlkIdx.
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E
0 1
o |
2 3

Figure 8-6 — Assignment of the indices of dcC to chroma4x4BlkIdx:

The elements in chromaList with index k = 1..15 are specified as:

b. The inverse scanning process for 4x4 transform coefficients and scaling lists as specified in subclause

n

c. The scaling and transformation process for residual 4x4 blocks as specified\in/subclause 8.5.12 is invok

C

chromalList[ k ] = ChromaACLevel| chroma4x4Blkldx [[ k—1 ] (8-14

voked with chromalList as the input and the two-dimensional array c as the output.

is the input and r as the output.

d. Th

e position of the upper-left sample of a 4x4 chroma block with index chroma4x4BlkIdx inside the

6)
8.5.6 is

ed with

current

mpcroblock is derived by invoking the inverse 4x4 chroma)block scanning process as specified in

S

ar

3. (void)

4. The (M
derived

e. The elements rMb| x, y ] of the (MbWidthC)x(MbHeightC) array rMb with x = x0..xO + 3 and y = yO.
e derived by:

rMb[ xO +j, yO +1i ] =rj (8-1¢

bWidthC)x(MbHeightC) array u with~elements u; for i=0..MbHeightC —1 and j = 0..MbWidth(

o

5. The pict]
8.5.5 (void)
8.5.6 Inverd
Input to this prd

Output of this p
these 4x4 valug

clause 6.4.7 with chroma4x4BlkIdx as the input and the gutput being assigned to ( xO, yO ).

1S:

ii = Cliplc(predc[ j, 1] +rMblyi]) (8-14

ire construction process prior to deblocking filter process in subclause 8.5.14 is invoked with u as the

e scanning process for 4x4 transform coefficients and scaling lists
cess is a list'of 16 values.

rocess is a variable ¢ containing a two-dimensional array of 4x4 values. In the case of transform coef
s répresent levels assigned to locations in the transform block. In the case of applying the inverse s

yO +3

7)

C—1 is

8)

nput.

ficients,
Canning

process to a sca

ing 1ist, the output variable ¢ contains a two-dimensional array representing a 4x4 scaling matrix

When this subclause is invoked with a list of transform coefficient levels as the input, the sequence of transform coefficient
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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ey
£/8/11/1l3
A

Table §
c.

8.5.7

8.5.8
Output

—  Q¢: the chroma quantisation parameter for each chroma component Cb and Cr,

9 —10 14 —»q5

Figure 8-7 — 4x4 block scan: the zig-zag scan.

Table 8-6 — Specification of mapping of idx to c;; for zig-zag

idx 0|12 ]34 |5]6J9|8]9 1011 ]12|13]14 ] 15

Zig-zag | Coo | Co1 | Cio | Co0 | Ci1 | Co2 | €037 Ci2 | Co1 | €30 | €31 | €0 | €13 | €23 | C32 | €3

(void)
Derivation process for chromaguantisation parameters

of this process are:

-6 provides the mapping from the index idx of input list of 16 elements to indices i and j of the two-diimensional array

NOTE — QP quantisation pardmeter values QPy and QSy are always in the range of —0 to 51, inclusive. QP quantfisation parameter

valugs QP and QSc are always*in the range of —0 to 39, inclusive.

The v3lue of QPc for_a chroma component is determined from the current value of QPy and
chroma) qp_index offset:

the wvalue of

NOTE - The gsedling equations are specified such that the equivalent transform coefficient level scaling factor loubles for every
incr¢ment of 6,in/QPy. Thus, there is an increase in the factor used for scaling of approximately 12 % for each increasp of 1 in the value

of QPy.

The value.of QPc for each chroma component is determined as specified in Table 8-7 based on the index deng

The variable qPogr.; for each chroma component is derived as follows:

—  Ifthe chroma component is the Cb component, qPos is specified as:

qPosser = chroma_gp_index_offset

—  Otherwise (the chroma component is the Cr component), qPogr is specified as:

qPosret = chroma_gp_index_offset

The value of qP; for each chroma component is derived as:

© ISO/IEC 2015 — All rights reserved
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(8-169)

(8-170)
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qP; = Clip3( 0, 51, QPy + qPorrer ) (8-171)

The value of QP’¢ for the chroma components is derived as:
QP'c=QP-+0 (8-172)

Table 8-7 — Specification of QP as a function of qP,

qP; <30 |30 |31 32|33 |34 |35|36|37 38394041 |42 |43 |44 45|46 47481495051

QPc | =qP; |29 |30 |31 |32 32|33 |34|34|35[35[36]36[37 3737 ]38]38]38]39]39]39KB9

8.5.9 Derivation process for scaling functions

Outputs of this process are:

—  LevelScaledx4: the scaling factor for 4x4 block transform luma or chroma coefficient levels,
LevelScale4x4(|m, i, j ) is specified by:

LevelScgle4x4( m, i, j) = 16 * normAdjust4x4(m, i, j ) (8-1713)
where
Vo for(i%2,j%2)equalto(0,0),
normAd| ust4x4(m,i,j) =<v,, for(i%?2,j%2)equalto(l,1), (8-114)

\% otherwise;

m2

where the first gnd second subscripts of v are row and column indices, respectively, of the matrix specified as:

[10] 16 13|
11| 18 14
13120 16
V= . (8-175)
14| 23 18
16|25 20
1829 23

8.5.10 Scaling and transformation process for DC transform coefficients for Intra_16x16 macroblodk type

Inputs to this prpcess are:
—  the variables bitDepth and gP,

—  transform [coefficient level values for DC transform coefficients of Intra 16x16 macroblocks as a 4x4 array| c with
elements cjjwhere i and j form a two-dimensional frequency index.

Outputs of this process are 16 scaled DC values for 4x4 blocks of Intra 16x16 macroblocks as a 4x4 array dcY with elements
dCYij.

The following applies:

— the following text of this process specifies the output.
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I 1 1 1| |cep € Cm S| |1 1 1 1
fo I 1 -1 -1 o G0 e G| I 1 -1 -1 ' (8-176)
I =1 =1 1] [cy €y €y €y I -1 -1 1
I -1 1 —1] |c3 €3 €3 €y |1 -1 1 -1
The bitstream shall not contain data that result in any element f; of f with i, j = 0..3 that exceeds the range of integer values
from _“(7 + bitDepth) to 2(7 + bitDepth) __ 1’ inclusive.
After the inverse transform, the scaling is performed as follows:
—  If|gP is greater than or equal to 36, the scaled result is derived as:
IcY; = (fij * LevelScale4x4( qP %6,0,0))<<(qP/6—-6), with i,j=0...3 (8-177)
—  Otherwise (qP is less than 36), the scaled result is derived as:
IcY; = (fjj * LevelScaledx4( qP %6,0,0)+ (1 <<(5—-qP/6)))>(6-qR/6), with i,j=0...3 (8-178)

The bit

values
NOT
valul
that
mac

NO7
valul

8.5.11

Inputs {

stream shall not contain data that result in any element dcYj; of dcY with i, j = 0..3 that exceeds the
rom _2(7 + bitDepth) to 2(7 + bitDepth) __ 1 inclusive.

'E — When entropy coding _mode flag is equal to 0 and qP is less than 10 and profile idc is equal to 66, 77, o
es that can be represented for the elements c; of ¢ is not sufficient to represent the full range of values of the elen
could be necessary to form a close approximation of the content of any possible source picture by use of
Foblock type.

['E — Since the range limit imposed on the elements dcYj of\dcY is imposed after the right shift in Equation 8-178
s must be supported in the decoder prior to the right shiff.

Scaling and transformation process forchroma DC transform coefficients

o this process are transform coefficient level*values for chroma DC transform coefficients of one chrj

range of integer

r 88, the range of
ents dcYj of dcY
the Intra 16x16

L a larger range of

oma component

of the macroblock as an (MbWidthC / 4)x(MbHeightC / 4) array ¢ with elements c;;, where i and j form a two-dimensional

frequen|

Output
The var

The fol

4

cy index.

of this process are the scaled DC€tvalues as an (MbWidthC / 4)x(MbHeightC / 4) array dcC with elem|
iables bitDepth and qP are setjequal to BitDepthc and QP’c, respectively.

owing ordered steps aréspécified:

. The transformation-process for chroma DC transform coefficients as specified in subclause 8.5.11.1
bitDepth and ¢-as the inputs and the output is assigned to the (MbWidthC / 4)x(MbHeightC / 4) a
DC values'with elements fj;.

2. The scaling process for chroma DC transform coefficients as specified in subclause 8.5.11.2

bitDepth, qP, and f as the inputs and the output is assigned to the (MbWidthC / 4)x(MbHeightC
scaled chroma DC values with elements dcCj.

ents dcCj;.

is invoked with
ray f of chroma

s invoked with
4) array dcC of

8.5.11.

1 Transformation process for chroma DC transform coefficients

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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|

1
1

1
-1

1
1

1
-1

Coo  Coi

el

8.5.11.2 Scaling process for chroma DC transform coefficients

Inputs of this process are:

the variabl

es bitDepth and gP,

(8-179)

—  DC valuespasam(MbWidth€ 7 2)xtvibiHerghtC7#)array f withreterments ;-
Outputs of this process are scaled DC values as an (MbWidthC / 4)x(MbHeightC / 4) array dcC with elements deCj
The bitstream shall not contain data that result in any element f; of f with i, j = 0..3 that exceeds the range oflintegef values
from —20 " PIPeP) o 27 PitDeP®) _ 7 i clusive.
Scaling is perfofmed as follows:
—  the scaled fesult is derived as:
dcC;; = ((f}; *LevelScale4x4(qP %6,0,0)) << (qP/6))>>5, with ,i}j=0,1 (8-180)
The bitstream shall not contain data that result in any element dcCjy of deC with i, j 70..3 that exceeds the range of] integer
values from —2([ "PPPM) o 27 *bitDerh) _ g i clusive.
NOTE — Whdn gP is less than 4 and profile_idc is equal to 66, 77, or 88, the range of walues that can be represented for the elements ¢;
of ¢ in subclapse 8.5.11.1 may not be sufficient to represent the full range of values of the elements dcC;; of dcC that could be necessary
to form a close approximation of the content of any possible source picture.
NOTE - Sincg the range limit imposed on the elements dcCj of dcC is impaséd-after the right shift in Equation 8-180, a largerrange of
values must be supported in the decoder prior to the right shift.
8.5.12 Scaling and transformation process for residual-4x4 blocks
Input to this priocess is a 4x4 array ¢ with elements c; which is either an array relating to a residual block of the luma
component or af array relating to a residual block of a chroma component.
Outputs of this process are residual sample values as 4x4 array r with elements rj;.
The variable bitDepth is derived as follows:
—  If'the inpuf array c relates to a luma restdual block, bitDepth is set equal to BitDepthy.
—  Otherwise|(the input array c relates,to-a chroma residual block), bitDepth is set equal to BitDepthc.
The variable sMbFlag is derived as follows:
—  sMbFlag i$ set equal to 0.
The variable qP|is derived-as.follows:
—  Ifthe inpuf array ¢.relates to a luma residual block and sMbFlag is equal to 0,
qP = QPly (8-181)
—  Otherwise, 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:
—  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 inputs and the output is assigned to the 4x4 array r of residual sample values with elements r;;.

8.5.12[T Scaling process for residual 4x4 blocks

Inputs ¢f this process are:
—  th¢ variables bitDepth and qP,

— a {x4 array ¢ with elements c; which is either an array relating to a residual block of luma comporjent or an array
relating to a residual block of a chroma component.

Output fof this process is a 4x4 array of scaled transform coefficients d with elements d;p

The bitptream shall not contain data that result in any element ¢; of ¢ with i, j = 0..3 that exceeds the range ¢f integer values
7 + bitDepth 7+ bitDepth Y ’ ] g g
from — " PHPeP) g D7 biDepth) _ g i clusive.

Scaling of 4x4 block transform coefficient levels c;; proceeds as follows:
—  If pll of the following conditions are true:

—| iisequaltoO,

—| jisequaltoO,

— | c relates to a luma residual block coded using Intra 16x16 macroblock prediction mode or c relgtes to a chroma
residualblock.

th¢ variable dy is derived by
doo = Coo (8-185)
—  Otherwise, the following applies:

— | If gP is greater than or equal\to 24, the scaled result is derived as
djj = (c; * LevelScale4x4(qP%6,1,j))<<(qP / 6 —4), with i,j = 0..3 except as noted above (8-186)
— | Otherwise (qP is less than 24), the scaled result is derived as
d; = (cyLevelScaledx4(qP % 6,1, j) + 2376y 55 (4—qP/6), withi,j=0..3 except as noted abovie  (8-187)

The bitptreamsshall not contain data that result in any element d; of d with i, j = 0..3 that exceeds the range ¢f integer values
7+ bifDepth 7 + bitDepth Y ’ ] g g
from —7 * PPN ¢ 27 PiDepth)_ 1 Hinclusive.

8 5 12 2 T £ + £ el 14 4 l 1
I L 1TTANTOTuUTTITatturt PIUUCDD TUT TCOTUuU Al A MITUURNO

Inputs of this process are:

—  the variable bitDepth,

—  a4x4 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 =dip +dp, with i=0..3 (8-188)
el = djpJdip, with 1=0..3 (8-1%9)
ep=(dip>1)—ds, with i=0.3 (8-1%90)
es=dy T (dg>>1), with i=0.3 (8-191)
The bitstream shall not contain data that result in any element e;; of e with i, j = 0..3 that exceeds the ¥ange of integef values
from —207 *PitDep) 4 (7 +bitDepth) 1 iy clusive.
Then, the transfprmed result is computed from these intermediate values as follows:
fo=¢jpttes, with 1=0.3 (8-192)
fi=e¢j tep, with 1=0.3 (8-193)
fo=ei—len, with i=0.3 (8-194)
fs =ep—|es, with 1=0..3 (8-195)
The bitstream shall not contain data that result in any element f;; of fiwith i, j = 0..3 that exceeds the range of integef values
from —207 " bitDept) 4 27 bitDepth) 1 i clusive.
Then, each (veftical) column of the resulting matrix is transformed using the same one-dimensional inverse transform as
follows.
A set of intermgdiate values is computed as follows:
goj = fo; 4 5, with j=0.3 (8-196)
g1 = fo|f, with j=0.3 (8-197)
Zi=(fip>1)—1f;, with j=053 (8-198)
g =1 (H>>1), with;=0.3 (8-199)
The bitstream shall not contain-data that result in any element g of g with i, j = 0..3 that exceeds the range of integef values
from —207 * PitDep) 4 27+ DIBP_ i clusive.
Then, the transfprmedresult is computed from these intermediate values as follows:
ho; = goj T &sj” with j=0.3 (8-200)
hjj =g+ g; with j=0.3 (8-201)
hyj = gij— &, with j=0.3 (8-202)
hs; = goj— 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:

T, :(hij +2°)>>6 with 1,j=0.3

(8-204)

8.5.13 (void)

8.5.14 Picture construction process prior to deblocking filter process

Inputs fo this process are:

—  ajample array u with elements u;; which is a 16x16 Iuma block or an (MbWidthC)x(MbHeightC) ehrom
luma block or a 4x4 chroma block,

—  when u is not a 16x16 luma block or an (MbWidthC)x(MbHeightC) chroma block, a bleck~index lui
chroma4x4BlkIdx.

The pogition of the upper-left luma sample of the current macroblock is derived by invoking«the inverse macr

process
When U
1.

When U

in subclause 6.4.1 with CurrMbAddr as input and the output being assigned to (xP, yP ).
is a luma block, for each sample u; of the luma block, the following orderéd steps are specified:
Depending on the size of the block u, the following applies:

If uis a 16x16 luma block, the position ( xO, yO ) of the upper-left sample of the 16x16 luma
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 ©f)the upper-left sample of the 4x4 luma Y
luma4x4BIlkldx inside the macroblock is derived“by invoking the inverse 4x4 luma block scar
subclause 6.4.3 with luma4x4BIkIdx as the input*and the output being assigned to ( xO, yO ),
nE is set equal to 4.

The following applies:
S'[XxP+xO+j,yP+yO+i]=ug withi, j=0.nE -1
is a chroma block, for each sample: (i) of the chroma block, the following ordered steps are specified:

The subscript C in the variable §/e is replaced with Cb for the Cb chroma component and with Cr fo
component.

Depending on the size Ofithe block u, the following applies:

If u is an (MbWidthC)x(MbHeightC) Cb or Cr block, the variable nW is set equal to MbWidt
nH is setiequal to MbHeightC, and the position ( XO, yO ) of the upper-left sample of the (nW
block inside the macroblock is set equal to ( 0, 0 ).

Otherwise, if u is a 4x4 Cb or Cr block, the variables nW and nH are set equal to 4, and thg
upper-left sample of a 4x4 Cb or Cr block with index chroma4x4BlkIdx inside the macroblo
follows:

h block or a 4x4

nadx4BlkIdx or

bblock scanning

block inside the

lock with index
Ining process in
hnd the variable

(8-205)

I the Cr chroma

hC, the variable
x(nH) Cb or Cr

position of the
ck is derived as

3.

the position of the upper-left sample of the 4x4 chroma block with index chroma4x4B

kldx inside the

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 ).
the following applies:

Sc[ (xP/2)+x0+j, (yP/2) +yO +i]=uj
withi=0.nH—-1 and j=0.0W — 1
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8.6

8.7

(void)

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 decoders.

The conditional filtering process is applied to all 4x4 block edges of a picture, except edges at the boundary of the picture and
any edges for which the deblocking filter process is disabled by disable deblocking filter idc, as specified below. This

filtering proces
deblocking filtd
processed in org
NOTE - Prio
any) and the
performed aff
However, for
different slicg

The deblocking
component, verf
the edges towai
starting with th
their geometricg

When interpreti|

both types

When interpreti

only the sq

5 is performed on a macroblock basis after the completion of the picture construction process._ ]
r process (as specified in subclauses 8.5) for the entire decoded picture, with all macroblocks in-a
er of increasing macroblock addresses.

to the operation of the deblocking filter process for each macroblock, the deblocked samples of the macroblock
macroblock to the left (if any) of the current macroblock are always available because the deblocking filter p
er the completion of the picture construction process prior to deblocking filter process for the entire decoded
purposes of determining which edges are to be filtered when disable deblocking filter idc is;équal to 2, macrolj
5 are considered not available during specified steps of the operation of the deblocking filtetyprocess.

ical edges are filtered first, starting with the edge on the left-hand side of tlie: macroblock proceeding
ds the right-hand side of the macroblock in their geometrical order,cand then horizontal edges are
b edge on the top of the macroblock proceeding through the edges @ewards the bottom of the macrot
1 order. Figure 8-8 shows edges of a macroblock which can be inferpreted as luma or chroma edges.

hg the edges in Figure 8-8 as luma edges, the following applies:
the solid bold and dashed bold luma edges are filtered.

hg the edges in Figure 8-8 as chroma edges, the following applies:
lid bold chroma edges are filtered.

Pt
Horizontal Edges

Vertical Edges

brior to
picture

bove (if
ocess 1S
picture.
locks in

filter process is invoked for the luma and chroma components separately, For each macroblock and each

through
filtered,
lock 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.

assigned to mbAddrA and mbAddrB.
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The derivation process for neighbouring macroblocks specified in subclause 6.4.11.1 is invoked and the output is
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The variables filterInternalEdgesFlag, filterLeftMbEdgeFlag and filterTopMbEdgeFlag are derived as
following ordered steps:

a. The variable filterInternalEdgesFlag is derived as follows:

If disable_deblocking_filter idc for the slice that contains the macroblock CurrMbAddr i
variable filterInternalEdgesFlag is set equal to 0.

equal to 1), the variable filterInternalEdgesFlag is set equal to 1.

specified by the

s equal to 1, the

Otherwise (disable deblocking filter idc for the slice that contains the macroblock CurrMbAddr is not

b. The variable filterLeftMbEdgeFlag is derived as follows:

If any of the following conditions are true, the variable filterLeftMbEdgeFlag is set equal
CurrMbAddr % PicWidthInMbs is equal to 0,

disable deblocking_filter idc for the slice that contains the macroblock’ CurrMbAdds

disable deblocking filter idc for the slice that contains the maeroblock CurrMbA(
and the macroblock mbAddrA is not available.

Otherwise, the variable filterLeftMbEdgeFlag is set equal to\h,

c. The variable filterTopMbEdgeFlag is derived as follows:

If any of the following conditions are true, the variable filterTopMbEdgeFlag is set equal
CurrMbAddr is less than PicWidthInMbs,

disable deblocking_filter idc for the'slice that contains the macroblock CurrMbAdds

disable deblocking_filter idc for the slice that contains the macroblock CurrMbA(
and the macroblock mbAddtB.is not available.

Otherwise, the variable filterTepMbEdgeFlag is set equal to 1.

Given the variables filterInternalEdgesFElag, filterLeftMbEdgeFlag and filterTopMbEdgeFlag the deb
is controlled as follows:

to 0:

is equal to 1,

dr is equal to 2

is equal to 1,

dr is equal to 2

ocking filtering

a. When filterLeftMbEdgeElag is equal to 1, the left vertical luma edge is filtered by invoking the process
specified in subclause;8.7.1 with chromaEdgeFlag =0, verticalEdgeFlag=1, and (xEy, yHy) = (0, k) with
k =0..15 as the inputs and S'; as the output.
b.  When filterInfernalEdgesFlag is equal to 1, the filtering of the internal vertical luma edges is ppecified by the
following ordered steps:
i. thesprocess specified in subclause 8.7.1 is invoked with chromaEdgeFlag = 0, verticalEdgeFlag = 1, and
(XxEx, 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
(xEx, YEx) = (12, k) with k= 0..15 as the inputs and St 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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ii.

iii.

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.

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.

the process specified in subclause 8.7.1 is invoked with chromaEdgeFlag = 0, verticalEdgeFlag = 0, and

(xEx, YEx) = (k, 12) with k= 0..15 as the inputs and St as the output.

e. When filtering of both chroma components, with iCbCr = 0 for Cb and iCbCr = 1 for Cr, the following ordered

st¢ps are specified:

i

The arrays S't, $'cy, S'c; are assigned to'the’arrays Sy, Scy, Scr (Which represent the decoded picture), respectively.
8.7.1 Filtering process forblock edges

Inputs to this process are chromaEdgeFlag, the chroma component index iCbCr (when chromaEdgeFlag is equ:
verticalEdgeFlalg, and a set:of nE sample locations (xEx, yEi), with k = 0..nE — 1, expressed relative to the upper lef]
of the macroblgck CurrMbAddr. The set of sample locations (xEy, yEx) represent the sample locations immediatel
right of a verticgl edge (when verticalEdgeFlag is equal to 1) or immediately below a horizontal edge (when verticalE

is equal to 0).

i. When filterTopMbEdgeFlag is equal to 1, the filtering of the‘top horizontal chroma edge is sped

When filterLeftMbEdgeFlag is equal to 1, the left vertical chroma edge is filtered by invoking the

process

specified in subclause 8.7.1 with chromaEdgeFlag=1, iCbCr, verticalEdgeRlag=1, and

(xEx, YEx) = (0, k) with k = 0..MbHeightC — 1 as the inputs and S'c with C being @eplaced by
iCbCr = 0 and C being replaced by Cr for iCbCr = 1 as the output.

When filterInternalEdgesFlag is equal to 1, the filtering of the internal vertical\¢hroma edge is s
by the following ordered steps:

(1) the process specified in subclause 8.7.1 is invoked with~chromaEdgeFlag=1,

Cb for

pecified

1CbCr,

verticalEdgeFlag = 1, and (xEy, yEx) = (4, k) with k = 0..MbHeightC — 1 as the inputs and S'd with C

being replaced by Cb for iCbCr = 0 and C being replaced by, Csfor iCbCr = 1 as the output.

follows:

— the process specified in subclause 8.7.1 £35 invoked with chromaEdgeFlag=1,
verticalEdgeFlag = 0, and (xEy, yEx) = (k, 0).with k = 0..MbWidthC — 1 as the inputs and S'q
being replaced by Cb for iCbCr = 0 and C¢being replaced by Cr for iCbCr = 1 as the output.

When filterInternalEdgesFlag is equal to 1,xthefiltering of the internal horizontal chroma edge is s
by the following ordered steps:

(1) the process specified in subclause 8.7.1 is invoked with chromaEdgeFlag=1,
verticalEdgeFlag = 0, and (xEy, yEi) = (k, 4) with k = 0..MbWidthC — 1 as the inputs and S'd
being replaced by Cb for iCbCr = 0 and C being replaced by Cr for iCbCr = 1 as the output.

NOTE - For example, in 4:2:0 chfoma format, the following applies: 3 horizontal luma edges, 1 horizontal
edge for Cb, and 1 horizontdl chroma edge for Cr are filtered that are internal to a macroblock.

ified as

iCbCr,
with C

pecified

iCbCr,
with C

chroma

I to 1),
corner
 to the
HoeFlag

The variable nE is derived as follows:

—  If chromaEdgeFlag is equal to 0, nE is set equal to 16.

—  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.

120
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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:
—  If chromaEdgeFlag is equal to 0, xP is set equal to xI and yP is set equal to yl.

- Otherwise (chromaFEdgeFlag is equal to 1), xP is set equaltoxI /2 and yP is setequal to (y[ +2—1)/2

ps3 p2 p1 Po Jo q1 qQ2 qs

Figure 8-9 — Convention for describing samples across a 4x4 block horizontal-er_vertical bourldary

For each sample location ( XEy, yEx ), k =0..(nE — 1), the following ordered steps‘are specified:

1. [The filtering process is applied to a set of eight samples across a 4x4 block horizontal or vertical edge denoted as p;
and q; with i = 0..3 as shown in Figure 8-9 with the edge lying between p, and qy. p; and g; with i = (1.3 are 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 + yE + 1] (8-209)

pi=s[xP+xE, yP+yEe=si—1] (8-210)

2. [The process specified in subclause 8.7.2 is invoked with the sample values p; and q; (i = 0..3), chronjaEdgeFlag, and
verticalEdgeFlag as thednputs, and the output is assigned to the filtered result sample values p'; and q';{with i = 0..2.

3. [The input sample values p; and q; with i = 0..2 are replaced by the corresponding filtered result sample values p'; and
q'; with i = 0..2 inside the sample array s’ as follows:

- If verticalBdgeFlag is equal to 1,
sPpxP +xEy +1, yP + yEx ] =qi (8-211)

s[xP+xE—i—1,yP+yEc ] =p’ (8-212)

— Otherwise (verticalEdgeFlag is equal to 0),
s xP +xEy, yP +yE, +i]=(; (8-213)
[ xP + XEy, YP + yEi— 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.
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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:

subclause 8.7.2.1 is invoked with py, qo, and verticalEdgeFlag as input, and the output is assigned to bS.

If chromaEdgeFlag is equal to 0, the derivation process for the content dependent boundary filtering strength specified in

Otherwise (chromaEdgeFlag is equal to 1), the bS used for filtering a set of samples of a horizontal or vertical chroma

edge is set equal to the value of bS for filtering the set of samples of a horizontal or vertical luma edge, respectively, that
contains the luma sample at location ( 2 * x, 2* v ) inside the luma array of the frame, where ( X, v ) is the location of the

chroma sar

hple qo inside the chroma array for that frame.

Let filterOffsetfA and filterOffsetB be the values of FilterOffsetA and FilterOffsetB as specified in subclausg %.4.3| for the
slice that contains the macroblock containing sample qp.
Let qP, and qP{ be variables specifying quantisation parameter values for the macroblocks containingthelsamples pofand qo,
respectively. The variables qP, (with z being replaced by p or q) are derived as follows:
—  If chromaHdgeFlag is equal to 0, the following applies:
—  If the macroblock containing the sample z, is an I PCM macroblock, P, is set to 0.
—  Otherpwise (the macroblock containing the sample z, is not an I PCM macroblock), qP, is set to the value of|QPy of
the macroblock containing the sample z.
—  Otherwise [chromaEdgeFlag is equal to 1), the following applies:
—  If the|macroblock containing the sample z, is an I PCM macroblock, qP, is set equal to the value of QP that
corregponds to a value of 0 for QPy as specified in subclause 85.8
—  Otherpwise (the macroblock containing the sample z, is not'an I PCM macroblock), qP, is set equal to the yalue of
QP that corresponds to the value QPy of the macroblogk containing the sample z, as specified in subclause [8.5.8.
The process spgcified in subclause 8.7.2.2 is invoked with poy-qo, p1, qi, chromaEdgeFlag, bS, filterOffsetA, filter(ffsetB,
qP,, and qP, as nputs, and the outputs are assigned to filtefSamplesFlag, indexA, o, and 3.
Depending on :Ie variable filterSamplesFlag, the following applies:
—  If filterSamplesFlag is equal to 1, the following applies:
—  IfbS Is less than 4, the process specified in subclause 8.7.2.3 is invoked with p; and q; (i = 0..2), chromaEdgeFlag,
bS, B,and indexA given as input, and the output is assigned to p’; and q'; (i = 0..2).
—  Otherpwise (bS is equal to™¥), the process specified in subclause 8.7.2.4 is invoked with p; and q; (i £ 0..3),
chronjaEdgeFlag, a, and 3 given as input, and the output is assigned to p’; and q'; (i=0..2).
—  Otherwise | (filterSamplesFlag is equal to 0), the filtered result samples p; and q'; (i = 0..2) are replaced|by the
corresponding inputamples p; and q;:
fori=0[2, Pi=pi (8-215)
for i=0.2; 9= {8=216)

8.7.2.1 Derivation process for the luma content dependent boundary filtering strength

Inputs to this process are the input sample values py and 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

122

1s derived as follows:

If the 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 qp is in a macroblock coded using an Intra macroblock prediction

Otherwise, if the following condition is true, a value of bS equal to 3 is the output:

8.7.2.2
Inputs {
thq
thq
thq

Output

index Al
Let qP,

Let ind|
filtering
table (7]

Otherwise, if any of the following conditions are true, a value of bS equal to 1 is the output:

Otherwise, a value of bS equal to 0 is the output.

either or both of the samples p, or qp is in a macroblock coded using an Intra macroblock prediction

Otherwise, if any of the following conditions are true, a value of bS equal to 2 is the output:

the 4x4 luma transform block associated with the 4x4 luma block containing the sample p, co
transform coefficient levels,

the 4x4 luma transform block associated with the 4x4 luma block containing the sample qo{eQ
transform coefficient levels.

for the prediction of the macroblock/sub-macroblock partition containing the sample p; ‘different rd
are used than for the prediction of the macroblock/sub-macroblock partition containing the sample g

NOTE — The determination of whether the reference pictures used for the two magtoblock/sub-macrob]
the same or different is based only on which pictures are referenced, without regard to whether the index
reference picture list is different.

one motion vector is used to predict the macroblock/sub-macroblock, partition containing the san
motion vector is used to predict the macroblock/sub-macroblock partition containing the sample qq
difference between the horizontal or vertical components of the motion vectors used is greater than
units of quarter luma frame samples,

Derivation process for the thresholds for eagh,block edge

o this process are:

input sample values po, qo, p1 and q; of a single'set of samples across an edge that is to be filtered,
variables chromaEdgeFlag and bS, for thé/set of input samples, as specified in subclause 8.7.2,
variables filterOffsetA, filterOffsetB,)qP,, and qP,.

of this process are the variable(filterSamplesFlag, which indicates whether the input samples are filte
and the values of the threshold variables o and 3.

be a variable specifying.an average quantisation parameter. It is derived as:
lPav:(qPP+qPq+ I )>> 1

exA be a variable that is used to access the a table (Table 8-8) as well as the tc, table (Table 8-9), Y
r of edges'with bS less than 4 as specified in subclause 8.7.2.3, and let indexB be a variable that is use
able 8<8). The variables indexA and indexB are derived as:

ndexA = Clip3( 0, 51, qP,, + filterOffsetA )

mode,

mode,

ntains non-zero

ntains non-zero

ference pictures
0>

lock partitions are
position within a

hple po and one
hnd the absolute
or equal to 4 in

red, the value of

(8-217)

which is used in
1 to access the 3

(8-218)

indexB = Clip3( 0, 51, qP,, + filterOffsetB )

(8-219)

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,
o =o' * (1 << (BitDepthy— 8))

B=P"* (1 <<(BitDepthy— 8))

© ISO/IEC 2015 — All rights reserved
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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:

filterSamplesFlag = ( bS =0 && Abs( po— qo ) <a&& Abs( p1— po ) <P&& Abs(qi—qo) <B) (8-224)

Table 8-8 — Derivation of offset dependent threshold variables o’ and ' from indexA and indexB

indexA (for ') or indexB (for )

O 1|23 |4|5]6|7 8|9 |10]11|12]|13|14[15(16|17| 18|19 (20| 2122 |23 |24 2]

o lOjO|O|O|]O[O|[O]O]|]O]O|O|O0O|]O]O|O0O]|O0O]|4|4|5|6]| V8|9 |10]|12]1]

Bl1ojojogqlojofofo|jojoOojoO[O|O0O]OjO[O]O0O]|2|2|2|3M[3[3|4]|4]4

Table 8-8 (concluded) — Derivation of indexA and indexB from offset dependent threshold variables o’ and|’

indexA (for ') or indexB (for ')

2612712812930 (31(32|33(34[35|36|37|38(39(40|41 4243 |44|45|46|47|48|49|50]5

o | 1511712012225 (28(32]|36|40|45|50|56|63|71 80590 |101|113(127|144{162]182(203|226|255|25p

B loejo6 7|7 |8 [8[9]|9|10]1011 |11 |12 1213 |13 |14 |14|15|15]|16|16|17|17|18]|1

8.7.2.3 Filtering process for edges with bS less'than 4

Inputs to this pfocess are the input sample value$-p; and q; (i = 0..2) of a single set of samples across an edge that fis to be
filtered, chromaEdgeFlag, bS, 3, and indexA;for the set of input samples, as specified in subclause 8.7.2.

Outputs of this process are the filtered restlt sample values p'; and q'; (i = 0..2) for the set of input sample values.

Depending on the values of indexA @nd'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

OfNEX2 (3456|7819 |10|11|12]13|14|15|16/|17|18[19|20|21|22|23 24|25

bS=1 o,0/0{0}j0jOJO|]0O]0O]O|0O]0O|]0O]O|O]O]O]O[O|O0O|O0]O0O]O0O]T1 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
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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
bS =2 rj1rj1 (1|1 }j2(2(22|3[3|3[4/4|5|5]6/|7|8|8]10/11]12|13]15/|17
bS=3 112121212333 |4|/4|4|5|6|6|7]8]9/|10|11|13]14|16/|18|20,(23|25

The threshold variables a, and a, are derived by:

, = Abs( po— o) (8-225)
b, = Abs( a2~ do ) (8-226)

The threshold variable tc is determined as follows:
—  If ghromaEdgeFlag is equal to 0,

c=teo T ((a<P)?1:0)+((ag<P)?1:0) (8-227)
—  Otherwise (chromaEdgeFlag is equal to 1),
c=teot1 (8-228)

Let Cﬁgl() be a function that is replaced by Cliply(). when chromaEdgeFlag is equal to 0 and by |Cliplc() when
chromaEdgeFlag is equal to 1.

The filtered result samples p'y and q'y are derived by;

A= Clip3(—tc, te, ((((Qo=po) <<2)+{(pi—q1) +4)>>3)) (8-229)
p'o=Clipl(po+A) (8-230)
1'o = Clipl( qo—A) (8-231)

The filtered result sample p'; is deriveéd as follows:

— If thromaEdgeFlag is equal to 0 and a,, is less than f3,
p'1=p1 + Clip3( —tegrteo, (P2t ((po+ Qo+ 1)>>1)—(pi<<1)) >> 1) (8-232)
—  Otherwise (chromaEdgeFlag is equal to 1 or a,, is greater than or equal to f3),
Pi=p (8-233)

The filtered tesult sample q'y is derived as follows:

_ If 1 abBdaallog 1o aqo 1o O oind o clacc o O
O G ECTTa g5 oquar o v antaq s Tossaranps

q'1 = qi + Clip3(—tco, teo, (2t ((pot Qo+ 1)>1)—(q<<1)) >> 1) (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 a4 be two threshold variables as specified in Equations 8-225 and 8-226, respectively, in subclause 8.7.2.3.

The filtered resyitsampies p’; (1 = U..2) arc derived as foltows:

—  If chromaHdgeFlag is equal to 0 and the following condition holds,

a,<B&&| Abs(po—qo ) <((a>>2)+2)

then the vafiables p’y, p’j, and p’; are derived by:
plo=(pal+ 2%p; + 2%py + 2*qo+ q1 +4 ) >>3
pi=(pltpi+tpotqt2)>>2

p2=(24ps +3*p2tprtpotqot4)>>3

(8-238)

(8-239)
(8-240)

(8-241)

—  Otherwise [chromaEdgeFlag is equal to 1 or the condition in Equation 8-238 dees not hold), the variables p'y, p'1{and p’»

are derived by:
Po=(24p1+potqt2)>>2
p1=p1
P2=p2
The filtered resylt samples q'; (i = 0..2) are derived as follows:

—  If chromaHdgeFlag is equal to 0 and the following-¢ondition holds,

a;<P&&| Abs(py=qo) < ((o>>2)+2)

then the variables q'y, q'1, and q'; are derived by
q'0o= (pi|+ 2%po + 2*qo + 2*quat\qe +4 ) >>3
qg1=(p+ G+ +qpt+t2)>>2

q2=(29q: + 3* Q@ W Qu¥F qo T po+4)>>3

(8-242)
(8-243)

(8-244)

(8-245)

(8-246)

(8-247)

(8-248)

—  Otherwise [(chromaEdgeFlag is equal to 1 or the condition in Equation 8-245 does not hold), the variables q'y, q'1{and q'»

are derived by;

9o = (2Mgr=go==prs-23=>2 €8-249)
(1'1 =q1 (8-250)
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(v), or te(v). For syntax elements in subclauses 7.3.4 and 7.3.5.

Inputs t

o this process are bits from the RBSP.

Output

Syntax
Goloml
the bitg
process

The var

of this process are syntax element values.

elements coded as ue(v), me(v), or se(v) are Exp-Golomb-coded. Syntax elements coded ase(v) arg
p-coded. The parsing process for these syntax elements begins with reading the bits startingrat the cu
tream up to and including the first non-zero bit, and counting the number of leading bits that are
is specified as follows:

leadingZeroBits = —1
for( b= 0; !b; leadingZeroBits++ )
b =read bits( 1)
iable codeNum is then assigned as follows:
codeNum = 2'eingZeroBis_ 1 4 read bits( leadingZeroBits )

truncated Exp-
rrent location in
equal to 0. This

(9-1)

(9-2)

where the value returned from read bits( leadingZeroBits ) is interprétéd as a binary representation of an ynsigned integer

with m

Table 9
"prefix
either

codeNy

values { or 1.

st significant bit written first.

-1 illustrates the structure of the Exp-Golomb code by“separating the bit string into "prefix" and "
bits are those bits that are parsed in the above pseude=code for the computation of leadingZeroBits, a
or 1 in the bit string column of Table 9-1. The "suffix" bits are those bits that are parsed in the

m and are shown as Xx; in Table 9-1, with i being.in the range 0 to leadingZeroBits — 1, inclusive. Eag

Table 9-1 — Bit strings with "prefix'~and "suffix" bits and assignment to codeNum ranges (infoy

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

uffix" bits. The
nd are shown as
computation of
h x; can take on

mative)
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Table 9-2 illustrates explicitly the assignment of bit strings to codeNum values.

Table 9-2 — Exp-Golomb bit strings and codeNum in explicit form and used as ue(v) (informative)

Bit string codeNum
1 0
011 2
00100 3
00101 4
00110 5
00111 6
0001000 7
0001001 8
0001010 9

Depending on the descriptor, the value of a syntax element is dérived as follows:
—  Ifthe syntgx element is coded as ue(v), the value of the'syntax element is equal to codeNum.

—  Otherwise,| if the syntax element is coded as se(v), the value of the syntax element is derived by invoking the mapping
process for signed Exp-Golomb codes as specified in subclause 9.1.1 with codeNum as the input.

—  Otherwise,|if the syntax element is coded as me(v), the value of the syntax element is derived by invoking the mhapping
process for] coded block pattern as specified in subclause 9.1.2 with codeNum as the input.

—  Otherwise [(the syntax element iste@ded as te(v)), the range of possible values for the syntax element is determinfed first.
The range of this syntax elemént/may be between 0 and x, with x being greater than or equal to 1 and the range|is used
in the deriyation of the value\of the syntax element value as follows:

— If x i greater than-l, codeNum and the value of the syntax element is derived in the same way as for syntax
elements coded.as ue(v).

—  Otherpvise((x)is equal to 1), the parsing process for codeNum which is equal to the value of the syntax eldment is
given|byaprocess equivalent to:

b =read bits( 1) (9-3)
codeNum = !b

9.1.1 Mapping process for signed Exp-Golomb codes
Input to this process is codeNum as specified in subclause 9.1.
Output of this process is a value of a syntax element coded as se(v).

The syntax element is assigned to the codeNum by ordering the syntax element by its absolute value in increasing order and
representing 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)

9.1.2 | Mapping process for coded block pattern

codeNum | syntax element value
0 0
1 1
2 -1
3 2
4 -2
5 3
6 -3
k (D! Ceil( k+2)

Input tq this process is codeNum as specified in subclause 9.1.

Output |of this process is a value of the syntax element coded bleck pattern coded as me(v).

Table %4 shows the assignment of coded_block pattern to codeNum depending on whether the macroblock prediction mode

is equal to Intra_4x4 or Inter.

Table 9-4 — Assignment of codeNum to values of coded_block_pattern for macroblock predictiop modes

codeNum coded_block_pattern
Intra_4x4 Inter
0 47 0
1 31 16
2 15 1
3 0 2
4 23 4
5 27 8
6 29 32
7 30 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
30 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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9.2
This pr

Inputs

the luma block index luma4x4BlkIdx or the chroma block imdex chroma4x4BlkIdx,cb4x4BIkIdx or cr4

current

Output
luma4x]

The prd
L.

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 levets

o this process are bits from slice data, a maximum numbgryof non-zero transform coefficient levels

block of transform coefficient levels.

of this process is the list coeffLevel containingtransform coefficient levels of the luma block w
MBIkIdx or the chroma block with block index«¢hroma4x4BIlkIdx, cb4x4BIkIdx or cr4x4BIkIdx.

cess is specified in the following ordered steps:

A1l transform coefficient level values,coeffLevel[ i ], with indices i ranging from 0 to maxNumCoef
coefflevel are set equal to 0.

The total number of non-zerotransform coefficient levels TotalCoeff( coeff token ) and the numbe
transform coefficient levels/ TrailingOnes( coeff token ) are derived by parsing coeff token
subclause 9.2.1.

The following then applies:

— If the number of non-zero transform coefficient levels TotalCoeff( coeff token ) is equal to 0, the li
whichall-transform coefficient level values are equal to 0) is returned and no further steps are car

- Otherwise, the following steps are carried out:

a. The non-zero transform coefficient levels are derived by parsing trailing ones_sign flag, 1

beess is invoked for the parsing of syntax elements with descriptorequal to ce(v) in subclause 7.3.5.3.7.

maxNumCoeff,
4BIkIdx of the

ith block index

f— 1, in the list

" of trailing one
s specified in

t coeffLevel (in
ried out.

evel prefix, and

level suffix-as-spnecifiedin-subelause 92 2
HSVer—StHHX S SpectHieaH-sHoeats ===

b. The runs of zero transform coefficient levels before each non-zero transform coefficient level are derived by

parsing total zeros and run_before as specified in subclause 9.2.3.

¢. 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 variable nC.

The syntax element coeff token is decoded using one of the six VLCs specified in the six right-most columns of Table 9-5.
Each VLC spefifies both TotalCoeff( coeff token ) and TrailingOnes( coeff token ) for a given codeword coefff token.
Theselection ofthe applicable column ofTable 9-5is determined by a variable nC. The value of nCis derived as follows:

—  Ifthe CAVLC parsing process is invoked for ChromaDCLevel, nC is set equal to —1,

—  Otherwise,| the following ordered steps are performed:
1. When|the CAVLC parsing process is invoked for Intral6x16DCLevel, luma4x4BIkldx iss¢t-equal to 0.
2. (void
3. (void
4. The viriables blkA and blkB are derived as follows:

— If the CAVLC parsing process is invoked for Intral6x16DCLeveliIntral 6x16ACLevel, or LumaLevel4x4, the
process specified in subclause 6.4.11.4 is invoked with luma4x4Blkldx as the input, and the optput is
assigned to mbAddrA, mbAddrB, luma4x4BIkldxA, and-lama4x4BlkldxB. The 4x4 luma block specified
by mbAddrA\luma4x4BlkldxA is assigned toblkAy and the 4x4 luma block speciffed by
mbAddrB\luma4x4BlkIdxB is assigned to blkB.

— (therwise (the CAVLC parsing process is imvoked for ChromaACLevel), the process speciffied in
subclause 6.4.11.5 is invoked with chroma4x4Blkldx as input, and the output is assigned to mbAddrA,
mbAddrB, chroma4x4BlkldxA, and chroma4x4BlkldxB. The 4x4 chroma block speciffed by
mbAddrA\iCbCr\chroma4x4BlkIdxA -i§’ assigned toblkA, and the 4x4 chroma block specified by
mbAddrB\iCbCr\chroma4x4BlkIdxB-is assigned to blkB.

5. The vjriable availableFlagN with N being teplaced by A and B is derived as follows:
— If any of the following conditions are true, availableFlagN is set equal to 0:

— mbAddrN is not available,
— (Ptherwise, availableElagN is set equal to 1.

6. For N|being replaced by-A and B, when availableFlagN is equal to 1, the variable nN is derived as follows:
— If any of the-fellowing conditions are true, nN is set equal to O:

— Theumacroblock mbAddrN has mb_type equal to P_Skip,

*“Fhe macroblock mbAddrN has mb_type not equal to I PCM and all AC residual transform cogfficient
Tevels of the neighbouring block bIKN are equal to0 due to the corresponding bit of
CodedBlockPatternLuma or CodedBlockPatternChroma being equal to 0.

— Otherwise, if mbAddrN is an I PCM macroblock, nN is set equal to 16.

— Otherwise, nN is set equal to the value TotalCoeff( coeff token ) of the neighbouring block blkN.

NOTE - 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 nC is set equal

tOTIA:

— Otherwise, if availableFlagB is equal to 1 (and availableFlagA is equal to 0), the variable-nG is|set equal to nB.
— Otherwise (availableFlagA is equal to 0 and availableFlagB is equal to 0), the variablg nC is sef equal to 0.

When maxNumCoeff is equal to 15, it is a requirement of bitstream conformance that the value.of TotalCoeff( coeff token )
resultinjg 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

E’JQ %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 1}
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 000104” | 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 01110 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 01 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 1 0000 101 0100 1 010010 | -
3 5 0000400 00110 1010 010011 | -
0 6 00000000 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 6600-6000-6+0++ 6600000+ 666+-6600 0+H6-66
1 7 0000 0000 0111 0 0000 0011 0 0010 10 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 )

E’JQ %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 A\
1 9 0000 0000 0011 10 0000 0001 010 0000 1110 1000-04D [ -
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 01(11,1 1001 00 | -
1 10 0000 0000 0010 10 0000 0000 1110 0000M010 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 00004000 0000 0101 1 101000 | -
1 11 0000 0000 0001 110 | 0000 660071010 000001110 101001 | -
2 11 0000 0000 0010 01 00000000 1001 0000 1001 101010 | -
3 11 0000 0000 0011 00 0000 0001 000 0000 1100 101011 | -
0 12 0000 0000 0001041 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 +4 66600-6000-66001H10—1-0066-0666-00+0H—T6600-60HH-060—H61+-6+
2 14 0000 0000 0000 1101 | 0000 0000 0011 O 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
£ gy
-3 -3
£8 | €8
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 A&
9.2.2 Parsing process for level information

Inputs to this prjocess are bits from slice data, the number of non-zero transform coefficient levels TotalCoeff( coeff |

and the number
Output of this p|

Initially an inde
applied Trailing

1. A 1-bits

— If trai

— Other

2. The indg
Then, the variah

—  If TotalCo
to 1.

—  Otherwise
suffixLeng

of trailing one transform coefficient levels TrailingOnes( coeff tokeén”).
Focess is a list with name levelVal containing transform coefficiént levels.

X 11is set equal to 0. Then, when TrailingOnes( coeff token ))is not equal to 0, the following ordered s
Ones( coeff token ) times to decode the trailing one transform coefficient levels:

yntax element trailing ones_sign flag is decoded dndevaluated as follows:
ing_ones_sign_flag is equal to 0, levelVal[ i ],is"set equal to 1.

ise (trailing ones_sign flag is equal to 1);levelVal[ i ] is set equal to —1.
X 1 is incremented by 1.

le suffixLength is initialised as follows:

eff( coeff token ) is greatertham 10 and TrailingOnes( coeff token ) is less than 3, suffixLength is set

(TotalCoeff( coeff token ) is less than or equal to 10 or TrailingOnes( coeff token ) is equal to 3),
th is set equal to 0.

Then, when To

1Coeff( coeffitoken ) — TrailingOnes( coeff token ) is not equal to 0, the following ordered steps are

TotalCoeff( coefff token )—=TrailingOnes( coeff token ) times to decode the remaining non-zero level values:

1. The synfax elemetit level prefix is decoded as specified in subclause 9.2.2.1.

2. The varipblé fevelSuffixSize is set as follows:

token ),

feps are

equal

applied

— Iflevel 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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The variable levelCode is set equal to (level prefix << suffixLength ) + level suffix.
(void)
(void)

N » s

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:

- If levelCode 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) >> L«
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 less than 6,
suffixLength is incremented by 1.

11. [The index i is incremented by 1.
9.2.2.1 Parsing process for level_prefix
Inputs fo this process are bits from slice data.
Output fof this process is level prefix.

The patsing process for this syntax element consists in reading the.bits starting at the current location in thd bitstream up to
and indluding the first non-zero bit, and counting the number ef)ledding bits that are equal to 0. This procesp is specified 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 leyel prefix.
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Table 9-6 — Codeword table for level prefix (informative)

token ),

t levels

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 000070000 01

14 000040000 0000 001

15 0000 0000 0000 0001
9.2.3 Parsing process for run information
Inputs to this prjocess are bits from slice data;\the number of non-zero transform coefficient levels Total Coeff( coeff |
and the maximym number of non-zero transform coefficient levels maxNumCoeff.
Output of this process is a list of ruds-of zero transform coefficient levels preceding non-zero transform coefficien
called runVal.
Initially, an ind¢x i is set equal.to.0.
The variable zefosLeft is@derived as follows:
—  If the numper ¢f non-zero transform coefficient levels TotalCoeff( coeff token ) is equal to the maximum nuber of

non-zero trjansform coefficient levels maxNumCoeff, a variable zerosLeft is set equal to 0.

—  Otherwise (the number of non-zero transform coefficient levels TotalCoeff( coeff token ) is less than the maximum

number of non-zero transform coefficient levels maxNumCoeff), total zeros is decoded and zerosLeft is set equ
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.

al to its
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The following ordered steps arethen performed TotalCoeff( coeff token ) — 1 times:
1. The variable runVal[ i ] is derived as follows:

— 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 requirement of

TtstrearnT comformmarnce that the Tesutt of thesubtraction strattbegreater thamorequat to6-
3. [The index i is incremented by 1.
Finally|the value of zerosLeft is assigned to runVal[ i ].
Table 9-7 — total_zeros tables for 4x4 blocks with tzVicIndex 1 t0)7
total_zeros tzVlcIndex
1 2 3 4 5 6 7

0 1 111 0101 00011 | OTO1 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 01,00 100 100 100 011 010
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 | -
11 0000 0011 0000 11 | 000001 [ 00001 | 00000 | - -
12 0000 0010 0000 10 | 0000 1 00000 | - - -
13 0000 0001 1 | 000001 [ 000000 | - - - -
14 000000010 | 000000 | - - - - -
15 0000 00001 | - - - - - -
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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 | - - - - . -
8 0000 00 | - - - - - - -

Table 9-9 — total_zeros tables for chroma DC 2%2\(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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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
8 - - - - - 00001
9 - - - |- - < 000001
10 - - - |- - - 0000001
11 - - - |- - - 00000001
12 - - - N\ - - 000000001
13 - - - |- - - 0000000001
14 N - |- - - 00000000001

Combining level and runinformation

non-zero transform coefficiedtlevels TotalCoeff( coeff token ).

Output

A varid
steps ar

1.
2.
3.

coeffNum is incremented by runVal[ i ]+ 1.

coefflevel| coeffNum ] is set equal to levelVal[ i ].

of this process is anJlist coeffLevel of transform coefficient levels.

this process are a list f transform coefficient levels called levelVal, a list of runs called runVal, anfl the number of

ble coeffNumis set equal to —1 and an index i is set equal to TotalCoeff( coeff token ) — 1. The following ordered
e then applied TotalCoeff( coeff token ) times:

The index i is decremented by 1.
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oder implementationsy

peifies a subset of algorithmic features and limits that shall be supported by all decoders conforming
ifications that are not specified by the profile in this Annex shall be considered informafive.

bders are not required to make use of any particular subset of features supported in a prefile. This text is deriy
6-10 and is intended to only specify Constrained Baseline profile.
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hing to the constraints of profiles and levels specified in this annex. For each such profile, the level suj
hall also be expressed.

are specified in this annex for the syntax elements profile idc and level idc. All other values of pro
e reserved for future use by ITU-T | ISO/IEC.
pders should not infer that when a reserved yalue of profile idc or level idc falls between the values specifie

Standard that this indicates intermediate capabilities between the specified profiles or levels, as there are no restrig
be chosen by ITU-T | ISO/IEC for the use,of such future reserved values.

les

for picture parameter sets that are specified in subclause A.2.1 are constraints for picture parameter f§
the bitstream. All constraints for sequence parameter sets that are specified in subclause A.2.1 are coif
rameter sets that arelactivated in the bitstream.

ained Baseline\profile

brming tothe Constrained Baseline profile shall obey the following constraints:
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or each
.
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pported

file idc
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straints

tréeins shall not contain nal unit type values in the range of 2 to 4, inclusive.
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Arbitrary slice order is not allowed.

Sequence parameter sets shall have frame mbs only flag equal to 1.

Picture parameter sets shall have num_slice groups minusl equal to 0 only.

Picture parameter sets shall have redundant pic cnt present flag equal to 0 only.

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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syntax ~ elements pcm sample luma[i], with 1=0.255 and

i=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.

pcm_sample chroma[ 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 profile idc
being equal to 88 with both constraint set0 flag and constraint set! flag being equal to 1.

rs conforming to the Constrained Baseline protile at a specitic level shall be capable ot decoding
11 of the following are true:

bfile idc is equal to 66 or constraint setO flag is equal to 1,
hstraint setl flag is equal to 1,

el idc and constraint set3 flag represent a level less than or equal to the specified level:

ned here, a conforming Web Video Coding decoder is able to decode all bitstféams that can b
hing AVC Constrained Baseline Profile decoder as defined in ISO/IEC 14496-10.

rts of this International Standard that are not part of the set(ef“technical specificat
bary for conformance to Constrained Baseline Profile shall be\considered informative.

Levels

General

owing is specified for expressing the constraints in this ahnex.
t access unit n be the n-th access unit in decoding drder with the first access unit being access unit 0.

t picture n be the primary coded picture or the-cofresponding decoded picture of access unit n.
variable fR be derived as follows:

is set equal to 1 + 172.

ms conforming to the Constrained Baseline profile at a specified level shall obey the following constr3

The nominal removal time-of*access unit n with n > 0 from the CPB as specified in subclause C.
constraint that t,,(n)=t(n—1) is greater than or equal to Max( PicSizeInMbs + MaxMB
MaxMBPS is the value specified in Table A-1 that applies to picture n — 1 and PicSizeInMbs is
macroblocks in pi¢turé n — 1.

The differencébetween consecutive output times of pictures from the DPB as specified in subclaus
the constraintthat At, 4,,( n ) >= Max( PicSizeInMbs + MaxMBPS, fR ), where MaxMBPS is the vz
Table A-T)for picture n and PicSizeInMbs is the number of macroblocks of picture n, provided th|
pictufe-that is output and is not the last picture of the bitstream that is output.

Ther sum of the NumBytesInNALunit variables for access unit 0 is less than

h1l bitstreams in

b decoded by a

ions that are

nts:

.2, satisfies the
PS, fR), where
the number of

e C.2.2, satisfies
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or equal to

Decodd
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— ey
As defi
conforn]
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MinCR are the values specified in Table A-1 that apply to picture 0 and PicSizeInMbs is the number
in picture 0.

MaxMBPS and
of macroblocks

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 valu
Table A-1 that apply to picture n.

PicWidthInMbs * FrameHeightInMbs <= MaxFS, where MaxFSs is specified in Table A-1
PicWidthInMbs <= Sqrt( MaxFS * 8 )
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g)
h)

),

k)

D
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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
diven by Equations E-37 and E-38, respectively, using the syntax elements of the hrd parameters( ) syntax
sfructure that immediately follows vcl _hrd parameters present flag.

- (Otherwise  (vcl hrd parameters present flag is equal to 0), BitRate[ SchedSelldx ] and
(pbSize[ 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, respeetively. The bitstream
shall satisfy these conditions for at least one value of SchedSelldx in the range 0 to cpb_ent*minusl, inclusivg.

For thg NAL HRD parameters, BitRate[ SchedSelldx | <= 1200 * MaxBR and CpbSize[ SchedSelldx | <=|1200 *
MaxCPB for at least one value of SchedSelldx, where BitRate[ SchedSelldx ] and CpbSize[ SchedSelldx ] ate given
as follgws:

—  If nal hrd parameters present flag is equal to 1, BitRate[ SchedS¢lldx | and CpbSize[ SchedSelldx | are
diven by Equations E-37 and E-38, respectively, using the syntax elements of the hrd parameters( ) syntax
sfructure that immediately follows nal hrd parameters present, flag.

- (Otherwise  (nal hrd parameters present flag is (equal to 0), BitRate[ SchedSelldx ] and
(pbSize[ SchedSelldx ] are inferred as specified in subglause 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 bitstream
shall sgtisfy these conditions for at least one value of ScliedSelldx in the range 0 to cpb_cnt_minusl.

The vertical motion vector component range for Jima motion vectors does not exceed MaxVmvR in units pf luma
frame $amples, where MaxVmvR is specified innFable A-1

The hgrizontal motion vector range does«not exceed the range of —2048 to 2047.75, inclusive, in units ¢f luma
samplds

Let sefOf2Mb be the set of unSorted pairs of macroblocks that contains the unsorted pairs of macrpblocks
(mbA, mbB) of a coded video sequence for which any of the following conditions are true:

- IbA and mbB are macnoblocks that belong to the same slice and are consecutive in decoding order,

bA is the last mactoblock (in decoding order) of aslice, and mbB is the first macroblock (in decoding order)
af the next slicevin decoding order,

NOTE —The macroblocks mbA and mbB can belong to different pictures.

For ea¢h unsorted pair of macroblocks (mbA, mbB) of the set setOf2Mb, the total number of motion vector$ (given
by the pund of the number of motion vectors for macroblock mbA and the number of motion vectors for macyoblock
mbB) foesTrottxceed IviaAIvivaPcl"fvi‘u, wirere MaxMvsPer2MbTs bpcuiﬁcd T TabteA=t—TFhemumber—of motion
vectors for each macroblock is the value of the variable MvCnt after the completion of the intra or inter prediction
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.

For purposes of comparison of level capabilities, a level shall be considered to be a lower (higher) level than $ome other level
if the lgvel appears nearer to the top (bottom) row of Table A-1 than the other level.

In bitsfreams conforming to the Constrained Baseline profile, the conformance of the bitstream te a specified level is
indicat¢d by the syntax elements level idc and constraint set3 flag as follows:

— If]evel idcisequal to 11 and constraint set3 flag is equal to 1, the indicated level is level-1b.

—  Otherwise (level idc is not equal to 11 or constraint set3 flag is not equal to 1), level idc is equal t¢ a value 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 #85 99 396 64 175 [-64,+63.75] 2
1b 1 #85 99 396 128 350 [-64,+63.75] 2
1.1 3 P00 396 900 192 500 [-128,+127.75] 2
1.2 6 P00 396 2376 384 1 000 [-128,+127.75] 2
1.3 11880 396 2376 768 2 000 [-128,+127.95] 2
2 11{880 396 2376 2 000 2 000 [-1284K127.75] 2
2.1 191800 792 4752 4 000 4 000 [<256,+255.75] 2
2.2 20250 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 3P
3.1 10§ 000 3 600 18 000 14 000 14,000 [-512,+511.75] 4 1p
3.2 214 000 5120 20 480 20 000 20 000 [-512,+511.75] 4 1p
4 243760 8192 32 768 20 000 25 000 [-512,+511.75] 4 1p
4.1 245760 8192 32 768 50 000. 62 500 [-512,+511.75] 2 1p
4.2 527240 8704 34 816 50,000 62 500 [-512,+511.75] 2 1p
5 589 824 22 080 110 400 135 000 135000 [-512,+511.75] 2 1p
5.1 983040 36 864 184 320 240 000 240 000 [-512,+511.75] 2 1p
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.
Informative subflause A.3-2%shows the effect of these limits on frame rates for several example picture formats.
In bitstreams ¢onforming to the Constrained Baseline profile, (xInty.— xInty, + 6) * (yInty,— ylnty, H6) <=
MaxSubMbRec}Size 'in macroblocks coded with mb type equal to P_8x8 or P _8x8ref0 for all invocations of the [process
specified in subtlause 8.4.2.2.1 used to generate the predicted luma sample array for a single reference picture list (rdference
picture list 0) for each 8x8 sub-macroblock with the macroblock partition index mbPartldx, where

NumSubMbPart( sub_mb_type[ mbPartldx ] ) > 1, where MaxSubMbRectSize is specified in Table A-2 for the Constrained
Baseline profile and

146

—  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:

nn

—  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 -
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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 frame size (macroblocks): 99 99 396 396 396 396 792
Max macroblockp/second: 1485 1485 3000 6000 11 880 11 880 9 800
Max frame size (}amples): 25 344 25 344 101 376 101 376 101 376 101 376 202 752
Max samples/secpnd: 380 160 380 160 768 000 1536000[ 3041280| 30417280 5048 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 - - 94 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 - - - - - - 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 3.072 786 432 - - - - - - -
720p HD 1280 720 3600 921 600 - - - - - - -
4VGA 1280 960’ 4800| 1228800 - - - - - - -
SXGA 1280 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 1624 819 99715 = = = = = = -
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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Table A-3 (continued) — Maximum frame rates (frames per second) for some example frame sizes

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 framg size (samples): 414 720 414 720 921600 1310720| 2097 152| 209752 2228224
Max samypjles/second: 518400010368 000 | 27 648 000 | 55 296 000 | 62 914 560 | 62 914560 | | 133 693 440
Luma| Luma MBs Luma

Format Width | Height Total | Samples

SQCIF 128 96 48 12288 172.0 172.0 172.0 172.0 172.0 172.0 172.0
QCIF 176 144 99 25 344 172.0 172.0 172.0 17210 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
525 SIF 352 240 330 84 480 61.4 122.7 1720 172.0 172.0 172.0 172.0
CIF 352 288 396 101 376 51.1 102.3 19270 172.0 172.0 172.0 172.0
525 HHR 352 480 660 168 960 30.7 61.4 163.6 172.0 172.0 172.0 172.0
625 HHR 352 576 792 202 752 25.6 51.1 136.4 172.0 172.0 172.0 172.0
VGA 640 480 1200 307 200 16.9 33.8 90.0 172.0 172.0 172.0 172.0
525 4SIF 704 480 1320 337 920 153 30.7 81.8 163.6 172.0 172.0 172.0
525 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
625 SD 720 576 1620 414720 12.5 25.0 66.7 133.3 151.7 151.7 172.0
SVGA 800 600 1900 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
720p 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
525 16SIK 1408 960 5280| 1351680 - - - - 46.5 46.5 98.9
16CIF 1408 1152 6336] 1622016 - - - - 38.8 38.8 82.4
4SVGA 1600 1200 7500] 1920000 - - - - 32.8 32.8 69.6
1080 HD 1920 1088 8160 2088960 - - - - 30.1 30.1 64.0
2Kx1K 2048 1024 8192] 2097152 - - - - 30.0 30.0 63.8
2Kx1080 2048 1088 R704] 2208204 - - - - ; ; 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 size (samples): 5652480 9437184
Max samples/second: 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 337 920 172.0 172:0
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 1720 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| 1228 800 122.9 172.0
SXGA 1280 1024 5120 \1310720 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 (2.35:1) 3616 1536| 21696| 5554176 27.2 45.3
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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