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Foreword

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

work.
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Introduction

The International Organization for Standardization (ISO) and International Electrotechnical Commission
(IEC) draw attention to the fact that it is claimed that compliance with this document may involve the use
of a patent.

ISO and IEC take no position concerning the evidence, validity and scope of this patent right.

The holder of this patent right has assured ISO and IEC that he/she is willing to negotiate licences under
easonable and non-discriminatory terms and conditions with applicants throughout the world. In this

espect, the statement of the holder of this patent right is registered with ISO and IEC. Infoymation may
e obtained from the patent database available at www.iso.org/patents.

o= =

o>y

ttention is drawn to the possibility that some of the elements of this documentimay be the spibject of
atent rights other than those in the patent database. ISO and IEC shall not'be held responkible for
Hentifying any or all such patent rights.

—
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Information technology — General video coding —

Part 1:
Essential video coding

(=Y

Scope
his document specifies a video coding technology known as essential video-coding (EVC

b guarantee that all EVC decoders conform to a specified combination of’capabilities knowj
rofile, level and toolset. Any decoding process that produces identical crepped decoded output
b those produced by the described process is considered to be in conformance with the require
his document.

[ s il o S s S o M |

= =]

hedia, television broadcasting and real-time communications.

2 Normative references

—

he following documents are referred to .n the text in such a way that some or all of their
onstitutes requirements of this document. For dated references, only the edition cited app
ndated references, the latest edition‘of-the referenced document (including any amendments)

(el @)

—

50 11664-1, Colorimetry — Part 1'CIE standard colorimetric observers

[J'%)

Terms and definitions

o ul

or the purposes of'this document, the following definitions apply.

—

50 and [EC maintain terminological databases for use in standardization at the following addre

—  [SO<Online browsing platform: available at https://www.iso.org/obp

—CAEC Electropedia: available at http: //www.electropedia.org/

, which

ontains syntax format, semantics and an associated decoding process. The decoding process is designed

n as the
pictures
ments of

his document is designed to cover a wide range of application;including but not limited to digitall storage

content
lies. For
applies.

sses:

31

access unit

set of NAL units (3.53) that are associated with each other according to a specified classification
consecutive in decoding order (3.28), and contain exactly one coded picture (3.16)

3.2
adaptive loop filter
ALF

rule, are

filtering process that is applied as part of the decoding process (3.29) and is controlled by parameters

(3.58) conveyed in an APS (3.4)

© ISO/IEC 2020 - All rights reserved
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3.3
ALF APS
APS (3.4) that controls the ALF (3.2) process

3.4

adaptation parameter set

APS

syntax structure (3.87) containing syntax elements (3.86) that apply to zero or more slices (3.81) or
pictures (3.60) as determined by zero or more syntax elements (3.86) found in slice headers (3.82)

3.5
bi-predictive slice
B slice
slice (3.81) that is decoded using intra prediction (3.43) or using inter prediction (3.40) with'at most tw|
motion vectors (3.52) and reference indices (3.74) to predict the sample values of each block (3.11)

[=]

3.6
bin
one bit qf a bin string (3.7)

3.7
bin string
intermegliate binary representation of values of syntax elements (3)86) from the binarization (3.8) of thie
syntax element (3.86)

3.8
binarization
set of binp strings (3.7) for all possible values of a syntgx‘element (3.86)

3.9
binarization process
unique mapping process of all possible values of a syntax elements (3.86) from the binarization (3.8) qf
the syntrx element (3.86)

3.10
bitstream
sequencg of bits, in the form~of a NAL unit stream (3.54) or a raw bitstream (3.71), that forms thie
representation of coded pictures (3.16) and associated data forming one or more coded video sequencgs
(3.19)

3.11
block
MxN (Micolumn by N-row) array of samples, or an MxN array of transform coefficients (3.93)

3.12

buffering period

set of access units (3.1) starting with an access unit (3.1) that contains a buffering period suplemental
enhancement information (SEI) message and containing all subsequent access units (3.1) in decoding
order (3.28) up to but not including the next access unit (3.1) (when present) that contains a buffering
period SEI message

3.13

byte

sequence of 8 bits, within which, when written or read as a sequence of bit values, the left-most and right-
most bits represent the most and least significant bits, respectively

2 © ISO/IEC 2020 - All rights reserved
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3.14

byte-aligned

position in a bitstream (3.10) where the position is an integer multiple of 8 bits from the position of the
first bit in the bitstream (3.10)

Note 1 to entry: A bit or byte (3.13) or syntax element (3.86) is said to be byte-aligned when the position at which it
appears in a bitstream (3.10) is byte-aligned.

spmple array or single sample representing one of the two colour difference signals related tothé|primary
dolours, represented by the symbols Cb and Cr

ote 1 to entry: The term chroma is used rather than the term chrominance in order to avoidthe implicatjon of the
se of linear light transfer characteristics that are often associated with the term chrominance.

.16
ded picture
ded representation (3.18) of a picture (3.60) containing all CTUs (3.22),of the picture (3.60)

17
ded picture buffer
PB
first-in first-out buffer containing access units (3.1) in decoding order (3.28)

ote 1 to entry: Specified in the hypothetical reference degoder (3.36) in Annex C.

.18
ded representation
ata element as represented in its coded form

.19

ded video sequence
VS
sequence of access units (3) that consists, in decoding order (3.28), of an IDR access unit (3.38), followed
y zero or more access urits (3.1) that are not IDR access units (3.38), including all subsequent acdess units
(B-1) up to but not including any subsequent access unit (3.1) thatis an IDR access unit (3.38)

.20

ding block
B

xN black(3.11) of samples for some values of M and N such that the division of a CTB (3.21) intjo coding
locks\is-a partitioning (3.59)

coding tree block
CTB

NxN block (3.11) of samples for some value of N such that the division of a component (3.24) into coding
tree blocks is a partitioning (3.59)

3.22

coding tree unit

CTU

CTB (3.21) of luma (3.51) samples, two corresponding CTBs (3.21) of chroma (3.15) samples of a picture
(3.60) that has three sample arrays, or a CTB of samples of a monochrome picture (3.60) or a picture

© ISO/IEC 2020 - All rights reserved 3
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(3.60) that is coded using three separate colour planes and syntax structures (3.87) used to code the

samples

3.23

coding unit

CuU

coding block (3.20) of luma (3.51) samples, two corresponding coding blocks (3.20) of chroma (3.15)

samples

of a picture (3.60) that has three sample arrays, or a coding block (3.20) of samples of a

monochrome picture (3.60) or a picture (3.60) thatis coded using three separate colour planes and syntax

structures (3.87) used to code the samples

3.24

component

array or|single sample from one of the three arrays (luma (3.51) and two chroma (3.15)) thatcompose fa
picture (3.60) in 4:2:0, 4:2:2, or 4:4:4 colour format or the array or a single sample of the array that
composg¢ a picture (3.60) in monochrome format

3.25

decoded picture

derived py decoding a coded picture (3.16)

3.26

decoded picture buffer

DPB

buffer holding decoded pictures (3.25) for reference, output reordering, or output delay

Note 1 to|entry: Specified for the hypothetical reference decoder{3.36) in Annex C.

3.27

decoder

embodiment of a decoding process (3.29)

3.28

decoding order

order in|which syntax elements (3/86) are processed by the decoding process (3.29)

3.29

decoding process

process gpecified that feads a bitstream (3.10) and derives decoded pictures (3.25) from it

3.30

dynamir range-adjustment

DRA

mapping process that is applied to decoded picture (3.25) prior to cropping and output as part of the

decoding process (3.29) and is controlled by parameters conveyed in an APS (3.4)

3.31

DRA APS

APS (3.4

) that controls the DRA (3.30) process

© ISO/IEC 2020 - All rights reserved
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3.32

decoder under test

DUT

decoder (3.27) that is tested for conformance to this document

Note 1 to entry: A decoder (3.27) is tested by operating the hypothetical stream scheduler (3.37) to deliver a
conforming bitstream (3.10) to the decoder (3.27) and to the hypothetical reference decoder (3.36) and comparing
the values and timing of the output of the two decoders (3.27).

00

ncoder
mbodiment of an encoding process (3.34)

34
ncoding process
rocess that produces a bitstream (3.10) conforming to this document

ariable or single-bit syntax element (3.86) that can take one of the two possible values: 0 and 1

.36
ypothetical reference decoder
RD
ypothetical decoder (3.27) model that specifies constraints on the variability of conforming NAL unit
streams (3.54) or conforming raw bitstreams (3.10) produced by an encoding process

37
ypothetical stream scheduler
SS
ypothetical delivery mechanism for the timing and data flow of the input of a bitstream (3.10)|into the
pothetical reference decoder (3.36)

ote 1 to entry: The HSS is used for ¢hecking the conformance of a bitstream (3.10) or a decoder (3.36).

.38
IPDR access unit
ccess unit in which the coded picture is an IDR picture

.39
IDR picture
ded picture (3.16) for which each VCL NAL unit (3.96) has NalUnitType equal to IDR_NUT

40

imter prediction
prediction (3.63) derived in a manner that is dependent on data elements (e.g., sample values or motion
vectors) of one or more reference pictures (3.75)

Note 1 to entry: A prediction (3.63) from a reference picture (3.75) thatis the current picture (3.60) itself is also inter
prediction.
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3.41

intra block copy

IBC

prediction (3.63) derived in a manner that is dependent on data elements (e.g., sample values or block

vectors)

3.42
intra co
coding o

of the same decoded slice (3.81) without referring to a reference picture (3.75)

ding
fa coding block (3.20), slice (3.81), or picture (3.60) that uses intra prediction (3.43)

3.43

intra prj
predictig
without

3.44

intra slilce

I slice
slice (3.9

3.45
level
defined
this doct

Note 1 to
level bei
constrain

3.46
list 0 m
motion

3.47
list O pr
inter pr
referenc

3.48
list 1 m
motion

3.49

ediction
n (3.63) derived from only data elements (e.g., sample values) of the same decoded slice (3.81
referring to a reference picture (3.75)

1) that is decoded using intra prediction (3.43) only

Ket of constraints on the values that may be taken by the syntax elements (3.86) and variables d
hment, or the value of a transform coefficient (3.93) prier.to scaling

entry: The same set of levels is defined for all profiles.(3:67), with most aspects of the definition of ead
hg in common across different profiles (3.67). Individual implementations can, within the specifie,
ts, support a different level for each supported profile (3.67).

btion vector
ector (3.52) associated with a reference index (3.74) pointing into a reference picture list 0 (3.77

ediction
bdiction (3.40) of the centent of a slice (3.81) using a reference index (3.74) pointing into
e picture list 0 (3.77)

ption vector
ector (3.52) associated with a reference index (3.74) pointing into a reference picture list 1 (3.78

=)

[eP=y

<)

list 1 pn

ediction

inter prediction (3.40] of the content of a slice [3.81) using a reference index (3.74) pointing info a
reference picture list 1 (3.78)

3.50

long-term reference picture

LTRP

picture (3.60) that is marked as "used for long-term reference”
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3.51

luma

sample array or single sample is representing the monochrome signal related to the primary colours,
represented by the symbol or subscript Y or L

Note 1 to entry: 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 are 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.

DL

otion vector
two-dimensional vector used for inter prediction (3.40) that provides an offset from the-coordjnates in
the decoded picture (3.25) to the coordinates in a reference picture (3.75)

.53

AL unit
syntax structure (3.87) containing an indication of the type of data to followand bytes (3.13) containing
that data in the form of an RBSP (3.72) interspersed as necessary

.54
AL unit stream
sequence of NAL units (3.53)

.55
on-IDR picture
ded picture (3.16) that is not an IDR picture (3.39)

.56
on-VCL NAL unit
AL unit (3.53) that is not a VCL NAL unit(3.96)

.57

utput order
rder in which the decoded pictures (3.25) are output from the decoded picture buffer (3.26)| [for the
ecoded pictures (3.25) that are to be output from the decoded picture buffer (3.26)]

ivisionof a set into subsets such that each element of the set is in exactly one of the subsets

3.60U

picture

array of luma (3.51) samples in monochrome format or an array of luma (3.51) samples and two
corresponding arrays of chroma (3.15) samples in 4:2:0, 4:2:2, and 4:4:4 colour format

Note 1 to entry: A picture can be either a frame or a field. However, in one CVS (3.19), either all pictures are frames
or all pictures are fields.
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3.61

picture parameter set

PPS

syntax structure (3.87) containing syntax elements (3.86) that apply to zero or more entire coded pictures
(3.16) as determined by a syntax element (3.86) found in each slice header (3.82)

3.62

picture order count

POC

variable| that is associated with each picture (3.60), uniquely identifies the associated picture (360
among Jll pictures (3.60) in the CVS (3.19), and, when the associated picture (3.60) is to be output froy
the decaded picture buffer (3.26), indicates the position of the associated picture (3.60) in outputordg
(3.57) relative to the output order (3.57) positions of the other pictures (3.60) in the same CVS (3.19) ths
are to bg output from the decoded picture buffer (3.26)

== B —

3.63
prediction
embodiment of the prediction process (3.63)

3.64
prediction process
use of apredictor (3.66) to provide an estimate of the data element-[€.g., sample value or motion vectdr
(3.52)] qurrently being decoded

3.65
predictive slice
P slice
slice (3.81) that is decoded using intra prediction (3.43) or using inter prediction (3.40) with at most one
motion Vector (3.52) and reference index (3.74) to predict the sample values of each block (3.11)

3.66
predictor
combingtion of specified values or previously decoded data elements [e.g., sample value or motion vectod
(3.52)] ysed in the decoding processi(3.29) of subsequent data elements

<

3.67
profile
specified subset of the syntax of this document

3.68
quantization parameter

QP
variable|uséd by the decoding process (3.29) for scaling of transform coefficient (3.93) levels

3.69
random access
act of starting the decoding process for a bitstream (3.10) at a point other than the beginning of the stream

3.70

raster scan

mapping of a rectangular two-dimensional pattern to a one-dimensional pattern such that the first entries
in the one-dimensional pattern are from the first top row of the two-dimensional pattern scanned from
left to right, followed similarly by the second, third, etc., rows of the pattern (going down) each scanned
from left to right
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3.71

I

aw bitstream

encapsulation of a NAL unit stream (3.54) containing NAL unit (3.53) length field and NAL units (3.53)

Note 1 to entry: Specified in Annex A.

3.72
raw byte sequence payload
RBSP
syntax structure (3.87) containing an integer number of bytes (3.13) that is encapsulated in a NAL unit
(B-53) and that is either empty or has the form of a string of data bits (3.85) containing syntax elements
(B-86) followed by an RBSP stop bit (3.73) and zero or more subsequent bits equal to 0
3.73
raw byte sequence payload stop bit
RBSP stop bit
Hit equal to 1 present within a raw byte sequence payload (3.72) after a string of data bits (3.85), fpr which
the location of the end within an RBSP (3.72) can be identified by searehing from the end of the RBSP
(B-72) for the RBSP stop bit, which is the last non-zero bit in the RBSP({(3\72)
3.74
reference index
index into a reference picture list (3.76)
3.75
reference picture
Hicture (3.60) that is a short-term reference picture-(3.80) or long-term reference picture (3.50)
Note 1 to entry: A reference picture contains samples that can be used for inter prediction (3.40) in the|decoding
pirocess (3.29) of subsequent pictures (3.60).in decoding order (3.28).
3.76
reference picture list
list of reference pictures (3.80)that is used for inter prediction (3.40) of a P slice (3.65) or B slice|(3.5)
Note 1 to entry: For the decoding process (3.29) of a P slice (3.65), there is one reference picture list - [reference
plicture list 0 (3.77). For the decoding process (3.28) of a B slice (3.5), there are two reference picture lists -|reference
Hicture list 0 (3.77) and peference picture list 1 (3.78).
3.77
reference picture list 0
referencepicture list (3.76) used for inter prediction of a P slice (3.65) or the first reference pigture list
(B.76)used for inter prediction (3.40) of a B slice (3.5)
78
reference picture list 1

S

econd reference picture list (3.76) used for inter prediction (3.40) of a B slice (3.5)

3.79

S

equence parameter set

SPS
syntax structure (3.87) containing syntax elements (3.86) that apply to zero or more entire CVSs as
determined by the content of a syntax element (3.86) found in the PPS (3.61) referred to by a syntax

e

lement (3.86) found in each slice header (3.82)
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3.80

short-term reference picture

STRP

picture (3.60) that is marked as "used for short-term reference"

3.81
slice

integer number of tiles (3.88) of a picture (3.60) in the tile scan (3.91) of the picture (3.60) and that are

exclusiv

3.82
slice he
part of

ely contained in a single NAL unit (3.53)

hder
a coded slice (3.81) containing the data elements pertaining to the first or all tiles (3.8

represenmted in the slice (3.81)

3.83
source

term used to describe the video material or some of its attributes before encoding process (3.34)

3.84
split un
SuU

it

MxN block (3.11) of samples for some values and M and N such that'the division of a component (3.24

into fou
vertical

3.85
string o
SODB
sequenc
payload

- quad blocks (3.11), or three horizontal blocks (3.11):0r two horizontal blocks (3.11), or thre
blocks (3.11) or two vertical blocks (3.11)

f data bits

e of some number of bits representing syntax elements (3.86) present within a raw byte sequend
(3.72) prior to the raw byte sequence-payload stop bit (3.73), where the left-most bit is considere

to be thle first and most significant bit,cand the right-most bit is considered to be the last and leaj

signific

3.86

t bit

syntax ¢lement

element|

3.87

of data represented-in‘the bitstream (3.10)

syntax §tructure
zero or fnore syntax'elements (3.86) present together in the bitstream (3.10) in a specified order

3.88
tile

L—

L

[¢)

1)

-

rectangular region of CTUs (3.22) within a particular tile column (3.89) and a particular tile row (3.90) in
a picture (3.60)

3.89

tile column
rectangular region of CTUs (3.22) having a height equal to the height of the picture (3.60) and width
specified by syntax elements (3.86) in the PPS (3.61)

10
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3.90
tile row

rectangular region of CTUs (3.22) having a height specified by syntax elements (3.86) in the PPS (3.61)

and a width equal to the width of the picture (3.60)

3.91
tile scan

specific sequential ordering of CTUs (3.22) partitioning (3.59) a picture (3.60) in which the CTUs (3.22)
are ordered consecutively in CTU (3.22) raster scan (3.70) in a tile (3.88) whereas tiles (3.88) in a picture

(B-60) are ordered consecutively in a raster scan (3.70) of the tiles (3.88) of the picture (3.60)
3.92
transform block
TB
rectangular MxN block (3.11) of samples resulting from a transform in the decoding process (3.2P)
3.93
transform coefficient
scalar quantity, considered to be in a frequency domain, that is-associated with a particular one-
dimensional or two-dimensional frequency index in a transform in‘the decoding process (3.29)
3.94
transform unit
TU
transform block (3.94) of luma (3.51) samples and two.eorresponding transform blocks (3.94) of chroma
(B.15) samples of a picture (3.60)
3.95
tree
tree is a finite set of nodes with a uniquée:reot node
3.96
VCL NAL unit
cpllectively, coded slice (3.84NNAL units (3.53) and the subset of NAL units (3.53) that have feserved
vialues of NalUnitType that'are classified as VCL NAL units in this document
4 Abbreviated terms
ATS adaptive transform selection
B bi-predictive
CABAC context-based adaptive binary arithmetic coding
CBR constant bit rate
CIE International Commission on [llumination (Commission Internationale de 1'Eclairage)
DMVR decoder-side motion vector refinement
EG exponential-Golomb
EGk k-th order exponential-Golomb
FCC Federal Communications Commission (of the United States)
FIR finite impulse response
© ISO/IEC 2020 - All rights reserved 11
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FL fixed length

GOP group of pictures

HMVP history-based motion vector prediction

| intra

IDR instantaneous decoding refresh

LSB least significant bit

LPS least probable symbol

MAC multiplexed analogue components

MMVD merge with motion vector difference

MPS most probable symbol

MSB most significant bit

MVP motion vector prediction

NAL network abstraction layer

NTSC National Television System Committee (of the United States)
P predictive

PAL phase alternating line

RGB same as GBR

RPL reference picture list

SAR sample aspect ratio

SECAM sequential colour with memory (séquentiel couleur avec mémoire)
SEI supplemental enhancement information

SMPTE Society of Motion Picture and Television Engineers
TB truncated binary

TR truncated rice

U unary

UCS universal-coded character set

UTF UCS trafismission format

VBR variable bit rate

VCL video coding layer

VUI vidaogusabilitbvzinformation

VI COOoToTTICy T OT o crOTT

5 Conventions

5.1 General

NOTE The mathematical operators used in this document are similar to those used in the C programming
language. However, the results of integer division and arithmetic shift operations are defined more precisely, and
additional operations are defined, such as exponentiation and real-valued division. Numbering and counting
conventions generally begin from 0, e.g., "the first" is equivalent to the 0-th, "the second" is equivalent to the 1-th,
etc.
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5.2 Arithmetic operators

addition

subtraction (as a two-argument operator) or negation (as a unary prefix operator)
multiplication, including matrix multiplication

multiplication, including matrix multiplication

exponentiation. Specifies x to the power of v. In other contexts, such notation is us

d for

Ty

K

y
y

> (i)
=X

X %y

X && y
|1y

X7y :zZ

5.3 Logical operators

3.4 Relational operators

When a relational operatoris-applied to-a syntax element or variable that has been assigned t

superscripting not intended for interpretation as exponentiation

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

division in mathematical equations where no truncation or rounding is\intended

division in mathematical equations where no truncation or rounding is intended

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

modulus. Remainder of x divided by y, defined only for integers x and y with
x >= 0andy>0

boolean logical "and" of x and y
boolean logical "or" of x and y
boolean logical "not"

if x is TRUE or not equal t6-0, evaluates to the value of y; otherwise, evaluates to the
z

greater than
greater’than or equal to
less-than

léss than or equal to
equal to

not equal to

7 / —4 are

e value of

e 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.

5.5 Bit-wise operators

&

bit-wise "and"

When operating on integer arguments, operates on a two's complement representation of

the integer value. When operating on a binary argument that contains fewer bits th

an

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

0.

© ISO/IEC 2020 - All rights reserved
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bit-wise "or"
When operating on integer arguments, operates on a two's complement representation of
the integer value. When operating on a binary argument that contains fewer bits than

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

0

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

to

another argument, the shorter argument 1s extended by adding more significant bits equa
0.

X >>y arithmetic right shift of a two's complement integer representation of x by y binary digits
This function is defined only for non-negative integer values of y. Bits shifted into the most
significant bits (MSBs) as a result of the right shift have a value equal to the MSB of x prior]
the shift operation.

X <<y arithmetic left shift of a two's complement integer representation of xby y binary digits
This function is defined only for non-negative integer values of y. Bits shifted into the least
significant bits (LSBs) as a result of the left shift have a value equal to 0.

5.6 Assignment operators

= assignment operator

++ increment, i.e., x++ is equivalent to x = x + 1; when\used in an array index, evaluates to the
value of the variable prior to the increment operation

-- decrement, i.e.,, x— — is equivalent to x = x — 1;when used in an array index, evaluates to th¢
value of the variable prior to the decrement operation

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

-= decrement by amount specifiedi.e., x -= 3 isequivalenttox=x-3,andx —= (-3)is
equivalent to x =x - (-3)

5.7 Range notation
X=Yy.Z x takes on integeT yalues starting from y to z, inclusive, with x, y, and z being integer
numbers and-zbeing greater than y
5.8 Mathematicalfunctions
X' ; x>=0
As(x) =f7 C s0 (1
Agin(’x ) trigonometric inverse sine function, operating on an argument x that is
in the range of —1.0 to 1.0, inclusive, with an output value in the range of
-Ti+2 to m+2, inclusive, in units of radians (2)

Atan( x ) trigonometric inverse tangent function, operating on an argument x, with

14

an output value in the range of -m+2 to m+2, inclusive, in units of radians (3)
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( Atan(%) ; x>0
y
Atan(;)+“ ;i x<0 &%k y>=0
Atan2(y, x) =1 Atan(g)—n ; x<0 &&y<0
T
+E i x==0&&y>=0
—g ’ otherwise

Ceil(x) smallest integer greater than or equal to x
Clip1y(x)=Clip3(0, (1 << BitDepthy) -1,x)

Clip1¢(x) =Clip3(0, (1 << BitDepth¢) -1,x)

X Z<X
Clip3(x,y,z)={y ; z>y
Z ; otherwise

Cos(x) trigonometric cosine function operating on an argumentx in units of radians

Floor( x ) largestinteger less than or equal to x

c+d ; b—a>=d/2
GetCurrMsb(a,b,c,d)={c—d ; a—b>d/A2
c ; otherwise

Ln(x) natural logarithm of x (the base-é logarithm, where e is the natural logarithm bas
constant 2.718 281 828...)

Log2( x )base-2 logarithm of x

Log10( x ) base-10 logarithin of x

_ X ; X<3y
Mln(X,y):{y .y

X\ x>=y
Max(x,y)={y . x<y

Round (x9 = Sign( x ) * Floor( Abs(x ) + 0.5)

1 ; x>0
Sigh(x)=30 ; x==0
-1 ; x<0

Sin(x) trigonometric sine function operating on an argument X in units of radians
Sqrt(x) =x

Swap(x,y)=(y, x)

Tan(x) trigonometric tangent function operating on an argument x in units of radians

© ISO/IEC 2020 - All rights reserved
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(18)
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(22)
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5.9 Order of operation precedence

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

— Operations of a higher precedence are evaluated before any operation of a lower precedence.

— Operations of the same precedence are evaluated sequentially from left to right.

Table 1 specifies the precedence of operations from highest to lowest; a higher position in the tablle
indicate$ a higher precedence.

NOTE For those operators that are also used in the C programming language, the order of precedence used in this
documentt is the same as used in the C programming language.

Table 1 — Operation precedence from highest (top of the table) to lowest (bottom
of the table)

operations (with operands x, y, and z)

n nmon n

X++, X

non

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

Xy

nmon nmon non w onXu on

"XEy" " xy,"x /vy "x Y, ;" X %y"

nmon

y
"x+y","x - y" (as a two-argument operator), " Z f(i)
i=x

non

"X<<y, X>>y"

nmon nmon "o ]

"x<y","x <= y", %2y, "X >= y

5.10 Variables, syntax elements and tables

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

In some cases, the syntax tables may use the values of other variables derived from syntax elements
values. Such variables appear in the syntax tables, or text, named by a mixture of lower case and upper

16 © ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=caf991f23122d29f070ff293f89a846f

ISO/IEC 23094-1:2020(E)

case letters and without any underscore characters. Variables with names starting with an upper case
letter are derived for the decoding of the current syntax structure and all depending syntax structures.
Variables with names starting with an upper case letter may be used in the decoding process for later
syntax structures without mentioning the originating syntax structure of the variable. Variables with
names starting with a lower case letter are only used within the subclause in which they are derived.

In some cases, "'mnemonic” names for syntax element values or variable values are used interchangeably
with their numerical values. Sometimes "mnemonic" names are used without any associated numerical
values. The association of values and names is specified in the text. The names are constructed from one
dr 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.

unctions that specify properties of the current position in the bitstream aré referred to as syntax
inctions. These functions are specified in subclause 7.2 and assume the existence of a bitstrean} pointer
Fith an indication of the position of the next bit to be read by the decoding process from the bjtstream.
yntax functions are described by their names, which are constructed as\syntax element names|and end
Vith left and right round parentheses including zero or more variable names (for definition) qr values
for usage), separated by commas (if more than one variable).

s N < =h

unctions that are not syntax functions (including mathemati¢al functions specified in subclausg 5.8) are
escribed by their names, which start with an upper case-letter, contain a mixture of lower and upper
ase letters without any underscore character, and end with left and right parentheses including zero or
hore variable names (for definition) or values (for“uisage) separated by commas (if more than one
ariable).

< D0 Q.

A one-dimensional array is referred to as a list;A two-dimensional array is referred to as a matrik. Arrays
can either be syntax elements or variables. Subscripts or square parentheses are used for the indexing of

rrays. In reference to a visual depiction'of a matrix, the first subscript is used as a row (verticgl) index
:Ind the second subscript is used as aicolumn (horizontal) index. The indexing order is reverspd when
using square parentheses rather than subscripts for indexing. Thus, an element of a matrix s at hgrizontal
position x and vertical position y may be denoted either as s[ x ][ y ] or as syx. A single column ofja matrix
may be referred to as a list and denoted by the omission of the row index. Thus, the column of ajmatrix s
at horizontal position x may be referred to as the list s[ x ].

A specification of vatues of the entries in rows and columns of an array may be denoted by { {..} {..} },
where each innerpair of brackets specifies the values of the elements within a row in increasing column
drder and the rows are ordered in increasing row order. Thus, setting a matrixsequalto{{16}{49}}
specifies thats[ 0 ][ 0 ] issetequalto 1,s[ 1][ 0 Jissetequalto6,s[ 0 ][ 1]issetequalto4,and$[1][ 1]
i$ set equal to 9.

lwl

inary'notation is indicated by enclosing the string of bit values by single quote marks. For ¢xample,
1000001' represents an eight-bit string having only its second and its last bits (counted from the most
to the least significant bit) equal to 1.

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

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

A value equal to 0 represents a FALSE condition in a test statement. The value TRUE is represented by
any value different from zero.
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5.11 Text description of logical operations
In the text, a statement of logical operations as would be described mathematically in the following form:

if( condition 0)
statement 0
else if( condition 1)
statement 1
¢lse /* informative remark on remaining condition */
statement n

may be dlescribed in the following manner:

... as follows / ... the following applies:
— If condition 0, statement 0
— Otherwise, if condition 1, statement 1

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

Each "If|.. Otherwise, if ... Otherwise, ..." statement in the text is introduced with "... as follows" or "... thie
following applies” immediately followed by "If ... ". The last condition of the "If ... Otherwise, if ... Otherwise,
.." is always an "Otherwise, ...". Interleaved "If ... Otherwise, if .\Otherwise, ..." statements can be identified
by matching "... as follows" or "... the following applies" with‘the ending "Otherwise, ...".

In the tekt, a statement of logical operations as wouldbe described mathematically in the following form:
if( condition 0a && condition 0b )
statement 0

¢lse if( condition 1a || condition1p")
statement 1

¢lse

statement n

may be dlescribed in the following manner:

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

— _Ifall of the following conditions are true, statement 0:

— condition Oa

— condition Ob
— Otherwise, if one or more of the following conditions are true, statement 1:
— condition 1a

— condition 1b

— Otherwise, statement n

18 © ISO/IEC 2020 - All rights reserved
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In the text, a statement of logical operations as would be described mathematically in the following form:

if( condition 0)
statement 0

if( condition 1)
statement 1

may be described in the following manner:

When condition 0, statement 0

When condition 1, statement 1

8.12 Processes

Hrocesses are used to describe the decoding of syntax elements. A process has a separate speq

nd invoking. All syntax elements and upper case variables that pertain to'the current syntax g
jnd depending syntax structures are available in the process specification and invoking. A
pecification may also have a lower case variable explicitly specified-as.input. Each process sped
has explicitly specified an output. The output is a variable that can either be an upper case vari
lpwer case variable.

wn

When invoking a process, the assignment of variables is specified as follows:

-+ Ifthevariables at the invoking and the process spetification do not have the same name, the ¥
are explicitly assigned to lower case input or qutput variables of the process specification.

assignment is implied.

[l

h the specification of a process, a specific coding block may be referred to by the variable name
alue equal to the address of the gpecific coding block.

<

6 Bitstream and picture formats, partitionings, scanning processes and
neighbouringrelationships

6.1 Bitstream formats

=

his subclause specifies the relationship between the network abstraction layer (NAL) unit str
aw bitstream, either of which is referred to as the bitstream.

=

The-bitstream can be in one of two formats: the NAL unit stream format or the raw bitstream filq

ification
tructure
process
ification
hble or a

rariables

-+ Otherwise (the variables at the invokingrand the process specification have the same name), the

having a

eam and

storage

formatThe NAL unit streant format 1S conceptually the more  basic type. It COnsISts of a 5eq

ence 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 raw bitstream file storage 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 NAL unit length field to form a stream
of bytes. Methods of framing the NAL units in a manner other than the use of the raw bitstream file storage

© ISO/IEC 2020 - All rights reserved
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format are outside the scope of this document. The raw bitstream file storage format is specified in
Annex B.

6.2 Source, decoded and output picture formats

This subclause specifies the relationship between source and decoded pictures that are given via the
bitstream.

The video source that is represented by the bitstream is a sequence of pictures in decoding order.

The soufce and decoded pictures are each comprised of one or more sample arrays:
— Luma (Y) only (monochrome).
— Luma and two chroma (YCbCr or YCgCo).

— Green, blue, and red (GBR, also known as RGB).

17

— Arrays representing other unspecified monochrome or tri-stimulus colour)samplings (for example,
YZX| also known as XYZ).

(o9

For the fonvenience of notation and terminology in this document, the variables and terms associate
with thgse arrays are referred to as luma (or L or Y) and chroma,/where the two chroma arrays ar
referred to as Cb and Cr; regardless of the actual colour representation method in use. The actual colou
represemtation method in use can be indicated in syntax that'is-specified in Annex E.

= @

—

The var]ables SubWidthC and SubHeightC are specified-in Table 2, depending on the chroma formg
sampling structure, which is specified through chroma_format_idc. Other values of chroma_format_idg,
SubWidthC and SubHeightC may be specified in thefuture by ISO/IEC.

Table 2 — SubWidthC and SubHeightC values derived from chroma_format_idc

chroma_format_id¢~| Chroma format | SubWidthC | SubHeightC
0 Monochrome 1 1
1 4:2:0 2 2
2 4:2:2 2 1
3 4:4:4 1 1

In monochrome.sampling, there is only one sample array, which is nominally considered the luma array.

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

o

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

The number of bits necessary for the representation of each of the samples in the luma and chroma arrays
in a video sequence is in the range of 8 to 16, inclusive, and the number of bits used in the luma array may
differ from the number of bits used in the chroma arrays.

When the value of chroma_format_idc is equal to 1, the nominal vertical and horizontal relative locations

of luma and chroma samples in pictures are shown in Figure 1. Alternative chroma sample relative
locations may be indicated in video usability information (see Annex E).
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a Location of luma sample.

o

Location of chroma sample.

Figure 1 — Nominal vertical and horizontal locations of 4:2:0Tuma and chroma sample
picture

<

Vhen the value of chroma_format_idc is equal to 2, theychroma samples are co-sited ¥
orresponding luma samples and the nominal locations infa picture are as shown in Figure 2.

Q

a Location of luma sample.

o

Loegation of chroma sample.

sina

with the

picture
When the value of chroma_format_idc is equal to 3, all array samples are co-sited for all cases of
and the nominal locations in a picture are as shown in Figure 3.

© ISO/IEC 2020 - All rights reserved

gsin a

pictures

21


https://standardsiso.com/api/?name=caf991f23122d29f070ff293f89a846f

ISO/IEC 23094-1:2020(E)

a
&
b
\‘@ g & & B ®

by
&
R
&
&
R

a Location of luma sample.

b Location of chroma sample.

Figure 3 — Nominal vertical and horizontal locations of 4:4:4 luma‘and chroma samples in a
picture

6.3 Partitioning of pictures, slices, tiles, and CTUs
6.3.1 Partitioning of pictures into slices and tiles
This subclause specifies how a picture is partitioned into slices and tiles.

Pictures| are divided into slices and tiles. A tile is-a group of CTUs that cover a rectangular region of
picture. A slice is a group of tiles that cover a rectangular region of a picture.

[<9)

For example, a picture may be divided inte'24 tiles (6 tile columns and 4 tile rows) and 9 slices as shown
in Figur¢ 4.
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4.3.2 Spatial or component-wise partitionings

=

the division of each picture into components;
+ the division of each component into CTBs;

-+ the division of each/picture into tile columns;
-+ the division of‘each picture into tile rows;

—+ the division of each tile column into tiles;

—+ 4he division of each tile row into tiles;

he following divisions of processing-elements form spatial or component-wise partitioning:

Figure 4 — Picture with 18 by 12 luma CTUs that is partitioned into 24 tiles and 9 sliges

— the division of each tile into C1Us;

— the division of each picture into slices;
— the division of each slice into tiles;

— the division of each slice into CTUs; and

— the division of each CTU into CTBs.

© ISO/IEC 2020 - All rights reserved
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6.4 Availability processes

6.4.1 Derivation process for neighbouring block availability

Input to this process is the luma location ( xNbY, yNbY ) covered by a neighbouring block relative to the
top-left luma sample of the current picture.

Output of this process is the availability of the neighbouring block covering the location ( xNbY, yNbY ),
denoted as availableN.

The neighbouring block availability availableN is derived as follows:

6.4.2 Derivation process for left and right neighbouring blocks availabilities

Inputs t¢ this process are:

Output df this process is teftand right availabilities of the neighbouring blocks, denoted as availLR.

A varialjle availLR, which indicates the left and right neighbouring blocks availabilities, is derived as
follows:

24

If ome or more of the following conditions are true, availableN is set equal to FALSE.
— [The neighbouring block is contained in a different tile than the current block.
— [xNDbY is less than 0.

— [yNbY is less than 0.

— [xNDbY is greater than or equal to pic_width_in_luma_samples.

— [yNbY is greater than or equal to pic_height_in_luma_samples:

— |[sCoded[ xNbY ][ yNbY ] is equal to FALSE.

Othprwise, availableN is set equal to TRUE.

(s

the [luma location ( xCurr, yCurr ) of the top-left sample of the current block relative to the top-lef
lumja sample of the current picture, and

a vgriable nCbW specifying the width of the current block.

The| left luma location ( xNbL, yNbL ) inside the neighbouring luma coding block is set equal tp
(xQurr- 1, yCurr).

The right luma location ( xNbR, yNbR ) inside the neighbouring luma coding block is set equal to
( xCurr + nCbW, yCurr ).

The derivation process for neighbouring block availability as specified in subclause 6.4.1 is invoked
the left luma location (xNbL,yNbL) as input, and the output is assigned to the coding block
availability flag, availableL.

The derivation process for neighbouring block availability as specified in subclause 6.4.1 is invoked

with the right luma location ( xNbR, yNbR ) as input, and the output is assigned to the coding block
availability flag, availableR.
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— The left and right neighbouring availability, availLR, is derived by:
availLR = availableL + availableR * 2 (23)

availLR can be equal to LR_00, LR_10, LR_01, or LR_11, where LR_00 denotes the availabilty, availLR,
equal to 0 when both left and right neighbouring blocks are not available; LR_10 denotes the availabilty,
availLR, equal to 1 when left neighbouring block is available but right block is not available; LR_01
denotes the availabilty, availLR, equal to 2 when left neighbouring block is not available but the right
block s available; LR_11 denotes the availabilty, availLR, equal to 3 when both left and right neighbouring
hlock are available. When sps_suco_flag is equal to 0, availLR is always smaller than 2 (availLR-is|equal to
[fR_10 or availLR is equal to LR_00).

4.4.3 Derivation process for neighbouring block motion vector candidate availability

sl

hput to this process is the luma location ( xXNbY, yNbY ) covered by a neighbouring block relatiye to the
pp-left luma sample of the current picture.

—

[an)

utput of this process is the availability of the neighbouring block coveting the location ( xNbY, yNbY ),
enoted as availableN.

Q.

=

he neighbouring block availability availableN is derived as follows:

-+ If one or more of the following conditions are true, avaijlableN is set equal to FALSE.
— The neighbouring block is contained in a différent tile than the current block.
— xNbY is less than 0.

— yNbY is less than 0.

— xNDbY is greater than or equalte pic_width_in_luma_samples.

— yNbY is greater than or.equal to pic_height_in_luma_samples.

— IsCoded[ xNbY [[y¥NbY ] is equal to FALSE.

— The neighbouring block is coded in intra or intra block copy mode.

+ OtherwiseavailableN is set equal to TRUE.

4.4.4 Derivation process for ALF neighbouring block availability

et

hput to this process is the luma location ( XNbY, yNbY ) covered by a neighbouring block relatiye to the
bp-left luma sample of the current picture.

t

Output of this process is the availability of the neighbouring block covering the location ( xNbY, yNbY ),
denoted as availableN.

The neighbouring block availability availableN is derived as follows:
— If one or more of the following conditions are true, availableN is set equal to FALSE.
— xNbY is less than 0.

— yNDbY is less than 0.
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xNDbY is greater than or equal to pic_width_in_luma_samples.
yNbY is greater than or equal to pic_height_in_luma_samples.
IsCoded[ xXNbY ][ yNbY ] is equal to FALSE.

The neighbouring block is coded in intra or intra block copy mode.

— Otherwise, availableN is set equal to TRUE.

6.5 S¢

6.5.1 (

The list
the i-th

The list
the j-th {

anning processes

TB raster and tile scanning process

=

ColWidth[ i ] for i ranging from 0 to num_tile_columns_minus1, inclusive, specifying the width ¢
ile column in units of CTBs, is derived as follows:

if( uniform_tile_spacing_flag)
for(i=0;i <= num_tile_columns_minus1;i++)
ColWidth[i]=((i+1)*PicWidthInCtbsY ) / ( num_tile_columns_minusl + 1) -
(i*PicWidthInCtbsY ) / ( num_tile_columns,minus1 + 1)
else {
ColWidth[ num_tile_columns_minus1 ] = PicWidthInCtbsY (24
for(i=0;i<num_tile_columns_minus1; i++) {
ColWidth[ i | = tile_column_width_minus1[i ]+
ColWidth[ num_tile_columns_minus1 | —=:ColWidth[i ]
}
)

RowHeight[ j ] for j ranging from 0 to, num_tile_rows_minus1, inclusive, specifying the height gf
ile row in units of CTBs, is derived-as follows:

if( uniform_tile_spacing_flag )
for(j=0;j <= num_tilesfows_minus1;j++)
RowHeight[j] = ((j* 1) * PicHeightInCtbsY ) / ( num_tile_rows_minus1 + 1) -
(j * PicHeightInCtbsY ) / ( num_tile_rows_minus1 + 1)
else {
RowHeight[-nnum_tile_rows_minus1 | = PicHeightInCtbsY (25
for(j = 0;j=num_tile_rows_minus1; j++ ) {
RowHeight[ j ] = tile_row_height_minus1[j] + 1
RowHeight[ num_tile_rows_minus1 ] —= RowHeight[j ]
¥
)

The list ColBd[ i | for i ranging from 0 to num_tile_columns_minus1 + 1, inclusive, specifying the location
of the i-th tile column boundary in units of CTBs, is derived as follows:

for(ColBd[0]=0,i=0;i <= num_tile_columns_minus1;i++)
ColBd[i+ 1]=ColBd[i]+ ColWidth[1i] (26)

The list RowBd]| j ] for j ranging from 0 to num_tile_rows_minus1 + 1, inclusive, specifying the location of
the j-th tile row boundary in units of CTBs, is derived as follows:

26
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for( RowBd[ 0 ]

=0,j=0;j <= num_tile_rows_minus1; j++)
RowBd[j+ 1]

0,j

= RowBd[j ] + RowHeight[j ] (27)
The list CtbAddrRsToTs[ ctbAddrRs | for ctbAddrRs ranging from O to PicSizelnCtbsY - 1, inclusive,
specifying the conversion from a CTB address in CTB raster scan of a picture to a CTB address in tile scan,
is derived as follows:

for( ctbAddrRs = 0; ctbAddrRs < PicSizelnCtbsY; ctbAddrRs++) {
tbX = ctbAddrRs % PicWidthInCtbsY
tbY = ctbAddrRs / PicWidthInCtbsY
for(i=0;i <= num_tile_columns_minus1;i++)
if(tbX >= ColBd[i])
tileX =i
for(j=0;j <= num_tile_rows_minus1; j++) (28)
if(tbY >= RowBd[j])
tileY =j
CtbAddrRsToTs[ ctbAddrRs ] =0
for(i=0;i<tileX;i++)
CtbAddrRsToTs[ ctbAddrRs ] += RowHeight] tileY ] *-ColWidth[i]
for(j=0;j < tileY; j++)
CtbAddrRsToTs[ ctbAddrRs | += PicWidthInCtbsY*RowHeight[j ]
CtbAddrRsToTs[ ctbAddrRs | +=
(tbY - RowBd] tileY ] ) * ColWidth[ tileX | + tbX ~ColBd] tileX ]

}

he list CtbAddrTsToRs[ ctbAddrTs | for ctbAddrTs ranging from 0 to PicSizelnCtbsY - 1, inclusive,
pecifying the conversion from a CTB address in tile scan to a CTB address in CTB raster scan of 4 picture,
5 derived as follows:

—

for( ctbAddrRs = 0; ctbAddrRs «PicSizeInCtbsY; ctbAddrRs++ ) (29)
CtbAddrTsToRs[ CtbAddyRsToTs[ ctbAddrRs ] ] = ctbAddrRs

=

he list Tileld[ ctbAddrTs ] for ctbAddrTs ranging from O to PicSizelnCtbsY - 1, inclusive, specifying the
onversion from a CTB address'in tile scan to a tile ID, is derived as follows:

(@)

for(j =0, tileldx =0; j <= num_tile_rows_minus1;j++)
for(i= 0£i; <= num_tile_columns_minus1; i++, tileldx++ )
forCy'= RowBd[j]; y <RowBd[j+1]; y++) (30)
for(x=ColBd[i]; x<ColBd[i+1]; x++)
Tileld[ CtbAddrRsToTs[ y * PicWidthInCtbsY+x]] =
explicit_tile_id_flag ? tile_id_val[ i ][ j ] : tileldx

=

heTist NumCtusInTile[ tileldx ] for tileldx ranging from 0 to PicSizeInCtbsY - 1, inclusive, specifying the
onversion from a tile index to the number of CTUs in the tile, is derived as follows:

(@)

fOI'(j =0, tileldx = 0; ] <= num_ti]e_rows_minusl; ].++ )
for(i=0;i <= num_tile_columns_minus1; i++, tileldx++) 1)
NumCtusInTile[ tileldx ] = ColWidth[i] * RowHeight[ j ]

The set TileldToldx][ tileld ] for a set of NumTilesInPic tileld values specifying the conversion from a tile
ID to a tile index and the list FirstCtbAddrTs| tileldx ] for tileldx ranging from 0 to NumTilesInPic - 1,
inclusive, specifying the conversion from a tile ID to the CTB address in tile scan of the first CTB in the tile
are derived as follows:
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for( ctbAddrTs = 0, tileldx = 0, tileStartFlag = 1; ctbAddrTs < PicSizeInCtbsY; ctbAddrTs++ ) {
if( tileStartFlag ) {
TileldToldx[ Tileld[ ctbAddrTs ] ] = tileldx
FirstCtbAddrTs| tileldx ] = ctbAddrTs (32)
tileStartFlag = 0
}
tileEndFlag = ctbAddrTs == PicSizeInCtbsY -1 || Tileld[ ctbAddrTs+1] !=
Tileld[ ctbAddrTs ]
if( tileEndFlag ) {

The valy
luma s
num_tile

The valy
samples

inclusive.

6.5.2 1]

Inputs t

— avafiable blkWidth specifying the width of block, and

— avariable blkHeight specifying the height of block.

Output ¢

The arra
onthev

tileldx++
tileStartFlag = 1

}
}

les of ColumnWidthInLumaSamples][i], specifying the width of the i-th tile column in units d
hmples, are set equal to ColWidth[i] << CtbLog2SizeY for i ranging from 0 tp
_columns_minus1, inclusive.

=)

)

les of RowHeightInLumaSamples|[ j ], specifying the height of the j-th_tile row in units of lum|
are set equal to RowHeight[j] << CtbLog2SizeY for j ranging from:0 to num_tile_rows_minus],

h

Lig-zag scan order 1D array initialization process

this process are:

f this process is the array zigZagScan[-sPos ].

y index sPos specifies the scan position ranging from 0 to ( blkWidth * blkHeight ) — 1. Dependin|
hlue of blkWidth and blkHeight, the array zigZagScan is derived as follows:

0]

pos=0

zigZagScan[ pos ] =0

pos++

for( line = 1;ling' < ( blkWidth + blkHeight - 1 ); line++ ) {
if(line %2 ) {

x=Min( line, blkWidth - 1)
y=Max( 0, line - ( blkWidth-1))
while( x >= 0 && y < blkHeight ) {

7ig7qgQr‘;m[ pos ] =y * blkWidth + x

28

pos++
X— —
y+ +
}
} (33)
else{
y = Min( line, -1)
x = Max( 0, line - ( blkHeight-1))
while(y >= 0 && x < blkWidth ) {
zigZagScan| pos | =y * blkWidth + x
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pos++
X++
y- -
}
}
}

6.5.3 Inverse scan order 1D array initialization process

[a—

hputs to this process are:

— avariable blkWidth specifying the width of block, and

— avariable blkHeight specifying the height of block.

Q

utput of this process is the array inverseScan|[ rPos |.

=

he array index rPos specifies the raster scan position ranging from 0 e”( blkWidth * blkHei
epending on the value of blkWidth and blkHeight, the array inverseScan is derived as follows:

|

specified in subclause 6.5.2 with input parameters blkWidth and blkHeight.

— The output variable inverseScan is derived as follows;

for( pos = 0; pos < blkWidth * blkHeight; pos++ ) {
inverseScan| forwardScan[ pos ] | = pos

}

~

7 Syntax and semantics

7.1 Method of specifying syntax in tabular form

—

he syntax tables specify a;superset of the syntax of all allowed bitstreams.

NOTE An actual decodermust implement some means for identifying entry points into the bitstream an
means to identify andhandle non-conforming bitstreams. The methods for identifying and handling error
other such situations-are not specified in this document.

—

able 3 listsiexamples of the syntax specification format. When syntax_element appears, it spe
hat a syntax element is parsed from the bitstream and the bitstream pointer is advanced to the
ositien'beyond the syntax element in the bitstream parsing process.

=t

bht ) - 1.

— The variable forwardScan is derived by invoking zig-zag scanerder 1D array initialization pfocess as

(34)

d some
s and

rifies
next
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Table 3 — Examples of the syntax specification format

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

conditioning statement

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

statement

statement

/* Al"while" structure specifies a test of whether a condition is true, and if trug;Specifies
evalfiation of a statement (or compound statement) repeatedly until the condition is no
longer true */

while( condition )

statement

/* Al"do ... while" structure specifies evaluation of a statemhént once, followed by a test of
whether a condition is true, and if true, specifies repeated evaluation of the statement
unti] the condition is no longer true */

do

statement

while( condition )

/* Ap "if ... else" structure specifiesia-test of whether a condition is true and, if the
condition is true, specifies evaluation of a primary statement, otherwise, specifies
evalpiation of an alternative statement. The "else" part of the structure and the
assofciated alternative statement is omitted if no alternative statement evaluation is
needed */

if( condition )

primary stateinent

else

alternative statement

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

for( initial statement; condition; subsequent statement )

primary statement
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7.2 Specification of syntax functions and descriptors

The functions presented in this document are used in the syntactical description. These functions are
expressed in terms of the value of a bitstream pointer that indicates the position of the next bit to be read
by the decoding process from the bitstream.

byte_aligned( ) is specified as follows:

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

— Otherwise, the return value of byte_aligned( ) is equal to FALSE.
more_data_in_payload( ) is specified as follows:

—+ If byte_aligned( ) is equal to TRUE and the current position in the sei_payload( ) syntax strjicture is
8 * payloadSize bits from the beginning of the sei_payload( ) syntax structure, the return|value of

more_data_in_payload( ) is equal to FALSE.

-+ Otherwise, the return value of more_data_in_payload( ) is equal to' TRUE.

=

nore_rbsp_data( ) is specified as follows:

—+ If there is no more data in the raw byte sequénce payload (RBSP), the return yalue of
more_rbsp_data( ) is equal to FALSE.

—+ Otherwise, the RBSP data are searched for the last (least significant, right-most) bit equal to|1 that is
present in the RBSP. Given the position ofithis bit, which is the first bit (rbsp_stop_one_bit) of the

rbsp_trailing_bits( ) syntax structure, the\following applies:

— If there is more data in annRBSP before the rbsp_trailing_bits( ) syntax structure, the return
value of more_rbsp_data(\)is equal to TRUE.

— Otherwise, the return value of more_rbsp_data( ) is equal to FALSE.

The method for enablirig determination of whether there is more data in the RBSP is specifigd by the
application (or in Annex B for applications that use the raw bitstream file storage format).

=

hore_rbsp_trailing‘data( ) is specified as follows:

— If there ismore data in an RBSP, the return value of more_rbsp_trailing_data( ) is equal to TRUE.

—  Otherwise, the return value of more_rbsp_trailing_data( ) is equal to FALSE.

next_bits{ ) provides the mext bits i the bitstrearm for comparisomr purposes, withoutadvaricing the
bitstream pointer. Provides a look at the next n bits in the bitstream with n being its argument.

payload_extension_present( ) is specified as follows:

— If the current position in the sei_payload( ) syntax structure is not the position of the last (least
significant, right-most) bit that is equal to 1 that is less than 8 * payloadSize bits from the beginning
of the syntax structure (i.e., the position of the payload_bit_equal_to_one syntax element), the return

value of payload_extension_present( ) is equal to TRUE.

— Otherwise, the return value of payload_extension_present( ) is equal to FALSE.
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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:

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

— b(8]

by the return value of the function read_bits( 8 ).

— f(n)
pro

— i(n)
mar
spe
repi

— se(V
pro

— u(n]
mar
spe
an

— ue(y
par;

— uek

pars
sem

7.3 Sy

7.3.1 NAL unit syntax

7.3.1.1

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

fixed-pattern bit string using n bits written (from left to right) with the left bit first, The parsinig
fess for this descriptor is specified by the return value of the function read_bits( n):

9]

signed integer using n bits. When n is "v" in the syntax table, the number of bits varies in
ner dependent on the value of other syntax elements. The parsing process-for this descriptor i
ified by the return value of the function read_bits( n ) interpreted as atwe’s complement integd
esentation with most significant bit written first.

(=]

): signed integer 0-th order Exp-Golomb-coded syntax element with the left bit first. The parsing
ress for this descriptor is specified in subclause 9.2

n__n

: unsigned integer using n bits. When n is "v" in the syntax table, the number of bits varies in
ner dependent on the value of other syntax elements: The parsing process for this descriptor 1
ified by the return value of the function read_bits(\n ) interpreted as a binary representation
nsigned integer with most significant bit written first.

)

=

): unsigned integer 0-th order Exp-Golomb-coded syntax element with the left bit first. Thee
ing process for this descriptor is specified in subclause 9.2.

[v): unsigned integer k-th order{ Exp-Golomb-coded syntax element with the left bit first. T
ing process for this descriptor. is specified in subclause 9.2 with the order k defined in t
antics of the symtax element.

mtax in tabular form

GenerakNAL unit syntax

—

na

_unit NumBytesInNalUnit ) { Descriptor

n

1l vnit header(
= = T

NumBytesInRbsp = 0

for(i=2;i < NumBytesInNalUnit; i++)

rbsp_byte[ NumBytesInRbsp++ | b(8)

32
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7.3.1.2 NAL unit header syntax

nal_unit_header( ) { Descriptor
forbidden_zero_bit f(1)
nal_unit_type_plus1 u(6)
nuh_temporal_id u(3)
nuh_reserved_zero_5bits u(5)
nuh_extension_flag u(l)
}
7-3.2 Raw byte sequence payloads, trailing bits and byte alignment syntax
7.3.2.1 SPS RBSP syntax
seq_parameter_set_rbsp( ) { Descriptor
sps_seq_parameter_set_id ue(v)
profile_idc u(8)
level_idc u(8)
toolset_idc_h u(32)
toolset_idc_l u(32)
chroma_format_idc ue(v)
pic_width_in_luma_samples ue(v)
pic_height_in_luma_samples ue(v)
bit_depth_luma_minus8 ue(v)
bit_depth_chroma_minus8 ue(v)
sps_btt_flag u(1)
if( sps_btt_flag ) {
log2_ctu_size_minus5 ue(v)
log2_min_cb Size_minus2 ue(v)
log2_diff_ctu/max_14_cb_size ue(v)
log2_diff, ctu_max_tt_cb_size ue(v)
log2 ‘diff_min_cb_min_tt_cb_size_minus2 ue(v)
}
sps_suco_flag u(1)
if( sps_suco_flag) {
log2_diff_ctu_size_max_suco_cb_size ue(v)
log2_diff max_suco_min_suco_cb_size ue(v)
}
sps_admvp_flag u(1)
if( sps_admvp_flag ) {
sps_affine_flag u(1)
sps_amvr_flag u(1)
sps_dmvr_flag u(1)
sps_mmvd_flag u(1)
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34

sps_hmvp_flag u(1)
}
sps_eipd_flag u(1)
if( sps_eipd_flag) {
sps_ibc_flag u(1)
if( sps_ibc_flag)
log2_max_ibc_cand_size_minus2 ue(v)
}
sps_cm_init_flag u(1)
if( sps_cm_init_flag)
sps_adcc_flag u(1)
sps_iqt_flag (1)
if( sps_iqt_flag)
sps_ats_flag u(1)
sps_addb_flag u(1)
sps_alf_flag u(1)
sps_htdf_flag u(1)
sps_rpl_flag u(1)
sps_pocs_flag u(1)
sps_dquant_flag u(1)
sps_dra_flag u(1)
if sps_pocs_flag)
log2_max_pic_order_cnt_Ilsb_minus4 ue(v)
if( 'sps_pocs_flag || Isps_rpl_flag) {
log2_sub_gop_length ue(v)
if( log2_sub_gop_length == 0)
log2_ref_pic_gap_length ue(v)
}
if( !sps_rpl_flag)
max_num_tid0_ref_pics ue(v)
else {
sps_max_dec_pic-buffering_minus1 ue(v)
long_term_ref_pics_flag u(1)
rpl1_same¥as_rpl0_flag u(1)
for(i=0i < !rpll_same_as_rpl0_flag? 2: 1;i++){
num_ref_pic_lists_in_sps[i ] ue(v)
fnr(j =0; j< nnm_rpf_pir_licfc_in_cpc[i ]; j++)
ref_pic_list_struct( i, j, long_term_ref pics_flag)
}
}
picture_cropping_flag u(1)
if( picture_cropping_flag ) {
picture_crop_left_offset ue(v)
picture_crop_right_offset ue(v)
picture_crop_top_offset ue(v)
picture_crop_bottom_offset ue(v)
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}
if( ChromaArrayType = 0) {
chroma_qp_table_present_flag u(1)
if( chroma_qp_table_present_flag)
same_qp_table_for_chroma u(1)
global_offset_flag u(1)
for(i=0;i < same_qgp_table_for_chroma?1:2;i++){
num-peints—in-gqp-table-minust et
for(j = 0; j <= num_points_in_qp_table_minus1[i]; j++)
delta_qp_in_val_minus1[i][j] w(6)
delta_qp_out_val[i][]j] se(v)
}
}
}
}
vui_parameters_present_flag u(1)
if( vui_parameters_present _flag)
vui_parameters( )
rbsp_trailing_bits( )
}
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7.3.2.2 PPS RBSP syntax

pic_parameter_set_rbsp( ) { Descriptor
pps_pic_parameter_set_id ue(v)
pps_seq_parameter_set_id ue(v)
for(i=0;i < 2;i++)
num_ref_idx_default_active_minus1[i] ue(v)
additional_lt_poc_lsb_len ue(v)
rpl1_idx_present_flag u(1)
single_tile_in_pic_flag u(1)
if !single_tile_in_pic_flag ) {
num_tile_columns_minus1 ue(wv)
num_tile_rows_minus1 ue(v)
uniform_tile_spacing_flag u(1)
if( luniform_tile_spacing_flag ) {
for(i=0;i < num_tile_columns_minus1; i++)
tile_column_width_minus1[i] ue(v)
for(i=0;i < num_tile_rows_minus1; i++)
tile_row_height_minus1[i|] ue(v)
}
loop_filter_across_tiles_enabled_flag u(1)
tile_offset_len_minus1 ue(v)
}
tile_id_len_minus1 ue(v)
explicit_tile_id_flag u(1)
if( explicit_tile_id_flag)
for(i=0;i <= num_tile_rows_minusl;i++)
for(j=0;j <= num_tile_columns_minus1; j++)
tile_id_val[i][j] u(v)
pic_dra_enabled_flag u(1)
ilj( pic_dra_enabled_flag)
pic_dra_aps_id u(5)
apbitrary_slice_present_flag u(1)
cpnstrainediintra_pred_flag u(1)
cp_qp_delta‘enabled_flag u(1)
if cueqp_delta_enabled_flag )
leg2_cu_qp_delta_area_minus6 ue(v)
rbsp_trailing_bits( )
}

36
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adaptation_parameter_set_rbsp( ) {

Descriptor

adaptation_parameter_set_id

u(5)

aps_params_type

u(3)

if( aps_params_type == ALF_APS)

alf data()

else if( aps_params_type == DRA_APS)

dra_data()

aps_extension_flag

u(t)

if( aps_extension_flag)

while( more_rbsp_data( ) )

aps_extension_data_flag

u(1)

rbsp_trailing_bits( )

7-3.2.4 Filler data RBSP syntax

filler_data_rbsp( ) {

Descriptor

while( next_bits(8) == 0xFF)

ff byte // equal to OxFF

£(8)

rbsp_trailing_bits( )

LN |

.3.2.5 Supplemental enhancementiinformation RBSP syntax

sei_rbsp() {

Descriptor

do

sei_message( )

while( more_rpsp-data() )

rbsp_trailing-bits( )

7.3.2.6” Slice layer RBSP syntax

slice_layer_rbsp() {

Descriptor

slice_header()

slice_data()

rbsp_slice_trailing_bits( )
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7.3.2.7 RBSP slice trailing bits syntax

rbsp_slice_trailing _bits() { Descriptor
rbsp_trailing_bits( )
while( more_rbsp_trailing_data( ) )
cabac_zero_word /* equal to 0x0000 */ f(16)
}
7.3.2.8 [RBSP trailing bits syntax
rbsp_trailing_bits( ) { Descriptor
rpsp_stop_one_bit /*equalto1*/ f(1)
while( !'byte_aligned())
rbsp_alignment_zero_bit /* equal to 0 */ f(1)
}
7.3.2.9 |Byte alignment syntax
byte_alignment( ) { Descriptor
alignment_bit_equal_to_one /* equalto 1*/ f(1)
while( !byte_aligned() )
alignment_bit_equal_to_zero /* equal to 0 */ f(1)
}
7.3.3 Supplemental enhancement information message syntax
sei_message( ) { Descriptor
payloadType = 0
do {
payload_type_byte u(8)
payloadType_<£=)payload_type_byte
}while( paylead. type_byte == 0xFF)
phyloadSize = 0
do {
payload_size_byte u(8)

payloadSize += payload_size_byte

} while( payload_size_byte == 0xFF)

sei_payload( payloadType, payloadSize )

38
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slice_header() { Descriptor
slice_pic_parameter_set_id ue(v)
if( !single_tile_in_pic_flag ) {
single_tile_in_slice_flag u(1)
first_tile_id u(v)
}
if( !single_tile_in_slice_flag ) {
if( arbitrary_slice_present_flag )
arbitrary_slice_flag u(1)
if( !arbitrary_slice_flag)
last_tile_id u(v)
else {
num_remaining_tiles_in_slice_minus1 ue(v)
for(i=0;i < NumTilesInSlice - 1; i++)
delta_tile_id_minus1[i] ue(v)
}
}
slice_type ue(v)
if( nal_unit_type == IDR_NUT)
no_output_of_prior_pics_flag u(1)
if( sps_mmvd_flag && (slice_type == B || sliee_type
mmvd_group_enable_flag u(1)
if( sps_alf _flag) {
slice_alf_enabled_flag u(1)
if( slice_alf_enabled_flag) {
slice_alf luma_aps_id u(5)
slice_alf_map_flag u(1)
slice_alf_chromaZidc u(2)
if( (ChromaArrayType == 1 || ChromaArrayType
slicealf/chroma_idc > 0)
slice-alf_chroma_aps_id u(5)
}
if( ChromaArrayType == 3){
if( !slice_alf_enabled_flag )
slice_alf_chroma_idc u(2)
1f( sliceChromaAlfEnabledFlag ) {
slice_alf_chroma_aps_id u(5)
slice_alf_chroma_map_flag u(1)
}
if( sliceChroma2AlfEnabledFlag ) {
slice_alf_chroma2_aps_id u(5)
slice_alf_chroma2_map_flag u(1)
}
}
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if( NalUnitType != IDR_NUT ) {
if( sps_pocs_flag)

slice_pic_order_cnt_lsb u(v)
if( sps_rpl_flag) {
for(i=0;i < 2;i++){
if( num_ref_pic_lists_in_sps[i] > 0 &&
(i==0]] (i ==1 && rpll_idx_present flag)))
ref pic list sps flag[i] u(1)

if( ref_pic_list_sps_flag[i]) {

if( num_ref_pic_lists_in_sps[i] > 1 &&
(i==0]] (i ==1 && rpll_idx_present_flag)))
ref_pic_list_idx[i] uv)

} else

ref_pic_list_struct( i, num_ref_pic_lists_in_sps[i], long_term_ref pics_flag)

for(j=0;j < num_ltrp_entries[i][ SliceRplsldx[i] ]; j++){

additional_poc_lsb_present_flag[i][]j ] u(1)

if( additional_poc_lsb_present_flag[i][j])

additional_poc_lsb_val[i][j] u(v)

}
if( slice_type == P || slice_type == B){

num_ref_idx_active_override_flag u(1)

if( num_ref_idx_active_override_flag)

for(i=0;i < (slice_type == B?2:1;i++)

num_ref_idx_active_minus1[ iy] ue(v)

if( sps_admvp_flag ) {

temporal_mvp_assigned_flag u(1)

if( temporal_mvp_assigned_flag ) {
if( slice_type ==B) {

col_pic_list.idx u(1)
col_source_mvp_list_idx u(1)
}
col\pic_ref_idx ue(v)
}
¥
}
}
slice_deblocking_filter_flag u(1)
if( slice_deblocking filter_flag && sps addb flag) {
slice_alpha_offset se(v)
slice_beta_offset se(v)
}
slice_qp u(6)
slice_cb_qp_offset se(v)
slice_cr_qp_offset se(v)
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if( !single_tile_in_slice_flag)

for(i=0;i < NumTilesInSlice - 1; i++)

entry_point_offset_minus1[i] u(v)
byte_alignment( )
}
7.3.5 Adnpfivp lnnp filter data syntax
alf_data() { Descriptor
alf_luma_filter_signal_flag u(1)
alf_chroma_filter_signal_flag u(1)
if( alf luma_filter_signal_flag) {
alf_luma_num_filters_signalled_minus1 ue(v)
alf luma_type_flag u(1)
if( alf_ luma_num_filters_signalled_minus1 > 0){
for(i=0;i < NumAlfFilters; i++)
alf luma_coeff_delta_idx[ i ] u(v)
}
alf_luma_fixed_filter_usage_pattern uek(v)
if( alf_luma_fixed_filter_usage_pattern == 2){
for(i=0;i < NumAlfFilters; i++)
alf_luma_fixed_filter_usage_flag[i ] u(1)
}
if( alf luma_fixed_filter_usage_pattern > 0) {
for(i=0;i < NumAlfFiltersyit++") {
if( alf luma_fixed_filter usage_flag[i])
alf luma_fixed_filter_set_idx[i] u(4)
}
}
alf luma_coeff _delta_flag u(1)
if( lalf luma.coeff delta_flag && alf luma_num_filters_signalled_minus1 > 0)
alf_luma_coeff_delta_prediction_flag u(1)
alftluma_min_eg_order_minus1 ue(v)
for(i=0;i < LumaMaxGolombldx; i++)
alf luma_eg_order_increase_flag[ i | u(1)
if( alf_luma_coeff delta_flag) {
for(i=0;i < NumSignalledFilter; i++)
alf_luma_coeff _flag[i ] u(1)
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for(i=0;i < NumSignalledFilter; i++) {
if( alf_luma_coeff_flag[i] ) {
for(j=0;j < NumAlfCoefs — 1; j++){
alf luma_coeff_delta_abs[i][]] uek(v)
if( alf_luma_coeff_delta_abs[i][j])
alf luma_coeff_delta_sign_flag[i][j] u(1)
}
}
}
}
if( alf_chroma_filter_signal_flag ) {
alf_chroma_min_eg_order_minus1 ue(v)
for(i=0;i < ChromaMaxGolombldx; i++ )
alf_chroma_eg_order_increase_flag[i|] u(1)
for(j=0;j < 6;j++){
alf_chroma_coeff_abs][j ] uek(v)
if( alf_chroma_coeff_abs[j] > 0)
alf_chroma_coeff_sign_flag|j | u(1)
}
}
}
7.3.6 DRA data syntax
drajdata() { Descriptor
drra_descriptor1 u(4)
dlra_descriptorz u(4)
dlra_number_ranges_minusl ue(v)
dIra_equal_ranges_ﬂag u(1)
dlra_global_offset u(10)
id( dra_equal_ranges-flag )
dra_delta_range[ 0 ] u(10)
e|se
for(j =0}y <= dra_number_ranges_minus1; j++)
dra_delta_range|j ] u(10)
for¢j=0;j <= dra_number_ranges_minus1; j++)
dra_scale_value[ j ] u(v)
dra_cb_scale_value u(v)
dra_cr_scale_value u(v)
dra_table_idx ue(v)
}

42
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7.3.7 Reference picture list structure syntax

ref_pic_list_struct( listldx, rplsldx, ltrpFlag ) { Descriptor
num_strp_entries| listldx ][ rplsldx ]
if( ItrpFlag)
num_ltrp_entries| listldx ][ rplsldx ]
for(i=0;i < NumEntriesInList[ listldx ][ rplsldx ]; i++) {
if( num_ltrp_entries| listldx ][ rplsldx ] > 0)
It_ref pic_flag[ listldx ][ rplsldx ][ i] u(1)
if( t_ref_pic_flag[ listldx ][ rplsldx ][i]) {
delta_poc_st[ listldx ][ rplsldx ][ i] ue(v)
if( delta_poc_st[ listldx ][ rplsldx ][i] > 0)
strp_entry_sign_flag| listldx ][ rplsldx ][ 1] u(1)
} else

poc_lsb_It[ listldx ][ rplsldx ][ i] u(v)

ue(v)

ue(v)

7.3.8 Slice data syntax

7.3.8.1 General slice data syntax

slice_data( ) {
for(i=0;i < NumTilesInSlice; i++) {

ctbAddrInTs = FirstCtbAddrTs][ SliceTileldx[i] ]

for(j=0;j < NumCtusInTile[ SliceTileldx[i] ]; j++, ctbAddrInTs++) {
CtbAddrInRs = CtbAddrTsToRs[ ctbAddrInTs ]
coding_tree_unit( )

}

end_of_tile_one_bit /* equalto 1*/

if(i < NumTilesInSlice - 1)
byte_alignment( )

Descriptor

ae(v)
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7.3.8.2 Coding tree unit syntax

coding_tree_unit( ) { Descriptor
xCtb = ( CtbAddrInRs % PicWidthInCtbsY ) << CtbLog2SizeY
yCtb = ( CtbAddrInRs / PicWidthInCtbsY ) << CtbLog2SizeY
tileIndex = TileldToldx|[ Tileld[ CtbAddrRsToTs[ CtbAddrinRs ] ] ]
firstCtbAddrRs = CtbAddrTsToRs[ FirstCtbAddrTs[ tileIndex ] ]
xFirstCtb = ( firstCtbAddrRs % PicWidthInCtbsY ) << CtbLog2SizeY
ifl xCtb = = xFirstCtb )
NumHmvpCand =0
if|( slice_alf_enabled_flag && slice_alf map_flag)
alf_ctb_flag[ xCtb >> CtbLog2SizeY][ yCtb >> CtbLog2SizeY ] ae[)
if( sliceChromaAlfEnabledFlag && slice_alf chroma_map_flag)
alf_ctb_chroma_flag[ xCtb >> CtbLog2SizeY][ yCtb >> CtbLog2SizeY ] ae(v)
if( sliceChroma2AlfEnabledFlag && slice_alf chroma2_map_flag)
alf_ctb_chroma2_flag[ xCtb >> CtbLog2SizeY][ yCtb >> CtbLog2SizeY ] ae(v)
split_unit( xCtb, yCtb, CtbLog2SizeY, CtbLog2SizeY, 0, 0, 0,
PRED_MODE_NO_CONSTRAINT)
}
7.3.8.3 |Split unit syntax
splitl unit( x0, y0, log2CbWidth, log2CbHeight, ctDepth, splitUnitOrder, cuQpDeltaCode, Descriptor
predModeConstraintCurrent ) {
if( sps_btt_flag == 0) {
if( log2CbWidth > 2 || log2CbHeight >/-2)
split_cu_flag[ x0 ][ yO ] ae(v)
}
elke if( sps_btt_flag == 1){
if( (log2CbWidth > 2 | |\log2CbHeight > 2) &&
x0 + (1 << log2CbWidth ) <= pic_width_in_luma_samples &&
y0 + (1 << log2CbhHeight) <= pic_height_in_luma_samples ) {
if( allowSplitBtVer || allowSplitBtHor || allowSplitTtVer || allowSplitTtHor )
btt_split{flag[ x0 ][ yO ] ae(v)
if( bttSsplit_flag[ x0 ][y0]) {
if(C( allowSplitBtVer || allowSplitTtVer ) &&
( allowSplitBtHor || allowSplitTtHor ))
btt_split-dirf=0-H-61 ae{)
if( ( btt_split_dir[ x0 ][ y0] && allowSplitBtVer && allowSplitTtVer) ||
('btt_split_dir[ x0 ][ y0 ] && allowSplitBtHor && allowSplitTtHor ))
btt_split_type[ x0 ][ y0 ] ae(v)
}
if( cu_gp_delta_enabled_flag && sps_dquant_flag) {
if( btt_split_flag[ x0 ][y0] == 0 &&
log2CbWidth + log2CbHeight >= cuQpDeltaArea && cuQpDeltaCode !=2){
if( log2CbWidth > MaxTbLog2SizeY || log2CbHeight > MaxTbLog2SizeY )
cuQpDeltaCode = 2
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else
cuQpDeltaCode = 1
isCuQpDeltaCoded = 0

}

else if( (log2CbWidth + log2CbHeight == cuQpDeltaArea + 1 &&
btt_split_type[x0][y0]==1)]|
(log2CbWidth + log2CbHeight = = cuQpDeltaArea &&
cuQpDeltaCode = 2)){
cuQpDeltaCode =2

isCuQpDeltaCoded = 0

}
if( sps_suco_flag && allowSplitUnitCodingOrder )

split_unit_coding order_flag[ x0 ][ y0 ] ae(y)

if( needSignalPredModeConstraintTypeFlag )

pred_mode_constraint_type_flag[ x0 ][ yO ] ae(y)
if( split_cu_flag[x0 ][ y0]){
x1=x0+ (1 << (log2CbWidth-1))
yl=y0+ (1 << (log2CbHeight-1))
if( split_unit_coding_order_flag[x0][y0] == 0J {
split_unit( x0, y0, log2CbWidth - 1, log2CbHeight - 1, ctDepth + 1, 0,
cuQpDeltaCode, PRED_MODESNO_CONSTRAINT )
if(x1 < pic_width_in_luma_samples\)
split_unit( x1, y0, log2CbWidth.2 1, log2CbHeight - 1, ctDepth + 1, 0,
cuQpDeltaCode, PRED_MODE_NO_CONSTRAINT )
if(y1 < pic_height_in_lumasysamples )
split_unit( x0, y1, log2CbWidth - 1, log2CbHeight - 1, ctDepth + 1, 0,
cuQpDeltaCode, PRED_MODE_NO_CONSTRAINT )
if(x1 < pic_widthZin_luma_samples && y1 < pic_height_in_luma_samples)
split_unit( X1, y1, log2CbWidth - 1, log2CbHeight - 1, ctDepth + 1, 0,
cuQpDeltaCode, PRED_MODE_NO_CONSTRAINT )

}

else{

split_unit( x1, y0, log2CbWidth - 1, log2CbHeight - 1, ctDepth + 1, 1,
cuQpDeltaCode, PRED_MODE_NO_CONSTRAINT )

split_unit( x0, y0, log2CbWidth - 1, log2CbHeight - 1, ctDepth + 1, 1,

cuQpDeltaCode, PRED_MODE_NO_CONSTRAINT )

split_unit( x1, y1, log2CbWidth - 1, log2CbHeight - 1, ctDepth + 1, 1,
cuQpDeltaCode, PRED_MODE_NO_CONSTRAINT )

split_unit( x0, y1, log2CbWidth - 1, log2CbHeight - 1, ctDepth + 1, 1,
cuQpDeltaCode, PRED_MODE_NO_CONSTRAINT )

}

else if( SplitMode[ x0 ][y0] == SPLIT_BT_VER) {
x1=x0+ (1 << (log2CbWidth-1))
if( split_unit_coding order_flag[x0][y0] == 0){
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split_unit( x0, y0, log2CbWidth - 1, log2CbHeight, ctDepth + 1, 0,
cuQpDeltaCode, predModeConstraint )

if( x1 < pic_width_in_luma_samples)

split_unit( x1, y0, log2CbWidth - 1, log2CbHeight, ctDepth + 1, 0,
cuQpDeltaCode, predModeConstraint )

}

else {

split_unit( x1, y0, log2CbWidth - 1, log2CbHeight, ctDepth + 1, 1,

cuQpDeltaCode, predModeConstraint )

split_unit( x0, y0, log2CbWidth - 1, log2CbHeight, ctDepth + 1, 1,
cuQpDeltaCode, predModeConstraint )

el

ce if( SplitMode[ x0 ][ y0] == SPLIT_BT_HOR) {

yl=y0+ (1 << (log2CbHeight-1))

split_unit( x0, y0, log2CbWidth, log2CbHeight - 1, ctDepth + 1, splitUnitOrder;
cuQpDeltaCode, predModeConstraint )

if(y1 < pic_height_in_luma_samples )

split_unit( x0, y1, log2CbWidth, log2CbHeight - 1, ctDepth + 1, splitUnitOrder,
cuQpDeltaCode, predModeConstraint )

el

e if( SplitMode[ x0 ][y0] == SPLIT_TT_VER) {

x1=x0+(1 << (log2CbWidth-2))

x2=x1+(1 << (log2CbWidth-1))

if( split_unit_coding order_flag[ x0 ][y0 ] == 0.4

split_unit( x0, y0, log2CbWidth - 2, log2CbHeight, ctDepth + 2, 0,
cuQpDeltaCode, predModeConstraint )

split_unit( x1, y0, log2CbWidth - 1,1eg2CbHeight, ctDepth + 1, 0,
cuQpDeltaCode, predModeConstraint )

split_unit( x2, y0, log2CbWidth = 2, log2CbHeight, ctDepth + 2, 0,
cuQpDeltaCode; predModeConstraint )

}

else {

split_unit( x2, y0;log2CbWidth - 2, log2CbHeight, ctDepth + 2, 1,
cuQpDeltaCode, predModeConstraint )

split_unit(x1, y0, log2CbWidth - 1, log2CbHeight, ctDepth + 1, 1,
cuQpDeltaCode, predModeConstraint )

split=unit( x0, y0, log2CbWidth - 2, log2CbHeight, ctDepth + 2, 1,
cuQpDeltaCode, predModeConstraint )

}

else if( SplitMode[ x0 ][ y0 ] == SPLIT_TT_HOR) {

yl=y0+ (1 << (log2CbHeight-2))

y2=y1+ (1 << (log2CbHeight-1))

split_unit( x0, y0, log2CbWidth, log2CbHeight - 2, ctDepth + 2, splitUnitOrder,
cuQpDeltaCode, predModeConstraint )

split_unit( x0, y1, log2CbWidth, log2CbHeight - 1, ctDepth + 1, splitUnitOrder,
cuQpDeltaCode, predModeConstraint )
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split_unit( x0, y2, log2CbWidth, log2CbHeight - 2, ctDepth + 2, splitUnitOrder,
cuQpDeltaCode, predModeConstraint )

}

else {

treeType = predModeConstraint == PRED_MODE_CONSTRAINT_INTRA_IBC ?
DUAL_TREE_LUMA : SINGLE_TREE

if( predModeConstraint == PRED_MODE_NO_CONSTRAINT &&
(slice_type ==1 ||
tspsadmvpflag&&tog2tbWidth ==2&& tog2tbHeight =—=23)3
predModeConstraint = PRED_MODE_CONSTRAINT_INTRA_IBC
coding_unit( x0, y0, log2CbWidth, log2CbHeight, ctDepth, cuQpDeltaCode )
}
if (isTreeSplitPoint )

coding_unit( x0, y0, log2CbWidth, log2CbHeight, ctDepth, cuQpDeltaCode,
DUAL_TREE_CHROMA, PRED_MODE_CONSTRAINT_INTRA_IBC)

7.3.8.4 Coding unit syntax

coding_unit( x0, y0, log2CbWidth, log2CbHeight, ctDepth, caQpDeltaCode, treeType Descriptor
predModeConstraint ) {

if( predModeConstraint = PRED_MODE_CONSTRAINT_INTRA_IBC)
cu_skip_flag[ x0 ][ yO0 ] ae(v)

if( cu_skip_flag[ x0 ][ y0]) {
if( sps_mmvd_flag)

mmvd_flag[ x0 ][ yO0 ] ae(v)
if( mmvd_flag[ x0 ][ y0]) {
if( mmvd_group_enable_flag && (log2CbWidth +log2CbHeight) > 5)

mmvd_group_idx[x0 ][ yO0 ] ae(v)
mmvd_merge_idx['x0 [[ yO ] ae(v)
mmvd_distance_idx[ x0 ][ y0 ] ae(v)
mmvd_direction_idx[ x0 ][ yO0 ] ae(v)

}else {

if(‘sps_affine_flag && log2CbWidth >= 3 && log2CbHeight >= 3)

affine_flag[ x0 ][ yO0 ] ae(v)
if( affine_flag[ x0 ][ y0])

affine_merge_idx[ x0 ][ y0 ] ae(v)
efse

if(!'sps_admvp_flag) {

mvp_idx_10[ x0 ][ y0 ] ae(v)
if( slice_type == B)
mvp_idx_11[ x0 ][ yO0 ] ae(v)
} else
merge_idx[ x0 ][ yO ] ae(v)
}
}
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}
else {
if( predModeConstraint == PRED_MODE_NO_CONSTRAINT )
pred_mode_flag[ x0 ][ yO ] ae(v)
if( isIbcAllowed )
ibc_flag[ x0 ][ yO0 ] ae(v)
if( CuPredMode == MODE_INTRA) {
ifreeFype—t=—PUAL—TFREE-CHROMAT
if( !sps_eipd_flag)
intra_pred_mode[ x0 ][ yO ] ae(v)
else if( sps_eipd_flag == 1) {
intra_luma_pred_mpm_flag[ x0 ][ y0 ] ag(v)
if( intra_luma_pred_mpm_flag[ x0 ][ y0])
intra_luma_pred_mpm_idx[ x0 ][ yO0 ] ae(v)
else {
intra_luma_pred_pims_flag[ x0 ][ y0 ] ae(v)
if( intra_luma_pred_pims_flag[ x0 ][ y0 ])
intra_luma_pred_pims_idx[ x0 ][ yO0 ] ae(v)
else
intra_luma_pred_rem_mode[ x0 ][ y0 ] ae(v)
}
}
}
if( treeType != DUAL_TREE_LUMA && sps_eipd_flag == 1 &&
ChromaArrayType != 0)
intra_chroma_pred_mode[ x0 |[ y0] ae(v)
}
else { /* (CuPredMode != MODE_INTRA) */
if( CuPredMode == MODEJIBC) {
abs_mvd_l0[ x0 ][ y0][ 0] ae(v)
if( abs_mvd_10[x0][y0][0])
mvd_l0_sign.flag[ x0 ][ y0 ][ O] ae(v)
abs_mvd.10[ x0 ][y0 ][ 1] ae(v)
if( absimvd_10[ x0 ][y0][1])
mvd_10_sign_flag[ x0 ][y0 ][ 1] ae(v)
}
else {
if( sps_amvr_flag)
amvr_idx[ x0 ][ yO0 ] ae(v)
if( slice_type == B && sps_admvp_flag == 0)
direct_mode_flag[ x0 ][ y0 ] ae(v)
else if( sps_admvp_flag == 1) {
if(amvr_idx[x0][y0] == 0)
merge_mode_flag[ x0 ][ y0 ] ae(v)
if( merge_mode_flag[ x0 ][ y0]) {
if( sps_mmvd_flag )
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mmvd_flag[ x0 ][ yO ] ae(v)
if( mmvd_flag[ x0 ][ y0]) {
if( mmvd_group_enable_flag && log2CbWidth + log2CbHeight > 5)
mmvd_group_idx[ x0 ][ yO0 ] ae(v)
mmvd_merge_idx[ x0 ][ y0 ] ae(v)
mmvd_distance_idx[ x0 |[ y0 ] ae(v)
mmvd_direction_idx[ x0 ][ y0 ] ae(v)
}
else {
if( sps_affine_flag && log2CbWidth >=3 && log2CbHeight >=3)
affine_flag[ x0 ][ yO ] ae(v)
if( affine_flag[ x0 ][ y0])
affine_merge_idx[ x0 ][ y0 ] ae(v)
else
merge_idx[ x0 ][ yO ] ae(v)
}
}
}
if( direct_ mode_flag[ x0 ][ y0 ] ==0 && merge_mode_flag[x0][y0]==0) {
if( slice_type == B)
inter_pred_idc[ x0 ][ y0 ] ae(v)
if( sps_admvp_flag == 0) {
if( inter_pred_idc[ x0 ][ y0] != RRED_L1){
if( num_ref_idx_active_minus1[0] > 0)
ref_idx_10[ x0 ][ y0.] ae(v)
mvp_idx_10[ x0 ][ y0] ae(v)
abs_mvd_10[ X0 {[y0 ][ 0] ae(v)
if( abs_mvd_10[ x0 ][yO ][0 ])
mvd_10"sign_flag[ x0 ][ y0][ 0] ae(v)
abs_mvd_10[ x0][y0 ][ 1] ae(v)
if(rabs_mvd_10[x0 ][y0][1])
mvd_l0_sign_flag[ x0 [[yO ][ 1] ae(v)
}
if( inter_pred_idc[ x0 ][ y0] !'= PRED_LO){
if( num_ref_idx_active_minus1[1] > 0)
ref_idx_11[x0 ][ y0] ae(v)
mup_idx 11[x0 ][ y0] ae(v)
abs_mvd_11[x0 ][y0][ 0] ae(v)
if(abs_mvd_11[x0 ][y0 ][0 ])
mvd_l1_sign_flag[ x0][y0][ 0] ae(v)
abs_mvd_11[x0 ][y0][ 1] ae(v)
if(abs_mvd_11[x0][y0][1])
mvd_l1_sign_flag[ x0][y0][ 1] ae(v)

}

else if( sps_admvp_flag == 1) {
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if( sps_affine_flag && log2CbWidth >= 4 && log2CbHeight >=4 &&
amvr_idx[x0 ][y0]==0)
affine_flag[ x0 ][ yO ] ae(v)
if( affine_flag[ x0 ][ y0]) {
affine_mode_flag[ x0 ][ yO ] ae(v)
vertexNum = 1+ affine_flag[ x0 ][ y0 ] + affine_mode_flag[ x0 ][ yO0 ]
if( inter_pred_idc[ x0 ][ y0 ] != PRED_L1 ||
inter_pred_idc[x0 ][y0] == PRED_BI) {
ref_idx_10[ x0 ][ y0 ] ae(v)
affine_mvp_flag 10[ x0 ][ y0 ] ae(v)
affine_mvd_flag 10[ x0 ][ yO ] ae(w)
for( vertex = 0; vertex < vertexNum; vertex++) {
if (affine_mvd_flag 10[ x0 ][y0]) {
abs_mvd_l0[ x0 ][ yO0 ][ vertex ][ 0 ] ae(v)
if( abs_mvd_I0[ x0 ][ yO ][ vertex ][ 0])
mvd_l0_sign_flag[ x0 ][ yO ][ vertex ][ 0 ] ae(v)
abs_mvd_l0[ x0 ][ y0 ][ vertex ][ 1] ae(v)
if( abs_mvd_I0[ x0 ][ yO ][ vertex][1])
mvd_l0_sign_flag[ x0 ][ y0 ][ vertex][ 1] ae(v)
}
}
}
if( inter_pred_idc[ x0 ][ y0 ] != PRED_LOv| |
inter_pred_idc[ x0 ][ y0] == PREDYBI) {
ref_idx_11[x0 ][ y0] ae(v)
affine_mvp_flag_11[ x0 ][ yO'] ae(v)
affine_mvd_flag 11[ xQ{}yO0 ] ae(v)
for( vertex = 0; vertex’ < vertexNum; vertex++ ) {
if( affine_mvd\flag 11[ x0 ][ y0]){
abs_mvd/I11[ x0 ][ y0 ][ vertex ][ O ] ae(v)
if(rabs_mvd_11[ x0 ][ yO ][ vertex ][0 ])
mvd_l1_sign_flag[ x0 ][ yO ][ vertex ][ O ] ae(v)
abs_mvd_I1[ x0 ][ yO ][ vertex ][ 1] ae(v)
if(abs_mvd_I11[ x0 ][ yO0 ][ vertex][1])
mvd_l1_sign_flag[ x0 ][ yO ][ vertex ][ 1 ] ae(v)
}
}
}
}
else {
if( inter_pred_idc[ x0 ][ y0 ] == PRED_BI)
bi_pred_idx[ x0 ][ yO ] ae(v)
if( inter_pred_idc[ x0 ][y0 ] != PRED_L1){
if( num_ref_idx_active_minus1[ 0] > 0 &&
bi_pred_idx[x0][y0] == 0)
ref_idx_10[ x0 ][ y0 ] ae(v)

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=caf991f23122d29f070ff293f89a846f

ISO/IEC 23094-1:2020(E)

if( bi_pred_idx[x0 ][y0] != 1){

abs_mvd_10[ x0 ][y0][ 0] ae(v)
if(abs_mvd_I0[x0][y0][0])
mvd_l0_sign_flag[ x0 [[y0 ][ 0] ae(v)
abs_mvd_10[x0 ][y0][ 1] ae(v)
if(abs_mvd_I0[x0][y0][1])
mvd_l0_sign_flag[ x0 [[y0 ][ 1] ae(v)
}
if( inter_pred_idc[ x0 ][ y0] != PRED_LO){
if( num_ref_idx_active_minus1[1] > 0 &&
bi_pred_idx[x0][y0] == 0)
ref_idx_11[ x0 ][ yO0 ] ae(v)
if( bi_pred_idx[x0 ][y0] != 2){
abs_mvd_11[x0 ][y0][ 0] ae(v)
if(abs_mvd_I1[x0][y0][0])
mvd_l1_sign_flag[ x0 [[y0 ][ 0] ae(v)
abs_mvd_11[x0 ][y0][ 1] ae(v)
if(abs_mvd_I1[x0][y0][1])
mvd_l1_sign_flag[ x0 ][ y0 ][ 1] ae(v)
}
}
}
}
}
}
}
if( CuPredMode != MODE_INTRA && merge_mode_flag[x0][y0] == 0 &&
treeType == SINGEE_TREE )
cbf_all[ x0 ][ y0] ae(v)

if( cbf_all[ x0 ](y0]) {

isSplit =leg2CbWidth > MaxTbLog2SizeY || log2CbHeight > MaxTbLog2SizeY

log2TbWidth = log2CbWidth > MaxTbLog2SizeY ? MaxTbLog2SizeY :
log2CbWidth

log2TbHeight = log2CbHeight > MaxTbLog2SizeY ? MaxTbLog2SizeY :
log2CbHeight

transform_unit( x0, y0, log2TbWidth, log2TbHeight,
isSplit, cuQpDeltaCode, treeType, CuPredMode )

if( log2CbWidth > MaxTbLog2SizeY )

transform_unit( x0 + (1 << log2TbWidth ), y0, log2TbWidth, log2TbHeight,
isSplit, cuQpDeltaCode, treeType, CuPredMode )

if(log2CbHeight > MaxTbLog2SizeY )

transform_unit( x0, y0 + (1 << log2TbHeight ), log2TbWidth, log2TbHeight,
isSplit, cuQpDeltaCode, treeType, CuPredMode )

if( log2CbWidth > MaxTbLog2SizeY && log2CbHeight > MaxTbLog2SizeY )

transform_unit( x0 + (1 << logTbWidth ), y0 + (1 << log2TbHeight),
log2TbWidth, log2 TbHeight, isSplit, cuQpDeltaCode, treeType,
CuPredMode )
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7.3.8.5 Transform unit syntax

transform_unit( x0, y0, log2TbWidth, log2TbHeight, isSplit, cuQpDeltaCode, treeType, Descriptor
CuPredMode ) {

if( treeType != DUAL_TREE_LUMA && ChromaArrayType != 0) {

cbf_cb ae(v)
cbf_cr ae(v)
}
if( (isSplit | | CuPredMode == MODE_INTRA || cbf_cb || cbfcr) &&

treeType != DUAL_TREE_CHROMA)
cbf luma ae(v)

if( cu_gp_delta_enabled_flag && ( ((!sps_dquant_flag || (cuQpDeltaCode ==-1 &&
isCuQpDeltaCoded == 0)) && (cbf luma || cbfcb || cbfcr)) ||
(cuQpDeltaCode == 2 && isCuQpDeltaCoded == 0))){

cu_qp_delta_abs ae(v)

if( cu_gp_delta_abs > 0)

cu_qp_delta_sign_flag

if( CuPredMode == MODE_INTRA && sps_ats_flag &&
log2CbWidth <= 5 && log2CbHeight <= 5 &&cbf luma) {

ats_cu_intra_flag[ x0 ][ y0 ] ae(v)
if( ats_cu_intra_flag[x0 ][y0] == 1){
ats_hor_mode[ x0 ][ y0 ] ae(v)
ats_ver_mode[ x0 ][ y0 ] ae(v)
}
}

if( CuPredMode == MODE,INTER && sps_ats_flag) {

if( (allowAtsInterVerHalf | | allowAtsInterVerQuad || allowAtsInterHorHalf | |
allowAtsInterHorQuad ) && (cbf_cb || cbfcr || cbfluma))

ats_cu_inter-flag[ x0 ][ yO0 ] ae(v)
if( ats_culinter_flag[ x0 ][ y0]) {

if({callowAtsInterVerHalf | | allowAtsIinterHorHalf) &&
(‘allowAtsInterVerQuad || allowAtsIinterHorQuad ) )

ats_c"_inter_qn:\d_ﬂng[ x0 ] [ yﬂ ] nn(v)
if( (ats_cu_inter_quad_flag[ x0 [[y0] && allowAtsInterVerQuad &&

allowAtsInterHorQuad ) || (!ats_cu_inter_quad_flag[ x0][y0] &&
allowAtsInterVerHalf && allowAtsInterHorHalf) ) {

ats_cu_inter_horizontal_flag[ x0 ][ y0 ] ae(v)

ats_cu_inter_pos_flag[ x0 ][ yO ] ae(v)

}
if( ats_cu_inter_flag[ x0 ][ y0]) {
if( ats_cu_inter_horizontal_flag[ x0 [[y0]) {
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TrafoLog2Width = log2TbWidth - (ats_cu_inter_quad_flag[x0 [[y0]7?2:1)

TrafoLog2Height = log2TbHeight

TrafoXO0 = ats_cu_inter_pos_flag[ x0 ][y0] 7?0 :
(1 << log2TbWidth) - (1 << TrafoLog2Width)

TrafoY0 =0

}else {

TrafoLog2Width = log2TbWidth

Trafol.og2Height = log2ThHeight = (ats cu_inter quad flag[x0][y0]?2 1)

TrafoX0 =0

TrafoYO = ats_cu_inter_pos_flag[ x0 ][y0]?0:
(1<<log2TbHeight) - (1 << TrafoLog2Height )

}

}else {

TrafoX0=0

TrafoY0 =0

TrafoLog2Width = log2TbWidth

TrafoLog2Height = log2TbHeight

}

if( cbf_luma)

residual_coding( x0 + TrafoXO0, y0 + TrafoYO,
TrafoLog2Width, TrafoLog2Height, 0)

if( cbf cb)

residual_coding( x0 + TrafoXO0, y0 + TrafoY0,“TrafoLog2Width — SubWidthC + 1,
TrafoLog2Height - SubHeightC + 1, 1)

if( cbf_cr)

residual_coding( x0 + TrafoXO0, y0 * PrafoY0, TrafoLog2Width — SubWidthC + 1,
TrafoLog2Height - SubHeightC + 1, 2)

7.3.8.6 Residual coding syntax

residual_coding (%0, y0, log2TbWidth, log2TbHeight, cldx ) {

Descript

if( sps_adécflag == 0)

residual_coding rle( x0, y0, log2TbWidth, log2TbHeight, cldx )

else

residual_coding_adv( x0, y0, log2TbWidth, log2 TbHeight, cldx )
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7.3.8.7 Run-length residual coding syntax

residual_coding_rle( x0, y0, log2TbWidth, log2TbHeight, cldx ) { Descriptor

ScanPos =0

PrevLevel = 6
do{
coeff zero_run ae(v)

ScanPos += coeff zero_run

coeff_abs_level_minus1 ae(v)

coeff_sign_flag ae(v)

Level = ( coeff abs_level_ minus1 +1)* (1 - 2 * coeff sign_flag)

blkPos = ScanOrder[ log2TbWidth ][ log2TbHeight ][ ScanPos ]

xC =blkPos & ( (1 << log2TbWidth) - 1)

yC = blkPos >> log2TbWidth

TransCoeffLevel| X0 ][ yO ][ cldx ][ xC ][ yC ] = Level

if( ScanPos < ((1 << (log2TbWidth +log2TbHeight))-1))
coeff_last_flag ae(v)

PrevLevel = coeff_abs_level_minus1 + 1

ScanPos++
} while( coeff last_flag==0 && ScanPos < (1 << (log2TbWidth/+ log2TbHeight)))

7.3.8.8 |Advanced residual coding syntax

resiqual_coding_adv( x0, y0, log2ZTbWidth, log2TbHeight, cldx ) { Descriptor
last_sig_coeff_x_prefix ae(v)
lakt_sig_coeff_y_prefix ae(v)

if(| last_sig_coeff_x_prefix > 3)

last_sig_coeff_x_suffix ae(v)

if( last_sig_coeff y_prefix>3.)

last_sig_coeff_y_suffix ae(v)
rasterPosLast = LastSignificantCoeffX + LastSignificantCoeffY * (1 << log2TbWidth )
sdanPosLast = [nvScanOrder[ log2TbWidth ][ log2TbHeight ][ rasterPosLast ]

laptCoefGroup = scanPosLast >> 4

iPlos = seanPosLast

forr(-cgldx = lastCoefGroup; cgldx >= 0; cgldx--) {

escapeDataPTesent =0
numNZ =0
subBlockPos = cgldx << 4
for(; iPos >= subBlockPos; iPos— - ) {
blkPos = ScanOrder[ log2TbWidth ][ log2TbHeight ][ iPos ]
xC = blkPos & ( (1 <<log2TbWidth) - 1)
yC = blkPos >> log2TbWidth

if( iPos != scanPosLast)

sig_coeff_flag[ xC ][ yC ] ae(v)
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else

sig_coeff flag[xC][yC]=1
TransCoeffLevel[ x0 ][ yO ][ cldx ][ xC ][ yC ] = sig_coeff _flag[ xC ][ yC ]
if( TransCoeffLevel[ x0 ][ yO ][ cIdx ][ xC ][ yC]) {

blkPosArray[ numNZ ] = blkPos

numNZ++

]
J

if(numNZ > 0){

lastGreaterAScanPos = -1

numC1Flag = Min( numNZ, 8 )

for(n=0;n < numC1Flag; n++){
blkPos = blkPosArray[ n |
xC =blkPos & ((1 << log2TbWidth) -1)
yC = blkPos >> log2TbWidth
coeff_abs_level_greaterA_flag[ n ] ae(v]

TransCoeffLevel[ X0 ][ yO ][ cldx ][ xC ][ yC ] +=
coeff_abs_level_greaterA flag[ n ]

if( coeff_abs_level_greaterA_flag[n])
if( lastGreaterAScanPos == -1)

lastGreaterAScanPos = n

else

escapeDataPresent = 1

}

if( lastGreaterAScanPos != -1) {
blkPos = blkPosArray|[ lastGreaterAScanPos ]
xC =blkPos & ( (1 <<40g2ZTbWidth) -1)
yC = blkPos >> log2TbWidth
coeff_abs_level-greaterB_flag[ lastGreaterAScanPos ] ae(v]

TransCoeffLevel[ X0 ][ y0O ][ cldx ][ xC ][ yC ] +=
coeff _abs_level_greaterB_flag[ lastGreaterAScanPos ]

if( coeff-abs_level_greaterB_flag[ lastGreaterAScanPos | )

escapeDataPresent = 1

¥

escapeDataPresent = escapeDataPresent | | (numNZ > 8)
countFirstBCoef =1

if( escapeDataPresent ) {

for(n=0;n < numNZ; n++) {
blkPos = blkPosArray[ n |
xC =blkPos & ((1 << log2TbWidth) -1)
yC = blkPos >> log2TbWidth
baseLevel = (n < 8)7( 2 + countFirstBCoef): 1
if( TransCoeffLevel[ x0 ][ y0 ][ cIdx ][ xC ][ yC ] >= baseLevel ) {
coeff_abs_level_remaining|[ n | ae(v)

TransCoeffLevel[ X0 ][ yO ][ cldx ][ xC][yC] =
baseLevel + coeff abs_level remaining
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}
if( TransCoeffLevel[ x0 ][ y0 ][ cldx ][xC][yC] >= 2)

countFirstBCoef =0

}

coeff_signs_group ae(v)

coeff_signs_group = coeff _signs_group << (32 -numNZ)

forl o — 0. o A N7 o L [
TOT (1t o, o3 reroa oy s o

blkPos = blkPosArray[ n ]
xC =DblkPos & ( (1 << log2TbWidth) - 1)
yC = blkPos >> log2TbWidth

signVal = coeff_signs_group >> 31

coeff_signs_group = coeff _signs_group << 1
TransCoeffLevel[ x0 ][ y0 ][ cldx ][ xC ][ yC ] = signVal >0 ?

-TransCoeffLevel[ x0 ][ y0 ][ cldx ][ xC ][ yC]:
TransCoeffLevel[ x0 ][ yO ][ cldx ][ xC ][ yC ]

7.4 Semantics

7.4.1 General

[72)

Semantifs associated with the syntax structures and with the syntax elements within these structure
are spedified in this subclause. When the/semantics of a syntax element is specified using a table or a s¢
of tableg, any values that are not specified in the table(s) shall not be present in the bitstream unleg
otherwise specified in this document:

" =

7.4.2 NAL unit semantics

7.4.2.1 |General NAL wiit' semantics

=)

NumBytesInNalUnitspecifies the size of the NAL unit in bytes. This value is required for the decoding ¢
the NAL unit. Some form of demarcation of NAL unit boundaries is necessary to enable inference of
NumBytesInNalUnit. One such demarcation method is specified in Annex B for the raw bitstream fil
storage format. Other methods of demarcation may be specified outside of this document.

[¢)

NOTE The video coding layer (VCL) is specified to efficiently represent the content of the video data. The NAL is
specified to format that data and provide header information in a manner appropriate for conveyance on a variety
of communication channels or storage media. All data are contained in NAL units, each of which contains an integer
number of bytes. A NAL unit specifies a generic format for use in both packet-oriented and bitstream systems. The
format of NAL units for both packet-oriented transport and raw bitstream is identical except that each NAL unit is
preceded by a NAL unit length field in the raw bitstream file storage format specified in Annex B.

rbsp_byte][ i ] is the i-th byte of an RBSP. An RBSP is specified as an ordered sequence of bytes.

The RBSP contains a string of data bits (SODB) as follows:
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— Ifthe SODB is empty (i.e., zero bits in length), the RBSP is also empty.

— Otherwise, the RBSP contains the SODB as follows:

1) The first byte of the RBSP contains the most significant, left-most eight bits of the SODB;

the next

byte of the RBSP contains the next eight bits of the SODB, etc., until fewer than eight bits of the

SODB remain.

N

| TS L-o-COPR £o11
U VUL

1o 4 HH £ o ft 4 ]
I UDlJ_lJ aluus_ ILDL J alc lJl CoCIIl AIlTT UIIT D do TUIIUVVS.

=

i) The first (most significant, left-most) bits of the final RBSP byte contain the remai
of the SODB (if any).

ii) The next bit consists of a single rbsp_stop_one_bit equal to 1.

iii) When the rbsp_stop_one_bit is not the last bit of a byte-aligned byte, one
rbsp_alignment_zero_bit is present to result in byte alignment.

3) One or more cabac_zero_word 16-bit syntax elements egtial to 0x0000 may be present
RBSPs after the rbsp_trailing_bits( ) at the end of the RBSP.

0]

yntax structures having these RBSP properties are denotéd in the syntax tables using an "_rbs

QL

ssociation of the RBSP syntax structures to the NAlunits is as specified in Table 4.

OTE When the boundaries of the RBSP are known, the decoder can extract the SODB from the
pncatenating the bits of the bytes of the RBSPand discarding the rbsp_stop_one_bit, which is the 1
gnificant, right-most) bit equal to 1, and disearding any following (less significant, farther to the right)
llow it, which are equal to 0. The data necessary for the decoding process is contained in the SODB p
BSP.

= =h n o =

7.4.2.2 NAL unit header semantics

fprbidden_zero_bit shall be equal to 0.

=

al_unit_type_plus’minus 1 specifies the type of RBSP data structure contained in the NAI

hing bits

Pr more

in some

h" suffix.

hese structures are carried within NAL units as theé'content of the rbsp_byte[i] data bytes. The

RBSP by
hst (least
bits that
art of the

L unit as

sjpecified in Table 4! The value of nal_unit_type_plus1 shall not be equal to 0. The variable NalUnjtType is
derived as follows:
NalUnitType = nal_unit_type_plus1 - 1 (35)
Tahla 4 JIAL uynittvnoa codacand NAL vt tvno claccac
Fable 4—NAL-unit type-codes-and NAL-unit type-elasses
NalUnitType Name of Content of NAL unit and RBSP syntax structure NAL unit
NalUnitType type class
0 NONIDR_NUT Coded slice of a non-IDR picture VCL
slice_layer_rbsp( )
1 IDR_NUT Coded slice of an IDR picture VCL
slice_layer_rbsp( )
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NalUnitType Name of Content of NAL unit and RBSP syntax structure NAL unit
NalUnitType type class
2-23 RSV_VCL_NUTO?Z2.. Reserved VCL NAL Units VCL
RSV_VCL_NUT23
24 SPS_NUT SPS non-VCL
seq_parameter_set_rbsp( )
25 PPS_NUT PPS non-VCL
pic_parameter set_rbsp(])
26 APS_NUT Adaptation parameter set non-VGh
adaptation_parameter_set_rbsp( )
207 FD_NUT Filler data non-VCL
filler_data_rbsp( )
2B SEI_NUT Supplemental enhancement information non-VCL
sei_rbsp()
29455 RSV_NONVCL29.. Reserved non-VCL
RSV_NONVCL55
56162 UNSPEC_NUTS56.. Unspecified non-VCL
UNSPEC_NUT62
nuh_temporal_id specifies a temporal identifier for the NALuhit.
The varigble Temporalld is derived as follows:
Temporalld = nuh_temporal_id (36

When NplUnitType is equal to IDR_NUT, the.coded slice belongs to an IDR picture, Temporalld shall b

equal to|0.

The value of Temporalld shall be the same for all VCL NAL units of an access unit. The value of Temporall
of a codpd picture or an access unitis the value of the Temporalld of the VCL NAL units of the code

picture

r the access unit.

The valye of Temporalld fermion-VCL NAL units is constrained as follows:

— If NalUnitType is'equal to SPS_NUT, Temporalld shall be equal to 0 and the Temporalld of the acced
unit containing\the NAL unit shall be equal to 0.

— Otherwise;Temporalld shall be greater than or equal to the Temporalld of the access unit containin
the NAL unit.

[oFen

NOTE When the NAL unit is a non-VCL NAL unit, the value of Temporalld is equal to the minimum value of
the Temporalld values of all access units to which the non-VCL NAL unit applies. When NalUnitType is equal to
PPS_NUT, or APS_NUT, Temporalld can be greater than or equal to the Temporalld of the containing access
unit, as all PPSs or APSs can be included at the beginning of a bitstream, wherein the first coded picture has
Temporalld equal to 0. When NalUnitType is equal to SEI_NUT, Temporalld can be greater than or equal to the
Temporalld of the containing access unit, as an SEI NAL unit can contain information that applies to a bitstream
subset that includes access units for which the Temporalld values are greater than the Temporalld of the access

unit containing the SEI NAL unit.

nuh_reserved_zero_5bits shall be equal to 0 in bitstreams conforming to this version of this document.
Values of nuh_reserved_zero_Sbits greater than 0 are reserved for future use by ISO/IEC. Decoders
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conforming to a profile specified in Annex A shall ignore (i.e., remove from the bitstream and discard) all

NAL units with values of nuh_reserved_zero_5bits greater than 0.

nuh_extension_flag shall be equal to 0 in bitstreams conforming to this version of this document. Value

of nuh_extesion_flag equal to 1 is reserved for future use by ISO/IEC. Decoders conforming to

a profile

specified in Annex A shall ignore (i.e., remove from the bitstream and discard) all NAL units with values

of nuh_extension_flag equal to 1.

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

sequences

7.4.2.3.1 General

=

his subclause specifies constraints on the order of NAL units in the bitstream.

ny order of NAL units in the bitstream obeying these constraints is referred.to in the text as the ¢
rder of NAL units. Within a NAL unit, the syntax in subclauses 7.3.1, D.2/E:2’and specifies the (
rder of syntax elements. Decoders shall be capable of receiving NAL units’and their syntax ele
ecoding order.

Q. 0O O o

7.4.2.3.2 Order of access units and association to CVSs

A bitstream conforming to this document consists of one or more CVSs.

T

ssociation to access units is described in subclause*7.4.2.3.3.

Q

The first access unit of a CVS is an IDR access.unit.

71.4.2.3.3 Order of NAL units and coded pictures and their association to access units

=

his subclause specifies the order.of NAL units and coded pictures and their association to acc
br CVSs that conform to one 6x. more of the profiles specified in Annex A and that are decoded
ecoding process as specified'in Clauses 2 through 9.

Q.=

An access unit consists of one coded picture, and zero or more non-VCL NAL units.
The first accessunit in the bitstream starts with the first NAL unit of the bitstream.

I{et firstVclNalUnitInAu be a VCL NAL unit that is the first VCL NAL unit of a coded picture and f
the derived PicOrderCntVal differs from the PicOrderCntVal of the previous coded picture. Th
any of'the following NAL units preceding firstVcINalUnitInAu and succeeding the last VCL NAL u

lecoding
lecoding
ments in

CVS consists of one or more access units. The order of NAL units and coded pictures and their

PSS units
ising the

br which
e first of
hit of the
nit:

pgréevious coded picture preceding firstVclNalUnitlnAu, if any, specifies the start of a new access

— SPS NAL unit (when present),
— PPS NAL unit (when present),
— APS NAL unit (when present),

— SEI NAL unit (when present),

— NAL units with NalUnitType in the range of RSV_NONVCL29..RSV_NONVCL55 (when present),

NAL units with NalUnitType in the range of UNSPEC_NUT56..UNSPEC_NUT62 (when present).
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NOTE The first NAL unit preceding firstVclNalUnitInAu and succeeding the last VCL NAL unit of the previous
coded picture preceding firstVclNalUnitInAu, if any, can only be one of the above-listed NAL units.

When there is none of the above NAL units preceding firstVcINalUnitinAu and succeeding the last VCL
NAL unit of the previous coded picture preceding firstVcINalUnitInAu, if any, firstVclNalUnitInAu starts a
new access unit.

The order of the coded pictures and non-VCL NAL units within an access unit shall obey the following
constraints:

— When any SPS NAL units, PPS NAL units, APS NAL units, SEI NAL units, NAL units with NalUnitTyp)|
in the range of RSV_.NONVCL29..RSV_NONVCL55, or NAL units with NalUnitType in the range
UNYPEC_NUT56..UNSPEC_NUT62 are present in an access unit, they shall not follow the last V€L NA|
unit of the access unit.

= ®

— NAI} units having NalUnitType equal to FD_NUT in an access unit shall not precede‘the first VCL NAL
unit| of the access unit.

7.4.3 Raw byte sequence payloads, trailing bits and byte alignment semantics

7.4.3.1 |SPS RBSP semantics

sps_seq| parameter_set_id provides an identifier for the SPS for reference by other syntax elements. The
value of|sps_seq_parameter_set_id shall be in the range of 0 to 15, inclusive.

—

profile_fdc indicates a profile to which the CVS conforms @s specified in Annex A. Bitstreams shall ng
contain [values of profile_idc other than those specified:in Annex A. Other values of profile_idc ar
reserved for future use by ISO/IEC.

[¢)

-

level_idc indicates a level to which the CVS confofms as specified in Annex A. Bitstreams shall not contai
values of level_idc other than those specified ih-Annex A. Other values of level_idc are reserved for futur
use by I$O/IEC.

D

NOTE 1 |A greater value of level_idc indicates a higher level.

(s

NOTE 2 |When the coded video sequence conforms to multiple profiles, profile_idc must indicate the profile thg
provides|the preferred decoded result or the preferred bitstream identification, as determined by the encoder (in
manner 1jot specified in this doCument).

[<Y)

toolset_[idc_h indicates'set of constraints to which the CVS conforms as specified in Annex A.

If a particular bitin/syntax element toolset_idc_h is equal to 0, the corresponding, as per Annex A, SPS flag
shall be pqualito-0.

Otherwicn’ sahen the bit value in cynfnv element taoolset ide h is nqn:ﬂ ta 1’ the r‘nrrncpnnr‘inn" as—per
- O

Annex A, SPS flag value is not constrained. )

toolset_idc_l indicates set of constraints to which the CVS conforms as specified in Annex A.

If a particular bit in syntax element toolset_idc_l is equal to 1, the corresponding, as per Annex A, SPS flag
shall be equal to 1.

Otherwise, when the bit value in syntax element toolset_idc_l is equal to 0, the corresponding, as per
Annex A, SPS flag value is not constrained.

The value of toolset_idc_I shall satisfy the following constraint:
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— The value of ( toolset_idc_1 | toolset_idc_h ) shall be equal to toolset_idc_h.

020(E)

chroma_format_idc specifies the chroma sampling relative to the luma sampling as specified in

subclause 6.2. The value of chroma_format_idc shall be in the range of 0 to 3, inclusive.

Depending on the value of chroma_format_idc, the value of the variables SubWidthC, and SubHeightC are

assigned as specified in subclause 6.2 and the variable ChromaArrayType is set e
chroma_format_idc.

Max( MinCbSizeY, 8 ).

Max( MinCbSizeY, 8 ).

=

it_depth_luma_minus8 specifies the bit depth of the samples of the luma‘array BitDepthy and
f the luma quantization parameter range offset QpBdOffsety as follows:

o

BitDepthy =8 + bit_depth_luma_minus8

QpBdOffsety = 6 * bit_depth_luma_minus8

o

it_depth_luma_minus8 shall be in the range of 0 to 8, inclusive.

o =

he value of the chroma quantization parameter'range offset QpBdOffsetc as follows:
BitDepth¢ =8 + bit_depth_chroma_minus8

QpBdOffsetc = 6 * bit_depthichroma_minus8

hit_depth_chroma_minus8 shall-be in the range of 0 to 8, inclusive.

sps_btt_flag equal to 1 specifies that the binary and ternary splits are used. sps_btt_flag eq
specifies that the binary'and ternary splits are not used and the quad split is only used.

—

pg2_ctu_size_minus5 is not present, the value of log2_ctu_size_minus5 is inferred to be equal {
alue of g2 ctu_size_minus5 shall be in the range of 0 to 2, inclusive.

<

=

heA Variables CtbLog2SizeY, CtbSizeY, PicWidthInCtbsY, PicHeightInCtbsY, PicSize

law]

pg2_ctu_size_minus5 plus 5 specifies the luma coding tree block size of each CTU.

qual to

pic_width_in_luma_samples specifies the width of each decoded picture in units of luma\samples.
pgic_width_in_luma_samples shall not be equal to 0 and shall be an integercmultiple of

pic_height_in_luma_samples specifies the height of each decoded picture in ufits' of luma pamples.
gic_height_in_luma_samples shall not be equal to 0 and shall be an--integer multiple of

he value

(37)

(38)

it_depth_chroma_minus8 specifies the bit depth of the samples of the chroma arrays BitDepthc and

(39)

(40)

ual to 0

When
o 1. The

InCtbsY,

icSizeInSamplesY, PicWidthInSamplesC, and PicHeightInSamplesC are derived as follows:

CtbLog2SizeY = log2_ctu_size_minus5 + 5
CtbSizeY =1 << CtbLog2SizeY
MaxCbLog2Size11Ratio = CtbLog2SizeY
MaxCbLog2Size12Ratio = MaxCbLog2Size1l1Ratio

PicWidthInCtbsY = Ceil( pic_width_in_luma_samples + CtbSizeY )

© ISO/IEC 2020 - All rights reserved
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The vari

The vari
for each

— Ifch

— Oth

log2_min_cb_size_minus2 plus 2 specifies the minimum coding block size. When

PicHeightInCtbsY = Ceil( pic_height_in_luma_samples + CtbSizeY ) (46)
PicSizeInCtbsY = PicWidthInCtbsY * PicHeightInCtbsY (47)
PicSizeInSamplesY = pic_width_in_luma_samples * pic_height_in_luma_samples (48)
PicWidthInSamplesC = pic_width_in_luma_samples / SubWidthC (49)
PicHeightInSamplesC = pic_height_in_luma_samples / SubHeightC (50)

ables MaxTbLog2SizeY, MinTbLog2SizeY, MaxTbSizeY, and MinTbSizeY are derived as follows*

MaxTbLog2SizeY = 6 (51
MinTbLog2SizeY = 2 (52
MaxTbSizeY =1 << MaxTbLog2SizeY (53
MinTbSizeY =1 << MinTbLog2SizeY (54

ables CtbWidthC and CtbHeightC, which specify the width and height, respectively, of the arraly
chroma CTB, are derived as follows:

roma_format_idc is equal to 0 (monochrome), CtbWidthCand CtbHeightC are both equal to 0.
erwise, CtbWidthC and CtbHeightC are derived as follows:
CtbWidthC = CtbSizeY / SubWidthC (55

CtbHeightC = CtbSizeY / SubHeightC (56

log2_min_cb_size_minus2 is not present, it is inferred to be equal to 0. The value qf

log2_min_cb_size_minus2 shall be in the range of 0 to CtbLog2SizeY - 2, inclusive.

The variables MinCbLog2SizeY, MinCbSizeY, PicWidthInMinCbsY, PicHeightInMinCbsY,

PicSizeInMinCbsY, MinCbLog2Sizel1Ratio, MinCbLog2Size12Ratio, and MinCbLog2Size14Ratio are

derived ps follows:
MinCbLog2SizeY = 2 + log2_min_cb_size_minus2 (57
MinCbSizeY =1 << MinCbLog2SizeY (58
PicWidthInMinCbsY = pic_width_in_luma_samples / MinCbSizeY (59
PicHeightInMinCbsY = pic_height_in_luma_samples / MinCbSizeY (60)
PicSizeInMinCbsY = PicWidthInMinCbsY * PicHeightinMinCbsY (61)
MinCbLog2Size11Ratio = MinCbLog2SizeY (62)
MinCbLog2Size12Ratio = MinCbLog2Size11Ratio + 1 (63)
MinCbLog2Size14Ratio = MinCbLog2Size12Ratio + 1 (64)
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log2_diff_ctu_max_14_cb_size specifies the difference between the luma coding tree block size and the
maximum coding block size in which its width and height ratio is equal to or greater than 1:4 or 4:1. When
log2_diff ctu_max_14_cb_size is not present, it is inferred to be equal to 0. The value of
log2_diff_ctu_max_14_cb_size shall be in the range of 0 to CtbLog2SizeY - MinCbLog2Size14Ratio + 1,
inclusive.

The variable MaxCbLog2Size14Ratio is derived as follows:

MaxCbLog2Size14Ratio = Min( CtbLog2SizeY - log2_diff_ctu_max_14_cb_size, MaxTbLog2SizeY) (65)

pg2_diff_ctu_max_tt_cb_size specifies the difference between the luma coding tree block(sizg and the
haximum coding block size allowing ternary tree split. When log2_diff ctu_max_tt_cb_siz€)is’not|present,

is inferred to be equal to 0. The value of log2_diff ctu_max_tt_cb_size shall be in the rang¢ of 0 to
tbLog2SizeY — MinCbLog2Size14Ratio, inclusive.

N S

The variable MaxTtLog2Size is derived as follows:
MaxTtLog2Size = Min( CtbLog2SizeY - log2_diff_ctu_max_tt_cb_size; MaxTbLog2SizeY )| (66)

lpg2_diff min_cb_min_tt_cb_size_minus2 plus 2 specifies the differénce between the minimumn coding
block size and the minimum coding block size allowing ternary tree split] When
lpg2_diff min_cb_min_tt_cb_size_minus2 is not present, it istinferred to be equal to 0. The [value of
pg2_diff min_cb_min_tt_cb_size_minus2 shall be in the range of 0 to
MaxTtLog2Size - MinCbLog2SizeY - 1, inclusive.

The variable MinTtLog2Size is derived as follows:

—

MinTtLog2Size = MinCbLog2SizeY + 2 + log2_diff min_cb_min_tt_cb_size_minus2 (67)

sps_suco_flag equal to 1 specifies that the split unit coding ordering is used. sps_suco_flag equal to 0
specifies that the split unit coding ordering is not used.

lpg2_diff_ctu_size_max_suco_cb_size specifies the difference between the luma coding tree block size
and the maximum coding™~ block size allowing split unit coding order.] When
lpg2_diff_ctu_size_max_suco.ch.size is not present, it is inferred to be equal to
(tbLog2SizeY - MinCbLog2SizeY. The value of log2_diff_ctu_size_max_suco_cb_size shall be in the range
df 0 to CtbLog2SizeY - MinCbLog2SizeY, inclusive.

The variable MaxSucolog2Size is derived as follows:

MaxSucoLog2Size = Min( CtbLog2SizeY - log2_diff_ctu_size_max_suco_cb_size, 6 ) (68)

I

pg2_diffmax_suco_min_suco_cb_size specifies the difference between the maximum coding block size

lowing split unit coding order and the minimum coding block size allowing split unit coding order.
:Flhen log2_diff max_suco_min_suco_cb_size is not present, it is inferred to be equal to 0. The|value of
logZ2_diff_max_suco_min_suco_cb_size shall be in the range of 0 to MaxSucoLog2Size - MinCbLog2SizeY,
inclusive.

The variable MinSucolLog2Size is derived as follows:

MinSucoLog2Size = Max( MaxSucoLog2Size - log2_diff max_suco_min_suco_cb_size,
Max( 4, MinCbLog2SizeY ) ) (69)

sps_admvp_flag equal to 1 specifies that the advanced motion vector prediction, signalling and

interpolation are used. sps_admvp_flag equal to 0 specifies that the advanced motion vector prediction,
signalling and interpolation are not used.
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sps_affine_flag equal to 1 specifies that the affine model based motion compensation can be used for
inter prediction. sps_affine_flag equal to 0 specifies that the syntax shall be constrained such that no affine
model based motion compensation is used in the CVS, and affine_flag, affine_merge_idx and
affine_mode_flag are not present in the coding unit syntax of the CVS. When sps_affine_flag is not present,
itis inferred to be equal to 0.

sps_amvr_flag equal to 1 specifies that the adaptive motion vector resolution is used. sps_amvr_flag
equal to 0 specifies that the adaptive motion vector resolution is not used. When sps_amvr_flag is not
present, it is inferred to be equal to 0.

sps_dmyr_flag equal to 1 specifies that decoder-side motion vector refinement can be use(ll.
sps_dmyr_flag equal to 0 specifies that decoder-side motion vector refinement is not used) Whep
sps_dmyr_flag is not presented, it is inferred to be equal to 0.

(i

sps_mmvd_flag equal to 1 specifies that MMVD can be used. sps_mmvd_flag equal to‘0)specifies thg
MMVD i not used. When sps_mmvd_flag is not present, it is inferred to be equal to 0.

sps_hmyp_flag equal to 1 specifies that HMVP can be used. sps_hmvp_flag equalto.0 specifies that HMVP
is not used. When sps_hmvp_flag is not present, it is inferred to be equal to 0.

sps_eipdl_flag equal to 1 specifies that the extended intra prediction modes are used. sps_eipd_flag equal
to 0 spe¢ifies that the extended intra prediction modes are not used.

sps_ibcJflag equal to 1 specifies that the intra block copy can-be used. sps_ibc_flag equal to 0 specifie
that the [intra block copy is not used. When sps_ibc_flag is notpresent, it is inferred to be equal to 0.

[72)

log2_max_ibc_cand_size_minus2 plus 2 specifies the makimum block size of the intra block copy mode
as follows:

log2MaxIbcCandSize = 2 + log2_max_ib¢_cand_size_minus?2 (70
log2_malx_ibc_cand_size_minus2 shall be inthe range of 0 to 4, inclusive.

sps_cm Jinit_flag equal to 1 specifiesithat the context modeling and initialization processes are used.
sps_cm_|nit_flag equal to 0 specifiés that the context modeling and initialization processes are not used

sps_adck_flag equal to 1 specifies that the advanced residual coding specified in subclause 7.3.8.8 is useﬂ.
sps_adcg¢_flag equal to 0 specifies that the run-length residual coding specified in subclause 7.3.8.7 is usedl.
When sps_adcc_flag is dotpresented, it is inferred to be equal to 0.

For logdTbWidth-rdnging from 1 to MaxTbLog2SizeY, inclusive, and log2TbHeight ranging from 1 t
MaxTbLpg2Size¥yinclusive, the array ScanOrder[ sPos | specifies the mapping of the zig-zag scan position
sPos, rapgingfrom 0 to (1 << log2TbHeight) * (1 << log2TbWidth ) - 1, inclusive to a raster scah
position| fPos. The array InvScanOrder|[ rPos | specifies the mapping of the raster scan position rPos,
ranging from 0 to (1 << log2TbHeight)* (1 << log2TbWidth ) - 1, inclusive to a the zig-zag scan
position sPos.

[=]

For log2TbWidth ranging from 1 to MaxTbLog2SizeY, inclusive, and log2TbHeight ranging from 1 to
MaxTbLog2SizeY, inclusive, the array ScanOrder is derived by invoking subclause 6.5.2 with input
parameters blkWidth equal to ( 1 <<log2TbWidth ) and blkHeight equal to ( 1 << log2TbHeight ) and the
array InvScanOrder is derived by invoking subclause 6.5.3 with input parameters blkWidth equal to
(1 << log2TbWidth ) and blkHeight equal to (1 << log2TbHeight ).

sps_iqt_flag equal to 1 specifies that the improved quantization and transform are used. sps_iqt_flag
equal to 0 specifies that the improved quantization and transform are not used.
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sps_ats_flag equal to 1 specifies that ats_cu_intra_flag and ats_cu_inter_flag may be present in the residual
coding syntax of the CVS. sps_ats_flag equal to 0 specifies that ats_cu_intra_flag and ats_cu_inter_flag are
not present in the residual coding syntax of the CVS. When not present, the value of sps_ats_flag is inferred
to be equal to 0.

sps_addb_flag equal to 1 specifies that the advanced deblocking filter specified in subclause 8.8.3 can be
applied. sps_addb_flag equal to 0 specifies that the deblocking filter specified in subclause 8.8.2 can be
applied.

sjps_alf_flag equal to 1 specifies that the adaptive loop filter can be applied. sps_alf _flag equal to-Q gpecifies
hat the adaptive loop filter is not applied.

—

sps_htdf flag equal to 1 specifies that the hadamard transform domain filter can be applied. sps_htdf flag
qual to 0 specifies that the hadamard transform domain filter is not applied.

@D

sps_rpl_flag equal to 1 specifies that syntax related to reference picture lists is{present. sps_rpl_flag equal
tp 0 specifies that syntax related to reference picture lists is not present.

sps_pocs_flag equal to 1 specifies that syntax related to picture order 'count is present. sps_pocs_flag
qual to 0 specifies that syntax related to picture order count is not\present.

(0]

s_dquant_flag equal to 1 specifies that the improved{.delta qp signalling processes [is used.
sps_dquant flag equal to O specifies that the improved-:delta qp signalling process is npt used.
sps_dquant_flag shall be equal to 0 when both sps_btt_flag and sps_admvp_flag are equal to 0.

s_dra_flag equal to 1 specifies that the dynamic range adjustment mapping on output samplgs can be
sed. sps_dra_flag equal to 0 specifies that dynamic range adjustment mapping on output samples is not
sed.

c o

[~

bg2_max_pic_order_cnt_lsb_minus4 specifies the value of the variable MaxPicOrderCntLsb that is used
h the decoding process for picture order count as follows:

—

MaxPicOrderCntLsb = 2(log2_max pic_order_cnt_Isb_minus4 + 4) (7 1)

=

he value of log2_max_pic_order_cnt_Isb_minus4 shall be in the range of 0 to 12, inclusive. When not
gresent, the value of log2.max_pic_order_cnt_Isb_minus4 is inferred to be equal to 0.

[~

bg2_sub_gop_length, when present, specifies the value of the variable SubGopLength that is uspd in the
ecoding processyfor picture order count as follows:

QL

SubGopLength = 2(log2 sub_gop length) (72)

—

he valtie of log2_sub_gop_length shall be in the range of 0 to 5, inclusive. When not present, the value of
pg2ysub_gop_length is inferred to be equal to 0.

—

log2_ref pic_gap_length, when present, specifies the value of the variable RefPicGapLength that is used
in the decoding process for reference picture marking as follows:

RefPicGapLength = 2(log2_ref pic_gap_length) (73)

The value of log2_ref_pic_gap_length shall be in the range of 0 to 5, inclusive. When not present, the value
of log2_ref_pic_gap_length is inferred to be equal to 0.

sps_max_dec_pic_buffering_minus1 plus 1 specifies the maximum required size of the decoded picture
buffer for the CVS in units of picture storage buffers. The value of sps_max_dec_pic_buffering minus1 shall

© ISO/IEC 2020 - All rights reserved 65


https://standardsiso.com/api/?name=caf991f23122d29f070ff293f89a846f

ISO/IEC 23094-1:2020(E)

be in the range of 0 to MaxDpbSize - 1, inclusive, where MaxDpbSize is as specified in subclause A.4.
When not present, the value of sps_max_dec_pic_buffering_ minusl is inferred to be equal to
SubGopLength + max_num_tid0_ref_pics - 1.

max_num_tid0_ref_pics, when sps_rpl_flag is equal to 0, specifies the maximum number of reference
pictures in temporal layer 0 that may be used by the decoding process for inter prediction of any picture
in the CVS. The value of max_num_tid0_ref _pics is also used to determine the size of the Decoded Picture
Buffer. The value of max_num_tid0_ref_pics shall be in the range of 0 to 5. When not present, the value of
max_num_tid0_ref _pics is inferred to be equal to 0.

long_term_ref pics_flag equal to O specifies that no LTRP is used for inter prediction of any coded pictiire
in the CVS.long_term_ref_pics_flag equal to 1 specifies that LTRPs may be used for inter prediction of one
or more|coded pictures in the CVS. When not present, the value of long_term_ref_pics_flag is inferred tp
be equal to 0.

o

rpl1_same_as_rplO_flag equal to 1 specifies that the syntax structures num_ref pic_lists_in_sps[ 1] an
ref_pic_list_struct( 1, rplsldx, ltrpFlag ) are not present and the following applies:

— The| value of num_ref pic_lists_in_sps[1] is inferred to be _équal to the value of
num_ref pic_lists_in_sps[ 0 ].

— The|value of each of syntax elements in ref_pic_list_struct( 1, rplsidx, ltrpFlag ) is inferred to be equal
to the value of corresponding syntax element in ref_pic_list struct( 0, rplsldx, ItrpFlag ) for rplsld
ranging from 0 to num_ref_pic_lists_in_sps[ 0 ] - 1.

<

num_ref _pic_lists_in_sps[ i | specifies the number of theef pic_list_struct( listldx, rplsldx, ltrpFlag
syntax sfructures with listldx equal to i included in the SPS: The value of num_ref_pic_lists_in_sps[ i | shal
be in thg range of 0 to 64, inclusive. When not present;the value of num_ref_pic_lists_in_sps[i ] is inferre
to be eqpal to 0.

[e—jp—

o

NOTE For each value of listldx (equal to 0 gr-1), a decoder must allocate memory for a total number o¢f
num_ref pic_lists_in_sps[i] + 1 ref_pic_list_struct( listldx, rplsldx, ItrpFlag ) syntax structures since there can be
one ref_pic_list_struct( listldx, rplsldx, ltrpFlag’) syntax structure directly signalled in the slice headers of a currer
picture.

—+

picture|cropping_flag equal to(1 specifies that the picture cropping offset parameters follow next in thie
SPS. picfure_cropping_flag equal to 0 specifies that the picture cropping offset parameters are ndgt
present.

picture]crop_left_offset, picture_crop_right_offset, picture_crop_top_offset and
picture]crop_bottom_offset specify the samples of pictures in the CVS that are output from the decodi
process,| in termis of a rectangular region specified in picture coordinates for output. Whe
picture_tropping flag is equal to 0, the value of picture_crop_left_offset, picture_crop_right_offset,
picture_frop_top_offset and picture_crop_bottom_offset are inferred to be equal to 0.The conformande
cropping window contains the luma samples with norizontal picture coordinates {rom

SubWidthC * picture_crop_left_offset to
picture_width_in_luma_samples — ( SubWidthC * picture_crop_right_offset+ 1) and vertical picture
coordinates from SubHeightC * picture_crop_top_offset to

picture_height_in_luma_samples - ( SubHeightC * picture_crop_bottom_offset + 1 ), inclusive.

The value of SubWidthC * ( picture_crop_left_offset + picture_crop_right_offset) shall be less than
picture_width_in_luma_samples, and the value of
SubHeightC * ( picture_crop_top_offset + picture_crop_bottom_offset ) shall be less than
picture_height_in_luma_samples.
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When ChromaArrayType is not equal to 0, the corresponding specified samples of the two chroma arrays
are the samples having picture coordinates ( x / SubWidthC, y / SubHeightC ), where (x,y) are the
picture coordinates of the specified luma samples.

chroma_qp_table_present_flag equal to 1 specifies that user defined chroma QP mapping tables
ChromaQpTable are signalled. chroma_qp_table_present_flag equal to 0 specifies that user defined

chroma QP mapping tables are not signalled and variable ChromaQpTable are initialized as follows:

— If ChromaArrayType is equal to 1, the following applies:

— If sps_iqt_flag is equal to 0, the variables ChromaQpTable[ m ][ qPi ] with m being equal|to 0 and
1, and qPi being in the range of -QpBdOffsetc to 57 are set equal to the value of Qpcas $pecified
in Table 5 based on the index qPi.

— Otherwise (sps_iqt_flag is equal to 1), the variables ChromaQpTable[ m J[.gPi ] with m egual to 0
and 1, and gPi being in the range of -QpBdOffsetc to 57 set equal to the yalue of Qpc as $pecified
in Table 6 based on the index qPi.

-+ Otherwise, ChromaQpTable[ m ][ gPi ] with m being equal to 0 and)1, and qPi being in the [range of
-QpBdOffsetc to 57 are set equal to the value of gPi.

Table 5 — Specification of Qpc as a function‘ef qPi (sps_iqt_flag = = 0)

qgPi | <30 30 31 32 33 34 35 36 37 38 39 40 41 42 43
Qpc | =qPi 29 29 29 30 31 32 32 33 33 34 34 35 35 36

qPi | 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58
Qpc | 36 36 37 37 37 38 38 39 39 40 40 40 41 41 41

Table 6 — Specification‘of Qpc as a function of qPi (sps_iqt_flag == 1)

qPi | <30 30 |31 |32 |33 34 |35 |36 |37 |38 |39 |40 |41 |42 |43 | >43
Qpc | =qPi 29 |30 | 3%.(32 |33 |34 |35 |36 |37 |37 |38 |39 |40 |40 |=qHi-3

When not present, the value of chroma_qp_table_present_flag is inferred to be equal to 0.

same_qp_table_for.ehroma equal to 1 specifies that only one chroma QP mapping table is signalled and
applies to both«Cb-and Cr components. same_gp_table_for_chroma equal to 0 specifies that twg chroma
QP mapping tables for Cb and Cr respectively are signalled in the SPS.

global_effset_flag equal to 1 specifies that the first pivot point in the chroma QP mapping tableq have an
ihput coordinate of at least 16 and output coordinate of at least 16. global_offset_flag equal to 0 specifies
thatthere are no restrictions on the first pivot point in the chroma QP mapping tables.

num_points_in_qp_table_minus1[i] plus 1 specifies the number of points used to describe the chroma
QP mapping table. The value of num_points_in_gp_table_minus1[i] shall be in the range of 0 to
57 + QpBdOffsetc - ( global_offset_flag==1716:0), inclusive.

delta_qgp_in_val_minus1[i][j] plus 1 specifies a delta value used to derive the input coordinate of the
j-th pivot point of the i-th chroma QP mapping table.

delta_qp_out_val[ i ][ j ] specifies a delta value used to derive the output coordinate of the j-th pivot point
of the i-th chroma QP mapping table.
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The i-th chroma QP mapping tables ChromaQpTable[ i ] fori = 0..( same_qp_table_for_chroma? 0:1) are
derived as follows:

startQp = ( global_offset_flag == 1) ? 16 : -QpBdOffsetc
gpInVal[i][ 0] = startQP + delta_gp_in_val_minus1[i][ 0]
gpOutVal[i][ 0] = startQP + delta_qp_in_val_minus1[i][ 0] + delta_gp_out_val[i][ 0]
for(j=1;j <= num_points_in_qp_table_minus1[i]; j++ ) {
gpInVal[i][j]=gpInVal[i][j- 1]+ delta_gp_in_val_minus1[i][j] + 1
qpOutVal[i][j] =qpOutVal[i][j- 1]+ (delta_gp_in_val_minus1[i][j]+ 1 - (74)
delta_gp_out_val[i][j]

)
ChromaQpTable[i][ qpInVal[i][0]]=qgpOutVal[i][ 0]

for(k=gpInVal[i][ 0] - 1; k>= -QpBdOffsetc; k- - )
ChromaQpTable[i][ k] = Clip3( -QpBdOffsetc, 57, ChromaQpTable[i ][k + 1¢)+1)

for(j = 0;j <num_points_in_qp_table_minus1[i]; j++){
sh = (delta_gp_in_val_minus1[i][j+1]+1)>>1
for(k=qgpInVal[i][j]+1, m=1;k<=qgplnval[i][j+1]; k++ m+x)
ChromaQpTable[i][ k] = ChromaQpTable[i ][ gpInVal[ i |} +
(delta_gp_out_val[i][j+1]*m+sh) /(delta_gp_in_val_minus1[i][j+1]+1)

}

for( k = gpInVal[ i ][ num_points_in_qp_table_minus1[i]{#1; k<=57; k++)
ChromaQpTable[i][ k] = Clip3( -QpBdOffsetc, 57,,ChromaQpTable[i][k-1]+ 1)

When sdme_qp_table_for_chroma is equal to 1, ChromaQpTable[ 1 ][ k] is set equal to
ChromaQ)pTable[ 0 ][ k] for k = -QpBdOffsetc..57.

The valyes of gqpInVal[i][j] and gpOutval[ i ][ j] shall be in the range of —-QpBdOffsetc to 57, inclusive,
fori=0,}( same_qp_table_for_chroma? 0: 1) aridj = 0..num_points_in_qp_table_minus1[i].

vui_parameters_present_flag equal tqg 1\v'specifies that the vui_parameters() syntax structure as
specified in AnnexE is present., vui_parameters_present_flag equal to 0 specifies that the
vui_pargmeters( ) syntax structure-as-specified in Annex E is not present.

7.4.3.2 |PPS RBSP semantics

pps_pic|parameter_set-id identifies the PPS for reference by other syntax elements. The value of
pps_pic_parameter_set id shall be in the range of 0 to 63, inclusive.

pps_seq parameter_set_id specifies the value of sps_seq_parameter_set_id for the active SPS. The valule
of pps_seq_parameter_set_id shall be in the range of 0 to 15, inclusive.

num_refidx_default-ac _ US e s-egualto 0 s es dvaly
variable NumRefldxActive[ 0 ] for P or B slices with num_ref idx_active_override_flag equal to 0, and,
when i is equal to 1, specifies the inferred value of NumRefldxActive[1] for B slices with
num_ref_idx_active_override_flag equal to 0. The value of num_ref _idx_default_active_minus1[ i ] shall be

in the range of 0 to 14, inclusive.

additional_lt_poc_lsb_len specifies the value of the variable MaxLtPicOrderCntLsb that is used in the
decoding process for reference picture lists as follows:

MaxLtPicOrderCntLsb = 2(log2_max pic_order_cnt_Isb_minus4 + 4 + additional_lt_poc_lsb_len ) (7 5)
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The value of additional It_poc_Isb_len shall be in the range of 0 to
32 -log2_max_pic_order_cnt_Isb_minus4 - 4, inclusive.

When long_term_ref_pics_flag is equal to 0, the value of additional_lt_poc_lsb_len is inferred to be equal
to 0.

rpl1_idx_present_flag equal to 0 specifies that ref_pic_list_sps_flag[ 1 ] and ref _pic_list_idx[ 1 ] are not
present in slice headers. rpll_idx_present_flag equal to 1 specifies that ref _pic_list_sps_flag[ 1] and
ref_pic_list_idx[ 1 ] may be present in slice headers.

<

Vhen sps_rlp_flag is equal to 0, rpl1_idx_present_flag shall be equal to 0.
single_tile_in_pic_flag equal to 1 specifies that there is only one tile in each picture referring to|the PPS.
single_tile_in_pic_flag equal to O specifies that there is more than one tile in each picture referripg to the
HPS.

The value of single_tile_in_pic_flag shall be the same for all PPSs that are activated within a CVS.

num_tile_columns_minus1 plus 1 specifies the number of tile ¢olumns partitioning the|picture.
num_tile_columns_minus1 shall be in the range of 0 to PicWidthInCtbsY - 1, inclusive. When not|present,
the value of num_tile_columns_minus1 is inferred to be equal to 0:

num_tile_rows_minus1l plus 1 specifies the number’ of tile rows partitioning the |picture.
num_tile_rows_minus1 shall be in the range of 0 to PicHeightInCtbsY - 1, inclusive. When not present, the
vialue of num_tile_rows_minus1 is inferred to be equakto0.

The variable NumTilesInPic is set equal to
(Inum_tile_columns_minus1 + 1 ) * ( num_tile_.rews_minus1 + 1).

<

Vhen single_tile_in_pic_flag is equal to O, NumTilesInPic shall be greater than 1.

niform_tile_spacing_flag equal-to”1 specifies that tile column boundaries and likewise [tile row
oundaries are distributed uniformly across the picture. uniform_tile_spacing_flag equal to 0 ppecifies
hat tile column boundaries.and likewise tile row boundaries are not distributed uniformly aqross the
icture but signalled explicitly using the syntax elements tile_column_width_minusl|i] and
le_row_height_minus1[4iJ]. When not present, the value of uniform_tile_spacing flag is inferrged to be
qual to 1.

Q o490 oo o

jle_column_width_minus1[i] plus 1 specifies the width of the i-th tile column in units pf CTBs.
le_column_width_minus1 shall be in the range of 0 to PicWidthInCtbsY - num_tile_columns_mihus1 - 1,
hclusive..~\The sum of (tile_column_width_minus1[i]+1) for i ranging from| 0 to
um_tile=eolumns_minus1 - 1 is less than PicWidthInCtbsY.

— =+ e

[

jle_row_height minus1[i] plus 1 specifies the height of the i-th tile row in units ¢f CTBs.
tile_row_height_minus1 shall be in the range of 0 to PicHeightInCtbsY - num_tile_rows_minus1 -1,
inclusive. The sum of ( tile_row_height_ minus1[i] + 1) for i ranging from 0 to num_tile_rows_minus1 - 1
is less than PicHeightInCtbsY.

loop_filter_across_tiles_enabled_flag equal to 1 specifies that in-loop filtering operations may be
performed across tile boundaries in pictures referring to the PPS. loop_filter_across_tiles_enabled_flag
equal to 0 specifies that in-loop filtering operations are not performed across tile boundaries in pictures
referring to the PPS. The in-loop filtering operations include the deblocking filter and adaptive loop filter
operations. When not present, the value of loop_filter_across_tiles_enabled_flag is inferred to be equal to
1.
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tile_offs

et_len_minus1 plus 1 specifies the length, in bits, of the entry_point_offset_minus1[i] syntax

elements in the slice headers referring to the PPS. The value of tile_offset_len_minus1 shall be in the range
of 0 to 31, inclusive.

tile_id_len_minus1 plus 1 specifies the number of bits used to represent the syntax element
tile_id_val[ i ][ j ], when present, in the PPS, and the syntax element first_tile_id and last_tile_id in slice

headers

referring to the PPS. The value of tile_id_len_minusl shall be in the range of

Ceil( Log2( NumTilesInPic ) ) - 1 to 15, inclusive.
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 tile_id_flag equal to 1 specifies that tile ID for each tile is explicitly signalled. explicit_tile_id_flalg
0 specifies that tile IDs are not explicitly signalled.

al[i][j] specifies the tile ID of the tile of the i-th tile row and the j-th tile column. The\length of
hl[1][ ] is tile_id_len_minus1 + 1 bits.

nteger m in the range of 0 to num_tile_columns_minus1, inclusive, and any intéger n in the rang
pm_tile_rows_minus1, inclusive, tile_id_val[ i ][ j ] shall not be equal to tile_idyval[ m ][ n ] when
ual to m or j is not equal to n, and tile_id_val[ i ][ j ] shall be less thantileid_val[ m ][ n ] whe
_tile_columns_minus1 + 1 ) +iis less than n * ( num_tile_columns_mitus1 + 1 ) + m.

= =

wing variables are derived by invoking the CTB raster and tile;secanning conversion process ds
| in subclause 6.5.1:

list ColWidth[i] for i ranging from 0 to num_tile_celumns_minus1, inclusive, specifying thie
th of the i-th tile column in units of CTBs,

(s

ist RowHeight[ j ] for j ranging from 0 to num_tile*rows_minus1, inclusive, specifying the heigh
e j-th tile row in units of CTBs,

list ColBd[i] for i ranging from O to.fitim_tile_columns_minus1 + 1, inclusive, specifying thie

istRowBd] j ] forj ranging from 0-to num_tile_rows_minus1 + 1, inclusive, specifying the locatio
e j-th tile row boundary in units of CTBs,

=}

ist CtbAddrRsToTs|[ ctbAddrRs ] for ctbAddrRs ranging from 0 to PicSizeInCtbsY - 1, inclusive,
ifying the conversionfrom a CTB address in the CTB raster scan of a picture to a CTB address in
file scan,

ist CtbAddrTsToRs[ ctbAddrTs ] for ctbAddrTs ranging from 0 to PicSizelnCtbsY - 1, inclusive,
ifying the’conversion from a CTB address in the tile scan to a CTB address in the CTB raster scap
picture;

— the

istTileld[ ctbAddrTs ] for ctbAddrTs ranging from 0 to PicSizeInCtbsY - 1, inclusive, specifyinig

the conversion from a CTB address in tile scan to a tile ID,

— the list NumCtusInTile[ tileldx ] for tileldx ranging from 0 to PicSizeInCtbsY - 1, inclusive, specifying
the conversion from a tile index to the number of CTUs in the tile,

— the set TileldToldx]| tileld ] for a set of NumTilesInPic tileld values specifying the conversion from a

tile

ID to a tile index and the list FirstCtbAddrTs] tileldx] for tileldx ranging from O to

NumTilesInPic - 1, inclusive, specifying the conversion from a tile ID to the CTB address in tile scan
of the first CTB in the tile,

70
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— thelist FirstCtbAddrTs] tileldx ] for tileldx ranging from 0 to NumTilesInPic - 1, inclusive, specifying

the conversion from a tile ID to the CTB address in tile scan of the first CTB in the tile,

— the lists ColumnWidthInLumaSamples[i] for i ranging from 0 to num_tile_columns_minusl,

inclusive, specifying the width of the i-th tile column in units of luma samples,

— the list RowHeightInLumaSamples|[j] for j ranging from 0 to num_tile_rows_minus1, inclusive,

specifying the height of the j-th tile row in units of luma samples.

he values of ColumnWidthInLumaSamples| 1| for 1 ranging from 0 to num_tile_columns)
hclusive, and RowHeightlnLumaSamples[ j ] for j ranging from 0 to num_tile_rows_minu$1,i
hall all be greater than 0.

v =

PS. pic_dra_enabled_flag equal to 0 specifies that DRA is not enabled for all decoded pictures j
b the PPS. When not present, pic_dra_enabled_flag is inferred to be equal to 0. When sps_dra_flag
b 0, pic_dra_enabled_flag shall be equal to 0.

o ot s

ic_dra_aps_id specifies the adaptation_parameter_set_id of the DRA APS that is enabled for
gictures referring to the PPS.

e o]

The Temporalld of the APS NAL unit having aps<params_type equal to DRA_A
picture associated with the PPS.
When multiple APSs of DRA_APS type with the samé,value of adaptation_parameter_set_id are

tp by two or more pictures within a CVS, the multiple APSs of type DRA_APS with the same
addaptation_parameter_set_id shall have the same content.

L

rbitrary_slice_present_flag equal to 1 §pecifies that the syntax element arbitrary_slice_flag is
n slice headers referring to the PPS:larbitrary_slice_present_flag equal to 0 specifies that th
lement arbitrary_slice_flag is not-present in slice headers referring to the PPS.

@ =

onstrained_intra_pred_flag'equal to 0 specifies that intra prediction allows usage of decoded
f neighbouring coding ) blocks coded wusing either intra or inter prediction
onstrained_intra_pred_flag equal to 1 specifies constrained intra prediction, in which ca
rediction only uses-decoded samples from neighbouring coding blocks coded using intra pi
hodes.

00T O a6

u_qp_delta_enabled_flag equal to 1 specifies that the log2_cu_qp_delta_area_minus6 syntax el

nit syntax. cu_qp_delta_enabled_flag equal to 0 specifies that that the log2_cu_qp_delta_ared
yntax‘element is not present in the PPS and cu_qp_delta_abs and cu_qp_delta_sign_flag are not

minus1,
nclusive,

ic_dra_enabled_flag equal to 1 specifies that DRA is enabled for all decoded pieture referring to the

eferring
is equal

decoded

PS and

addaptation_parameter_set_id equal to pic_dra_aps_id shallbe less than or equal to the Temporalld of the

referred
value of

present
£ syntax

samples

modes.
se intra
ediction

ement is
ansform
| minus6
present

q
pgresent inthe PPS and that cu_qp_delta_abs and cu_qp_delta_sign_flag may be present in the ty
u
S
i

h the transform unit syntax.

log2_cu_qp_delta_area_minus6 specifies the cuQpDeltaArea value of coding units that
cu_gp_delta as follows:

cuQpDeltaArea = log2_cu_qp_delta_area_minus6 + 6

convey

(76)

The value of log2_cu_qp_delta_area_minusé6 shall be in the range of 0 to 2 * CtbLog2SizeY - 6, inclusive.
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7.4.3.3 APS RBSP semantics

Each APS RBSP shall be available to the decoding process prior to it being referenced, included in at least
one access unit with Temporalld less than or equal to the Temporalld of the coded slice NAL unit that
refers it or provided through external means.

For all APS NAL units with aps_param_type equal to ALF_APS or DRA_APS, it is the requirement of
bitstream conformance that number of APS NAL units within an access unit shall not exceed 32 for each
of the APS types.

adaptation_parameter_set_id provides an identifier for the APS for reference by other syntax elements.

APS NAL units with different values of aps_params_type use separate values spaces fd
adaptation_parameter_set_id.

=]

When aps_params_type is equal to ALF_APS or DRA_APS, the value of adaptation_parameter_set_id shall
be in thg range of 0 to 31, inclusive.

All AP$ NAL wunits with aps_param_type equal to ALF_APS and(a particular value qf
adaptation_parameter_set_id within an access unit, shall have the same contént.

All AP$ NAL units with aps_param_type equal to DRA_APS and a particular value of
adaptation_parameter_set_id within a CVS, shall have the same content.

NOTE An APS NAL unit (with a particular value of adaptation.parameter_set_id and a particular value ¢f
aps_params_type) can be shared across pictures, and different slices within a picture can refer to different ALF APSs.

aps_parjams_type specifies the type of APS parameters carried in the APS as specified in Table 7.

Table 7 — APS parameters type codes and types of APS parameters

aps_params_type Name of aps_params_type Type of APS parameters
0 ALF_APS ALF parameters
1 DRA(APS DRA parameters
2.7 Reserved Reserved

aps_extension_flag equalto 0 specifies that no aps_extension_data_flag syntax elements are present i
the APS RBSP syntax structure. aps_extension_flag equal to 1 specifies that there an
aps_extgnsion_dataiflag syntax elements present in the APS RBSP syntax structure. Bitstream
conforming to this’version of this document shall have aps_extension_flag value be equal to 0.

wn O =

aps_extension_data_flag may have any value. Its presence and value do not affect decoder conformande
to profiles specified in this version of this document. Decoders conforming to this version of this
document shall ignore all aps_extension_data_flag syntax elements.

7.4.3.4 Filler data RBSP semantics

The filler data RBSP contains bytes whose value shall be equal to 0xFF. No normative decoding process
is specified for a filler data RBSP.

ff_byte is a byte equal to OxFF.
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7.4.3.5 Supplemental enhancement information RBSP semantics

Supplemental enhancement information (SEI) contains information that is not necessary to decode the
samples of coded pictures from VCL NAL units. An SEI RBSP contains one or more SEI messages.

7.4.3.6 Slice layer RBSP semantics

The slice layer RBSP consists of a slice header and slice data.

71-4.3.7 RBSP slice trailing bits semantics

cdabac_zero_word is a byte-aligned sequence of two bytes equal to 0x0000.

—

et the variable NumBytesInPicVclNalUnits be the sum of the values of NumByteshiNalUnit fo
AL units of a coded picture.

=z

—

et the variable BinCountsInPicNalUnits be the number of times thatthe’ parsing process
ecodeBin( ), specified in subclause 9.3.4.3, is invoked to decode the conténts of all VCL NAL 4
oded picture.

Q

Llet the variable RawMinCuBits be derived as follows:

RawMinCuBits = MinCbSizeY * MinCbSizeY *
( BitDepthy + ( ( ChromaArrayType != 0)? 2 * BitDepthc / ( SubWidthC * SubHeightC): 0)

—

he value of BinCountsInNalUnits shall be less thati or equal to (32 + 3 ) * NumBytesInVcIN
(|[RawMinCuBits * PicSizeInMinCbsY ) + 32.

=z

OTE The constraint on the maximum number of bins resulting from decoding the contents of the cg
pgment NAL units can be met by inserting a‘aumber of cabac_zero_word syntax elements to increase th
umBytesInVclNalUnits.

=

7.4.3.8 RBSP trailing bits semantics

]

bsp_stop_one_bit shall be equal to 1.

[

bsp_alignment_zero-bit shall be equal to 0.

71-4.3.9 Byte alignment semantics

<+

lignmernt_bit_equal_to_one shall be equal to 1.

<}

lighment_bit_equal_to_zero shall be equal to 0.

r all VCL

function
nits of a

) (77)

h1Units +

ded slice
b value of

7.4.4 Supplemental enhancement information message semantics

Each SEI message consists of the variables specifying the type payloadType and size payloadSize of the

SEI message payload. SEI message payloads are specified in Annex D. The derived SEI message

payload

size payloadSize is specified in bytes and shall be equal to the number of RBSP bytes in the SEI message

payload.
payload_type_byte is a byte of the payload type of an SEI message.

payload_size_byte is a byte of the payload size of an SEI message.
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7.4.5 Slice header semantics

When present, the value of the slice header syntax elements slice_pic_parameter_set_id,
no_output_of_prior_pics_flag, slice_pic_order_cnt_lsb, and ref_pic_flag shall be the same in all slice headers
of a coded picture.

slice_pic_parameter_set_id specifies the value of pps_pic_parameter_set_id for the PPS in use. The value
of slice_pic_parameter_set_id shall be in the range of 0 to 63, inclusive.

single_tfle_in_slice_flag equal to T specifies that there is only one tile in the slice. single_tile_in_slice_flalg
equal tq O specifies that there is more than one tile in the slice. When not present, the value-qf
single_tile_in_slice_flag is inferred to be equal to 1.

first_til¢_id specifies the tile ID of the first tile of the slice. The length of finst tile_id is
tile_id_lgn_minus1 + 1 bits. The value of first_tile_id shall not be equal to the value of first tile_id of anly

other co
equal to

When tHere is more than one slice in a picture, the decoding order of the slices)in the picture shall be ip

increasi

arbitrai
the picty
equal to
When n

last_tile
bits. Wh

When al
NumTilg

ded slice of the same coded picture. When not present, the value of first_tile(id-is inferred to bie
0.

g value of first_tile_id.

y_slice_flag equal to 1 specifies that the tiles in the slice majrbe any set of two or more tiles of
Ire and the tile ID of each of the tiles is explicitly signalled-in.the slice header. arbitrary_slice_flalg
0 specifies the tiles in the slice are identified by the syntax elements first_tile_id and last_tile_idl.
t present, the value of arbitrary_slice_flag is inferredto'be equal to 0.

| id specifies the tile ID of the last tile of the slice. The length of last_tile_id is tile_id_len_minus1 + [l
en not present, the value of last_tile_id is inferred to be equal to first_tile_id.

bitrary_slice_flag is equal to 0, the varidbles numTileRowsInSlice, numTileColumnsInSlice, and
sInSlice are derived as follows:

firstTileldx = TileldToldx] first. tile_id ]

firstTileColumnldx = firstTileldx % ( num_tile_columns_minus1 + 1)
lastTileldx = TileldToldx[(last_tile_id ]

lastTileColumnldx = lastTileldx % ( num_tile_columns_minus1 + 1)

deltaTileldx = lastTileldx - firstTileldx
if( lastTileldx € firstTileldx ) {
if( firstTileColumnldx > lastTileColumnldx ) (78
deltaTileldx += NumTilesInPic + num_tile_columns_minus1 + 1
else
deltaTileldx += NumTilesInPic
}else if( firstTileColumnldx > lastTileColumnldx )
deltaTileldx += num_tile_columns_minus1 + 1
numTileRowsInSlice = ( deltaTileldx / ( num_tile_columns_minus1 +1)) +1
numTileColumnsInSlice = ( deltaTileldx % ( num_tile_columns_minus1 +1))+1
NumTilesInSlice = numTileRowsInSlice * numTileColumnsInSlice

When arbitrary_slice_flag is equal to 0, the variable SliceTileldx][ i ] specifies the tile index of the i-th tile
in the slice and is derived as follows:

74

tileldx = TileldToldx][ first_tile_id ]
for(j =0, cldx = 0; j < numTileRowsInSlice; j+ +, tileldx += num_tile_columns_minus1 + 1) {
tileldx = tileldx % NumTilesInPic
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for(i=0, currTileldx = tileldx; i < numTileColumnsInSlice; i++, currTileldx++, cldx++) {
if( currTileldx / ( num_tile_columns_minus1 + 1) >

tileldx / ( num_tile_columns_minus1 + 1)) (79)
SliceTileldx[ cldx ] = currTileldx - ( num_tile_columns_minus1 + 1)
else
SliceTileldx][ cldx ] = currTileldx
}
}

um_remaining tiles_in_slice_minus1 specifies the number of tiles in the slice excluding the(first tile
f the slice. The value of num_remaining tiles in_slice_minusl shall be in the range [of 0 to
umTilesInPic - 1, inclusive.

=Z 0O =

When arbitrary_slice_flag is equal to 1, the variable NumTilesInSlice is derived as follows:

NumTilesInSlice = num_remaining_tiles_in_slice_minus1 + 2 (80)

o

elta_tile_id_minus1][ i ] specifies the difference between the tile ID of thelfi + 1)-th tile and the tile ID of
th tile in the slice. The value of delta_tile_id_minus1] i ] shall be in the(range of 0 to 2(tile_id.len_ minug1+1) — 1,
hclusive.

—

<

Vhen arbitrary_slice_flag is equal to 1, the variable SliceTileldk{ i | for i in the range 0 to NumTilgsInSlice
1, inclusive, is derived as follows:

sliceTileld[i]=i> 07 (sliceTileld[i- 1] + delta_tile_id_minus1[i—- 1]+ 1): first_tile_id (81)
liceTileldx[ i ] = TileldToldx[ sliceTileld| i} ] (82)

slice_type specifies the coding type of the slice according to Table 8.

Table'8'— Name association to slice_type

slice_type Name of slice_type
0 B (B slice)
1 P (P slice)
2 I (I'slice)

When NalUnitType is equal to IDR_NUT, i.e., the picture is an IDR picture, slice_type shall be equpl to 2.

o_output_of_prior_pics_flag affects the output of previously-decoded pictures in the decoded picture
. . ' ' . ' ' ' e | ' pdcified in

mmvd_group_enable_flag equal to 1 specifies that the syntax element mmvd_group_idx is present.
mmvd_group_enable_flag equal to 0 specifies that the syntax element mmvd_group_idx is not present.
When not present, the value of mmvd_group_enable_flag is inferred to be equal to 0.

slice_alf_enabled_flag equal to 1 specifies that adaptive loop filter is enabled and may be applied to Y,
Cb, or Cr colour component in a slice. When ChromaArrayType is in the range from 0 to 2, inclusive,
slice_alf_enabled_flag equal to 0 specifies that adaptive loop filter is disabled for all colour components in
aslice. When ChromaArrayType is equal to 3, slice_alf_enabled_flag equal to 0 specifies that adaptive loop
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filter is disabled for Y components in a slice. When not present, the value of slice_alf_enabled_flag is
inferred to be equal to 0.

slice_alf_chroma_idc equal to 0 specifies that the ALF is not applied to Cb and Cr colour components in
a slice. slice_alf chroma_idc equal to 1 indicates that the adaptive loop filter can be applied to the Cb
colour component, slice_alf_chroma_idc equal to 2 indicates that the adaptive loop filter can be applied to
the Cr colour component, and slice_alf_chroma_idc equal to 3 indicates that the adaptive loop filter can
be applied to Cb and Cr colour components. When alf_chroma_idc is not present, it is inferred to be equal
to 0.

[on

When [slice_alf chroma_idc is equal to 0, the variables sliceChromaAlfEnabledFlag.|an
sliceChrpmaZ2AlfEnabledFlag are set equal to 0.

If slice_alf chroma_idc is equal to 1 or 3, the variable sliceChromaAlfEnabledFlag is set’equal to 1.
Otherwike, the variables sliceChromaAlfEnabledFlag is set equal to 0.

If slice_alf chroma_idc is equal to 2 or 3, the variable sliceChromaZAlfEnabledFlag is set equal to 1.
Otherwike, the variables sliceChroma2AlfEnabledFlag is set equal to 0.

When ChromaArrayType is equal to 0, it is requirement of bitstream conformance that the value of
slice_alf{chroma_idc shall be equal to 0.

slice_alf luma_aps_id specifies the adaptation_parameter_set_id.of.the ALF APS to be used for filteri

of lumg component of the current slice. The Temporalld of the ALF APS NAL unit havigﬁ
adaptation_parameter_set_id equal to slice_alf_luma_aps_id shall be less than or equal to the Temporall
of the ¢oded slice NAL unit. The value of alf luma_filter signal_flag of the APS NAL unit haVinF
aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to slice_alf luma_aps_id shall
be equal to 1.

(o9

slice_alf chroma_aps_id specifies the adaptation_parameter_set_id of the ALF APS to be used in the
current glice for filtering of Cb chroma compenent, when ChromaArrayType is in the range from 1 to 3,
inclusive, and Cr chroma components when'‘ChromaArrayType is in the range from 1 to 2, inclusive. Thie
Temporalld of the ALF APS NAL unit having adaptation_parameter_set_id equal to slice_alf_chroma_aps_id
shall be |ess than or equal to the Temporalld of the coded slice NAL unit.

When ChromaArrayType is equalto 3, the value of alf luma_filter_signal_flag of the APS NAL unit having
aps_params_type equal to ALF. APS and adaptation_parameter_set_id equal to slice_alf chroma_aps_id
shall be pqual to 1.

[

When ChromaArrayType is equal to 1 or 2, the value of alf chroma_filter_signal_flag of the APS NAL un
having | aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal ¢
slice_alf|[chronia_aps_id shall be equal to 1.

=}

slice_alf chroma2_aps_id specifies the adaptation_parameter_set_id of the ALF APS to be used fqr
filtering of chroma Cr component of the current slice, when ChromaArrayType is equal to 3. The
Temporalld of the ALF APS NAL wunit having adaptation_parameter_set.id equal to
slice_alf chroma2_aps_id shall be less than or equal to the Temporalld of the coded slice NAL unit.

The value of alf_luma_filter_signal_flag of the APS NAL unit having aps_params_type equal to ALF_APS and
adaptation_parameter_set_id equal to slice_alf_chroma?2_aps_id shall be equal to 1.

When multiple ALF APSs with the same value of adaptation_parameter_set_id are referred to by two or

more slices of the same picture, the multiple ALF APSs with the same value of
adaptation_parameter_set_id shall have the same content.
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slice_alf map_flag equal to 1 specifies that adaptive loop filter applicability map for luma component is
signalled. slice_alf_map_flag equal to 0 specifies that adaptive loop filter applicability map for luma is not
signalled. When not present, the value of slice_alf map_flag is inferred to be equal to 0.

slice_alf_chroma_map_flag equal to 1 specifies that adaptive loop filter applicability map for Cb
component is signalled. slice_alf chroma_map_flag equal to 0 specifies that adaptive loop filter
applicability map for Cb component is not signalled. When not present, the value of
slice_alf_chroma_map_flag is inferred to be equal to 0.

ice_alf chroma2_map_flag equal to 1 specifies that adaptive loop filter applicability map for Cr
cdomponent is signalled. slice_alf chroma2_map_flag equal to 0 specifies that adaptivé |lopp filter
pplicability map for Cr component is not signalled. When not present, (the value of
slice_alf_chroma2_map_flag is inferred to be equal to 0.

ice_pic_order_cnt_Isb when present, specifies the picture order count modulo,MaxPicOrderCnptLsb for
he current picture. The length of the slice_pic_order_cnt Isb) “syntax element is
hg2_max_pic_order_cnt_Isb_minus4 + 4 bits. When not present, the valuelof slice_pic_order_gnt_Isb is
hferred to be equal to 0.

=t

[ —

ef_pic_list_sps_flag[ i | equal to 1 specifies that reference picturelisti of the current picture i derived
ased on one of the ref_pic_list_struct( listldx, rplsldx, ltrpFlag ) syntax structures with listldx gqual to i
h the active SPS. ref_pic_list_sps_flag[ i ] equal to 0 specifies‘that reference picture list i of thg current
icture is derived based on the ref_pic_list_struct( listldx, rplsldx, ltrpFlag ) syntax structure with listldx
qual to i that is directly included in the slice "headers of the current picturq When
um_ref pic_lists_in_sps[i] is equal to 0, the value ofiref pic_list_sps_flag[ i ] shall be equal to |0. When
pl1_idx_present_flag is equal to 0 and refdiclist sps_flag[0] is present, the vplue of
ef_pic_list_sps_flag[ 1] is inferred to be equal to ref_pic_list_sps_flag[ 0 ]. When not present, the|value of
ep_pic_list_sps_flag[ i ] is inferred to be equalto 0.

e Tl = T e o Bl =t o il

ef_pic_list_idx[i] specifies the index,*into the list of the ref pic_list_struct( listldx, rplsldx, ltrpFlag)
yntax structures with listldx equal-to i included in the active SPS, of the ref_pic_list_struct( listldx,
plsldx, ltrpFlag ) syntax structune with listldx equal to i that is used for derivation of referenc¢ picture
st i of the current picture. The syntax element ref piclist.idx[i] is represented by
eil( Log2( num_ref_pic_listssin’sps[i])) bits. When not present, the value of ref pic_list_idx[i] is
hferred to be equal to—0. The value of ref pic_list.idx[i] shall be in the range of 0 to
um_ref pic_lists_in_sps[i] -1, inclusive. When rpll_idx_present_flag is equal to |0 and
ef pic_list_sps_flag[(0,}” is present, the value of ref pic_list.idx[1] is inferred to be ¢qual to
ef_pic_list_idx[ 04

Tl il Bl il o W vl T B

—]

he variable-SliceRplsldx[ i ] is derived as follows:

SliceRplsldx[ i | = ref_pic_list_sps_flag[ i ] ? ref_pic_list_idx[ i ] : num_ref _pic_lists_in_sps]|i] (83)

dditional poc Isb present flag[i][j]equalto 1 specifies thatadditional poc Isb val[i][]]is|present.
additional_poc_lsb_present_flag[i][j] equal to O specifies that additional_poc_lIsb_val[i][j] is not
present.

additional_poc_lsb_val[ i ][ j ] specifies the value of FullPocLsbLt[i][ j ] as follows:

FullPocLsbLt[i][ SliceRplsIdx[i]][j] = additional_poc_lsb_val[i][ j ] * MaxPicOrderCntLsb +
poc_Isb_It[i][ SliceRplsIdx[i]][j] (84)

The syntax element additional_poc_lsb_val[i][j ] is represented by additional_It_poc_lsb_len bits. When
not present, the value of additional_poc_lsb_val[i][ j ] is inferred to be equal to 0.
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num_ref_idx_active_override_flag equal to 1 specifies that the syntax element
num_ref idx_active_minus1[ 0] is present for P and B slices and that the syntax element
num_ref_idx_active_minus1[ 1] is present for B slices. num_ref idx_active_override_flag equal to 0
specifies that the syntax elements num_ref idx_active_minus1[ 0 ] and num_ref_idx_active_minus1[ 1 ]
are not present.

num_ref_idx_active_minus1[ i ], when present, specifies the value of the variable NumRefldxActive[ i ]
as follows:

NumRefldxActive[i] = num_ref_idx_active_minus1[i] + 1 (85

The valye of num_ref idx_active_minus1][i ] shall be in the range of 0 to 14, inclusive.

—e

The valde of NumRefldxActive[ i ] - 1 specifies the greatest reference index for reference picture list
that may be used to decode the slice. When the value of NumRefldxActive[ i] is equal t0.0, no referende
index for reference picture list i may be used to decode the slice.

Forieqyal to 0 or 1, when the current slice is a B slice and num_ref_idx_active_override_flag is equal to (),
NumRef]dxActive[i] is inferred to be equal to num_ref_idx_default_active_mitus1[i] + 1.

When the current slice is a P slice and num_ref idx_active_override_flag is equal to 0,
NumRef]dxActive[ 0 ] is inferred to be equal to num_ref_idx_default_adetive_minus1[ 0 ] + 1.

When the current slice is a P slice, NumRefldxActive[ 1 ] is inferred to be equal to 0.

When tHe current slice is an I slice, both NumRefldxActive[c0 ] and NumRefldxActive[ 1 | are inferred tp
be equal to 0.

temporal_mvp_assigned_flag specifies whether temporal motion vector predictors derivation procegs
is to be ¢onfigured with additional parameters signalled in the bitstream. When not present, the value ¢
tempordl_mvp_assigned_flag is inferred to be.équal to 0.

"

=)

col_pic_Jist_idx specifies the reference“picture list for currently coded slice for the derivation d
collocated picture for purposes of temporal motion vector prediction. When col_pic_list_idx is nd
present,|and slice_type is equal to(P the col_pic_list_idx is inferred to be equal to 0. When col_pic_list_id
is not priesent, and slice_type is equal to B the col_pic_list_idx is inferred to be equal to 1.

<ot

=)

col_source_mvp_list_idx-specifies the reference picture list in collocated location for the derivation d
motion | vector candidate for purposes of temporal motion vector prediction. Whep
col_source_mvp_list idxis not present, col_source_mvp_list_idx is inferred to be equal to 0.

<

col_pic_ref idx-specifies the reference index used for temporal motion vector prediction. col_pic_ref_id
refers td a picture in RefPicList[ col_pic_list_idx ] of the current picture, and the value of col_pic_ref_id
shall be jii-the range of 0 to num_ref_idx_active_minus1| col_pic_list_idx ], inclusive. When col_pic_ref_id
is not present, col_pic_ref_idx is inferred to be equal to 0.

<

<

slice_deblocking filter_flag equal to 1 specifies that the operation of the deblocking filter is applied for
the current slice. slice_deblocking_filter_flag equal to 0 specifies that the operation of the deblocking filter
is not applied for the current slice.

slice_alpha_offset specifies the offset used in Table 34 and Table 35 for deblocking filtering operations
the slice. From this value, the offset that shall be applied when addressing these tables shall be computed

as:

FilterOffsetA = slice_alpha_offset (86)

78 © ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=caf991f23122d29f070ff293f89a846f

ISO/IEC 23094-1:2020(E)

The value of slice_alpha_offset shall be in the range of =12 to +12, inclusive. When slice_alpha_offset is
not present in the slice header, the value of slice_alpha_offset shall be inferred to be equal to 0.

slice_beta_offset specifies the offset used in Table 34 for deblocking filtering operations within the slice.
From this value, the offset that is applied when addressing Table 34 of the deblocking filter shall be
computed as:

FilterOffsetB = slice_beta_offset (87)

he value of slice_beta_offset shall be in the range of =12 to +12, inclusive. When slice_beta_offget is not
present in the slice header the value of slice_beta_offset shall be inferred to be equal to 0.

slice_qp specifies the luma quantization parameter value, Qpy to be used for the coding blocks in fthe slice.
The value of slice_gp shall be in the range of 0 to 51, inclusive.

slice_cb_qgp_offset and slice_cr_qp_offset specify the offsets to the luma quantization paramgter Qpy
used for deriving Qpcy and Qpcr, respectively. The values of slice_cb_qp_offsét and slice_cr_qp_offset shall
He in the range of =12 to +12, inclusive.

ntry_point_offset_minus1[i] plus 1 specifies the i-th entry point.offset in bytes, and is represgnted by
le_offset_len_minus1 plus 1 bits. The slice data that follow the slice header consists of NumTilesInSlice
ubsets, with subset index values ranging from 0 to NumTile§InSlice - 1, inclusive. The first bytte of the
lice data is considered byte 0. Subset 0 consists of bytes 0t0.entry_point_offset_ minus1[ 0 ], inclusive, of
he coded slice data, subset k, with k in the range of 1 toNumTilesInSlice - 2, inclusive, consists|of bytes
rstByte[ k ] to lastByte[ k ], inclusive, of the coded slice’data with firstByte[ k ] and lastByte[ k | defined
S:

QD =+ n n D

firstByte[ k] =Y.X_, (entry_point_offset-minus_1[n — 1] + 1) (88)

lastByte[ k ] = firstByte[ k ] + entty_point_offset_minus1[ k ] (89)

=]

he last subset (with subset index“equal to NumTilesInSlice - 1) consists of the remaining bytes of the
oded slice data.

Q

Hach subset shall consist of all coded bits of all CTUs in the slice that are within the same tile.

71.4.6 Adaptive loopfilter data semantics

alf luma_filterisignal_flag equal to 1 specifies that a Iluma filter set is siignalled.
:I:f_luma_filter_signal_ﬂag equal to 0 specifies that a luma filter set is not signalled. When
f_luma_filter_signal_flag is not present, it is inferred to be equal to 0.

alf chroma_filter_signal flag equal to 1 specifies that chroma filter 1is signalled.
dlf chroma filter signal flag equal to 0 specifies that chroma filter is not signalled. When
alf chroma_filter_signal_flagis not present, itis inferred to be equal to 0. When ChromaArrayType is equal
to 0 or 3, it is requirement of bitstream conformance that the value of alf_chroma_filter_signal_flag shall
be equal to 0.

The variable NumAlfFilters specifying the number of different adaptive loop filters is set equal to 25.
alf luma_num_filters_signalled_minus1 plus 1 specifies the number of adaptive loop filter classes for
which luma coefficients can be signalled. The value of alf_luma_num_filters_signalled_minus1 shall be in

the range of 0 to NumAlfFilters - 1, inclusive.

The variable NumSignalledFilter is set equal to alf_luma_num_filters_signalled_minus1 + 1.
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alf luma_type_flag specifies a type of luma filter. When alf luma_type_flag is equal to 0, the value
LumaMaxGolombldx is set equal to 2 and the variable NumAlfCoefs is set equal to 7, when
alf luma_type_flag is equal to 1, the value LumaMaxGolombldx is set equal to 3 and the variable
NumAlfCoefs is set equal to 13.

The array coefPosMap| ] specified for follows:

— Ifalf luma_type_flag is equal to 0, the following applies:

coefPosMap[[={0,0,1,0,0,2,3,4,0,0,5,6,7} (90
— Otherwise (alf_luma_type_flag is not equal to 0), the following applies:

coefPosMap[]={1,2,3,4,5,6,7,8,9,10,11, 12,13 } (91

[

alf luma_coeff_delta_idx][ i ] specifies the indices of the signalled adaptive loop filter Juma coefficien
deltas fpr the filter class indicated by i ranging from 0 to NumAlfFilters& 1, inclusive. Whe
alf luma coeff_delta_idx[i] is not present, it is inferred to be equal to 0.

=)

The codeword length of alf_luma_cogeff_delta_idx[ i ] is
Ceil( Log2( alf_luma_num_filters_signalled_minus1 + 1 ) ) bits.

alf luma_fixed_filter_usage_pattern equal to 0 specifies that newx filters do not use fixed filter and a]l
entries 3If luma_fixed_filter_usage_flag|[ i ] are set equal to 0. alf:luma_fixed_filter_usage_pattern equal tp
1 specifies all new filters use fixed filter and all entries of alf luma_fixed_filter_usage_flag[ i | are set equal
to 1. alff luma_fixed_filter_usage_pattern equal to 2 specifies that usage of fixed filter is defined by
signalled value of alf_luma_fixed_filter_usage_flag[ i ] syritax elements. The value i shall be in the range
from 0 tp NumAlfFilters - 1, inclusive. The order k ofthe exp-Golomb code used to decode the value of
alf luma fixed_filter_usage_pattern is equal to 0.

alf luma_fixed_filter_usage_flag[i] equall-to 1 specifies i-th filter wuses fixed filter.
alf_lumal fixed_filter_usage_flag[ i | equal to 0 specifies i-th filter does not use fixed filter. When it is nqt
present, alf luma_fixed_filter_usage.flag[i ] is inferred to be equal to 0 f
alf luma fixed_filter_usage_pattern is'equal to 0 and alf_luma_fixed_filter_usage_flag[i] is inferred to be
equal to|1 if alf luma_fixed_filter_usage_pattern is equal to 1.

<

alf luma_fixed_filter_set_idx specifies a fixed filter set index. The value of alf_luma_fixed_filter_set_id
shall be |n a range of 0 to-L5;inclusive.

o

alf luma_coeff_delta/flag equal to 1 indicates that alf luma_coeff_delta_prediction_flag is not signalle
and syntax elements alf_luma_coeff flag[i] are signalled. alf luma_coeff_delta_flag equal to 0 indicate
that alf luma_ceeff_delta_prediction_flag may be signalled and syntax elements alf_luma_coeff flag[i]arn
not signalled.

D wn

alf luma_coeff_delta_prediction_flag equal to T specifies that the signalled luma filter coefficient deltas
are predicted from the deltas of the previous luma coefficients. alf_luma_coeff_delta_prediction_flag equal
to 0 specifies that the signalled luma filter coefficient deltas are not predicted from the deltas of the
previous luma coefficients. When not present, alf luma_coeff _delta_prediction_flag is inferred to be equal
to 0.

alf luma_min_eg_order_minus1 plus 1 specifies the minimum order of the exp-Golomb code for luma
filter coefficient signalling. The value of alf_ luma_min_eg_order_minus1 shall be in the range of 0 to 6,

inclusive.

The variable kMin is set equal to alf luma_min_eg_order_minus1 + 1.
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alf luma_eg_order_increase_flag[ i | equal to 1 specifies that the minimum order of the exp-Golomb
code for luma filter coefficient signalling is incremented by 1. alf_ luma_eg_order_increase_flag[ i ] equal
to 0 specifies that the minimum order of the exp-Golomb code for luma filter coefficient signalling is not
incremented by 1.

With i being in range from 0 to LumaMaxGolombldx - 1, inclusive, the order expGoOrderY| i ] of the exp-
Golomb code used to decode the values of alf_luma_coeff delta_abs[ k][ j ] is derived as follows:

expGoOrderY[i] = kMin + alf luma_eg_order_increase_flag[ i ] (92)

kMin = expGoOrderY[i] (93)

<+

If_luma_coeff_flag[i] equal to 1 specifies that the coefficients of the luma filter ihdicated [by i are
ignalled. alf luma_coeff flag[i] equal to 0 specifies that all filter coefficients of the.luma filter indicated
y i are set equal to 0. When not present, alf_luma_coeff flag[i] is set equal to 1,

o wn

alf luma_coeff_delta_abs[i][j] specifies the absolute value of the j-th coe€fficient delta of the gignalled
ma filter indicated by i. When alf_luma_coeff delta_abs[i][j ] is not presént, it is inferred to be|equal to

[a—

The order k of the exp-Golomb binarization uek(v) is derived as fellows:

golombOrderldxY[]={0,0,1,0,0,1,2,1,0,0, 1, 2} (94)

k = expGoOrderY[ golombOrderldxY[j] ] (95)
alf luma_coeff_delta_sign_flag[i][j ] specifies the sign of the j-th luma coefficient of the filter indicated
by i as follows:

— If alf luma_coeff_delta_sign_flag[i][.j(])is equal to O, the corresponding luma filter coefficignt has a
negative value.

— Otherwise (alf_luma_coeff delta_sign_flag[i][j] is equal to 1), the corresponding luma filter
coefficient has a positive value.

When alf_luma_coeff deltasign_flag[i][j ] is not present, it is inferred to be equal to 1.

The variable filterCoefficients[i][j ] with i = 0..alf_luma_num_filters_signalled|minus1,
= 0.NumAlfCoefs- 2 is initialized as follows:

—

filterCoefficients[i][j ] = alf_luma_coeff delta_abs[i][j]* (96)
(2 *alf_luma_coeff_delta_sign_flag[i][j]-1)

When' alf_luma_coeff_delta_prediction_flag is equal to 1, filterCoefficients[i][j] of luma adaptive loop
fitter setwith T =t-atf tuma_mum_fitters_sigmatted_mimus Tand j=0-NumAlf€oefs—=2are modified as
follows:

filterCoefficients[i][ j ] += filterCoefficients[i -1 ][] 97)
The luma  filter  coefficients  AlfCoeff.[ adaptation_parameter_set_id ] with elements
AlfCoeffi[ adaptation_parameter_set_id ][ filtldx ][ j ], with filtldx = 0..NumAlfFilters - 1 and coefficient

position index j = 0..11 are derived as follows:

— Ifalf luma_fixed_filter_usage_flag| filtldx ] is equal to 1, the following applies:
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outCoef[ filtldx ][ j ] =
AlfFixFiltCoeff[ AlfClassToFiltMap] filtldx ][ alf_luma_fixed_filter_set_idx] filtidx ] ] ][j ] (98)

— Otherwise (alf_luma_fixed_filter_usage_flag] filtldx ] is equal to 0), the following applies:

outCoef[ filtldx ][j] =0

(99)

— For every j with coefPosMap| j ] larger than 0, outCoef] j ] is updated as follows:

outCoef] filtldx |[ | += filterCoetficients| alf_luma_coeff_delta_idx| filtldx | |[ coetPosMap]|j]-1] (100

— The Juma filter coefficients AlfCoeff.[ adaptation_parameter_set_id ][ filtldx ][ j ] is derived asfollows:
AlfCoeffi[ adaptation_parameter_set_id ][ filtldx ][ j ] = outCoef][ j ] (101
The fixed filter coefficients AlfFixFiltCoeff[i][j] with i =0..63, j=0..11 and the class)to filter mappinig
AlfClassToFiltMap[ m ][ n ] with m = 0..24 and n = 0..15 are defined as follows:
AlfFixFiltCoeff[i][j] = (102
{
¢ ol 2, 7, -12, -4, -11, -2, 31, -9, 6, -4, 30},
{ -26,| 4, 17, 22, -7, 19, 40, 47, 49, -28, 35, 48 },
{ -24,| -8, 30, 64, -13, 18, 18, 27, 80, o0, 31, 19 },
{ -4,|-14, 44, 100, -7, 6, -4, 8, 90, 26, 26, -12 ¥,
{ -17,| -9, 23, -3, -15, 20, 53, 48, 16, -25, 42, 661}
{ -12,| -2, 1, -19, -5, 8, 66, 80, -2, -25, 20, ,78\},
{ 2, 8 -23, -14, -3, -23, 64, 86, 35 -17, -4, Q9 },
{ 12, 4, -39, -7, 1, -20, 78, 13, -8, 11, -42/2)98 },
{ 0, 3, -4, 0, 2, =1, 6, 0, 0, 3, %8, 11},
{ 4, -7, 25, =19, -9, 8, 86, 65 -14, -7,\-7, 97 1,
¢ 3, 3 2, -30, 6, -34, 43, 71, -10, . 4 >23, 77},
{ 12,| -3, -34, -14, -5, -14, 88, 28, -12, _\'§, -34, 112 },
¢ -1, e 8 -29, 7, -27, 15, 60, -4, 6, -21, 39 },
¢ 8, -1, -7, —22, 5, -41, 63, 40, -137 7, -28, 105 },
¢ 1| 3 -5, -1, 1, -10, 12, -1,5-0, 3, -9, 19},
{ 10,| -1, -23, -14, -3, -27, 78, 24;\214, 8, -28, 102 },
{ 0, 0, -1, 0, 0, -1, 1, Oy 0, 0, 0, 13,
¢ 7,0 3, -19, -7, 2, 27, s51,- 8, -6, 7, -24, 641},
{ 11,|-10, -22, -22, -11, -12, @8%. 49, -20, 4, -16, 108 },
{ 17, -2, -69, -4, -4, 22,06, 31, -7, 13, -63, 121 },
¢ 1, 4, -1, -7, 5, -2g3~24, 0, 1, 3, -18, 51 },
¢ 3, s, -10, -2, 4, 21%) 17, 1, -2, 6, -16, 27 1,
¢ 9| 2, -23, -5, 6,(-35, 90, 22, 1, 7, -39, 121 },
{ 4, 5, -15, -2, L~-22, 34, -2, -2, 7, -22, 48},
{ 6| 8 -22, -3, &7 -32, 57, -3, -4, 11, -43, 102 },
¢ 2,0 5, -11, 1N, -46, 64, -32, 7, 4, -31, 85},
¢ 5, s, -12, 48N 6, -48, 74, -13, -1, 7, -41, 129 },
{ OI 1, -1, OI 1, 73/ 2/ 0/ 0/ 1, 73/ 41,
¢ -1, 3, 16%42, s, -16, 2, 105, 6, 6, -31, 43},
¢ 7,0 8 <29V -4, -4, -23, 46, 79, 64, -8, -13, 68 },
{ -3,| 12,524, -34, 14, -6, -24, 179, 56, 2, -48, 15 },
{ 8, 6 %16, -25, -1, -29, 68, 84, 3, -3, -18, 94 },
{ -3,| &8, 22, -32, 2, -20, 5, 89, 0, 9, -18, 40 },
{ 14, S22 28— 651067 561>
{ 1, 38, -59, 14, 8, -44, -18, 156, 80, -1, -42, 29 },
{ -1, 2, 4, -9, 3, -13, 7, 17, -4, 2, -6, 17},
{ 11, -2, -15, -36, 2, -32, 67, 89, -19, -1, -14, 103 },
{ -1, 10, 3, -28, 71, -27, 71, 117, 34, 1, -35, 51 },
{ 3, 3 4, -18, 6, -40, 36, 18, -8, 7, -25, 86 },
{ -1, 3, 9, -18, 5, -26, 12, 37, -11, 3, -7, 32},
{ o, 17, -38, -9, -28, -17, 25, 48, 103, 2, 40, 69 },
{ 6, 4, -11, -20, 5, -32, 51, 77, 17, 0, -25, 84 },
{ o, -5, 28, -24, -1, -22, 18, -9, 17, -1, -12, 107 },
{ -10, -4, 17, -30, -29, 31, 40, 49, 44, -26, 67, 67 },
{ -30, -12, 39, 15, -21, 32, 29, 26, 71, 20, 43, 28 },
{ 6 -7, -7, -34, -21, 15, 53, 60, 12, -26, 45, 89 },
{ -1, -5, 59, -58, -8, -30, 2, 17, 34, -7, 25, 111 },
¢ 7, 1, -7, -20, -9, -22, 48, 27, -4, -6, 0, 107 },
{ -2, 22, 29, -70, -4, -28, 2, 19, 94, -40, 14, 110 },
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{ 13, 0, -22, -27, -11, -15, 66, 44, -7, -5, -10, 121 },
{ 10, 6, -22, -14, -2, -33, 68, 15, -9, 5, -35, 135 },
{ 2, 11, 4, -32, -3, -20, 23, 18, 17, -1, -28, 88 },
( o 3 -2, -1, 3, -16, 16, -3, 0, 2, -12, 35},
( 1, 6 -6, -3, 10, -51, 70, -31, 5, 6, —42, 125 },
{ s, -7, 61, -71, -36, -6, -2, 15, 57, 18, 14, 108 },
{( 9, 1, 35, -70, -73, 28, 13, 1, 96, 40, 36, 80 },
{ 11, -7, 33, -72, -78, 48, 33, 37, 35, 1, 85, 76},
{ 4, 15, 1, -26, -24, -19, 32, 29, -8, -6, 21, 125 },
( 11, 8, 14, -57, -63, 21, 34, 51, 71, -3, 69, 89},
{( 7, 16, -7, -31, -38, -5, 41, 44, -11, -10, 45, 109 },
{ 5, 16, 16, -46, -55, 3, 22, 32, 13, 0, 48, 107 },
{ 2, 10, -3, -14, -9, -28, 39, 15, -10, -5, -1, 123},
¢ 3, 11, 11, -27, -17, -24, 18, 22, 2, 4, 3, 100 },
( o 1, 7, -9, 3, -20, 16, 3, -2, 0, -9, 61},

}

AlfClassToFiltMap[m ][ n] = (103)

{
{o, 1, 2, 3, 4 5, 6, 7, 9, 19, 32, 41, 42, 44, 46, 63
(o, 1, 2, 4 5, 6 7, 9, 11, 16, 25, 27, 28, 31, 32, 4D
(s, 7, 9, 11, 12, 14, 15, 16, 17, 18, 19, 21, 22, 27, 31, (3%J},
(7, 8 9, 11, 14, 15, 16, 17, 18, 19, 22, 23, 24, 25, 35036},
(7, 8 11, 13, 14, 15, 16, 17, 19, 20, 21, 22, 23, 24, 25, 27},
(1, 2, 3, 4, 6, 19, 29, 30, 33, 34, 37, 41, 42, 44,{A% 54},
{1, 2, 3, 4, 6, 11, =28, 29, 30, 31, 32, 33, 34, 379%\M7, 63},
(o, 1, 4, 6 10, 12, 13, 19, 28, 29, 31, 32, 34, B5)" 36, 37 },
{6 9 10, 12, 13, 16, 19, 20, 28, 31, 35, 36, 37,C3%, 39, 52},
{7, 8 10, 11, 12, 13, 19, 23, 25, 27, 28, 31, 35N736, 38, 39 },
(1, 2, 3, 5, 29, 30, 33, 34, 40, 43, 44, 46, &4 55, 59, 62 },
{1, 2, 3, 4, 29, 30, 31, 33, 34, 37, 40, 41, &3, 44, 59, 61 },
(o, 1, 3, 6 19, 28, 29, 30, 31, 32, 33, &M 37, 41, 44, 61},
{1, 6 10, 13, 19, 28, 29, 30, 32, 33, 34,{)3% 37, 41, 48, 52 },
{o, 5, 6 10, 19, 27, 28, 29, 32, 37, 38. %40, 41, 47, 49, 58 },
{1, 2, 3, 4, 11, 29, 33, 42, 43, 44, (45~ 46, 48, 55, 56, 59 },
(o, 1, 2, 5, 7, 9, 29, 40, 43, 44, 45, 47, 48, 56, 59, 63 },
{o, 4, 5 9, 14, 19, 26, 35 36, 43045, 47, 48, 49, 50, 51 },
{9, 11, 12, 14, 16, 19, 20, 24, 26, 86, 38, 47, 49, 50, 51, 53},
{7, 8, 13, 14, 20, 21, 24, 25, 26,4\27, 35, 38, 47, 50, 52, 53 },
{1, 2, 4, 29, 33, 40, 41, 42, .48, 44, 45, 46, 54, 55, 56, 58 },
{2, 4, 32, 40, 42, 43, 44, 45, M%, 54, 55, 56, 58, 59, 60, 62 },
{ 0, 19, 42, 43, 45, 46, 48, 544 55, 56, 57, 58, 59, 60, 61, 62 },
{8 13, 36, 42, 45, 46, 51, 53,7 54, 57, 58, 59, 60, 61, 62, 63},
{8 13, 20, 27, 36, 38, 42,#6, 52, 53, 56, 57, 59, 61, 62, 63},

The last filter cogefficients AlfCoeffi[ adaptation_parameter_set_id ][ filtldx ][ 12 for

Itldx = 0..NumAlfFilters —-(1"are derived as follows:

s
[ —

AlfCoeffi[ adaptation’parameter_set_id ][ filtldx ][ 12 ] =
512 - Xk ( AlfGoeffi[ adaptation_parameter_set_id ][ filtldx ][ k] << 1), with k = 0.NumAlIfCoefs - (104)

The values @f-AlfCoeff.[ adaptation_parameter_set_id ][ filtldx ][j] with filtldx = 0..NumAlfFi|ters - 1,
=0.11 _shall be in the range of -29 to 29-1, inclusive and the values of
IfCoeffiadaptation_parameter_set_id ][ filtldx ][ 12 ] shall be in the range of -210 to 210 - 1, indlusive.

et

alf chroma_min_eg_order_minus1 plus 1 specifies the minimum order of the exp-Golomb [ode for
chromafitter coetficient sigmatting-The vatue of alf chroma_min—eg_order—mimus t—shattbeimthe range
of 0 to 6, inclusive.

alf_chroma_eg_order_increase_flag| i | equal to 1 specifies that the minimum order of the exp-Golomb
code for chroma filter coefficient signalling is incremented by 1. alf chroma_eg_order_increase_flag| i ]
equal to 0 specifies that the minimum order of the exp-Golomb code for chroma filter coefficient
signalling is not incremented by 1.

The variable kMin is set equal to alf chroma_min_eg order_minusl+1 and the value
ChromaMaxGolombldx is set equal to 2.
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With i being in range from 0 to ChromaMaxGolombldx - 1, inclusive, the order expGoOrderC] i ] of the
exp-Golomb code used to decode the values of alf_chroma_coeff abs][ j ] is derived as follows:

expGoOrderC[ i ] = kMin + alf chroma_eg_order_increase_flag[ i ] (105)
kMin = expGoOrderY[i] (106)

alf_chroma_coeff_abs[j] specifies the absolute value of the j-th chroma filter coefficient. When
alf chroma_coeff_abs] j ] is not present, it is inferred to be equal to 0.

The ordé¢r k of the exp-Golomb binarization uek(v) is derived as follows:
golombOrderldxC[]={0,0,1,0,0,1} (107
k = expGoOrderC[ golombOrderldxC[j]] (108
alf_chrdma_coeff_sign_flag| j | specifies the sign of the j-th chroma filter coefficient as follows:

— If alf chroma_coeff_sign_flag[j] is equal to 0, the corresponding chroma filter coefficient has fa
negdtive value.

(i

— Othdgrwise (alf_chroma_coeff sign_flag[ j | is equal to 1), the corrésponding chroma filter coefficier]
has & positive value.

When alf_chroma_coeff _sign_flag| j ] is not present, it is inferredyto be equal to 1.

The dhroma filter coefficients  AlfCoeffc[ adaptation_parameter_set_id] with  elements
AlfCoeffi[ adaptation_parameter_set_id ][ j ], with j = 035 are derived as follows:

AlfCoeffc[ adaptation_parameter_set_id |[ j | = alf_chroma_coeff abs[j ] *
(2 * alf_chroma_coeff _sign_flag[j]-'1) (109

The lastffilter coefficient for j = 6 is derived as follows:

AlfCoeffc[ adaptation_parameter_set_id ][ 6] =
512 - 3k ( AlfCoeffg[adaptation_parameter_set_id ][ k] << 1), withk=0..5 (110

l=ni

The values of AlfCoeffc[ adaptation_parameter_set_id ][ j | wit]
altldx = p..alf_chroma_pum) alt_filters_minus1, j = 0..5 shall be in the range of -2 to 29 - 1, inclusive an
the values of AlfCoeff¢).adaptation_parameter_set_id ][ 6 ] shall be in the range of —210 to 210 - 1, inclusiv¢.

o

7.4.7 DRA data'semantics

dra_deTriptorl specifies the number of bits used to represent the integer part of the DRA sca:]e
parameters signalling. The value of dra_descriptorl shall be in the range o 0 15, inctusive. In the
current version of the specification value of syntax element dra_descriptorl is restricted to 4; other
values are reserved for future use.

dra_descriptor2 specifies the number of bits used to represent the fractional part of the DRA scale
parameters signalling and the reconstruction process. The value of dra_descriptor2 shall be in the range
of 0 to 15, inclusive. In the current version of the specification value of syntax element dra_descriptor2 is
restricted to 9; other values are reserved for future use.

The variable numBitsDraScale is derived as follows:
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numBitsDraScale = dra_descriptorl + dra_descriptor2 (111)
[t is requirement of bitstream conformance that the value of numBitsDraScale shall be greater than 0.

dra_number_ranges_minus1 plus 1 specifies the number of ranges signalled to describe the DRA table.
The value of dra_number_ranges_minus1 shall be in the range of 0 to 31, inclusive.

dra_equal_ranges_flag equal to 1 specifies that the DRA table is derived using equal-sized ranges, with
size specified by the syntax element dra_delta_range[ 0 ]. dra_equal_ranges_flag equal to O specifies that
the DRA table is derived using dra_number_ranges, with the size of each of the ranges specifidd by the
syntax element dra_delta_range[ j ].

o

ra_global_offset specifies that the starting codeword position utilized to derivé.the DRA table,
hDraRange[ 0]. The wvalue of dra_global offset shall be in the ~range of| 1 to
lin( 1023, (1 << BitDepthy) - 1), inclusive.

— —

o

ra_delta_range| j ] specifies the size of the j-th range in codewords which(is utilized to derive|the DRA
hble, for j in the range of 0 to dra_number_ranges_minus1, inclusive. The/value of dra_delta_range] j |
hall be in the range of 1 to Min( 1023, ( 1 << BitDepthy) - 1), inclusive.

wn

The variable InDraRange[ 0 ] is initialized as follows:

InDraRange[ 0 ] = dra_global_offset << Max( 0, BitDepthy - 10 ) (112)
The variable InDraRange[j ] for j in the range of 1¢«t0rdra_number_ranges minusl + 1, inclufive, are
derived as follows:

deltaRange = ( dra_equal_ranges_flag = =-1%) ? dra_delta_range[ 0 ] : dra_delta_range[j-1] (113)

InDraRange| j | = InDraRange[ j - 1)+ ( deltaRange << Max( 0, BitDepthy - 10)) (114)

—

[ is a requirement of the bitstream conformance that InDraRange[j] shall be in the range 0 to
1 << BitDepthy ) - 1, inclusive.

—

dra_scale_value| j | specifies the DRA scale value associated with j-th range of the DRA table. Thg number
f bits used to signal dra'sc¢ale_value[ j ] is equal to numBitsDraScale.

o

o

ra_cb_scale_value specifies the scale value for chroma samples of the Cb component utilized to derive
he DRA table. The-number of bits used to signal dra_cb_scale_value is equal to numBitsDraScale.

—

dra_cr_scale value specifies the scale value for chroma samples of the Cr component utilized o derive
the DRAtable. The number of bits used to signal dra_cr_scale_value is equal to numBitsDraScale

The-values of dra_scale_value[j] for j in the range of 0 to dra_number_ranges_minus1, inclusive,
Ta_cb_scate_value amnd dra_cr_scate_vatue st ot —beequat to 0 the current version of the
specification, the value of syntax elements dra_scale_value[ j ], dra_cb_scale_value and dra_cr_scale_value
shall be less than 4 << dra_descriptor2. Other values are reserved for future use. When ChromaArrayType
is equal to 0, it is requirements of the bitstream conforming to this document, that values
dra_cb_scale_value and dra_cr_scale_value shall be equal to 1.

dra_table_idx specifies the mode the chroma scale derivation process, and when it is applicable,
dra_table_idx is less than or equal to 57, the access entry of the ChromaQpTable utilized to derived the
chroma scale values. The value of dra_table_idx shall be in the range of 0 to 58, inclusive. When
ChromaArrayType is equal to 0, it is requirements of the bitstream conforming to this document, that
values dra_table_idx shall be equal to 58.
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If dra_table_idx is equal to 58, the variable DraJoinedScaleFlag is set equal to 0, otherwise it is set equal
to 1.

The variable numOutRangesL is set equal to dra_number_ranges_minus1 + 1.

The variable OutRangesL[adaptation_parameter_set.id][0] is set equal to 0, the variable
OutRangesL[ i], for i in the range of 0 to numOutRangesL, inclusive, are derived as follows:

outDelta = dra_scale_value[i - 1] * (InDraRange[ i ] - InDraRange[i-1]) (115)

OutRangesL[ adaptation_parameter_set_id ][i] =
OutRangesL[ adaptation_parameter_set_id ][i- 1] + outDelta 116

The varfables denoting DRA scale and offset values, InvLumaScales[ adaptation_parameterxset_id ][ i|
and DraOffsets| adaptation_parameter_set_id ][i] respectively, for i in the range of 1 ¢
dra_nunjber_ranges_minus1, inclusive, are derived as follows:

=}

inyScalePrec = 18 (117
inyScale = (( 1 << invScalePrec ) + ( dra_scale_val[i] >> 1)) / dra.scale_val[i] (118
InyLumaScales[ adaptation_parameter_set_id ][ i ] = invScale (119
diffVal = OutRangesL[i+ 1] * invScale (120

DrpOffsets[ adaptation_parameter_set_id ][ i] = ( (InDraRange[i+1 ] << invScalePrec) - diffVal +
( 1<< (dra_descriptor2 - 1)) }>> dra_descriptor2 (121

The varipble OutRangesL][ i ], for i in the range of 0 to.AumOutRangesL, inclusive, are modified as follows:

OytRangesL[ adaptation_parameter_set_id.J[ i }= ( OutRangesL[ adaptation_parameter_set_id ][i] +
(1 << (dra_descriptor2 - 1)) ) >> dra_descriptor2 (122

When ChromaArrayType is not equal to 0, the process of deriving output chroma DRA parameters ih
subclauge 8.9.7 is invoked with array' of luma scale values dra_scale_val[ |, array of luma range valug
OutRangesL][ ], and chroma indeX ¢ldx as inputs, and array of chroma scale values OutScalesC[ ][ ], arra
of chronpa offset values OutOffsetsC[ ][ ] and array of chroma range values OutRangesC|[ ][ ] as outputs.

< 0

7.4.8 Reference picture list structure semantics

D

The ref_pic_list_struct( listldx, rplsldx, ltrpFlag ) syntax structure may be present in an SPS or in a slig
header. Depending on whether the syntax structure is included in a slice header or an SPS, the following
applies:

— If presentimastice header, theTef_picliststruct{ tistids, Tpistdx trpFlag Jsymtaxstructure specifi
reference picture list listldx of the current picture (the picture containing the slice).

7]

— Otherwise (present in an SPS), the ref_pic_list_struct( listldx, rplsldx, ltrpFlag) syntax structure
specifies a candidate for reference picture list listldx, and the term "the current picture” in the
semantics specified in the remainder of this subclause refers to each picture that 1) has one or more
slices containing ref pic_list_idx[listldx] equal to an index into the list of the
ref_pic_list_struct( listldx, rplsldx, ItrpFlag ) syntax structures included in the SPS, and 2) is in a CVS
that has the SPS as the active SPS.
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num_strp_entries| listldx ][ rplsldx |  specifies the number of STRP entries in the
ref_pic_list_struct( listldx, rplsldx, ItrpFlag) syntax structure. When not present, the value of
num_ltrp_entries[ listldx ][ rplsldx] is inferred to be equal to0. The value of
num_strp_entries[ listldx ][ rplsldx ] shall be in the range of 0 to sps_max_dec_pic_buffering_minus1,
inclusive.

num_ltrp_entries| listldx ][ rplsldx] specifies the number of LTRP entries in the
ref_pic_list_struct( listldx, rplsldx, ltrpFlag) syntax structure. When not present, the value of
num_ltrp_entries][ listldx ][ rplsldx ] is inferred to be equal to 0.

The variable NumEntriesInList[ listldx ][ rplsldx ] is derived as follows:

NumEntriesInList[ listldx ][ rplsldx | =
num_strp_entries[ listldx ][ rplsldx ] +num_ltrp_entries][ listldx ][ rplsldx ] (123)

—

he wvalue of NumEntriesInList[listldx ][rplsldx] shall be in ¢he’ range of| 0O to
ps_max_dec_pic_buffering minus1, inclusive.

(%)

[

| ref_pic_flag[ listldx ][ rplsldx ][[i] equal to 1 specifies that* the 1i-th entry |[in the
ef_pic_list_struct( listldx, rplsldx, ltrpFlag ) syntax structure is an LTRP entry.
t ref pic_flag[ listldx [[ rplsldx J[[i] equal to O specifies~»that the 1i-th entry |[in the
ef pic_list_struct( listldx, rplsldx, ltrpFlag ) syntax structure<is an STRP entry. When not present, the
alue of It_ref_pic_flag[ listldx ][ rplsldx ][ i ] is inferred tobge.equal to 0.

< = =

[

he sum of It ref pic_flag[listldx ][ rplsldx][i] €or all values of i in the range af 0 to
umEntriesInList[ listldx ][ rplsldx ] - 1, inclusive,shall be equal to num_Itrp_entries[ listldx ][ yplsldx ].

=z

elta_poc_st[ listldx ][ rplsldx ][i], when ~the i-th entry is the first STRP emtry in
ef_pic_list_struct( rplsldx, ItrpFlag ) syntax\structure, specifies the absolute difference between the
icture order count values of the currenf.picture and the picture referred to by the i-th entry, ¢r, when
he i-th entry is an STRP entry but not-the first STRP entry in the ref_pic_list_struct( rplsldx, IfrpFlag )
yntax structure, specifies the abselute difference between the picture order count values of the|pictures
pferred to by the i-th™~ entry and by the previous STRP entry |n the
ef_pic_list_struct( listldx, rplsldx, ltrpFlag ) syntax structure.

o e S 7/ M o s © il S = W)

=

he value of delta_poc_stfistldx ][ rplsldx ][ i ] shall be in the range of -215 to 215 - 1, inclusive.

rp_entry_sign_flagf listldx ][ rplsldx ][ i] equal to 1 specifies that i-th entry in the syntax gtructure
ref_pic_list_struct(Tistldx, rplsldx, ltrpFlag) has a value greater than or -equal | to 0.
sirp_entry_sign_flag[ listldx |[ rplsldx | equal to O specifies that the i-th entry in the syntax dtructure
ref_pic_list struct( listldx, rplsldx, ltrpFlag ) has a value less than 0. When not present, the [value of
strp_entry sign_flag[i][j ] is inferred to be equal to 1.

helist DeltaPocSt] listldx ][ rplsldx ] is derived as follows:

for(i=0; i< NumEntriesInList[ listldx ][ rplsldx ]; i+ + ) {
if( t_ref_pic_flag[i][ Rplsldx[i]][j]) (124)
DeltaPocSt[ listldx ][ rplsldx ][ i ] = ( strp_entry_sign_flag[ listldx ][ rplsldx ][i] ) ?
delta_poc_st[ listldx ][ rplsldx ][ i] : O — delta_poc_st[ listldx ][ rplsldx ][ i]
}

poc_Isb_It[ listldx ][ rplsldx ][i] specifies the value of the picture order count modulo
MaxPicOrderCntLsb  of the  picture referred to by the i-th entry in the
ref_pic_list_struct( listldx, rplsldx, ltrpFlag ) syntax structure. The length of the
poc_lsb_It[ listldx ][ rplsldx ][ i ] syntax element is log2_max_pic_order_cnt_lsb_minus4 + 4 bits.
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7.4.9 Slice data semantics

7.4.9.1 General slice data semantics

end_of_tile_one_bit shall be equal to 1.

7.4.9.2 Coding tree unit semantics

The CTU s the root node of the coding structure

[on

The array IsCoded[x][Vy], with x =x0.x0 + (1 << CtbLog2SizeY ), an
y =y0.yp + (1 << CtbLog2SizeY ), specifying whether the sample at (x,y) is coded is initialized 4
follows:

[72)

IsCoded[x ][y ] = FALSE (125

alf_ctb_flag[ xCtb >> CtbLog2SizeY ][ yCtb >> CtbLog2SizeY ] equal to 1 specifies'that the adaptive loo
filter is applied to the coding tree block of the luma component of the coding tree unit at luma locatiop
(xCtb, yLCtb ). alf_ctb_flag[ xCtb >> CtbLog2SizeY ][ yCtb >> CtbLog2SizeY | equal to 0 specifies that thie
adaptivg loop filter is not applied to the coding tree block of the luma of‘the coding tree unit at lump
location|( xCtb, yCtb ).

o

When alf _ctb_flag[ xCtb >> CtbLog2SizeY ][ yCtb >> CtbLog2SizeY] s not present, it is inferred to be
equal toslice_alf enabled_flag.

alf_ctb_¢hroma_flag[ xCtb >> CtbLog2SizeY ][ yCtb >> Ctbli6g2SizeY ] equal to 1 specifies that th|
adaptivd loop filter is applied to the coding tree block of'the Cb chroma component of the coding tree un
atlocatipn ( xCtb, yCtb ). alf_ctb_chroma_flag[ xCtb »3CtbLog2SizeY ][ yCtb >> CtbLog2SizeY ] equal to

specified that the adaptive loop filter is not appliedto the coding tree block of the Cb chroma componer]
of the cqding tree unit at location ( xCtb, yCtb ).

—« & &+ ®

When alff_ctb_chroma_flag[ xCtb >> CtbLog2SizeY ][ yCtb >> CtbLog2SizeY ] is not present, it is inferred
to be eqtal to sliceChromaAlfEnabledFlag.

alf_ctb_¢chroma2_flag[ xCtb >> Etbkog2SizeY ][ yCtb >> CtbLog2SizeY | equal to 1 specifies that the
adaptivg loop filter is appliedte the coding tree block of the Cr chroma component of the coding tree unit
at locatipn ( xCtb, yCtb ). alf-etb_chromaZ2_flag[ xCtb >> CtbLog2SizeY ][ yCtb >> CtbLog2SizeY ] equal tp
0 specifies that the adaptive'loop filter is not applied to the coding tree block of the Cr chroma componerit
of the cdding tree unitatlocation ( xCtb, yCtb ).

When alf_ctb_chttema?2_flag[ xCtb >> CtbLog2SizeY ][ yCtb >> CtbLog2SizeY ] is not present, it is inferred
to be eqtal toisliceChroma2AlfEnabledFlag.

7.4.9.3 'Sphtunitsemanties
split_cu_flag[ x0 ][ y0 ] specifies whether a coding unit is split into coding units with half horizontal and
vertical size. The array indices x0, y0 specify the location ( x0, y0 ) of the top-left luma sample of the
considered coding block relative to the top-left luma sample of the picture. When split_cu_flag[ x0 ][ y0 ]
is not present, the value of split_cu_flag[ x0 ][ y0 ] is inferred to be equal to 0.

The variables allowSplitBtVer, allowSplitBtHor, allowSplitTtVer and allowSplitTtHor are derived as
follows:

— The variable allowSplitBtVer is derived as follows:
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A variable log2CbWidthTemp is set equal to log2CbWidth - 1.

A variable log2CbSizeLongerSide is set equal to (log2CbWidthTemp >log2CbHeight ?
log2CbWidthTemp : log2CbHeight ).

A variable ratioWH is set equal to Abs( log2CbWidthTemp - log2CbHeight ).

If one or more of the following conditions are true, allowSplitBtVer is set equal to FALSE.

— Otherwise, allowSplitBtVer is set equal to TRUE,
— The variable allowSplitBtHor is derived as follows;
A variable log2CbHeightTemp is set equal to log2CbHeight - 1.

A variable log2CbSizeLongerSide is set equal to (log2CbWidth >log2CbHeight
log2CbWidth : log2CbHeightTemp ).

A variable ratioWH is set equal to Abs(log2CbWidth - log2CbHeightTemp ).

If one or more of thefollowing conditions are true, allowSplitBtHor is set equal to FALSH.

logZCbWidthTemp 1s less than Z.

If ratioWH is equal to 0, log2CbSizeLongerSide is greater than MaxCbLog2Size11
log2CbSizeLongerSize is less than MinCbLog2Size11Ratio.

If ratioWH is equal to 1, log2CbSizeLongerSide is greater than Max€Eblog2Size12
log2CbSizeLongerSize is less than MinCbLog2Size12Ratio.

If ratioWH is equal to 2, log2CbSizeLongerSide is greater than MaxCbLog2Size14
log2CbSizeLongerSize is less than MinCbLog2Size14Ratiof

If predModeConstraintCurrent is equal to PRED_MODE_CONSTRAINT_INT
log2CbWidthTemp is equal to 2 and log2CbHeightis equal to 2.

log2CbHeightTemp is less than 2.

If ratioWH is equal to 0, log2CbSizeLongerSide is greater than MaxCbLog2Sizel1l
log2€bSizeLongerSize is less than MinCbLog2Size11Ratio.

If ratioWH is equal to 1, log2CbSizeLongerSide is greater than MaxCbLog2Size12
log2CbSizeLongerSize is less than MinCbLog2Size12Ratio.

Ratio or

Ratio or

Ratio or

R and

Femp ?

Ratio or

Ratio or

17014

Ratio or

If predModeConstraintCurrent is equal to PRED_MODE_CONSTRAINT_INTER and

log2CbWidth is equal to 2 and log2CbHeightTemp is equal to 2.

Otherwise, allowSplitBtHor is set equal to TRUE.

— The variable allowSplitTtVer is derived as follows:

— If one or more of the following conditions are true, allowSplitTtVer is set equal to FALSE.
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— log2CbWidth is less than log2CbHeight.
— log2CbWidth is greater than MaxTtLog2Size or log2CbWidth is less than MinTtLog2Size.

— log2CbWidth is equal to log2CbHeight and log2CbWidth is larger than
MaxCbLog2Size14Ratio.

— log2CbWidth is equal to log2CbHeight and log2CbWidth is smaller than
MinCbLog2Size14Ratio.

4+ If predModeConstraintCurrent is equal to PRED_MODE_CONSTRAINT_INTER Mand
log2CbWidth is equal to 4 and log2CbHeight is equal to 2.

— (Otherwise, allowSplitTtVer is set equal to TRUE.
— The variable allowSplitTtHor is derived as follows:
— If one or more of the following conditions are true, allowSplitTtHor is set‘€qual to FALSE.
1+ log2CbHeight is less than log2CbWidth.
1+ log2CbHeight is greater than MaxTtLog2Size or log2CbHeight is less than MinTtLog2Size.

4+ log2CbWidth is equal to log2CbHeight and log2CbHeight is larger thap
MaxCbLog2Size14Ratio.

1+ log2CbWidth is equal to log2CbHeightt and log2CbHeight is smaller thap
MinCbLog2Size14Ratio.

4+ If predModeConstraintCurrent is~ equal to PRED_MODE_CONSTRAINT_INTER and
log2CbWidth is equal to 2 and log2CbHeight is equal to 4.

— (therwise, allowSplitTtHor is set\equal to TRUE.

=

btt_splif_flag[ x0 ][ y0 ] specifiesywhether a coding unit is split. btt_split_flag[ x0 ][ y0 ] equal to
specifieq that a coding unit is $plit into two or three coding units. btt_split_flag[ x0 ][ yO ] equal to
specified that a coding unit ismot split.

(=]

When btit_split_flag[ x0}[¥0 ] is not present, the value of btt_split_flag[ x0 ][ y0 ] is inferred to be equal tp
0.

btt_split_dir[ x0\]f’'yO] equal to 0 specifies that a coding unit is split in horizontal direction.
btt_split| dirf X0-][ y0 ] equal to 1 specifies that a coding unit is split in vertical direction.

Wh bt& L dil NN 2 4 £ 4l ] £las ) TSP N YA W N Yo T IE-PNE-Y o 1 1 &
en LL_DPIIL_UII L AU JI_yU J 1S5 11UL Pl COUIIL, UIIT vVadlutl Ul IJLL_DlJllL_blll I_ AU JLyU J IS IIIICTIICU U UUT Cblblcll L

1 if allowSplitBtVer or allowSplitTtVer is equal to 1, otherwise it is inferred to be equal to 0.

btt_split_type[ x0 ][y0] equal to O specifies that a coding unit is split into two coding units.
btt_split_type[ x0 ][ y0 ] equal to 1 specifies that a coding unit is split into three coding units.

When btt_split_type[ x0 ][ y0 ] is not present, the value of btt_split_type[ x0 ][ y0 ] is derived as follows:
— If one of the follows are true, btt_split_type[ x0 ][ y0 ] is set equal to 1:

— btt_split_dir[ x0 ][ y0 ] is equal to 0 and allowSplitTtHor is equal to 1.
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— btt_split_dir[ x0 ][ y0 ] is equal to 1 and allowSplitTtVer is equal to 1.
— Otherwise, btt_split_type[ x0 ][ y0 ] is set equal to 0.

The array SplitMode[x][y] is derived as follows for x=x0.x0+ (1<<log2CbWidth)-1 and
y =y0.y0 + (1 <<log2CbHeight ) - 1:

— If btt_split_flag[ x0 ][ y0 ] is equal to 1, the following applies:

— 1T btt_split_dir[ XU J[ yU ] is equal to U, the following applies:
— Ifbtt_split_type[ x0 ][ y0 ] is equal to 0, SplitMode[ x ][ y ] is set equal to SPLIT"BT_HOR.

— Otherwise (btt_split_type[x0][y0] is equal to 1), SplitMode[ x ][y} is set g¢qual to
SPLIT_TT_VER.

— Otherwse (btt_split_dir[ x0 ][ y0 ] is equal to 1), the following applies:
— Ifbtt_split_type[ x0 ][ y0 ] is equal to 0, SplitMode[ x ][ y ] is'set equal to SPLIT_BT_VER.

— Otherwise (btt_split_type[x0][y0] is equal to 1); SplitMode[x][y] is set g¢qual to
SPLIT_TT_VER.

- Otherwise, if x0+ (1 << log2CbWidth) 1is greater than pic_width_in_luma_samples and
y0 + (1 << log2CbHeight ) is smaller than or equal to pic_height_in_luma_samples, the fpllowing
applies:

— IfallowSplitBtVer is equal to TRUE, SplitMode[ x ][ y ] is set equal to SPLIT_BT_VER.

— Otherwise, SplitMode[ x ][ y ] is set,equal to SPLIT_BT_HOR.

- Otherwise, if yO + (1 << log2ChHeight ) is greater than pic_height_in_luma_samples, the fpllowing
applies:

— IfallowSplitBtHor is'equal to TRUE, SplitMode[ x ][ y ] is set equal to SPLIT_BT_HOR.

— Otherwise, SplitMode[ x ][ y ] is set equal to SPLIT_BT_VER.

~ Otherwise, SplitMode[ x ][ y ] is set equal to NO_SPLIT.

The array CtDepth[ x ][ y ] specifies the coding tree depth for a luma coding block covering the|location
(Ix, y ). When split_cu_flag[ x0 ][ y0 ] and btt_split_flag| x0 ][y0] are equal to 0, CtDepth[x][y] is
inferred> to  be equal to ctDepth  for x=x0.x0+ (1<<log2CbWidth) -1 and
Y 7y 0:.y0 + (1 <<log2CbHeight ) — 1.

The variable allowSplitUnitCodingOrder is derived as follows:

—A variable log2CbSizeLongerSide is set equal to (log2CbWidth >
log2CbHeight ? log2CbWidth : log2CbHeight ).

—A variable log2CbSizeShorterSide is set equal to (log2CbWidth >
log2CbHeight ? log2CbHeight : log2CbWidth ).

— If one or more of the following conditions are true, allowSplitUnitCodingOrder is set equal to FALSE.
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— log2CbSizeLongerSide is greater than MaxSucoLog2Size or log2CbSizeShorterSide is less than
MinSucoLog2Size.

— x0+ (1<<log2CbWidth) is greater than pic_width_in_luma_samples or
y0 + (1 <<log2CbHeight ) is greater than pic_height_in_luma_samples.

— log2CbWidth is equal to or smaller than log2CbHeight, and split_cu_flag[ x0 ][ y0 ] is equal to 0.

— SplitMode[x0][y0] is equal to SPLIT_BT_HOR, SPLIT_TT_HOR or NO_SPLIT, and
4plit_cu_flag| x0 [[ yO ] is equal to 0.

— Otherwise, allowSplitUnitCodingOrder is set equal to TRUE.

The varipble needSignalPredModeConstraintTypeFlag is derived as follows:

— If onle of the following conditions is true, needSignalPredModeConstraintTypeFlagis-set equal to 0:
— d4ps_btt_flag is equal to 0 or sps_admvp_flag is equal to 0.
— glice_typeis equal to L.
— (ChromaArrayType is not equal to 1.

— predModeConstraintCurrent is not equal to PRED_MODE_NO_CONSTRAINT.

(o

— Othdrwise, if one of the following conditions is true, needSignalPredModeConstraintTypeFlag is s
equdl to 1:

— ¢bWidth * cbHeight is equal to 64 and SplitMode[ x0][y0] is equal to SPLIT_BT_HOR dr
$PLIT_BT_VER.

— ¢bWidth * cbHeight is equal to 128 and SplitMode[x0][y0] is equal to SPLIT_TT_HOR qr
$PLIT_TT_VER.

— Othgrwise, needSignalPredModeConstraintTypeFlag is set equal to 0.

split_unit_coding_order_flag[x0 [[y0] specifies the coding order of split coding unit§
split_unit_coding_order_flag[x0 ][ y0 ] equal to O specifies the split coding units is coded from left to righ
split_unit_coding_ordep-flag[ x0 ][ y0 | equal to 1 specifies the split coding units is coded from right
left. When split_ unit.coding order_flag[ x0 [[y0] is not present, it is inferred to be equal 4
splitUnitOrder.

o o T 7

—

pred_mpde, constraint_type_flag[ x0 ][ y0 ] specifies type of restriction on prediction mode for a
coding units inside the current split unit. When pred_mode_constraint_type_flag[ x0 ][ y0 ] is not present,
it is inferredtobeequattoo-

The variable predModeConstraint is derived as follows:

— If sps_btt_flag is equal to 0 or sps_admvp_flag is equal to 0, predModeConstraint is set equal to
PRED_MODE_NO_CONSTRAINT.

— Otherwise, if needSignalPredModeConstraintTypeFlag is equal to 1, the variable predModeConstraint
is derived as follows:
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predModeConstraint = pred_mode_constraint_type_flag[ x0 ][ y0 ] ?
PRED_MODE_CONSTRAINT_INTRA_IBC : PRED_MODE_CONSTRAINT_INTER (126)

— Otherwise, if predModeConstraintCurrent is not equal to PRED_MODE_NO_CONSTRAINT the variable
predModeConstraint is set equal to predModeConstraintCurrent.

— Otherwise, if one of the following conditions is true, predModeConstraint is set equal to
PRED_MODE_CONSTRAINT_INTRA_IBC:

— ChromaArrayType is equal to T and cbWidth * cbHeight is equal to 64 and SplitMode[ x0]][ yO0 ] is
not equal to NO_SPLIT.

— ChromaArrayType is equal to 1 and cbWidth * cbHeight is equal to 128 and SplitMode[ x0 ][ y0 ]
is equal to SPLIT_TT_HOR or SPLIT_TT_VER.

— ChromaArrayType is equal to 2 and cbWidth * cbHeight is equal to 32 and’SplitMode|[ x0(][ y0 ] is
equal to SPLIT_BT_HOR or SPLIT_BT_VER.

— ChromaArrayType is equal to 2 and cbWidth * cbHeight is equal to 64 and SplitMode[ x0(][ y0 ] is
equal to SPLIT_TT_HOR or SPLIT_TT_VER.

— Otherwise, predModeConstraint is set equal to PRED_MOBE_NO_CONSTRAINT.

=

he variable isTreeSplitPoint is set equal to 1 if the following two conditions both are true, and is set
qual to 0 otherwise:

D

— predModeConstraintCurrent is equal to PREDAMODE_NO_CONSTRAINT.

— predModeConstraint is equal to PRED_MODE_CONSTRAINT_INTRA_IBC.

71.4.9.4 Coding unit semantics

The luma coding block width cbWidth and height cbHeight are derived as follows:
cbWidth = (1 << {og2CbWidth ) (127)
cbHeight = (-1_<< log2CbHeight) (128)

he arrays CbRosX and CbPosY specify horizontal and vertical coordinates of top-left sample| of luma
lock correspending to considered coding unit. The arrays CbWidth and CbHeight specify wjdth and
eight of Juma block corresponding to considered coding unit. The array indices x and y specify the
bcation:(X] y ) relative to the top-left luma sample of the picture.

ullleullenll—

The-arrays CbPosX, CbPosY, CbWidth, and CbHeight are derived as follows for x = x0..x0 + cbWidth - 1
andy =y0.y0 + cbHeight - 1:

CbPosX[x ][y ] =x0 (129)
CbPosY[x][y]=y0 (130)
CbWidth[ x ][ y ] = cbWidth (131)
CbHeight[x ][y ] = cbHeight (132)
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The array LumaPredMode[ x ][ y ] specify prediction mode of luma block covers location ( %, y ). The array
indices x, y specify the location (x,y) relative to the top-left luma sample of the picture.
LumaPredMode| x ][ y ] can be one of followings: MODE_INTRA, MODE_INTER, and MODE_IBC.

cu_skip_flag[ x0 ][ y0 ] equal to 1 specifies that for the current coding unit, when decoding a P or B slice,
no more syntax elements except the motion vector predictor indices mvp_idx_10[x0][y0] and
mvp_idx_11[ x0 ][ y0 ] are parsed after cu_skip_flag[ x0 ][ yO ]. cu_skip_flag[ x0 ][ yO ] equal to specifies
that the coding unit is not skipped. The array indices x0, y0 specify the location ( x0, y0 ) of the top-left
luma sample of the considered coding block related to the top-left luma sample of the picture. When
cu_skip_flag[ x0 ][ y0 ] is not present, it is inferred to be equal to 0.

mmvd_flag[ x0 ][ y0 ] equal to 1 specifies that merge mode with motion vector difference is‘used tp
generate the inter prediction parameters of the current coding unit. The array indices x0, y0 specify thie
location|( x0, y0 ) of the top-left luma sample of the considered coding block relative to thetop-left lump
sample ¢f the picture. When mmvd_flag[ x0 ][ y0 ] is not present, it is inferred to be equal.to 0.

mmvd_group_idx[ x0 ][ yO ] specifies which inter prediction direction (list 0, list/1, or bi-predictio
direction) of the merging candidate determined by mmvd_merge_idx[ x0 ][ y0 JNS/tsed at MMVD mode,
i.e. specifies whether the merging candidate is modified. The array indices x0, y0 specify the location ()il,
y0 ) of the top-left luma sample of the considered coding block relative to thetop-left luma sample of t

picture. When mmvd_group_idx[ x0 ][ y0 ] is not present, it is inferred ta be equal to 0.

-

T

mmvd_mnerge_idx[ x0 ][ y0 ] specifies which candidate of the merging candidate list is used with the
motion Yector difference derived from mmvd_distance_idx[ x0 }{y0 ] and mmvd_direction_idx[ x0 ][ yO |.
The array indices x0, y0 specify the location ( X0, y0 ) of the top:left luma sample of the considered codinig
block relative to the top-left luma sample of the picture. When mmvd_merge_idx[ x0 ][ y0 ] is not present
it is inferred to be equal to 0.

jom

mmvd_distance_idx[ x0 ][ y0 ] specifies the index-used to derive MmvdDistance[ x0 ][ y0 ] as specifie
in Tablg9. The array indices x0, yO specify the-location (x0,y0 ) of the top-left luma sample of th
considerted coding block relative to the top-leftluma sample of the picture. When mmvd_distance_idx[ x
][ y0 ] is|not present, it is inferred to be equal to 0.

S

Table 9 — Specification of MmvdDistance[ x0 ][ y0 ] based on mmvd_distance_idx[ x0 ][ yO ]

mmvd_distance_idx[ x0 ][ yO ] MmvdDistance[ x0 ][ yO ]

0 1

N | O | Ww N
[EN
(o))

128

mmvd_direction_idx[ x0 ][ y0 | specifies the index used to derive MmvdSign[ x0 ][ y0 ] as specified in
Table 10. The array indices x0, yO specify the location (x0,y0) of the top-left luma sample of the
considered coding block relative to the top-left luma sample of the picture.
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Table 10 — Specification of MmvdSign[ x0 ][ yO ] based on mmvd_direction_idx[ x0 ][ yO ]

mmvd_direction_idx[ x0 ][ yO ] MmvdSign[x0][y0 ][ 0] MmvdSign[x0][y0 ][ 1]
0 +1 0
1 -1 0
2 0 +1
3 0 -1

lwel

oth components of the merge plus MVD offset MmvdOffset[ x0 ][ yO ] are derived as follows:
MmvdOffset[ x0 ][ y0 ][ 0 ] = MmvdDistance[ x0 ][ y0 ] * MmvdSign[ x0 ][ yO}{ O ]

MmvdOffset] x0 ][ yO ][ 1 ] = MmvdDistance[ x0 ][ y0 | * MmvdSign[ x6,[Py0 ][ 1]

<))

ffine_flag[ x0 ][ y0 ] equal to 1 specifies that for the current coding unifiwhen decoding a P o
affine model based motion compensation is used to generate the prediction samples of the currer
unit. affine_flag[ x0 ][ y0 ] equal to 0 specifies that the coding unit is‘not predicted by affine mod
motion compensation. When affine_flag[ x0 ][ y0 ] is not present, it.is inferred to be equal to 0.

affine_merge_idx[ x0 ][ y0 ] specifies the merging candidate)index of the affine merging cand
where x0, y0 specify the location (X0, y0 ) of the top-leftluma sample of the considered codi
relative to the top-left luma sample of the picture. Wheh affine_merge_idx[ x0 ][ y0 ] is not pres
inferred to be equal to 0.

nvp_idx_10[ x0 ][ yO ] specifies the motion yector predictor index of list 0 where x0, y0 sp¢
pcation (x0, y0 ) of the top-left luma sample of the considered coding block relative to the top-
ample of the picture. When mvp_idx_10[ %0 ][ yO ] is not present, it is inferred to be equal to 0.

= -

nvp_idx_11[ x0 ][ yO ] has the samesemantics as mvp_idx_l10, with 10 and list O replaced by 11 a
pspectively.

= =

nerge_idx[ x0 ][ yO0 ] specifies the merging candidate index of the merging candidate list whe}
pecify the location ( x0,'%0 ) of the top-left luma sample of the considered coding block relatiy
bp-left luma sample-of the picture. When merge_idx[ x0 ][ y0 ] is not present, it is inferred to be

o o »n =

red_mode_flag[ x0 ][ yO ] when present specifies that the current coding unit is coded in inter
lock copyprediction mode if pred_mode_flag[ x0 ][ yO0 ] is equal to 0. pred_mode_flag[ x0 ][ y0 ]
b 1 specifiés that the current coding unit is coded in intra prediction mode.

o o=

Tihe-yariable isIbcAllowed is set equal to 1 if all of the following conditions are met, and is set e

(133)
(134)
r B slice,

It coding
el based

date list
ng block
ent, it is

ecify the
eft luma

nd list 1,

re X0, y0
e to the
equal to

or intra
is equal

jual to 0

otherwise:
— sps_ibc_flag is equal to 1.

— log2CbWidth is less than or equal to log2ZMaxIbcCandSize and log2CbHeight is less than or
log2MaxIbcCandSize.

— treeType is not equal to DUAL_TREE_CHROMA.

— predModeConstraint is not equal to PRED_MODE_CONSTRAINT_INTER.
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— predModeConstraint is not equal to PRED_MODE_NO_CONSTRAINT or pred_mode_flag[ x0 ][ y0 ] is
equal to 1.

ibc_flag[ x0 ][ yO ] specifies whether the intra block copy mode is used for the current coding unit. The
array indices x0, y0 specify the location ( x0, y0 ) of the top-left luma sample of the considered coding
block relative to the top-left luma sample of the picture. When ibc_flag|[ x0 ][ yO ] is not present, it is
inferred to be equal to 0.

The variable CuPredMode is derived as follows:

— Ifib¢_flag[ x0 ][ yO0 ] is equal to 1, the variable CuPredMode is set equal to MODE_IBC.

— Othgrwise, if predModeConstraint is equal to PRED_MODE_CONSTRAINT_INTER qr
cu_skip_flag[ x0 ][ y0 ] is equal to 1, CuPredMode is set equal to MODE_INTER.

— Othgrwise, if predModeConstraint is equal to PRED_MODE_CONSTRAINT_INTRA,(CGuPredMode is sg
equgl to MODE_INTRA.

(s

— Othdrwise, CuPredMode is derived as follows:
CuPredMode = pred_mode_flag[ x0 ][ y0 ] == 0 ? MODE_INTER ;- MODE_INTRA (135

If treeType is not equal to DUAL_TREE_CHROMA, LumaPredMode[x ][ y ] is set equal to CuPredMode fgr
x = x0.xp + cbWidth - 1 and y = y0..y0 + cbWidth - 1.

intra_pred_mode[ x0 ][ y0 ] specifies the intra prediction mrode for both luma and chroma samples. The
array inflices x0, y0 specify the location ( x0, y0 ) of the<top-left luma sample of the considered coding
block relative to the top-left luma sample of the picture

The syntax elements intra_luma_pred_mpmdlag| x0][y0], intra_luma_pred_mpm_idx[ x0 ][ yO |,
intra_l:ﬁa_pred_pims_ﬂag[ x0][y0], intra_luma_pred_pims_idx[ x0 ][ yO ] and
intra_luma_pred_rem_mode[ x0 ][ y0 | specify the intra prediction mode for luma samples. The array
indices %0, y0 specify the location ( x0, y®’) of the top-left luma sample of the considered coding block
relative [to the top-left luma sample. of the picture. When intra_luma_pred_mpm_flag[x0][y0] or
intra_luma_pred_pims_flag[ x0 ][ 0] is equal to 1, the intra prediction mode is inferred from
neighboliring intra-predicted codihg units according to subclause 8.4.2.

intra_chroma_pred_mode[x0 ][ y0 ] specifies the intra prediction mode for chroma samples. The array
indices %0, y0 specify the-location ( x0, y0 ) of the top-left luma sample of the considered coding block
relative |to the top-left- luma sample of the picture. When intra_chroma_pred_mode[ x0 ][ y0 ] is nat
present,|it is inferred to be equal to 0.

affine_mode_flag[ x0 ][ y0 ] equal to 1 specifies that for the current coding unit, when decoding a P or B
slice, 6-parameter affine model based motion compensation is used to generate the prediction samples
of the current coding unit. affine_mode_flag[ x0 ][ y0 [ equal to 0 specifies that 4-parameter affine model
based motion compensation is used to generate the prediction samples of the current coding unit.

MotionModelldc| x ][ y ] represents motion model of a coding unit as illustrated in Table 11. The array
indices X, y specify the luma sample location ( %, y ) relative to the top-left luma sample of the picture.

The variable MotionModelldc[ x ][ y ] is derived as follows for x = x0.x0 + ( 1 << log2CbWidth ) - 1 and
y =y0.y0 + (1 <<log2CbHeight ) - 1:

— If merge_mode_flag[ x0 ][ y0 ] is equal to 1, the following applies:
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MotionModelldc[ x ][ y ] = affine_flag[ x0 ][ yO ] (136)
— Otherwise (merge_mode_flag[ x0 ][ y0 ] is equal to 0), the following applies:

MotionModelldc[ x ][ y ] = affine_flag[ x0 ][ yO0 ] + affine_mode_flag[ x0 ][ yO ] (137)

Table 11 — Interpretation of MotionModelldc[ x0 ][ yO ]

}‘vl{ut;uu}‘v{udc}}d\,{ sy ]{ y ] }"’{Ut;ull luudc} fUl lllUt;Ull \,Ulupcuaat;uu
0 Translational motion
1 4-parameter affine motion
2 6-parameter affine motion

ffine_mvp_flag 10[ x0 ][ yO ] specifies the affine motion vector predictor-flag of list 0 where x0, y0
pecify the location (X0, y0 ) of the top-left luma sample of the considéred coding block relatiye to the
pp-left luma sample of the picture. When affine_mvp_flag_l0[ x0 ][ y0.}Hs not present, it is inferted to be
qual to 0.

@ »n Q

<}

ffine_mvp_flag 11 x0 ][ yO ] has the same semantics as affitte_mvp_flag_10, with 10 and list O feplaced
y 11 and list 1, respectively.

o

affine_mvd_flag 10[ x0 ][ y0 ] equal to 1 indicates that'the motion vector difference of list 0 of current
dffine coding uint is presented in the bitstream, where x0, y0 specify the location ( x0, y0 ) of the top-left
lima sample of the considered coding block relative to the top-left luma sample of the pictue. When
affine_mvd_flag_10[ x0 ][ y0 ] is not present, itds inferred to be equal to 0.

When affine_mvd_flag 10 is equal to 0, the-following applies:

MvdCpLO[x0 ][ y0 ][0 ][0 }= 0 (138)
MvdCpLO[ x0 ][ y0]F0][1]=0 (139)
MvdCpLO[ x0}{.y0'1[1][0]=0 (140)
MvdCpLOfx0][y0][1][1]=0 (141)
MvdCPLO[x0 ][y0][2][0]=0 (142)
MvdCpLO[x0][y0][2][1]=0 (143)

affine_mvd_flag 11[ x0 ][ y0 ] has the same semantics as affine_mvd_flag 10, with 10, LO ahd list0
replaced by 11, L1 and list 1, respectively.

amvr_idx[ x0 ][ y0 ] specifies the resolution of the motion vector for the current coding unit. The array
indices x0, y0 specify the location ( x0, y0 ) of the top-left luma sample of the considered coding block
relative to the top-left luma sample of the picture. When amvr_idx[ x0 ][ y0 ] is not present, it is inferred
to be equal to 0.

direct_mode_flag[ x0 ][ yO ] specifies whether the inter prediction parameters for the current coding
unit are inferred from the temporal collocated block. The array indices x0, y0 specify the location ( x0, y0 )
of the top-left luma sample of the considered coding block relative to the top-left sample of the picture.
When direct_mode_flag[ x0 ][ yO ] is not present, it is inferred to be equal to 0.
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merge_mode_flag[ x0 ][ y0 ] specifies whether the inter prediction parameters for the current coding
unit are inferred from a neighbouring inter-predicted partition. The array indices x0, y0 specify the
location (X0, y0 ) of the top-left luma sample of the considered coding block relative to the top-left luma
sample of the picture. When merge_mode_flag[ x0 ][ y0 ] is not present, it is inferred to be equal to 0.

inter_pred_idc[ x0 ][ yO ] specifies whether list 0, list 1, or bi-prediction is used for the current coding
unit according to Table 12. The array indices x0, y0 specify the location ( x0, y0 ) of the top-left luma
sample of the considered coding block relative to the top-left luma sample of the picture.

When inter_pred_idc[ x0 ][ y0 ] is not present, it is inferred to be equal to PRED_LO.

Table 12 — Name association to inter prediction mode

Name of inter_pred_idc
inter_pred_idc ( (1 <<log2CbWidth) + ( (1 <<log2CbWidth) +
(1 <<log2CbHeight)) > 12| | (1 <<log2CbHeight)\) <= 12 &&
Isps_admvp_flag sps_admvp_flag
0 PRED_BI PRED_LO
1 PRED_LO PRED_L1
2 PRED_L1 na

ref_idx_|0[ x0 ][ yO | specifies the list 0 reference picture index for the current coding unit. The arral
indices 30 and y0 specify the location ( x0, y0 ) of the topsleft luma sample of the considered coding bloc|
relative fth the top-left luma sample of the picture. When ref_idx_l10[ x0 ][ y0 ] is not present, it is inferred
to be eqqal to 0.

A<

D

abs_mvd_l10[ x0 ][ yO ][ compldx ] specifies the absolute value of a motion vector component differend
of list 0 for the current coding unit. When-abs_mvd_l0[ x0 ][ y0 ][ compldx ] is not present, it is inferre
to be eqpal to 0.

[N

abs_mvd_l0[ x0 ][ yO ][ vertex ][ conipldx ] has the same semantics as abs_mvd_l0[ x0 ][ y0 ][ compldx |.

mvd_l0]sign_flag[ x0 ][ yO ][(compldx | specifies the sign of a motion vector component difference qf
list O for{the current coding Gnit as follows:

— If mpd_10_sign_flag[%0 ][ yO ][ compldx ] is equal to 0, the corresponding motion vector component
diffgrence has.ajpositive value.

— Otherwise’{mvd_l0_sign_flag[ x0 ][ y0 ][ compldx ] is equal to 1), the corresponding motion vector
com|ponent difference has a negative value.

When mvd_l0_sign_flag[ x0 ][ y0 ][ compldx ] is not present, it is inferred to be equal to 0.

mvd_l0_sign_flag[ x0 ][ yO ][ vertex ][ compldx ] has the same semantics as
mvd_l0_sign_flag[ x0 ][ yO ][ compldx ].

ref_idx_11[ x0 ][ yO ] has the same semantics as ref_idx_10[ x0 ][ y0 ], with 10 and list O replaced by 11 and
list 1, respectively.

abs_mvd_l1[ x0 ][ yO ][ compldx ] has the same semantics as abs_mvd_l0 with 10 and list 0 replaced by 11
and list 1, respectively.
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abs_mvd_l1[ x0 ][ yO ][ vertex ][ compldx ] has the same semantics as abs_mvd_I1[ x0 ][ y0 ][ compldx ].

mvd_l1_sign_flag[ x0 ][ yO ][ compldx ] has the same semantics as and
mvd_l0_sign_flag[ x0 ][ y0 ][ compldx ], with 10 and list O replaced by 11 and list 1, respectively.

mvd_l1_sign_flag[ x0 ][ y0 ][ vertex ][ compldx ] has the same semantics as
mvd_l1_sign_flag[ x0 ][ yO ][ compldx ].

If MotionModelldc[ x0 ][ yO0 ] is equal to O, the following applies:

— The variable motion vector difference of list X MvdLX[ x0 ][ y0 ][ compldx ], with X being replaced
by 0 or 1, specifies the difference between a list X motion vector component and its'predjiction, is
derived as follows for compldx = 0..1:

MvdLX][ x0 ][ y0 ][ compldx ] = abs_mvd_IX[ x0 ][ yO ][ compldx ] *
(1-2*mvd_IX_sign_flag[ x0 ][ y0 ][ compldx ] ) (144)

The value of MvdLX[ x0 ][ y0 ][ compldx ] shall be in the range of{=215 to 215 - 1, inclugive. The
array indices x0, y0 specify the location ( x0, y0 ) of the top-1€ft luma sample of the copsidered
coding block relative to the top-left luma sample of the pictiire. The horizontal motion vector
component difference is assigned compldx = 0 and the-vertical motion vector compponent is
assigned compldx = 1.

— When sps_amvr_flag is equal to 1, the variabless MvdLX[ x0 ][ yO ][ compldx ], with [X being
replaced by 0 or 1, for compldx = 0..1 are modified as follows:

MvdLX[ x0 ][ y0 ][ compldx ] = MvdLX[ x0.][ yO0 ][ compldx ] << amvr_idx[ x0 ][ yO0 ] (145)
(therwise (MotionModelldc[ x0 ][ yO ] is not'equal to 0), the following applies:

— The variable motion vector difference of list X MvdCpLX[ x0 ][ yO0 ][ vertex ][ compldx |, with X
being replaced by 0 or 1, specifies the difference between a list X motion vector component and
its prediction, is derived, as-follows for vertex = 0..vertexNum - 1 and compldx = 0..1:

MvdCpLX[ x0 ][ yO(]] vertex ][ compldx | = abs_mvd_IX[ x0 ][ yO ][ vertex ][ compldx | *
(12 2 *mvd_IX_sign_flag[ x0 ][ yO ][ vertex ][ compldx ] ) (146)

The array indices-x0, y0 specify the location ( x0, y0 ) of the top-left luma sample of the considered
coding blockelative to the top-left luma sample of the picture, the array index vertex spegifies the
control péintindex. The horizontal motion vector component difference is assigned compldx = 0 and
the vertical motion vector component is assigned compldx = 1.

hi_pred_idx[ x0 ][ y0 ] specifies whether the reference indices and the motion vector differencesffor list 0
ardist 1 are present. bi_pred_idx[ x0 ][ y0 ] equal to O specifies the reference indices and thg motion
vector differences for [ist U and [ist I are present. bi_pred_idx[ X0 |[ yO [ equal to I specifies the reference
indices for list 0 and list 1 are not present and the motion vector difference for list 0 is not present.
bi_pred_idx[ x0 ][ y0 ] equal to 2 specifies the reference indices for list 0 and list 1 are not present and the
motion vector difference for list 1 is not present. When bi_pred_idx[ x0 ][ y0 ] is not present, it is inferred
to be equal to 0.

cbf_all[ x0 ][ yO0 ] equal to 1 specifies that the transform_unit( ) syntax structure is present for the current
coding unit. cbf_all[ x0 ][ y0 ] equal to 0 specifies that transform_unit( ) syntax structure is not present
for the current coding unit. The array indices x0 and y0 specify the location ( X0, y0 ) of the top-left luma
sample of the considered coding block relative th the top-left luma sample of the picture. When
cbf_all[ x0 ][ y0 ] is not present, its value is inferred to be equal to 1.
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7.4.9.5 Transform unit semantics

The variables allowAtsInterVerHalf, allowAtsInterHorHalf, allowAtsInterVerQuad and
allowAtsInterHorQuad are derived as follows:

— The variable allowAtsInterVerHalf is derived as follows:

— If all of the following conditions are true, the variable allowAtsInterVerHalf is set equal to TRUE.

— TogZCbWidth is greater than or equal to ( MinTbLogZSizeY + 1 J.

— log2CbWidth is less than or equal to MaxTbLog2SizeY.

— log2CbHeight is less than or equal to MaxTbLog2SizeY.
— (therwise, the variable allowAtsInterVerHalf is set equal to FALSE.
— The vjariable allowAtsInterVerQuad is derived as follows:

— If all of the following conditions are true, the variable allowAtsInterVerQuad is set equal to TRUE.

— log2CbWidth is greater than or equal to ( MinTbLog2SizeY +2 ).

— log2CbWidth is less than or equal to MaxTbLog2Size ¥

— log2CbHeight is less than or equal to MaxTbLog2SizeY.
— (therwise, the variable allowAtsInterVerQuad.is set equal to FALSE.
— The variable allowAtsInterHorHalf is derived as follows:

— If all of the following conditions are true, the variable allowAtsInterHorHalf is set equal to TRUHE.

— log2CbHeight is greater than or equal to ( MinTbLog2SizeY + 1).

— log2CbWidth is lessthan or equal to MaxTbLog2SizeY.

— log2CbHeight i$1ess than or equal to MaxTbLog2SizeY.
— (therwise, the variable allowAtsInterHorHalf is set equal to FALSE.

— The viariable allowAtsInterHorQuad is derived as follows:

— Ilf all'efthe following conditions are true, the variable allowAtsInterHorQuad is set equal to TRUK.

— log2CbHeight is greater than or equal to ( MinTbLog2SizeY + 2).
— log2CbWidth is less than or equal to MaxTbLog2SizeY.
— log2CbHeight is less than or equal to MaxTbLog2SizeY.

— Otherwise, the variable allowAtsInterHorQuad is set equal to FALSE.

cbf_cb equal to 1 specifies that the Cb transform block contains one or more transform coefficient levels
not equal to 0. When cbf_cb is not present, it is inferred to be equal to 0.
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cbf_cr equal to 1 specifies that the Cr transform block contains one or more transform coefficient levels
not equal to 0. When cbf_cr is not present, it is inferred to be equal to 0.

cbf_luma equal to 1 specifies that the luma transform block contains one or more transform coefficient
levels not equal to 0. When cbf_luma is not present, it is inferred to be equal to 0 if treeType is equal to
DUAL_TREE_CHROMA, otherwise it is inferred to be equal to 1.

cu_gp_delta_abs specifies the absolute value of the difference CuQpDelta[ x ][ y ] value between the luma
quantization parameter of the current coding unit and its prediction. When cu_qp_delta_abs is not
present, it is inferred to be equal to 0.

<

Vhen cu_qp_delta_abs is present, the variable isCuQpDeltaCoded is derived as follows:

isCuQpDeltaCoded = 1 (147)

o

u_qp_delta_sign_flag specifies the sign of CuQpDelta[ x ][ y ] as follows:

— If cu_qp_delta_sign_flag is equal to 0, the corresponding cu_qp_delta value has a positive valye.

— Otherwise (cu_qp_delta_sign_flag is equal to 1), the corresponding cu_qp_delta value has a hegative
value.

<

Vhen cu_qp_delta_sign_flag is not present, it is inferred to be equal to 0.

[an)

uQpDelta[ x ][ y ] represents the value of the difference between the luma quantization parameter of the
urrent coding unit and its prediction. The array indices %, y specify the luma sample locatign (x,y)
elative to the top-left luma sample of the picture:

=S O

<

Vhen cu_gp_delta_abs is present or isSplit isiequal to FALSE, the variable CuQpDelta[ x ][ y ] is d¢rived as
bllows for x = x0..x0 + ( 1 << log2CbWidthy) - 1 and y =y0..y0 + ( 1 << logZ2CbHeight ) - 1:

-

CuQpDelta[ x ][y ] = cu_gp_delta_abs * (1 - 2 * cu_qp_delta_sign ) (148)

—_

he value of CuQpDelta[ x ][ y}.shall be in the range of -26 to +25, inclusive.

ts_cu_intra_flag[ x0 ][ 0] specifies whether an adaptive transform selection is applied to the|residual
amples along the hotizontal and vertical direction of the associated luma transform block. The array
hdices x0, y0 specify-the location ( x0, y0 ) of the top-left luma sample of the considered transfofm block
elative to the top-left luma sample of the picture.

5 = o

<

Vhen ats_eu¢intra_flag[ x0 ][ y0 ] is not present, it is inferred to be equal to 0.

dts_hor-mode[ x0 ][ y0 ] specifies which kernel is applied to the residual samples along the h¢rizontal

direction of the associated luma transform block. The array indices x0, y0 specify the location ( XD, y0 ) of
th op-teft tuma sampie of the considered transform biock Tetative to tie top-teft Turr ample of the
picture.

When ats_hor_mode|[ x0 ][ y0 ] is not present, it is inferred to be equal to 0.

ats_ver_mode[ x0 ][ y0 | specifies which kernel is applied to the residual samples along the vertical
direction of the associated luma transform block. The array indices x0, y0 specify the location ( x0, y0 ) of
the top-left luma sample of the considered transform block relative to the top-left luma sample of the
picture.

When ats_ver_mode[ x0 ][ y0 ] is not present, it is inferred to be equal to 0.
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ats_cu_inter_flag[ x0 ][ yO ] equal to 1 specifies that for the current coding unit, sub-block transform is
used. ats_cu_inter_flag[ x0 ][ y0 ] equal to 0 specifies that for the current coding unit, sub-block transform
is not used.

When ats_cu_inter_flag[ x0 ][ y0 ] is not present, its value is inferred to be equal to 0.

ats_cu_inter_quad_flag[ x0 ][ yO ] equal to 1 specifies that for the current coding unit, the sub-block
transform includes a transform unit of 1/4 size of the current coding unit.
ats_cu_inter_quad_flag[ x0 ][ yO ] equal to O specifies that for the current coding unit the sub-block
transforim includes a transform unit of 1/2 size of the current coding unit.

When ats_cu_inter_quad_flag[ x0 ][ y0 ] is not present, its value is inferred to be equal to 0.

ats_cu_inter_horizontal_flag| x0 ][ y0 ] equal to 1 specifies that the width of the transform it is equal
to the wjdth of the current coding unit and the height of the transform unit is smaller tHanthe height gf
the current coding unit. ats_cu_inter_horizontal_flag[ x0 ][ y0 ] equal to 0 specifies that the height of thie
transform unit is equal to the height of the current coding unit and the width of(the transform unit is
smaller than the width of the current coding unit.

When ats_cu_inter_horizontal_flag[ x0 ][ y0 ] is not present, its value is derived as follows:

— If at$_cu_inter_quad_flag[ x0 ][ y0 ] is equal to 1, ats_cu_inter_horizontal_flag[ x0 ][ y0 ] is inferred t
be equal to allowAtsInterHorQuad.

(=}

— Othdrwise (ats_cu_inter_quad_flag[ x0 ][ y0 ] is equal to 0),ats_cu_inter_horizontal_flag[ x0 ][ y0] i
infeqred to be equal to allowAtsInterHorHalf.

[72)

ats_cu_inter_pos_flag[ x0 ][ y0 ] equal to 1 specifies that the bottom-right corner of the transform unit js
aligned [with the bottom-right corner of the coding unit. ats_cu_inter_pos_flag[ x0 ][ y0] equal to P
specified that the top-left corner of the transforim unit is aligned with the top-left corner of the coding
unit.

7.4.9.6 Run-length residual coding semantics

The transform coefficient levels are represented by the array
TransCoeffLevel| x0 ][ yO ][ cldx}{ xC ][ yC ], which are either specified in subclause 7.3.8.7 or inferred a
follows.|The array indicescx0; y0 specify the location (x0,y0) of the top-left luma sample of t
consideted transform bloek relative to the top-left luma sample of the picture. The array index cl
specified an indicator-for the colour component; it is equal to 0 for Y, 1 for Cb, and 2 for Cr. The arra
indices ¥C and yC spegify the transform coefficient location ( xC, yC ) within the current transform block.
When tHe value.6f TransCoeffLevel[ X0 ][ y0 ][ cIdx ][ xC ][ yC ] is not specified in subclause 7.3.8.7, it is
inferred|to be.equal to 0.

n wn

coeff_zero-run specifies the number of zero-valued transform coefficient levels that are located befo
the position of the next non-zero transform coefficient level in a scan of transform coefficient levels.

coeff_abs_level_minus1 plus 1 specifies the absolute value of a transform coefficient level at the givien
scanning position.

The value of coeff abs_level_minusl shall be constrained such that the corresponding value of
TransCoeffLevel| x0 ][ y0 ][ cIdx ][ xC ][ yC ] is in the range of -32768 to 32767, inclusive.

coeff_sign_flag specifies the sign of a transform coefficient level for the given scanning position as
follows:
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— If coeff_sign_flag is equal to 0, the corresponding transform coefficient level has a positive value.

— Otherwise (coeff_sign_flag is equal to 1), the corresponding transform coefficient level has a
value.

When coeff_sign_flag is not present, it is inferred to be equal to 0.

negative

coeff_last_flag specifies for the given scanning position whether there are non-zero transform coefficient
levels for the next subsequent scanning positions to (1 <<log2CbWidth) * (1 <<log2CbHeight) - 1 as

follows:

- If coeff_last_flagis equal to 1, all following transform coefficient levels (in scanning order) of
have a value equal to 0.

— Otherwise (coeff last_flag is equal to 0), there are further non-zero transform(coefficient lev
the scanning path.

LN |

4.9.7 Advanced residual coding semantics

he transform coefficient levels are represented by the
ransCoeffLevel[ x0 ][ yO ][ cldx ][ xC ][ yC ], which are either specified in subclause 7.3.8.8 or in

onsidered transform block relative to the top-left luma sample of the picture. The array in
pecifies an indicator for the colour component; it is egual to 0 for Y, 1 for Cb, and 2 for Cr. T
hdices xC and yC specify the transform coefficient location ( xC, yC ) within the current transfor
Vhen the value of TransCoeffLevel| x0 ][ y0 ][ cldxJPxC ][ yC ] is not specified in subclause 7.3
hferred to be equal to 0.

el bl M o W M I

o

scanning order within a transform blocki The values of last_sig_coeff_x_prefix shall be in the rang
(log2TrafoWidth << 1) - 1, inclusive:

o

ast_sig_coeff y_prefix specifies the prefix of the row position of the last significant coeff]
scanning order within a transform block. The values of last_sig_coeff y_prefix shall be in the rang
(llog2TrafoHeight << 1) ~1,4nclusive.

o

ast_sig_coeff_x_suffix-specifies the suffix of the column position of the last significant coefficier
scanning order within a transform block. The values of last_sig_coeff x_suffix shall be in the rang

(|11 << ( (last_sig_coeff x_prefix>>1)-1)) - 1, inclusive.
The column'position of the last significant coefficient in scanning order within a transfor
LastSignificantCoeftX is derived as follows:

he block

bls along

arrays
ferred as

bllows. The array indices x0, yO specify the location (x03§0) of the top-left luma sample of the

dex cldx
he array
m block.
8.8, it is

ast_sig_coeff_x_prefix specifies the prefix-of the column position of the last significant coefficient in

re of 0 to

cient in
re of 0 to

1t in
eof 0 to

m block

—If last_sig _coeff x suffix is not present, the following applies:

LastSignificantCoeffX = last_sig_coeff x_prefix
— Otherwise (last_sig_coeff_x_suffix is present), the following applies:

LastSignificantCoeffX = ( 1 << ( (last_sig_coeff x_prefix>>1)-1))*
(2 + (last_sig_coeff x_prefix & 1) ) + last_sig_coeff_x_suffix

(149)

(150)

last_sig_coeff_y_suffix specifies the suffix of the row position of the last significant coefficient in
scanning order within a transform block. The values of last_sig_coeff_y_suffix shall be in the range of 0

to (1 << ((last_sig_coeff y_prefix>>1)-1)) -1, inclusive.
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The row position of the last significant coefficient in scanning order within a transform block
LastSignificantCoeffY is derived as follows:

— Iflast_sig_coeff_y_suffix is not present, the following applies:

La

stSignificantCoeftY = last_sig_coeff y_prefix (151)

— Otherwise (last_sig_coeff_y_suffix is present), the following applies:

L3

sig_coeff_flag[ xC ][ yC ] specifies for the transform coefficient location ( xC, yC ) within the current

transfor
zero as f

— If sig
equd

— Othq
(xC,

When si

— If(x
sig_d

— Othd

coeff_all
values o

When cd

coeff_all
values o

When cd

coeff_signs_group specifies the binary representation for sign flags for the group transform coefficien

The nunf
coefficie

inclusive.

StSignificantCoelfY = [ 1 << ( ( last_sig_coell_y prefix>>1]) - 1) ]~
(2 + (last_sig_coeff_y_prefix & 1)) + last_sig_coeff_y_suffix (152

n block whether the corresponding transform coefficient level at the location ( xC,.y€ ) is non-
ollows:

_coeff_flag[ xC ][ yC] is equal to 0, the transform coefficient level at the location ( xC, yC ) is s¢g
1to 0.

rwise (sig_coeff flag[ xC ][ yC] is equal to 1), the transform coefficient level at the locatio
yC ) has a non-zero value.

b_coeff_flag[ xC ][ yC ] is not present, it is inferred as follows:

oeff flag[ xC ][ yC] is inferred to be equal to 1.
rwise, sig_coeff_flag[ xC ][ yC ] is inferred to béiequal to 0.

s_level_greaterA_flag[ n ] specifies for-the scanning position n whether there are absolu]
[ transform coefficient levels greater-than 1.

eff abs_level_greaterA_flag[ n | is.iot present, it is inferred to be equal to 0.

s_level_greaterB_flag[ n] specifies for the scanning position n whether there are absolu
f transform coefficient lévels greater than 2.

eff abs_level_greaterB_flag[ n ] is not present, it is inferred to be equal to 0.

ber of bits.used to represent coeff_signs_group is determined by a number of non-zero transforr
nts numNZ present in the transform coefficients group and should be in the range 1..216 -

h

C, yC ) is the last significant location ( LastSignificantCeeffX, LastSignificantCoeftY ) in scan ordef

(i

=)

B . - — 3. 1 1o N
When CO CL_SIEHS_gTOUP IS TTOU PICSCIIL, TU IS HIICTTEU LU D CqUdl LU U.

coeff_abs_level_remaining| n | is the remaining absolute value of a transform coefficient level that is
coded with Golomb-Rice code at the scanning position n. When coeff abs_level_remaining[ n] is not

present,

itis inferred to be equal to 0.

The value of coeff_abs_level_remaining[ n ] shall be constrained such that the corresponding value of

TransCo

104

effLevel[ x0 ][ yO ][ cldx ][ xC ][ yC ] is in the range of -32768 to 32767, inclusive.
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8 Decoding process

8.1 General decoding process
The decoding process operates as follows for the current picture CurrPic:

1) The decoding of NAL units is specified in subclause 8.2.

7) The processesin subclause 8 3 Qppr‘ify the Fnllnwing dpr‘nding pracesses using syntax eleme

020(E)

ts in the

slice header layer and above:

— Variables and functions relating to picture order count are derived, as\ speqd
subclause 8.3.1. This needs to be invoked only for the first slice of a picture,

— Atthe beginning of the decoding process for each slice of a non-IDR picture;the decoding
for reference picture lists construction specified in subclause 8.3.2.is invoked for deri}
reference picture list 0 (RefPicList[ 0 ]) and reference picturedist’1 (RefPicList[1])
decoding process for collocated picture specified in subclause.8:374 is invoked for deri
the variables ColPic.

— The decoding process for reference picture marking in subclause 8.3.3 is invoked,
reference pictures may be marked as "unused for reference” or "used for long-term re
This needs to be invoked only for the first slice ofa picture.

(OV]

) The processes in subclauses 8.4, 8.5, 8.6, 8.7 and 8.8 specify decoding processes usin
elements in all syntax structure layers. It is theqequirement of bitstream conformance that tl
slices of the picture shall contain slice data for every CTU of the picture, such that the divisi
picture into slices, the division of the slice§’into tiles and the division of the tiles into CTUs ea
a partitioning of the picture.

4) After all slices of the current picture have been decoded, the current decoded picture is m
"used for short-term reference";

8.2 NAL unit decoding process

[l

[an)

utputs of this process are the parsed RBSP syntax structures encapsulated within the NAL unit

=

he decodingprocess for each NAL unit extracts the RBSP syntax structure from the NAL unit
parses thie' RBSP syntax structure.

ified in

process
ation of
and the
yation of

wherein
ference”.

b syntax
he coded
bn of the

rh forms

hrked as

hputs to this process(are NAL units of the current picture and their associated non-VCL NAL unjts.

S.

ind then

8.3 Slice decoding process

8.3.1 Decoding process for picture order count

Output of this process is PicOrderCntVal, the picture order count of the current picture.

Picture order counts are used to identify pictures, for deriving motion parameters in merge mode and

motion vector prediction, and for decoder conformance checking.

Each coded picture is associated with a picture order count variable, denoted as PicOrderCntVal.

© ISO/IEC 2020 - All rights reserved

105


https://standardsiso.com/api/?name=caf991f23122d29f070ff293f89a846f

ISO/IEC 23094-1:2020(E)

When the current picture is not an IDR picture, the wvariables prevPicOrderCntLsb and
prevPicOrderCntMsb are derived as follows:

— Let prevTidOPic be the previous picture in decoding order that has Temporalld equal to 0.

— The variable prevPicOrderCntLsb is set equal to slice_pic_order_cnt_lsb of prevTidOPic.

— The variable prevPicOrderCntMsb is set equal to PicOrderCntMsb of prevTidOPic.

If sps_pd

cs_tlag 1s equal to I, the following applies:

— The pariable PicOrderCntMsb of the current picture is derived as follows:

If the current picture is an IDR picture, PicOrderCntMsb is set equal to 0.
Otherwise, PicOrderCntMsb is derived as follows:

if( ( slice_pic_order_cnt_lsb < prevPicOrderCntLsb ) &&
( ( prevPicOrderCntLsb - slice_pic_order_cnt_Isb ) >= ( MaxPicOrderCntLsb /2)))
PicOrderCntMsb = prevPicOrderCntMsb + MaxPicOrderCntLsb

else if( ( slice_pic_order_cnt_Isb > prevPicOrderCntLsb ) &&
( (slice_pic_order_cnt_Isb - prevPicOrderCntLsb ) > ( MaxPicOrderCntLsb / 2)))
PicOrderCntMsb = prevPicOrderCntMsb - MaxPicOrderCntLsb

else
PicOrderCntMsb = prevPicOrderCntMsb

PicOrderCntVal is derived as follows:

PicOrderCntVal = PicOrderCntMsb #5lice_pic_order_cnt_lsb

Otherwike (sps_pocs_flag is equal to 0), the follewing applies:

— If the current picture is an IDR picture, the following applies:

— Oths

1) 1

PicOrderCntVal =0

DocOffset = -1

et prevPicOrderCntVal be the PicOrderCntVal of prevTidOPic.

2) If Tempeoralld equals 0, then PicOrderCntVal and DocOffset are derived as follows:

PicOrderCntVal = prevPicOrderCntVal + SubGopLength

rwise (the current'picture is not an IDR picture), the following ordered steps are applied:

(153

(154

(155

(156

(157

DocOffset =0

3) Otherwise (Temporalld is not equal to 0), the following applies:

106

— Let prevDocOffset be the DocOffset of the previous picture in decoding order.
— DocOffset is derived as follows:

DocOffset = ( prevDocOffset + 1 ) % SubGopLength

(158)

(159)
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— If DocOffset equals 0, the following applies:
prevPicOrderCntVal = prevPicOrderCntVal + SubGopLength
ExpectedTemporalld = 0

— Otherwise (DocOffset is not equal to 0), the following applies:

ExpectedTemporalld = 1 + Floor( Log2( DocOffset ) )

(160)

(161)

(162)

— PicOrderCntVal is derived as follows:

while( Temporalld != ExpectedTemporalld ) {
DocOffset = ( DocOffset + 1 ) % SubGopLength
if( DocOffset==0)
ExpectedTemporalld = 0
else
ExpectedTemporalld = 1 + Floor( Log2( DocOffséet) )
}
PocOffset = SubGopLength * ( ( 2 * DocOffset + 1) /2Temporalld — 2)
PicOrderCntVal = prevPicOrderCntVal + PocOffset

NOTE All IDR pictures have PicOrderCntVal equal to 0 since:slice_pic_order_cnt_Isb is inferred to be
pictures and prevPicOrderCntLsb and prevPicOrderCntMsh ate both set equal to 0.

=

he value of PicOrderCntVal shall be in the range' of -231 to 231 -1, inclusive. In one
icOrderCntVal values for any two coded pictures:shall not be the same.

law]

=

tany moment during the decoding process,the values of PicOrderCntVal & ( MaxLtPicOrderCnt
br any two reference pictures in the DPB-shall not be the same.

-

The function PicOrderCnt( picX ) isspécified as follows:
PicOrderCnt( picX ) = PigOrderCntVal of the picture picX
The function DiffPicOrderCnt( picA, picB ) is specified as follows:

DiffPicOrder€nt( picA, picB ) = PicOrderCnt( picA ) - PicOrderCnt( picB )

=

he bitstream)shall not contain data that result in values of DiffPicOrderCnt( picA, picB ) usg
ecoding process that are not in the range of =215 to 215 - 1, inclusive.

QL

NOTE> Where X is the current picture and Y and Z are two other pictures in the same CVS, Yand Z are cg
to'be in the same output order direction from X when both DiffPicOrderCnt( X, Y ) and DiffPicOrder

(163)

0 for IDR

VS, the

Lsb-1)

(164)

(165)

d in the

nsidered
[nt( X, Z)

are positive or both are negative

8.3.2 Decoding process for reference picture lists construction

8.3.2.1 Decoding process for reference picture lists construction when sps_rpl_flag is equal to 1

When sps_rpl_flag is equal to 1, this process is invoked at the beginning of the decoding process
slice of a non-IDR picture.

for each

Reference pictures are addressed through reference indices. A reference index is an index into a reference
picture list. When decoding an I slice, no reference picture list is used in decoding of the slice data. When
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decoding a P slice, only reference picture list 0 (i.e., RefPicList[ 0 ]) is used in decoding of the slice data.
When decoding a B slice, both reference picture list 0 (i.e., RefPicList[ 0 ]) and the reference picture list 1
(i.e., RefPicList[ 1 ]) are used in decoding of the slice data.

At the beginning of the decoding process for each slice of a non-IDR picture, the reference picture lists
RefPicList[ 0 ] and RefPicList[ 1 ] are derived. The reference picture lists are used in marking of reference

pictures

NOTE F

as specified in subclause 8.3.3 or in decoding of the slice data.

or an I slice of a non-IDR picture that it is not the first slice of the picture, RefPicList[ 0 ] and RefPicList[ 1 ]

can be dd
the currg
slice of a
not neces

The refe

fo1

For each

— The
RefP
RefP

— EacH
inclu

as an LTRP entry otherwise.

rived for bitstream conformance checking purpose, but their derivation is not necessary for decoding ¢f
nt picture or pictures following the current picture in decoding order. For a P slice that it is not the)first
picture, RefPicList[ 1] can be derived for bitstream conformance checking purpose, but its derivation |s
sary for decoding of the current picture or pictures following the current picture in decoding order.

rence picture lists RefPicList[ 0 ] and RefPicList[ 1 ] are constructed as follows:

(i=0;i<2;i++)
for(j = 0, pocBase = PicOrderCntVal; j < NumEntriesInList[ i ][ SliceRplsIdx[ i | J;j++ ) {
if( t_ref_pic_flag[i][ SliceRplsldx[i]][j]){
RefPicPocList[i][j] = pocBase — DeltaPocSt[ i ][ SliceRplsldx[i] ][4
if( there is a reference picture picA in the DPB with PicOrderCntVal-€qual to
RefPicPocList[i][j])
RefPicList[i][j ] = picA
else
RefPicList[1][j] = "no reference picture”
pocBase = RefPicPocList[i][j] (166
}else {
if( there is a reference picA in the DPB with PicOrderCntVal & ( MaxLtPicOrderCntLsb - 1)
equal to FullPocLsbLt[4[ SliceRplsldx[i]][j])
RefPicList[i][j ] = picA
else
RefPicList[1][j] = "no referencepicture”

}
}

i equal to 0 or 1, the following applies:

=)

first NumRefldxActive[1] entries in RefPicList[i] are referred to as the active entries i
icList[i], and thecother entries in RefPicList[i] are referred to as the inactive entries i
icList[1i ].

=]

entry in RefPicList[i][j] for j in the range of 0 to NumEntriesInList[ i ][ SliceRplsldx[i]] -1
sive, is referred to as an STRP entry if It_ref_pic_flag[ i ][ SliceRplsldx[i]][]j] is equal to O, an|

[N

NOTE

1]t is possible that a particular picture is referred to by both an entry in RefPicList] 0 ] and an entry in

RefPicList[ 1 ]. It is also possible that a particular picture is referred to by more than one entry in RefPicList[ 0 ]
or by more than one entry in RefPicList[ 1 ].

NOTE

2 The active entries in RefPicList][ 0 ] and the active entries in RefPicList[ 1] collectively refer to all

reference pictures that can be used for inter prediction of the current picture and one or more pictures that
follow the current picture in decoding order. The inactive entries in RefPicList[ 0 ] and the inactive entries in
RefPicList[ 1] collectively refer to all reference pictures that are not used for inter prediction of the current
picture but can be used in inter prediction for one or more pictures that follow the current picture in decoding
order.

NOTE

3 There can be one or more entries in RefPicList[ 0 ] or RefPicList[ 1 ] that are equal to "no reference

picture" because the corresponding pictures are not present in the DPB. Each inactive entry in RefPicList[ 0 ] or
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RefPicList[ 1] that is equal to "no reference picture" must be ignored. An unintentional picture loss must be
inferred for each active entry in RefPicList[ 0 ] or RefPicList[ 1 ] that is equal to "no reference picture".

[t is a requirement of bitstream conformance that the following constraints apply:

— For each i equal to 0 or 1, NumEntriesInList[i][ SliceRplsldx[i]] shall not be less than
NumRefldxActive[i].

— The picture referred to by each active entry in RefPicList[ 0 ] or RefPicList[ 1 ] shall be present in the

DPBand shatl itave Temporalid {ess thamm or equal to that o OrTENT P

—+ An STRP entry in RefPicList[ 0] or RefPicList[ 1] of a slice of a picture and anAiTRP lentry in
RefPicList[ 0 ] or RefPicList[ 1 ] of the same slice or a different slice of the same picture’shall hot refer
to the same picture.

—+ There shall be no LTRP entry in RefPicList[ 0 ] or RefPicList[ 1 ] for which thedifference betiyveen the
PicOrderCntVal of the current picture and the PicOrderCntVal of the picture referred to by the entry

is greater than or equal to 224.

—+ LetsetOfRefPics be the set of unique pictures referred to by all eritries in RefPicList[ 0 ] and all entries
in RefPicList[ 1]. The number of pictures in setOfRefPics shall be less than or ¢qual to
sps_max_dec_pic_buffering_minus1 and setOfRefPics shalldbe the same for all slices of a pictyre.

8.3.2.2 Decoding process for reference picture lists.construction when sps_rpl_flag is equyal to 0

§8.3.2.2.1 General

<

Vhen sps_rpl_flag is equal to 0, this process.ig;invoked at the beginning of the decoding process|for each
or B slice:

law]

The reference picture list RefPicList[ 0-is constructed as follows:
1) The decoding process for filling a reference picture list with lower PicOrderCntVal in
subclause 8.3.2.2.2 is inveked with i set equal to 0 and startldx set equal to 0, and the outpgut is the
variable nextldx.
7) When nextldx is dess’'than NumRefldxActive[ 0 ], the decoding process for filling a referencg¢ picture
list with higher-RicOrderCntVal in subclause 8.3.2.2.3 is invoked with i set equal to 0 and stajrtldx set
equal to nextldx, and the output is the variable nextldx.

3) When dextldx is less than NumRefldxActive[ 0 |, NumRefldxActive[ 0 | is set equal to nextldx.

Hor B slices, the reference picture list RefPicList[ 1 ] is constructed as follows:

1) The decoding process for filling a reference picture list with higher PicOrderCntVal in
subclause 8.3.2.2.3 is invoked with i set equal to 1 and startldx set equal to 0, and the output is the
variable nextldx.

2) When nextldx is less than NumRefldxActive[ 1 ], the decoding process for filling a reference picture
list with lower PicOrderCntVal in subclause 8.3.2.2.2 is invoked with i set equal to 1 and startldx set

equal to nextldx, and the output is the variable nextldx.

3) When nextldx is less than NumRefldxActive[ 1 |, NumRefldxActive[ 1] is set equal to nextldx.
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8.3.2.2.2 Decoding process for filling a reference picture list with lower PicOrderCntVal pictures

Inputs to this process are:

— areference picture list identifier i, and

— asta

rt index position startldx.

Output of this process is the variable nextldx representing the number of positions filled in the reference

picture Iist.

The varigble nextldx is set equal to startldx.

The varigble nextTemporalld is set equal to Max( Temporalld - 1, 0 ).
Let minPoc be set equal to the lowest value of PictureOrderCountVal of all reference pictures in the DPB.

The reference picture list RefPicList[ i ] is filled with lower PicOrderCntVal pictufes as follows:

fo1

8.3.2.2.]

Inputs t

— areference picture list identifier i, and

— astdrt index position startldx.

Output ¢

picture list.

The vari

The vari

Let max

(j = PicOrderCntVal; j >= minPoc && nextldx < NumRefldxActive[i]; j- -0+
if( there is a reference picture picA in the DPB with PicOrderCntVal equal*to j and
with Temporalld <= nextTemporalld ) {
RefPicList[ i ][ nextldx++ ] = picA (167
nextTemporalld = Max( Temporalld of picA-1,0)

8 Decoding process for filling a reference picture list with higher PicOrderCntVal

b this process are:

f this process is the variable nextldx representing the number of positions filled in the referende

able nextldx is sét-equal to startldx.
able nextTemporalld is set equal to Max( Temporalld - 1, 0).

Poc be.set equal to the highest value of PictureOrderCountVal of all reference pictures in the DPE.

The refe

rence picture list RefPicList[ i ] is filled with higher PicOrderCntVal pictures as follows:

for(j = PicOrderCntVal; j <= maxPoc && nextldx < NumRefldxActive[i]; j++) {

110

if( there is a reference picture picA in the DPB with PicOrderCntVal equal to j and
with Temporalld <= nextTemporalld ) {
RefPicList[ i ][ nextldx++ ] = picA (168)
nextTemporalld = Max( Temporalld of picA-1,0)
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8.3.3 Decoding process for reference picture marking

8.3.3.1 Decoding process for reference picture marking when sps_rpl_flag is equal to 1

When sps_rpl_flag is equal to 1, this process is invoked once per picture, after decoding of a slice header
and the decoding process for reference picture list construction for the slice as specified in

subclause 8.3.2, but prior to the decoding of the slice data. This process may result in one

or more

reference pictures in the DPB being marked as "unused for reference" or "used for long-term reference".

nmon

decoded picture in the DPB can be marked as "unused for reference", "used for short-termcre
r "used for long-term reference"”, but only one among these three at any given moment|dy
peration of the decoding process. Assigning one of these markings to a picture implicitly
nother of these markings when applicable. When a picture is referred to as being marked as '
reference”, this collectively refers to the picture being marked as "used for short-term'reference”
fpr long-term reference" (but not both).

<

Vhen the current picture is an IDR picture, all reference pictures currentlyin.the DPB (if any) arg
s "unused for reference".

Q

§TRPs are identified by their PicOrderCntVal values. “\TRPs are identified
bg2_max_pic_order_cnt_Isb_minus4 + 4 + additional_lt_poc_lsb_len'LSBs of their PicOrderCntVa

—t

—

he following applies:

— For each LTRP entry in RefPicList[ 0 ] or RefPicList[ 1 ], when the referred picture is an S
picture is marked as "used for long-term reference".

—+ Each reference picture in the DPB that;is not referred to by any entry in RefPicLis
RefPicList[ 1 ] is marked as "unused forreference”.

8.3.3.2 Decoding process for reference picture marking when sps_rpl_flag is equal to 0

When sps_rpl_flag is equal to 0,this process is invoked for decoded pictures when Temporalld
tp 0. The process is invoked-once, after decoding of a slice header, but prior to the decoding pr
reference picture list construction for the slice as specified in subclause 8.3.2 and prior to the ¢
df the slice data.

Ifet minPoc be set-equal to the lowest value of PictureOrderCountVal of all reference pictures in

The variable:idx is set equal to 0.

et

Flog2-sub_gop_length is greater than 0, the decoded reference picture marking is performed as

ference"
ring the
removes
used for
or "used

marked

by the
values.

TRP, the

t[0] or

is equal

cess for
lecoding

the DPB.

follows:

for(j=PicOrderCntVal - 1;j>=minPoc;j—-){

if( there is a reference picture picA in the DPB with PicOrderCntVal equal to j ) {
if( Temporalld of picA = = 0 && idx < max_num_tid0_ref_pics ) {
the picture picA is marked as "used for short-term reference"
idx++
} else
the picture picA is marked as "unused for reference"”

}
}

(169)

Otherwise (log2_sub_gop_length equals 0), the decoded reference picture marking is performed as

follows:
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for( j = PicOrderCntVal - 1; j >= minPoc; j— - ) {

if( there is a reference picture picA in the DPB with PicOrderCntVal equal to j ) {
picApoc is set equal to the PicOrderCntVal of picA
if( ( ( picApoc = =PicOrderCntVal - 1) | | ( picApoc % RefPicGapLength ) ==0) &&
idx < max_num_tid0_ref_pics ) {
the picture picA is marked as "used for short-term reference"
idx++ (170)
} else
the picture picA is marked as "unused for reference"

834 1
This pro|
of the dd

but pr
RefPicLi

84 D

84.1 (
Inputs t

— aluy
the {]

— avar

— aval
Output ¢
When tr

— The
with|
tolo

— The
locat
log2

}

Decoding process for collocated picture

cess is invoked at the beginning of the decoding process for each P or B slice, afterthe invocatio
coding process for reference picture list construction for the slice as specified in subclause 8.3.2,
or to the decoding of any coding wunit. The variable ColPic—/is set equal
5t[ col_pic_list_idx ][ col_pic_ref_idx].

=)

(=}

ecoding process for coding units coded in intra prediction mode

heneral
this process are:

ha location ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative tp
op-left luma sample of the current picture,

iable log2CbWidth specifying the widthof the current luma coding block, and
[iable log2CbHeight specifying the-height of the current luma coding block.
f this process is a modified réconstructed picture before in-loop filtering.

peType is not equal to DUAL_TREE_CHROMA, the following steps are performed:

[on

derivation process.for the luma intra prediction mode as specified in subclause 8.4.2 is invoke
the luma locatiefh/ xCb, yCb ) and the width of the current coding block log2BlkWidth set equa
o2 CbWidth agkinputs.

==

decoding process for intra prediction as specified in subclause 8.4.4 is invoked with the lum
ion,(\X€b, yCb ), the variables log2BlkWidth and log2BlkHeight set equal to log2CbWidth and

)

cldx

CbHelght the Varlable predModelntra set equal to IntraPredModeY[ be ] [ yCb ] and the variable
v ' : cdSampiest i

x=0.(1<< logZCledth) 1 and y=0.(1<< logZCbHelght) 1

— LetresSamples be (1 << log2CbWidth)x(1 << log2CbHeight) array of residual samples.

— The

decoding process for the residual signal as specified in subclause 8.4.5 is invoked with the luma

location ( xCb, yCb ), the luma location ( 0, 0 ), the variable nCbW set equal to ( 1 << log2CbWidth ),

the

(1<
to 0
mod

112

variable nCbH set equal to (1<<log2CbHeight), the variable nTbW set equal to
< log2CbWidth ), the variable nTbH set equal to ( 1 << log2CbHeight ), the variable cldx set equal
and the (1 <<log2CbWidth)x(1 <<log2CbHeight) array resSamples as inputs, the output is a
ified version of the (1 <<log2CbWidth)x(1 << log2CbHeight) array resSamples.
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The picture construction process prior to post-reconstruction and in-loop filtering for a colour
component as specified in subclause 8.7.5 is invoked with the luma coding block location ( xCb, yCb ),
the wvariable nCbW set equal to (1<<log2CbWidth), the variable nCbH set equal to
(1 <<log2CbHeight), the variable cldx set equal to 0, the (1 <<log2CbWidth)x(1 << log2CbHeight)
array predSamples set equal to predSamples, and the (1 << log2CbWidth)x(1 << log2CbHeight) array
resamples set equal to resSamples as inputs, and the output is a modified reconstructed picture
before the post-reconstruction filtering process and in-loop filtering.

When the value of sps_htdf flag is equal to 1, the post-reconstruction filter process prior to in-loop

Q. <

filtering for a luma component as specified in subclause 8.7.6.1 is invoked with the luma coding block
location ( xCb, yCb ), the variable nCbW set equal to ( 1 << 1log2CbWidth ), the variable nChH set equal
to (1 << log2CbHeight ), the variable Qpy set equal to Qp'y, which is obtained accordingto d¢rivation

process for quantization parameters as specified in subclause 8.7.1, and the output is a modified
reconstructed picture before in-loop filtering.

Vhen ChromaArrayType is not equal to 0 and treeType is not equal to DUAE_TREE_LUMA, the fpllowing
ecoding process for chroma samples applies:

The variables log2CbWidthC and log2CbHeightE are set equal to
log2CbWidth - ( ChromaArrayType==370:1) and
log2CbHeight — ( ChromaArrayType==171:0).

The derivation process for the chroma intra prediction'mode as specified in subclause 8.4.3 islinvoked
with the luma location ( xCb, yCb ) as input, and the output is the variable IntraPredModeC.

The decoding process for intra prediction as specified in subclause 8.4.4 is invoked with thgq chroma
location ( xCb / SubWidthC, yCb / SubHeightC ), the variables log2BlkWidth and log2BlkHeight set
equal to log2CbWidthC and log2CbHeightG/ the variable predModelntra set equal to IntraPrgdModeC
and the variable cldx set equal te, 1 as inputs, and the output is the predicted |samples
predSamples[ x ][ y ], with x = 0..(.1 << 1log2CbWidthC) - 1 and y = 0..( 1 << log2CbHeightC )|- 1.

Let resSamples be (1 << log2CbWidthC)x(1 << log2CbHeightC) array of residual samples.

The decoding process for the residual signal as specified in subclause 8.4.5 is invoked with the luma
location ( xCb, yCb ), the luma location ( 0, 0 ), the variable nCbW set equal to ( 1 << log2ChWidth ),
the variable nCbH-‘ set equal to (1<<log2CbHeight), the variable nTbW set equal to
(1 <<log2CbWidth ), the variable nTbH set equal to ( 1 << log2CbHeight ), the variable cldx $et equal
to 1, and the~{T’<<log2CbWidthC)x(1 << log2CbHeightC) array resSamples as inputs, the odtput is a
modified ¥érsion of the (1 <<1log2CbWidthC)x(1 << log2CbHeightC) array resSamples.

The_pieture construction process prior to in-loop filtering for a colour component as sp€dcified in
subclause 8.7.5 is invoked with the luma coding block location ( xCb, yCb ), the variable nCbW set
equal to (1 <<log2CbWidthC ), the variable nCbH set equal to ( 1 <<log2CbHeightC ), the [variable

AL

chdxsetequal to 1 the tt=<<tog2CbWidth€ix{t << tog2€bHeightC)array predSamptesset equal to
predSamples, and the (1 <<log2CbWidthC)x(1 <<log2CbHeightC) array resamples set equal to
resSamples as inputs, and the output is a modified reconstructed picture before in-loop filtering.

The decoding process for intra prediction as specified in subclause 8.4.4 is invoked with the chroma
location ( xCb / SubWidthC, yCb / SubHeightC ), the variables log2BlkWidth and log2BlkHeight set
equal to log2CbWidthC and log2CbHeightC, the variable predModelntra set equal to IntraPredModeC
and the variable cldx set equal to 2 as inputs, and the output is the predicted samples
predSamples[ x ][y ], with x = 0..( 1 << 1log2CbWidthC) - 1 and y = 0..( 1 << log2CbHeightC) - 1.
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— The decoding process for the residual signal as specified in subclause 8.4.5 is invoked with the luma
location ( xCb, yCb ), the luma location ( 0, 0 ), the variable nCbW set equal to ( 1 <<log2CbWidth ),

the

variable nCbH set equal to (1<<log2CbHeight), the variable nTbW set equal to

(1 <<log2CbWidth ), the variable nTbH set equal to ( 1 << log2CbHeight ), the variable cldx set equal

to 2,

and the (1 <<log2CbWidthC)x(1 << log2CbHeight(C) array resSamples as inputs, the output is a

modified version of the (1 <<1og2CbWidthC)x(1 << log2CbHeightC) array resSamples.

— The picture construction process prior to in-loop filtering for a colour component as specified in
subclause 8.7.5 is invoked with the luma coding block location ( xCb, yCb ), the variable nCbW set

equdl to (1 <<log2CbWidthC ), the variable nCbH set equal to ( 1 <<log2CbHeightC ), the variable

cldx

predSamples, and the (1 <<log2CbWidthC)x(1 <<log2CbHeightC) array resamples set équal tp
resShmples as inputs, and the output is a modified reconstructed picture before in-loop filtering.

8.4.2 Derivation process for luma intra prediction mode
Inputs t¢ this process are:

— asamplelocation ( xCb, yCb ) specifying the top-left sample of the current black relative to the top-le
sample of the current picture, and

— aval

In this process, the luma intra prediction mode IntraPredMode¥}.xCb ][ yCb ] is derived.
If sps_eipd_flag is equal to 0, the following applies:

— Table 13 specifies the value for the intra prediction‘'mode and the associated names.

set equal to 2, the (1 <<1log2CbWidthC)x(1 <<log2CbHeightC) array predSamples set egual tp

=

iable log2BlkWidth specifying the width of the current coding block.

Table 13 — Specification of intra prediction mode and associated names
(when'sps_eipd_flag = = 0)

Intra predictionnmode Associated name
( IntraPredMode¥[xCb ][ yCb])
0 INTRA_DC
1 INTRA_HOR
2 INTRA_VER
3 INTRA_UL
4 INTRA_UR

— Intra

(] pe ed 1 dDle ade cd D ne 1n d pread
blocks, and IntraPredModeY[ xCb ][ yCb ] is derived using IntraPredModeList as follows:

IntraPredModeY[ xCb ][ yCb ] = IntraPredModeList[ intra_pred_mode[ xCb ][ yCb ] ] (171)

114
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Table 14 — Derivation of IntraPredModeList from the intra prediction mode of the

neighbouring blocks

IntraPredModeY[ xCb ][yCb -1]

na 0 1 2 3 4

IntraPredModeY

na 0,231,4 0213402134 12034 | 021,34 01,23,4

,0,2,3,4 | 0,1,2,3,4| 0,1,2,3,4 | 1,20,3,4 | 0,1,3,2,4 | 0,2,1,4,3
,0,2,3,4 11,0,2,3,4]10234) 20134 103,2,4 01,243

Q

[xCb-1][yCb]

,0,2,3,4 | 0,2,1,3,4| 1,0,2,3,4 | 1,2,0,3,4 | 0,1,2,3,4 | 0,2,1){,3
0,123,411 03214 | 1023,4 | 12034 | 1,2,3,0,4 N0;2,1, %3
0123401243 |01,243 0214301234y 0,1,2,#3

B W N (= O

therwise (sps_eipd_flag is equal to 1), the following applies:

— IntraPredModeY[ xCb ][ yCb ] is derived by the following ordered steps:

— (When validC is equal to TRUE, the following applies:

1) The neighbouring locations ( xXNbA, yNbA ), (xNbB, yNbB J\and ( xNbC, yNbC ) are set|equal to
(xCb-1,yCb ), (xCb,yCb -1 )and (xCb + (1 << log2BlkWidth), yCb ), respectively.

2) For X being replaced by either A, B or C, the variables candIntraPredModeX are derived as
— The derivation process for neighbouring block availability as specified in subclausg¢ 6.4.1 is
invoked the neighbouring location{ xXNbY, yNbY ) set equal to ( xNbX, yNbX ) as input, and

the output is assigned to availableX.

— Avariable validX and the candidate intra prediction mode candIntraPredModeX arg derived
as follows:

If the availabléeX is equal to TRUE and LumaPredMode[ xNbX ][ yNbX ] is pqual to
MODE_INTRA, validX is set equal to TRUE and candIntraPredModeX is set pqual to
IntraPredModeY[ xNbX ][ yNbX ].

Othieywise, validX is set equal to FALSE and candIntraPredModeX is set equal to
INTRA_DC.

If both validA and validB are equal to TRUE, the following applies:

— If candintraPredModeA is equal to candIntraPredModeB, candintraPredModeB is

set equal to candIntraPredModeC and validC is set equal to FALSE.

— Otherwise, if candIntraPredModeA or candIntraPredModeB is equal to
candIntraPredModeC, validC is set equal to FALSE.

Otherwise, if validA is equal to FALSE, candIntraPredModeA is set equal to
candIntraPredModeC and validC is set equal to FALSE.

Otherwise, if validB is equal to FALSE, candIntraPredModeB is set equal to
candIntraPredModeC and validC is set equal to FALSE.
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3)

4)

116

candModelList[ x | with x = 0, 1 is derived as follows:

candModelList[ 0 ] = Min( candIntraPredModeA, candIntraPredModeB ) (172)
candModelList[ 1 ] = Max( candIntraPredModeA, candIntraPredModeB ) (173)
— When candModelList[ 1 ] is equal to candModeList[ 0 ], the following applies:

candModeList[ 0 ] = INTRA_DC (174)

candModeList[ 1] = ( candModeList[ 1] ==INTRA_DC) ? INTRA_BI : candModeList[ 1] (175
extCandModeList[ x ] with x = 0..7 is derived as follows:
— IfvalidC is equal to FALSE, the following applies:

— If both candModeList[ 0] and candModeList[ 1] are less than "3 (i.e., equal

INTRA_PLN, INTRA_DC, or INTRA_BI), extCandModeList[ x | with-x = 0..7 is derived 4
follows:

v O

-

— extCandModelList[ 0 ] is a mode which is not included in candModeList[ x ] wit
x=0,1 among INTRA_PLN, INTRA_DC, and INTRA_BI. extCandModeList[ x | wit
x = 1..7 is derived as follows:

-

extCandModeList[ 1] = INTRA_VER (176
extCandModeList[ 2 ] = INTRA_HOR (177
extCandModeList[ 3 ] = INTRA_DIA-R (i.e., (INTRA_VER + INTRA_HOR ) >> 1) (178
extCandModeList[ 4 ] =INTRA_DIA_L (179
extCandModeList[ 5. )= INTRA_DIA_U (180
extCandModeList[ 6 | = INTRA_VER + 4 (181
extCandModelList[ 7 ] = INTRA_HOR - 4 (182

— Otherwise, if candModeList[ 0 ] is less than 3 and candModeList[ 1 ] are greater than gr
equal te 3, extCandModeList[ x ] with x = 0..7 is derived as follows:

%)

~ If candModeList[ 0 ] is equal to INTRA_PLN, extCandModeList[ x | with x=0, 1 i
derived as follows:

extCandModelist[ 0] =INTRA BI 183
extCandModeList[ 1] = INTRA_DC (184)
— Otherwise, extCandModelList[ x | with x = 0, 1 is derived as follows:
extCandModeList[ 0 ] = ( candModeList[ 0] = = INTRA_BI ) 2 INTRA_DC : INTRA_BI (185)
extCandModeList[ 1] = INTRA_PLN (186)

— IfcandModelList[ 1 ] is greater than 30, extCandModeList[ x | with x = 2..7 is derived
as follows:
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extCandModeList[ 2 ] = (candModeList[ 1] ==32)?731:32 (187)
extCandModeList[ 3] =30 (188)
extCandModeList[ 4] = 29 (189)
extCandModeList[ 5] = 28 (190)
extCandModeList[ 6 ] = INTRA_HOR (191)
extCandModeList[ 7 ] = INTRA_DIA_R (192)

— Otherwise, if candModelList[ 1] is less than 5, extCandModeList[ x J-with ¥ = 2..7 is
derived as follows:

extCandModeList[ 2 ] = (candModeList[1]==3)74:3 (193)
extCandModeList[ 3] =5 (194)
extCandModeList[ 4] =6 (195)
extCandModeList[ 5] =7 (196)
extCandModelList[ 6 ] = INTRA_VER (197)
extCandModeList[ 7 ] = INTRA-DIA_R (198)

— Otherwise, extCandModeList[ x ] with x = 2..7 is derived as follows:

extCandModeList[ 2] = candModeList[ 1] + 2 (199)
extCandModeList[ 3 ] = candModeList[ 1] - 2 (200)
extCandModeList[ 4 ] = candModeList[ 1] + 1 (201)
ext€CandModelList[ 5 ] = candModeList[ 1] -1 (202)
=— If candModelList[ 1] is equal to or less than 23 and equal to or greater|than 13,
the following applies:
extCandModeList[ 6 ] = candModeList[ 1] - 5 (203)
extCandModeList[ 7 ] = candModeList[ 1] + 5 (204)

— Otherwise, the following applies:

extCandModeList[ 6 ] = ( candModeList[ 1] > 23)?
candModeList[ 1] - 5: candModeList[ 1] + 5 (205)

extCandModeList[ 7 ] = ( candModeList[ 1] > 23)?
candModelList[ 1] - 10 : candModeList[ 1] + 10 (206)

— Otherwise, extCandModelList[ x ] with x = 0..7 is derived as follows:

extCandModeList[ 0 ] = INTRA_BI (207)
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extCandModeList[ 1] = INTRA_DC (208)
— extCandModelList[ x | with x = 2..7 is derived as follows:
— Alist[ y ] with y = 0..14 is derived as follows:

list[ 0] = (candModeList[ 0 ] ==3 | | candModeList[0 ] ==4)7?

candModelList[ 0 ] + 1 : candModeList[ 0] - 2 (209)
TiST[ T = candModeList[ U] == 317

candModeList[ 0 ] - 1: candModeList[ 0] + 2 (210
list[ 2] = (candModeList[1]==4)7?

candModelList[ 1] + 1: candModeList[ 1] - 2 (211
list[ 3] = (candModeList[ 1] ==32| | candModeList[ 1] =531)?

candModelList[ 1] - 1: candModeList[ 1] + 2 (212
list[ 4 ] = (candModeList[ 0 ] + candModeList[ 1 ] +T)'>> 1 (213
list[ 5] = (list[ 4 ] + candModeList[0] + 1) >>1 (214
list[ 6] = (list[ 4 ] + candModeList[ 1] +1.))>>1 (215
list[ 7 ] = INTRA_VER (216
list[ 8 ] = INTRA_HOR (217
list[ 9] = INTRA_DIA_R (218
list[ 10 ] = INTRA_RLN (219
list[ 11 ] = INTRA_DIA_L (220
list[ 12 ]=INTRA_DIA_U (221
listf'13'] = INTRA_VER + 4 (222
list[ 14 ] = INTRA_HOR - 4 (223

- Avariable iCount is set equal to 2.
— Foriequal to 0 to 14, inclusive, the following is applied until iCount is greatedr

than 7:

— Forjequal to 0 to iCount - 1, inclusive, the following is applied:
— When list[i] is equal to among extCandModelList[j],
candModelList[ 0 ], and candModeList[ 1], i is incremented by 1 and j

is set equal to 0.

— Whenjisequalto (iCount - 1), extCandModeList[ iCount ] is set equal
to list[ i ], i and iCount are incremented by 1 and j is set equal to O.

— Otherwise (validC is equal to TRUE), the following applies:
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— If both candModeList[ 0] and candModeList[ 1] are less than 3 (i.e., equal to
INTRA_PLN, INTRA_DC, or INTRA_BI), extCandModeList[ x | with x=0..7 is derived as
follows:

— extCandModeList[ 0] is set equal to a mode which is not included in the
candModeList among INTRA_PLN, INTRA_DC, and INTRA_BI.

— IfcandIntraPredModeC is less than 3, extCandModeList[ x | with x = 1..7 is set equal
to Formulae 176 to 182.

— Otherwise, extCandModelList[ x ] with x = 1..7 is derived as follows:

extCandModelList[ 1 ] = candIntraPredModeC (224)
extCandModelList[ 2 ] = ( candIntraPredModeC = = 3 | | candIntraPredModeC==4)7?
candIntraPredModeC + 1 : candIntraRredModeC - 2 (225)

extCandModelList[ 3 ] = ( candIntraPredModeC = = 32 | |.éahdIntraPredModeC = =|31) ?
candIntraPredModeC - 1 : candIntraPredModeC + 2 (226)

— extCandModelList[ x | with x = 4..7 is derived as follows:

— Alist[ y ] with y = 0..9 is derivéd as follows:

list[ 0 ] = INTRA_VER (227)
list 1] = INTRA_HOR (228)
list[ 2 ] = INTRAZDIA_R (229)
list[ 3 ] .= INTRA_PLN (230)
list{ 4] = INTRA_DIA_L (231)
list[ 5] = INTRA_DIA_U (232)
list[ 6 ] = INTRA_VER + 4 (233)
list[ 7 ] = INTRA_HOR - 4 (234)
list[ 8] = INTRA_VER - 4 (235)
list[ 9 ] = INTRA_HOR + 4 (236)

— A variable iCount is set equal to 4

— For i equal to 0 to 9, inclusive, the following is applied until iCount is
greater than 7:

— Forjequal to 0 to iCount - 1, inclusive,the following is applied:
— When list[i] is equal to among extCandModeList[j],

candModeList[ 0 ], and candModelList[ 1], i is incremented by 1
and j is set equal to 0.
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— Whenjis equal to (iCount - 1), extCandModeList[ iCount ] is set
equaltolist[i],iand iCountare incremented by 1 and j is set equal
to 0.

— Otherwise, if candModeList[ 0 ] is less than 3 and candModeList[ 1 ] are greater than or
equal to 3, extCandModeList[ x ] with x = 0..7 is derived as follows:

— IfcandIntraPredModeC is less than 3, extCandModeList[ x | with x = 0..7 is set equal
to Formulae 183 to 206.

— Otherwise, extCandModelList[ x | with x = 0..7 is derived as follows:

— If candModelList[ 0 ] is equal to INTRA_PLN, extCandModelList[ x | with-x = 0..2
is derived as follows:

extCandModeList[ 0 ] = INTRA_BI (237
extCandModeList[ 1] =INTRA_DC (238
extCandModeList[ 2 | = candIntraPredModeC (239

— Otherwise, extCandModelList[ x | with x = 042 iS' derived as follows:

extCandModeList[ 0 ] = (candModeList[<0 ] ==INTRA_BI ) ? INTRA_DC:

INTRA_BI (240
extCandModeList[ 1 ] = INTRA*PLN (241
extCandModeList[ 2 | = candIntraPredModeC (242

— extCandModelList[ x] with x = 3..7 is derived as follows:
— Alist[ y ] with y = 0..14 is derived as follows:

list[(0'= ( candIntraPredModeC = = 3 | | candIntraPredModeC==4)7?

candIntraPredModeC + 1 : candIntraPredModeC - 2 (243
list[ 1] = ( candIntraPredModeC = = 32 | | candIntraPredModeC ==31) 7
candIntraPredModeC - 1 : candIntraPredModeC + 2 (244
list[ 2] = (candModeList[ 1] == 3| | candModeList[1]==4)7?
candModelList[ 1] + 1: candModeList[ 1] - 2 (245
list[ 3] = (candModeList[ 1] ==32 || candModeList[1]==31)7?
Lalld}\Vl{UdCLiDt[ 1 ] 1 . Lalld}\V{UdCLiDt[ 1 ] + 2 (246

list[ 4 ] = ( candIntraPredModeC + candModeList[ 1]+ 1) >>1 (247)

list[ 5] = ( candIntraPredModeC + list[ 4]+ 1) >>1 (248)
list[ 6 ] = (candModeList[ 1] +list[4]+1)>>1 (249)
list[ 7 ] = INTRA_VER (250)
list[ 8 ] = INTRA_HOR (251)
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list[ 9 ] = INTRA_DIA_R (252)
list[ 10 ] = INTRA_PLN (253)
list[ 11] = INTRA_DIA_L (254)
list[ 12 ] = INTRA_DIA_U (255)
list[ 13 ] = INTRA_VER + 4 (256)
list[ 14 ] = INTRA_HOR - 4 (257)

— Avariable iCount is set equal to 3.

— For i equal to 0 to 14, inclusive, the following is @pplied until iCount is
greater than 7:

— Forjequal to 0 to iCount - 1, inclusive,the following is appliefl:
— When list[i] is equal . &%o~ among extCandModgList[j],
candModelList[ 0 ], and caitxdModelList[ 1], i is incremented by 1

and j is set equal to 0.

— When j is equal to_(Count - 1 ), extCandModelList[ iCount ] is set
equal to list[ i ]si.and iCount are incremented by 1 and j is $et equal

to 0.

— Otherwise, extCandModeList[.x'] with x = 0..7 is derived as follows:

— If candIntraPredMogdeC is less than 3, extCandModeList[ x ] with x = 0..7 i derived
as follows:

extCandModelist[ 0 | = candIntraPredModeC (258)

extCandModeList[ 1 ] = ( candIntraPredModeC = = INTRA_BI ) ? INTRA_DC : INTRA_BI
(259)

> extCandModelList[ x ] with x = 2..7 is derived as follows:
— Alist[ x ] with x = 0..14 is set equal to Formulae 209 to 223.

— Avariable iCount is set equal to 2.

— For i equal to 0 to 14, inclusive, the following is applied until i|Count is

grp:xh:r than 7:

— Forjequal to 0 to iCount - 1, inclusive, the following applies:

— When list[i] is equal to among extCandModelist[j],
candModeList[ 0 ], and candModelList[ 1], i is incremented by 1
and j is set equal to 0.

— Whenjis equal to (iCount - 1), extCandModeList[ iCount ] is set

equaltolist[i],iand iCountare incremented by 1 and j is set equal
to 0.
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— Otherwise, extCandModelList[ x | with x = 0..7 is derived as follows:

extCandModeList[ 0 ] = INTRA_BI (260)
extCandModeList[ 1] = INTRA_DC (261)
extCandModelList[ 2 ] = candIntraPredModeC (262)

— extCandModelList[ x | with x = 3..7 is derived as follows:

— Alist[ y ] withy =0..15 is derived as follows:

list[ 0] = (candModeList[ 0 ] == 3| | candModeList[0 ] ==4)?
candModeList[ 0] + 1 : candModeList[ 0] - 2 (263

list[ 1] = (candModeList[0 ] ==31)7?
candModeList[ 0 ] = 1: candModeList[ 0] ¥2 (264

list[ 2] = (candModeList[1]==4)7?
candModelList[ 1]+ 1: candModeList[ 1] - 2 (265

list[ 3] = (candModeList[ 1] ==32|| candModeList[1]==31)7?
candModeList[ 0] - 1: candModeList[ 0] + 2 (266

list[ 4 ] = ( candIntraPredModeC =,=3\ | candIntraPredModeC==4)7?
candIntraPredModeC+ 1 : candIntraPredModeC - 2 (267

list[ 5] = ( candIntraPredModeC = = 32 | | candIntraPredModeC==31)7?
candIntraPredModeC - 1 : candIntraPredModeC + 2 (268

list[ 6 ] = ( candIntraPredModeC < candModeList[ 1] ) ?
( caidModelList[ 0 ] + condIntraPredModeC + 1) >>1:
((candModelList[ 0 ] + candModeList[1]+1)>>1 (269

list[ ~}=( candIntraPredModeC < candModeList[ 0] ) ?
( candModelList[ 0 ] + candModeList[1]+1)>>1:
( candIntraPredModeC + candModeList[ 1]+ 1) >>1 (270

list[ 8 ] = INTRA_VER (271
list[ 9 ] = INTRA_HOR (272
list[ 10 ] = INTRA_DIA_R (273
list[ 11]=INTRA_PLN (274
list[ 12 ] = INTRA_DIA_L (275)
list[ 13 ] = INTRA_DIA_U (276)
list[ 14 ] = INTRA_VER + 4 (277)
list[ 15 ] = INTRA_HOR - 4 (278)

— Avariable iCount is set equal to 3.
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— For i equal to 0 to 15, inclusive, the following is applied until iCount is
greater than 7:

— Forjequal to 0 to iCount - 1, inclusive, the following applies:
— When list[i] is equal to among extCandModeList[j],

candModelList[ 0 ], and candModeList[ 1], i is incremented by 1
and j is set equal to 0.

5) AlistremModelList[ x | with x = 0..32 is derived as follows:

6)

— Whenjis equal to (iCount - 1), extCandModeList] iCount ] is set
equal tolist[ i ],iand iCount are incremented by 1 and’j)is’$et equal
to 0.

— remModelList[ x ] with x =0, 1 is set equal to candModeList[ y ] with-y = 0, 1.
— remModelList[ x ] with x = 2..9 is set equal to extCandModeList}y ] withy = 0..7.
— remModelList[ x ] with x = 10..32 is derived as follows:

— Avariable iCount is set equal to 10.

— A defaultModelList[ 33 ] is set equal to {INTRA_DC, INTRA_BI, INTRA_VER, INTRA_PLN,
INTRA_HOR, INTRA_VER-1, INTRA VER+1, INTRA_VER-2, INTRAJVER+2,
INTRA_VER -3, INTRA_VER + 3, dNTRA_HOR -1, INTRA_HOR + 1, INTRA_HOR - 2,
INTRA_HOR + 2, INTRA_HOR —3; INTRA_HOR + 3, INTRA_VER +5, INTRAVER +4,
INTRA_VER -5, INTRA_VER®4, INTRA_DIA_R, INTRA_DIA_L, INTRA_DJA_L -3,
INTRA_DIA_L - 2, INTRA_DIA_L - 1, INTRA_DIA_U, INTRA_DIA_U + 1,INTRA_DIA_U + 2,
INTRA_HOR - 4, INTRAHOR - 5,INTRA_HOR + 5, INTRA_HOR + 4 }.

— Foriequal to 0 to:32;inclusive, the following applies:

— If defaultModeList[i] is equal to candModeList[y] with y=0,1]|or the
extCandModelList[ z | with z = 0..7, i is incremented by 1.

— _Otherwise, remModeList[ iCount ] is set equal to defaultModeList[ i | and 1Count is
incremented by 1.

IntraRredModeY|[ xCb ][ yCb ] is derived by applying the following procedure:

= If intra_luma_pred_mpm_flag[ x0 ][ y0 ] is equal to 1, the IntraPredModeY[ xCb ][ y(b ] is set
equal to candModelList[ intra_luma_pred_mpm_idx[ x0 ][ y0 ] ].

— Otherwise, ——if ——imtra_turmma_pred_pims_ftagi X0 y0] is—equal—to 1, the
IntraPredModeY[ xCb ][ yCb ] is set equal to
extCandModeList[ intra_luma_pred_pims_idx[ x0 ][ y0 ] ]

— Otherwise, the IntraPredModeY[ xCb ][ yCb ] is set equal to
remModeList[ intra_luma_pred_rem_mode[x0 ][y0]+2 + 8].

— Table 15 specifies the value for the intra prediction mode and the associated names.
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Table 15 — Specification of intra prediction mode and associated names
(when sps_eipd_flag == 1)

Intra prediction mode Associated name
( IntraPredModeY[ xCb ][ yCb])

0 INTRA_DC

1 INTRA_PLN

2 INTRA_BI

6 INTRA_DIA_L

12 INTRA_VER

18 INTRA_DIA_R

24 INTRA_HOR

30 INTRA_DIA_U

— IntraPredModeY[ xCb ][ yCb | labelled 0..32 represents directions of predictions as illustrated i
Figuye 5.

-

18 17 16 15 14 13 12 11 10 9 8, 7 6

Key

0 INTRA_DC
1  INTRA_PLN
2 INTRA_BI

Figure 5 — Intra prediction mode directions

8.4.3 Derivation process for chroma intra prediction mode

Input to this process is a luma location ( xCb, yCb ) specifying the top-left sample of the current chroma
coding block relative to the top-left luma sample of the current picture.
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Output of this process is the variable IntraPredModeC.

When LumaPredMode[ xCb ][ yCb ] is equal to MODE_IBC, IntraPredModeY[ xCb ][ yCb ] is set equal to
INTRA_DC.

The chroma intra prediction mode IntraPredModeC is derived as follows:

— If intra_chroma_pred_mode[ xCb ][yCb] is equal to 0, IntraPredModeC is set equal to
IntraPredModeY[ xCb ][ yCb ].

— Otherwise, IntraPredModeC is derived as follows:

— If IntraPredModeY[xCb ][yCb] is INTRA_DC, INTRA_HOR, INTRA_VER or INTRA BI, the
following applies:

— Avariable modeldx is derived as follows:
— IfIntraPredModeY[ xCb ][ yCb ] is equal to INTRA_BI, modeldx is set equal to 1

— Otherwise, if IntraPredModeY[ xCb ][ yCb ] is equalto INTRA_DC, modeldx is get equal
to 2.

— Otherwise, if IntraPredModeY[ xCb ][ yCb.J<is)eéqual to INTRA_HOR, modeldx is $et equal
to 3.

— Otherwise, if IntraPredModeY|[ xCb}| yCb ] is equal to INTRA_VER, modeldx is $et equal
to 4.

— If intra_chroma_pred_mode[ xCb’][yCb] is equal to or greater than 1hodeldx,
IntraPredModeC is set equalto intra_chroma_pred_mode[ xCb ][ yCb ] + 1.

— Otherwise, IntraPredModeC is set equal to intra_chroma_pred_mode[ xCb ][ yCb ].
— Otherwise, IntraPredModeC is set equal to intra_chroma_pred_mode[ xCb ][ yCb ].

Table 16 specifies the value for the chroma intra prediction mode.

Table 16 — Specification of IntraPredModeC

IntraPredModeC chroma intra prediction mode
0 IntraPredModeY[ xCb ][ yCb ]
1 INTRA_BI
2 INTRA_DC
3 INTRA_HOR
4 INTRA_VER
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8.4.4 Decoding process of intra prediction

8.4.4.1

General

Inputs to this process are:

— a sample location ( xCbCmp, yCbCmp ) specifying the top-left sample of the current block relative to
the top-left sample of the current picture,

— varii
bloc

— avail
— avail

Outputs

andy = ()..nCbH - 1.

The vari

If sps_suco_flag is equal to 1, the following applies:

— The
post
x =0

hbles log2BlkWidth and log2BlkHeight specifying the width and height of the current codinlg
K,

[iable predModelntra specifying the intra prediction mode, and
[iable cldx specifying the colour component of the current coding block.

of this process are the predicted samples predSamples[x][y],, with x=0.nCbW -{1

ables nCbW and nCbH are set equal to 1 << log2BlkWidth and 1, <€1og2BlkHeight.

NnCbW * 3 + nCbH * 3 + 1 neighbouring samples p[ x ][ ] that are constructed samples after thie
Lreconstruction filtering process, with x=-1,y=-1.nCbH + nCbW -1,
.nCbW + nCbH - 1,y = -1, and x = nCbW, y = 0.nCbH + nCbW - 1 are derived as follows:

The neighbouring location ( xNbCmp, yNbCmp') is specified as follows:

(xNbCmp, yNbCmp ) = (xCbCmp +K)yCbCmp +y) (279

D

The current luma location ( xCbY,'yCbY ) and the neighbouring luma location ( xNbY, yNbY ) ar
derived as follows:

(xCbY, yCbY) =
(cldx == 0)? (x€CbCmp, yCbCmp ) : ( xCbCmp * SubWidthC, yCbCmp * SubHeightC ) (280

(xNbY, yNbY )<
(cldx =20 ? (xNbCmp, yNbCmp ) : (xNbCmp * SubWidthC, yNbCmp * SubHeightC ) (281

The derivation process for neighbouring block availability as specified in subclause 6.4.1 {
invoked\with the neighbouring luma location ( xNbY, yNbY ) as input, and the output is assigne
to availableN.

[= ")

126

in 1 1 L 1L 1. | H | £-11
Cacirsantpre prX [y s aertved as Torrows:

— If one or more of the following conditions are true, the sample p[ x ][ y ] is marked as "not
available for intra prediction”.

— The variable availableN is equal to FALSE.

— LumaPredMode[ xNbY ][ yNbY ] is not equal to MODE_INTRA  and
constrained_intra_pred_flag is equal to 1.
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— Otherwise, the sample p[ x ][ y ] is marked as "available for intra prediction"” and the sample
at the location ( xNbCmp, yNbCmp ) is assigned to p[ x ][ ¥ ]-

— When at least one sample p[x][y] with x=-1, y=-1.nCbH+nCbW-1 and
x=0.nCbW +nCbH -1, y=-1 and x=nCbW,y=0.nCbH +nCbW -1 is marked as "not
available for intra prediction”, the reference sample substitution process for intra sample
prediction as specified in subclause 8.4.4.2 is invoked with the samples p[ x ][y ] with x=-1,
y =-1.nCbH + nCbW -1 and x = 0.nCbW + nCbH -1, y=-1 and
x =nCbW, y = 0.nCbH + nCbW - 1, nCbW, nCbH and cldx as inputs, and the modified samples
plx][y] with x=-1, y=-1.nCbH+nCbW -1 and x=0.nCbW+nCbH-1, y=|-1 and
x =nCbW, y = 0.nCbH + nCbW - 1 as outputs.

Q

therwise (sps_suco_flag is equal to 0), the following applies:

— The nCbW * 2 + nCbH * 2 + 1 neighbouring samples p[ x ][ y ] that are constructed samples after
the post-reconstruction filtering process, with x=-1,y=-1.nCbH+nCbW -1 and
x = 0.nCbW + nCbH - 1,y = -1, are derived as follows:

— The neighbouring location ( xNbCmp, yNbCmp ) is specified as follows:
(xNbCmp, yNbCmp ) = ( xCbCmp + x, yCbCmp +y ) (282)

— The current luma location ( xCbY, yCbY ) and theneighbouring luma location ( xNbY, yNbY )
are derived as follows:

(xCbY, yCbY) =
(cldx == 0)? (xCbCmp, yCbCmp ) :"(xCbCmp * SubWidthC, yCbCmp * SubHeightC ) (283)

(xNbY, yNbY ) =
(cldx == 0)? (xNbCmp, yNbCmp ) : (xNbCmp * SubWidthC, yNbCmp * SubHeightC ) (284)

— The derivation process forineighbouring block availability as specified in subclaus¢ 6.4.1 is
invoked with the neighbouring luma location ( xNbY, yNbY ) as input, and the output is pssigned
to availableN.

— Each sample p[ x]] y ] is derived as follows:

— If oneofmore of the following conditions are true, the sample p[ x ][ y ] is marked as "not
available for intra prediction".

~ The variable availableN is equal to FALSE.

— LumaCuPredMode[ xNbY ][yNbY] is not equal to MODE_INTRA and
constrained_intra_pred_flag is equal to 1.

— Otherwise, the sample p[ x ][ y ] is marked as "available for intra prediction" and the sample
at the location ( xXNbCmp, yNbCmp ) is assigned to p[ x ][ ¥ ]-

— When at least one sample p[x][y] with x=-1, y=-1.nCbH+nCbW-1 and
x = 0.nCbW + nCbH - 1, y = -1 is marked as "not available for intra prediction”, the reference
sample substitution process for intra sample prediction as specified in subclause 8.4.4.2 is
invoked with the samples p[x][y] with x=-1, y=-1.nCbH+nCbW-1 and
x = 0.nCbW + nCbH - 1, y=-1, nCbW, nCbH and cldx as inputs, and the modified samples
p[x][y]withx=-1,y=-1.nCbH + nCbw - 1 and x = 0.nCbW + nCbH - 1, y = -1 as outputs.
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The vari

able availLR is derived by invoking the derivation process for left and right neighbouring blocks

availabilities as specified in subclause 6.4.2 with the luma location ( xCbCmp, yCbCmp ) and the luma
coding block width nCbW as inputs.

Depending on the value of predModelntra, the following applies:

— If predModelntra is equal to INTRA_DC, the corresponding intra prediction mode specified in
subclause 8.4.4.3 is invoked with the sample array p, the coding block width nCbW, height nCbH and
the neigbhoring availability value availLR as inputs, and the outputs are the predicted sample array

predSamples.

— Othgrwise, if predModelntra is equal to INTRA_HOR, the corresponding intra prediction mode
spedified in subclause 8.4.4.4 is invoked with the sample array p, the coding block width nCbW, height
nCbH and the neigbhoring availability value availLR as inputs, and the outputs are-the predicted

sam

— Othgrwise, if predModelntra is equal to INTRA_VER, the corresponding irtra prediction mode
spedified in subclause 8.4.4.5 is invoked with the sample array p, the coding block width nCbW and

heig

— Othgrwise, if predModelntra is equal to INTRA_UL, the correspondingintra prediction mode specifie
in sybclause 8.4.4.6 is invoked with the sample array p, the coding®block width nCbW and height nCb
as inputs, and the outputs are the predicted sample array predSamples.

— Othdrwise, if predModelntra is equal to INTRA_UR, the cofresponding intra prediction mode specifie
in sybclause 8.4.4.7 is invoked with the sample array p,the coding block width nCbW and height nCb
as inputs, and the outputs are the predicted sample array predSamples.

— Othdrwise, if predModelntra is equal to INTRA-BI, the corresponding intra prediction mode specified
in sybclause 8.4.4.8 is invoked with the samiple array p, the block size nCbW, nCbH, log2BlkWidth,

log2

predicted sample array predSamples:

— Othdrwise, if predModelntra is.equal to INTRA_PLN, the corresponding intra prediction mode
spedified in subclause 8.4.4,9\is invoked with the sample array p, the block size nCbW, nCbHi,

log2

are the predicted sample array predSamples.

— Othdrwise, the corfesponding intra prediction mode specified in subclause 8.4.4.10 is invoked with

the i

nCbH and thé neigbhoring availability value availLR as inputs, and the outputs are the predicte

Sam

8.4.4.2

ble array predSamples.

ht nCbH as inputs, and the outputs are the predicted sample array predSamples.

—_— L

—_— L

BlkHeight and the neigbhoring availability value availLR as inputs, and the outputs are t

BlkWidth, log2BlkHeight-and the neigbhoring availability value availLR as inputs, and the outputs

Intra prediction mode predModelntra, the sample array p, the coding block width nCbW, height

[on

ble array predSamples.

£ le substituti for i I ticti

Inputs to this process are:

— reference samples p[x ][y ] withx=-1,y=-1.nCbH + nCbW - 1 and x = 0.nCbW + nCbH -1,y = -1
for intra sample prediction,

— reference samples p[ x ][ y ] with x = nCbW, y = 0.nCbH + nCbW - 1 if sps_suco_flag is equal to 1,

— variables nCbW and nCbH specifying the width and height of the current coding block, and

— avariable cldx specifying the colour component of the current coding block.

128
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Outputs of this process are:

— the modified reference samples p[x][y] with x=-1,y=-1.nCbH +nCbW -
x = 0.nCbW + nCbH - 1, y = -1 for intra sample prediction, and

1 and

— the modified reference samples p[ x ][ y ] with x = nCbW, y = 0..nCbH + nCbW - 1 if sps_suco_flag is

equal to 1.

The variable bitDepth is derived as follows:

— If cldx is equal to 0, bitDepth is set equal to BitDepthy.

— Otherwise, bitDepth is set equal to BitDepthc.

—

F sps_eipd_flag is equal to 0, the following applies:

y = -1 are modified as follows:

1 << (bitDepth - 1) isassignedtop[-1][-1].
— The following ordered steps are applied:
1) Search sequentially starting from x=0,.%=-1 to x=nCbW +nCbH -1, y=-1.
1 << (bitDepth - 1) is assigned to p[x ][y |.
2) Search sequentially starting frem x=-1, y=0 to x=-1, y=nCbH + nCbW - 1.

1 << (bitDepth - 1) is assignedtop[x ][y ]

— All samples p[x][y] with x=*1,y=-1.nCbH + nCbW -1 and x=0.nCbW +nCbH -1, y
marked as "available for intra prediction”.

Qo

therwise (sps_eipd_flagis equal to 1), the following applies:

- If sps_suco_flag.is.equal to 1, the following applies:

— The Qvalues of the samples p[x][y] with x=-1,y=-1.nCbH + nCbW -

1 << (bitDepth - 1) isassignedtop[-1][-1].

— The values of the samples p[ x ][ y ] withx=-1,y = -1..nCbH + nCbW - Yand x = 0.nCbW + nCbH - 1,

— When p[-1][-1] is marked as "not available for‘“intra prediction”, the value of

When a

sample p[x][y] is marked as “net, available for intra prediction”, the value of

When a

sample p[x][y] is marked as "not available for intra prediction"”, the vyalue of

-1 are

1 and

x,=0-nCbW + nCbH - 1,y = 0 and x = nCbW, y = -1.nCbH + nCbW - 1 are modified as fallows:

~— When p[-1][-1] is marked as "not available for intra prediction"”, the yalue of

— The following ordered steps are applied:

1) Search sequentially starting from x=0, y=-1 to x=nCbW +nCbH -1, y=-1.

When a

sample p[x][y] is marked as "not available for intra prediction”, the value of

p[x-1][y]isassignedtop[x][y]

2) Search sequentially starting from x=-1,y=0 to x=-1, y = nCbH + nCbW - 1.

When a

sample p[x][y] is marked as "not available for intra prediction", the value of

plx][y—-1]isassignedtop[x][y]
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3) Search sequentially starting from x =nCbW, y =0 to x = nCbW, y = nCbH + nCbW - 1.
When a sample p[ x ][ y ] is marked as "not available for intra prediction”, the value of

p[x][y-1]isassignedtop[x][y]

— All samples p[x][y] with x=-1, y=-1.nCbH + nCbW - 1 and x=0.nCbW +nCbH -1, y=-1
and x = nCbW, y = 0.nCbH + nCbW - 1 are marked as "available for intra prediction".

— Otherwise (sps_suco_flag is equal to 0), the following applies:

— [The values of the samples p[x][y] with x=-1,y=-1.nCbH+nCbW -1 an{d
x = 0.nCbW + nCbH - 1, y = -1 are modified as follows:

— When p[-1][-1] is marked as "not available for intra prediction"”, thehvalue af
1 << (bitDepth - 1) is assigned top[ -1 ][ -1].

— The following ordered steps are applied:

1) Search sequentially starting from x =0, y=-1 to x =nCbW + nCbH - 1, y=-1. When p
sample p[x][y] is marked as "not available for intra(prediction”, the value ¢

p[x-1][y]isassignedtop[x][y]

-

2) Search sequentially starting from x=-1, y =0 to x£~1, y =nCbH + nCbW - 1. When
sample p[x][y] is marked as "not availablesfor intra prediction”, the value ¢

plx][y-1]isassignedtop[x][y]

=)

— |All samples p[x][y] with x=-1,y=-1..nCbH + n€bW - 1 and x=0.nCbW +nCbH -1, y=-[L
are marked as "available for intra prediction”.

8.4.4.3 [Specification of intra prediction mode INTRA_DC

Inputs t¢ this process are:

— the neighbouring samples p[ x ][y ],

— varigbles nCbW and nCbH specifying the width and height of the current coding block, and
— the variable availLR speeifying left and right neighbouring blocks availabilities of luma coding block.

Outputs| of this process” are the predicted samples predSamples[x][y], with x=0.nCbW -1,
y = 0.nCbH - 1.

If sps_eipd_flagsis:€qual to 0, the following applies:

— The values of the prediction samples predSamples[ x ][ y ], with x = 0.nCbW - 1, y = 0.nCbH - 1, are
derived as follows:

predSamples[x][y] =
(X2 " plx 111+ 2520 ' p[—11[y’ ] +nCbW) >> (Log2(nCbW)+1)  (285)
Otherwise (sps_eipd_flag is equal to 1), the following applies:

— The scaling coefficients divScaleMult[ idx | with idx = 0..7 are specified in Table 17. The normalization
factor divScaleShift = 12.
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— The values of the prediction samples predSamples[ x ][ y ], with x = 0.nCbW - 1, y = 0.nCbH - 1, are
derived as follows:

— If availLR is equal to LR_11, the values of the predSamples[x][y], with x=0.nCbW -1,
y =0.nCbH -1, aspRatioShift = (nCbW>2*nCbH) ? Log2(nCbH)+1 : Log2(nCbW),
log2AspRatio = (nCbW > 2 *nCbH ) ? (Log2(nCbW ) - Log2(nCbH)-1) :
(Log2(nCbH ) - Log2( nCbW ) + 1) are derived as follows:

predSamples| x ][y ] = ((Xg25" " p[xI[=1] + By p[-1][y'] + Zy25 ' pInCbW][y'] +
((nCbW + nCbH + nCbH) >> 1) * divScaleMult[ logZAspRatlo] )
>> ( divScaleShift + aspRatioShift ) (286)

— Otherwise, if availLR is equal to LR_01, the values of the predSamples[x][y], with
x = 0.nCbW -1,y = 0.nCbH - 1, aspRatioShift = (nCbW > nCbH ) ? Log2( n€bH ) : Log2(|nCbW ),
log2AspRatio = (nCbW > nCbH ) ? (Log2( nCbW ) - LogZ2( nCbH ) ) :
(Log2( nCbH ) - Log2( nCbW ) ) are derived as follows:

predSamples[x][y] =
(2R plx'1[-1] + X2 " p[nCbWI[y] + ( (nCbW-HCbH) >> 1)) *
d1VScaleMu1t[ log2AspRatio ] ) >> ( divScaleShift + aspRatioShift) [ (287)

— Otherwise (availLR is equal to LR_10 or LR_00), the\values of the predSamples[x ][y ], with
x = 0.nCbW -1,y = 0.nCbH - 1, aspRatioShift = (2CbW > nCbH ) ? Log2( nCbH ) : Log2(|nCbW ),
log2AspRatio = (nCbW >nCbH) ? (Log2(©a€bW ) -Log2(nCbH)) : (Log2(nCbH)-
Log2( nCbW ) ) are derived as follows:

predSamples[x][y] =
(IR pIx1[=1] + Ty pP-1][y'] + ((nCbW + nCbH) >> 1)) *
d1chaleMu1t[ log2AspRatio ] ) >> ( divScaleShift + aspRatioShift) [ (288)

Table 17 — Specification of divScaleMult[ idx ] for various input values of idx

idx 0 1 2 3 4 5 6 7
divScaleMult[\idx ] 2048 | 1365 819 455 241 124 63 32

8.4.4.4 Specification of intra prediction mode INTRA_HOR

[l

hputs to.this process are:

- ~the' neighbouring samples p[x ][y ],

— variables nCbW and nCbH specifying the width and height of the current coding block, and
— the variable availLR specifying left and right neighbouring blocks availabilities of luma coding block.

Outputs of this process are the predicted samples predSamples[x][y], with x=0.nCbW -1,
y = 0..nCbH - 1.

If sps_eipd_flag is equal to 0, the following applies:

— The values of the prediction samples predSamples[ x ][ y ], with x = 0.nCbW - 1, y = 0.nCbH - 1, are
derived as follow:
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predSamples[x ][y ]=p[-1][y] (289)
Otherwise (sps_eipd_flag is equal to 1), the following applies:

— The scaling coefficients divScaleMult[idx] with idx=0.7 are specified in Table 17. The
normalization factor divScaleShift = 12.

— The values of the prediction samples predSamples[ x ][ y ], with x = 0.nCbW - 1, y = 0.nCbH - 1, are
derived as follows:

— |If availLR is equal to LR_11, the values of the predSamples[x][y], with x=0.nCbW)=1,
y = 0.nCbH - 1 are derived as follows:

predSamples[x[[y]=((p[-1][y]* (nCbW -x) +p[nCbW J[y ] *(x+ 1)+ (nCbW B> 1)) *
divScaleMult[ Log2(nCbW ) ]) >> divScaleShift (290

-

— |Otherwise, if availLR is equal to LR_01, the values of the predSamples[x][y] wit
x = 0.nCbW - 1, y = 0.nCbH - 1 are derived as follows:

predSamples[x ][y ] =p[nCbW ][y ] (291

— |Otherwise (availLR is equal to LR_00 or LR_10), the values,of‘the predSamples[ x ][y ], with
x = 0.nCbW - 1, y = 0.nCbH - 1 are derived as follows:

predSamples[x ][y ]=p[-1][y] (292

8.4.4.5 [Specification of intra prediction mode INTRALVER

Inputs t¢ this process are:

— the neighbouring samples p[ x ][ y ], and

— variables nCbW and nCbH specifying'the width and height of the current coding block.

Outputs| of this process are the)“predicted samples predSamples[x][y], with x=0.nCbW -1,
y =0/nCbH - 1.

The valyies of the prediction samples predSamples[ x ][y ], with x=0.nCbW -1, y=0..nCbH - 1, are
derived ps follows:

predSamples[x|[y]=p[x][-1] (293

8.4.4.6 |Specification of intra prediction mode INTRA_UL

Inputs to this process are:
— the neighbouring samples p[ x ][ v ], and
— two variables nCbW and nCbH specifying the width and height of the current coding block.

Outputs of this process are the predicted samples predSamples[x][y], with x=0.nCbW -1,
y = 0..nCbH - 1.

The values of the prediction samples predSamples[ x |[ y ], with x=0.nCbW -1, y = 0.nCbH - 1, are
derived as follows:
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— Ifyis greater than x, the following applies:

predSamples[x][y]=p[-1][y-x-1] (294)
— Otherwise, the following applies:

predSamples[x][y]=p[x-y-1][-1] (295)

8.4.4.7 Specification of intra prediction mode INTRA_UR

—

hputs to this process are:

— the neighbouring samples p[ x ][y ], and

— two variables nCbW and nCbH specifying the width and height of the currentcoding block.

(Qutputs of this process are the predicted samples predSamples[x{[y], with x=0.nCbW -1,
y =0.nCbH - 1.

—

he values of the prediction samples predSamples[ x ][ y ], with«x=Z 0.nCbW -1, y = 0.nCbH- 1, are
erived as follows:

QL

predSamples[x ][y ] = (predSamples[ x +y+ 1][ -1 ] + prédSamples[ -1 ][x+y+1]) >> 1 (296)

8.4.4.8 Specification of intra prediction mode INTRA_BI

Pt

hputs to this process are:

the neighbouring samples p[x][v],

two variables nCbW and nCbH specifying the width and height of the current coding block,

-+ two variables log2BlkWidth.and log2BlkHeight specifying the width and height of the current coding
block, and

the variable availLR specifying left and right neighbouring blocks availabilities of luma coding block.

Qutputs of this, process are the predicted samples predSamples[x][y], with x=0.nCbW -1,
y = 0.nCbH <1

The variabletbitDepth is derived as follows:

— If cldx is equal to 0, bitDepth is set equal to BitDepthy.

— Otherwise, bitDepth 1s set equal to BitDepthc.
The scaling coefficients divScaleMult[ idx | with idx = 0..7 are specified in Table 17. The normalization

factor  divScaleShift=12. The  weighting factor  weightFactor[ absLog2DiffWH]  with
absLog2DiffWH = 1..5 are specified in Table 18.
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Table 18 — Specification of weightFactor| absLog2DiffWH ] for various input values of

absLog2DiffWH
absLog2DiffWH 1 2 3 4 5
weightFactor[ absLog2DiffWH ] 341 205 114 60 31

Depending on the value of availLR, the following applies:

— IfavailLR is equal to LR_11 or LR_01, the follows applies:

(o9

— |IfavailLR is equal to LR_11, the values of the prediction samples predSamples[ x ][ y ] are derive
as follows:
predSamples[ x ][y ] =Clip3( 0, (1 << bitDepth ) -1,

(CCCpL-1][y]* (nCbW -x)+p[nCbW ][y]*(x+1)+ (nCbW>>1))*
divScaleMult[ Log2(nCbW) ] ) >> divScaleShift ) +
((p[x][-1]1*(nCbH-1-y)+(((p[-1][nCbH-1]*(nCbW - x )%
p[nCbW J[nCbH-1]*(x+ 1)+ (nCbW >>1)) * divScaleMult[ Log2('nCbW ) ] ) >>
divScaleShift) * (y + 1) + (nCbH >> 1)) >> Log2(nCbH ) ) + 1) >>1) (297

— |[Otherwise, if availLR is equal to LR_01, the values of the predietion samples predSamples| x ][ y/]
are derived as follows:

— The variables iA, iB, iC are specified as follows:
iA=p[-1][-1] (298
iB = p[ nCbW ][ nCbH ] (299
— If nCbW is equal to nCbH, thelvariable iC is derived as follows:
iC=(iA+iB+1) >>1 (300
—  Otherwise, the vdriable iC is derived as follows:
iShift = Min( log2BlkWidth, log2BlkHeight ) ) (301
absLeg2DiffWH = Abs( log2BlkWidth - log2BlkHeight ) (302
iC = (( (iA <<log2BlkWidth ) + (iB <<log2BlkHeight ) ) *

weightFactor[ absLog2DiffWH ]
+ (1 << (iShift+9)))>> (iShift+10) (303

— The vatuesof the prediction samptes preaSampiest X 1y are derived as foltows:

predSamples[ x ][y ] = Clip3( 0, (1 << bitDepth ) -1,
((((iA-p[nCbW][y])*(x+1))<<log2BlkHeight) + (((iB-p[x][-1])*
(y+1))<<log2BIlkWidth) + ((p[x][-1]+p[nCbW ][y ]) << (log2BlkWidth +
log2BlkHeight) ) + ((iC<<1)-iA-iB)*x*y + (1 << (log2BlkWidth +
log2BlkHeight ) ) ) >> (log2BlkWidth + log2BlkHeight + 1)) (304)

— Otherwise (availLR is equal to LR_10 or LR_00), the values of the prediction samples
predSamples[ x ][ y ], with x = 0.nCbW - 1, y = 0.nCbH - 1, are derived as follows:

— The variables iA, iB, iC are specified as follows:
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iA=p[nCbW ][ -1]
iB=p[-1][ nCbH ]
— IfnCbW is equal to nCbH, the variable iC is derived as follows:
iC=(iA+iB+1) >> 1

— Otherwise, the variable iC is derived as follows:

(305)

(306)

(307)

iShift = Min( log2BlkWidth, log2BlkHeight )
absLog2DiffWH = Abs( log2BlkWidth - log2BlkHeight )

iC = (((iA <<log2BlkWidth ) + (iB <<log2BlkHeight) ) *
weightFactor|[ absLog2DiffWH | +
(1 << (iShift+9)))>> (iShift+10)

— The values of the prediction samples predSamples[ x ][ y ] arederived as follows:

predSamples[ x |[[y ] = Clip3(0, (1 << bitDepth ) - 1,
(CCCIA-p[-1][y])*(x+1)) <<log2BlkHeight) +(((iB-p[x][-1])*(y+1))
<<log2BlkWidth )+ ((p[x][-1]+p[-1]1[y]) €%(log2BlkWidth + log2BlkHeight ) ) +
((iC<<1)-iA-iB)*x*y+ (1 << (log2BlkWidth + log2BlkHeight))) >>
(log2BlkWidth + log2BlkHeight + 1))

8.4.4.9 Specification of intra prediction modeINTRA_PLN

et

hputs to this process are:

the neighbouring samples p[ x ][ v],

two variables nCbW and nCbH specifying the width and height of the current coding block,

two variables log2BlkWidth and log2BlkHeight specifying the width and height of the currer]
block, and

Qutputs of this/ process are the predicted samples predSamples[x][y], with x=0.n
y = 0.nChH- 1.

The vasiable bitDepth is derived as follows:

(308)

(309)

(310)

(311)

t coding

—+ the variable avalllR specifying left and right neighbouring blocks availabilities of luma coding block.

CbW -1,

-+ M cldxis pr}n:ﬂ to Q, hifnppfh is set pqnn] to Rifnppfh\.

— Otherwise, bitDepth is set equal to BitDepthc.
The scaling and shift factors mult[ i ] and shift[ i ] with i = 2..7 are specified in Table 19.
The variables idxW and idxH are derived as follows:

idxW = Max( log2BlkWidth, 2 )

idxH = Max( log2BlkHeight, 2 )
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Depending on the value of availLR, the following applies:

— If availLR is equal to LR_11 or LR_01, the values of the prediction samples predSamples[x ][y ] are
derived as follows:

iH = ZUPWA (x4 1) « (p[(nCbW/2)- X'~ 1][- 1]- p[(nCbW/2) + X' + 1][- 1]) (314)
iv = 0Dy + 1) « (p[nCbW][(nCbH/2) +y'] — p[nCbW][(nCbH/2) -y’ — 2]) (315)
iAl= (p[0][-1]+p[nCbW ][ nCbH - 1]) << 4 (316
iB[=((iH << 5) * mult[ idxH ] + (1 << (shift[idxH ] - 1)) ) >> shift[ idxH ] (317
iCl= ((iV << 5) * mult[idxW ] + (1 << (shift[ idxW ] - 1)) ) >> shift[ idxW ] (318

predSamples[ x ][y ] = Clip3(0, (1 << bitDepth ) -1,
(iA+(x-((nCbW>>1)-1))*iB+(y-((nCbH>>1)-1))*i€416)>>5) (319

— Otherwise (availLR is equal to LR 10 or LR_00), the values  _6f,the prediction samples
pred$amples|[ x ][ y ], with x = 0.nCbW - 1, y = 0.nCbH - 1, are derived as follows:

iH|= 3UOWD T + 1) « (p[(nCbW/2) + x'][—1] — p[(nCHW2) — X' — 2][—1] (320
iV[= 0Ty + 1) « (p[-1][(nCbH/2) +y'] — p[<H][(nCbH/2) —y' — 2] (321
iAl= (p[nCbW -1][-1]+p[-1][nCbH-1]) << % (322
iB|= ((iH << 5)* mult[ idxH ] + (1 << ( shiftfidxH]-1))) >> shift[ idxH ] (323
iCl= ((iV<<5) *mult[idxW ] + (1 < ((shift[ idxW ] -1))) >> shift[ idxW ] (324

predSamples[ x ][y ] = Clip3( 0, (1 << bitDepth ) -1,
(IA+(x-((nCbW>>F)}-1))*iB+(y-((nCbH>>1)-1))*iC+16) >>5) (325

Table 19 — Specification of mult[ i ] and shift[i]

i 2 3 4 5 6 7
mult]i] 13 17 5 11 23 47
shift[i] 7 10 11 15 19 23

8.4.4.10 Specification of directional intra prediction modes

Inputs to this process are:

— the intra prediction mode predModelntra,

— the neighbouring samples p[x ][y ],

— two variables nCbW and nCbH specifying the width and height of the current coding block, and

— the variable availLR specifying left and right neighbouring blocks availabilities of luma coding block.
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Outputs of this process are the predicted samples predSamples[x][y], with x=0.nCbW -1,
y =0.nCbH - 1.

The variables dirXYSign, divDxy and divDyx are defined in Table 20.
Arrays refUp, refLeft, and refRight are derived as follows:

— refUp[ x ] is assigned with the neighbouring samples p[ x ][ y ] with x = -1.nCbH + nCbW - 1,y = -1.

— refLeft] y [ 1s assigned with the neighbouring samples p[ X [[ Y |, WithX = -1,y = - 1.nCbH +nCbW - 1.

- refRight[ y ] is assigned with the neighbouring samples plxy 1, with
x =nCbW, y = -1..nCbH + nCbW - 1.

=

he value of the prediction sample predSamples[ x ][ y ], withx = 0.nCbW - 1,y =0xnCbH - 1 arg derived
y the following ordered steps:

lon

[

) The values iOffset, iX, iY and refPosition are specified as follows:

- Depending on the values of availLR, the following applies:

— IfavailLR is equal to LR_01 or LR_11, the following applies:
iTanY=(((y+1)*divDxy)>>10) (326)
iTanX=(((x+1)*divDyx)>>10) (327)

— If predModelntra is less than INTRA, VER, the following applies:

— Ifxisless than nCbW - iFanY (refer to upper sample), the following applies:

iOffset = (((y + 1.)&divDxy ) >>5) - (iTanY << 5) (328)
iX = x + iTan¥ (329)
refPosition= refUp (330)

— Otherwise (refer to right sample), the following applies:
iOffset = (( (nCbW - x) *divDyx)>>5) - ((((nCbW - x) *divDyx ) >>10) << 5) (331)
iX=x+(((nCbW -x) *divDyx ) >>10) (332)

refPosition = refRight (333)

— Otherwise, if predModelntra is greater than INTRA_HOR, the following applies:
iTanX = (((nCbW -x) *divDyx ) >>10) (334)
iTanY = (( (nCbW -x) *divDxy ) >> 10) (335)
— Ifyisless than iTanX (refer to upper sample), the following applies:
iOffset = (( (nCbW -x ) *divDxy ) >>5) - (iTanY << 5) (336)

iX = x + iTanY (337)
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refPosition = refUp (338)

— Otherwise (refer to right sample), the following applies:

iOffset = (( (nCbW -x) *divDxy ) >>5) - (iTanX << 5) (339)
iY =y -iTanX (340)
refPosition = refRight (341)

— Otherwise, the following applies:

— Ifyisless than iTanX (refer to upper sample), the following applies:

iOffset=(((y+1)*divDxy)>>5) - (iTanY <<5) (342
iX=x-iTanY (343
refPosition = refUp (344

— Otherwise, if avail_LR is equal to LR_01 (refer to right sdmple), the following applies:

iOffset = ( ( (nCbW - x) * divDxy ) >>5) - ( ( ( (nCbW - x) * divDyx ) >>10) << 5)

(345

iY=y+ (((nCbW -x) *divDyx ) >>10) (346

refPosition = refRight (347

— Otherwise (refer to left sample),.the following applies:

iOffset=(((x+1)*divDyx)>>5) - (iTanX << 5) (348

iY =y - iTanX (349
refPosition=refLeft (350

— |Otherwise (availLRCisequal to LR_10 or LR_00), the following applies:

iTanY = (((y + 1) *divDxy ) >>10) (351

iTanX '(((x+ 1) *divDyx)>>10) (352

—Alf\predModelntra is less than INTRA_VER (refer to upper sample), the following applies:

iOffset=(((y+1)*divDxy)>>5) - (iTanY << 5) (353)
iX =x +iTanY (354)
refPosition = refUp (355)
— Otherwise, if predModelntra is greater than INTRA_HOR (refer to left sample), the following
applies:
iOffset=(((x+1)*divDyx)>>5) - (iTanX<<5) (356)
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iY =y + iTanX (357)
refPosition = refLeft (358)
— Otherwise, the following applies:

— Ifyisless than iTanX (refer to upper sample), the following applies:

iOffset=(((y+1)*divDxy)>>5) - (iTanY <<5) (359)
iX=x-iTanY (360)
refPosition = refUp (361)

— Otherwise (refer to left sample), the following applies:

iOffset=(((x+1)*divDyx)>>5) - (iTanX << 5) (362)
iY =y - iTanX (363)
refPosition = refLeft (364)

7) The value of the prediction samples predSamples[ x ][ ] are derived as follows:
— IfrefPosition is equal to refUp (refer to upper sample), the following applies:
— Avariable clipMax is set equal to ( nCbW + nCbH — 1).
— Avariable clipMin is set equal to.<1.

— If dirXYSign is equal to -1, the following applies:

iXn = Clip3( clipMin, clipMax, iX + 1) (365)
iXnP2 = Clip3( clipMin, clipMax, iX + 2 ) (366)
iXnNa=Clip3( clipMin, clipMax, iX - 1) (367)

— Otherwise, the following applies:

iXn = Clip3( clipMin, clipMax, iX - 1) (368)
iXnP2 = Clip3( clipMin, clipMax, iX - 2) (369)
iXnN1 = Clip3( clipMin_clipMax, iX + 1) (370)

— The prediction samples predSamples| x ][ y ] are derived as follows:

predSamples[x [[y]=(p[iXnN1][-1]* (32 -iOffset) + p[iX][-1]* ( 64 - iOffset) +
p[iXn][-1]* (32 +iOffset) + p[iXnP2 ][ -1] *iOffset + 64 ) >> 7 (371)

— Otherwise, if refPosition is equal to refLeft (refer to left sample), the following applies:
— Avariable clipMax is set equal to (nCbW + nCbH — 1).

— Avariable clipMin is set equal to -1.
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— If dirXYSign is equal to -1, the following applies:

iYn = Clip3( clipMin, clipMax, iY + 1) (372)
iYnP2 = Clip3( clipMin, clipMax, iY + 2) (373)
iYnN1 = Clip3( clipMin, clipMax, iY - 1) (374)

— Otherwise, the following applies:

iYn = Clip3( clipMin, clipMax, iY - 1) (375
iYnP2 = Clip3( clipMin, clipMax, iY - 2) (376
iYnN1 = Clip3( clipMin, clipMax, iY + 1) (377

— The prediction samples predSamples[ x ][ y ] are derived as follows:

predSamples[x [[y]=(p[-1][iYnN1]* (32 -iOffset) + p[ -1 ][ i¥}* (64 - iOffset ) +
p[-1][iYn]* (32 +iOffset) + p[ -1 ][ iYnP2 ] * iOffset £64") >> 7 (378

— [Otherwise (refPosition is equal to refRight), the following applies:
— Avariable clipMax is set equal to ( nCbW + nCbH — 1.
— Avariable clipMin is set equal to -1.

— If dirXYSign is equal to -1, the following applies:

iYn = Clip3( clipMin, clipMax, iY< 1) (379
iYnP2 = Clip3( clipMin, clipMax, iY - 2) (380
iYnN1 = Clip3( clipMin,clipMax, iY + 1) (381

— Otherwise, the following applies:

iYn = Clip3{¢lipMin, clipMax, iY + 1) (382
iYnP2'</Clip3( clipMin, clipMax, iY + 2 ) (383
iYnN1 = Clip3( clipMin, clipMax,iY - 1) (384

—""The prediction samples predSamples[ x ][ y ] are derived as follows:

predSamples[ x ][y ]=(p[ nCbW ][ iYnN1 ] * ( 32 - iOffset ) + p[ nCbW ][ iY ] * ( 64 - iOffset)
+p[nCbW ][iYn] * ( 32 + iOffset ) + p[ nCbW ][ iYnP2 ] * iOffset + 64 ) >> 7 (385)

Table 20 — Specification of dirXYSign, divDxy and divDyx

predModelntra dirXYSign divDxy divDyx
3 -1 2816 372
4 -1 2048 512

140 © ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=caf991f23122d29f070ff293f89a846f

ISO/IEC 23094-1:2020(E)

predModelntra dirXYSign divDxy divDyx

5 -1 1408 744
6 -1 1024 1024
7 -1 744 1408
8 -1 512 2048
9 -1 372 2816
10 -1 256 4096
11 -1 128 8192
12 - - -

13 1 128 8192
14 1 256 4096
15 1 372 2846
16 1 512 2048
17 1 744 1408
18 1 1024 1024
19 1 1408 744
20 1 2048 512
21 1 2816 372
22 1 4096 256
23 1 8192 128
24 - - -

25 -1 8192 128
26 -1 4096 256
27 -1 2816 372
28 -1 2048 512
29 -1 1408 744
30 -1 1024 1024
31 -1 744 1408
32 -1 512 2048

8.4.5 Decoding process for the residual signal
Inputs to this process are:

— alumalocation ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative to
the top-left luma sample of the current picture,

— aluma location ( xTb, yTb ) specifying the top-left samples of the current luma block relative to the
top-left sample of the current luma coding block,
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— two variables nCbW and nCbH specifying the width and the height of the current luma coding block,

— two variables nTbW and nTbH specifying the width and the height of the current luma coding block,

— avariable cldx specifying the colour componnet of the current block, and

— an (nCbW)x(nCbH) array resSamples of residual block.

Output of this process is a modified version of the (nCbW)x(nCbH) array resSamples of residual samples.

Dependilng on the variables nTbW and nTbH, the following applies:

— If both nTbW and nTbH are greater than MaxTbSizeY, the following ordered steps apply:

1)

2)

3)

4)

'he decoding process for the residual signal as specified in this subclause is invoked with thie
uma location ( xCb, yCb ), the luma location ( xTb, yTb ), the variable nCbWsebequal to nCbW
nd the variable nCbH set equal to nCbH, the variable nTbW set equal to nTbW / 2 and nTbH segt
qual to nTbH / 2, the variable cldx set equal to cldx, and the (nCbW)x(11€bH) array resSamplgs
s inputs, and the output is a modified version of the (nCbW)x(nCbH)@nray resSamples.

QD Q)

The decoding process for the residual signal as specified in this‘subclause is invoked with t
luma location ( XCb, yCb ), the luma location ( XTb + nTbW / 2{yTb ), the variable nCbW set equal
to nCbW and the variable nCbH set equal to nCbH, the variable nTbW set equal to nTbW / 2 an
nTbH set equal to nTbH / 2, the variable cldx set equal to cldx, and the (nCbW)x(nCbH) arr
lesSamples as inputs, and the output is a modified version of the (nCbW)x(nCbH) arr:
rlesSamples.

The decoding process for the residual signal as' specified in this subclause is invoked with t
lpma location ( xCb, yCb ), the luma location ( XxTb, yTb + nTbH / 2 ), the variable nCbW set equal
to nCbW and the variable nCbH set equal’to nCbH, the variable nTbW set equal to nTbW / 2 an
' TbH set equal to nTbH / 2, the variable cldx set equal to cldx, and the (nCbW)x(nCbH) arr
lesSamples as inputs, and the ,output is a modified version of the (nCbW)x(nCbH) arr
lesSamples.

The decoding process for (the residual signal as specified in this subclause is invoked with t
luma location (xCb, yCbJ), the luma location (xTb + nTbW /2, yTb + nTbH / 2), the variab
n1CbW set equal to nEbW and the variable nCbH set equal to nCbH, the variable nTbW set equal
1TbW /2 and nTbH set equal to nTbH /2, the variable cldx set equal to cldx, and t
nCbW)x(nCbH]) Yatray resSamples as inputs, and the output is a modified version of t
nCbW)x(nCbH) array resSamples.

— Othgrwise,ifnTbW is greater than MaxTbSizeY, the following ordered steps apply:

iy

2)

142

Therdecoding process for the residual signal as specified in this subclause is invoked with t
luma Tocation (XCb, yCb ), the Tuma Iocation (xTb, yTb ), the variable nCbW set equal to nCbW
and the variable nCbH set equal to nCbH, the variable nTbW set equal to nTbW / 2 and nTbH set
equal to nTbH, the variable cldx set equal to cldx, and the (nCbW)x(nCbH) array resSamples as
inputs, and the output is a modified version of the (nCbW)x( nCbH) array resSamples.

The decoding process for the residual signal as specified in this subclause is invoked with the
luma location ( xCb, yCb ), the luma location ( xTb + nTbW / 2, yTb ), the variable nCbW set equal
to nCbW and the variable nCbH set equal to nCbH, the variable nTbW set equal to nTbW / 2 and
nTbH set equal to nTbH, the variable cldx set equal to cldx, and the (nCbW)x(nCbH) array
resSamples as inputs, and the output is a modified version of the (nCbW)x(nCbH) array
resSamples.
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— Otherwise, if nTbH is greater than MaxTbSizeY, the following ordered steps apply:

1) The decoding process for the residual signal as specified in this subclause is invoked with the
luma location ( xCb, yCb ), the luma location ( xTb, yTb ), the variable nCbW set equal to nCbW
and the variable nCbH set equal to nCbH, the variable nTbW set equal to nTbW and nTbH set equal
to nTbH / 2, the variable cldx set equal to cldx, and the (nCbW)x(nCbH) array resSamples as
inputs, and the output is a modified version of the (nCbW)x(nCbH) array resSamples.

2) The decoding process for the residual signal as specified in this subclause is invoked with the
luma location ( xCb, yCb ), the luma location ( xTb, yTb + nTbH / 2 ), the variable nCbW._ et equal
to nCbW and the variable nCbH set equal to nCbH, the variable nTbW set equal to nTHW-and nTbH
set equal to nTbH / 2, the variable cldx set equal to cldx, and the (nCbWJ)x(nCbH) array
resSamples as inputs, and the output is a modified version of the (nCbW)x(nCbH) array
resSamples.

— Otherwise (both nTbW and nTbH are less than or equal to MaxTbSizeY), the following ordeied steps
apply:

1) When cldx is not equal to 0, nTbW is set equal to nTbW / SubWidthC and nTbH is set|equal to
nTbH / SubHeightC.

2) The scaling and transformation process as specified ifi'subclause 8.7.2 is invoked with the luma
location ( xCb + xTb, yCb + yTb ), the variable cldx-set'equal to cldx, the transform width nTbW
set equal to nTbW and the transform height nThH set equal to nTbH as inputs, and the putput is
an (nTbW)x(nTbH) array transformBlock.

3) The (nCbW)x(nCbH) residual sample array-of the current coding block resSamples is modified as
follows:

resSamples[ xTb / ( cIdx ? SubWidthC: 1) +i, yTb / ( cIdx ? SubHeightC: 1) +j] =
transformBlock][ i,j ], (386)
withi=0.nTbW -1, j=0.nTbH - 1

8.5 Decoding process for coding units coded in inter prediction mode

8.5.1 General

—

hputs to this pracess are:

— alumal@eation ( xCb, yCb ) specifying the top-left sample of the current luma coding block rglative to
the top-left luma sample of the current picture, and

- ~two variables log2CbWidth and log2CbHeight specifying the width and the height of the currgnt luma

todina black
uuuuuu 5 O10€EK:

Output of this process is a modified reconstructed picture before in-loop filtering.

The derivation process for quantization parameters as specified in subclause 8.7.1 is invoked with the
luma location ( xCb, yCb ) as input.

The variables nCbW; and nCbH; are setequalto 1 << log2CbWidthand 1 << log2CbHeight, respectively.
When ChromaArrayType is not equal to 0, the variable nCbW¢ is set equal to
(1 << log2CbWidth ) / SubWidthC and the variable nCbHc is set equal to
(1 << log2CbHeight ) / SubHeightC.
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The decoding process for coding units coded in inter prediction mode consists of the following ordered
steps:

1) The motion vector components and reference indices of the current coding unit are derived as
follows:

— If affine_flag[ xCb ][ yCb ] is equal to 1, the derivation process for affine motion vector
components and reference indices as specified in subclause8.5.3 is invoked with the luma
coding block location ( xCb, yCb ), the luma coding block width nCbW;, and the luma coding
block height nCbHy;, as inputs, and the reference indices refldxLX, the prediction list utilization
flags predFlagLX, the number of luma coding subblocks in horizontal direction numSbX.dndi
vertical direction numSbY, the flag specifying motion vector clipping type clipMV, the-lum|
motion vector array mvLX[xSbldx ][ ySbldx], and the chroma motion vecter array
mvCLX[ xSbldx ][ ySbldx ] with xSbldx = 0.numSbX - 1, and ySbldx = 0.numSbY* 1, with K
being 0 or 1, the number of control point motion vectors numCpMyv, and the) control point
motion vectors cpMvLO[ cpldx] with cpldx=0.numCpMv -1, cpMvL1[cpldx] with
cpldx = 0.numCpMv - 1 as outputs. The DMVR utilization flag dmvrAppliedFlag is set equal tp
0.

n
a

4 Otherwise, the derivation process for motion vector componénts and reference indices 3s

specified in subclause 8.5.2.1 is invoked with the luma codingyblock location ( xCb, yCb ), t:l(;
luma coding block width nCbW,, and the luma coding bloek height nCbH. as inputs, and t
luma motion vectors mvLO[ 0 ][ 0 ] and mvL1[ O ][ O ], when ChromaArrayType is not equal t
0, the chroma motion vector mvCLO[ 0 ][ 0 ] and mvCEL[0 ][ O ], the reference indices refldxL
and refldxL1, the prediction list utilization flags predFlagLO[ 0 ][ 0 ] and predFlagL1[ 0 ][ O
and the DMVR utilization flag dmvrAppliedFlag-as'outputs.

[=lNe)

—
<

— If dmvrAppliedFlag is equal to 1, it is modified as follows:
— dmvrAppliedFlag is set equal to Oxif’any of the following conditions are false:
— mmvd_flag [ xCb ][ yCb j-is'equal to 0.

— predFlagL0 is equal-to 1 and predFlagL1 is equal to 1.

— DiffPicOrder€nt( currPic, RefPicList0[ refldxL0 ] ) + DiffPicOrderCnt( currPic, RefPid
List1] refldxL1 ] ) is equal to 0.

— nCbWAis greater than or equal to 8 and nCbH is greater than or equal to 8.

— The.reference picture consisting of an ordered two-dimensional array refPicLX. of lum
samples and two ordered two-dimensional arrays refPicLXc, and refPicLXc: of chrom
samples is derived by invoking the process as specified in subclause 8.5.4.2 with refldxL

as input
P

O D

— The coded block is partitioned into sub-blocks with the number of luma coding subblocks
in horizontal direction numSbXLX and in vertical direction numSbYLX, and the sub-block
width sbWidth and the sub-block height sbHeight are computed as follows:

— The number of luma coding subblocks in horizontal direction numSbX and in vertical
direction numSbY, the subblock width sbWidth and the subblock height sbHeight are

derived as follows:

numSbXL0 = numSbXL1 = (nCbW.>16) ? (nCbW.>>4):1 (387)
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numSbYLO = numSbYL1 = (nCbH.>16) ? (nCbH.>>4):1
sbWidth = (nCbW.>16) ? 16 : nCbW,.

sbHeight = (nCbHL>16) ? 16 : nCbH,

(388)
(389)

(390)

— For xSbldx = 0.numSbXLO0 - 1 and ySbldx = 0..numSbYLO - 1, the following applies:

— The luma motion vectors mvLX[ xSbldx ][ ySbldx ] and the prediction list utilization

flags predFlagLX[ XSbIdx |[ ySbIdx | with X equal to U and 1, and the Tuma
( xSb[ xSbldx ][ ySbldx ], ySb[ xSbldx ][ ySbldx ] ) specifying the top-left samp
coding subblock relative to the top-left luma sample of the current picture arg
as follows:

mvLX[ xSbldx ][ ySbldx ] = mvLX[ 0 ][ 0]
predFlagLX[ xSbldx ][ ySbldx ] = predFlagLX[ 0 ][ 0]
xSb[ xSbldx ][ ySbldx ] = xCb + xSbldx * sbWidth
ySb[ xSbldx ][ ySbldx ] = yCb + ySbldx * shHeight
— The decoder side motion vector refimenent process as specified in subclausg
invoked with xSb[ xSbldx ][ ySbldx ], y¥Sb[ xSbldx ][ ySbldx ], sbWidth, sbHe
motion vectors mvLX[ xSbldx ][ ySbldx] and the reference picture array refH
inputs, and delta motion vector dMyvLO[ xSbldx ][ ySbldx | as output.
— When ChromaArrayType is not equal to 0, the derivation process for chromsa
refldxLX as inputs, and myvCLX[ xSbldx ][ ySbldx ] as outputs with X equal to 0
— Otherwise (dmvrAppliedFlag is equal to 0), the following applies:

— When ChromaAfrayType is not equal to 0 and predFlagLX[ 0 ][ 0 ], with X being
equal to 1, the derivation process for chroma motion vectors as sped
subclause 8.5.2.6 is invoked with mvLX[ 0 ][ 0 ] and refldxLX as inputs, and mvCL}
as output.
and in vertical direction numSbYLO and numSbYL1 are all set equal to 1.

2) The’arrays of luma and chroma motion vectors after decoder side motion vector ref

refMvLX[ xSbldx ][ ySbldx ] and refMvCLX[ xSbldx ][ ySbldx ], with X being 0 and 1, are
as follows for xSbldx = 0.numSbXL0 - 1, ySbldx = 0..numSbYLO - 1:

location
le of the
derived
(391)
(392)
(393)
(394)
2 8.5.5 is

ght, the
icLXy, as

| motion

vectors as specified in subclause 8.5.2.6 is invoked with mvLX[ xSbldx ][ ySbldx ] and

and 1.

) or 1, is
ified in

([0][0]

— The,aumber of luma coding subblocks in horizontal direction numSbXL0 and nymSbXL1

nement,
derived

— If dmvrAppliedFlag is equal to 1, the derivation process for chroma motion vectors as specified
in subclause 8.5.2.6 is invoked with refMvLX[ xSbldx ][ ySbldx ] and refldxLX as inputs, and
refMvCLX[ xSbldx ][ ySbldx ] as output and the input refMvLX[ xSbldx ][ ySbldx ] is derived as

follows:
mvLX[ xSbldx ][ ySbldx ] = mvLX][ xSbldx ][ ySbldx ] << 2
— IfXis equal to 0, the following applies:

refMvLX][ xSbldx ][ ySbldx | = mvLX[ xSbldx ][ ySbldx ] + dMvLO[ xSbldx ][ ySbldx ]
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— Otherwise (X is equal to 1), the following applies:

refMvLX[ xSbldx ][ ySbldx ] = mvLX[ xSbldx ][ ySbldx ] - dMvLO[ xSbldx ][ ySbldx ] (397)
— The following applies:
refMvLX[ xSbldx ][ ySbldx ][ 0 ] = Clip3( —-217, 217 - 1, refMvLX[ xSbldx ][ ySbldx ][ 0] ) (398)
refMvLX[ xSbldx ][ ySbldx ][ 1] = Clip3( -217, 217 - 1, refMvLX[ xSbldx ][ ySbldx][1])  (399)
4 Otherwise (dmvrAppliedFlag is equal to 0), the following applies:
refMvLX[ xSbldx ][ ySbldx ] = mvLX[ xSbldx ][ ySbldx ] << 2 (400
refMvCLX[ xSbldx ][ ySbldx ] = mvCLX[ xSbldx ][ ySbldx ] << 2 (401
NOTE The array refMvLX is used in the derivation process for collocatéd motion vectors in
subclause8.5.2.3.4. mvLX is used in the derivation process for spatial motieh vector predictors and
boundary strength derivation process of deblocking filter.
3) WWhen affine_flag[ xCb ][ yCb ] is equal to 0 and dmvrAppliedFlag is equal to 0, the followinlg
dpplies:
numSbX =1 (402
numSbY =1 (403
numCpMy = 2 (404
cpMvLO[0]=mvLO[ 0 ][O0 ][ 0 (405
cpMvLO[ 1] =mvLO[ O.J[O'][ 1] (406
cpMvL1[0]=mvIi[O][0][ 0] (407
cpMvL1[1]=mvL1[O0][0][1] (408
mvLO[OJPO][0]=mvLO[O][0][0]<<?2 (409
myLO{O][O][1]=mvLO[O][O][1]<<?2 (410
mvL1[0][0][0]=mvL1[0][0][0] <<?2 (411
mvL1[0][0][1]=mvL1[O0][0][1]<<?2 (412
mvCLO[O]J[0][0]=mvCLO[O][0][0]<<2 (413)
mvCLO[O][O0][1]=mvCLO[O][O][1]<<2 (414)
mvCL1[O]J[0][0]=mvCL1[O0][0][0]<<2 (415)
mvCL1[O]J[0][1]=mvCL1[O0][0][1]<<2 (416)

4) The decoding process for inter sample prediction as specified in subclause 8.5.4.1 is invoked with
the luma coding block location ( xCb, yCb ), the luma coding block width nCbW;, the luma coding
block height nCbH;, the number of luma coding subblocks in horizontal direction numSbX, and in
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vertical direction numSbY the luma motion vectors mvLO[xSbldx][ySbldx] and
mvL1[ xSbldx ][ ySbldx ] with xSbldx = 0.numSbX - 1, and the refined luma motion vectors
refMvLO[ xSbldx ][ ySbldx ] and refMvL1[ xSbldx ][ ySbldx ] with xSbldx = 0.numSbX -1, and
ySbldx = 0..numSbY - 1, and ySbldx = 0..numSbY - 1, when ChromaArrayType is not equal to 0,
the chroma motion vectors mvCLO[ xSbldx ][ ySbldx ] with xSbldx = 0.numSbX -1, and
ySbldx = 0.numSbY -1 and mvCL1[xSbldx ][ ySbldx] with xSbldx=0.numSbX -1, and
ySbldx = 0..numSbY - 1, the refined chroma motion vectors refMvCLO[ xSbldx ][ ySbldx ] with
xSbldx = 0.numSbX -1, and ySbldx = 0.numSbY -1 and refMvCL1[ xSbldx ][ ySbldx] with
xSbldx = 0..numSbX - 1, and ySbldx = 0.numSbY - 1, the reference indices refldxL0 and refldxL1,
and the prediction list utilization flags predFlagL0 and predFlagL1, the number of control point
motion vectors numCpMv, the control point motion vectors cpMvLO[«€pldy] with
cpldx = 0.numCpMv -1, cpMvL1[cpldx] with cpldx=0.numCpMv-1 and| clipMV flag
specifying motion vector clipping type as inputs, and the inter prediction samples (pred§amples)
that are an (nCbWy)x(nCbH.) array predSamples; of prediction lumaCsamples and, when
ChromaArrayType is not equal to 0, two (nCbW¢)x(nCbH¢) arrays’ predSamplg¢sc: and
predSamplesc; of prediction chroma samples, one for each of the chroma components Ch and Cr,
as outputs.

5) The variable isChromaPresent is set equal to TRUE if ChromaArrayType is not equal to |0, and is
set equal to FALSE otherwise.

6) The decoding process for the residual signal of coding units coded in inter prediction mode as
specified in subclause 8.5.6.1 is invoked with the luma location ( xCb, yCb ) and the lump coding
block width log2CbWidth, the luma coding blockheight log2CbHeight and the chroma coinponent
presence indicator isChromaPresent as inputs, and the array resSamples; and, when
isChromaPresent, two arrays resSamplescyand resSamplesc:as outputs.

7) The reconstructed samples of the current coding unit are derived as follows:

— The picture reconstruction precess prior to post-reconstruction and in-loop filtering for a
colour component as specified in subclause 8.7.5 is invoked with the luma coding block
location ( xCb, yCb ), the variable nCurrW set equal to nCbW,, the variable nCurrH setjequal to
nCbHi, the variable cldx set equal to 0, the (nCbW)x(nCbH) array predSamples set|equal to
predSamples;, andithe (nCbW.)x(nCbH.) array resSamples set equal to resSamples, as inputs,
and the output is’a modified reconstructed picture before the post-reconstruction|filtering
process andin-loop filtering.

— When value of cbf luma is equal to 1 and sps_htdf flag is equal to 1, the post-recongtruction
filtering process prior to in-loop filtering for a luma component as spedified in
subclause 8.7.6.1 is invoked with the luma coding block location ( xCb, yCb ), the [variable
nCurrW set equal to nCbW,, the variable nCurrH set equal to nCbHj, the variable Qpy $et equal
to Qp'y, which is obtained according to derivation process for quantization paramjeters as
specified in subclause 8.7.1, and the output is a modified reconstructed picture befor¢ in-loop

filtering
5

— When isChromaPresent, the picture reconstruction process prior to in-loop filtering for a
colour component as specified in subclause 8.7.5 is invoked with the chroma coding block
location ( xCb / SubWidthC, yCb / SubHeightC ), the variable nCurrW set equal to nCbW¢, the
variable nCurrH set equal to nCbHc, the variable cldx set equal to 1, the (nCbW¢)x(nCbH¢) array
predSamples set equal to predSamplescy, and the (nCbW¢)x(nCbHc) array resSamples set equal
to resSamplescy, as inputs, and the output is a modified reconstructed picture before in-loop
filtering.

— When isChromaPresent, the picture reconstruction process prior to in-loop filtering for a
colour component as specified in subclause 8.7.5 is invoked with the chroma coding block
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location ( xCb / SubWidthC, yCb / SubHeightC ), the variable nCurrW set equal to nCbW¢, the
variable nCurrH set equal to nCbHc, the variable cldx set equal to 2, the (nCbW¢)x(nCbH¢) array
predSamples set equal to predSamplescr, and the (nCbW¢)x(nCbHc¢) array resSamples set equal
to resSamplescr as inputs, and the output is a modified reconstructed picture before in-loop
filtering.

When affine_flag[ xCb ][ yCb ] is equal to 0, for use in derivation processes of variables invoked later in
the decoding process, the following assignments are made for x = 0.nCbWy, - 1 and y = 0..nCbH;, - 1:

MyLO[xCb +x][yCb+y]=mvLO[0][0] >> 2 (417
MyYL1[xCb +x][yCb+y]=mvL1[0][0] >> 2 (418
RgfIdxLO[ xCb + x ][ yCb + y ] = refldxL0 (419
RgfIdxL1[ xCb + x ][ yCb + y ] = refldxL1 (420
PredFlagLO[ xCb + x ][ yCb + y ] = predFlagLO[ 0 ][ 0 ] (421
PredFlagL1[ xCb + x ][ yCb + y ] = predFlagL1[ 0 ][ O ] (422
When afffine_flag[ xCb ][ yCb ] is equal to 0, for xSbldx = 0..numSbXL0/= I"and ySbldx = 0.numSbYLO -1,
the following applies:
— Thefollowing assignments are made for x = 0..sbWidth = 1'and y = 0..sbHeight - 1:
MyDmvrLO[ xCb + xSbldx*sbWidth + x ][ yCb + ySbldx* sbHeight +y | =
refMvLO[ xSbldx ][ ySbldx] >> 2 (423
MyDmvrL1[ xCb + xSbldx*sbWidth + x ][ ¥€b + ySbldx* sbHeight +y ] =
refMvL1[ xSbldx [[ ySbldx ] >> 2 (424
8.5.2 DPerivation process for motion vector components and reference indices
8.5.2.1 (General

Inputs t¢ this process are:

— alu
left

— two

ma location ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the toq
luma sampleof the current picture, and

variables nCbW and nCbH specifying the width and the height of the current luma coding block.

Outputs

ofthis process are:

— the luma motion vectors mvLO[ 0 ][0 ] and mvL1[ O ][ 0],

— when ChromaArrayType is not equal to 0, the chroma motion vectors mvCLO[0][ 0] and
mvCL1[0][ 0],

— the reference indices refldxL0 and refldxL1,

— the prediction list utilization flags predFlagLO[ 0 ][ 0 ] and predFlagL1[ 0 ][ 0 ], and

— the DMVR utilization flag dmvrAppliedFlag.

148
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Let the variable LX be RefPicListX, with X being 0 or 1, of the current picture.

020(E)

For the derivation of the wvariables mvLO[0][0] and mvL1[0][0], refldxLO and refldxL1,
predFlagLO[ 0 ][ 0 ] and predFlagL1[ 0 ][ O ], and dmvrAppliedFlag, the following applies:

If sps_admvp_flag is equal to 1, and cu_skip_flag[ xCb ][ yCb ] or merge_mode_flag[ xCb ][ yCb ] is
equal to 1, the derivation process for luma motion vectors for merge mode as specified in
subclause 8.5.2.3.1 is invoked with the luma location ( xCb, yCb ), and the variables nCbW and nCbH
as inputs, and the outputs being the luma motion vectors mvLO[0][ 0] and mvL1[0][ 0], the

reference indices refldxL0 and refldxL1, and the prediction list utilization flags predFlagL(
and predFlagL1[ 0 ][ O ]. The DMVR utilization flag dmvrAppliedFlag is set equal to 1.

Otherwise, if sps_admvp_flag is equal to 0, and cu_skip_flag[ xCb ][ yCb ] is equal to1; the d¢
process for luma motion vectors for skip mode as specified in subclause 8.5.2:2\is invoked
luma location ( xCb, yCb ), and the variables nCbW and nCbH as inputs, and the outputs b
luma motion vectors mvLO[ 0 ][ 0 ] and mvL1[ 0 ][ O], the reference indicesrefldxL0O and 1
and the prediction list utilization flags predFlagLO[ 0][ 0] and predFlagL1[0][ 0 ]. The
dmvrAppliedFlag is set equal to 0.

[0][0]

rivation
with the
eing the
efldxL1,
variable

Otherwise, if sps_admvp_flag is equal to 0, and direct_mode.flag[ xCb ][ yCb ] is equal fo 1, the

derivation process for luma motion vectors for direct mode as specified in subclause &
invoked with the luma location ( xCb, yCb ), and the variables nCbW and nCbH as inputs,
outputs being the luma motion vectors mvLO[ 0 ][0]/and mvL1[0][ 0], the reference
refldxLO and refldxL1, and the prediction list " utilization flags predFlagLO[ 0 ][
predFlagL1[ 0 ][ O ]. The variable dmvrAppliedFlag-s set equal to 0.

Otherwise (direct_mode_flag[ xCb ][.y€b ], merge_mode_flag[ xCb ][ yCb ]

cu_skip_flag[ xCb ][ yCb ] are all equal to:0), for X being replaced by either 0 or 1 in the ¥

predFlagLX[0][ 0], mvLX[ 0 ][ 0], refldxLX and MvdLX, in PRED_LX, and in the syntax ¢

ref_idx_IX, the following ordered steps apply:

1) The variable dmvrAppliedFlag is set equal to 0.

2) The variables refldxLX'and predFlagLX[ 0 ][ O ] are derived as follows:
— If sps_admyp-flag is equal to 0, the following applies:

— Ifinter_pred_idc[ xCb ][ yCb ] is equal to PRED_LX or PRED_BI, the variables
and predFlagLX[ 0 ][ 0] are specified by:

refldxLX = ref_idx_IX[ xCb ][ yCb ]

predFlaglX[0][0] =1

.5.25 is
and the
indices
0] and

and
rariables
lements

refldxLX

(425)

(426)

— Otherwise, the variables refldxLX and predFlagLX] O |[ O | are specified by:
refldxLX = -1
predFlagLX[0][0]=0
— Otherwise (sps_admvp_flag is equal to 1), the following applies:

— If bi_pred_idx is equal to 0, the following applies:
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— If inter_pred_idc[xCb ][yCb] is equal to PRED_LX or PRED_BI, the variables
refldxLX and predFlagLX[ 0 ][ O ] are specified by:

refldxLX = ref_idx_IX[ xCb ][ yCb ] (429)
predFlaglX[0][0]=1 (430)

— Otherwise, the variables refldxLX and predFlagLX[ 0 ][ 0 ] are specified by:

refldxLX = -1 (4sl
predFlagLX[0][0]=0 (432
— Otherwise (bi_pred_idx is not equal to 0), the following applies:
— The variable predFlagLX[ 0 ][ 0] is specified by:

predFlaglX[0][0]=1 (433

1=

— The derivation process for luma reference index as spekified in subclause 8.5.2.4.5.
is invoked with the luma coding block location ( xCb, yCb ), the coding block widt
nCbW and the coding block height nCbH as inputs, and the output being refldxLX

-

3) The variable mvdLX is derived as follows:
mvdLX[ 0] = MvdLX[xCb ][yCb ][ 0] (434

mvdLX[ 1] = MvdLX[ xCb ][ yCb ]{1 ] (435

—

4) When predFlagLX[0][ 0] is equal-to 1, the derivation process for luma motion vectd
prediction as specified in subclause*8.5.2.4.1 is invoked with the luma coding block locatio
(xCb, yCb ), the coding block:width nCbW, the coding block height nCbH and refldxLX a
inputs, and the output beingmivpLX.

(2=

5) When predFlagLX[ 0 }[°0'] is equal to 1, the luma motion vector mvLX[ 0 ][ 0 ] is derived as

follows:
uLX[-0P= (mvpLX[ 0] + mvdLX[ 0] + 216) % 216 (436
myLX[0][0][0]=(uLX[0] >= 215)? (uLX[0]-216): uLX[ 0] (437
uLX[ 1] = (mvpLX[ 1]+ mvdLX[ 1]+ 216) % 216 (438
mvLX[0][0][1]=(uLX[1] >= 215)? (uLX[1]-216): uLX[ 1] (439

NOTE The resulting values of mvLX[0][0][0] and mvLX[0][O0][ 1] as specified above are
always in the range of -215 to 215 - 1, inclusive.

When ChromaArrayType is not equal to 0 and predFlagLX[ 0 ][ 0 ], with X being 0 or 1, is equal to 1, the
derivation process for chroma motion vectors as specified in subclause 8.5.2.6 is invoked with
mvLX[ 0 ][ 0] as input, and the output being mvCLX[ 0 ][ 0 ].

When sps_hmvp_flag is equal to 1, the updating process for the history-based motion vector predictor list

as specified in subclause 8.5.2.7. is invoked with luma motion vectors mvLO[0 ][ 0] and mvL1[0][ 0],
reference indices refldxL0 and refldxL1 as inputs.
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8.5.2.2 Derivation process for luma motion vectors for skip mode
Inputs to this process are:

— alumalocation ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the top-
left luma sample of the current picture, and

— two variables nCbW and nCbH specifying the width and the height of the current luma coding block.

(Qutpufs of this process are:

+ the luma motion vectors mvLO[ 0 ][0 ] and mvL1[0][ 0],

— the reference indices refldxL0 and refldxL1, and

— the prediction list utilization flags predFlagLO[ 0 ][ 0 ] and predFlagL1[ 0 }{ O].

=

he motion vectors mvLO[ 0 ][ 0 ] and mvL1[ 0 ][ O ], the reference indicesrefldxL0O and refldxL1} and the
grediction utilization flags predFlagLO[ 0][ 0] and predFlagL1[ 0 ][(0y} are derived by the fpllowing
rdered steps:

o

1) When slice_type is equal to P, the variables mvL1[ 0 07, refldxL1 and predFlagL1[ 0 |[ 0] are
set as follows:

mvL1[0][0][0]=0 (440)
mvL1[0][0][1]=0 (441)
refldxL1 = -1 (442)
predFlagL1[0][0]=0 (443)

2) The derivation process for_motion vector predictor from neighbouring coding unit partitions as
specified in subclauset8.5.2.4.3 is invoked with the luma coding block location ( xCb, yCb ), the
coding block widthrn€bW, the coding block height nCbH, the motion vector predicti¢n index
mvpldx equal to myp_idx_10[ xCb ][ yCb ] and the reference list identifier listX set equdl to 0 as
inputs, and thé output being the motion vector predictor mvPred. The variables mvLO[ 0 ][ 0],
refldxL0 apdpredFlagLO[ 0 ][ O ] are set as follows:

mvLQ}0 ][ 0 ] = mvPred (444)
refldxLO = 0 (445)
predFlagl0[0][0]=1 (446)

3) When slice_type is equal to B, the derivation process for motion vector predictor from
neighbouring coding unit partitions as specified in subclause 8.5.2.4.3 is invoked with the luma
coding block location ( xCb, yCb ), the coding block width nCbW, the coding block height nCbH,
the motion vector prediction index mvpldx equal to mvp_idx_11[ xCb ][ yCb ] and the reference
list identifier listX set equal to 1 as inputs, and the output being the motion vector predictor
mvPred. The variables mvL1[ 0 ][ 0 ], refldxL1 and predFlagL1[ 0 ][ 0 ] are set as follows:

mvL1[ 0][ 0] =mvPred (447)

refldxL.1 =0 (448)
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predFlagl1[0][0] =1 (449)

8.5.2.3 Derivation process for luma motion vectors and reference indices for merge mode

8.5.2.3.1 General

Inputs to this process are:

Outputs|of this process are:

Variables mLSize is set equal to ( (nCbW *nCbH <=32) 74 : 6 ), merging candidate list mergeCandLig
is set equal to the empty list and number of elements within merge€andList numCurrMergeCand is sg
equal to|0.

The motion vectors mvLO[ 0 ][ 0 ] and mvL1[ 0 ][ 0 ], the reference indices refldxL0 and refldxL1, and the
predictipn utilization flags predFlagL.O[ 0 ][ 0] and predFlagL1[ 0 ][ 0] are derived by the followinlg
ordered|steps:

1)

2)

3)

4)

5)

152

alumalocation (xCh, yCb ) ofthe top-left sample ofthe current luma coding block relative to the top
left luma sample of the current picture, and

two| variables nCbW and nCbH specifying the width and the height of the current luma coding/blocl

[

the Juma motion vectors mvLO[ 0 ][0 Jand mvL1[0][ 0],
the reference indices refldxL.0 and refldxL1, and

the prediction list utilization flags predFlagLO[ 0 ][ 0 ] and predFlagL1167][ 0 ].

=+ =+

The|derivation process for spatial merge eandidates as specified in subclause 8.5.2.3.2 is invoke
with the luma coding block location ( %Cb, yCb ), the coding block width nCbW, the coding bloc
height nCbH, mergeCandList, numCurtMergeCand and maximal size of merge candidate list mLSiZ
as [inputs, updated mergeCandList and number of elements numCurrMergeCand withi
mergeCandList as outputs.

- O AN =

The|derivation process for.temporal merge candidates as specified in subclause 8.5.2.3.3 is invoked
with the luma location ((x€b, yCb ), the luma coding block width nCbW, the luma coding block heigh
nCbH, mergeCandListsand numCurrMergeCand as inputs, updated mergeCandList and number gf
elements numCurfMergeCand within mergeCandList as outputs.

[

When sps_hmvp_flag is equal to 1, numCurrMergeCand is less than mLSize and NumHmvpCan|
ber.of éntries in HmvpCandList) is greater than 2, the derivation process of history-base
cing. ‘candidates as specified in subclause 8. 5 2.3.6 is invoked with mergeCandLis

[V N e an

the codmg block helght anH as inputs, and modifled mergeCandLlst and numCurrMergeCand as
outputs.

When slice_type is equal to B, input variables nCbW and nCbH are both larger than 4 and
numCurrMergeCand is less than mLSize, the derivation process for combined bi-predictive merging
candidates as specified in subclause 8.5.2.3.7 is invoked with mergeCandList, numCurrMergeCand
and maximal size of merge candidate list mLSize as inputs, and modified mergeCandList and
numCurrMergeCand as outputs.

When numCurrMergeCand is less than mLSize, the derivation process for zero motion vector
merging candidates as specified in subclause 8.5.2.3.8 is invoked with the coding block width nCbW

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=caf991f23122d29f070ff293f89a846f

ISO/IEC 23094-1:2020(E)

and the coding block height nCbH, the mergeCandList, numCurrMergeCand and maximal size of
merge candidate list mLSize as inputs, and modified mergeCandList and numCurrMergeCand as

outputs.

6) The following assignments are made with N being the candidate at position merge_idx[ xCb ][ yCb ]
in the merging candidate list mergeCandList ( N = mergeCandList] merge_idx[ xCb ][ yCb]]) and X

being replaced by 0 or 1:

refldxLX = refldxLXN

(450)

mvLX[O0][0][0] =mvLXN[ O]
mvLX[O]J[0][1]=mvLXN[1]
— When refldxLX is a valid reference picture, the following applies:
predFlagLX[0][0] =1
7) When mmvd_flag[ xCb ][ yCb ] is equal to 1, the following applies:
— The following assignments are made with N -being the candidate at
mmvd_merge_idx[ Cb ][yCb] in the mergihg ~ candidate list merge
( N = mergeCandList] mmvd_merge_idx[ xCb ][ y€b ) | ) and X being replaced by 0 or 1
refldxLX = refldxLXN
mvLX[0][0][0]=mvLXN[ O]
mvLX[0][0][1]=mvLXN[T ]
— When refldxLX is a valid reference picture, the following applies:
predFlagLX[ 0 [0 =1
— The derivation progess for MMVD motion vector as specified in subclause 8.5.2.3.9 is invo
the luma location (xXCb,yCb), the luma motion vectors mvLO[0][0] and mvL1[ 0]
reference indices refldxLO and refldxL1l, and the prediction list utilizatig
predFlagL0{.0][ 0 ] and predFlagL1[ 0 ][ O ] as inputs, and the MMVD motion vectors mM
mMvL1,the’modified reference indices refldxL.L0 and refldxL1, and the modified predi

utilization flags predFlagLO[ 0 ][ 0 ] and predFlagL1[ 0 ][ O ] as outputs.

— Theduma motion vector mvLX is replaced by the MMVD motion vector mMvLX for X bei
1-as follows:

(451)

(452)

(453)

position
CandList
(454)
(455)

(456)

(457)

ked with
| 0], the
n flags
vL0 and
ction list

ng 0 and

7 JSZ[

mvEX O 6 H 0 =mMvEXT6
mvLX[O][0][1]=mMvLX[1]
8.5.2.3.2 Derivation process for spatial merging candidates

Inputs to this process are:

(458)

(459)

— alumalocation ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the top-

left luma sample of the current picture,
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— two variables nCbW and nCbH specifying the width and the height of the current luma coding block,

— amerging candidate list mergeCandList,

— anumber of elements numCurrMergeCand within mergeCandList, and

— amaximal number of elements mLSize within mergeCandList.

Outputs

of this process are:

— the
— the
The vari
availabil
width n

If availL

The
(xd

The
(xd

The
(xd

The
(xd

The
(xd

Otherwi

The
(xd

The
(xd

merging candidate list mergeCandList, and

number of elements numCurrMergeCand within mergeCandList.

[bW as inputs.
R is equal to LR_11, the following applies:

luma location (xNbAi, yNbA;) inside the neighbouring luma
b -1,yCb +nCbH -1).

luma location (xNbBi, yNbB;) inside the neighbouring luma
b+ nCbW, yCb + nCbH - 1).

luma location ( xNbBy, yNbBo ) inside the neighbouring luma
b, yCb - 1).

luma location (xNbAo, yNbAg) inside~the neighbouring luma
b + nCbW, yCb - 1).

luma location ( xNbBj, yNbB; }_inside the neighbouring luma
b-1,yCb-1).

e, if availLR is equal to LR_01, the following applies:

luma location (xNbAi, yNbA;) inside the neighbouring luma
b + nCbW, yCbh+10CbH - 1).

luma location ( xNbBi, yNbB;) inside the neighbouring luma
b, yCb =1).

luma location (xNbBy, yNbBy) inside the neighbouring luma

(xCb

1 Ll 1)

coding block is

coding block is

coding block is

coding block is

coding block is

coding block is

coding block is

coding block is

able availLR is derived by invoking the derivation process for left and right neighbouring block
ities as specified in subclause 6.4.2 with the luma location ( xCb, yCb ) and the-Juma coding bloc

set

set

set

set

set

set

set

set

N N

equal tp

equal tp

equal tp

equal tp

equal tp

equal tp

equal tp

equal tp

The
(xC

The
(xC

U .L,_yhU .LJ.

luma location (xNbAo, yNbA¢) inside the neighbouring luma
b + nCbW, yCb + nCbH ).

luma location ( xNbB;, yNbB;) inside the neighbouring luma
b + nCbW,yCb -1).

Otherwise, if availLR is equal to LR_10 or LR_00, the following applies:

The
(xC

154

luma location (xNbAi, yNbA;) inside the neighbouring luma
b-1,yCb+nCbH-1).

coding block is

coding block is

coding block is

set

set

set

equal to

equal to

equal to
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— The luma location ( xNbBj, yNbB;1) inside the neighbouring luma coding block is set equal to
(xCb +nCbW-1,yCb-1).

— The luma location (xNbBy, yNbBy) inside the neighbouring luma coding block is set equal to
(xCb + nCbW, yCb - 1).

— The luma location ( xNbAy, yNbAo) inside the neighbouring luma coding block is set equal to
(xCb -1, yCb + nCbH ).

-+ The Tuma Tocation (xNbB;, yNbB;] inside the neighbouring Tuma coding block is set pqual to
(xCb-1,yCb-1).

o wl

or the derivation of refldxLOA;, refldxL1Ai, predFlagL0OA:, predFlagL1A;, mvLOA;"and mvL1A; the
bllowing applies:

-

-+ The derivation process for neighbouring block motion vector candidate ‘availability as spgcified in
subclause 6.4.3 is invoked with the luma location (xNbAi, yNbA1J,as input, and the dutput is
assigned to the coding block availability flag availableA.

+ The variables refldxLXA1, predFlagLXA; and mvLXA; are derived as follows for X being 0 or|1:

— If availableA; is equal to FALSE, both components of miwLXA; are set equal to 0, refldxLXA; is set
equal to -1 and predFlagLXA; is set equal to 0.

— Otherwise, the following assignments are made:

mvLXA; = MvLX[ xNbA; ][ yNbA1 | (460)
refldxLXA1 = RefldxLX[ xNbA; ][ yNbA1 ] (461)
predFlagLXA: = PredFlagLX[ xNbA: ][ yNbA; ] (462)

-+ When neither of refldxLLOA; and refldxL1A; is equal to -1 and sum of the nCbW and nCbH is less than
or equal to 12, and the follewing assignments are made:

refldxL1A; = -1 (463)
predFlagL1A:=0 (464)

-+ When avdilableA; is equal to TRUE, the variable mergeCandList[ numCurrMergeCand++ ] islupdated
withmvLXA4, refldxLXA: and predFlagLXA; for X being 0 or 1.

o wl

or-the derivation of refldxL0B;, refldxL1Bi, predFlagLOBi, predFlagL1B:, mvLOB; and mvL1B; the

TTCo

— The derivation process for neighbouring block motion vector candidate availability as specified in
subclause 6.4.3 is invoked with the luma location (xNbBi, yNbB1) as input, and the output is
assigned to the coding block availability flag availableB.

— The variables refldxLXB1, predFlagLXB: and mvLXB; are derived as follows for X being 0 or 1:

— IfavailableB; is equal to FALSE, both components of mvLXB; are set equal to 0, refldxLXB; is set
equal to -1 and predFlagLXB; is set equal to 0.

— Otherwise, availableFlagB; is set equal to 1 and the following assignments are made:
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— Wh

mvLXB: = MvLX[ xNbB; ][ yNbB; ] (465)
refldxLXB; = RefldxLX[ xNbB1 ][ yNbB;1 ] (466)
predFlagLXBi = PredFlagLX[ xNbB; ][ yNbB1 ] (467)
en neither of refldxLLOB; and refldxL1B; is equal to -1 and sum of the nCbW and nCbH is less than

or equal to 12, and the following assignments are made:

refldxL1b; = -1 (460
predFlagl1B1 =0 (469
— When availableB; is equal to TRUE, the variable mergeCandList[ numCurrMergeCand++3}is updated

with mvLXBs, refldxL.XB; and predFlagLXB; for X being 0 or 1.

— Wh
for

merngeCandList, and the number of elements numCurrMergeCand within mergeCandList as inputs,
and|the number of elements numCurrMergeCand within mergeCandList’as output.

For the
followin

— The derivation process for neighbouring block motion vector candidate availability as specified i

sub

assigned to the coding block availability flag availableBj.

— Thevariables refldxLXBy, predFlagLXBo, and mvLEXBy are derived as follows for X being 0 or 1:

— Wh

en availableBs is equal to TRUE and numCurrMergeCand is greater than 1, the derivation proces
redundancy check as specified in subclause 8.5.2.3.10 is invoked with d4nerging candidate lis

—+

derivation of refldxLOBy, refldxL1By, predFlagL0By, predElagh1Bo, mvLOBy and mvL1By th
g applies:

[¢)

-

clause 6.4.3 is invoked with the luma location (&NbBo, yNbBy) as input, and the output i

%)

[f availableBy is equal to FALSE, both.components of mvLXBy are set equal to 0, refldxLXBj is s¢
equal to -1 and predFlagLXB, is setiequal to 0.

[

Otherwise, the following assignments are made:

mvLXBo = MvLX[ xNbBg ][ yNbBy ] (470
refldxLXBo = Refld®LX[ xNbBy ][ yNbBy ] (471
predFlagLXBo'= PredFlagLX[ xNbBy ][ yNbBy ] (472

en neitherof refldxL0Boand refldxL1By is equal to -1 and sum of the nCbW and nCbH is less than

or aqual to-12, and the following assignments are made:
re ldALlBU =1 (473
predFlagL1B0 =0 (474)

— When availableBy is equal to TRUE, the variable mergeCandList[ numCurrMergeCand++ ] is updated
with mvLXB,, refldxLXBo and predFlagLXB, for X being 0 or 1.

— When availableBy is equal to TRUE and numCurrMergeCand is greater than 1, the derivation process
for redundancy check as specified in subclause 8.5.2.3.10 is invoked with a merging candidate list
mergeCandList, and the number of elements numCurrMergeCand within mergeCandList as inputs,

and

156

the number of elements numCurrMergeCand within mergeCandList as output.
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When numCurrMergeCand < mLSize - 1, for the derivation of refldxL0A,, refldxL1Ao, predFlagL0A,,
predFlagL1Ao, mvLOA, and mvL1Ao the following applies:

- <

The derivation process for neighbouring block motion vector candidate availability as specified in
subclause 6.4.3 is invoked with the luma location (xNbAo, yNbAy) as input, and the output is

assigned to the coding block availability flag availableA,.

The variables refldxLXAy, predFlagLXA, and mvLXA are derived as follows for X being 0 or 1:

— When availableAy is equal to TRUE, the variable mergeCandList] numCurrMergeCand++ ] is

Vhen numCurrMergeCand < mLSize - 1, for the derivation of refldxL0B,, refldxL1B>, predH
redFlagL.1B,, mvL0OB5 arid mvL1B,, the following applies:

— IfavailableA is equal to FALSE, both components of mvLXA, are set equal to 0, refldxLXA, is set

equal to -1 and predFlagLXAy is set equal to 0.
— Otherwise, the following assignments are made:
mvLXAo = MvLX[ xNbAy ][ yNbAy |
refldxLXAo = RefldxLX[ xNbAo ][ yNbAy ]
predFlagLXAo = PredFlagLX[ xNbAo ][ yNbA ]

When neither of refldxL0Aoand refldxL1A¢ is equal to -1 and-$um of the nCbW and nCbH is
or equal to 12, and the following assignments are made:

refldxL1A, = -1

predFlaglL1Ao =0

with mvLXA,, refldxLXAo and predFlagLXA, for X being 0 or 1.

When availableAy is equal to TRUE and numCurrMergeCand is greater than 1, the derivation
for redundancy check as specified in subclause 8.5.2.3.10 is invoked with a merging cand
mergeCandList, and the number of elements numCurrMergeCand within mergeCandList 2
and the number of elemgents numCurrMergeCand within mergeCandList as output.

The derivation/process for neighbouring block motion vector candidate availability as spe
subclaus€6.4.3 is invoked with the luma location (xNbB;, yNbB;) as input, and the o
assignedto the coding block availability flag availableBs.

The-variables refldxLXB;, predFlagLXB, and mvLXB; are derived as follows for X being 0 or

FL A1

(475)
(476)
(477)

ess than

(478)
(479)

updated

process
date list
S inputs,

lagLOB,,

cified in
utput is

1:

1L -1 1.1 in] - 1 4 IALCI 1 41 b £ A VAR b 1 FaY | A
— 11 dvdlldUICD2 15 €udl LU TALOSL, DUUI COIITPUIICIILS Ul'ITIVLAD?2 dI'C STL TYUdI LU U, TCITUXL.

equal to -1 and predFlagLXB; is set equal to 0.
— Otherwise, the following assignments are made:
mvLXB; = MvLX[ xNbB; ][ yNbB: ]
refldxLXB; = RefldxLX[ xXNbB; ][ yNbB: ]

predFlagLXB; = PredFlagLX[ xNbB; ][ yNbB: ]
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— When neither of refldxL.LOB; and refldxL.1B; is equal to -1 and sum of the nCbW and nCbH is less than

or equal to 12, and the following assignments are made:
refldxL.1B, = -1 (483)
predFlagL1B, =0 (484)

— When availableB; is equal to TRUE, the variable mergeCandList[ numCurrMergeCand+ + ] is updated
with mvLXB,, refldxLXB; and predFlagLXB: for X being 0 or 1.

— Wh
for
mel
and|

8.5.2.3.]
Inputs t

— alu
to tl

— two
— am
— any
Outputs
— the
— the
The vari
The vari
The vari
availabil

width n

Input m

[72)

b1 availableB; is equal to TRUE and numCurrMergeCand is greater than 1, the derivation proces
redundancy check as specified in subclause 8.5.2.3.10 is invoked with a merging candidate lis
geCandList, and the number of elements numCurrMergeCand within mergeCandList'as inputs,
the number of elements numCurrMergeCand within mergeCandList as output.

<

8 Derivation process for temporal merge candidates
this process are:

ma location ( xCb, yCb ) specifying the top-left sample of the currentluma coding block relativie
e top-left luma sample of the current picture,

variables nCbW and nCbH specifying the width and the height of the luma coding block,
erging candidate list mergeCandList, and

mber of elements numCurrMergeCand within mergeCandList.

of this process are:

merging candidate list mergeCandList-and

number of elements numCurrMergeCand within mergeCandList.

able currCb specifies the cuprent luma coding block at luma location ( xCb, yCb ).

able refldxL.XCol, with X' being equal to 0 or 1, is set equal to 0.

able availLR isiderived by invoking the derivation process for left and right neighbouring block

ities as specified in subclause 6.4.2 with the luma location ( xCb, yCb ) and the luma coding bloc
[bW as inputs.

Il

erging/candidate list mergeCandList is modified as the following ordered steps:

1) The

158

Centrai coltocated Imotion vector is derived as fo1lows:

xColCtr = xCb + (nCbW >> 1) (485)
yColCtr = yCb + (nCbH >> 1) (486)
The luma location ( xColCb, yColCb ) is set equal to

((xColCtr >> 3) << 3, (yColCtr >> 3) << 3).
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— The derivation process for collocated motion vectors as specified in subclause 8.5.2.3.4 is
invoked with luma location coordinates ( xColCb, yColCb ) as input, and the output is assigned
to mvLXCol, with X being equal to 0 or 1, and availableFlagCol.

— When availableFlagCol is equal to 3 and sum of the nCbW and nCbH is less than or equal to 12, and
the following assignments are made:

predFlagL1Col =0 (487)

refldxL1Col = -1 (488)

+— When availableFlagCol is not equal to 0, the variable mergeCandList[ numCurrMengeCand++ ] is
updated with mvLXCol, refldxLXCol and predFlagLXCol, for X being equal to 0 or 1

+— When availableFlagCol is not equal to 0 and numCurrMergeCand is greater than 1, [variable

origNumCurrMergeCand is set equal to numCurrMergeCand and the) derivation progess for

redundancy check as specified in subclause 8.5.2.3.10 is invoked with a merging candidate list
mergeCandList, and the number of elements numCurrMergeCand within mergeCandList af inputs,
and the number of elements numCurrMergeCand within mergeCangdList as output.

1+ When numCurrMergeCand is less than origNumCurrMergeCand, availableFlagCol is set eqyal to 0.

) When availableFlagCol is equal to 0, the bottom collocated motion vector is derived as follows:

— IfavailLR is equal to LR_01, the following applies:
xColBot = xCb (489)
yColBot = yCb + nCbH (490)

— Otherwise, the following applies:
xColBot = xCb + nCbW- 1 (491)
yColBot = yCh+nCbH (492)

— IfyColBotisless than pic_height_in_luma_samples, and yCb >> CtbLog2SizeY is equal tq yColBot
>> CtbLog2SizeY, the following applies:

— The luma location ( xColCb, yColCb ) is set equal to
((xColBot >> 3) << 3, (yColBot >> 3) << 3).

— The derivation process for collocated motion vectors as specified in subclause 8.$.2.3.4 is
invoked with luma location coordinates (xColCb, yColCb) as input, and the dutput is

: 3 . 1IN COR TR .28 T 14N 4 ] 211111 o
ASSISICU LU TTTVLALUUL, WILL A DTG C©QUdl LU U Ul 1, dlIU dVdlldDICTIdg LUl

— Otherwise, both components of mvLXCol, with X being equal to 0 or 1, are set equal to 0, and
availableFlagCol is set equal to 0.

— When availableFlagCol is equal to 3 and sum of the nCbW and nCbH is less than or equal to 12, and
the following assignments are made:

predFlaglL1Col = 0 (493)
g

refldxL.1Col = -1 (494)
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— When availableFlagCol is not equal to 0, the variable mergeCandList[ numCurrMergeCand++ ] is
updated with mvLXCol, refldxLXCol and predFlagLXCol, for X being equal to 0 or 1.

— When availableFlagCol is not equal to 0 and numCurrMergeCand is greater than 1, variable
origNumCurrMergeCand is set equal to numCurrMergeCand and the derivation process for
redundancy check as specified in subclause 8.5.2.3.10 is invoked with a merging candidate list
mergeCandList, and the number of elements numCurrMergeCand within mergeCandList as inputs,
and the number of elements numCurrMergeCand within mergeCandList as output.

— When numCurrMergeCand is less than origNumCurrMergeCand, availableFlagCol is set equal to 0,
3) When availableFlagCol is equal to 0, the side collocated motion vector is derived as follows:
— | IfavailLR is equal to LR_01, the following applies:

xColSide =xCb - 1 (495
yColSide = yCb + nCbH - 1 (496
— | Otherwise, the following applies:

xColSide = xCb + nCbW (497
yColSide = yCb + nCbH - 1 (498

— | If xColSide larger than 0, and xColSide is less than pic_width_in_luma_samples, the followin
applies:

4]

— The luma location coordinateés  (xColCb,yColCb) is set equal tp
((xColSide >> 3) << 3, (yColSidey>> 3) << 3).

— The derivation process for collocated motion vectors as specified in subclause 8.5.2.3.4 i
invoked with luma location’ coordinates (xColCb, yColCb) as input, and the output i
assigned to mvLXCol, with X being equal to 0 or 1, and availableFlagCol.

n wn

— | Otherwise, both components of mvLXCol, with X being equal to 0 or 1, are set equal to 0 and
availableFlagCol is $et équal to 0.

— Whgn availableFlag€ol is equal to 3 and sum of the nCbW and nCbH is less than or equal to 12, and
thelfollowing asSigtiments are made:

predFlagk1Col =0 (499
g

refldxL1Col = -1 (500

— When availableFlagCol is not equal to 0, the variable mergeCandList[ numCurrMergeCand++ ] is
updated with mvLXCol, refldxLXCol and predFlagLXCol for X being equal to 0 or 1.

— When availableFlagCol is not equal to 0 and numCurrMergeCand is greater than 1, variable
origNumCurrMergeCand is set equal to numCurrMergeCand and the derivation process for
redundancy check as specified in subclause 8.5.2.3.10 is invoked with a merging candidate list
mergeCandList, and the number of elements numCurrMergeCand within mergeCandList as inputs,
and the number of elements numCurrMergeCand within mergeCandList as output.

— When numCurrMergeCand is less than origNumCurrMergeCand, availableFlagCol is set equal to 0.
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8.5.2.3.4 Derivation process for collocated motion vectors

Input to this process is a luma location coordinates ( xColCb, yColCb ) in the collocated picture specified

by ColPic.

Outputs of this process are:

— the motion vector prediction mvpLXCol in 1/4 fractional-sample accuracy, with X being equal to 0 or

1, and

— the availability flag availableFlagCol (jointly for lists 0 and 1).

—

he variable currPic specifies the current picture.

he arrays predFlaglL0Col[x][y], mvLOCol[x][y] and refldxLOCol[x ][y ] “are set e
redFlaglLO[x ][y ], MvDmvrLO[x][y] and RefldxLO[x ][y ], respectively, @f-the collocated
pecified by ColPic, and the arrays predFlagL1Col[ x ][ y ], mvL1Col[ x ][ y ] and refldxL1Col[ x
et equal to PredFlagL1[x ][y ], MvDmvrL1[ x ][ y ] and RefldxL1[ x ][ y.J;¢espectively, of the cd
icture specified by ColPic.

= n »n o

—]

he variables mvCol and availableFlagLXCol, for X being equal to.0-or 1, are derived as follows:

— If refldxLXCol[ xColCb ][ yColCb ] is invalid, both components of mvpLXCol are set equal
availableFlagLXCol is set equal to 0.

— Otherwise, the motion vector mvCol[ colX |, thesreference index refldxCol[ colX ] and the r
list identifier listCol[ colX ], with colX being equal to 0 or 1, are derived as follows:

— The variable refldxCol[ colX ], with ¢elX being equal to 0 or 1, is set equal to invalid.
— Iftemporal_mvp_assigned_flag is’equal to 0, the following applies:

— If predFlagL0OCol[ x ]}3/] is equal to 0, and predFlagL.1Col[ x ][ y ] is equal to 1, mvCal
refldxCol[ colX ] t\and listCol[ colX] are set equal to mvLXCol[ xColCb ][]
refldxLXCol[ xColICb ][ yColCb ] with X being equal to 1 and colX being equ
respectively.

— Otherwise, if predFlagLOCol[ x ][ y ] is equal to 1, and predFlagL1Col[x ][y ] is eq
my€ol{ colX ], refldxCol[ colX ] and listCol[ colX ] are set equ
v XCol[ xColCb ][ yColCb ], refldxLXCol[ xColCb ][ yColCb ] with X being equal {
colX being equal to 0, respectively.

— Otherwise (predFlagLOCol[ x][y] is equal to 1, and predFlagL1Col[x ][y ] is eqU
mvCol[ colX], refldxCol[ colX ] and listCol[ colX ] are set eqy

qual to
picture

[[y]are
llocated

to 0 and

cference

[ colX],
yColCb ],
al to 1,

ual to 0,
al to
o 0 and

al to 1),
al to

MVLXCol[ XCoICh [ yColICh |, TefldXLXCol[ XColCh [[yColCh [ with X being 0 or 1 and colX

being equal to 0 or 1, respectively.

— Otherwise (temporal_mvp_assigned_flag is equal to 1), the following applies:

— When predFlagLXCol[ x ][ y ] with X equal to col_pic_list_idx is equal to 1, mvCol[ colX],

refldxCol[ colX ] and listCol[ colX ] are derived as follows:

— mvCol[ colX ], refldxCol[ colX ] and listCol[ colX] set equal to
mvLXCol[ xColCb ][ yColCb ], refldxLXCol[ xColCb ][ yColCb] with X being equal to

col_source_mvp_list_idx and colX being equal to 0, respectively.
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— mvCol[ colX ], refldxCol[ colX | and listCol[ colX] set equal to
mvLXCol[ xColCb ][ yColCb ], refldxLXCol[ xColCb ][ yColCb] with X being equal to
col_source_mvp_list_idx, and colX being equal to 1.

— The variables mvpLXCol and availableFlagLXCol are derived as follows:
— The variable refPicOfColPic[ X ] is set equal to the picture with reference index refldxCol[ X ]

in the reference picture list listCol[ X ] of the slice containing luma location coordinates
(xColCb, yColCb ) in the collocated picture specified by ColPic, and the following applies:

=

— The POC distance (denoted as currPocDiffX) between current picture and currer
picture’s reference picture specified by RefPicListX[ refldxLX | with refldxIX beinl
equal to 0, is computed as follows:

)]

currPocDiffLX = DiffPicOrderCnt( currPic, RefPicListX[ refldxLX ] ) (501
, with X being equal to 0 or 1, respectively

— The POC distance (denoted as colPocDiffLX ) between the collocated picture ColPic and
refPicOfColPic[ X ] is computed as follows:

colPocDiffLX = DiffPicOrderCnt( ColPic, refPicOfColRic[ X ]) (502
, with X being equal to 0 or 1, respectively

— If refldxCol[X] is valid and colPocDifflLX “is not equal to 0, the wvariable
availableFlagLXCol is set equal to 1, the mvpLXCol is derived as a scaled version of thie
motion vector mvCol[ X ] as follows:

distScaleFactorLX = ( currPocDiffEX << 5) / colPocDiffLX (503

mvpLXCol = Clip3( -32768(32767, Sign( distScaleFactorLX * mvCol[ X ] ) *
( (Abs( distScaleFactorLX * mvCol[X])+16) >> 5)) (504
, with X being equal to:0-or 1, respectively

— Otherwise (invalid \‘refldxCol[ X] or colPocDiffLX is equal to 0), the variable
availableFlagL.X(ol)is set equal to 0 and mvpLXCol is derived as follows:

mvpLXCoel = 0 (505
, with"X‘being 0 or 1 specifying reference list 0 and reference list 1, respectively

The picture boundary-based clipping process for variables for collocated motion vectors mvpLXCol i
invoked|as specified'in subclause 8.5.2.3.5 with mvpLXCol and ( xCb, yCb ) as inputs.

[72)

The availableFlagCol is derived as follows:

— If avaitabteFlagEXCot for X being 0amd Tt are bothrequat to 1, avaitableFlagCotissetequat to3:

— Otherwise, if availableFlagLXCol for X being equal to 0 is equal to 1and availableFlagLXCol for X being
1 is equal to 0, availableFlagCol is set equal to 1.

— Otherwise, if availableFlagLXCol for X being equal to 1 is equal to 1 and availableFlagLXCol for X
being 0 is equal to 0, availableFlagCol is set equal to 2.

— Otherwise, availableFlagCol is set equal to 0.
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8.5.2.3.5 Derivation process for constrained scaled motion

Inputs to this process are:

— the motion vector prediction mvLXCol, and

— aluma location ( xCb, yCb ) specifying the top-left sample of the luma coding block.

Output of this process is the motion vector prediction mvLXCol.

The variable mvLXCol for X being set equal to 0 or 1 is derived as follows:

— The variable picPaddingSize is equal to 144.

— The variables paddedWidth and paddedHeight are derived as follows:
paddedWidth = pic_width_in_luma_samples + picPaddingSize (506)
paddedHeight = pic_height_in_luma_samples + picPaddingSize (507)
mvLXCol[ 0] = (xCb + mvLXCol[ 0 ]) < -picPaddingSize ? -( xCb *picPaddingSize ) : mvLXCol[0]| (508)
mvLXCol[ 1] = (yCb + mvLXCol[ 1]) < -picPaddingSize ? <( }Cb + picPaddingSize ) : mvLXCol[ 1]| (509)
mvLXCol[ 0] = (xCb + mvLXCol[ 0]) > paddedWidth »[-paddedWidth - xCb ) : mvLXCol[ 0 ] (510)

mvLXCol[ 1] = (yCb + mvLXCol[ 1]) > paddedHeight ? ( paddedHeight - yCb ) : mvLXCol[ 1] (511)

8.5.2.3.6 Derivation process for history-based merging candidates

et

hputs to this process are:

-+ amerge candidate list merge€andList,

-+ anumber of available merging candidates in the list numCurrMergeCand,
-+ a maximal numbef of elements mLSize within mergeCandList, and

-+ two variables ©CbW and nCbH specifying the width and the height of the current luma coding block.

Qutputs to.this process are:

— thesmodified merging candidate list mergeCandList, and

themaodified numhbher af morainag candidatoc in the lict nuumCurrMeraeCand

e ot O e O e O T e St gttt o it ST ratirou r o e r g S ottt

The variable numOrigMergeCand is set equal to numCurrMergeCand. The variable hmvpStop is set equal
to FALSE.

The variable maxNumCheckedHistory is set equal to ( ( ( NumHmvpCand +1)>>2)<<2) - 1.

For each candidate in HmvpCandList with hMvpldx = 3..Min( maxNumCheckedHistory, ( mLSize ==4)?
15:23), the following ordered steps are repeated until hmvpStop is equal to TRUE.

1) The variable hMvpCand is derived as follows:
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— h

MvpCand is set equal to HmvpCandList| NumHmvpCand - hMvpldx ].

— When refldxL0 and refldxL1 of hMvpCand are both valid and sum of the nCbW and nCbH is less
than or equal to 12, then refldxL1 of hMvpCand is set equal to -1.

2) The variable mergeCandList[ numCurrMergeCand++ | is updated with hMvpCand.

3) When numCurrMergeCand is greater than 1, derivation process for redundancy check as specified in
subclause 8.5.2.3.10 is invoked with a merging candidate list mergeCandList and the number of

elen]
list

outputs.
4) When numCurrMergeCand is equal to mLSize, hmvpStop is set equal to TRUE.

5) hMyvpldx is increased by 4.

8.5.2.3.7 Derivation process for combined bi-predictive merging candidates

Inputs t¢ this process are:

— am

— anymber of elements numCurrMergeCand within mergeCandList, and

— am
Outputs
— the

— the

The arrays refldxL0 and refldxL1, eachsize of numCurrMergeCand, are composed of the reference indicg
of the ligt 0 and reference indices 6f'the list 1, respectively, of every candidate in the mergeCandList. Th
arrays df motion vectors mvL0O‘\and mvL1, each size of numCurrMergeCand, are composed of motio

vectors

When niimCurrMergeCand is greater than 1 and less than mLSize, the variable numInputMergeCand 1§

setequa

to FALSE and thefollowing ordered steps are repeated until combStop is equal to TRUE:

1) The

2) The

164

ents numCurrMergeCand within mergeCandList as inputs, and with updated merging candidat
mergeCandList and the number of elements numCurrMergeCand within mergeCandList 3

rging candidate list mergeCandList,

hximal number of elements mLSize within mergeCandList.
of this process are:
merging candidate list mergeCandList,.and

number of elements numCurrMerge€and within mergeCandList.

n list 0 and list 1, respectively, of every candidate in mergeCandList.

| to numCurrMergeCand, the variable combldx is set equal to 0, the variable combStop is set equa

variables 10Candldx and 11Candldx are derived using combldx as specified in Table 21.

e
S

> ® n

[72)

following assignments are made:
refldxL0I0Cand = refldxLO[ 10CandIdx ] (512)
refldxL.111Cand = refldxL.1[ 11Candldx ] (513)
mvL0l0Cand = mvLO[ 10Candldx ] (514)
mvL1l1Cand = mvL1[ 11Candldx ] (515)
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3) When both refldxL.010Cand and refldxL111Cand are valid, the candidate combCandx with k equal
to (numCurrMergeCand - numInputMergeCand ) is added at the end of mergeCandList, i.e,
mergeCandList[ numCurrMergeCand ] is set equal to combCandy, the motion vectors of combCandx

and numCurrMergeCand are derived as follows:

refldxLOcombCandyk = refldxL.L010Cand

refldxL1combCandy = refldxL111Cand

(516)

(517)

5) When combldx is

equal

4) The variable combldx is incremented by 1.

( numInputMergeCand * ( numInputMergeCand - 1
numCurrMergeCand is equal to mLSize, combStop is set.equal to TRUE.

mvLOcombCandy| 0 | = mvLOIOCand] O |
mvLOcombCandk[ 1 ] = mvLOIOCand[ 1 ]
mvL1lcombCandk[ 0 ] = mvL1I1Cand[ O ]

mvLlcombCandi[ 1] =mvL1I1Cand[ 1 ]

numCurrMergeCand = numCurrMergeCand + 1

Table 21 — Specification of 10Candldx and 11CandIdx

combldx 0 1 2 3 4 5 6 7 8 9
10Candldx 0 1 0 2 1 2 0 3 1 3
11Candldx 1 0 2 0 2 1 3 0 3 1

combldx 10 11 12 13 14 15 16 17 18 19
10Candldx 2 3 0 4 1 4 2 4 3 4
11Candldx 3 2 4 0 4 1 4 2 4 3

et

hputs tothis process are:

§8.5.2.3.8 Derivation process for zero motion vector merging candidates

4+ _“two variables nCbW and nCbH specifying the width and the height of the current luma codil

(518)
(519)
(520)
(521)

(522)

hg block,

— amerging candidate list mergeCandList,

— anumber of elements numCurrMergeCand within mergeCandList, and

— amaximal number of elements mLSize within mergeCandList.

Outputs of this process are:

— the merging candidate list mergeCandList, and

— the number of elements numCurrMergeCand within mergeCandList.

© ISO/IEC 2020 - All rights reserved
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Candidate zeroCand consists of the luma motion vectors mvL0OzeroCand and mvL1zeroCand, the
reference indices refldxL.0zeroCand and refldxL1zeroCand and the availability flags predFlaglL.0zeroCand
and predFlagL1zeroCand.

A variable biPredAllowed is set equal to FALSE if slice_type is equal to P, or slice_type is equal to B and
sum of the nCbW and nCbH is less than or equal to 12, otherwise biPredAllowed is set equal to TRUE.

While numCurrMergeCand is less than mLSize, the following applies:

— Mofion vectors, reference indices and avallability tlags of candidate zeroCand are derived as

follpws:
myLOzeroCand[0] =0 (523
myLOzeroCand[1]=0 (524
myLlzeroCand[0]=0 (525
myLlzeroCand[1]=0 (526
refldxL0OzeroCand = 0 (527
refldxL1zeroCand = ( biPredAllowed ? 0: -1) (528
priedFlagL0zeroCand = 1 (529
predFlagl1zeroCand = ( biPredAllowed ?1:0) (530

— meingeCandList] numCurrMergeCand++ ] is set.equal to zeroCand.

8.5.2.3.9 Derivation process for MMVD motion vector
Inputs t¢ this process are:

— alumalocation ( xCb, yCb ) ofthe top-left sample of the current luma coding block relative to the tof]
left luma sample of the currexnt picture,

— lum@a merge motion yectors mvLO[ 0 ][0 Jand mvL1[0][ 0],
— refdrence indiceSrefldxL0 and refldxL1, and
— predlictionlistutilization flags predFlagL0[ 0 ][ 0 ] and predFlagL1[ 0][ O ].

Outputs|of:this process are:

— the MMVD motion vector mMvL0 and mMvL1,

— the modified reference indices refldxL.0 and refldxL1, and

— the modified prediction list utilization flags predFlagLO[ 0 ][ 0 ] and predFlagL1[0][ 0 ].
The variable currPic specifies the current picture.

The MMVD motion vectors mMvL0 and mMvL1 are derived, and refldxL0, refldxL1, predFlagLO[ 0 ][ O ]
and predFlagL1[ 0 ][ 0 ] are updated as follows:
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— The MMVD motion vectors are set as follows:
mMvLO =mvLO[0 ][ 0]
mMvL1 =mvL1[0][ 0]
— If the value of mmvd_group_idx is equal to 1, the following applies:

— Ifboth predFlagLO[ 0 ][ 0 ] and predFlagL1[ 0 ][ O ] are equal to 1, the following applies:

refldxL1 =-1
predFlagl1[0][0]=0

mMvL1[0]=0

mMvL1[1]=0

predFlagl1[0][0]=1

equal to DiffPicOrderCnt( currPic, RefPicListO] refldxLO0 ] ), the following applies:
refldxL1 =1
— Otherwise, the following applies:
refldxL1=0
— mMvL1 is set as follows:

currPocDiffL0

DiffPicOrderCnt( currPic, RefPicListO[ refldxL0 ] )
currPocDiffL1 = DiffPicOrderCnt( currPic, RefPicList1[ refldxL1 ])
distScaleFactor = ( currPocDiffLL1 << 5) / currPocDiffL.0

mMvL1[ 0] = Clip3(-32768, 32767, Sign( distScaleFactor * mMvL0[0]) *
( ( Abs( distScaleFactor * mMvLO[0])+16) >> 5))

mMvL1[ 1] =Clip3(-32768, 32767, Sign( distScaleFactor * mMvLO[1]) *
( (Abs( distScaleFactor * mMvLO[1])+16) >> 5))

— Otherwise, if slice_type is equal to P, the following applies:

— If NumRefldxActive[ 0 ] is equal to 1, the following applies:
targetRefldxLO0 = refldxL0
— Otherwise, the following applies:

targetRefldxL0 = !refldxL0

© ISO/IEC 2020 - All rights reserved

(531)

(532)

(533)
(534)
(535)

(536)

— Otherwise, if slice_type is equal to B and predFlagLO[ 0 ][ 0 ] is equal to 1, the followingfapplies:

(537)

— If NumRefldxActive[ 1] is greater than 1 and-DiffPicOrderCnt( RefPicList1[ 1], currPic) is

(538)

(539)

(540)

(541)

(542)

(543)

(544)

(545)

(546)
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— mMvLO is set as follows:
— IftargetRefldxL0 is equal to refldxL0, the following applies:
mMvLO[ 0] =mMvLO[ 0]+ 3 (547)
mMvLO[ 1] =mMvLO[ 1] (548)

— Otherwise, the following applies:

currPocDiffL0 = DiffPicOrderCnt( currPic, RefPicListO[ refldxL0 ] ) (549

currPocDiffL1 = DiffPicOrderCnt( currPic, RefPicListO[ targetRefldxL0 ]#. -"(550

distScaleFactor = ( currPocDiffL.1 << 5) / currPocDiffL.0 (551

mMvLO[ 0] = Clip3(-32768, 32767, Sign( distScaleFactor * mMvLO[0]) *
( ( Abs( distScaleFactor * mMvLO[0])+16)>>5)) (552

mMvLO[ 1] =Clip3(-32768, 32767, Sign( distScaleFactor * mMvLO[1]) *
( (Abs( distScaleFactor * mMvLO[1]) +16)>>5)) (553

— refldxL0 is set equal to targetRefldxL0.
— |Otherwise, if predFlagL1[ 0 ][ O ] are equal to 1, the following applies:
predFlagl0[0][0]=1 (554

— If NumRefldxActive[ 0] is greater than’1 and DiffPicOrderCnt( RefListO[ 1 ], currPic) i
equal to DiffPicOrderCnt( currPic, RefPicList1[ refldxL1 | ), the following applies:

[72)

refldxL0 = 1 (555
— Otherwise, the followingiapplies:
refldxL.O =0 (556

— mMvLO is setas follows:

currRoeDiffL0 = DiffPicOrderCnt( currPic, RefPicListO[ refldxL0 ] ) (557
currPocDiffL1 = DiffPicOrderCnt( currPic, RefPicList1[ refldxL1 ]) (558
distScaleFactor = ( currPocDiffL0 << 5) / currPocDiffL.1 (559

mMvLO[ 0] = Clip3(-32768, 32767, Sign( distScaleFactor * mMvL1[0]) *
( ( Abs( distScaleFactor * mMvL1[0])+16) >> 5)) (560)

mMvLO[ 1] =Clip3(-32768, 32767, Sign( distScaleFactor * mMvL1[1]) *
( (Abs( distScaleFactor * mMvL1[1])+16) >> 5)) (561)

— Otherwise, if the value of mmvd_group_idx is equal to 2, the following applies:

— If both predFlagLO[ 0 ][ 0 ] and predFlagL1[ 0 ][ 0 ] are equal to 1, the following applies:

refldxL0 = -1 (562)
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predFlaglO[0][0]=0 (563)
mMvLO[0]=0 (564)
mMvLO[1]=0 (565)

— Otherwise, if slice_type is equal to B and predFlagLO[ 0 ][ 0 ] is equal to 1, the following applies:

predFlagL1[0][0]=1 (566)

— If NumRefldxActive[ 1] is greater than 1 and DiffPicOrderCnt( RefPicList[ 1],)currPic) is
equal to DiffPicOrderCnt( currPic, RefPicListO[ refldxLO0 ] ), the following applies:

refldxL1 =1 (567)
— Otherwise, the following applies:
refldxL1 =0 (568)

— mMvL1 is set as follows:

currPocDiffL0 = DiffPicOrderCnt( currPic, RéfPicListO[ refldxL0 ] ) (569)
currPocDiffLL1 = DiffPicOrderCnt( currPi¢, RefPicList1[ refldxL1 ] ) (570)
distScaleFactor = ( currPocDiffL.1 <%,5) / currPocDiffL.0 (571)

mMvL1[ 0] = Clip3(-32768, 32767, Sign( distScaleFactor * mMvLO[0]) *
( ( Abs( distScaleFactor * mMvLO[0])+16) >> 5)) (572)

mMvL1[ 1] =Clip3(<32768, 32767, Sign( distScaleFactor * mMvLO[1]) *
(«(“Abs( distScaleFactor * mMvLO[1])+16) >> 5)) (573)

— refldxL0 is set equal to -1, and predFlagLO[ 0 ][ O ], mMvLO[ 0 ] and mMvLO[ 1 ] are $et equal
to 0.

— Otherwise, if §lice_type is equal to P, the following applies:

— If NumRefldxActive[ 0 ] is less than 3, the following applies:
targetRefldxL0 = refldxL0 (574)

— Otherwise, the following applies:

oY

targetReftdxt0—=Tefldxt0<272-t% (575)

— mMvVLO is set as follows:
— IftargetRefldxL0 is equal to refldxL0, the following applies:
mMvLO[ 0] =mMvLO[0] -3 (576)
mMvLO[ 1] =mMvLO[ 1] (577)

— Otherwise, the following applies:
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currPocDiffL0 = DiffPicOrderCnt( currPic, RefPicListO[ refldxL0 ] ) (578)
currPocDiffL1 = DiffPicOrderCnt( currPic, RefPicListO[ targetRefldxLLO]) (579)
distScaleFactor = ( currPocDiffL.1 << 5) / currPocDiffL.0 (580)

mMvLO[ 0] = Clip3(-32768, 32767, Sign( distScaleFactor * mMvL0O[0]) *
( ( Abs( distScaleFactor * mMvLO[0])+16)>>5)) (581)

MMVLO[ T = Clip3( —32768, 32767, Sign[ distscaleFactor *mMvLO[ T
( ( Abs( distScaleFactor * mMvLO[1])+16)>>5)) (682

— refldxL0 is set equal to targetRefldxL0.
Otherwise, if predFlagL1[ 0 ][ O ] is equal to 1, the following applies:
predFlagl0[0][0]=1 (583

— If NumRefldxActive[ 0 ] is greater than 1 and DiffPicOrderCnt( RefPicListO[ 1 ], currPic) i

equal to DiffPicOrderCnt( currPic, RefPicList1[ refldxL1 ] ), thefollowing applies: i

refldxL.0 =1 (584
— Otherwise, the following applies:

refldxLLO = 0 (585
— mMvLO is set as follows:

currPocDiffL0 = DiffPicOrderCnt( currPic, RefPicListO[ refldxL0 ] ) (586

currPocDiffL1 = DiffPicOtderCnt( currPic, RefPicList1[ refldxL1]) (587

distScaleFactor = (_ currPocDiffL.0 << 5) / currPocDiffL.1 (588

mMvLO[ 0] = Clip3(-32768, 32767, Sign( distScaleFactor * mMvL1[0]) *

( (Abs( distScaleFactor * mMvL1[0])+16) >> 5)) (589

mMvLO[Z | = Clip3(-32768, 32767, Sign( distScaleFactor * mMvL1[1]) *
( (Abs( distScaleFactor * mMvL1[1])+16) >> 5)) (590

— refldxl.1 is set equal to -1, and predFlagL1[ 0 ][ 0 |, mMvL1[ 0 ]and mMvL1[ 1 ] are setequal
t0-0.

currPocDiffL0

DiffPicOrderCnt( currPic, RefPicListO[ refldxL0 ] ) (591)

currPocDiffL1 = DiffPicOrderCnt( currPic, RefPicList1[ refldxL1 ] ) (592)

— If Abs( currPocDiffL0 ) is equal to Abs( currPocDiffL1 ), the following applies:

mMvdLO[ 0] = MmvdOffset[ 0 ] (593)

mMvdLO[ 1] = MmvdOffset[ 1 ] (594)
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mMvdL1[ 0] = MmvdOffset[ 0 ] (595)
mMvdL1[ 1] = MmvdOffset[ 1 ] (596)

— Otherwise, if Abs( currPocDiffL.0 ) is greater than Abs( currPocDiffL1 ), the following applies:

mMvdL1[ 0] = MmvdOffset[ 0 ] (597)
mMvdL1[ 1] = MmvdOffset[ 1 ] (598)
distScaleFactor = ( Abs( currPocDiffL.1 ) << 5) / Abs( currPocDiffL0 ) (599)

mMvdLO[ 0 ] = Clip3(-32768, 32767, ( distScaleFactor * mMvdL1[0] + 16)>> 5) (600)
mMvdLO[ 1] = Clip3(-32768, 32767 ( distScaleFactor * mMvdL1[ 1J+16) >> 5] (601)

— Otherwise, if Abs( currPocDiffL0 ) is less than Abs( currPocDiffL1 ){the following appligs:

mMvdLO[ 0] = MmvdOffset[ 0 ] (602)
mMvdLO[ 1] = MmvdOffset[ 1 ] (603)
distScaleFactor = ( Abs( currPocDiffL.0 ) << 5 }AAbs( currPocDiffL1 ) (604)

mMvdL1[ 0] =Clip3(-32768, 32767, ( distScaleFactor * mMvdLO[0 ]+ 16) >> 5) (605)
mMvdL1[ 1] =Clip3(-32768, 32767, ( distScaleFactor * mMvdLO[1]+16) >> 5) (606)

— If currPocDiffL.0 * currPocDiffL1 is shialler than 0, the following applies:

mMvdLO[ 0] = mMvdLO{0 | (607)
mMvdLO[ 1] = mMveLO[1] (608)
mMvdL1[ 0] £ *mMvdL1[ 0 ] (609)
mMvdL1{D] = -mMvdL1[ 1] (610)

4+ Otherwise {predFlagLO[ 0 ][ 0] or predFlagL1[ 0][ 0] are equal to 1), the following applies for X
being 0 and-1:

mMvdLX[ 0 ] = (predFlagLX[0][0]==1) ? MmvdOffset[0] : O (611)

mMvdLX[ 1] = (predFlagLX[0][0]==1) ? MmvdOffset[1] : O (612)

— The MMVD motion vectors are updated as follows:

mMvLO[ 0 ] += mMvdLO[ 0 ] (613)
mMvLO[ 1] += mMvdLO[ 1 ] (614)
mMvL1[ 0] += mMvdL1[ 0 ] (615)
mMvL1[ 1] += mMvdL1[ 1] (616)
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8.5.2.3.10Derivation process for motion vector prediction redundancy check

Inputs to this process are:

— amerging candidate list mergeCandList, and

— anumber of elements numCurrMergeCand within mergeCandList.

Outputs
— the
— the

When n

candIndk is set equal to 0 and the following ordered steps are repeated until candIsNew is equal to FALSE
or candIndx is equal to numCurrMergeCand - 2:

1) The| variable candIlsNew is set equal to FALSE if mergeCandList][candlndx] anfd
mergeCandList][ numCurrMergeCand - 1 ] have all the following conditions met:

2) If candIsNew is equal to TRUE, the variable candIndx is incremented by 1.

When cdndIsNew is equal to FALSE, the variabe numCurrMergeCand is decremented by 1.

8.5.2.4

8.5.2.4.1 General

Inputs t

— alu
left

— two|variables nCbW and nCbH specifying the width and the height of the current luma coding bloc}

and

— the

of this process are:

merging candidate list mergeCandList, and
number of elements numCurrMergeCand within mergeCandList.

himCurrMergeCand is greater than 1, the variable candIsNew is set equal to TRUE, the variable

number of available reference lists for compared entries aresamne.
entries have same available reference list indices (e.g. list0, list 1 or list 0 and list 1).
entries have same valid reference indices in corresponding references lists.

entries have same motion vectors corresponding to available reference lists.

Derivation process for luma motion vector prediction

this process are:

ma location (X€b, yCb ) of the top-left sample of the current luma coding block relative to the top
luma sample of the current picture,

gl

reference index of the current coding unit partition refldxLX, with X being 0 or 1.

Output of this process is the prediction mvpLX of the motion vector mvLX, with X being 0 or 1.

If sps_admvp_flag is equal to 0, the following applies:

The motion vector predictor mvpLX with X being 0 or 1 is derived in the following ordered steps:

1) The

172

variable mvpLX is set as follows:
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mvpLX[0]=0 (617)
mvpLX[1]=0 (618)

When refldxLX is not equal to -1, the derivation process for motion vector predictor from
neighbouring coding unit partitions as specified in subclause 8.5.2.4.3 is invoked with the luma
coding block location ( xCb, yCb ), the coding block width nCbW, the coding block height nCbH, the
motion vector prediction index mvpldx equal to mvp_idx_IX[ xCb ][ yCb ] and the reference list
identifier listX set equal to X, with X being 0 or 1, as inputs, and the output being the motion vector

Q

= & 4

[l

therwise (sps_admvp_flag is equal to 1), the following applies:

A variable mvpAvailFlag is set equal to 0.

FavailLR is equal to LR_11, the following applies:

(therwise, if availLR.is equal to LR_01, the following applies:

predictor mvPred. The variable mvpLX is set equal to mvPred.

he variable availLR is derived by invoking the derivation process for left andmight neighbouring blocks
vailabilities as specified in subclause 6.4.2 with the luma location ( xCb, yCb ) and the luma coding block
Fidth nCbW as inputs.

The luma location (xNbA;, yNbA;) inside the neighbouwring luma coding block is set pqual to
(xCb -1, yCb +nCbH - 1).

The luma location (xNbB;, yNbB:) inside the meighbouring luma coding block is set pqual to
( xCb+ nCbW, yCb +nCbH - 1).

The luma location (xNbBo, yNbBy ) inside*the neighbouring luma coding block is set pqual to
(xCb,yCb-1).

The luma location (xNbAo, yNbAo.) inside the neighbouring luma coding block is set pqual to
(xCb + nCbW, yCb - 1).

The luma location (xNbBg,'yNbB;) inside the neighbouring luma coding block is set pqual to
(xCb-1,yCb-1).

The luma Jocation (xNbA;, yNbA;) inside the neighbouring luma coding block is set pqual to
(xCb + nCbW, yCb + nCbH - 1).

The-lirma location (xNbB;, yNbB:) inside the neighbouring luma coding block is set pqual to
(xCb,yCb -1).

equal to

Tie [TTa_tocati
(xCb-1,yCb-1).
The luma location (xNbAo, yNbAy) inside the neighbouring luma coding block is set equal to
(xCb + nCbW, yCb + nCbH ).

The luma location (xNbB;, yNbB;) inside the neighbouring luma coding block is set equal to
(xCb + nCbW, yCb - 1).

Otherwise, if availLR is equal to LR_10 or LR_00, the following applies:
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— The luma location (xNbAj, yNbA1) inside the neighbouring luma coding block is set equal to
(xCb -1, yCb +nCbH - 1).

— The luma location (xNbBj, yNbB1) inside the neighbouring luma coding block is set equal to
(xCb +nCbW-1,yCb-1).

— The luma location ( xNbBo, yNbBy ) inside the neighbouring luma coding block is set equal to
(xCb + nCbW, yCb - 1).

— The] Tuma Tocation ([xNbAo, yNbA, ) inside the neighbouring Tuma coding block is set equal.tp
(x0b -1, yCb + nCbH ).

— Thel luma location ( xNbB;, yNbB; ) inside the neighbouring luma coding block is set\equal tp
(xb-1,yCb-1).

If amvr_jdx[ x0 ][ y0 ] is equal to 0, the following applies:
— Thel derivation process for neighbouring block motion vector candidate availability as specified i

subflause 6.4.3 is invoked with the luma location (xNbAi, yNbA1) as input, and the output i
assigned to the coding block availability flag availableA.

n =

— When availableA; is equal to TRUE and RefldxLX[ xNbA; ][ yNbAY] is not equal to -1, the following
applies:

— |mvpAvailFlag is set equal to 1.
— mvpLXis set equal to MVLX[ xXNbA1 ][ yNbA1 ].
— |When refldxLX is not equal to RefldxLX[ xNbA; ][ yNbA; ], mvpLX is derived as follows:

— The POC distance (denoted as currPocDiffX) between current picture and current picture
reference picture list RefPicListX| RefldxLX[ xNbA; ][ yNbA1 | ], is computed as follows:

%)

currPocDiffLX = DiffPicQrderCnt( currPic, RefPicListX[ RefldxLX[ xNbA1 ][ yNbA1]]) (619

(i

— The POC distance (denoted as targetPocDiffLX ) between current picture and the list X targe
reference picture of current picture is computed as follows:

targetPocDiffLX = DiffPicOrderCnt( currPic, RefPicListX[ refldxLX | ) (620

— mvpLXds derived as a scaled version of the motion vector as follows:

distScaleFactorLX = ( targetPocDiffLX << 5) / currPocDiffLX (621
1 3L Clia2 [ 2907 L 2077 Co L dict:C lo o 'y 1INk A AR S
lllVlJLJA - LIIPJL JL 7V, J4LT7TUT7, JlsllL UlototaiCTl dClul LA lllVlJLJAJ
( ( Abs( distScaleFactorLX * mvpLX) +16) >> 5)) (622)

Otherwise, if amvr_idx[ x0 ][ y0 ] is equal to 1, the following applies:

— The derivation process for neighbouring block motion vector candidate availability as specified in
subclause 6.4.3 is invoked with the luma location ( xNbB;, yNbB1) as input, and the output is
assigned to the coding block availability flag availableB.

— When availableB; is equal to TRUE and RefldxLX[ xNbB; ][ yNbB1 ] is not equal to -1, the following
applies:
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— mvpAvailFlag is set equal to 1.
— mvpLXis set equal to MvLX[ xNbB; ][ yNbB; |.
— When refldxLX is not equal to RefldxLX[ xNbB; ][ yNbB; ], mvpLX is derived as follows

— The POC distance (denoted as currPocDiffX) between current picture and current

picture’s

reference picture list RefPicListX[ RefldxLX[ xNbB1 ][ yNbB1 ] ], is computed as follows:

currPocDIiffLX = DiffPicOrderCnt( currPic, RefPicListX] RefldxLX] xNbB1 [[yNbB1 ] ])

— The POC distance (denoted as targetPocDiffLX ) between current picture and-the lis
reference picture of current picture is computed as follows:

targetPocDiffLX = DiffPicOrderCnt( currPic, RefPicListX[ refldxLiX\]-)
— mvpLXis derived as a scaled version of the motion vector as follows:
distScaleFactorLX = ( targetPocDiffLX << 5) / currPoeDiffLX

mvpLX = Clip3(-32768, 32767, Sign( distScaleFactorLX * mvpLX) *
( (Abs( distScaleFactorLX * mvplLX) +16) >> 5))

(Qtherwise, if amvr_idx[ x0 ][ y0 ] is equal to 2, the following applies:

assigned to the coding block availability flagiavailableBi.

applies:

— mvpAvailFlag is set equal.to 1.

— mvpLX s set equal'to-MvLX[ xNbBy ][ yNbBo ].

— When refldxI{X'is not equal to RefldxLX[ xNbBy ][ yNbBy ], mvpLX is derived as follows:

— The-POC distance (denoted as currPocDiffX) between current picture and current
reference picture list RefPicListX[ RefldxLX[ xNbBo ][ yNbBy ] ], is computed as foll

currPocDiffLX = DiffPicOrderCnt( currPic, RefPicListX[ RefldxLX[ xNbBo ][ yNbBo]])

roafaranen it Af At b 1c caabnd o e Fall e

(623)

t X target

(624)

(625)

(626)

— The derivation process for neighbouring blockimotion vector candidate availability as spgcified in
subclause 6.4.3 is invoked with the luma location (xNbBo, yNbBy) as input, and the dutput is

4+ When availableB, is equal to TRUE and RefldxLX[ xNbBy ][ yNbBy ] is not equal to -1, the fpllowing

bicture’s
DWS:

(627)

— The POC distance (denoted as targetPocDiffLX) between current picture and the list| X target

TCTICT O CC PrC O T C O O T C I pPretur O 1o CUTH patC O a S TOTIo v St

targetPocDiffLX = DiffPicOrderCnt( currPic, RefPicListX[ refldxLX ] )
— mvpLX s derived as a scaled version of the motion vector as follows:
distScaleFactorLX = ( targetPocDiffLX << 5) / currPocDiffLX

mvpLX = Clip3(-32768, 32767, Sign( distScaleFactorLX * mvpLX) *
( (Abs( distScaleFactorLX * mvpLX) +16) >> 5))

Otherwise, if amvr_idx[ x0 ][ y0 ] is equal to 3, the following applies:
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— The derivation process for neighbouring block motion vector candidate availability as specified in
subclause 6.4.3 is invoked with the luma location (xNbAo, yNbAo) as input, and the output is
assigned to the coding block availability flag availableAo.

— Wh

en availableA is equal to TRUE and RefldxLX[ xNbAy ][ yNbAy ] is not equal to -1, the following

applies:

Otherwike, if amvr_idx[ x0 ][ y0 ] is equal to 4,ithe following applies:

— The derivation process for neighbouring block motion vector candidate availability as specified i

sub

assigned to the coding block availability flag availableBs.

— Wh

applies:

176

mvpAvailFlag is set equal to 1.

mvpLX 1s set equal to MvLX[ xNbAy |[ yNbAy |.
(When refldxLX is not equal to RefldxLX[ xNbAo ][ yNbAo ], mvpLX is derived as follows:

— The POC distance (denoted as currPocDiffX) between current picture and current picture
reference picture list RefPicListX[ RefldxLX[ xNbAo ][ yNbAy | ], is computed as follows:

[72)

currPocDiffLX = DiffPicOrderCnt( currPic, RefPicListX[ RefldxLX[ xNbAo ([ yNbAo ]]) (631

— The POC distance (denoted as targetPocDiffLX ) between current(picture and the list X targe
reference picture of current picture is computed as follows:

=

targetPocDiffLX = DiffPicOrderCnt( currPic, RefPicListX[ refldxLX ] ) (632
— mvpLXis derived as a scaled version of the motion.vector as follows:
distScaleFactorLX = ( targetPocDiffLX << 5,)"/ currPocDiffLX (633

mvpLX = Clip3(-32768, 32767, Sign(‘distScaleFactorLX * mvpLX) *
( ( Abs( distScaleFactorLX * mvpLX) + 16) >> 5)) (634

-

Clause 6.4.3 is invoked withtythe luma location (xNbBz, yNbB:) as input, and the output i

%)

bn availableB; is equal to TRUE and RefldxLX[ xNbB: ][ yNbB; ] is not equal to -1, the followinyg

mvpAvailFlagis'set equal to 1.
mvpLXisset equal to MvLX[ xNbB; ][ yNbB: ].

When refldxLX is not equal to RefldxLX[ xNbB; ][ yNbB; ], mvpLX is derived as follows:

— The POC distance (denoted as currPocDiffX) between current picture and current picture’s
reference picture list RefPicListX[ RefldxLX[ xXNbB: ][ yNbB: ] ], is computed as follows:

currPocDiffLX = DiffPicOrderCnt( currPic, RefPicListX[ RefldxLX[ xNbBz2 ][yNbB2]])  (635)

— The POC distance (denoted as targetPocDiffLX ) between current picture and the list X target
reference picture of current picture is computed as follows:

targetPocDiffLX = DiffPicOrderCnt( currPic, RefPicListX[ refldxLX ] ) (636)

— mvpLXis derived as a scaled version of the motion vector as follows:
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distScaleFactorLX = ( targetPocDiffLX << 5) / currPocDiffLX

mvpLX = Clip3(-32768, 32767, Sign( distScaleFactorLX * mvpLX) *
( ( Abs( distScaleFactorLX * mvpLX) +16) >> 5))

If mvpAvailFlag is equal to 0, the following applies:

— The derivation process for default reference index as specified in subclause 8.5.2.4.5.2 is

(637)

(638)

invoked

with the luma location (xCb, yCb ), the current luma coding block width nCbW, the current luma

inputs, and the output is assigned to the default reference index DefaultRefldxLX, with X‘bet

+ The derivation process for default motion vector as specified in subclause 8.5.2.4/2 is invo

—  When refldxLX is not equal to DefaultRefldxLX, DefaultMvLX is derived/as follows:

— The POC distance (denoted as currPocDiffX) between current picture and reference pi
RefPicListX[ DefaultRefldxLX ], is computed as follows:

currPocDiffLX = DiffPicOrderCnt( currPic, RefRiclistX[ DefaultRefldxLX | )

— The POC distance (denoted as targetPocDiffLX)) between current picture and the list
reference picture of current picture is computed as follows:

targetPocDiffLX = DiffPicOrderCnt{currPic, RefPicListX[ refldxLX | )
— DefaultMvLX is derived as a scaled version of the motion vector as follows:
distScaleFactorLX = (targetPocDiffLX << 5) / currPocDiffLX

DefaultMvLX = Clip3( -32768, 32767, Sign( distScaleFactorLX * DefaultMvLX) *
( ( Abs( distScaleFactorLX * DefaultMvLX) + 16 ) >> 5))

— The following applies:
mvpLX[ 0-4\=’ DefaultMvLX][ 0 ]

mvpLX[1] = DefaultMvLX[ 1]

<

Vhen'sps_amvr_flag is equal to 1 and amvr_idx[ x0 ][ y0 ] is not equal to 0, the following applies}

coding block height nCbH and the reference index of the current coding unit partition refldxLX as

gOorl.

ked with

the luma location ( xCb, yCb ), the current luma coding block width nCbW, the-cuirrent lump coding
block height nCbH and the reference index of the current coding unit partition refldxLX af inputs,
and the output is assigned to the default motion vector predictor DefaultMyEX, with X being 0 or 1.

"ture list

(639)

X target

(640)

(641)

(642)

(643)

(644)

01l = I ViNl N9
A% \van

XEO=rvphXf-6

-(((-mvpLX[ 0]+ (1<<(amvr_idx[x0][y0]-1)))>>amvr_idx[x0][y0])
<<amvr_idx[x0][y0])

mvpLX[1]=mvpLX[1]>=07?

‘EmvpLX[ 0]+ (1<<(amvr_idx[x0][y0]-1))) >>amvr_idx[x0][y0]) <<amvr_idx[x0 ][ y0]:

(645)

((mvpLX[1]+(1<<(amvr_idx[x0][y0]-1)))>>amvr_idx[x0][y0]) <<amvr_idx[x0][y0]:

—(((-mvpLX[1]+(1<<(amvr_idx[x0][y0]-1)))>>amvr_idx[x0][y0])
<<amvr_idx[ x0][y0])
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8.5.2.4.2 Derivation process for default motion vector prediction

Inputs to this process are:

— alumalocation ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the top-

left

luma sample of the current picture,

— two variables nCbW and nCbH specifying the width and the height of the current luma coding block,

and

— the
Output ¢
The vari
availabil
width n
If availL

— The|
(xQ

— The
(x@

Otherwi

— The
(x@

— The
(x@

Otherwi

— The
(x@

— The
(x@

f this process is the DefaultMvLX, with X being 0 or 1.

[bW as inputs.
R is equal to LR_11, the following applies:

luma location (xNbAi, yNbA;) inside the neighbouring luma
b - 1,yCb + nCbH -1).

luma location (xNbBi, yNbB;) inside the neighbouring luma
b+ nCbW, yCb + nCbH - 1).

ke, if availLR is equal to LR_01, the following applies:

luma location (xNbAi, yNbA1) inside the‘neighbouring luma
b + nCbW, yCb + nCbH - 1).

luma location (xNbBi, yNbB; ) inside the neighbouring luma
b, yCb - 1).

ke, if availLR is equal to LRZ10 or LR_00, the following applies:

luma location (xNbAjs, yNbA1) inside the neighbouring luma
b - 1, yCb + nCbH<2).

luma location¥( xNbB1, yNbB; ) inside the neighbouring luma
b + nCbW.~/1, yCb - 1).

reference index of the current coding unit partition refldxLX, with X being 0 or 1.

coding block is

coding block is

coding block is

coding block is

coding block is

coding block is

For the dlerivation of DefaultMvLX with X being 0 or 1, the following applies:

— Th

able availLR is derived by invoking the derivation process for left and right neighboeuring blocKk
ities as specified in subclause 6.4.2 with the luma location ( xCb, yCb ) and theluma coding bloc

set

set

set

set

set

set

equal 4

equal t

equal 4

equal t

equal 4

equal t

Il

A | H 3 £, ralls H A | ] 3 s didat HJalailis b ad s
ucllivdatliull lJl ULLTOSS 1Vl ucxsuuuux 1115 UIUCNK TTITULIUIT VOULUT Caluiuatctc avauauuu._y adS DPCLIIICU I

subclause 6.4.3 is invoked with the luma location (xNbAj, yNbA1) as input, and the output is

assi

gned to the coding block availability flag availableA;.

— The derivation process for neighbouring block motion vector candidate availability as specified in
subclause 6.4.3 is invoked with the luma location (xNbBj, yNbB1) as input, and the output is

assi

gned to the coding block availability flag availableB;.

— Both components of DefaultMvLX are set equal to 0.

178
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If availableA; is equal to TRUE and refldxLX is equal to RefldxLX[ xNbA; ][ yNbA; ], DefaultMvLX is

set equal to MvLX[ xNbA; ][ yNbA; ].

Otherwise, if availableB; is equal to TRUE and refldxLX is equal to RefldxLX[xNbBi ][
DefaultMvLX is set equal to MvLX[ xXNbB; ][ yNbB1 ].

beB1 ],

Otherwise, if availableA; is equal to TRUE and RefldxLX[ xNbA; ][ yNbA1] is not equal to -1,

DefaultMvLX is set equal to MvLX[ xNbA; ][ yNbA1 ].

—

Q

Q

Otherwise, if availableB1 1s equal to TRUE and RefldxLX| xNbB1 || yNbB1 | is not eque
DefaultMvLX is set equal to MvLX[ xXNbB;1 ][ yNbB1 ].

Otherwise, if sps_hmvp_flag is equal to 1 and NumHmvpCand ( number of entries innHmvpC

l to -1,

hindList )

is greater than 0, the DefaultMvLX is set equal to the DefaultMvLX of the history motion vector

candidates derived as specified in subclause 8.5.2.4.4 with refldxLX as input,

.5.2.4.3 Derivation process for motion vector predictor from neighboeuring coding unit pa
his process is only invoked when sps_admvp_flag is equal to 0.

hputs to this process are:

alumalocation ( xCb, yCb ) of the top-left sample of the current luma coding block relative tq
left luma sample of the current picture,

two variables nCbW and nCbH specifying the width and the height of the current luma codi}
a motion vector prediction index mvpldx,;and

a reference list identifier listX.

utput of this process is the motionwector predictor mvPred.

or X being replaced by listX.in.the variable MvLX, the motion vector predictors list, mvpList, is
s follows:

or the derivation of-mypList[ 0 ], the following applies:

The lumadlocation (xNbo, yNbo) inside the neighbouring luma coding block is set
(xCb - I5y€b).

The-derivation process for neighbouring block availability as specified in subclause 6.4.1 is
with the luma location (xNbg, yNbo) as input, and the output is assigned to the codil

rtitions

the top-

g block,

derived

pqual to

invoked
hg block

availability flag availableNb,.

If availableNby is equal to TRUE, mvpList[ 0 ] is derived as follows:
mvpList[ 0 ] = MvLX] xNbo ][ yNbo ]

Otherwise (availableNby is equal to FALSE), mvpList[ 0 ] is derived as follows:
mvpList[0][0] =1

mvpList[0][1]=1
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For the derivation of mvpList[ 1 ], the following applies:

For the dlerivation of mvpList[ 2 ], the following applies:

For the dlerivation of mvpList[ 3 ], the following applies:

The
(xC

The
the
flag

luma location (xNbj, yNb;) inside the neighbouring luma coding block is set equal to
b,yCb-1).

derivation process for neighbouring block availability as specified in subclause 6.4.1 is invoked
luma location ( xNb4, yNb; ) as input, and the output is assigned to the coding block availability

If ay

Oth

The
(xd

The
the
flag

If ay

Oth

The

The
(xd

availableNb;.
railableNb; 1s equal to TRUE, mvpList| 1 | is derived as follows:
mvpList[ 1] = MvLX[ xNb1 ][ yNb; ] (650
prwise (availableNb; is equal to FALSE), mvpList[ 1 ] is derived as follows:
mvpList[1][0]=1 (651
mvpList[1][1]=1 (652

luma location (xNby, yNb,) inside the neighbouring luma~coding block is set equal tp
b + xCbW, yCb - 1).

derivation process for neighbouring block availability as specified in subclause 6.4.1 is invoked
luma location ( xNb, yNb; ) as input, and the output is assigned to the coding block availability
availableNbs.
railableNb; is equal to TRUE, mvpList[ 2 ] isiderived as follows:
mvpList[ 2 ] = MvLX[ xNb; ][ yNbz] (653
prwise (availableNb; is equal to FALSE), mvpList[ 2 ] is derived as follows:
mvpList[2][0] =1 (654
mvpList[2][1] =4 (655

variable TempPic is set equal to RefPicListX[ 0 ].

lum@a~location (xNbs, yNbz) inside the neighbouring luma coding block is set equal to
b,yCb ).

The

variable mvTemp specifies the refined motion vector of list 0 (MvDmvrLO) covering the luma

location ( xNbs, yNbs ) inside the temporal picture specified by TempPic.

mvpList[ 3 ] is derived as follows:

mvpList][ 3] =mvTemp (656)

The variable mvPred is set equal to mvpList] mvpldx ].
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8.5.2.4.4 Derivation process for history-based motion vector prediction candidates
Input to this process is the current reference picture index curRefldxLX, with X being 0 or 1.
Outputs to this process are:

— the DefaultMvLX, with X being 0 or 1, and

— the DefaultRefldxLX, with X being 0 or 1.

o>y

variable HmvpMVList is defined as the history based motion vector table derived from Hmyp(
variable HmvpRefList is defined as the reference indices table derived from HmvpCandList. A
umHmvpCand is set equal to the number of motion entries in HmvpCandList.

o~ dilia ~S

or a given reference list X, with X being 0 or 1, for each index hMvpldx withnhMvpldx = 1
umHmvpCand ) in HmvpMVList[ NumHmvpCand - hMvpldx |
mvpRefList] NumHmvpCand - hMvpldx ], the following steps are executed until the
MVPDerived is equal to TRUE:

T =z

uny

) hMvpldx is set equal to 1, HMVPDerived is set equal to FALSE.

DN

) If curRefldxLX is equal to HmvpRefListf NumHmvpCand,-hMvpldx ][ X], with X being
DefaultRefldxLX is set equal to HmvpRefList[ NumHm#pCand - hMvpldx ][ X ] and Default
set equal to NumHmvpCand[ HMVPCandNum - hMypldx ][ X ] and HMVPDerived is set
TRUE, otherwise hMvpldx+ +.

3) If HMVPDerived is equal to FALSE and hMvpldx< Min( 4, NumHmvpCand ), repeat step 2.

1) hMvpldx is set equal to 1.

) If HmvpRefListf NumHmvpCand - hMvpldx ][ X] is valid, DefaultRefldxLX is set e
HmvpRefListf NumHmvpCGand - hMvpldx ][ X ] and  DefaultMvLX is set eqy
HmvpMVList[ NumHm¥pCand - hMvpldx ][ X ] and HMVPDerived is set equal to TRUE, o
hMvpldx++.

3) If HMVPDerivedus-equal to FALSE and hMvpldx < Min( 4, NumHmvpCand ), repeat step 2.

[l

F HMVPDerived'is equal to FALSE, DefaultMvLX[ 0 ], and DefaultMvLX][ 1 ] and DefaultRefldxL
qual to 0.

()

8.5.2.4.5 Derivation process for the luma reference index

020(E)

andList.
variable

.Min( 4,
and
variable

0 or 1,
MvLX is
equal to

If HMVPDerived is equal to FALSE, variable DefaultRefldxLX and DefaultMvLX are derived as follows:

qual to
1al to
therwise

X are set

8.5.2.4.5.1 General

Inputs to this process are:

— alumalocation ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the top-

left luma sample of the current picture, and

— two variables nCbW and nCbH specifying the width and the height of the current luma coding block.

Output of this process is the reference index refldxLX.
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The variable availLR is derived by invoking the derivation process for left and right neighbouring blocks
availabilities as specified in subclause 6.4.2 with the luma location ( xCb, yCb ) and the luma coding block
width nCbW as inputs.

If availLR is equal to LR_11, the following applies:

The
(xC

luma location (xNbAi, yNbA;) inside the neighbouring luma
b-1,yCb +nCbH - 1).

coding block is

set

equal

The
(xd

The
(xd

The
(xd

The
(xd

Otherwi

The
(xd

The
(xd

The
(xd

The
(xd

The
(xd

Otherwi

The
(xd

The

luma location ( xNbBi, yNbB1 ) inside the neighbouring luma
b+ nCbW, yCb + nCbH - 1).

luma location (xNbBy, yNbBo ) inside the neighbouring luma
b, yCb - 1).

luma location (xNbAo, yNbA¢) inside the neighbouring luma
b + nCbW, yCb - 1).

luma location ( xNbB;, yNbB;) inside the neighbouring luma
b-1,yCb-1).

e, if availLR is equal to LR_01, the following applies:

luma location (xNbAi, yNbA;) inside the neighbourinig luma
b + nCbW, yCb + nCbH - 1).

luma location (xNbBi, yNbB;) inside the neighbouring luma
b, yCb - 1).

luma location ( xNbBy, yNbBo ) inside(the neighbouring luma
b-1,yCb-1).

luma location (xNbAo, yNbAg }-inside the neighbouring luma
b + nCbW, yCb + nCbH ).

luma location (xNbBj3, yNbB;) inside the neighbouring luma
b + nCbW, yCb - 1).

ke, if availLR isrequal to LR_10 or LR_00, the following applies:

luma lgeation (xNbAi, yNbA;) inside the neighbouring luma
b - 1, yCb4+ nCbH - 1).

ltima location (xNbBi, yNbB;) inside the neighbouring luma

coding block 1s

coding block is

coding blaock-is

coding block is

coding block is

coding block is

coding block is

coding block is

coding block is

coding block is

coding block is

set

set

set

set

set

set

set

set

set

set

set

equal. to

equal tp

equal tp

equal tp

equal to

equal tp

equal tp

equal tp

equal tp

equal to

equal tp

(x

The
(xC

The
(xC

The
(xC
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bFmCbW—=1,yCb—=17-

luma location ( xNbBy, yNbBo ) inside the neighbouring luma
b +nCbW,yCb -1).

luma location (xNbAo, yNbA¢) inside the neighbouring luma
b-1,yCb + nCbH).

luma location ( xNbB;, yNbB;) inside the neighbouring luma
b-1,yCb-1).

coding block is

coding block is

coding block is

set

set

set

equal to

equal to

equal to
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The derivation process for default reference index as specified in subclause 8.5.2.4.5.2 is invoked with
the luma location ( xCb, yCb ), the current luma coding block width nCbW, the current luma coding block
height nCbH and the reference index of the current coding unit partition set equal to 0 as inputs, and the
output is assigned to the default reference index DefaultRefldxLX, with X being 0 or 1.

If amvr_idx[ x0 ][ y0 ] is equal to 0, the following applies:
— The derivation process for neighbouring block motion vector candidate availability as specified in

subclause 6.4.3 is invoked with the luma location (xNbAi, yNbA;) as input, and the output is
assigned to the coding block availability flag availableA.

+ IfavailableA; is equal to FALSE, refldxLX is set equal to DefaultRefldxLX.
-+ Otherwise, the following applies:

— If RefldxLX[ xNbA: ][yNbA;1] is not equal to -1, refldxL¥ is set equal to
RefldxLX[ xNbA; ][ yNbA; ].

— Otherwise, refldxLX is set equal to DefaultRefldxLX.
(Otherwise, if amvr_idx[ x0 ][ y0 ] is equal to 1, the following applijes:
+ The derivation process for neighbouring block motion‘vector candidate availability as spdcified in
subclause 6.4.3 is invoked with the luma location (*xNbBj, yNbB1) as input, and the dutput is
assigned to the coding block availability flag availableB.

+ IfavailableB; is equal to FALSE, refldxLX is set-equal to DefaultRefldxLX.

-+ Otherwise, the following applies:

— If RefldxLX[ xNbB1 ][ yNbBi] "~ is not equal to -1, refldxLX is set equal to
RefldxLX[ xNbB;: ][ yNbB1+]:

— Otherwise, refldxLX is.set equal to DefaultRefldxLX.

(Otherwise, if amvr_idx[ X0 ][ y0 ] is equal to 2, the following applies:
+ The derivation.process for neighbouring block motion vector candidate availability as spgcified in
subclause 6:4:3 is invoked with the luma location (xNbBoy, yNbBo) as input, and the qutput is
assigneddo-the coding block availability flag availableBa.

+ IfavailableBy is equal to FALSE, refldxLX is set equal to DefaultRefldxLX.

++-Otherwise, the following applies:

— If RefldxLX[ xNbBo ][ yNbBy] is not equal to -1, refldxLX is set equal to
RefldxLX[ xNbBy ][ yNbBy ].

— Otherwise, refldxLX is set equal to DefaultRefldxLX.
Otherwise, if amvr_idx[ x0 ][ y0 ] is equal to 3, the following applies:
— The derivation process for neighbouring block motion vector candidate availability as specified in

subclause 6.4.3 is invoked with the luma location (xNbAo, yNbAo) as input, and the output is
assigned to the coding block availability flag availableAo.
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— IfavailableAy is equal to FALSE, refldxLX is set equal to DefaultRefldxLX.
— Otherwise, the following applies:

— If RefldxLX[ xNbAo ][ yNbAo] is not equal to -1, refldxLX is set equal to
RefldxLX[ xNbAo ][ yNbAy ].

— Otherwise, refldxLX is set equal to DefaultRefldxLX.

Otherwife, T amvr_idxX[ XU [[ yU [ is equal to 4, the following applies:

— Thel derivation process for neighbouring block motion vector candidate availability as specified i
subflause 6.4.3 is invoked with the luma location (xNbB;, yNbB:) as input, and theroutput i
assigned to the coding block availability flag availableB..

[Z =]

— IfavailableB; is equal to FALSE, refldxLX is set equal to DefaultRefldxLX.
— Othprwise, the following applies:

— [If RefldxLX[ xNbB;][yNbB2] is not equal to -1, refldxLX is set equal tp
RefldxLX[ xNbB; ][ yNbB: ].

— | Otherwise, refldxLX is set equal to DefaultRefldxLX.

8.5.2.4.5.2 Derivation process for default reference index

Inputs t¢ this process are:

— alumalocation ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the tof]
left luma sample of the current picture,

el

— twolvariables nCbW and nCbH specifying the width and the height of the current luma coding blocl
and|

— thefreference index of the curtent coding unit partition refldxLX, with X being 0 or 1.
Output of this process is the-DefaultRefldxLX, with X being 0 or 1.
The varigble availLR isderived by invoking the derivation process for left and right neighbouring block

availabilities as specified in subclause 6.4.2 with the luma location ( xCb, yCb ) and the luma coding bloc
width nCbW as inputs.

%)

If availLR isequal to LR_11, the following applies:

— TheTuma tocation { XNbA7, yNbAT ) instde the neighbouring tuma coding biock 15 5et equat to
(xCb-1,yCb+nCbH-1).

— The luma location (xNbBj, yNbB;1) inside the neighbouring luma coding block is set equal to
(xCb+ nCbW, yCb + nCbH-1).

Otherwise, if availLR is equal to LR_01, the following applies:

— The luma location (xNbAj, yNbA:) inside the neighbouring luma coding block is set equal to
(xCb + nCbW, yCb + nCbH - 1).
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— The luma location ( xNbBj, yNbB;1) inside the neighbouring luma coding block is set equal to

(xCb,yCb-1).

Otherwise, if availLR is equal to LR_10 or LR_00, the following applies:

— The luma location (xNbAj, yNbA:) inside the neighbouring luma coding block is set equal to

(xCb -1, yCb +nCbH - 1).

— The luma location (xNbBj, yNbB;) inside the neighbouring luma coding block is set equal to

et

Hor the derivation of DefaultRefldxLX with X being 0 or 1, the following applies:

§.5.2.5 Derivation process for luma motion vectors for direct mode

hputs to-this process are:

(xCb +nCbW =1, yCb=17.

The derivation process for neighbouring block motion vector candidate availability as spe
subclause 6.4.3 is invoked with the luma location (xNbAj, yNbA;) as input, and the o
assigned to the coding block availability flag availableA.

The derivation process for neighbouring block motion vector candidate availability as spe
subclause 6.4.3 is invoked with the luma location (xNbB;, yNbBy') as input, and the o
assigned to the coding block availability flag availableB.

DefaultRefldxLX is set equal to 0.

cified in
utput is

cified in
utput is

If availableA; is equal to TRUE and refldxLX is equalto-RefldxLX[ xNbA; ][ yNbA1 ], DefaultRefldxLX

is set equal to refldxLX.

Otherwise, if availableB; is equal to TRUE*and refldxLX is equal to RefldxLX[ xNbB ][
DefaultRefldxLX is set equal to refldxLX.

Otherwise, if availableA; is equal .to TRUE and RefldxLX[ xNbA; ][ yNbA1] is not equsg
DefaultRefldxLX is set equal to RefldXLX[ xNbA; ][ yNbA1 ].

Otherwise, if availableB; is‘equal to TRUE and RefldxLX[xNbB; ][ yNbB1] is not equg
DefaultRefldxLX is set eqital to RefldxLX[ xNbB; ][ yNbB; ].

Otherwise, if sps_hmyp_flag is equal to 1 and NumHmvpCand ( number of entries in HmvpC

is greater than 0, theé DefaultRefldxLX is set equal to the DefaultRefldxLX of the history motiq
candidates derived as specified in subclause 8.5.2.4.4 with refldxLX as input.

aluma location ( xCb, yCb ) of the top-left sample of the current luma coding block relative tq

beB1 ],

I to -1,

l to -1,

hindList )
n vector

the top-

left luma sample of the current picture, and

— two variables nCbW and nCbH specifying the width and the height of the current luma coding block.

Outputs of this process are:

the luma motion vectors mvLO[ 0 ][0 ] and mvL1[ O ][ 0],
the reference indices refldxL0 and refldxL1, and

the prediction list utilization flags predFlagLO[ 0 ][ 0 ] and predFlagL1[0][ 0].
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The variable currPic specifies the current picture.

For the derivation of the variables mvLO[0][ 0] and mvL1[0][ 0], refldxLO and refldxL1, and
predFlagLO[ 0 ][ 0 ] and predFlagL1[ 0 ][ O ], the following applies:

186

The

variables mvLO[0][0], mvL1[0][0], refldkxLO, refldxL1, predFlagLO[0][0] and
predFlagL1[ 0 ][ 0] are set as follows:

mvLO[O][0][0]=0 (657)
mvLO[O][0][1]=0 (658
mvL1[O][0][0]=0 (659
mvL1[O][0][1]=0 (660
refldxL.0 = 0 (661
refldxL.1 =0 (662
predFlagl0[0][0]=1 (663
predFlagL1[0][0]=0 (664

The

The

variable TempPic is set equal to RefPicList1[ 0 ].

motion vector mvTemp is set equal to the refined motion vector of list 0 (MvDmvrLO) covering

the|luma location (xCb +nCbW -1,yCb + nCbHw=1) inside the temporal picture specified by
TempPic.
The| variable refPicListTemp][ 0 ] is set equal to the picture with reference index 0 in the referende
picture list of the coding block covering the luma location (xCb,yCb) in the temporal picture
spefified by TempPic.
The variables diffPocNorm and\diffPocDeNormLO0 are derived as follows:
diffPocDeNorm = DiffPicOrderCnt( TempPic, refPicListTemp[ 0]) (665
diffPocNormLQ-=DiffPicOrderCnt( currPic, RefPicList0[ 0 ] ) (666
diffPocNormL1 = DiffPicOrderCnt( RefPicList1][ 0 ], currPic) (667
If diffPocDeNorm is equal to 0, the following applies:
mv L0001 0]=0 (668
mvLO[O][0][1]=0 (669)
mvL1[0][0][0]=0 (670)
mvL1[O0][0][1]=0 (671)
Otherwise, the following applies:
mvLO[ 0 ][0 ][ 0] = diffPocNormLO * mvTemp][ 0 | / diffPocDeNorm (672)

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=caf991f23122d29f070ff293f89a846f

ISO/IEC 23094-1:2020(E)

mvLO[0][0][ 1] = diffPocNormLO * mvTemp][ 1] / diffPocDeNorm
mvL1[0][0][ 0] = -diffPocNormL1 * mvTemp[ O ] / diffPocDeNorm

mvL1[0][0][ 1] = -diffPocNormL1 * mvTemp[ 1] / diffPocDeNorm

8.5.2.6 Derivation process for chroma motion vector

Input to this process is a luma motion vector mvLX.

(673)
(674)

(675)

Qutput of this process is a chroma motion vector mvCLX.

A chroma motion vector is derived from the corresponding luma motion vector.
Hor the derivation of the chroma motion vector mvCLX, the following applies:
mvCLX[ 0] =mvLX[0]*2 / SubWidthC

mvCLX[ 1] =mvLX[1]*2 / SubHeightC

§.5.2.7 Updating process for the history-based motion vector,predictor candidate list

[l

hputs to this process are:

— luma motion vectors in 1/4 fractional-sample acéuracy mvL0 and mvL1, and

— reference indices refldxL0 and refldxL1.

mvpCandList is a list of entries, each of-those consists of the luma motion vectors mvLOca

mvpCandList is equal to NumHmvpCand. If NumHmvpCand is equal to zero, HmvpCandList is §
b the empty list.

o g

(=

he reference indices refldxL0 and refldxL1. If NumHmvpCand is smaller than 23, for each index
NumHmvpCand..22, both'components of motion vectors of HmvpCandList[ hMvpldx | mvLO a
dre set equal to 0 and'reference indices of HmvpCandList[ hMvpldx ] refldxL0 and refldxL1 is s
tp -1.

et

[ slice_type.dsequal to P and refldxLO0 is valid or if slice_type is equal to B and either refldxL0 or
5 valid, the'‘candidate list HmvpCandList is modified using the candidate mvCand by the f
rderedssteps:

o =

(676)

(677)

hdN and

nwL1lcandN, the reference indices ¥éfldxLOcandN and refldxL1candN. Number of entries in

etequal

The MVP candidate hMvpCandis set equal to entry consisting of the luma motion vectors mvL0 and mvL1,

hMvpldx
hd mvL1
et equal

refldxL1
bllowing

1)*The variable curldx is set equal to NumHmvpCand.

2) If NumHmvpCand is equal to 23, for each index hMvpldx = 1.NumHmvpCand -
HmvpCandList] hMvpldx ] to HmvpCandList[ hMvpldx - 1 ].

3) Copy hMvpCand to HmvpCandList[ hMvpldx ].

4) If NumHmvpCand is smaller than 23, NumHmvpCand is increased by 1.
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8.5.2.8 Conversion luma motion vectors from 1/16 fractional-sample accuracy to 1/4 fractional-

sample accuracy

Input to this process is the motion vector mv in 1/16 pel accuracy.

Output of the process is the motion vector mv in 1/4 pel accuracy.

For the conversion of the luma motion vector mv, the following applies:

8.5.2.9 |Conversion luma motion vectors from 1/4 fractional-sample accuracy to 1/16'fractiona

Input tofthis process is the motion vector mv in 1/4 pel accuracy.
Output qgf the process is the motion vector mv in 1/16 pel accuracy.

For the ¢onversion of the luma motion vector mv, the following applies:

8.5.3 DPerivation process for affine motion vector components and reference indices

8.5.3.1 |General

Inputs t¢ this process are:

Outputs|of this progess are:

188

mv[ 0] =mv] 0]>> 2 (678

mv[l]=mv[1]>>2 679

sample accuracy

mv[0]=mv[0]<<2 (680

mv[1l]=mv[1l]<<2 (681

aluma location ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the top
left luma sample of the currentpicture,

a vdriable cbWidth specifying the width of the current coding block in luma samples, and

a vdriable cbHeight specifying the height of the current coding block in luma samples.

the reference indices refldxL.X with X being 0 and 1,

the prediction list utilization flags predFlagLX with X being 0 and 1,

the number of luma coding subblocks in horizontal direction numSbX and in vertical direction
numSbYy,

the flag specifying motion vector clipping type clipMV,

the luma subblock motion vector array in 1/16 fractional-sample accuracy mvLX[ xSbldx ][ ySbldx ]
with xSbldx = 0..numSbX - 1, ySbldx = 0..numSbY - 1, X being 0 and 1,

the chroma subblock motion vector array in 1/32 fractional-sample accuracy
mvCLX[ xSbldx ][ ySbldx ] with xSbldx = 0..numSbX - 1, ySbldx = 0..numSbY - 1, X being 0 and 1,
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— the number of control point motion vectors numCpMyv, and
— the control point motion vectors cpMvLX[ cpldx ] with cpldx = 0.numCpMv - 1, X being 0 and 1.

For the derivation of the variables mvLO[xSbldx][ySbldx], mvL1[xSbldx ][ySbldx ],
mvCLO[ xSbldx ][ ySbldx ], mvCL1[xSbldx ][ ySbldx], refldxL0O, refldxL1, numSbX, numSbY,
predFlagL0O[ xSbldx ][ ySbldx ], and predFlagL1[ xSbldx ][ ySbldx ], the following applies:

— For the derivation of the number of control point motion vectors numCpMy, the control point motion
vectors cpMvLO[ cpldx [ and cpMvLI] cpldx | with cpldx ranging from 0 to numCpMv - T, gefldxL0,
refldxL1, predFlagL0 and predFlagL1, the following applies:

— If merge_mode_flag[ xCb ][ yCb ] is equal to 1, the derivation process for métion vectors and
reference indices in affine merge mode as specified in subclause 8.5.3.2 is invoked with the luma
coding block location ( xCb, yCb ), the luma coding block width cbWidth,the luma coding block
height cbHeight, the variable availLR specifying left and right neighbouring blocks’ availability
of luma coding block as inputs, the number of control point motion vectors numCpMyv, the luma
affine control point motion vectors cpMvLO[ cpldx ] and cpMyL1[ cpldx | with cpldx| ranging
from 0 to numCpMv - 1, the reference indices refldxLL0 and refldxL1, and the predi¢tion list
utilization flags predFlagl.0 and predFlagL1 as outputs.

— Otherwise (merge_mode_flag[ xCb ][ yCb ] is equalte 0), for X being replaced by either|0 or 1 in
the variables predFlagLX, cpMvLX, MvdCpLX;uand refldxLX, in PRED_LX, and in th¢ syntax
element ref_idx_IX, the following ordered steps’apply:

1) The number of control point ™~ motion vectors numCpMv is set equal to
MotionModelldc[ xCb ][ yCb ] + 1

2) The variables refldxLX and*predFlagLX are derived as follows:
— Ifinter_pred_idcfx€b ][ yCb ] is equal to PRED_LX or PRED_BI, the following apjplies:

refldxLX =ref idx_IX[ xCb ][ yCb ] (682)

predFlagLX[0][0] =1 (683)

— Othérwise, the variables refldxLX and predFlagLX are specifiedas follows:

refldxLX = -1 (684)

predFlagLX[0][0]=0 (685)

3) The variable mvdCpLX] cpldx ] with cpldx ranging from 0 to numCpMv - 1, is dgrived as
follows:

mvdCpLX[ cpldx ][ 0] = MvdCpLX[ xCb ][ yCb ][ cpldx ][ 0] (686)

mvdCpLX[ cpldx ][ 1] = MvdCpLX[ xCb ][ yCb ][ cpldx ][ 1] (687)

4) When predFlagLX[ 0 ][ 0] is equal to 1, the derivation process for luma affine control point
motion vector predictors as specified in subclause 8.5.3.5 is invoked with the luma coding
block location ( xCb, yCb ), and the variables cbWidth, cbHeight, refldxLX, and the number
of control point motion vectors numCpMy, the variable availLR specifying left and right
neighbouring blocks’ availability of luma coding block as inputs, and the outputs being the
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— The
lum
poiﬂ:t motion vectors numCpMy, the control point motion vectors cpMvLOY'cpldx ], cpMvL1][ cpldx|]

wit
the
the

numSbY, and the flag clipMV specifying motion vector clipping‘type as outputs.

— The

ass
cod

mof
cpld
indilces refldxL0 and refldxL1 as inputs, and the number of luma coding subblocks in horizontal
dirg
dire
mvl]

xSb

— For

1 an

luma affine control point motion vector predictors mvpCpLX][ cpldx | with cpldx ranging
from 0 to numCpMv - 1.

5) When predFlagLX[ 0 ][ 0 ] is equal to 1, the luma motion vectors cpMvLX] cpldx ] with cpldx
ranging from 0 to numCpMv - 1, are derived as follows:

uLX[ cpldx ][ 0] = ( mvpCpLX[ cpldx ][ 0 ] + mvdCpLX[ cpldx ][ 0] + 216) % 216 (688)
cpMvLX[ cpldx ][ 0] = (uLX[ cpldx ][ 0] >= 215) ? (uLX[ cpldx ][ 0] - 216):

ULX[ CpIAx [ U] (689
uLX[ cpldx ][ 1] = ( mvpCpLX[ cpldx ][ 1] + mvdCpLX[ cpldx ][ 1] + 216 ) % 216 690

cpMvLX[ cpldx [[ 1] = (uLX[ cpldx ][ 1] >= 215) ? (uLX[ cpldx J[ 1] - 216):
ulX[ cpldx ][ 1] (691

derivation process for affine subblock size as specified in subclause 8.5.38 is‘invoked with thie
a coding block width cbWidth, the luma coding block height cbHeight{th€ number of contral

cpldx being 0..2, and the prediction list utilization flags predFlagl:0 and predFlagL1 as inputs,
size of luma coding subblocks in horizontal direction sizeSbX and in vertical direction sizeSbY,
number of luma coding subblocks in horizontal direction¢numSbX and in vertical directiop

derivation process for subblock motion vector arrays from affine control point motion vectoi|s
pecified in subclause 8.5.3.7 is invoked with the lunga coding block location ( xCb, yCb ), the lump
ng block width cbWidth, the luma coding block’height cbHeight, the number of control poirt
ion vectors numCpMy, the control point motidn vectors cpMvLO[ cpldx |, cpMvL1][ cpldx | with
Ix being 0..2, the prediction list utilization flags predFlagL0 and predFlagL1, and the referende

ction numSbX and in vertical directioh. numSbY, the size of luma coding subblocks in horizontal
ction sizeSbX and in vertical direction sizeSbY, luma motion vector array
LX[ xSbldx ][ ySbldx ] and the. chroma motion vector array mvCLX[ xSbldx ][ ySbldx ] with
dx = 0.numSbXLX - 1, ySbldx="0..numSbYLX - 1, X being 0 and 1 as outputs.

(oW

xSbldx = 0.numSbX - 1'and ySbldx = 0..numSbY - 1, the motion vectors MvLX with X being 0 an
e derived as follows:

The luma locatipn ( xSb, ySb ) specifying the top-left sample of the current coding subblock
relative to_thetop-left luma sample of the current picture is derived as follows:

(%Sb, ySb ) = (xCb + xSbldx * sizeSbX, yCb + ySbldx * sizeSbY ) (692

[f-xSbldx and ySbldx are both equal to 0 (top-left subblock), the following applies fo

—

190

X = U..51zeSbX — L and y = U..sizeSbY — L:
MvLX[xSb +x][ySb+y ] =cpMvVLX[ 0] (693)

Otherwise, if xSbldx is equal to numSbX - 1 and ySbldx is equal to 0 (top-right subblock), the
following applies for x = 0..sizeSbX - 1 and y = 0..sizeSbY - 1:

MvLX[xSb +x][ySb+y]=cpMvLX[ 1] (694)

Otherwise, if numCpMv is equal to 3 and xSbldx is equal to 0 and ySbldx is equal to numSbY - 1
(below-left subblock), the following applies for x = 0..sizeSbX - 1 and y = 0..sizeSbY - 1:
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MvLX[ xSb + x ][ ySb +y ] = cpMVLX] 2 ]

(695)

— Otherwise, for x = 0..sizeSbX — 1 and y = 0..sizeSbY - 1 motion vector MvLX[ xSb + x ][ ySb +y ] is
set equal to motion vector mvLX[ xSbldx ][ ySbldx ] converted from 1/16 fractional-sample

accuracy to 1/4 fractional-sample accuracy as specified in subclause 8.5.2.8.

— When sps_hmvp_flag is equal to 1, the updating process for the history-based motion vector
predictor list as specified in subclause 8.5.2.7. is invoked with affine luma motion vectors

center_mvLX and refldxLX with X being 0 and 1.

— Affine motion vector center_mvLX for position cbWidth >> 1 and cbHeight >> 1 are de

follows:

— The variable numCpMv is set equal to the number of control peint motion

— Horizontal change of motion vector dX, vertical change of metion vector dY and bas

cpMvLX] cpldx ] are set equal to the control point motion vectors{of current blg
cpldx = 0.numCpMv - 1 and X being 0 or 1.

vector mvBaseScaled are derived by invoking the processas specified in subclaug
with the luma coding block width cbWidth, the luma coding block height cbHeight,
of control point motion vectors numCpMv and|the control point motion

cpMvLX] cpldx ] with cpldx = 0.numCpMv - 1 asinputs.
xPosSb = cbWidth >> 1
yPosSb = cbHeight >> 1
mvLX[ 0 ] = ( mvBaseScaled[ 0]+ dX[ 0 ] * xPosSb + dY[ O ] * yPosSb )

mvLX[ 1] = ( mvBaseScaled[ 1]+ dX[ 1] *xPosSb+dY[1]*yPosSb)

— The rounding process\for motion vectors as specified in subclause 8.5.3.10 is inv
with mvX set equal te/mvLX, rightShift set equal to 7, and leftShift set equal to 0 3

and the rounded mvLX as output.
— The motion vectors mvLX are clipped as follows:
center_ mvLX[ 0] = Clip3(-215,215-1, mvLX[0])

center_mvLX[ 1] =Clip3(-215,215-1, mvLX[1])

— Forx='0..cbWidth - 1 and y = 0..cbHeight - 1, the reference indices refldxLX and the predi

utilization flags PredFlagLX with X being 0 and 1 are derived as follows:

rived as

vectors,
ck, with

P motion
e 8.5.3.9
number
vectors
(696)
(697)
(698)
(699)

bked the
S inputs,

(700)
(701)

ction list

ReflaxbofxCb+x T yChFy=Tefidxt0

RefldxL1[ xCb + x ][ yCb + y ] = refldxL1

PredFlagLO[ xCb + x ][ yCb + y ] = predFlagL0

PredFlagL1[ xCb + x ][ yCb + y ] = predFlagL1
MvDmvrLO[ xCb + x ][ yCb + y ] = MvLO[ xCb + x ][ yCb + y ]

MvDmvrL1[ xCb + x ][ yCb + y ] = MvL1[ XCb + x ][ yCb +y ]
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8.5.3.2

Derivation process for motion vectors and reference indices in affine merge mode

Inputs to this process are:

— alumalocation ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the top-
left luma sample of the current picture,

— two variables cbWidth and cbHeight specifying the width and the height of the luma coding block,
and

— thevariable availLR specifying left and right neighbouring blocks’ availability of luma coding block

Outputs|of this process are:

— the phumber of control point motion vectors numCpMy,

— the| luma affine control point motion vector cpMvLX[cpldx] with X (being O or 1, and
cpldx = 0.numCpMv - 1,

— the reference indices refldxL0 and refldxL1, and

— the prediction list utilization flags predFlagl.0 and predFlagL1.

The affine merging candidate list, affineMergeCandList, is derivedby the following ordered steps:

1) The| sample locations (xNbAo, yNbAo), (xNbAi, yNbA:), (xNbAz yNbAz), (xNbBo, yNbBo),
(Xll:ﬂEBl’ yNbB; ), (XNI-)Bz, yNbB:), (xNbB3, yNbB3), (xNbCo, yNbCo), (xNbCy,yNbC:) and
(xNbCz, yNbC; ) are derived as follows:

xNbAo, yNbAy ) = (xCb - 1, yCb + cbHeight ) (709)
xNbA1, yNbA; ) = (xCb - 1, yCb +cbHeight - 1) (709)
xNbA2, yNbAz ) = (xCb - 1, yCb-) (710)
xNbBo, yNbBg ) = ( xCb cbWidth, yCb - 1) (711
xNbB1, yNbB;: ) =(XCb + cbWidth - 1,yCb - 1) (712)
xNbB;, yNbBz )= (xCb-1,yCb-1) (713)
xNbBz,yiNbB3 ) = (xCb, yCb - 1) (714)
¥xNbCo, yNbCy ) = ( xCb + cbWidth, yCb + cbHeight ) (713)
(xNbC1, yNbC1 ) = (xCb + cbWidth, yCb + cbHeight - 1) (716)
(xNbCz, yNbC; ) = (xCb + cbWidth, yCb ) (717)

2) The following applies for ( xNbBLK, yNbBLK ) with BLK being replaced by Ao, A1, Az, Bo, B1, B2, B3, Co,
Cy,and Cz:

— The derivation process for neighbouring block motion vector candidate availability as specified
in subclause 6.4.3 is invoked with the neighbouring luma location ( xNbBLK, yNbBLK ) as input,
and the output is assigned to the block availability flag availableBLK.
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3) The following applies for ( xNbBLK, yNbBLK ) with BLK being replaced by Ci, B3, B2, Co, and By if
availLR is equal to LR_01, otherwise replaced by A1, By, Bo, Ao, and Ba:

When availableBLK is equal to TRUE and MotionModelldc[ xNbBLK ][ yNbBLK ] is greater than
0, availableFlagBLK is set equal to 1.

4) The following applies to update availability flags:

If availLR is equal to LR_01, the following applies:

Otherwise (availLR is not equal to LR_01),the following applies:

When availableFlagBs; and availableFlagB; are both equal to 1, CbPosX[ xNbBz(J[lyNbBs ] is
equal to CbPosX[xNbB;][yNbB2], and CbPosY[xNbBs;][yNbBs] cis’ equal to
CbPosY[ xNbB; ][ yNbB; ], availableFlagB: is set equal to 0.

When availableFlagC; and availableFlagCoy are both equal to 1, CbP6sX{ xNbC: ][ yNbCi ] is
equal to CbPosX[xNbCo][yNbCo], and CbPosY[xNbC:][yNbCi] is equal to
CbPosY[ xNbCo ][ yNbCo ], availableFlagCois set equal to 0.

When availableFlagB; and availableFlagBy are both equal to 1, CbPosX[ xNbB3 ][ yNbB3 ] is
equal to CbPosX[xNbBo][yNbBo], and CbPosY[xNbBs;][yNbBsz] is equal to
CbPosY[ xNbBy ][ yNbBy ], availableFlagBy is set equalto 0.

When availableFlagC; and availableFlagB are;both equal to 1, CbPosX[ xNbC; ][ yNbC1 ] is
equal to CbPosX[xNbBo][yNbBg], and* CbPosY[xNbC;][yNbCi] 1is equal to
CbPosY[ xNbBy ][ yNbBy ], availableFlagByis set equal to 0.

When availableFlagB: and availableFlagBo are both equal to 1, CbPosX[ xNbB1 ][ yNbB1 ] is
equal to CbPosX[xNbBg][ yNbBo], and CbPosY[xNbB:][yNbB:i] is equal to
CbPosY[ xNbBy ][ yNbBgjl-availableFlagBy is set equal to 0.

When availableFlagArand availableFlagAo are both equal to 1, CbPosX[ xNbA1 ][ yNbA; ] is
equal to CbPosX[xNbAo][yNbAo], and CbPosY[xNbA;][yNbAi] is equal to
CbPosY[ xNbAo ][ yNbAy ], availableFlagA is set equal to 0.

When availableFlagB: and availableFlagB; are both equal to 1, CbPosX[ xNbBs ][ yNbB; ] is
equal\+to CbPosX[xNbB;][yNbB2], and CbPosY[xNbB:][yNbB:i] is equal to
CbPoesY[ xNbB; ][ yNbB: ], availableFlagB: is set equal to 0.

When availableFlagA; and availableFlagB; are both equal to 1, CbPosX[ xNbA;1 ][ yNbA; ] is
equal to CbPosX[xNbB;][yNbB;], and CbPosY[xNbA:][yNbA;] is equal to
CbPosY[ xNbB; ][ yNbB; ], availableFlagB: is set equal to 0.

J The Tollowing applies for [ xNDBLK, yNbBLK ] with BLK being replaced by Ci, B3, Bz, Co, and By if
availLR is equal to LR_01, otherwise replaced by A1, By, Bo, Ao, and Ba:

— When availableFlagBLK is equal to 1, the following applies:

The variable motionModelldcBLK is set equal to MotionModelldc[ xNbBLK ][ yNbBLK ],
(xNb, yNb ) is set equal to ( CbPosX[ xNbBLK ][ yNbBLK ], CbPosY[ xNbBLK ][ yNbBLK ] ),
nbW is set equal to CbWidth[xNbBLK][yNbBLK], nbH is set equal to
CbHeight[ xNbBLK ][ yNbBLK ], and numCpMv is set equal to
MotionModelldc[ xNbBLK ][ yNbBLK | + 1.
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6)

7)
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— For X being replaced by either 0 or 1, the following applies:

— When PredFlagLX[ xNbBLK ][ yNbBLK ] is equal to 1, the derivation process for luma
affine control point motion vectors from a neighbouring block as specified in
subclause 8.5.3.3 is invoked with the luma coding block location (xCb, yCb), the luma
coding block width and height cbWidth and cbHeight, the neighbouring luma coding block
location ( xNb, yNb ), the neighbouring luma coding block width and height nbW and nbH,
and the number of control point motion vectors numCpMv as inputs, the control point
motion vector predictor candidates cpMvLXBLK] cpldx ] with cpldx = 0.numCpMv - 1 as
outputs.

— The following assignments are made:
predFlagLXBLK = PredFlagLX[ xNbBLK ][ yNbBLK ] (719)
refldxLXBLK = RefldxLX[ xXNbBLK ][ yNbBLK ] (719)

The|derivation process for constructed affine control point motion vector fwerging candidates 3
speg¢ified in subclause 8.5.3.4 is invoked with the luma coding block location ( xCb, yCb ), the lumfa
coding block width and height coWidth and cbHeight, the availability-flags availableA,, availableAj,
availableA,, availableBo, availableB;, availableB;, availableBs, ~availableCy, availableC;, and
availableC;, the sample locations (xNbAo, yNbAo), (%NbAi, yNbA;:), (xNbA; yNbAz),
( xNbBo, beBo ), ( xNbBj, beB1 ), ( xNbB, beBz ), ( xNbBs3, beB3 ), [ xNbCo, beC() ’
(xNbC1, yNbC1 ), and ( xNbCz, yNbC; ) as inputs, and the availability flags availableFlagConstK, thee
reference indices refldxLXConstK, the prediction list utilization flags predFlagLXConstK, the affinle
motion model indices motionModelldcConstK and. the constructed affine control point motion
vectors cpMvpLXConstK][ cpldx ] with X being 0 or 1,K = 1..6, cpldx = 0..2 as outputs.

[72)

Thelinitial affine merging candidate list, affineMergeCandList, is constructed as follows:
— lissetequal to 0.
— [favailLR is equal to LR_01, the following applies:

if( availableFlagCi && i< 5)
affineMergeCandlist[ i++ ] = C1
if( availableFlagBs && i< 5)
affineMergeCandList[ i++ ] = B3
if( availableFlagB; && i< 5) (720
affinéMergeCandList[ i++] = B
if( availableFlagCo && i< 5)
affineMergeCandList[ i++] = Co
if( availableFlagBo && i< 5)
affineMergeCandList[ i++ ] = Bo

— Otherwise (availLR is not equal to LR_01), the following applies:

if( availableFlagA; &&i<5)
affineMergeCandList[ i++ ] = A4
if( availableFlagB: && i< 5)
affineMergeCandList[ i++] = B4
if( availableFlagBo && i< 5) (721)
affineMergeCandList[ i++ ] = By
if( availableFlagAo && i< 5)
affineMergeCandList[ i++ ] = A
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if( availableFlagB, && i< 5)
affineMergeCandList[ i++] = B

— Affine control point motion vector merging candidates follows model-based affine merge
candidates:

if( availableFlagConstl && i< 5)
affineMergeCandList[ i++ ] = Const1
if( availableFlagConst2 && i< 5)
affineMergeCandList[ i++ ] = Const2
if( availableFlagConst3 && i< 5)
affineMergeCandList[ i++ ] = Const3
if( availableFlagConst4 && i< 5) (722)
affineMergeCandList[ i++ ] = Const4
if( availableFlagConst5 && i< 5)
affineMergeCandList[ i++ ] = Const5
if( availableFlagConst6 && i< 5)
affineMergeCandList[ i++ ]| = Const6

g) The variable numCurrMergeCand and numOrigMergeCand aré.set equal to the number of merging
candidates in the affineMergeCandList.

9) When numCurrMergeCand is less than 5, the followingjistepeated until numCurrMrgeCand is equal
to 5, with mvZero[ 0 ] and mvZero[ 1 ] both being egual to 0:

— The reference indices, the prediction list.utilization flags and the motion vectors of zefoCandm
with m equal to ( numCurrMergeCand <~ numOrigMergeCand ) are derived as follows:

refldxL0ZeroCandy, = 0 (723)
predFlagL0ZeroCandg= 1 (724)
cpMvLO0ZeroCandn[ 0 ] = mvZero (725)
cpMvLOZeroCandn[ 1 ] = mvZero (726)
cpMvLO0ZeroCandn[ 2 | = mvZero (727)
refldxL1ZeroCandm = (slice_type==B)70: -1 (728)
predFlagL1ZeroCandn = (slice_type==B)?1:0 (729)
cpMvL1ZeroCandn[ 0 ] = mvZero (730)
CpMVLIZeroCandm] 1 | = MVZETO (731)
cpMvL1ZeroCandm[ 2 | = mvZero (732)
motionModelldcZeroCandm = 1 (733)

— The candidate zeroCand,, with m equal to ( numCurrMergeCand — numOrigMergeCand ) is added
at the end of affineMergeCandList and numCurrMergeCand is incremented by 1 as follows:

affineMergeCandList] numCurrMergeCand++ | = zeroCandm (734)
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The variables refldxL0, refldxL1, predFlagL0, predFlaglL1l, cpMvLO[ cpldx ] and cpMvL1][ cpldx ] with
cpldx = 0..2 are derived as follows:

— The following assignments are made with N being the candidate at position
affine_merge_idx[ xCb ]|[yCb] in the affine merging candidate list affineMergeCandList
( N = affineMergeCandList[ affine_merge_idx[ xCb [[yCb]]):

8.5.3.3

Inputs t

— alu
to tl

— two
blog

— a h;l:na location ( xNb, yNb ) specifying the top-left sample of the neighbouring luma coding block

rel

— two
blog

— the

Outputs
cpldx =

refldxLX = refldxLXN (735)
predFlaglX = predFlagLXN (739)
cpMvVLX[ 0] = cpMVLXN[ 0] ¢737)
cpMvLX[ 1] =cpMvLXN[ 1] (739)
cpMvVLX[ 2] = cpMVLXN][ 2 ] (739)
numCpMv = motionModelldxN + 1 (740Q)

he following assignment is made for x = xCb..xCb + cbWidth - 1 andy = yCb..yCb + cbHeight - 1:

MotionModelldc[ x ][ y ] = numCpMv - 1 (747)

Derivation process for luma affine control point.motion vectors from a neighbouring
block

this process are:

na location ( xCb, yCb ) specifying the top-left sample of the current luma coding block relativie
1e top-left luma sample of the current piCture,

variables cbWidth and cbHeight specifying the width and the height of the current luma codinjg
k,
ive to the top-left luma'‘sample of the current picture,

variables nNbW,and'nNbH specifying the width and the height of the neighbouring luma codinig
k, and

number of.control point motion vectors numCpMv.

of ‘this process are the luma affine control point vectors cpMvLX[cpldx] with
).(numCpMv - 1 and X being 0 or 1.

The vari

able isCTUboundary is derived as follows:

— If all the following conditions are true, isCTUboundary is set equal to TRUE:

— ((yNb +nNbH ) % CtbSizeY ) is equal to 0.

— yNb + nNbH is equal to yCb.

— Otherwise, isCTUboundary is set equal to FALSE.
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The variables logZNbW and log2NbH are derived as follows:
log2NbW = Log2( nNbW ) (742)
log2NbH = Log2( nNbH ) (743)
The variables mvScaleHor, mvScaleVer, dHorX and dVerX are derived as follows:

— IfisCTUboundary is equal to TRUE, the following applies:

mvScaleHor = MvLX[ xNb ][ yNb + nNbH-1][0] << 7 (744)
mvScaleVer = MvLX[ xNb ][[yNb+nNbH-1][1] << 7 (745)

dHorX = ( MVLX[ xNb + nNbW - 1 ][[yNb + nNbH-1][0] - MvLX[xNb J[yNb+nuNbH-1][0])
<< (7 -1log2NbW) (746)

dVerX = ( MvLX[ xNb + nNbW -1 ][ yNb + nNbH -1 ][ 1] - MvLX[ xNb J{yNb + nNbH-1][1])
<< (7 -10g2NbW) (747)

4+ Otherwise (isCTUboundary is equal to FALSE), the following applies:
mvScaleHor = MVLX[ xNb ][yNb ][0 ] << 7 (748)
mvScaleVer = MVLX[ xNb J[yNb ][ 1] << 7 (749)

dHorX = ( MvLX[ xNb + nNbW - 1 ][ yNb ]f©0] - MvLX[ xNb ][yNb ][ 0])
<< (7 -log2NbW) (750)

dVerX = (MvLX[xNb + nNbW -1 ]J[yNb ][ 1] - MvLX[xNb][yNb][1])
<< (7 -log2NbW) (751)

The variables dHorY and dVerY are;derived as follows:

— If isCTUboundary is equal*to FALSE and MotionModelldc[ xNb ][ yNb ] is equal to 2, the fpllowing
applies:

dHorY = ( MUEX] xNb ][ yNb + nNbH-1][ 0] - MvLX[xNb ][yNb ][ 0])
<&A()7 - log2NbH ) (752)

dVer¥= ( MvLX[xNb ][yNb+nNbH-1][1]-MvLX[xNb][yNb][1])
<< (7 -log2NbH) (753)

—_Otherwise (isCTUboundary is equal to TRUE or MotionModelldc[ xNb ][ yNb ] is equal tT 1), the

following applies:
S4aPf

dHorY = -dVerX (754)

dVerY = dHorX
(755)

The luma affine control point motion vectors cpMvLX][ cpldx ] with cpldx = 0.numCpMv - 1 and X being
0 or 1 are derived as follows:

— The first two control point motion vectors cpMvLX[ 0 ] and cpMvLX[ 1 ] are derived as follows:
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cpMvLX[ 0 ][ 0 ] = ( mvScaleHor + dHorX * ( xCb — xNb ) + dHorY * (yCb - yNb ) ) (756)
cpMvLX[ 0 ][ 1] = ( mvScaleVer + dVerX * (xCb - xNb ) + dVerY * (yCb - yNb ) ) (757)
cpMvLX[ 1][ 0] = ( mvScaleHor + dHorX * ( xCb + cbWidth - xNb ) + dHorY * (yCb - yNb ) ) (758)
cpMvLX[ 1][ 1] = (mvScaleVer + dVerX * ( xCb + cbWidth - xNb ) + dVerY * (yCb - yNb ) ) (759)

If numCpMyv is equal to 3, the third control point vector cpMvLX[ 2 ] is derived as follows:

q

q

The
equa
roun

The

8.5.3.4

Inputs t

alu
to tl

two
blod

the
ava

the
(xN
( xN

Outputs

the

pMvLX[ 2 ][ 0 ] = (mvScaleHor + dHorX * ( xCb — xNb ) + dHorY * ( yCb + cbHeight - yNb ) ) (764)
pMvLX[ 2 ][ 1] = (mvScaleVer + dVerX * (xCb - xNb ) + dVerY * ( yCb + cbHeight - yNb ) ) (761)
rounding process for motion vectors as specified in subclause 8.5.3.10 is invoked with mvX sgt

1 to cpMvLX] cpldx ], rightShift set equal to 7, and leftShift set equal to 0cas’inputs, and the
ded cpMvLX] cpldx ] as output, with X being 0 or 1 and cpldx = 0.numCpMV 1.

motion vectors cpMvLX[ cpldx ] with cpldx = 0.numCpMv - 1 are clipped as follows:
pMvLX[ cpldx ][ 0 ] = Clip3( -215, 215 - 1, cpMVLX[ cpldx ][0 ]) (767)
pMvLX][ cpldx ][ 1 ] = Clip3( =215, 215 - 1, cpMvLX] cpldx ][<1]") (763)

Derivation process for constructed affine controlpoint motion vector merging candidate

7]

this process are:

[¢)

ma location ( xCb, yCb ) specifying the top-left sample of the current luma coding block relatiy
e top-left luma sample of the current picture,

variables cbWidth and cbHeight specifying the width and the height of the current luma coding
k,

availability flags availableA,, availableA;, availableA;, availableB,, availableB;, availableB,
lableBs3, availableCy, availableCs, and availableCz, and

sample locations-/ ( xXNbAy, yNbAo), (xNbAj;, yNbA;), (xNbAz yNbAz), (xNbBo, yNbBy
bBi, yNbB1 ), «(xNbBz, yNbB,), (xNbB3, yNbB3;), (xNbCo, yNbCo), (xNbCi, yNbCi), an
bCz, beCZ )

[SPRS

of thisgprocess are:

availability flag of the constructed affine control point motion vector merging candidate

[72)

ava

the

the

the

tableFtagConstK, with K= 176,
reference indices refldxLXConstK, with K= 1..6, X being 0 or 1,
prediction list utilization flags predFlagL.XConstK, with K = 1..6, X being 0 or 1,

affine motion model indices motionModelldcConstK, with K = 1..6, and

the constructed affine control point motion vectors cpMvLXConstK][ cpldx ] with cpldx = 0..2,K=1..6

and

198

X being 0 or 1.
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The first (top-left) control point motion vector cpMvLXCorner|[ 0 ], reference index refldxLXCorner[ 0 |,
prediction list utilization flag predFlagL.XCorner[ 0] and the availability flag availableFlagCorner|[ O ]
with X being 0 and 1 are derived as follows:

— The availability flag availableFlagCorner[ 0 ] is set equal to FALSE.
— The following applies for ( xXNbTL, yNbTL ) with TL being replaced in order by B, B3, and A:

— When availableTL is equal to TRUE and availableFlagCorner|[ 0 ] is equal to FALSE, the following
applies with X being 0 and 1:

refldxLXCorner[ 0 ] = RefldxLX[ xXNbTL ][ yNbTL ] (764)
predFlagLXCorner[ 0 ] = PredFlagLX[ xNbTL ][ yNbTL ] (765)
cpMvLXCorner[ 0 ] = MvLX[ xNbTL ][ yNbTL ] (766)
availableFlagCorner[ 0 ] = TRUE (767)

—

he second (top-right) control point motion vector cpMyLXCorner[1], referenc¢ index
efldxLXCorner[ 1], prediction list utilization flag predFlagLXCorner[1] and the availability flag
vailableFlagCorner[ 1 ] with X being 0 and 1 are derived as fellows:

O =

— The availability flag availableFlagCorner|[ 1 ] is set equal to FALSE.
+ The following applies for ( xNbTR, yNbTR ) with>TR being replaced in order by By, B1, and Cp:

— When availableTR is equal to TRUE and:availableFlagCorner|[ 1 ] is equal to FALSE, the fpllowing
applies with X being 0 and 1:

refldxLXCorner[ 1 ] = RefldxLX[ xXNbTR ][ yNbTR ] (768)
predFlagLXCorner[\1V] = PredFlagLX[ xNbTR ][ yNbTR ] (769)
cpMvLXCornex|1 | = MvLX[ xXNbTR ][ yNbTR ] (770)
availableFlagCorner[ 1 ] = TRUE (771)

—

he third (bettom-left) control point motion vector cpMvLXCorner[2], referenceé index
efldxLXCorner[2 |, prediction list utilization flag predFlaglLXCorner[ 2] and the availability flag
vailableFlag€orner[ 2 ] with X being 0 and 1 are derived as follows:

QO =

— The-availability flag availableFlagCorner|[ 2 ] is set equal to FALSE.

replaced in order by A and Aq:
— When availableBL is equal to TRUE and availableFlagCorner|[ 2 ] is equal to FALSE, the following
applies with X being 0 and 1:

refldxLXCorner[ 2 ] = RefldxLX[ xNbBL ][ yNbBL ] (772)
predFlagLXCorner[ 2 | = PredFlagLX[ xNbBL ][ yNbBL ] (773)
cpMvLXCorner|[ 2 ] = MvLX[ xNbBL ][ yNbBL ] (774)
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availableFlagCorner[ 2 | = TRUE (775)

— Otherwise, the reference indices for the temporal merging candidate, refldxLXCorner[ 2 ], with X
being 0 or 1, are set equal to 0.

— The variables mvLXCol and availableFlagLXCol, with X being 0 or 1, are derived as follows:

xColBl =xCb - 1 (776)

ColBI' = yCb + cbHeight 14
y y g

— If yCb >> CtbLog2SizeY is equal to yColBl >> CtbLog2SizeY, yColBl is less-thap
pic_height_in_luma_samples and xColBl is larger than 0, the following applies:

— The luma location (xColCb, yColCb ) is set equal to
((xColBl >> 3) << 3,(yColBl >> 3) << 3).

— The derivation process for collocated motion vectors as specified i
subclause 8.5.2.3.4 is invoked with luma location coordinates ( xColCb, yColCb ) a
input, and the output is assigned to mvLXCol and availableFlagLXCol.

(2=

(i

— Otherwise, both components of mvLXCol are set equal.to 0 and availableFlagLXCol is sg
equal to 0.

— The variables availableFlagCorner[ 2 |, predflagL.0Corner[ 2], cpMvLOCorner[ 2] and
predFlagL1Corner[ 2 ] are derived as follows;

availableFlagCorner|[ 2 ] = availableFlagL0Col (779)
predFlagL0Corner|[ 2 ] = availableFlagL.0Col (779)
cpMvLOCorner|[ 2 | = mvL0Col (780)
predFlagL1Corner[2]=0 (781)

— When slice_type is equal to B, the variables availableFlagCorner|[ 2
predFlagL1Corner[ 2 ] and cpMvL1Corner|[ 2 ] are derived as follows:

availableFlagCorner|[ 2 ] = availableFlagL0Col | | availableFlagL1Col (782)
predFlagL1Corner|[ 2 | = availableFlagL1Col (783)
cpMvL1Corner[ 2 ] = mvL1Col (784)
The fou M (hottans right oo nnllnnqi—nd an—nm right) contral ot st vnotare ~n MUl VO A nge 21

T (OO TtoOTT T Ig it U coTTotatT UTtUTTT I gioy Contr o ponT oot v e CtoT—Cpivrv oy oot —o— |,

reference index refldxLXCorner|[ 3

], prediction list utilization flag predFlagLXCorner[ 3] and the
availability flag availableFlagCorner[ 3 ]

with X being 0 and 1 are derived as follows:
— The availability flag availableFlagCorner[ 3 ] is set equal to FALSE.

— If availLR is equal to LR_01 or LR_11, the following applies for ( xNbBR, yNbBR ) with BR being
replaced in order by Co and C:

— When availableBR is equal to TRUE and availableFlagCorner[ 3 ] is equal to FALSE, the following
applies with X being 0 and 1:
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refldxLXCorner[ 3 ] = RefldxLX[ xNbBR ][ yNbBR ]
predFlagLXCorner[ 3 ] = PredFlagLX[ xNbBR ][ yNbBR ]
cpMvLXCorner[ 3 ] = MvLX[ xXNbBR ][ yNbBR ]

availableFlagCorner[ 3 ] = TRUE

(785)
(786)
(787)

(788)

— Otherwise, the reference indices for the temporal merging candidate, refldxLXCorner[ 3 ], with X

being U or I, are set equal to U.
— The variables mvLXCol and availableFlagLXCol, with X being 0 or 1, are derived as)follov
— The following applies:
xColBr = xCb + cbWidth
yColBr = yCb + cbHeight
— If yCb >> CtbLog2SizeY is equal to yColBr >> (GtbLog2SizeY, yColBr is le
following applies:

— The luma location (xColCb, yColCb ) is set equg
((xColBr >> 3) << 3,(yColBr¢=>"3) << 3).

— The derivation process for collocated motion vectors as spec
subclause 8.5.2.3.4 is invoked with the luma location coordinates ( xColCb,

as input, and the outputis’assigned to mvLXCol and availableFlagLXCol.

— Otherwise, both components of mvLXCol are set equal to 0 and availableFlagLX
equal to 0.

— The variables tavailableFlagCorner[ 3 ], predFlagL.OCorner[ 3 ], cpMvLOCorner
predFlagL1Caorner[ 3 ] are derived as follows:

ayajlableFlagCorner[ 3 ] = availableFlagL0Col
predFlagL0Corner|[ 3 | = availableFlagL0Col
cpMvLOCorner[ 3 ] = mvLOCol

predFlagL1Corner[3]=0

ISF

(789)
(790)

ss than

pic_height_in_luma_samples and xColBr is less ‘than pic_width_in_luma_samples, the

] to

fied in
yColCb )

Lol is set

3] and

(791)
(792)
(793)

(794)

Whan cliea funa 1 anin ] o R tha variabloc Avzailahl Fl

a
VVITCTT SIICC Ty pPT TS cqtuat O Dy CIIc var raaorcs TV arraoTc

predFlagL1Corner[ 3 ] and cpMvL1Corner[ 3 ] are derived as follows:
availableFlagCorner[ 3 ] = availableFlagL0Col | | availableFlagL1Col
predFlagL1Corner[ 3 ] = availableFlagL.1Col

cpMvL1Corner[ 3 ] =mvL1Col

ner| 3],

(795)
(796)

(797)

The first four constructed affine control point motion vector merging candidates ConstK with K=1.4
including the availability flags availableFlagConstK, the reference indices refldxLXConstK, the prediction
list utilization flags predFlagLXConstK, the affine motion model indices motionModelldcConstK, and the
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constructed affine control point motion vectors cpMvLXConstK] cpldx ] with cpldx = 0..2 and X being 0
or 1 are derived as follows:

1) When availableFlagCorner[ 0 ] is equal to TRUE and availableFlagCorner[ 1] is equal to TRUE and
availableFlagCorner|[ 2 ] is equal to TRUE, the following applies:

— For X being replaced by 0 or 1, the following applies:

— The variable availableFlagLX is derived as follows:

— If all of the following conditions are true, availableFlagLX is set equal to TRUE:
— predFlagLXCorner[ 0 ] is equal to 1.
— predFlagLXCorner[ 1] is equal to 1.
— predFlagLXCorner[ 2 ] is equal to 1.
— refldxLXCorner|[ 0 ] is equal to refldxLXCorner[ 1 ].
— refldxLXCorner|[ 0 ] is equal to refldxLXCorner|[ 2 ].
— Otherwise, availableFlagLX is set equal to FALSE.

+— When availableFlagLX is equal to TRUE, the following assignments are made:

predFlagLXConstl =1 (799)
refldxLXConst1 = refldxLXCornef| O ] (799)
cpMvLXConst1[ 0 ] = cpMvLEXCorner[ 0 ] (804)
cpMvLXConst1[ 1] = cpMvLXCorner[ 1 ] (801)
cpMvLXConstd{2' | = cpMvLXCorner|[ 2 ] (807)

— The variables availableElagConst1 and motionModelldcConst1 are derived as follows:

— If availableFlagl.0 or availableFlagl.1 is equal to 1, availableFlagConst1 is set equal to TRUE
and motiemModelldcConst1 is set equal to 2.

— Otherwise, availableFlagConst1 is set equal to FALSE and motionModelldcConst1 is set equal
toi0.

2) When qvqi]nh]pplqg(‘nrnpr[ ﬂ] is pqnn] to TRUE and nvni]nh]pp]ng(‘nrnpr[1 ] is pr}nn] to TRUE an
availableFlagCorner|[ 3 ] is equal to TRUE, the following applies:

— For X being replaced by 0 or 1, the following applies:
— The variable availableFlagLX is derived as follows:
— If all of the following conditions are true, availableFlagLX is set equal to TRUE:
— predFlagLXCorner[ 0 ] is equal to 1.

— predFlagLXCorner[ 1] is equal to 1.
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— predFlagLXCorner[ 3 ] is equal to 1.

— refldxLXCorner|[ 0 ] is equal to refldxLXCorner[ 1 ].

— refldxLXCorner|[ 0 ] is equal to refldxLXCorner|[ 3 ].
— Otherwise, availableFlagLX is set equal to FALSE.

— When availableFlagLX is equal to TRUE, the following assignments are made:

predFlagLXConst2 =1
refldxLXConst2 = refldxLXCorner[ 0 ]
cpMvLXConst2[ 0 ] = cpMvLXCorner[ 0 ]
cpMvLXConst2[ 1] = cpMvLXCorner[ 1 ]
cpMvLXConst2[ 2 ] = cpMvLXCorner[ 3 | + cpMvLXCormex| 0 | - cpMvLXCorner[ 1 ]
cpMvLXConst2[ 2 ][ 0] = Clip3( -215, 215 - 1, gpMvLXConst2[ 2][0])
cpMvLXConst2[ 2 ][ 1] = Clip3( -215, 21551, cpMvLXConst2[2][1])
— The variables availableFlagConst2 and motionModelldcConst2 are derived as follows:

— If availableFlagLO0 or availableFlagL1.i$'equal to 1, availableFlagConst2 is set equal
and motionModelldcConst2 is set equal to 2.

— Otherwise, availableFlagConst2 is set equal to FALSE and motionModelldcConst2 is §
to 0.

3) When availableFlagCorner[ 0(] is equal to TRUE and availableFlagCorner[ 2 ] is equal to T
availableFlagCorner|[ 3 ] isiequal to TRUE, the following applies:

— For X being replacedby 0 or 1, the following applies:
— The variable availableFlagLX is derived as follows:
—nIfall of the following conditions are true, availableFlagLX is set equal to TRUE:
— predFlagLXCorner[ 0 ] is equal to 1.

— predFlagLXCorner[ 2 ] is equal to 1.

(803)
(804)
(805)
(806)
(807)
(808)

(809)

to TRUE

et equal

RUE and

— predFlagLXCorner[ 3 ] is equal to 1.
— refldxLXCorner|[ 0 ] is equal to refldxLXCorner][ 2 ].
— refldxLXCorner|[ 0 ] is equal to refldxLXCorner|[ 3 ].
— Otherwise, availableFlagLX is set equal to FALSE.
— When availableFlagLX is equal to TRUE, the following assignments are made:

predFlagLXConst3 =1
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refldxLXConst3 = refldxLXCorner[ O ] (811)
cpMvLXConst3[ 0 ] = cpMvLXCorner[ 0 ] (812)

cpMvLXConst3[ 1] = cpMvLXCorner[ 3 ] + cpMvLXCorner[ 0 ] - cpMvLXCorner[ 2] (813)

|

— The variables availableFlagConst3 and motionModelldcConst3 are derived as follows:

cpMvLXConst3[ 1][ 0] = Clip3( -215, 215 - 1, cpMvLXConst3[1][0]) (814)
cpMvLXConst3[ 1 ][ 1] = Clip3( -215, 215 -1, cpMvLXConst3[1][1]) (815)
cpMvLXConst3[ 2 | = cpMvLXCorner|[ 2 ] (819)

— If availableFlagLO or availableFlagL1 is equal to 1, availableFlagConst3 is set*¢qual to TRUE
and motionModelldcConst3 is set equal to 2.

— Otherwise, availableFlagConst3 is set equal to FALSE and motionModelldcConst3 is set equal
to 0.

4) When availableFlagCorner[ 1] is equal to TRUE and availableFlagCorner|[ 2 ] is equal to TRUE anfd
availableFlagCorner|[ 3 ] is equal to TRUE, the following applies:
— For X being replaced by 0 or 1, the following applies:
+ The variable availableFlagLX is derived as follows:
— If all of the following conditions are true;availableFlagLX is set equal to TRUE:
— predFlagLXCorner[ 1 ] is equal to 1.
— predFlagLXCorner|[ 2 ] is‘equal to 1.
— predFlagLXCorner| 3-] is equal to 1.
— refldxLXCoruner[1 ] is equal to refldxLXCorner][ 2 ].
— refldxLX€orner|[ 1 ] is equal to refldxLXCorner|[ 3 ].
— Otherpwise, availableFlagLX is set equal to FALSE.
+ WhenavailableFlagLX is equal to TRUE, the following assignments are made:
predFlagLXConst4 =1 (817)
refldxLXConst4 = refldxLXCorner[ 1 ] (818)
cpMvLXConst4[ 0 ] = cpMvLXCorner[ 1] + cpMvLXCorner[ 2 ] - cpMvLXCorner[ 3] (819)
cpMvLXConst4[ 0 ][ 0 ] = Clip3( -215, 215 - 1, cpMvLXConst4[ 0][0]) (820)
cpMvLXConst4[ 0 ][ 1] = Clip3( -215, 215 - 1, cpMvLXConst4[ 0 ][ 1]) (821)
cpMvLXConst4[ 1] = cpMvLXCorner[ 1 ] (822)
cpMvLXConst4[ 2 ] = cpMvLXCorner[ 2 ] (823)
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— The variables availableFlagConst4 and motionModelldcConst4 are derived as follows:

— If availableFlagL.0 or availableFlagL1 is equal to 1, availableFlagConst4 is set equal to TRUE
and motionModelldcConst4 is set equal to 2.

— Otherwise, availableFlagConst4 is set equal to FALSE and motionModelldcConst4 is set equal
to 0.

The last two constructed affine control point motion vector merging candidates ConstK with K=5..6
hcluding the availability flags availableFlagConstK, the reference indices refldxLXConstK, the piediction
list utilization flags predFlagLXConstK, the affine motion model indices motionModelldcConstK} and the
donstructed affine control point motion vectors cpMvLXConstK] cpldx | with cpldx = 0..2)and ¥ being 0
dr 1 are derived as follows:

—-

(@]

) When availableFlagCorner[ 0 ] is equal to TRUE and availableFlagCorner[ 1 s equal to TRUE, the
following applies:

— For X being replaced by 0 or 1, the following applies:
— The variable availableFlagLX is derived as follows:
— If all of the following conditions are true, availableFlagLX is set equal to TRUE:
— predFlagLXCorner[ 0 ] is equal to 1.
— predFlagLXCorner[ 1 ] is equal to~1.
— refldxLXCorner|[ 0 ] is equalto refldxLXCorner[ 1 ].
— Otherwise, availableFlaglX;is set equal to FALSE.

— When availableFlagLX is-equal to TRUE, the following assignments are made:

predFlaghXConst5 =1 (824)
refldxLXConst5 = refldxLXCorner[ 0 ] (825)
cpMvLXConst5[ 0 ] = cpMvLXCorner[ 0 ] (826)
cpMvLXConst5[ 1 ] = cpMvLXCorner[ 1 ] (827)

— The/variables availableFlagConst5 and motionModelldcConst5 are derived as follows:

— If availableFlagLO0 or availableFlagL1 is equal to 1, availableFlagConst5 is set equal to TRUE

and HoanMaodalldeConctl 1c cnt noia ]

nmaoti 1 k¥
oo oo ot T IO CCoOTIStOTo ST T quar to—=1=

— Otherwise, availableFlagConst5 is set equal to FALSE and motionModelldcConst5 is set equal
to 0.

6) When availableFlagCorner[ 0 ] is equal to TRUE and availableFlagCorner[ 2 ] is equal to TRUE, the
following applies:

— For X being replaced by 0 or 1, the following applies:

— The variable availableFlagLX is derived as follows:
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— If all of the following conditions are true, availableFlagLX is set equal to TRUE:
— predFlagLXCorner[ 0 ] is equal to 1.
— predFlagLXCorner[ 2 ] is equal to 1.
— refldxLXCorner|[ 0 ] is equal to refldxLXCorner|[ 2 ].

— Otherwise, availableFlagLX is set equal to FALSE.

+ When availableFlagLX is equal to TRUE, the following applies:
— The second control point motion vector cpMvLXCorner|[ 1 ] is derived as follows:

cpMvLXCorner[1][ 0] = (cpMvLXCorner[0][0] << 7 ) +
( (cpMvLXCorner[2][ 1] - cpMvLXCorner[ 0 }{f 1)) << (829)
(7 + Log2( cbWidth) — Log2( cbHeight / cbWidth ) ) )

cpMvLXCorner[1][ 1] = (cpMvLXCorner[0][1]<<7) -
( (cpMvLXCorner[2][ 0] - cpMvLXCorner[0][0]) << (829)
(7 + Log2( cbWidth) - Log2( cbHeight / cbWidth ) ))

l=ni

— Therounding process for motion vectors as specifiedritisubclause 8.5.3.10 is invoked wit

mvX set equal to cpMvLXCorner[ 1 ], rightShift setequal to 7, and leftShift set equal to P
as inputs, and the rounded cpMvLXCorner[ 1 ] asioutput.
— The following assignments are made:

predFlagLXConst6 = 1 (834)
refldxLXConst6 = refldxLX€orner[ O ] (831)
cpMvLXConst6[ 0 ] £ cpMvLXCorner[ 0 ] (837)
cpMvLXConst6fil] = cpMvLXCorner[ 1 ] (833)
cpMvLXCenst6[ 1 ][ 0 ] = Clip3( -215, 215 - 1, cpMvLXConst6[ 1 ][0 ]) (834)
cpMyLXConst6[ 1 ][ 1] = Clip3( -215, 215 - 1, cpMvLXConst6[ 1 ][ 1]) (835)

— The variables@vailableFlagConst6 and motionModelldcConst6 are derived as follows:

— If availableFlagLO or availableFlagL1 is equal to 1, availableFlagConst6 is set equal to TRUE
and motionModelldcConsté6 is set equal to 1.

— Otherwise, availableFlagConst6 is set equal to FALSE and motionModelldcConst6 is set equal
to 0.

8.5.3.5 Derivation process for luma affine control point motion vector predictors
Inputs to this process are:

— alumalocation ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the top-
left luma sample of the current picture,
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— two variables cbWidth and cbHeight specifying the width and the height of the current luma coding

block,
— the reference index of the current coding unit refldxLX, with X being 0 or 1,

— the number of control point motion vectors numCpMyv, and

— the variable availLR specifying left and right neighbouring blocks’ availability of luma coding block.

> Q

being 0 or 1, and cpldx = 0.numCpMv - 1.

o

or 1, the following ordered steps apply:

equal to 0.

7) The variables availableFlagA, availableFlagB, and availableFlagC ané both set equal to FALSE,

(ON]

) The sample locations (xNbAo, yNbAo), (xNbAj, yNbA: )\ (xNbBo, yNbBg), (xNbB;,
(xNbB2, yNbB; ), ( xNbCo, yNbCo ), and ( xNbCj, yNbC; ) are/derived as follows:

(xNbAy, yNbAg ) = (xCb - 1, yCb + cbHeight )
(xNbAj, yNbA; ) = (xCb - 1, yCb + cbHeight - 1)
(xNbBy, yNbBg ) = ( xCb + cbWidth,y€b - 1)
(xNDbBj, yNbB; ) = ( xCb + cbWidth - 1,yCb - 1)
(xNbBz, yNbB; ) = (xCb:<\2,yCb - 1)

(xNbCo, yNbCo ) = (xCb + cbWidth, yCb + cbHeight )

(xNbCy, yNb(; )= ( xCb + cbWidth, yCb + cbHeight - 1)

S

) The following applies for ( xNbAx, yNbAx ) from ( xXNbAo, yNbAo ) to ( xNbA;, yNbA1 ):

— The derivation process for neighbouring block motion vector candidate availability as ¢
in subeclause 6.4.3 is invoked with the neighbouring luma location ( xNbAy, yNbAy ) as in
the.output is assigned to the block availability flag availableA.

— When availableAy is equal to TRUE and MotlonModelIdc[ xNbAk ][ yNbAk ] is greats

utputs of this process are the luma affine control point motion vector predictors mvpCpLX[ cplflx | with

or the derivation of the control point motion vectors predictor candidate list, cpMvpListLX with X being

1) The number of control point motion vector predictor candidates in the listmnumCpMvpCand|LX is set

beB1 ),

(836)
(837)
(838)
(839)
(840)
(841)

(842)

pecified
put, and

r than 0

Al bhlaBRlagA 1 aaa 1+ EATSCSE tha folla

nd ing annlinc.
e avVaabter TSI o CqudTr CUO T 1 Xoo L, trrc oo W IS AP PTIIc sy

— The variable (xNb,yNb) is set equal to (CbPosX][xNbAx][

beAk ],

CbPosY[ xNbAx ][ yNbAk ] ), nbW is set equal to CoWidth[ xNbAx ][ yNbAx ],and nbH is set

equal to CbHeight[ xNbA ][ yNbAk ].

— If PredFlagLX[ xNbAk ][ yNbAx] is equal to 1 and RefldxLX[ xNbAx ][ yNbAk] is
refldxLX, the following applies:

— The variable availableFlagA is set equal to TRUE.
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— The derivation process for luma affine control point motion vectors from a
neighbouring block as specified in subclause 8.5.3.3 is invoked with the luma coding
block location (xCb, yCb ), the luma coding block width and height cbWidth and
cbHeight, the neighbouring luma coding block location ( xNb, yNb ), the neighbouring
luma coding block width and height nbW and nbH, and the number of control point
motion vectors numCpMv as input, the control point motion vector predictor
candidates cpMvpLX[ cpldx ] with cpldx = 0..numCpMv - 1 as outputs.

— The following assignments are made:

5) The f

|

i

cpMvpListLX[ numCpMvpCandLX ][ 0 ] = cpMvpLX[ 0 ] (843)
cpMvpListLX[ numCpMvpCandLX ][ 1] = cpMvpLX[ 1 ] (844)
cpMvpListLX[ numCpMvpCandLX ][ 2 ] = cpMvpLX][ 2 ] (845)
numCpMvpCandLX = numCpMvpCandLX + 1 (844)

bllowing applies for ( xNbBy, yNbBk ) from ( xNbBy, yNbBy ) to ( xNbBz, yNbB: ):

(o9

he derivation process for neighbouring block motion vector candidate availability as specifie
subclause 6.4.3 is invoked with the neighbouring luma locdtion ( xNbBy, yNbBx ) as input, an
he output is assigned to the block availability flag availabléBy.

jon

— When availableBy is equal to TRUE and MotionModelldc[ xNbBy ][ yNbBy ] is greater than
and availableFlagB is equal to FALSE, the following applies:

(=]

— The wvariable (xNb,yNb) is :iset equal to (CbPosX[xNbBx][yNbBk]|
CbPosY[ xNbBy ][ yNbBxk ] ), nbW is.set’equal to CbWidth[ xNbBy ][ yNbBx ],and nbH is s¢
equal to CbHeight[ xNbBy ][ yNbBy].

<

[

[=]

— If PredFlagLX[ xNbB ][ yNbBx] is equal to 1 and RefldxLX[ xNbBx ][ yNbBx ] is equal {
refldxLX, the following applies:

— The variable availableFlagB is set equal to TRUE.

— The derivation process for luma affine control point motion vectors from
neighbouring block as specified in subclause 8.5.3.3 is invoked with the luma codin
blockylocation (xCb, yCb ), the luma coding block width and height cbWidth an
cbHeight, the neighbouring luma coding block location ( xNb, yNb ), the neighbourin|
lama coding block width and height nbW and nbH, and the number of control poir
motion vectors numCpMv as input, the control point motion vector predictd
candidates cpMvpLX][ cpldx ] with cpldx = 0.numCpMv - 1 as outputs.

= ~+ 09 .09 D
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— The following assignments are made:

cpMvpListLX[ numCpMvpCandLX ][ 0 ] = cpMvpLX[ 0 ] (847)
cpMvpListLX[ numCpMvpCandLX ][ 1] = cpMvpLX[ 1] (848)
cpMvpListLX[ numCpMvpCandLX ][ 2 ] = cpMvpLX][ 2 ] (849)
numCpMvpCandLX = numCpMvpCandLX + 1 (850)
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6) When numCpMvpCandLX is less than 2, the following applies for (xNbCy, yNbCx) from

(xNbCo, yNbCo ) to ( xNbC1, yNbC1 ):

— The derivation process for neighbouring block motion vector candidate availability as specified
in subclause 6.4.3 is invoked with the neighbouring luma location ( xNbCy, yNbCy ) as input, and

the output is assigned to the block availability flag availableCk.

— When availableCy is equal to TRUE and MotionModelldc[ xNbCk ][ yNbCx ] is greater than 0

and availableFlagC is equal to FALSE, the following applies:

) When numCpMvp€andLX is less than 2, the following applies:

— The derivation process for constructed affine control point motion vector prediction can
specified in subclause 8.5.3.6 is invoked with the luma coding block location ( xCb, yCb ),
eoding block width cbWidth, the luma coding block height cbHeight, and the reference
the current coding unit refldxLX as inputs, and the availability flag availableConsFl
availability flags availableFlagLX[ cpldx ] and cpMvpLX] cpldx ]| with cpldx = 0..3 as out

— The variable (xNb,yNb) is set equal to (CbPosX[xNbhCil
CbPosY[ xNbCx ][ yNbCx ] ), nbW is set equal to CbWidth[ xNbCy ][ yNbCxk ])and n
equal to CbHeight[ xNbCy ][ yNbCx ].

— If PredFlagLX[ xNbCi ][ yNbCxk ] is equal to 1 and RefldxLX[ xNbCi J[yNbCk] ] is
refldxLX, the following applies:

— The variable availableFlagC is set equal to TRUE.

— The derivation process for luma affine control point motion vectors
neighbouring block as specified in subclause 8,5.3.3 is invoked with the lum|
block location (xCb, yCb), the luma coding block width and height cbW
cbHeight, the neighbouring luma coding;block location ( xNb, yNb ), the neig}
luma coding block width and heightmbW and nbH, and the number of cont
motion vectors numCpMv as inputs, the control point motion vector p
candidates cpMvpLX][ cpldx | withcpldx = 0..numCpMv - 1 as outputs.

— The following assignments.are made:

cpMvpListLXp numCpMvpCandLX ][ 0 ] = cpMvpLX[ 0 ]
cpMyplistLX[ numCpMvpCandLX ][ 1] = cpMvpLX[ 1]
cpMvpListLX[ numCpMvpCandLX ][ 2 ] = cpMvpLX][ 2 ]

numCpMvpCandLX = numCpMvpCandLX + 1

beCk ],
bH is set

equal to

from a
A coding
dth and
itbouring
ol point
redictor

(851)
(852)
(853)

(854)

Hidate as
the luma
index of

LX, the

cpMvpListLX[ numCpMvpCandLX ][ 0 ] = cpMvpLX[ 0 ]
cpMvpListLX[ numCpMvpCandLX ][ 1] = cpMvpLX[ 1]
cpMvpListLX[ numCpMvpCandLX ][ 2 ] = cpMvpLX] 2 ]

numCpMvpCandLX = numCpMvpCandLX + 1

© ISO/IEC 2020 - All rights reserved
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assignments are made:

(855)
(856)
(857)

(858)
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8) The following applies for cpldx = 2..0:
— Ifcpldx is equal to 2 and availableFlagLX[ cpldx ] is equal to 0, cpldx is modified to 3.

— When numCpMvpCandLX is less than 2 and availableFlagLX[ cpldx ] is equal to 1, the following
assignments are made:

cpMvpListLX[ numCpMvpCandLX ][ 0 ] = cpMvpLX] cpldx ] (859)
CPMVpLISTLX[ TumCpMvpCandLX ][ T ] = cpMvpLX[ cpldx ] (860)
cpMvpListLX[ numCpMvpCandLX ][ 2 ] = cpMvpLX] cpldx ] (B861)
numCpMvpCandLX = numCpMvpCandLX + 1 (862)

9) Whenh numCpMvpCandLX is less than 2, the following is repeated until numCpMvp€andLX is equal to
2, with mvZero[ 0 ] and mvZero[ 1 ] both being equal to 0:

cpMvpListLX[ numCpMvpCandLX ][ 0 ] = mvZero (863)
cpMvpListLX[ numCpMvpCandLX ][ 1 ] = mvZero (864)
cpMvpListLX[ numCpMvpCandLX ][ 2 ] = mvZero (865)
numCpMvpCandLX = numCpMvpCandLX + 1 (864)

The affine control point motion vector predictor cpMvpLX.with X being 0 or 1 is derived as follows:

¢pMvpLX = cpMvpListLX][ affine_mvp_flag 1XJxCb ][ yCb ] ] (867)

8.5.3.6 |Derivation process for constructed affine control point motion vector predictio
candidates

=)

Inputs t¢ this process are:

— aluma location ( xCb, yCb )(specifying the top-left sample of the current luma coding block relativie
to the top-left luma sample of the current picture,

— two|variables cbWidth and cbHeight specifying the width and the height of the current luma coding
blogk, and

— thefreference'index of the current coding unit partition refldxLX, with X being 0 or 1.

Outputs|of:this process are:

— the availability flag of the constructed affine control point motion vector prediction candidates
availableConsFlagLX with X being 0 or 1,

— the availability flags availableFlagLX][ cpldx ] with cpldx = 0..3 and X being 0 or 1, and

— the constructed affine control point motion vector prediction candidates cpMvLX[ cpldx ] with
cpldx = 0..3 and X being 0 or 1.

The sample locations (xNbAo, yNbAo), (xNbAi, yNbA;), (xNbAz yNbA;), (xNbBy yNbBy),
(xNbB1, yNbB1 ), (xNbB;, yNbB; ), ( xNbB3, yNbB3 ), and ( xNbC;, yNbC; ) are derived as follows:
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— The sample locations ( xXNbBz, yNbB; ), ( xNbB3, yNbB3 )( xNbA;, yNbA; ) and ( xNbCz, yNbC; ) are set
equalto (xCb-1,yCb-1), (xCb,yCb-1), (xCb -1, yCb) and ( xCb + cbWidth, yCb ) respectively.

— The sample locations (xNbB;,yNbB:i) and (xNbBo,yNbBy) are set -equal to
(xCb + cbWidth - 1, yCb - 1 ) and ( xCb + cbWidth, yCb - 1), respectively.

— The sample locations (xNbAj,yNbA:) and (xNbAo,yNbAy) are set -equal to
(xCb -1, yCb + cbHeight - 1 ) and ( xCb - 1, yCb + cbHeight ), respectively.

The first (top-left) control point motion vector cpMvLX[ 0 ] and the availability flag availableFlagLX[ 0 ]
dre derived in the following ordered steps:

1) The availability flag availableFlagLX][ 0 ] is set equal to 0 and both components of cpMyLX[ 0|] are set
equal to 0.

[\S]

) The following applies for ( xNbTL, yNbTL ) with TL being replaced by B3, B3, afid A::

— The derivation process for neighbouring block motion vector candiddte availability as spegcified in
subclause 6.4.3 is invoked the luma location ( xXNbY, yNbY ) set equalto ( xNbTL, yNbTL ) ps input,
and the output is assigned to the coding block availability flag availableTL.

— When availableTL is equal to TRUE and availableFlagLX][ 0J.is equal to 0, the following applies:

— If PredFlagLX[ xNbTL ][ yNbTL] is equal to 1,and RefldxLX[ xNbTL ][ yNbTL] is pqual to
refldxLX, availableFlagLX][ 0 ] is set equal to 1 and‘the following assignments are made

cpMvVLX[ 0 ] = MvLX[ xNbTL ][ yNbTLdj (868)

—

he second (top-right) control point metion vector cpMvLX[1] and the availability flag
vailableFlagLX[ 1] are derived in the following ordered steps:

Q

1) The availability flag availableFlagl:X[. 1 ] is set equal to 0 and both components of cpMvLX[ 1(] are set
equal to 0.

DN

) The following applies for ( XNbTR, yNbTR ) with TR being replaced in given order by By, B1and Ca:

— The derivation process for neighbouring block motion vector candidate availability as spegcified in
subclause 6.4.3 isjinvoked with the luma location ( xXNbY, yNbY ) set equal to ( xNbTR, yNbTR ) as
input, and the.eutput is assigned to the coding block availability flag availableTR.

— When availableTR is equal to TRUE and availableFlagLX][ 1 ] is equal to 0, the following applies:

—PredFlagLX[ xNbTR ][ yYNbTR ] is equal to 1, and RefldxLX[ xNbTR ][ yNbTR] is pqual to
refldxLX, availableFlagLX[ 1 ] is set equal to 1 and the following assignments are made

A b AL

cpMVEXT T =MvEXTXNDTRITyNDTRT (869)

The third (bottom-left) control point motion vector cpMvLX[2] and the availability flag
availableFlagLX[ 2 ] are derived in the following ordered steps:

1) The availability flag availableFlagLX][ 2 ] is set equal to 0 and both components of cpMvLX[ 2 ] are set
equal to 0.

2) The following applies for ( xNbBL, yNbBL ) with BL being replaced by A; and Ao:
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— The derivation process for neighbouring block motion vector candidate availability as specified in
subclause 6.4.3 is invoked the luma location ( xXNbY, yNbY ) set equal to ( xNbBL, yNbBL ) as input,
and the output is assigned to the coding block availability flag availableBL.

— When availableBL is equal to TRUE and availableFlagLX][ 2 ] is equal to 0, the following applies:

— If PredFlagLX[ xNbBL ][ yNbBL ] is equal to 1, and RefldxLX[ xNbBL ][ yNbBL ] is equal to

refldxLX, availableFlagLX][ 2 ] is set equal to 1 and the following assignments are made:

The foy
availablg

1) The

cbW

2) The 4
equal

3) The f

— TH

subclause 6.4.3 is invoked with the luma location ( xNbY,.yNbY ) set equal to ( xNbBR, yNbBR ) a

in

— W

The vari

— Ifavd
to 1,

— Othet
is equ
appli

¢

CpMVLX[ 2 = MVLX[xNbBL J[[yNbBL ] 87

irth (bottom-right) control point motion vector cpMvLX[3] and the availability” fla
eFlaglX[ 3 ] are derived in the following ordered steps:

sample locations (xNbCi, yNbC:i) and (xNbCo, yNbCo) are set equal” to (xCb
idth, yCb + cbHeight - 1 ) and ( xCb + cbWidth, yCb + cbHeight ), respectively:

vailability flag availableFlagLX][ 3 ] is set equal to 0 and both componentsief cpMvLX[ 3 ] are s¢
to 0.

bllowing applies for ( xNbBR, yNbBR ) with BR being replaced byC: and Co:

e derivation process for neighbouring block motion vectof.candidate availability as specified i
put, and the output is assigned to the coding block availability flag availableBR.

hen availableBR is equal to TRUE and availableFlagLX[ 2 ] is equal to 0, the following applies:

If PredFlagLX[ xNbBR ][ yNbBR] is equal~to 1, andRefldxLX[ xNbBR ][ yNbBR ] is equal t
refldxLX, availableFlagLX][ 3 ] is set equal to 1 and the following assignments are made:

cpMvLX[ 3 ] = MvLX[ xNbBRJ[yNbBR ] (871
able availableConsFlagLX is derived as follows:

ilableFlagLX][ 0 ] is equdl to 1, availableFlagLX[ 1] is equal to 1, and availableFlagLX][ 2 ] is equz
hvailableConsFlagLX is set equal to 1.

wise, if availableéFlagLX[ 0 ] is equal to 1, availableFlagLX[ 1 ] is equal to 1, availableFlagLX] 2

1al to 0, and ayvailableFlagLX[ 3 ] is equal to 1, availableConsFlagLX is set equal to 1, and followin
bS:
pMvLEX[ 2 ] = Clip3( -215, 215 = 1, cpMvLX[ 3 ] + cpMvLX[ 0 ] - cpMVLX[1]) (872

[0)°]

F

—

=]

[=]

]

09 —

— Othe

MotionModelldc[ xCb ][ yCb ] is equal to 1, availableConsFlagLX is set equal to 1.

— Otherwise, availableConsFlagLX is set equal to 0.

8.5.3.7

Derivation process for motion vector arrays from affine control point motion vectors

Inputs to this process are:

> L .11 VAV etk | . 14 4 111 1IN0 4 1 . 1 4 A
WISC, I dvdlldUICTIdgLAT U [ IS Cudl LU 1, dvdlldDICTIdgLAT 17 15 €qudl LU 1, dll

— alumalocation ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the top-

left

212

luma sample of the current picture,
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two variables cbWidth and cbHeight specifying the width and the height of the luma coding

the number of control point motion vectors numCpMy,

020(E)

block,

the control point motion vectors cpMvLX] cpldx ], with cpldx = 0.numCpMv - 1 and X being 0 or 1,

the prediction list utilization flags predFlagLX, with X being 0 or 1, and

— thereference index refldxL.X and X being 0 or 1.

d

-

<

utputs of this process are:

he variables sizeSbX, sizeSbY, numSbX, numSbyY, .and clipMV flag are derived accoj
ubclause 8.5.3.8.

Vhen predFlaglX is equal to 1, the following applies for X being 0 and 1:

the number of luma coding subblocks in horizontal direction numSbX and in wertical dlirection

numSby,
the size of luma coding subblocks in horizontal direction sizeSbX and in vertical direction si

the luma subblock motion vector array mvLX[ xSbldx ][ ySbldx J¢tvith xSbldx = 0..nuny
ySbldx = 0.numSbY - 1 and X being 0 or 1, and

the chroma subblock motion vector array mvCLX[ xSbldx |['ySbldx ] with xSbldx = 0..nunj
ySbldx = 0.numSbY - 1 and X being 0 or 1.

Horizontal change of motion vector dX,véttical change of motion vector dY and base motid
mvBaseScaled are derived by invoking the process as specified in subclause 8.5.3.9 with f{

zeSby,

1SbX - 1,

1ISbX - 1,

ding to

n vector
he luma

coding block width cbWidth, the luma coding block height cbHeight, number of control point motion

vectors numCpMyv and the contro) point motion vectors cpMvLX[ cpldx | with cpldx = 0..nun
1 as inputs.

For ySbldx = 0..numSbY*~1:
— For xSbldx = 0..numSbX - 1:
— The luma motion vector mvLX[ xSbldx ][ ySbldx ] is derived as follows:
XPosSb = sizeSbX * xSbldx + ( sizeSbX >> 1)

yPosSb = sizeSbY * ySbldx + ( sizeSbY >> 1)

nCpMv -

(873)

(874)

+Shlds
o1

(875)

sz 1L 101 L Do
Ty Zo N | Crvoast

mvLX[ xSbldx ][ ySbldx ][ 1] = (mvBaseScaled[ 1] + dX[ 1] * xPosSb + dY[ 1 ] * yPosSb )

— The rounding process for motion vectors as specified in subclause 8.5.3.10 is invoked

(876)

the with

mvX set equal to mvLX[ xSbldx ][ ySbldx ], rightShift set equal to 5, and leftShift set equal to 0

as inputs, and the rounded mvLX[ xSbldx ][ ySbldx ] as output.
— The motion vectors mvLX][ xSbldx ][ ySbldx ] are clipped as follows:

mvLX[ xSbldx ][ ySbldx ][ 0 ] = Clip3( -217, 217 — 1, mvLX[ xSbldx ][ ySbldx ][ 0] )
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mvLX[ xSbldx ][ ySbldx ][ 1] = Clip3( -217, 217 - 1, mvLX][ xSbldx ][ ySbldx ][ 1] ) (878)

— The derivation process for chroma motion vectors as specified in subclause 8.5.2.6 is invoked
with  mvLX[xSbldx ][ ySbldx] as input, and the chroma motion vector

8.5.3.8

mvCLX[ xSbldx ][ ySbldx ] as output.

Derivation process for affine subblock size

Inputs te-this processare:

— two|variables cboWidth and cbHeight specifying the width and the height of the luma coding blogk,

— the number of control point motion vectors numCpMy,

— the|control point motion vectors cpMvLX[ cpldx ], with cpldx = 0.numCpMv - 1 and-¥Xbeing 0 or
and

— the prediction list utilization flags predFlaglLX, with X being 0 or 1.

Outputs|of this process are:

— thepize of luma coding subblocks in horizontal direction sizeSbX and in vertical direction sizeSbY,

— the|number of luma coding subblocks in horizontal directign/numSbX and in vertical directio
numSbyY, and

— theflag clipMV indicating motion vector clipping type for blocks processed with EIF.

The varipbles sizeSbX and sizeSbY are derived as follows:

— sizeSbX is set equal to cbWidth.

— sizeSbY is set equal to cbHeight.

The varipbles eifCanBeAppliedX and ¢lipMVX are derived as follows for X being 0 and 1:

— eifCanBeAppliedX is set equal'to TRUE.

— clipMVXis set equal to.EALSE.

The varipble eifSubbloekSize is set equal to 4.

When predFlaglX\is equal to 1, the following applies for X being 0 and 1:

— Horjizontal change of motion vector dX, vertical change of motion vector dY and base motion vectd

mvBaseScatedare derived by invoking the process as specified i subclause 8-5:3:9with the tum

I

a

coding block width cbWidth, the luma coding block height cbHeight, number of control point motion
vectors numCpMv and the control point motion vectors cpMvLX[ cpldx ] with cpldx = 0.numCpMv -

1as

— The

214

inputs.

variable mvWx and mvWy are derived as follows:

mvWx = Max( Abs(dX[0]), Abs(dX[1])) (879)
mvWy = Max( Abs(dY[0]), Abs(dY[1])) (880)
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— The variable sizeSbXTemp is specificed in Table 22 according to the value of mvWx.
— The variable sizeSbYTemp is specificed in Table 23 according to the value of mvWy.

— The variable sizeSbX is modified as follow:
sizeSbX = Min( sizeSbX, sizeSbXTemp )

— The variable sizeSbY is modified as follow:
sizeSbY = Min( sizeSbY, sizeSbYTemp )

Table 22 — Specification of sizeSbXTemp for various input values of mvWx

mvWx 0 1 2 3 4 >4
sizeSbX cbWidth 32 16 8 8 4

Table 23 — Specification of sizeSbYTemp for various inputvalues of mvWy

mvWy 0 1 2 3 4 >4
sizeSbY cbHeight 32 16 8 8 4

— The variables eifCanBeAppliedX and clipMVX are modifi€d as follows:

— Thearrays X[i]and Y[i] are derived as follows:

X[0]=0

X[ 1] = (eifSubblockSize + 1 ¥ (dX[0]+(1<<9))
X[ 2] = (eifSubblockSize'+ 1) *dY[ 0]
X[3]1=X[1]+X[2]

Y[0]=0

Y[ 1] =(®ifSubblockSize + 1) *dX[ 1]

Y{2) = ( eifSubblockSize + 1) * (dY[1]+(1<<9))

Y[3]=Y[1]+Y[2]

— The variable Xmax is set equal to maximum of X[ i ] for i is equal 0..3.

— The variable Xmin is set equal to minimum of X[ i | for i is equal 0..3.

— The variable Ymax is set equal to maximum of Y[ i ] fori is equal 0..3.

— The variable Ymin is set equal to minimum of Y[ i | for i is equal 0..3.

— The variable W is set equal to ( Xmax - Xmin+ (1<<9)-1)>>0.
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— The variable H is setequal to (Ymax - Ymin+ (1<<9)-1)>>09.
— If(W+2)*(H+ 2)is greater than 72, the variable clipMVX is set equal to TRUE.

— IfdY[1]isless than ( (-1) << 9), then the variable eifCanBeAppliedX is set equal to
FALSE.

— QOtherwise, the following applies:

— If (Max(0,dY[1])+Abs(dX[1]))* (1 + eifSubblockSize ) is greater than ( 1 <<'9)),
then the variable eifCanBeAppliedX is set equal to FALSE.

The varipbles eifCanBeApplied and clipMV are derived as follows:

eifCanBeApplied = eifCanBeApplied0 & eifCanBeApplied1 (891

—

clipMV = clipMVO | clipMV1 (892

If eifCanBeApplied is equal to FALSE, then the variables sizeSbX and sizeSbY are modified as follows:
sizeSbX = Max( 8, sizeSbX ) (893
sizeSbY = Max( 8, sizeSbY ) (894

The number of luma coding subblocks in horizontal diection numSbX and in vertical direction numSb}y
are deriyed as follows:

numSbX = cbWidth / sizeSbX (895

numSbY = cbHeight / sizeSbY (896

8.5.3.9 |Derivation process for affine motion model parameters from control point motion vectorjs
Inputs to this process are:

— two|variables cbWidth and cbHeight specifying the width and the height of the luma coding block,
— the number of €ontrol point motion vectors numCpMv, and

— the control-point motion vectors cpMvLX[ cpldx ], with cpldx = 0.numCpMv - 1 and X being 0 or 1.

ofthic nrocess ara:
Outputslefthisprocessare:

— the horizontal change of motion vector dX,

— the vertical change of motion vector dY, and

— the motion vector mvBaseScaled corresponding to the top-left corner of the luma coding block.
The variables 1og2CbW and log2CbH are derived as follows:

log2CbW = Log2( cbWidth ) (897)
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log2CbH = Log2( cbHeight )

Horizontal change of motion vector dX is derived as follows:
dX[0]=(cpMVLX[1][0]-cpMVLX[0][0]) << (7 -log2CbW)
dX[1]=(cpMVLX[1][1]-cpMVLX[0][1]) << (7 -log2CbW)

Vertical change of motion vector dY is derived as follows:

(898)

(899)

(900)

~ If numCpMv is equal to 3, dY is derived as follow:
dY[0]=(cpMVLX[2][0] -cpMVLX[0][0]) << (7 -1log2CbH)

dY[1]=(cpMvLX[2][1]-cpMVLX[O0][1]) << (7 -log2CbH)

— Otherwise ( numCpMv is equal to 2), dY is derived as follows:
dY[0]=-dX[1]

dY[1]=dX[0]

=h =

bllows:

mvBaseScaled[ 0] =cpMvLX[0][0] << 7

mvBaseScaled[ 1] =cpMvLX[0][1] << 7

8.5.3.10 Rounding process for motion vectors

[l

hputs to this process are:

+ the motion vector mvX,

— the right shift paramieter rightShift for rounding, and

— the left shift parameter leftShift for resolution increase.

Qo

utput of this’process is the rounded motion vector mvX.
Hor the reunding of mvX, the following applies:

offset = (rightShift==0) ? 0 : (1 << (rightShift-1))

lotion vector mvBaseScaled corresponding to the top-leftcorner of the luma coding block is de

(901)

(902)

(903)

(904)

rived as

(905)

(906)

(907)

mvX[0]=((mvX[O0]+offset— (mvX[ 0] >= 0)) >> rightShift) << leftShift

mvX[1]=((mvX[1]+offset— (mvX[1] >= 0)) >> rightShift) << leftShift
8.5.4 Decoding process for inter prediction samples

8.5.4.1 General

Inputs to this process are:
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— aluma location ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative
to the top-left luma sample of the current picture,

— two variables nCbW and nCbH specifying the width and the height of the current luma coding block,

— variables numSbX and numSbY specifying the number of luma coding subblocks in horizontal and
vertical direction,

— the

luma motion vectors in 1/16 fractional-sample accuracy mvLO[ xSbldx ][ ySbldx] with

xSb
xSb

— the
xSb

— the
xSb
xSb

— the

with xSbldx = 0.numSbX -1, ySbldx = 0.numSbY -1, and refMvCL1[xSbldx ][ySbldx] wit

xSb

— the

— the

— the

— the

with cpldx = 0.numCpMv - 1, and

— clip
Outputs

— an
der

—  why
pre

sub

— whd

dx = 0.numSbX -1, and ySbldx=0.numSbY -1, and mvL1|xSbldx |[ySbldx| wait
dx = 0.numSbX - 1, and ySbldx = 0..numSbY - 1,

refined motion vectors refMvLO[xSbldx ][ ySbldx] and refMvL1[xSbldx ][ ySbldx] wit
dx = 0.numSbX - 1, and ySbldx = 0..numSbY - 1,

chroma motion vectors in 1/32 fractional-sample accuracy mvCLO[ xSbldx-|[ ySbldx ] wit
dx = 0.numSbX - 1, ySbldx = 0..numSbY -1, and mvCL1[ xSbldx ][ ySbldx ] wit]
dx = 0.numSbX - 1, ySbldx = 0..numSbY - 1,

refined chroma motion vectors in 1/32 fractional-sample accuracy.refMvCLO[ xSbldx ][ ySbldx
dx = 0.numSbX - 1, ySbldx = 0..numSbY - 1,

reference indices refldxL0 and refldxL1,

prediction list utilization flags, predFlagL0, and predFlaglL1,

number of control point motion vectors numGpMyv,

control point motion vectors cpMvLO[ cpldx | with cpldx = 0.numCpMv - 1 and cpMvL1][ cpldx

MV flag specifying motion vectorclipping type.
of this process are:

nCbW)x(nCbHy) array predSamples;, of luma prediction samples, where nCbW,, and nCbHj, ar
ved as specified inthis subclause,

n ChromaAtfrayType is not equal to 0, an (nCbW¢)x(nCbH¢) array preSamplesc, of chrom
Hiction samples for the component Cb, where nCbW¢ and nCbH¢ are derived as specified in thi

rlauseand

n_GhromaArrayType is not equal to 0, an (nCbW¢)x(nCbHc) array predSamplesc: of chrom

==

jam qupr—

wn 9O

[<9)

resi

duatsamptesfor the component €r;, wiere nCbWeand m€bHe are derivedasspecified imth

subclause.

The variables nCbWy and nCbHj, are set equal to nCbW and nCbH, respectively, and the variables nCbW¢
and nCbHc¢ are set equal to nCbW / SubWidthC and nCbH / SubHeightC, respectively.

Let predSamplesL0; and predSamplesL1; be (nCbW)x(nCbH) arrays of predicted luma sample values
and, when ChromaArrayType is not equal to 0, predSampleLOcy,, predSampleL1cy,, predSampleLOcr, and
predSampleL1c: be (nCbW / SubWidthC)x(nCbH / SubHeightC) arrays of predicted chroma sample

values.
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For X being each of 0 and 1, when predFlagLX is equal to 1, the following applies:

— Thereference picture consisting of an ordered two-dimensional array refPicLX.. of luma samples and,
when ChromaArrayType is not equal to 0, two ordered two-dimensional arrays refPicLXc, and
refPicLXcr of chroma samples is derived by invoking the process as specified in subclause 8.5.4.2 with
refldxLX as input.

— The width and the height of the current luma coding subblock sbWidth, sbHeight are derived as

follows:
sbWidth = nCbW / numSbX (910)
sbHeight = nCbH / numSbY (911)

- If affine_flag is equal to 1 and one of the variables sbWidth, sbHeight is less“than 8, the fpllowing
applies:

— Horizontal change of motion vector dX, vertical change of motioir vector dY and bas¢ motion
vector mvBaseScaled are derived by invoking the process asSpecified in subclause 8.5|3.9 with
the luma coding block width nCbW, the luma coding block ti€ight nCbH, number of contfol point
motion vectors numCpMv and the control point motion-vectors cpMvLX[ cpldx ] with cpldx =
0.numCpMv - 1 as inputs.

— The array predSamplesLX; is derived by inveking interpolation process for enhanced
interpolation filter as specified in subclause8)5.4.4.1 with the luma location ( xSb, ySb), the
luma coding block width nCbW, the luma coding block height nCbH, horizontal change of motion
vector dX, vertical change of motion vector dY, base motion vector mvBaseScaled, the reference
array refPicLX;, sample bit depth BitDepthy, picture width pic_width_in_luma_samplef, height
pic_height_in_luma_samples, clipM¥ flag and flag isLuma equal to TRUE as inputs.

— When ChromaArrayType is not-equal to 0, the following applies:

— The arrays predSamplesLXCb, is derived by invoking interpolation process for ephanced
interpolation filter as specified in subclause 8.5.4.4.1 with the luma location ( xSb, ySb ), the
luma coding block width nCbW, the luma coding block height nCbH, horizontal change of
motion vecter dX, vertical change of motion vector dY, base motion vector mvBageScaled,
the reference array refPicLXq, sample bit depth BitDepthe, picture width
pic_width_in_luma_samples and height pic_height_in_luma_samples, clipMV flag [and flag
iskuma equal to FALSE as inputs.

~<\The arrays predSamplesLXc, is derived by invoking interpolation process for ephanced
interpolation filter as specified in subclause 8.5.4.4.1 with the luma location ( xSb, ySb ), the
luma coding block width nCbW, the luma coding block height nCbH, horizontal change of
motion vector dX, vertical change of motion vector dY, base motion vector mvBageScaled,
the reference array refPicLXc, sample bit depth BitDepthe, picture width
pic_width_in_luma_samples and height pic_height_in_luma_samples, clipMV flag and flag
isLuma equal to FALSE as inputs.

— Otherwise, for each coding subblock at subblock index ( xSbldx, ySbldx ) with xSbldx = 0..numSbX - 1,
and ySbldx = 0.numSbY - 1, the following applies:

— The luma location ( xSb, ySb ) specifying the top-left sample of the current coding subblock relative
to the top-left luma sample of the current picture is derived as follows:

(xSb,ySb) = (xCb + xSbldx * sbWidth, yCb + ySbldx * sbHeight ) (912)
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— The motion vector offset mvOffset is set equal to
refMvLX[ xSbldx ][ xSbldx | - mvLX[ xSbldx ][ ySbldx ].

— The variable isChromaPresent is set equal to TRUE if ChromaArrayType is not equal to 0, and is set
equal to FALSE otherwise.

— The arrays predSamplesLX; and, when isChromaPresent, predSamplesLXcp, and predSamplesLXcr
are derived by invoking the fractional sample interpolation process as specified in
subclause 8.5.4.3.1 with the luma locations ( xSb, ySb ), the luma coding block width sbWidth, the
luma coding block height sbHeight, the refined motion vector refMvLX[ xSb ][ ySb ], the lum|
moption vector offset mvOffset, the reference array refPicLX, the chroma component preSende
indicator isChromaPresent, and, when isChromaPresent, motion vector refMvCLX[ xSb ][ ySb'{, and
the reference arrays refPicLXcp, refPicLXcr as inputs.

[<9)

The prediction samples inside the current luma coding block, predSamplesixi][y.] with
x, = 0.nCbW - 1 and y, = 0.nCbH - 1, are derived by invoking the sample prediction process as specified
in subclause 8.5.4.5 with the coding block width nCbW, the coding block height 1iCbH and the sample
arrays predSamplesLO;, and predSamplesLl;, and the variables predFlagL0;‘predFlagL1, refldxL0,
refldxL1 and cldx equal to O as inputs.

When ChromaArrayType is not equal to 0, the prediction samples insidethe current chroma componernt
Cb cpding block, predSamplescs[ xc ][ yc ] with x¢=0..nCbW / SubWidthC - 1 and
yc = 0.nCbH / SubHeightC - 1, are derived by invoking the sample/prediction process as specified in
subclauge 8.5.4.5 with the coding block width nCbW set equakto nCbW / SubWidthC, the coding block
height nCbH set equal to nCbH / SubHeightC, the sample arrays predSamplesLOc, and predSamplesL1c},
and the yariables predFlagL0, predFlagL1, refldxL0, refldxliy and cldx equal to 1 as inputs.

When ChromaArrayType is not equal to 0, the prediction samples inside the current chroma componerjt
Cr cpding block, predSamplesc | xc ][ ye with xc = 0.nCbW / SubWidthC - 1 anfd
yc = 0.nCbH / SubHeightC - 1, are derived by ‘invoking the sample prediction process as specified in
subclauge 8.5.4.5 with the coding block widthnCbW set equal to nCbW / SubWidthC, the coding block

height nCbH set equal to nCbH / SubHeightC, the sample arrays predSamplesLO¢- and predSamplesL1d,
and the yariables predFlagL0, predFlagL]1, refldxL0, refldxL1 and cldx equal to 2 as inputs.

8.5.4.2 |Reference picture selection process

Input to|this process is a referénce index refldxLX.

Outputs|of this process are:

— areference-picture consisting of a two-dimensional array of luma samples refPicLX;, and

— whén ChromaArrayType is not equal to 0, two two-dimensional arrays of chroma samples refPicLX
andlrefPicl Xc.

o

The output reference picture RefPicListX[refldxLX] consists of a pic_width_in_luma_samples by
pic_height_in_luma_samples array of luma samples refPicLX; and, when ChromaArrayType is not equal
to 0, two PicWidthInSamplesC by PicHeightinSamplesC arrays of chroma samples refPicLXc, and
refPicLXcr.

The reference picture sample arrays refPicLXi, refPicLXcy, and refPicLXc: correspond to decoded sample
arrays Si, Scp, and Ser derived in subclause 8.8 for a previously-decoded picture.
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8.5.4.3 Fractional sample interpolation process

8.5.4.3.1 General
Inputs to this process are:

— aluma location ( xSb, ySb ) specifying the top-left sample of the current coding subblock relative to
the top-left luma sample of the current picture,

4+ avariable sbWidthLX specifying the width of the current coding subblock in luma samples,
+ avariable sbHeightLX specifying the height of the current coding subblock in luma samples
+ arefined luma motion vector refMvLX given in 1/16-luma-sample units,

4+ amotion vector offset mvOffset given in 1/16-luma-sample units,

+ the selected reference picture sample array refPicLXi,

+ chroma component presence indicator isChromaPresent,

+ when isChromaPresent, a chroma motion vector mvCLX given in 1/32-chroma-sample unitg, and

4+ when isChromaPresent, selected reference picture sample arrays refPicLXc, and refPicLXc;.

Q

utputs of this process are:

— an (sbWidthLX)x(sbHeightLX) array predSamplesLX; of prediction luma sample values, and

+— when isChromaPresent, two (sbWidthLX / SubWidthC)x(sbHeightLX / SubHeightC)| arrays
predSamplesLXc, and predSamplesLXc: of prediction chroma sample values.

The motion vector mvLX is set equal to ( refMvLX - mvOffset ).

—

et ( xInty, yInt;, ) be a lumalgcation given in full-sample units and ( xFracy, yFracy, ) be an offset/given in
/16-sample units. TheSe)variables are used only in this subclause for specifying fractional-sample
pcations inside the reference sample arrays refPicLX;, refPicLXc, and refPicLXc;.

—_—

=

he top-left coerdinate of the bounding block for reference sample padding ( xSbIntL, ySbintL. ) is set
qual to ( (xSb+(mvLX[0] >> 4),ySb+ (mvLX[1] >> 4)).

@D

—

he top:left coordinate of the chroma bounding block for reference sample padding ( xSbIntC, ySbIntC )
b set equal to ((xSb / SubWidthC) + (mvLX[ 0] >> 5), (ySb / SubHeightC )+ (mvLX[1] >> §)).

[

oreach tuma sample tocation {xr=t0sbWidth—1; yr=0bHeight =1 ) insidethe prediction luma
sample array predSamplesLX;, the corresponding prediction Iuma sample value
predSamplesLX.[ xi. ][ yi. ] is derived as follows:

— The variables xInty, yInti, xFrac. and yFrac, are derived as follows:

xInt, =xSb + (refMvLX[ 0] >> 4) +x. (913)
yInt, =ySb + (refMvLX[ 1] >> 4) +y. (914)
xFrac, =refMvLX[ 0] & 15 (915)
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yFrac. = refMvLX[ 1] & 15 (916)

— The

prediction luma sample value predSamplesLX.i[ xi. ][ y. ] is derived by invoking the process as

specified in subclause 8.5.4.3.2 with (xInty, yInt.,), ( xFracy, yFracy. ), ( xSbint, ySbint ), sbWidth,

sbH

eight and refPicLX; as inputs.

If isChromaPresent the following applies:

Let
givd
frad
For
(xc
san|
valy

8.5.4.3.]
Inputs t
— alum

— alum

( xIntc, yIntc ) be a chroma location given in full-sample units and ( xFracc, yFracc ) be an offset
n in 1/32 sample units. These variables are used only in this subclause for specifying general
tional-sample locations inside the reference sample arrays refPicLXc, and refPicLXc;.

each chroma sample locatio
= 0..sbWidth / SubWidthC - 1, y¢ = 0..sbHeight / SubHeightC - 1) inside the prediction chroma
ple arrays predSamplesLXc, and predSamplesLXcr, the corresponding predictiod.chroma sampl
es predSamplesLXco[ Xc ][ yc ] and predSamplesLXc [ xc ][ yc ] are derived as follows:

-

¢}

The variables xIntc, yIntc, xFracc and yFracc are derived as follows:

xIntc = (xSb / SubWidthC ) + (mvCLX[0] >> 5) + xc (917
yIntc = (ySb / SubHeightC) + (mvCLX[ 1] >> 5) +y¢ (918
xFracc=mvCLX[0] & 31 (919
yFracc=mvCLX[ 1] & 31 (920

The prediction sample value predSamplesLX&[ xc ][ ve ] is derived by invoking the process 4
specified in subclause 8.5.4.3.3 with (%Intc, yIntc), (xFracc, yFracc), (xSbIntC, ySbintC ),
sbWidth / SubWidth(C, sbHeight / SubHeightC and refPicLXc, as inputs.

[72)

The prediction sample value predSamplesLXc:[ xc ][ yc] is derived by invoking the process 4
specified in subclause 8.5.4.3.3” with (xIntc, yIntc), (xFracc, yFracc), (xSbIntC, ySbintC ),
sbWidth / SubWidth(C, sbHeight / SubHeightC and refPicLXc: as inputs.

[72)

P Luma sample interpolation process
b this process are:
a location in‘full-sample units ( xInty, yInty. ),

a locatien’in fractional-sample units ( xFraci, yFracy, ),

— a lum

alocation in full-sample units ( xSbinti, ySbint., ) specifying the top-left sample of the bounding

block for reference sample padding relative to the top-Ieft [uma sample of the reference picture,

— the luma reference sample array refPicLXL,

— avariable sbWidth specifying the width of the current subblock, and

— avariable sbHeight specifying the height of the current subblock.

Output of this process is a predicted luma sample value predSampleLX;.

The vari

222

ables shift1, shift2 and offset2 are derived as follows:
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— The variable shiftl is set equal to Min( 4, BitDepthy — 8), and the variable shift2 is set equal to

Max( 8, 20 - BitDepthy ).

— The variable offset2 is setequal to 1 << (shift2 - 1).

The variable picW is set equal to pic_width_in_luma_samples and the variable picH is set equal to

pic_height_in_luma_samples.

The luma interpolation filter coefficients f.[ p ] for each 1/16 fractional sample position p equal to xFraci.

dr ykracy, are specified in Table 24 or Table 25.

The luma locations in full-sample units ( xInt;, yInt; ) are derived as follows fori = 0..7:
xInt; = Clip3( 0, picW - 1, xInt, +i -3 )

yInt; = Clip3( 0, picH - 1, yInt, +i-3)

The luma locations in full-sample are further modified as follows for i = 057

xInt; = Clip3( xSbInt, — 3, xSblnt;, + sbWidth + 3, xInt; )

yInt; = Clip3( ySblnt., - 3, ySbint, + sbHeight + 3, yInt; )

—

he predicted luma sample value predSampleLX is derived as follows:

- If both xFraciand yFracy, are equal to 0, the value of predSampleLX is derived as follows:

predSampleLX;, = refPicLX.[ xIntsz ][ yIntz

- Otherwise, if xFracy, is not equal to 0 and yFracy, is equal to 0, the value of predSampleLX, is dg
follows:

predSamplelLX;, = Clip3( 0, (1" << BitDepthy) — 1,
(X7, fu xFrac, ][ 1] *_refPicLX.[xInt][yInts]) >> 6)

- Otherwise, if xFracy islequal to 0 and yFraci. is not equal to 0, the value of predSampleLXy is d¢
follows:

predSamplelX{ =
Clip3( 0} << BitDepthy) — 1,( X7, fi[ yFracL][i] * refPicLX.[ xInt3 ][ yInti]) >> 6)

— Otherwise, if xFracis not equal to 0 and yFracy. is not equal to 0, the value of predSampleLX. i
as folows:

(921)

(922)

(923)

(924)

(925)

brived as

(926)

brived as

(927)

derived

o7 3

TLhL 1 £ L ] il A | 3 A | £11
11T DallllJlC dl lCly LCIIIPL llJ VVILIT I = V..7, 15 UCIT1IVLCU dS TUIIUVV S,
temp[n]= (Zi7=0 fi[ xFrac. ][1] * refPicLXy[ xInt; ][ yInt, ] ) >> shiftl
— The predicted luma sample value predSampleLX is derived as follows:

predSamplelLX;, =
Clip3(0, (1 << BitDepthy) — 1, (( Y ofi[yFrac.][i] = temp[i]) + offset2) >>
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Table 24 — Specification of the luma interpolation filter coefficients fi[ p ] for each 1/16
fractional sample position p for sps_admvp_flag ==

Fractional sample interpolation filter coefficients
position p filpllO]|filpll1]|filp]l[2]|flp][3]|filpl[4]|flp][5]|filpll6]|filp1[7]
1 0 1 -3 63 4 -2 1 0
2 -1 2 -5 62 8 -3 1 0
3 -1 3 -8 60 13 -4 1 0
4 -1 4 -10 58 17 -5 1 0
5 -1 4 -11 52 26 -8 3 -1
6 -1 3 -9 47 31 -10 4 -1
7 -1 4 -11 45 34 -10 4 1
8 -1 4 -11 40 40 -11 4 -1
9 -1 4 -10 34 45 -11 4 -1
10 -1 4 -10 31 47 -9 3 -1
11 -1 3 -8 26 52 -1I 4 -1
12 0 1 -5 17 58 =10 4 -1
13 0 1 -4 13 60 -8 3 -1
14 0 1 -3 8 62 -5 2 -1
15 0 1 -2 4 63 -3 1 0

Table 25 — Specification of the luma interpolation filter coefficients f.[ p ] for each 1/16
fractional sample position p for sps_admvp_flag = =

Fractional sample interpolation filter coefficients
position p filpllO]ffpll 1] hlpI[2]|alpl[3]1|filp1[4]|ilp1[5]|filp]l6]filp][7]
1 na na na na na na na na
2 na na na na na na na na
3 na na na na na na na na
4 0 1 -5 52 20 -5 1 0
5 na na na na na na na na
6 na na na na na na na na
7 na na na na na na na na
8 © 2 =16 46 46 =16 2 6
9 na na na na na na na na
10 na na na na na na na na
11 na na na na na na na na
12 0 1 -5 20 52 -5 1 0
13 na na na na na na na na
14 na na na na na na na na
15 na na na na na na na na
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NOTE The value 0 specified in Tables 24 and 25 can be considered as the value "na" for the implementation.

8.5.4.3.3 Chroma sample interpolation process
Inputs to this process are:
— a chroma location in full-sample units ( xIntc, yIntc ),

— a chroma location in 1/32 fractional-sample units ( xFracc, yFracc ),

— a chroma location in full-sample units (xSbIntC, ySbIntC) specifying the top-left sample of the
bounding block for reference sample padding relative to the top-left chroma sample of the reference
picture,

- a variable sbWidth specifying the width of the current chroma subblock,

- a variable sbHeight specifying the height of the current chroma subblock, and

- the chroma reference sample array refPicLXc.

Q

utput of this process is a predicted chroma sample value predSampleLXc.

The variables shift1, shift2 and offset2 are derived as followss:

— The variable shiftl is set equal to Min( 4, BitRepthc — 8), the variable shift2 is set ¢qual to
Max( 8, 20 - BitDepthc).

- The variable offset2 is setequal to 1 << (shift2 -1).

—

he variable picW¢ is set equal to pic_width_in_luma_samples / SubWidthC and the variable pidH¢ is set
qual to pic_height_in_luma_samples /£ SubHeightC.

(0]

=

he luma interpolation filter coefficients f¢[ p ] for each 1/32 fractional sample position p equal to xFracc
r yFracc are specified in Table.26 or Table 27.

o

The chroma locations in full-sample units ( xInt;, yInt; ) are derived as follows fori = 0..3:
xInt; = Clip3(\0;-picW¢ - 1, xIntc +i-1) (930)
yInti = €lip3( 0, picHc - 1, yIntc +i-1) (931)
The chroma locations in full-sample units ( xInt;, yInt; ) are further modified as follows for i = 0..B:

xInt; = Clip3( xSbIntC - 1, xSbIntC + sbWidth + 1, xInt;) (932)

yInt; = Clip3( ySbIntC - 1, ySbIntC + sbHeight + 1, yInt; ) (933)
The predicted chroma sample value predSampleLX¢is derived as follows:
— If both xFraccand yFracc are equal to 0, the value of predSampleLX¢ is derived as follows:
predSampleLX¢ = refPicLX¢[ xInt; ][ yInt; ] (934)

— Otherwise, if xFraccis not equal to 0 and yFracc is equal to 0, the value of predSampleLXc is derived as
follows:
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predSampleLXc = Clip3(0, (1 << BitDepthc) — 1,
(2o fc[ xFracc][i] * refPicLXc[ xInti][yInt:]) >> 6)

(935)

— Otherwise, if xFraccis equal to 0 and yFracc is not equal to 0, the value of predSampleLXc is derived as
follows:

predSampleLXc = Clip3(0, (1 << BitDepthc) — 1,

(Xiofc[yFracc][i] * refPicLXc[xInt; ][ yInti] ) >> 6) (936)
— Otheiwise, if xFraccis not equal to 0 and yFracc is not equal to 0, the value of predSampleLXc is derived
as follows:

Tabl
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fc[ yFrace
fc[ yFrace
fc[ yFrace

Il
Il
I

Che sample array temp[ n | with n = 0..3, is derived as follows:
temp[n]= (Zi3=o fo[ xFracc ][ 1] * refPicLXc[ xInt; ][ yInt, ] ) >> shiftl (937
The predicted chroma sample value predSampleLXc is derived as follows:

predSampleLXc = Clip3( 0, (1 << BitDepthc) - 1, ( offset2 +

fc[ yFracc][0] *temp[ 0] +
1]*temp[1]+
2] *temp[2] +
3] *temp[ 3]) >> shift2)

p 26 — Specification of the chroma interpolationfilter coefficients fC[ p ] for each 1/32
fractional sample position p for'sps_admvp_flag = =

(938

Fractional sample] interpolation filter coefficients
position p fe[pl[0], Sflpll1] | flpll2] | flpl[3]
1 -1 63 2 0
2 -2 62 4 0
3 -2 60 7 -1
4 -2 58 10 -2
5 -3 57 12 -2
() -4 56 14 -2
7 -4 55 15 -2
8 -4 54 16 -2
9 -5 53 18 -2
10 & 52 20 2
11 -6 49 24 -3
12 -6 46 28 -4
13 -5 44 29 -4
14 -4 42 30 -4
15 -4 39 33 -4
16 -4 36 36 -4
17 -4 33 39 -4
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Fractional sample interpolation filter coefficients
position p f[p][0] | f[pll1] | flpl[2] | flpl[3]
18 -4 30 42 -4
19 -4 29 44 -5
20 -4 28 46 -6
21 -3 24 49 -6
22 2 20 52 &
23 -2 18 53 -5
24 -2 16 54 -4
25 -2 15 55 -4
26 -2 14 56 -4
27 -2 12 57 -3
28 -2 10 58 -2
29 -1 7 60 -2
30 0 4 62 -2
31 0 2 63 -1
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Table 27 — Specification of the chroma interpolation filter coefficients fC[ p ] for each 1/32
fractional sample position p for sps_admvp_flag = =

Fractional sample interpolation filter coefficients
position p fe[pl(0] | flpl[1] | flpl[2] | flpl3]

1 na na na na
2 na na na na
3 na na na na
4 -2 58 10 -2
5 na na na na
6 na na na na
7 na na na na
8 -4 52 20 -4
9 na na na na
10 na na na na
11 na na na na
12 -6 46 30 -6
13 na na na na
14 na na na na
15 na na na na
16 -8 40 40 -8
17 na na na na
18 na na na na
19 na na na na
20 —4 28 46 -6
21 na na na na
22 na na na na
23 na na na na
24 -4 20 52 -4
25 na na na na
26 na na na na
27 na na na na
28 -2 10 58 -2
29 na na na na
30 na na na na
31 na na na na

8.5.4.4 Interpolation process for the enhanced interpolation filter

8.5.4.4.1 General

Inputs to this process are:

228
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— alocation ( xCb, yCb ) in full-sample units,

020(E)

— two variables cbWidth and cbHeight specifying the width and the height of the current coding block,

— horizontal change of motion vector dX,
— vertical change of motion vector dY,

— motion vector mvBaseScaled,

+ the selected reference picture sample arrays refPicLX,
+ sample bit depth bitDepth,

4+ width of the picture in samples picWidth,

+ height of the picture in samples picHeight,

+ clipMV flag specifying MV clipping type, and

+ isLuma flag specifying whether luma or chroma is processed.

Q

utput of this process is an (cbWidth / SubWidthC)x(cbHeight / SubHeightC) array predSamp
pgrediction sample values.

f—

hterpolation filter coefficients T[ p ] for each fractienal sample position p equal to xFrac or ]
pecified in Table 28.

(%)

he variables horMax, verMax, horMin and,werMin are derived by invoking the process as sp
ubclause 8.5.4.4.2 with a location ( xCb, y¥Cb ) in full-sample units, two variables cboWidth and

pecifying the width and the height of the current coding block, horizontal change of motion v¢
ertical change of motion vector \dY,) motion vector mvBaseScaled, width of the picture in
icWidth, height of the picture in_samples picHeight and clipMV flag as inputs, and horMax,
orMin and verMin as outputs

o0 < =

<

Vhen isLuma is equal to{FALSE, then variables mvBaseScaled, horMin, horMax, verMin and vel
nodified as follows:

=

xCb = xCb~SubWidthC
yCb,=y€b / SubHeigthC

¢bWidth = cbWidth / SubWidthC

lesLX of

Frac are

bcifed in
'bHeight
bctor dX,
samples
verMax,

Max are

(939)
(940)

(941)

(942)

mvBaseScaled[ 0 ] = mvBaseScaled[ 0 ] / SubWidthC
mvBaseScaled[ 1 ] = mvBaseScaled[ 1 ] / SubHeightC
horMin = horMin / SubWidthC
horMax = horMax / SubWidthC

verMin = verMin / SubHeightC
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verMax = verMax / SubHeightC (948)
The variables shift0, shift1, offsetO and offset1 are derived as follows:
— shift0 is set equal to bitDepth - 8, offset0 is equal to 0.

— shiftl is set equal to 12 - shift0, offset1 is equal to 2shift1 -1,

For x = -1..cbWidth and y = -1..cbHeight, the following applies:

— THe motion vector mvX is derived as follows:

mvX[ 0] = (mvBaseScaled[0] +dX[0] *x+dY[0]*y)>>4 (949
mvX[1]=(mvBaseScaled[1]+dX[1]*x+dY[1]*y)>>4 (950
mvX[ 0] = Clip3( horMin, horMax, mvX[ 0]) (951
mvX[ 1] = Clip3( verMin, verMax, mvX[1]) (952

— The variables xInt, yInt, xFrac and yFrac are derived as follows:

xInt=xCb+ (mvX[0] >> 5) +x (953
yInt=yCb+ (mvX[1] >> 5)+y (954
xFrac=mvX[ 0] & 31 (955
yFrac=mvX[ 1] & 31 (956

— The variables A and B are derived as follows:

A = (refPicLX[ xInt ][ yInt ] ¥ T[ xFrac][ 0] +
+ refPicLX[ xInt + 1 ][ yInt ] * T[ xFrac ][ 1 ] + offset0 ) >> shift0 (957

B = (refPicLX[ xInt([ yInt +1 ] * T[ xFrac][ 0] +
+ refPicLX[®Int + 1 ][ yInt+ 1 ] * T[ xFrac ][ 1] + offset0 ) >> shift0 (958

— The sample valué-byy corresponding to location ( x,y ) is derived as follows:
bxy = (A* T[yFrac][ 0]+ B* T[yFrac][ 1] + offsetl ) >> shiftl (959

The enhpncement interpolation filter coefficients eF[ ] are specified as { -1, 10, -1 }.

The variables shift? shift3 offset2 and offset3 are derived as follows:

— shift2 is set equal to Max( bitDepth — 11, 0 ), offset2 is equal to 2shiftz-1,
— shift3 is set equal to ( 6 — Max( bitDepth - 11, 0) ), offset3 is equal to 2shift3 -1,
For x = 0..cbWidth - 1 and y = -1..cbHeight, the following applies:
hxy=(eF[0] *bx-1y+eF[ 1] *byy + eF[ 2] *by1y + offset2) >> shift2 (960)

For x = 0..cbWidth - 1 and y = 0..cbHeight - 1, the following applies:
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(€F[ 0]*hyy1 + eF[ 1]* hyy + €F[ 2] * hyys1 + offset3 ) >> shift3)(961)

Table 28 — Specification of the interpolation filter coefficients T[ p ] for each fractional sample

position p
Fractional sample Interpolation filter coefficients
position p T[p][0] Tpll1]
0 64 0
1 62 2
2 60 4
3 58 6
4 56 8
5 54 10
6 52 12
7 50 14
8 48 16
9 46 18
10 44 20
11 A2 22
12 40 24
13 38 26
14 36 28
15 34 30
16 32 32
17 30 34
18 28 36
19 26 38
20 24 40
21 22 42
22 20 44
23 18 46
24 16 48
25 14 >0
26 12 >2
27 10 >4
28 8 56
29 6 >8
30 4 60
31 2 62
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8.5.4.4.2 Derivation of clipping parameters for affine motion vector

Inputs to this process are:

— alocation ( XCb, yCb ) in full-sample units,

— two variables cbWidth and cbHeight specifying the width and the height of the current coding block,

— horizontal change of motion vector dX,

— vertical change of motion vector dY,

— motlion vector mvBaseScaled,

— widfh of the picture in samples picWidth,

— height of the picture in samples picHeight, and
— clipMV flag specifying MV clipping type.
Outputs|of this process are:

— horMax, verMax, horMin and verMin that denotes the maximmum and minimum allowed motion
vecfor horizontal and vertical components.

The varipbles log2CbW and log2CbH are derived as follows;
log2CbWidth = Log2( cbWidth ) (967)
log2CbHeight = Log2( cbHeight ) (963)

The varipbles horMaxPic, verMaxPic, horMinPic and verMinPic are derived as follows:

horMaxPic = ( picWidth + 128 - xCb - cbWidth - 1) << 5 (964
verMaxPic = ( picHeight + 128~ yCb - cbHeight - 1) << 5 (965
horMinPic=(-128 -xtb) << 5 (966
verMinPic = (=128~ yCb ) << 5 (967

The centre motion vector mvCenter is derived as follows:

mv(enter[ 0 ] = (mvBaseScaled[ 0] + dX[ 0] * (cbWidth >>1)+dY[ 0] * (cbHeight>>1)) (968

mvCenter[ 1] = ( mvBaseScaled[ 1] +dX[1]*(cbWidth>>1)+dY[1]* (cbHeight>>1)) (969)

The rounding process for motion vectors as specified in subclause 8.5.3.10 is invoked with mvCenter,
rightShift set equal to 4, and leftShift set equal to 0 as inputs, and the rounded motion vector is return as
mvCenter.

If clipMV is equal to FALSE, then the output variables horMax, verMax, horMin and verMin that denotes
the maximum and minimum allowed motion vector horizontal and vertical components are set equal to
variables horMaxPic, verMaxPic, horMinPic and verMinPic, respectively.

Otherwise, the following steps are applied:
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— The array deviationMV is set equal to { 128, 256, 544, 1120, 2272 }.

— The variables mvHorMin, mvVerMin, mvHorMax and mvVerMax are derived as follows:

horMin = mvCenter[ 0 ] - deviationMV[ log2CbWidth - 3 ] (970)
verMin = mvCenter[ 1 ] - deviationMV[ log2CbHeight - 3 ] (971)
horMax = mvCenter|[ 0 ] + deviationMV][ log2CbWidth - 3 ] (972)
verMax = mvCenter[ 1 ] + deviationMV][ log2CbHeight — 3 ] (973)

+ IfhorMin is less than horMinPic, the variables horMin and horMax are updated as follows:

horMin = horMinPic (974)

horMax = Min( horMaxPic, horMinPic + 2* deviationMV[ log2CbWidth= 3 ]) (975)

+ Otherwise, if horMax is greater than horMaxPic, the variables horMin and horMax are updated as
follows:

horMin = Max( horMinPic, horMaxPic - 2* deviationMV[1og2CbWidth - 3 ]) (976)

horMax = horMaxPic (977)

+ IfverMin is less than verMinPic, the variables verMin and verMax are updated as follows:

verMin = verMinPic (978)

verMax = Min( verMaxPic, verMinPic + 2* deviationMV[ log2CbHeight - 3] ) (979)

+ Otherwise, if verMax is greater.&han verMaxPic, the variables verMin and verMax are upfated as
follows:

verMin = Max( vepMinPic, verMaxPic - 2* deviationMV[ log2CbHeight - 3 ] ) (980)

verMax = verMaxPic (981)

4+ The output variables horMax, verMax, horMin and verMin are clipped as follows:

horMax = Clip3( -217, 217 - 1, horMax ) (982)
verMax = Clip3( -217, 217 - 1, verMax ) (983)
horMin = Clip3( =217, 217 — 1, horMin ) (984)
verMin = Clip3( =217, 217 - 1, verMin ) (985)

8.5.4.5 Sample prediction process
Inputs to this process are:
— two variables nCbW and nCbH specifying the width and the height of the current coding block,

— two (nCbW)x(nCbH) arrays predSamplesL0 and predSamplesL1,
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— the prediction list utilization flags, predFlagL0 and predFlagL1,

— the reference indices refldxL0 and refldxL1, and

— avariable cldx specifying colour component index.

Output of this process is the (nCbW)x(nCbH) array pbSamples of prediction sample values.

Depending on the values of predFlagl.0 and predFlagL1, the prediction samples pbSamples[ x ][ y | with
x =0.nJbW - Tand y = 0.nCbH - I are derived as follows:

— If predFlagL0 is equal to 1 and predFlagL1 is equal to O, the prediction sample values are denived as
follpws:

pbSamples[ x ][ y ] = predSamplesLO[ x ][ y ] (986

[}

— Othprwise, if predFlagL0 is equal to 0 and predFlagL1 is equal to 1, the prediction Sample values ar
derjved as follows:

pbSamples[x ][ y] = predSamplesL1[x ][y ] (987

[}

— Othprwise (predFlagL0 is equal to 1 and predFlagL1 is equal to 1), the prediction sample values ar
derjved as follows:

pbSamples[ x ][ y ] = ( predSamplesLO[ x ][ y ] + predSamplesL1[x][y]+1) >> 1 (988
8.5.5 Decoder-side motion vector refinement process

8.5.5.1 |General
Inputs t¢ this process are:

— alumpha location ( xSb, ySb ) specifyingthe top-left sample of the current coding subblock relative tp
the top-left luma sample of the eukrent picture,

— avariable sbWidth specifyingthe width of the current coding subblock in luma samples,
— avariable sbHeight specifying the height of the current coding subblock in luma samples,
— the luma motion‘vectors in 1/4 fractional-sample accuracy mvL0 and mvL1, and

— the delectedreference picture sample arrays refPicL0;, and refPicL1;.

Output gf‘this process is the delta luma motion vector in 1/16 fractional sample accuracy dMvLO.

For X being replaced by either 0 or 1, motion vectors mvLtX are derived as conversion mvLX from 1/4
accuracy to 1/16 accuracy in subclause 8.5.2.9.

Avariable srRange is set as 2. Variables offsetH][ 0 ], offsetV[ 0 ], offsetH[ 1 ] and offsetV[ 1 ] are set equal
to 2. A variable fracPelAppliedflag is set equal to FALSE.

For X being replaced by either 0 or 1, motion vectors mvLsX are derived as follows:

mvLsX[ 0] = mvLtX[ 0 ] - 16 * srRange (989)
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mvLsX[ 1] =mvLtX[ 1] - 16 * srRange (990)

For X being replaced by either 0 or 1, the (sbWidth + 2 * srRange )x( sbHeight + 2 * srRange ) array
predSamplesLX;, of prediction luma sample values is derived by invoking the fractional sample bilinear
interpolation process as specified in subclause 8.5.5.2 with luma location ( xSb, ySb ), width of subblock
( sbwWidth + 2 * srRange ), height of subblock ( sbHeight + 2 * srRange ), reference picture sample array
refPicLX. and motion vector mvLsX as inputs, and predSamplesLX;, as output.

The 9x1 array of sadVal is derived by invoking the sum of the absolute differences calculation process as
specified in subclause 8.5.5.3 with sbWidth, sbHeight, predSamplesL0:, predSamplesL1;, offyetH and
dffsetV as inputs, and sadVal as output.

—

F sadVal[ 4 ] greater than or equal to sbWidth * sbHeight, then the following ordered steps are dpplied:

[uny

) Array entry selection process as specified in subclause 8.5.5.4 is invoked with sadVal and n + 9 as
input, and bestldx as output.

\S]

) Ifbestldx is equal to 4, fracPelAppliedflag is set equal to TRUE.

Otherwise, the following applies:

dMvLO[0]=16*(bestldx /3-1) (991)
dMvLO[1]=16*(bestldx % 3-1) (992)
offsetH[ 0 ] = offsetH[ 0 ] + ( bestldx / 3 - 19 (993)
offsetV[ 0 ] = offsetV[ 0 ] + ( bestldx %3'- 1) (994)
offsetH[ 1] = offsetH[ 1] + (1 - bestldx / 3) (995)
offsetV[ 1] = offsetV[ 1 ] +(I'- bestldx % 3) (996)

— The 9x1 array of sadVal is modified by invoking the sum of the absolute differences
calculation prgcess as specified in subclause 8.5.5.3 with sbWidth, sbHeight,
predSamplesLO;, predSamplesL1,, offsetH and offsetV as inputs, and modified sadVjal as
output.

— Array entry selection process as specified in subclause 8.5.5.4 is invoked with sadV3l as
input, and bestldx as output.

—VIf bestldx is equal to 4 and sadVal[4] is greater than 0, fracPelAppliedflag is set equ4dl to
TRUE.

M

] VA s J-c 3 £-11
—  UNMVLU 5 ITITOUIIICU d5 TUIIUWS.

dMvLO[ 0] =dMvLO[ 0]+ 16 * (bestldx /3-1) (997)
dMvLO[ 1] =dMvLO[ 1]+ 16 * (bestldx % 3 - 1) (998)

3) If fracPelAppliedflag is TRUE, then parametric motion vector refinement process as specified in
subclause 8.5.5.5 is invoked with sadVal and dMvLO as inputs, and modified dMvLO as output.
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8.5.5.2 Fractional sample bilinear interpolation process

8.5.5.2.1 General
Inputs to this process are:

— aluma location ( xSb, ySb ) specifying the top-left sample of the current coding subblock relative to
the top-left luma,sample of the current picture,

— avariable sbWidth specifying the width of the current coding subblock in luma samples,
— avariable sbHeight specifying the height of the current coding subblock in luma samples,
— alurpa motion vector mvLX given in 1/16 luma-sample units, and

— the delected reference picture sample array refPicLX.

Output of this process is an (sbWidth)x(sbHeight) array predSamplesLX: of pfediction luma sample
values.

Let ( xInft;, yInt., ) be a luma location given in full-sample units and ( xFracy, yFraci. ) be an offset given ip
1/16 sample units. These variables are used only in this subclause for specifying fractional-sample
locationg inside the reference sample arrays refPicLX;.

For each luma sample location (xL =0..sbWidth -1, yL = 0%sbHeight — 1) inside the prediction luma
sample | array predSamplesLX;, the corresponding prediction luma sample value
predSamplesLX.[ xL ][ yL ] is derived as follows:

— The pariables xInti, yInt;, xFraci. and yFrac, are'derived as follows:

xInt, =xSb + (mvLX[0] >> 4) +x. (999
yInt,=ySb+ (mvLX[1] >> 4 ) +y. (1000
xFrac, =mvLX[0] & 15 (1001
yFrac, =mvLX[1] & 15 (1002

%)

The luma prediction sample value predSamplesLX.[ x. ][ y.] is derived by invoking the process a
specified in subclause’8.5.5.2.2 with ( xInty, yInty, ), ( xFracy, yFracy ) and refPicLX;. as inputs.

8.5.5.2.2 Lumasample bilinear interpolation process

Inputs t¢ this process are:

— alumalocation in full-sample units ( xInty, yInty. ),

— alumalocation in fractional-sample units ( xFraci, yFrac, ), and

— the luma reference sample array refPicLX;.

Output of this process is a predicted luma sample value predSampleLX;.

The variables shift0, shift1, shift2, shift3, shift4, offset1, offset2, offset3 and offset4 are derived as follows:
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shift0 = 10 - BitDepthy
shift1 = BitDepthy - 10
offsetl = 1 << (shiftl - 1)
shift2 = BitDepthy - 4

offset2 = 1 << (shift2 - 1)

shift3 = BitDepthy - 8
offset3 =0
shift4 =10

offset4d =1<<9

=

he variable picW is set equal to pic_width_in_luma_samples and the ‘variable picH is set
gic_height_in_luma_samples.

—

he luma interpolation filter coefficients fb.[ p ] for each 1/16 fractional sample position p equal
r yFrac, are specified in Table 29.

(@]

—

he predicted luma sample value predSampleLX; is derived as follows:
—+ Ifboth xFracrand yFracy, are equal to 0, the value of predSampleLX, is derived as follows:

predSamplelLX.. = BitDepthy <= 10 ? refRicLX.[ xInt., ][ yInt. | << shift0 :
( (refPicLXy.[ xInt. ][ ynt. ] + offsetl ) >> shiftl )

-+ Otherwise, if xFracy. is not equal-fo 0 and yFrac;, is equal to 0, the value of predSampleLX;, ig
as follows:

predSamplelLXw = ( fbi[ xFracyL ][ 0 ] * refPicLXc[ Clip3( 0, picW - 1, xIntL ) ][ yIntL ] +
foL] xFract][ 1] * refPicLXy[ Clip3( 0, picW - 1, xIntL + 1) ][ yIntw ] + offset2 ) >> shift

-+ Otherwise, if xFfac; is equal to 0 and yFracy, is not equal to 0, the value of predSampleLX;, ig
as follows:

predSampleLXy = ( fbr[ yFracL ][ 0 ] * refPicLXL[ xIntL ][ Clip3( 0, picH - 1, yIntL) ] +
fbL[ yFracL ][ 1 ] * refPicLX.[ xIntw ][ Clip3( 0, picH - 1, yIntL + 1) ] + offset2 ) >> shift2

—+ -Otherwise, if xFrac.is not equal to 0 and yFrac;. is not equal to 0, the value of predSampleLX;. i3

020(E)

(1003)
(1004)
(1005)
(1006)
(1007)
(1008)
(1009)
(1010)
(1011)

equal to

ro xFracy,

(1012)

derived

(1013)

derived

(1014)

derived

as follows:

— The sample array temp[ n | with n = 0..1, is derived as follows:
yPos. = Clip3( 0, PicH - 1, yInt, + n)

temp[ n] = (fbL[ xFrac. ][ 0 ] * refPicLXL[ Clip3( 0, picW - 1, xIntL ) ][ yPosL] +

(1015)

fbi[ xFract ][ 1] * refPicLXL[ Clip3( 0, picW - 1, xInt. + 1) ][ yPosL ] + offset3 ) >> shift3(1016)

— The predicted luma sample value predSampleLX, is derived as follows:
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predSamplelX. = ( fb.[ yFrac. ][ 0] * temp[ O ] +

fb[ yFrac. ][ 1] * temp[ 1] + offset4 ) >> shift4 (1017)

Table 29 — Specification of the luma interpolation filter coefficients fb.[ p ] for each 1/16
fractional sample position p

Fractional sample interpolation filter coefficients
position p fou[pl[O0] fou[p][1]
1 60 4
2 56 8
3 52 12
4 48 16
5 44 20
6 40 24
7 36 28
8 32 32
9 28 36
10 24 b
11 20 4
12 16 48
13 12 52
14 8 56
15 4 60

8.5.5.3 [Sum of absolute differences calculation process

Inputs t¢ this process are:

— two ariables nSbW and.hSbH specifying the width and the height of the current coding subblock,
— two [ nSbW + 4 )x(nSbH + 4 ) array predSamplesL0 and predSamplesL1, and

— two Rx1 arrays,offsetH and offsetV.

Outputs|of this’process is the (9) array sadValues of the sum of absolute differences.

A 2x9 array bt tssetasfottows:
— bC[0][0]=-1,bC[1][0]=-1,bC[0][1]=-1,bC[1][1]=0,bC[0][2]=-1,bC[1][2]=1.
— bC[0][3]=0,bC[1][3]=-1,bC[0][4]=0,bC[1][4]=0,bC[0][5]=0,bC[1][5]=1.
— bC[0][6]=1,bC[1][6]=-1,bC[0][7]=1,bC[1][7]=0,bC[0][8]=1,bC[1][8]=1.

For each i with i = 0..8, sadValues[ i ] is derived based on predSampleL0, predSampleL1, bC, offsetH[
offsetV[ 0 ], offsetH[ 1 ], and offsetV][ 1 ] as follows:

0],
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— Set initial value of sadValues[i] to 0.

— Foreachywithy=bC[1][i]..(nSbH +bC[1][i]), the SAD value sadValues| i ] is accumulated

as follows:
— Foreach xwithx=bC[0][i]..(nSbW+bC[ 0][i]), the following applies:

sadValues[ i ] = sadValues[i] + Abs( predSamplesLO[ x + offsetH[ 0 ] ][ v + offsetV[ 0] ]
- predSamplesL1[x - 2xbC[ 0 ][i] + offsetH[ 1] ][y - 2xbC[ 1 ][i] + offsetV[1]])

—

Q

=

.5.5.4 Array entry selection process

hput to this process is:

a 9x1 array sadVal.

utput of this process is bestldx specifying an index.

he following steps are applied:

If sadVal[ 1 ] <sadVal[ 7 ] and sadVal[ 3 ] < sadVal[ 5 ], the follewing applies:

— Avariable idxVal is set equal to 0.

— IfsadVal[ 1] < sadVal[ 3 ], a variable bestldx is:s¢t equal to 1.

— Otherwise, bestldx is set equal to 3.

Otherwise, if sadVal[ 1 | >=sadVal[ 7 ] and'sadVal[ 3 ]< sadVal[ 5 ], the following applies:
— Avariable idxVal is set equal to 6:

— IfsadVal[ 7 ] <sadVal[ 3 ]\ bestldx is set equal to 7.

— Otherwise, bestldxis'set equal to 3.

Otherwise, if sadValf 1 | <sadVal[ 7 | and sadVal[ 3 ] >=sadVal[ 5 ], the following applies:
— AvariableddxVal is set equal to 2.

— IfsadVal[ 1] <sadVal[ 5 ], bestldx is set equal to 1.

—»0Otherwise, bestldx is set equal to 5.

Qtherwise ifsadVall 1 1>=cadVall 71 and sadVall 31 >— cadVall 51 the followino annlies:
CHEEW S oaby e bl ML B i) g i M Db e G i il ST 36 SEih

— Avariable idxVal is set equal to 8.

— IfsadVal[ 7 ] <sadVal[ 5 ], bestldx is set equal to 7.

— Otherwise, bestldx is set equal to 5.

When sadVal[ 4 ] <= sadVal[ bestldx ], bestldx is set equal to 4.

When sadVal[ idxVal | < sadVal[ bestldx ], bestldx is set equal to idxVal.
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8.5.5.5

Parametric motion vector refinement process

Inputs to this process are:

— the evaluated cost values in sadVal array (where index 4 corresponds to the bestldx, indices 1 and 7
correspond to the integer distance positions to the left and right of the bestldx position, and indices
3 and 5 correspond to the integer distance positions to the top and bottom of the bestldx position),

and

— lumz
Output ¢

The follg

— Comlpute delta motion vector, dMv, as follows:

if( s

else

if( s

else

— dMy|
dMy

dMy
8.5.6 1

8.5.6.1
Inputs t

— aluy
the t

— two
luma

W delta motion vector dMvLO given in 1/16 luma-sample units.
f this process is the modified luma motion vector dMvLO0.

wing ordered steps are performed to derive the modified dMvL0 and dMvL1:

hdVal[ 1] +sadVal[ 7] ==(sadVal[4] <<1))
dMv[0]=0 (1019

dMv[O]=((sadVal[1]-sadVal[7])<<4)/(2*(sadVal[1]+sadVal[7] - (sadVal[4]<<1)))

hdVal[ 3] +sadVal[5] ==(sadVal[4] <<1))
dMv[1]=0 (1020

dMv[1]=((sadVal[3]-sadVal[5]) <<4)/(2*(sadVal[3]+sadVal[5] - (sadVal[4]<<1)))

.0 is modified as follows:
yLO[ 0] =dMvLO[ 0]+ dMv[O] (1021
rLO[1]=dMvLO[1]+dMv[1] (1022
Decoding process for the residual signal of coding units coded in inter prediction mode
General

this process are:

ha location (XCh; yCb ) specifying the top-left sample of the current luma coding block relative
op-left lumasample of the current picture,

variables, log2CbWidth and log2CbHeight, specifying the width and the height of the currer
| eoding block, and

—

— avariable, isChromaPresent, specifying the chroma component presence indicator.

Outputs

of this process are:

— an (nCbWy)x(nCbH.) array resSamples. of luma residual samples, where nCbW; and nCbH;, are
derived as specified in this subclause,

— when isChromaPresent, an (nCbW¢)x(nCbHc) array resSamplesc, of chroma residual samples for the
component Cb, where nCbW¢ and nCbH¢ are derived as specified in this subclause, and

240
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— when isChromaPresent, an (nCbW¢)x(nCbH¢) array resSamplesc: of chroma residual samples for the
component Cr, where nCbW¢ and nCbHc¢ are derived as specified in this subclause.

The variables nCbW;, and nCbH.. are set equal to 1 << log2CbWidth and 1 << log2CbHeight. When
isChromaPresent, the variable nCbW¢ is set equal to nCbWy, / SubWidthC and the variable nCbHc is set
equal to nCbH;, / SubHeightC.

Let resSamples;, be an (nCbW1)x(nCbH.) array of luma residual samples and, when isChromaPresent, let
resSamplescy, and resSamplesc: be two (nCbW¢)x(nCbHc) arrays of chroma residual samples.

Depending on the value of cbf_all[ xCb ][ yCb ], the following applies:

-~ If cbf all[ xCb ][ yCb] is equal to 0 or cu_skip_flag[ xCb ][ yCb] is equal to 1, all samplgs of the
(nCbW)x(nCbHy) array resSamples, and, when isChromaPresent, all samples of fthe two
(nCbW¢)x(nCbHc¢) arrays resSamplesc, and resSamplesc: are set equal to 0.

— Otherwise (cbf_all[ xCb ][ yCb ] is equal to 1), the following ordered steps apply:

1) The decoding process for luma residual blocks as specified in subclause 8.5.6.2 is invoked with
the luma location (xCb,yCb), the luma location (0, 0 ); the variables log2TrafoWidth and
log2TrafoHeight set equal to log2CbWidth and log2CbHeight, the variables nCbW and nCbH set
equal to nCbW and nCbHi, and the (nCbW{)x(nCbH.) array resSamples;, as inputs, and the output
is a modified version of the (nCbW.)x(nCbH.) array,resSamples;.

2) When isChromaPresent, the decoding process for chroma residual blocks as spetified in
subclause 8.5.6.3 is invoked with the lumadocation ( xCb, yCb ), the luma location ( (, 0), the
variables log2TrafoWidth and log2TrafoHeight set equal to log2CbWidth and log2CbHgight, the
variable cldx set equal to 1, the variablenCbW set equal to nCbW¢, the variable nCbH setlequal to
nCbH¢ and the (nCbW¢)x(nCbH¢) array resSamplesc, as inputs, and the output is a modified
version of the (nCbW¢)x(nCbHc¢)drray resSamplesc.

3) When isChromaPresent, the“decoding process for chroma residual blocks as spegified in
subclause 8.5.6.3 is invoked with the luma location (xCb, yCb ), the luma location ((, 0), the
variables log2TrafoWidth and log2TrafoHeight set equal to log2CbWidth and log2CbHdight, the
variable cldx set equal to 2, the variable nCbW set equal to nCbW¢, the variable nCbH setlequal to
nCbH¢ and the (h€bW¢)x(nCbHc) array resSamplesc: as inputs, and the output is a modified
version of the (nCbW¢)x(nCbH¢) array resSamplesc;.

8.5.6.2 Decoding process for luma residual blocks

et

hputs tothis process are:

—+ _aluma location ( xCb, yCb ) specifying the top-left sample of the current luma coding block rglative to
the top-left luma sample of the current picture,

— aluma location ( xTb, yTb ) specifying the top-left samples of the current luma block relative to the
top-left sample of the current luma coding block,

— two variables, log2TrafoWidth and log2TrafoHeight, specifying the width and the height of the
current luma block,

— two variables, nCbW and nCbH, specifying the width and the height of the current luma coding block,
and

— an (nCbW)x(nCbH) array resSamples of luma residual samples.

© ISO/IEC 2020 - All rights reserved 241


https://standardsiso.com/api/?name=caf991f23122d29f070ff293f89a846f

ISO/IEC 23094-1:2020(E)

Output of this process is a modified version of the (nCbW)x(nCbH) array resSamples of luma residual
samples.

Depending on the variables log2TrafoWidth and log2TrafoHeight, the following applies:

— Ifbothlog2TrafoWidth and log2Trafoheight are greater than MaxTbLog2SizeY, the following ordered
steps apply:

1) The decoding process for luma residual blocks as specified in this subclause is invoked with the

2)

3)

4)

— Othsqg

2)

1

1
€
1
1

o N . T e B B e O |

e T e T e B S e R S |

—_—

o = = =

pg2TrafoWidth - 1 and log2TrafoHeight set equal to log2TrafoHeight - 1, the variable nCbW s
qual to nCbW and the variable nCbH set equal to nCbH, and the (nCbW)x(nCbH) arral
esSamplesas inputs, and the output is a modified version of the (nCbW)x(nCbH) arraly
esSamples.

uma location ( xCb, yCb ), the luma location ( xTb, yTb ), the variable logZ2TrafoWidth set equal{
t

'he decoding process for luma residual blocks as specified in this subclause is invoked with t

ima location (xCb, yCb), the luma location (xTb + (1 << (log2TrafoWidth-1)),yTb), th
ariable log2TrafoWidth set equal to log2TrafoWidth - 1 and log2TratoHeight set equal tp
pg2TrafoHeight - 1, the variable nCbW set equal to nCbW and the_ variable nCbH set equal tp
1CbH, and the (nCbW)x(nCbH) array resSamples as inputs, and the output is a modified version
f the (nCbW)x(nCbH) array resSamples.

'he decoding process for luma residual blocks as specified in' this subclause is invoked with t

ima location (xCb, yCb), the luma location (xTb,yTh + (1 << (log2TrafoHeight-1))), th
ariable log2TrafoWidth set equal to log2TrafoWidth -1 and log2TrafoHeight set equal tp
pg2TrafoHeight - 1, the variable nCbW set equal-to’ nCbW and the variable nCbH set equal tp
CbH, and the (nCbW)x(nCbH) array resSamplesas inputs, and the output is a modified version
f the (nCbW)x(nCbH) array resSamples.

'he decoding process for luma residuakblocks as specified in this subclause is invoked with thie
Lima location (x€b, yCb ), the luma location
xTb + (1 << (log2TrafoWidth -4}, yTb + (1 << (log2TrafoHeight-1))), the variable
bg2TrafoWidth set equal  to “log2TrafoWidth-1 and log2TrafoHeight set equal tp
bg2TrafoHeight - 1, the variable nCbW set equal to nCbW and the variable nCbH set equal tp
CbH, and the (nCbW)x(aCbH) array resSamples as inputs, and the output is a modified version
f the (nCbW)x(nCbH)-array resSamples.

rwise, if log2TrafoWidth is greater than MaxTbLog2SizeY, the following ordered steps apply:
'he decodingprocess for luma residual blocks as specified in this subclause is invoked with the

lima location ( xCb, yCb ), the luma location ( xTb, yTb ), the variable log2TrafoWidth set equal tp
pg2TrafoWidth - 1 and log2TrafoHeight set equal to log2TrafoHeight, the variable nCbW sqt

— N — 3

qual, to nCbW and the variable nCbH set equal to nCbH, and the (nCbW)x(nCbH) arra
esSamples as inputs, and the output is a modified version of the (nCbW)x(nCbH) arrakj

resSamples.

The decoding process for luma residual blocks as specified in this subclause is invoked with the
luma location (xCb,yCb), the luma location (xTb + (1 << (log2TrafoWidth-1)),yTb), the
variable log2TrafoWidth set equal to log2TrafoWidth - 1 and log2TrafoHeight set equal to
log2TrafoHeight, the variable nCbW set equal to nCbW and the variable nCbH set equal to nCbH,
and the (nCbW)x(nCbH) array resSamples as inputs, and the output is a modified version of the
(nCbW)x(nCbH) array resSamples.

— Otherwise, if log2TrafoHeight is greater than MaxTbLog2SizeY, the following ordered steps apply:

242
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The decoding process for luma residual blocks as specified in this subclause is invoked with the
luma location ( xCb, yCb ), the luma location ( xTb, yTb ), the variable log2TrafoWidth set equal to
log2TrafoWidth and log2TrafoHeight set equal to log2TrafoHeight - 1, the variable nCbW set
equal to nCbW and the variable nCbH set equal to nCbH, and the (nCbW)x(nCbH) array
resSamples as inputs, and the output is a modified version of the (nCbW)x(nCbH) array
resSamples.

The decoding process for luma residual blocks as specified in this subclause is invoked with the
luma location (xCb, yCb), the luma location (xTb,yTb + (1 << (log2TrafoHeight-1))), the

1y

2)

3)

5)

variable log2TrafoWidth set equal to log2TrafoWidth and log2TrafoHeight set~g¢qual to
log2TrafoHeight - 1, the variable nCbW set equal to nCbW and the variable nCbH!set [equal to
nCbH, and the (nCbW)x(nCbH) array resSamples as inputs, and the output is a madified version
of the (nCbW)x(nCbH) array resSamples.

— Otherwise (both log2TrafoWidth and log2TrafoHeight are less than or equal to.MaxTbLog2SigeY), the
following ordered steps apply:

The (nCbW)x(nCbH) residual sample array of the current coding block resSamples is setlequal to
0.

Depending on the value of ats_cu_inter_flag[x0][§0], ats_cu_inter_quad_flag[«0 ][yO ],
ats_cu_inter_horizontal_flag[ x0 ][ y0 ], the followingapplies:

— Ifats_cu_inter_flag[ x0 ][ y0 ] is equal to 0, nTbW and nTbH are set equal to nCbW and nCbH.

— Otherwise, if ats_cu_inter_flagpx0 ][ yO ] is equal to 1 and
ats_cu_inter_horizontal_flag[ x0 ][ yO<}is equal to 0, nTbW and nTbH are set equal to ( nCbW
>> (ats_cu_inter_quad_flag[ x0 ][ ¥0'] + 1) ) and nCbH.

— Otherwise (both ats_cu_inter~flag[ x0 ][ y0 ] and ats_cu_inter_horizontal_flag[ x0 ][|y0 ] are
equal to 1), nTbW .and nTbH are set equal to nCbW and ( nCbH >> (
ats_cu_inter_quad_flag[x0][y0]+1)).

Depending on the value of ats_cu_inter_flag[ x0 ][ y0 ] and ats_cu_inter_pos_flag[ x0 ][ y0 ], the
following applies:
— Ifats_cu_inter—flag[ x0 ][ y0 ] is equal to 0, xXTb and yTb are set equal to xCb and yCb

— Otherwise, if ats_cu_inter_flag[ x0 ][ y0 ] is equal to 1 and cu_inter_pos_flag[ x0 ][ y0 ] is equal
t0,0,xTb and yTb are set equal to xCb and yCb.

=< )Otherwise (both ats_cu_inter_flag[ x0 ][ yO ] and cu_inter_pos_flag[ x0 ][ y0 ] are equal to 1),
xTb is set equal to ( xCb + nCbW - nTbW ) and yTb is set equal to ( yCb + nCbH - nTbH ).

The scalmg and transformatlon process as spec1f1ed in subclause 8. 7 2is 1nvoked with the luma

and the transform helght nTbH set equal to nTbH as 1nputs and the output is an (nTbW)x(nTbH)
array transformBlock.

The (nCbW)x(nCbH) residual sample array of the current coding block resSamples is modified as
follows:

resSamples[ xTb + i, yTb + j ] = transformBlock[ i, j ], with i = 0.nTbW - 1,j = 0.nTbH - 1 (1023)
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8.5.6.3 Decoding process for chroma residual blocks

This process is only invoked when ChromaArrayType is not equal to 0.

Inputs to this process are:

— alumalocation ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative to
the top-left luma sample of the current picture,

— a luhaTocation [ xTDb, yTb J specifying the top-Ieft samples of the current [uma block relative to the
top-left sample of the current luma coding block,

— two |variables, log2TrafoWidth and log2TrafoHeight, specifying the width and the height of thie
currgnt chroma block in luma samples,

— avariable, cldx, specifying the chroma component of the current block,

— the yariables, nCbW and nCbH, specifying the width and height, respectively;of the current chrompa
codipg block, and

— an (PCbW)x(nCbH) array resSamples of chroma residual samples.

Output gf this process is a modified version of the (nCbW)x(nCbH)‘rray resSamples of chroma residual
samples

Depending on the variables log2TrafoWidth and log2TrafoHeight, the following applies:

— Ifboth log2TrafoWidth and log2Trafoheight are greater than MaxTbLog2SizeY, the following ordered
stepf apply:

1)

2)

3)

4)

244

The decoding process for chroma residual blocks as specified in this subclause is invoked with
the luma location ( xCb, yCb ), the:duma location ( xTb, yTb ), the variable log2TrafoWidth sqt
g¢qual to log2TrafoWidth - 1 and\log2TrafoHeight set equal to log2TrafoHeight - 1, the variable
n1CbW set equal to nCbW and:the variable nCbH set equal to nCbH, and the ( nCbW )x( nCbH|)
drray resSamples as inputs,and the output is a modified version of the ( nCbW )x( nCbH ) arraly
lesSamples.

'he decoding process for chroma residual blocks as specified in this subclause is invoked with
he luma locatien {“xCb, yCb ), the luma location ( xTb + (1 << (log2TrafoWidth-1)),yTb), t
ariable log2TrafoWidth set equal to log2TrafoWidth - 1 and log2TrafoHeight set equal
pg2TrafoHeight - 1, the variable nCbW set equal to nCbW and the variable nCbH set equal t
CbH, and'the ( nCbW )x( nCbH ) array resSamples as inputs, and the output is a modified versio
fthe (hCbW )x( nCbH ) array resSamples.

e T e T e B B e S |

e decoding process for chroma residual bIOCKS as specitied in this subclause is invoked with
the luma location ( xCb, yCb ), the luma location ( xTb, yTb + ( 1 << (log2TrafoHeight- 1)) ), the
variable log2TrafoWidth set equal to log2TrafoWidth - 1 and log2TrafoHeight set equal to
log2TrafoHeight - 1, the variable nCbW set equal to nCbW and the variable nCbH set equal to
nCbH, and the ( nCbW )x( nCbH ) array resSamples as inputs, and the output is a modified version
of the ( nCbW )x( nCbH ) array resSamples.

The decoding process for luma residual blocks as specified in this subclause is invoked with the
luma location (xCb, yCb), the luma location
(xTb + (1 << (log2TrafoWidth-1)),yTb + (1 << (log2TrafoHeight-1))), the variable
log2TrafoWidth set equal to log2TrafoWidth-1 and log2TrafoHeight set equal to
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log2TrafoHeight - 1, the variable nCbW set equal to nCbW and the variable nCbH set equal to
nCbH, and the ( nCbW )x( nCbH ) array resSamples as inputs, and the outputis a modified version
of the (nCbW )x( nCbH ) array resSamples.

— Otherwise, if log2TrafoWidth is greater than MaxTbLog2SizeY, the following ordered steps apply:

1) The decoding process for chroma residual blocks as specified in this subclause is invoked with
the luma location ( xCb, yCb ), the luma location ( xTb, yTb ), the variable log2TrafoWidth set
equal to log2TrafoWidth - 1 and log2TrafoHeight set equal to log2TrafoHeight, the variable nCbW
set equal to nCbW and the variable nCbH set equal to nCbH, and the ( nCbW )x( nCGhH ) array
resSamples as inputs, and the output is a modified version of the (nCbW )x(1CbH ) array
resSamples.

2) The decoding process for chroma residual blocks as specified in this subclause is invoked with
the luma location ( xCb, yCb ), the luma location ( xTb + ( 1 << (log2TrafoWidth - 1)), yjTb ), the
variable log2TrafoWidth set equal to log2TrafoWidth - 1 and log2TrafoHeight set gqual to
log2TrafoHeight, the variable nCbW set equal to nCbW and the variable nCbH set equal fo nCbH,
and the ( nCbW )x( nCbH ) array resSamples as inputs, and the output is a modified versipn of the
( nCbW )x( nCbH ) array resSamples.

- Otherwise, if log2TrafoHeight is greater than MaxTbLog2SizeY, the following ordered steps apply:

1) The decoding process for chroma residual blocksas\specified in this subclause is invoked with
the luma location (xCb, yCb ), the luma location, (*xTb, yTb ), the variable log2TrafoWidth set
equal to log2TrafoWidth and log2TrafoHeight setequal to log2TrafoHeight - 1, the variable nCbW
set equal to nCbW and the variable nCbH,set equal to nCbH, and the ( nCbW )x( nCbH ) array
resSamples as inputs, and the output isva modified version of the (nCbW )x(nCbH ) array
resSamples.

2) The decoding process for chroma-residual blocks as specified in this subclause is invoked with
the luma location ( xCb, yCb ), the luma location ( xTb, yTb + ( 1 << (log2TrafoHeight - 1) ) ), the
variable log2TrafoWidth/set equal to log2TrafoWidth and log2TrafoHeight set ¢qual to
log2TrafoHeight - 1, the: variable nCbW set equal to nCbW and the variable nCbH set [equal to
nCbH, and the ( nCbWJx( nCbH ) array resSamples as inputs, and the output is a modified version
of the (nCbW )x(n€bH ) array resSamples.

- Otherwise (bothdog2TrafoWidth and log2TrafoHeight are less than or equal to MaxTbLog2SigeY), the
folowing ordeted steps apply:

1) The (iCbW)x(nCbH) residual sample array of the current coding block resSamples is set|equal to
0.

2)\..'‘Depending on the value of ats_cu_inter_flag[x0][y0], ats_cu_inter_quad_flag[x0][y0],

— Ifats_cu_inter_flag[ x0 ][ y0 ] is equal to 0, nTbW and nTbH are set equal to nCbW and nCbH.

— Otherwise, if ats_cu_inter_flag[ x0 ][ y0 ] is equal to 1 and
ats_cu_inter_horizontal_flag[ x0 ][ y0 ] is equal to 0, nTbW and nTbH are set equal to ( nCbW
>> (ats_cu_inter_quad_flag[ x0 ][ y0 ] + 1) ) and nCbH.

— Otherwise (both ats_cu_inter_flag[ x0 ][ y0 ] and ats_cu_inter_horizontal_flag[ x0 ][ y0 ] are

equal to 1), nTbW and nTbH are set equal to nCbW and ( nCbH >> (
ats_cu_inter_quad_flag[ x0 ][y0]+1)).
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3) Depending on the value of ats_cu_inter_flag[ x0 ][ y0 ] and ats_cu_inter_pos_flag[ x0 ][ y0 ], the
following applies:

— Ifats_cu_inter_flag[ x0 ][ y0 ] is equal to 0, xTb and yTb are set equal to xCb and yCb.

— Otherwise, if ats_cu_inter_flag[ x0 ][ y0 ] is equal to 1 and cu_inter_pos_flag[ x0 ][ y0 ] is equal
to 0, xTb and yTb are set equal to xCb and yCb.

— Otherwise (both ats_cu_inter_flag[ x0 ][ yO ] and cu_inter_pos_flag[ x0 ][ y0 ] are equal to 1),
xTh is set equal to (xCh+ (nChW - pThW } * SybWidthC} and yThis set equalto {yCh =+ (

e S e e B S

5)

L o W |

86 D

8.6.1 (
Inputs t

— alum
the tg

— two
codin

Output

The der
luma lod

The vai
Chroma,

The vari
If isChro

nCbH - nTbH ) * SubHeightC ).

'he scaling and transformation process as specified in subclause 8.7.2 is invoked with the-lum|
pcation ( xTb, yTb ), the variable cldx, the transform width nTbW set equal to nTbW. and th

ransform width nTbH set equal to nTbHas inputs, and the output is an (nTbW)x(nTbH) arral;
ransformBlock.

23]

'he (nCbW)x(nCbH) residual sample array of the current coding block resSamples is modified as
pllows, fori=0.nTbW -1,j=0..nTbH - 1:

resSamples[ xTb / SubWidthC + i, yTb / SubHeightC + j ] = transfermBlock[ i, j ] (1024
pcoding process for coding units coded in ibc predjetion mode

Feneral
b this process are:

alocation ( xCb, yCb ) specifying the top-leftiSample of the current luma coding block relative tp
p-left luma sample of the current picture, and

ariables, log2CbWidth and log2CbHeight, specifying the width and the height of the current lumfa
g block.

f this process is a modified-reconstructed block before in-loop filtering.

vation process for quantization parameters as specified in subclause 8.7.1 is invoked with thie
ation ( xCb, yCb ) aS-input.

iable isChromaPresent is set equal to TRUE, if treeType is equal to SINGLE_TREE and
ArrayType is-not equal to 0; otherwise, the variable isChromaPresent is set equal to FALSE.

o

hblesnCbWi and nCbHy are setequalto 1 << log2CbWidthand 1 << log2CbHeight, respectively
madPresent, the variable nCbW¢ is set equal to nCbW,, / SubWidthC and the variable nCbHc is sé

—

equal to

nChH; ,/ QHhHPigh‘rF

The decoding process for coding units coded in ibc prediction mode consists of the following ordered

steps:

1) The

derivation process for motion vector as specified in subclause 8.6.2.1 is invoked with the luma

coding block location ( xCb, yCb ), the luma coding block width nCbW,, and the luma coding block
height nCbH,, as inputs, and the luma motion vector mvL as output.

2) IfisChromaPresent, the derivation process for chroma motion vector as specified in subclause 8.6.2.2
is invoked with luma motion vector mvL as input, and chroma motion vector mvC as output.
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3) The decoding process for inter sample prediction as specified in subclause 8.6.3 is invoked with the
luma coding block location ( xCb, yCb ), the luma coding block width nCbW,, the luma coding block
height nCbH;, the luma motion vector mvLl, the chroma component presence indicator
isChromaPresent, and, when isChromaPresent, the chroma motion vector mvC as inputs, and the ibc
prediction samples (predSamples) that are an (nCbW.)x(nCbH,) array predSamples;. of prediction
luma samples and, when isChromaPresent, two (nCbW¢)x(nCbH¢) arrays predSamplesc, and
predSamplesc, of prediction chroma samples, one for each of the chroma components Cb and Cr, as
outputs.

4) The decoding process for the residual signal of coding units coded in inter prediction mode $pecified
in subclause 8.5.6.1 is invoked with the luma location ( xCb, yCb ), the luma coding.blo¢k width
log2CbWidth, luma coding block height log2CbHeight and chroma component presence indicator
isChromaPresent as inputs, and the array resSamples;, and, when isChromaPresent, twp arrays
resSamplesc, and resSamplesc: as outputs.

5) The reconstructed samples of the current coding unit are derived as follows:

— The picture reconstruction process prior to in-loop filtering for a\¢elour component as §pecified
in subclause 8.7.5 is invoked with the luma coding block location [ xCb, yCb ), the variablelnCurrW
set equal to nCbWj, the variable nCurrH set equal to nCbH;iy the variable cldx set equalto 0, the
(nCbW.)x(nCbHy) array predSamples set equal to predSamples;, and the (nCbW)x(nCbH) array
resSamples set equal to resSamplesy, as inputs, and the'gutput is a modified reconstructed picture
before in-loop filtering.

— If isChromaPresent, the picture reconstruction’process prior to in-loop filtering for p colour
component as specified in subclause 8.7.5-1s invoked with the chroma coding block [location
(xCb / SubWidthC, yCb / SubHeightC ), the variable nCurrW set equal to nCbW¢, the |variable
nCurrH set equal to nCbHc, the variable cldx set equal to 1, the (nCbW¢)x(nCbHc) array
predSamples set equal to predSamplescy, and the (nCbW¢)x(nCbHc¢) array resSamples setjequal to
resSamplescy as inputs, and the output is a modified reconstructed picture before in-loop filtering.

— If isChromaPresent, the picture reconstruction process prior to in-loop filtering for p colour
component as specified‘in subclause 8.7.5 is invoked with the chroma coding block [location
(xCb / SubWidthC, y€b:/ SubHeightC ), the variable nCurrW set equal to nCbW¢, the |variable
nCurrH set equal to' nCbHc, the variable cldx set equal to 2, the (nCbWc)x(nCbHi) array
predSamples set.equal to predSamplesc;, and the (nCbW¢)x(nCbH¢) array resSamples setjequal to
resSamplescfasinputs, and the output is a modified reconstructed picture before in-loop filtering.

8.6.2 Derivation process for motion vector components

8.6.2.1 Derivation process for luma motion vector for ibc prediction mode

—

hputs to this process are:

— alumalocation ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the top-
left luma sample of the current picture, and

— two variables nCbW and nCbH specifying the width and the height of the current luma coding block.
Output of this process is the luma motion vector mvL.
The luma motion vector mvL is derived as follows:

1) The variable mvd is derived as follows:
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mvd[ 0 ] = MvdLO[ xCb ][ yCb ][ 0] (1025)
mvd[ 1] =MvdLO[xCb ][yCb][1] (1026)
2) The variables mvp[ 0 ] and mvp|[ 1] are set equal to 0.

3) The luma motion vector mvL is derived as follows:

u[0]=(mvp[0]+mvd[ 0] +216) % 216 (1027)
mvL[0]=(u[0] >= 215)? (u[0]-216):u[0] (1028
u[1]=(mvp[1]+mvd[1]+216) 9% 216 (1029
mvL[1]=(u[1] >= 215)? (u[1]-216):u[1] (1030

The toptleft location inside the reference block (xRefTL, yRefTL ), the top-right location inside thie
referenge block ( xRefTR, yRefTR ), the bottom-left location inside the reference block ( xRefBL, yRefBL ),
and the pottom-right location inside the reference block ( xRefBR, yRefBR ) areiderived as follows:

(xRefTL, yRefTL) = (xCb+ (mvL[0]),yCb+ (mvL[1])) (1031
( xRefTR, yRefTR ) = ( xRefTL + nCbW - 1, yRefTL ) (1032
( xRefBL, yRefBL ) = ( xRefTL, yRefTL + nCbH - 1) (1033
(xRefBR, yRefBR ) = ( xRefTL + nCbW - 1, yRefFE+ nCbH - 1) (1034

It is a rejquirement of bitstream conformance that thé¢’luma motion vector mvL shall obey the followin
constraipts:

4]

[72)

— When the derivation process for neighbouring block availability as specified in subclause 6.4.1 {
invgked with the neighbouring luma location ( xRefTL, yRefTL ) as input, and the output shall b
equpl to TRUE.

D

[72)

— When the derivation process)for neighbouring block availability as specified in subclause 6.4.1 i
invgked with the neighbouring luma location ( xRefBR, yRefBR ) as input, and the output shall b
equpl to TRUE.

D

[72)

— When sps_sucodlag is equal to 1, the derivation process for neighbouring block availability 4
spe¢ified in subclause 6.4.1 is invoked with the neighbouring luma location ( xRefBL, yRefBL ) 3
inpuit, and. the-output shall be equal to TRUE.

[72)

— Whensps_suco_flag is equal to 1, the derivation process for neighbouring block availability 4
Spe.,iﬁcd ill aub\,}auac 6.4.1 iD illVU]I\Cd VVith thC ucishbuu1 ills }uula }U\,atiuu (ARCI I L

width / 2, yRefBR ) as input, and the output shall be equal to TRUE.

r

— Atleast one of the following conditions shall be true:
— The value of mvL[ 0 ] + nCbW is less than or equal to 0.
— The value of mvL[ 1 ] + nCbH is less than or equal to 0.
— When sps_suco_flag is equal to 1, the value of mvL[ 0 ] is greater than or equal to nCbW.

— The following conditions shall be true:

248 © ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=caf991f23122d29f070ff293f89a846f

ISO/IEC 23094-1:2020(E)

yRefTL >> CtbLog2SizeY = = yCb >> CtbLog2SizeY
yRefBL >> CtbLog2SizeY = = yCb >> CtbLog2SizeY
xRefTL >> CtbLog2SizeY >= ( xCb >> CtbLog2SizeY ) - 1

xRefTR >> CtbLog2SizeY <= ( xCb >> CtbLog2SizeY )

(1035)
(1036)
(1037)

(1038)

— When xRefTL >> CtbLog2SizeY is equal to ( xCb >> CtbLog2SizeY ) - 1, and CtbLog2SizeY is equal to

—

/, the tollow conditions shall be true:

he-following is applied:

The derivation process for neighbouring block availability as specified in subclause 6.4.1 is

invoked with the neighbouring luma location ( ( xRefTL + 128 ) / 64 * 64, yRéfTL / 64
input, and the output shall be equal to FALSE.

* 64 ) as

The luma location ((xRefTL+128) /64 * 64,yRefTL /64 *64) cshall not be dqual to

(xCb, yCb).

+—  When sps_suco_flagis equal to 1 and xRefTL >> CtbLog2SizeY is equal to ( xCb >> CtbLog2SizeY ) - 1,
and CtbLog?2SizeY is equal to 7, the follow conditions shall be true:

The derivation process for neighbouring block availability as specified in subclaus¢ 6.4.1 is

invoked with the neighbouring luma
((xRefTL +128) / 64 * 64 + 63, yRefTL / 64 * 649 as input, and the output shall be
FALSE.

The luma location ((xRefTL+ 128) /64 * 64 + 63, yRefTL / 64 * 64 ) shall not be
(xCb + nCbW -1, yCb)).

The derivation process for neighbouring block availability as specified in subclause
invoked with the neighbouring luma location ( ( xRefTR + 128 ) / 64 * 64, yRefTR / 64
input, and the output shalkbe’equal to FALSE.

The luma location (((‘xRefTR + 128 ) / 64 * 64, yRefTR / 64 * 64 ) shall not be equal tc
nCbW -1, yCb).

The derivation)process for neighbouring block availability as specified in subclause
invoked the-neighbouring luma location ( (xRefTR + 128) / 64 * 64 + 63, yRefTR / 64
input, andthe output shall be equal to FALSE.

TheYluma location ((xRefTR+128) /64 * 64 + 63, yRefTR / 64 * 64 ) shall not be
(xCb + nCbW -1, yCb).

location
equal to

bqual to

6.4.1 is
*64) as

(xCb +

6.4.1 is
* 64 ) as

bqual to

mvL[0] = mvL[0] << 4, mvL[1] = mvL[1] << 4

8.6.2.2 Derivation process for chroma motion vector for ibc prediction mode

Input to this process is a luma motion vector mvL.

Output of this process is a chroma motion vector mvC.

A chroma motion vector is derived from the corresponding luma motion vector.
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For the derivation of the chroma motion vector mv(, the following applies:
mvC[0]=((mvL[0]>>(3+SubWidthC))*32 (1040)
mvC[1]=((mvL[1]>> (3 + SubHeightC)) * 32 (1041)

8.6.3 Decoding process for ibc blocks

This process is invoked when decoding a coding unit coded in ibc prediction mode.

Inputs t¢ this process are:

— aluma location ( xCb, yCb ) specifying the top-left sample of the current coding block relative to thie
top4left luma sample of the current picture,

— two|variables nCbW and nCbH specifying the width and the height of the currentluma coding bloc}

el

— theJuma motion vector in 1/16 fractional-sample accuracy mvL,

— chr¢ma component presence indicator isChromaPresent, and

— whgn isChromaPresent the chroma motion vectors in 1/32 fractional-sample accuracy mvC.
Outputs|of this process are:

— an (nCbW)x(nCbH;) array predSamples.. of luma predietion samples, where nCbW;, and nCbH,, are
derivied as specified in this subclause,

— wher] isChromaPresent, an (nCbW¢)x(nCbHc¢) array preSamplesc, of chroma prediction samples fq
the component Cb, where nCbW¢ and nCbHg¢ are derived as specified in this subclause,

]

— wher]isChromaPresent, an (nCbW¢)x(nCbHc) array predSamplesc: of chroma residual samples for thie
component Cr, where nCbW¢ and nCbH¢ are derived as specified in this subclause.

The variables nCbWy, and nCbH,, are)set equal to nCbW and nCbH, respectively, and the variables nCbWc
and nCbHc¢ are set equal to nCbW_/ SubWidthC and nCbH / SubHeightC, respectively.

<

Let predSamples;, be (nCbW)}xX(nCbH) array of predicted luma sample values and, when isChromaPresent,
predSamiplesc, and predSamplesc: be (nCbW / SubWidthC)x(nCbH / SubHeightC) arrays of predicte
chroma pample valués:

=

The curfent decoded picture prior to in-loop filter process as specified in subclause 8.8, consists of
pic_width_in_ldma_samples by pic_height_in_luma_samples array of luma samples currPic;, and, whe
isChrOrrjaPresent, two PicWidthInSamplesC by PicHeightInSamplesC arrays of chroma samples currPic
and currPicc.

=)

[=x

The arrays predSamples;, and, when isChromaPresent, predSamplescy,, and predSamplesc; are derived by
invoking the fractional sample interpolation process as specified in subclause 8.5.4.3.1 with the luma
locations ( xCb, yCb ), the luma coding block width nCbW, the luma coding block height nCbH, the motion
vector mvL[ xCb ][ yCb ], the luma motion vector offset mvOffset with both components equal to zero, the
reference array currPic;, the chroma component presence indicator isChromaPresent, and, when
isChromaPresent, motion vector mvC[ xCb ][ yCb ], and the reference arrays currPice,, and currPicc: as
inputs.
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8.7 Scaling, transformation and array construction process

8.7.1 Derivation process for quantization parameters

020(E)

Input to this process is a luma location ( xCb, yCb ) specifying the top-left sample of the current luma

C

oding block relative to the top-left luma sample of the current picture.

In this process, the variable Qpy, the luma quantization parameter Qp'y, and the chroma quantization

P

arameters Qp’cr and Qp’c. are derived.

T

Qo <

—

he variable Qpy is derived as follows:
Qpy = ( Qpy._rrev + CuQpDelta[ xCb ][ yCb ]+ 52) % 52

'here Qpy prev is the luma quantization parameter, Qpy of the previous coding unitin decoding
he current tile. For the first coding unit in the tile, Qpy prev is initially set equal/to slice_gp at th
ach tile.

he luma quantization parameter Qp'y is derived as follows:

Qp'y = Qpy + QpBdOffsety
Vhen ChromaArrayType is not equal to 0, the followingapplies:

— The variables Qpc, and Qpc: are derived as follows:

gPicy = Clip3( -QpBdOffsetc, 57, Qpy-+ slice_cb_qgp_offset )

gPicr = Clip3( -QpBdOffsety ™57, Qpy + slice_cr_qp_offset )

Qpcy = ChromaQpTable[ 0 ][ gPics ]

Qpcr = ChromaQpTable[ 1 ][ qPic: |

— The chrom@a-quantization parameters for the Cb and Cr components, Qp’c, and Qp'cy, are d¢
follows:

Qp’c» = Qpey + QpBdOffsete

(1042)

order in
b start of

(1043)

(1044)

(1045)

(1046)

(1047)

rived as

(1048)

Qp’cr = Qper + QpBdOffsetc

8.7.2 Scaling and transformation process

Inputs to this process are:

(1049)

— a luma location ( xTbY, yTbY ) specifying the top-left sample of the current luma transform block

relative to the top-left luma sample of the current picture,

— avariable cldx specifying the colour component of the current block,
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— avari

— avari

able nTbW specifying the width of the current block, and

able nTbH specifying the height of the current block.

Output of this process is the (nTbW)x(nTbH) array of residual samples r with elementsr[ x ][y ].

The quantization parameter qP is derived as follows:

— If cldx is equal to 0, the following applies.

qH

— Othei

qH
— Othel

qH

The (nTPbW)x(nTbH) array of residual samples r is derived as follows!

1) [he scaling process for transform coefficients as specified in subclause 8.7.3 is invoked with the

2)

3)

=Qp'y (1050

wise, if cldx is equal to 1, the following applies.

= Qp,Cb (1051

wise (cldx is equal to 2), the following applies.

=Qpcr (1052

fransform block location ( xTbY, yTbY ), the transform block width nTbW and the transform
block height nTbH, the colour component variable cldx, and the quantization parameter qP as
nputs, and the output is an (nTbW)x(nTbH)@rray of scaled transform coefficients d.

The transformation process for scaled“transform coefficients as specified in subclause 8.7.4 i
nvoked with the transform block lacation ( xTbY, yTbY ), the transform block width nTbW an
the transform block height nTbH, the colour component variable cldx, and the (nTbW)x(nTbH
hrray of scaled transform coefficients d as inputs, and the output is an (nTbW)x(nTbH) array d
residual samples r.

—_. — W

Che variable bdShift is derived as follows:
— If sps_iqt_flagis-equal to 0, the following applies:
bdShift=( (cldx == 0)? 20 - BitDepthy: 20 - BitDepthc ) + 7 (1053

— Otherwise (sps_iqt_flag is equal to 1), the following applies:

lo dClasfe L 1d A2 2N RaseD 41 20 RN 41 L1054
ouoint=1,1Cviux =="UJ o 42U = DILUCPLULY . 24U = DILUTPUIC 1UIT

4) The residual sample values r[ x ][ y ] withx = 0.nTbW - 1,y = 0.nTbH - 1 are modified as follow
s:

r[x][y]=(r[x][y]+ (1 << (bdShift-1))) >> bdShift (1055)

8.7.3 Scaling process for transform coefficients

Inputs to this process are:

252
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— a luma location ( xTbY, yTbY ) specifying the top-left sample of the current luma transform block
relative to the top-left luma sample of the current picture,

— avariable nTbW specifying the width of the current block,
— avariable nTbH specifying the height of the current block,

— avariable cldx specifying the colour component of the current block, and

a variable qP specifying the quantization parameter.

Qutput of this process is the (nTbW)x(nTbH) array d of scaled transform coefficients-with ¢lements
dlx][y]

The variable bdShift is derived as follows:

- If cldx is equal to 0, the following applies:

bdShift = BitDepthy + ( ( ( Log2(nTbW ) + Log2( nTbH) ) & 1) * 8 + {(Log2( nTbW ) + Log2(nTbH ) ) / 2)
-5 (1056)

— Otherwise, the following applies:

bdShift = BitDepthc + ( ( ( Log2( n”TbW ) + Log2( nTbHJ') & 1) * 8 + ( Log2( nTbW ) + Log2(nTbH ) )/ 2)
-5 (1057)

The variable rectNorm is derived as follows;

rectNorm = ( ( Log2( nTbW ) + Log2(nTbH ))& 1) ==17 181 : 1 (1058)

The list levelScale[ ] is specified as-follows:

- If sps_iqt_flag is equal to 0,levelScale[ k] = {40, 45,51, 57, 64, 71 } with k= 0..5.

- Otherwise (sps_iqt(flag is equal to 1), levelScale[ k | = { 40, 45, 51, 57, 64, 72 } with k= 0..5.

sl

or the derivatienof the scaled transform coefficients d[ x ][ y ] with x = 0.nTbW - 1,y = 0.nTbH - 1, the
bllowing applies:

-

- The scaled transform coefficient d[ x ][ y ] is derived as follows:

dlxJ[y]=Clip3(=32768, 32767, ( ( TransCoeffllevel XThY [ yThY [ cldx [ x ][y ]*
levelScale[ qP%6] << (qP/6)) *rectNorm + (1 << ( bdShift-1))) >> bdShift)(1059)

8.7.4 Transformation process for scaled transform coefficients

8.7.4.1 General
Inputs to this process are:

— a luma location ( xTbY, yTbY ) specifying the top-left sample of the current luma transform block
relative to the top-left luma sample of the current picture,
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— avariable nTbW specifying the width of the current block,

— avariable nTbH specifying the height of the current block,

— avariable cldx specifying the colour component of the current block, and

—an(n

TbW)x(nTbH) array d of scaled transform coefficients with elements d[ x ][ y ].

Output of this process is the (nTbW)x(nTbH) array r of residual samples with elementsr[ x ][y ].

The varipgbles x0 and y0 are set equal to xXTbY and yTbY.
The varigbles trTypeHor and trTypeVer are dervied as follows:

— If ats_cu_intra_flag[ x0 ][ y0] is equal to 1, trTypeHor and trTypeVer are specifed-according tp

Tabl

— Othgrwise, if ats_cu_intra_flag[ x0 ][ y0 ] is equal to 0 and ats_cu_inter_flag[ x0J] yO0 ] is equal to 1 an|

Max

— Othgrwise, trTypeHor and trTypeVer are set equal to 0.

The (nT

1) EacH (vertical) column of scaled transform coefficients d[ x }J'y ] withx = 0.n'TbW - 1,y = 0.nTbH - [L

is tr
tran

of the transform block nTbH, the list d[ x ][ y ] with'y = 0.nTbH - 1, and the transform type variable

trTy|
e[ x

2) The

3) Each
tran
tran

le 30.

[om

[ n'TbH, nTbW ) is less than 64, trTypeHor and trTypeVer are specifedaccording to Table 31.

bW)x(nTbH) array r of residual samples is derived as follows:

hnsformed to e[ x ][y ] with x=0.nTbW -1, y = 0;0TbH - 1 by invoking the one-dimensional
sformation process as specified in subclause 8.7.4.:2'for each column x = 0.nTbW - 1 with the size

-

pe set equal to trTypeVer if cldx is equal t0.0, otherwise 0 as inputs, and the output is the lig
[y]withy=0.nTbH - 1.

following applies:

If sps_iqt_flag is equal to 1, the following applies:

g[ x][y]=Clip3(-32768) 32767, (e[x][y] +64) >> 7) (1060
Otherwise (sps_iqt_flag is equal to 0), the following applies:

glx]ly]=¢€lx]ly] (1061

(horizental) row of the resulting array g[x][y] with x=0.nTbW -1, y=0.nTbH-1 is
sformed to r[x][y] with x=0.nTbW -1, y=0.nTbH -1 by invoking the one-dimensionagl
sformation process as specified in subclause 8.7.4.2 for each row y = 0.nTbH - 1 with the size gf

thet

ranstorm block nTbW, the listg| x || y | with x = 0..nTbW - 1, and transtorm type variable trType

set equal to trTypeHor if cldx is equal to 0, otherwise 0 as inputs, and the output is the list r[ x [[ y ]

with

254

x=0.nTbW - 1.
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Table 30 — Specification of trTypeHor and trTypeVer depending on ats_hor_mode[ x0 ][ y0 ] and

ats_ver_mode[ x0 ][ yO ], when ats_cu_intra_flag[ x0 ][ y0 ] is equal to 1

ats_hor_mode[ x0 ][ yO ] 0 1 0 1
ats_ver_mode[ x0 ][ yO ] 0 0 1 1
trTypeHor 1 2 1 2
trTypeVer 1 1 2 2

Table 31 — Specification of trTypeHor and trTypeVer depending on
ats_cu_inter_horizontal_flag[ x0 ][ y0 ] and ats_cu_inter_pos_flag[ x0 ][ y0 ], whén
Max( nTbH, nTbW ) is less than 64 and ats_cu_inter_flag[ x0 ][ yO0 ] is equal'to 1

ats_cu_inter_horizontal_flag[ x0 ][ yO ] 0 1 0 1
ats_cu_inter_pos_flag[ x0 ][ y0 ] 0 0 1
trTypeHor 2 1 ¥ 1

trTypeVer 1 2 1 1

8.7.4.2 Transformation process

et

hputs to this process are:

- a variable nTbS specifying the sample size of scaled'transform coefficients, and

- a list of scaled transform coefficients x with elements x[ j ], with j = 0.nTbS - 1.

Q

utput of this process is the list of transformed samples y with elements y[ i ], with i = 0.nTbS -

—

he transformation matrix derivation process as specified in subclause 8.7.4.3 invoked
Fansform size nTbS and the transform kernel Type trType as inputs, and the transformatio
ransMatrix as output.

=+

The list of transformed samples y[ i ] with i = 0.nTbS - 1 is derived as follows:

y[i]= Z?ggs_ltransMatrix[ i][j]*x[j] withi=0.nTbS -1

8.7.4.3 Transformation matrix derivation process

—

hputs:to-this process are:

1.

with the
N matrix

(1062)

L2 variable nThS specifying the horizontal sample size of scaled transform coefficients and
— the transformation kernel type trType.

Output of this process is the transformation matrix transMatrix.

The transformation matrix transMatrix is derived based on trType and nTbs as follows:

— IftrType is equal to 0 and nTbs is equal to 2, the following applies:

© ISO/IEC 2020 - All rights reserved
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transMatrix[ m][n] = (1063)
{
{ 64, 64 )
{ 64, -64)
}
— Otherwise, if trType is equal to 0 and nTbs is equal to 4, the following applies:
transMatrix[ m ][ n] = (1064)
{
{ 64, 64, 64, 64 )
T84, 35, —35, -84
{ 64, -64, -64, 64 )
{ 35, -84, 84, -35 )
}
— Othgrwise, if trType is equal to 0 and nTbs is equal to 8, the following applies:
transMatrix[ m][n] = (1065
{
{ 64, 64, 64, 64, 64, 64, 64, 64}
{ 89, 75, 50, 18, -18, -50, -75, -89 }
{ 84, 35, -35, -84, -84, -35, 35, 84 }
{ 75, -18, -89, -50, 50, 89, 18, -75 }
{ 64, -64, -64, 64, 64, 64, —64, 64 )
{ 50, -89, 18, 75, -75, -18, 89, -50 }
{ 35, -84, 84, -35, -35, 84, -84, 35 }
{ 18, -50, 75, -89, 89, -75, 50, -18 }
}
— Othdrwise, if trType is equal to 0 and nTbs is equal to 16, the following applies:
transMatrix[ m][n] = (1066
{
{ 64, 64, 64, 64, 64, 64, 64, pA» 64, 64, 64, 64, 64, 64, 64, 64},
{ 90, 87, 80, 70, 57, 43, 26, \\9, -9, -26, -43, -57, -70, -80, -87, -90},
{ 89, 75, 50, 18, -18, -50, -75, =89, -89, -75, -50, -18, 18, 50, 75, 89},
{ 87, 57, 9, -43, -80, -90, 9%/ -26, 26, 70, 90, 80, 43, -9, -57, -87},
{ 84, 35, -35, -84, -84, -35\l.35, 84, 84, 35, -35 -84, -84, -35, 35, 84},
{ 80, 9, -70, -87, -26, 8T 90, 43, -43, -90, -57, 26, 87, 70, -9, -80},
{ 75, -18, -89, -50, 50,( 89, 18, -75, -75, 18, 89, 50, -50, -89, -18, 75},
{ 70, -43, -87, 9, 90, “26, -80, -57, 57, 80, -26, -90, -9, 87, 43, -70},
{ 64, -64, -64, 64, _&4,°-64, 64, 64, 64, -64, -64, 64, 64, -64, -64, 64},
{ 57, -80, -26, 90,~\9, -87, 43, 70, -70, -43, 87, 9, -90, 26, 80, -57},
{ 50, -89, 18, 75y%.*t75, -18, 89, -50, -50, 89, -18, -75, 75, 18, -89, 50},
{ 43, -90, 57, 26} -87, 70, 9, -80, 80, -9, -70, 87, -26, -57, 90, -43},
{ 35, -84, 84f 335, -35, 84, -84, 35, 35, -84, 84, -35, -35, 84, -84, 35},
{ 26, -70, 90380, 43, 9, -57, 87, -87, 57, -9, -43, 80, -90, 70, -26},
{ 18, -50,,.%5, -89, 89, -75, 50, -18, -18, 50, -75, 89, -89, 75, -50, 18},
{ 9, -26,-43, -57, 70, -80, 87, -90, 90, -87, 80, -70, 57, -43, 26, -9}},
}
— Othgrwise, if tr'Type is equal to 0 and nTbs is equal to 32, the following applies:
transMatrix[ m ][ n ] = transMatrixColOto15[ m ][ n ] with m = 0..15,n = 0..31 (1067
transMatrixCol0to15 = (1068)
{
{ 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64},
{ 90, 90, 88, 85 82, 78, 73, 67, 61, 54, 47, 39, 30, 22, 13, 4},
{ 90, 87, 80, 70, 57, 43, 26, 9, -9, -26, -43, -57, -70, -80, -87, -90 },
{ 90, 82, 67, 47, 22, -4, -30, -54, -73, -85, -90, -88, -78, -61, -39, -13 },
{ 89, 75, 50, 18, -18, -50, -75, -89, -89, -75, -50, -18, 18, 50, 75, 89 },
{ 88, 67, 30, -13, -54, -82, -90, -78, -47, -4, 39, 73, 90, 85, 61, 22},
{ 87, 57, 9, -43, -80, -90, -70, -26, 26, 70, 90, 80, 43, -9, -57, -87 },
{ 85, 47, -13, -67, -90, -73, -22, 39, 82, 88, 54, -4, -61, -90, -78, -30 },
( 84, 35, -35, -84, -84, -35, 35, 84, 84, 35, -35, -84, -84, -35, 35, 84 },
{ 82, 22, -54, -90, -61, 13, 78, 85, 30, -47, -90, -67, 4, 73, 88, 39 },
{ 80, 9, -70, -87, -26, 57, 90, 43, -43, -90, -57, 26, 87, 70, -9, -80 },
{ 78, -4, -82, -73, 13, 85, 67, -22, -88, -61, 30, 90, 54, -39, -90, -47 },
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{ 75, -18, -89, -50, 50, 89, 18, -75, -75, 18, 89, 50, -50, -89, -18, 75
{ 73, -30, -90, -22, 78, 67, -39, -90, -13, 82, 61, -47, -88, -4, 85, 54
{ 70, -43, -87, 9, 90, 26, -80, -57, 57, 80, -26, -90, -9, 87, 43, -70
{ 67, -54, -78, 39, 85, -22, -90, 4, 90, 13, -88, -30, 82, 47, -73, -61
{ 64, —64, -64, 64, 64, —-64, —-64, 64, 64, -64, —-64, 64, 64, -64, —64, 64
( 61, -73, -47, 82, 30, -88, -13, 90, -4, -90, 22, 85, -39, -78, 54, 67
( 57, -80, -26, 90, -9, -87, 43, 70, -70, -43, 87, 9, -90, 26, 80, -57
( 54, -85, -4, 88, -47, -61, 82, 13, -90, 39, 67, -78, -22, 90, -30, -73
( 50, -89, 18, 75, -75, -18, 89, -50, -50, 89, -18, -75, 75, 18, -89, 50
( 47, -%0, 39, 54, -90, 30, 61, -88, 22, 67, -85, 13, 73, -82, 4, 78
( 43, -90, 57, 26, -87, 70, 9, -80, 80, -9, -70, 87, -26, -57, 90, -43
( 39, -88, 73, -4, -67, 90, -47, -30, 85, -78, 13, 61, -90, 54, 22, -82
{ 35, -84, 84, -35, -35, 84, -84, 35, 35, -84, 84, -35, -35, 84, -84, 35
( 30, -78, 90, -61, 4, 54, -88, 82, -39, -22, 73, -90, 67, -13, —-47, 85
{ 26, -70, 90, -80, 43, 9, -57, 87, -87, 57, -9, -43, 80, -90, 70,(+24
{ 22, -61, 85, -90, 73, -39, -4, 47, -78, 90, -82, 54, -13, -30, 67, \“88
{ 18, -50, 75, -89, 89, -75, 50, -18, -18, 50, -75, 89, -89, 75, -50,7 18
{ 13, -39, 61, -78, 88, -90, 85, -73, 54, -30, 4, 22, -47, 67,082, 90
{ 9, -26, 43, -57, 70, -80, 87, -90, 90, -87, 80, -70, 57, -48,7 26, -9
{ 4, -13, 22, -30, 39, -47, 54, -61, 67, -73, 78, -82, 85, €88, 90, -90
} r
transMatrix[ m ][ n ] = transMatrixCol16to31[ m - 16 ][ n ] with m=,16..31,n =0..31
transMatrixCol16to31 =

{

{ 64, 64, 64, 64, 64, 64, 64, 64, 64, 64;mN64, 64, 64, 64, 64, 64
{ -4, -13, -22, -30, -39, -47, -54, -61, —-67, #13, -78, -82, -85, —-88, —-90, —-90
{ -90, -87, -80, -70, -57, -43, -26, -9, 97~%6, 43, 57, 70, 80, 87, 90
{ 13, 39, 61, 78, 88, 90, 85, 73, 8ON 30, 4, -22, -47, -67, —-82, -90
{ 89, 75, 50, 18, -18, -50, -75, -89,.89, -75, -50, -18, 18, 50, 75, 89
{ -22, -61, -85, -90, -73, -39, 4, 47,°N78, 90, 82, 54, 13, -30, -67, -88
{ -87, -57, -9, 43, 80, 90, 70, 26,7-26, -70, -90, -80, -43, 9, 57, 87
{ 30, 78, 90, 61, 4, -54, -88, L8e, -39, 22, 73, 90, 67, 13, —-47, -85
{ 84, 35, -35, -84, -84, -35, 35\°84, 84, 35, -35, -84, -84, -35, 35, 84
( -39, -88, -73, -4, 67, 90, 4g, -30, -85, -78, -13, 61, 90, 54, -22, -82
( -80, -9, 70, 87, 26, -57,0-90, -43, 43, 90, 57, -26, -87, -70, 9, 80
( 47, 90, 39, -54, -90, -30\~"61, 88, 22, -67, -85, -13, 73, 82, 4, -78
( 75, -18, -89, -50, 50, ~89, 18, -75, -75, 18, 89, 50, -50, -89, -18, 75
( -54, -85, 4, 88, 47461, -82, 13, 90, 39, -67, -78, 22, 90, 30, -73
{ -70, 43, 87, -9, -9¢~ -26, 80, 57, -57, -80, 26, 90, 9, -87, —43, 70
{ 61, 73, -47, -82,.86, 88, -13, -90, -4, 90, 22, -85, -39, 78, 54, -67
( 64, -64, -64, 64,64, -64, —64, 64, 64, -64, —64, 64, 64, -64, —64, 64
{ -67, -54, 78, 89, -85, -22, 90, 4, -90, 13, 88, -30, -82, 47, 73, -61
{ -57, 80, 26,\<90, 9, 87, -43, -70, 70, 43, -87, -9, 90, -26, —-80, 57
{ 73, 30, -@ON 22, 78, -67, -39, 90, -13, -82, 61, 47, -88, 4, 85, -54
{ 50, -89,~¢, 75, -75, -18, 89, -50, -50, 89, -18, -75, 75, 18, -89, 50
{ -78, ~-4,-82, -73, -13, 85, -67, -22, 88, -61, -30, 90, -54, -39, 90, -47
{ -43, _60)°-57, -26, 87, -70, -9, 80, -80, 9, 70, -87, 26, 57, -90, 43
( 82,02, -54, 90, -61, -13, 78, -85, 30, 47, -90, 67, 4, -73, 88, -39
{ 35~-84, 84, -35, -35, 84, -84, 35, 35, -84, 84, -35, -35, 84, -84, 35
( £857 47, 13, -67, 90, -73, 22, 39, -82, 88, -54, -4, 61, -90, 78, -30
(>96, 70, -90, 80, -43, -9, 57, -87, 87, -57, 9, 43, -80, 90, -70, 26
{ 88, -67, 30, 13, -54, 82, -90, 78, —-47, 4, 39, -73, 90, -85, 61, -22
( 18, -50, 75, -89, 89, -75, 50, -18, -18, 50, -75, 89, -89, 75, -50, 18
{ -90, 82, -67, 47, -22, -4, 30, -54, 73, -85, 90, -88, 78, -61, 39, -13
{ -9, 26, -43, 57, -70, 80, -87, 90, -90, 87, -80, 70, -57, 43, -26, 9
{ 90, -%0, 88, -85, 82, -78, 73, -67, 61, -54, 47, -39, 30, -22, 13, -4
}

— Otherwiseg, if trType is equal to U and nTbs is equal to 64, the following applies:
transMatrix[ m ][ n ] = transMatrixColOto15[ m ][ n ] with m = 0..15,n = 0..63
transMatrixColOto15 =

{

{ 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64
{ 90, 90, 90, 89, 88, 87, 86, 84, 83, 81, 79, 76, 74, 711, 69, 66
{ 90, 90, 88, 85, 82, 78, 73, 67, 61, 54, 47, 39, 30, 22, 13, 4
{ 90, 88, 84, 79, 71, 62, 52, 41, 28, 15, 2, -11, -24, -37, -48, -59
{ 90, 87, 80, 70, 57, 43, 26, 9, -9, -26, -43, -57, -70, -80, —-87, -90
{ 90, 84, 74, 59, 41, 20, -2, -24, -45, -62, -76, -86, —-90, -89, -83, -71
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%0, 82, 67, 47, 22, -4, -30, -54, -73, -85, -90, -88, -78, —-61, -39, -13 },
89, 79, 59, 33, 2, -28, -56, -76, -88, -90, -81, -62, -37, -7, 24, 52},
89, 75, 50, 18, -18, -50, -75, -89, -89, -75, -50, -18, 18, 50, 75, 89 },
8s, 71, 41, 2, -37, -69, -87, -89, -74, -45, -7, 33, 66, 86, 90, 76 },
88, 67, 30, -13, -54, -82, -90, -78, -47, -4, 39, 73, 90, 85, 61, 22},
87, 62, 20, -28, -69, -89, -84, -56, -11, 37, 74, 90, 81, 48, 2, —-45 },
87, 57, 9, -43, -80, -90, -70, -26, 26, 70, 90, 80, 43, -9, -57, —-87 },
86, 52, -2, -56, -87, -84, -48, 7, 59, 88, 83, 45, -11, —-62, -89, -81 },
85, 47, -13, -67, -90, -73, -22, 39, 82, 88, 54, -4, -61, -90, -78, -30 },
84, 41, -24, -76, -89, -56, 71, 66, 90, 69, 11, -52, -88, -79, -28, 37 },
84, 35, -35, -84, -84, -35, 35, 84, 84, 35, -35, -84, -84, -35, 35, 84 },
83, 28, -45, -88, -74, -11, 59, 90, 62, -7, -71, -89, —-48, 24, 81, 84 },
82, 22, -54, -90, -61, 13, 78, 85, 30, -47, -90, -67, 4, 73, 88, 39 1},
81, 15, -62, -90, -45, 37, 88, 69, -7, -76, -84, —-24, 56, 90, 52, -28 },
8o, 9, -70, -87, -26, 57, 90, 43, -43, -90, -57, 26, 87, 70, -9, -80 },
79, 2, -76, -81, -7, 74, 83, 11, -71, -84, -15, 69, 86, 20, -66, -87
78, -4, -82, -73, 13, 85, 67, -22, -88, -61, 30, 90, 54, -39, -90, -47'},
76, -11, -86, -62, 33, 90, 45, -52, -89, -24, 69, 83, 2, -81, -71, 20 9,
75, -18, -89, -50, 50, 89, 18, -75, -75, 18, 89, 50, —-50, -89, -18,N\.75 },
74, -24, -90, -37, 66, 81, -11, -88, -48, 56, 86, 2, -84, -59, 46N 89 },
73, -30, -90, -22, 78, 67, -39, -90, -13, 82, 61, -47, -88, -4,,.'85 54},
71, -37, -89, -7, 86, 48, -62, -79, 24, 90, 20, -81, -59, 52 .84, -11 },
70, -43, -87, 9, 90, 26, -80, -57, 57, 80, -26, -90, -9, 87,/ 43, -70 },
69, -48, —-83, 24, 90, 2, -89, -28, 81, 52, -66, —-71, 45,,\84, -20, -90 },
67, -54, -78, 39, 85, -22, -90, 4, 90, 13, -88, -30, 82,47, -13, -61 },
66, -59, -71, 52, 76, -45, -81, 37, 84, -28, -87, 20, /89,°-11, -90, 2 },
64, —64, —64, 64, 64, —-64, -64, 64, 64, —-64, —-64, 64,64, —64, —64, 64 },
62, —-69, -56, 74, 48, -79, -41, 83, 33, -86, -24, 88,15, -90, -7, 90 },
61, -73, —-47, 82, 30, -88, -13, 90, -4, -90, 22, .85, -39, -78, 54, 67 },
59, -76, -37, 87, 11, -90, 15, 86, -41, -74, 62, “86, -79, -33, 88, 7},
57, -80, -26, 90, -9, -87, 43, 70, -70, -43, 8% 9, -90, 26, 80, -57 },
56, -83, -15, 90, -28, -76, 66, 45, —-87, -2,~\88, —-41, —-69, 74, 33, -90 },
54, -85, -4, 88, -47, -61, 82, 13, -90, 39, 67, -78, -22, 90, -30, -73 },
52, -87, 7, 83, -62, -41, 90, -20, -76, My 28, -90, 33, 69, -79, -15 },
50, -89, 18, 75, -75, -18, 89, -50, -50,%N8b, -18, -75, 75, 18, -89, 50 },
48, -90, 28, 66, -84, 7, 79, -74, -1%p, 87, -59, -37, 90, —-41, -56, 88 },
47, -90, 39, 54, -90, 30, 61, -88, &2, 67, -85, 13, 73, -82, 4, 78 },
45, -90, 48, 41, -90, 52, 37, -90, 56, 33, -89, 59, 28, -88, 62, 24 },
43, -90, 57, 26, -87, 70, 9, -805° 80, -9, -70, 87, -26, -57, 90, -43 },
41, -89, 66, 11, -79, 83, -20, ~59, 90, -48, -33, 87, -71, -2, 74, -86 },
39, -88, 73, -4, -67, 90, -47,7%30, 85, -78, 13, 61, -90, 54, 22, -82 },
37, -86, 79, -20, -52, 90, =6%9) 2, 66, -90, 56, 15, -76, 87, -41, -33 },
35, -84, 84, -35, -35, 845/=84, 35, 35, -84, 84, -35, -35, 84, -84, 35 },
33, -81, 87, -48, -15, J1(»-90, 62, -2, -59, 90, -74, 20, 45, -86, 83 },
30, -78, 90, -61, 4,(°54, -88, 82, -39, -22, 73, -90, 67, -13, -47, 85 },
28, -74, 90, -71, 24, 33, -76, 90, -69, 20, 37, -79, 90, -66, 15, 41 },
26, -70, 90, -80, 43,* 9, -57, 87, -87, 57, -9, —-43, 80, -90, 70, -26 },
24, -66, 88, -86,-.59, -15, -33, 71, -90, 83, -52, 7, 41, -76, 90, -79 },
22, -61, 85, -904 )73, -39, -4, 47, -78, 90, -82, 54, -13, -30, 67, -88 },
20, -56, 81, -90) 83, -59, =24, 15, -52, 79, -90, 84, -62, 28, 11, -48 },
18, -50, 75{ %89, 89, -75, 50, -18, -18, 50, -75, 89, -89, 75, -50, 18 },
15, -45, 69,-%84, 90, -86, 71, -48, 20, 11, -41, 66, —-83, 90, -87, 74 },
13, -39,,~%Y, -78, 88, -90, 85, -73, 54, -30, 4, 22, -47, 67, -82, 90 },
11, -33~ 52, -69, 81, -88, 90, -87, 79, —-66, 48, -28, 7, 15, -37, 56 },
9, -26,/ 43, -57, 70, -80, 87, -90, 90, -87, 80, -70, 57, -43, 26, -9 },
20, 33, -45, 56, -66, 74, -81, 86, -89, 90, -90, 87, -83, 76, -69 },
-30, 39, -47, 54, -61, 67, -73, 78, -82, 85, -88, 90, -90 },
-7, 11, -15, 20, -24, 28, -33, 37, -41, 45, -48, 52, -56, 59, -62 }
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transMatrix[ m ][ n ] = transMatrixCol16to31[ m ][ n ] with m = 16..31,n = 0..63 (1073

transMatrixCol16to31 = (1074)

{ 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64 }
{ 62, 59, 56, 52, 48, 45, 41, 37, 33, 28, 24, =20, 15, 11, 7, 2}

{ -4, -13, -22, -30, -39, -47, -54, -61, -67, -73, -78, -82, -85, —-88, —-90, -90 },
{ -69, -76, -83, -87, -90, -90, -89, -86, -81, -74, -66, -56, —-45, —-33, —-20, -7 }

{ -90, -87, -80, -70, -57, —-43, -26, -9, 9, 26, 43, 57, 70, 80, 87, 90 }

{ -56, -37, -15, 7, 28, 48, 66, 79, 87, 90, 88, 81, 69, 52, 33, 11 },
{ 13, 39, 61, 78, 88, 90, 85, 73, 54, 30, 4, -22, -47, -67, —-82, -90 },
{ 74, 87, 90, 83, 66, 41, 11, -20, -48, -71, -86, -90, -84, —-69, -45, -15 },
{ 89, 75, 50, 18, -18, -50, -75, -89, -89, -75, -50, -18, 18, 50, 75, 89 },
{ 48, 11, -28, -62, -84, -90, -79, -52, -15, 24, 59, 83, 90, 81, 56, 20 },
{ -22, -61, -85, -90, -73, -39, 4, 47, 78, 90, 82, 54, 13, -30, -67, —-88 },
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{ -79, -%0, -76, -41, 7, 52, 83, 90, 71, 33, -15, -59, -86, -88, -66, -24 },
{ -87, -57, -9, 43, 80, 90, 70, 26, -26, -70, -90, -80, —-43, 9, 57, 87},
{ -41, 15, 66, 90, 79, 37, -20, -69, -90, -76, -33, 24, 71, 90, 74, 28},
{ 30, 78, 90, 61, 4, -54, -88, -82, -39, 22, 73, 90, 67, 13, -47, -85 },
{ 83, 86, 45, -20, -74, -90, -59, 2, 62, 90, 71, 15, -48, -87, -81, -33 },
( 84, 35, -35, -84, -84, -35, 35, 84, 84, 35, -35, -84, -84, -35, 35, 84 },
{ 33, -41, -87, -76, -15, 56, 90, 66, -2, -69, -90, -52, 20, 79, 86, 237 },
{ -39, -88, -73, -4, 67, 90, 47, -30, -85, -78, -13, 61, 90, 54, -22, -82 },
{ -86, -74, -2, 71, 87, 33, -48, -90, -59, 20, 83, 79, 11, -66, -89, —41 },
{ -80, -9, 70, 87, 26, -57, -90, -43, 43, 90, 57, -26, -87, -70, 9, 80 },
{ -24, 62, 88, 28, -59, -89, -33, 56, 90, 37, -52, -90, -41, 48, 90, 45 },
{ 47, 90, 39, -54, -90, -30, 61, 88, 22, -67, -85, -13, 73, 82, 4, -78 },
{ 88, 56, -41, -90, -37, 59, 87, 15, -74, -79, 7, 84, 66, -28, -90, —48 },
{ 75, -18, -89, -50, 50, 89, 18, -75, -75, 18, 89, 50, -50, -89, -18, 5|},
{ 15, -79, -69, 33, 90, =28, -71, -76, 20, 90, 41, -62, -83, 7, 87,052},
{ -54, -85, 4, 88, 47, -61, -82, 13, 90, 39, -67, -78, 22, 90, 30,\YI3|},
{ -90, -33, 74, 69, -41, -88, -2, 87, 45, -66, -76, 28, 90, 15, -83,7-56|},
{ -70, 43, 87, -9, -90, -26, 80, 57, -57, -80, 26, 90, 9, -87,Ma43, 70|},
{ -7, 88, 33, -79, -56, 62, 74, -41, -86, 15, 90, 11, -87, -3%,7 76, 59|},
{ 61, 73, -47, -82, 30, 88, -13, -90, -4, 90, 22, -85, -39, (3§, 54, -67|},
{ 90, 7, -90, -15, 88, =24, -86, -33, 83, 41, -79, -48, 74,56, -69, -62|1,
{ 64, -64, -64, 64, 64, -64, 64, 64, 64, -64, —64, 64, (64,)-64, —64, 64|},
{ -2, -90, 11, 89, -20, -87, 28, 84, -37, -81, 45, 76,.-52, -71, 59, 66|},
{ -67, -54, 78, 39, -85, -22, 90, 4, -90, 13, 88, -30,.282, 47, 73, -61|},
{ -90, 20, 84, -45, -71, 66, 52, -81, -28, 89, 2, ~9Q,s 24, 83, -48, -69|},
{ -57, 80, 26, -90, 9, 87, -43, -70, 70, 43, -877/~\"9, 90, -26, -80, 57|},
{ 11, 84, -52, -59, 81, 20, -90, 24, 79, -62, -A8%/86, 7, -89, 37, 71|},
{ 73, 30, -90, =22, 78, -67, -39, 90, -13, -82, bV, 47, -88, 4, 85, -54|},
{ 89, -45, -59, 84, 2, -86, 56, 48, —-88, 11,5 81, -66, -37, 90, -24, -74|},
{ s0, -89, 18, 75, -75, -18, 89, -50, -50, ,89)-18, -75, 75, 18, -89, 50|},
{ -20, -71, 81, 2, -83, 69, 24, -89, 52,045, -90, 33, 62, -86, 11, 76|},
{ -78, -4, 82, -73, -13, 85, -67, -22, 88x,61, -30, 90, -54, -39, 90, -47|},
{ -87, 66, 20, -86, 69, 15, -84, 71, M, -83, 74, 7, -81, 76, 2, -79|},
{ -43, 90, -57, -26, 87, -70, -9, 80,0960, 9, 70, -87, 26, 57, -90, 43|},
{ 28, 52, -90, 56, 24, -84, 76, -%,J-69, 88, -37, -45, 90, -62, -15, 81|},
{ 82, -22, -54, 90, -61, -13, 78, ¢85, 30, 47, -90, 67, 4, -73, 88, -39|},
{ 84, -81, 24, 48, -89, 71, -7,(%62, 90, -59, -11, 74, -88, 45, 28, -83|},
{ 35, -84, 84, -35, -35, 84, -84, 35, 35, -84, 84, -35, -35, 84, -84, 35|},
{ -37, -28, 79, -88, 52, 11,269, 90, -66, 7, 56, -89, 76, -24, -41, 84|},
{ -85, 47, 13, -67, 90, -733%22, 39, -82, 88, -54, -4, 61, -90, 78, -30|},
{ -81, 89, -62, 11, 45, -83, 88, -59, 7, 48, -84, 87, -56, 2, 52, -86|},
{ -26, 70, -90, 80, -43x 29, 57, -87, 87, -57, 9, 43, -80, 90, -70, 26|},
{ 45, 2, -48, 81, -90, 74, -37, -11, 56, -84, 89, -69, 28, 20, -62, 87|},
{ 88, -67, 30, 13,:.64, 82, -90, 78, -47, 4, 39, -73, 90, -85, 61, -22|1,
{ 76, -90, 86, —6@, N33, 7, -45, 74, -89, 87, -69, 37, 2, -41, 71, -88|},
{ 18, -50, 75, -89y’ 89, -75, 50, -18, -18, 50, -75, 89, -89, 75, -50, 18|},
{ -52, 24, 77,0237, 62, -81, 090, -88, 76, -56, 28, 2, -33, 59, -79, 89},
{ -90, 82, -ginV'47, —22, -4, 30, -54, 73, -85, 90, -88, 78, -61, 39, -13|},
{ -71, 83,89, 90, -86, 76, —62, 45, -24, 2, 20, -41, 59, -74, 84, -90|},
{ -9, 26,\=43, 57, -70, 80, -87, 90, -90, 87, -80, 70, -57, 43, -26, 9|},
{ 59, -48,+ 37, -24, 11, 2, -15, 28, -41, 52, -62, 71, -79, 84, -88, 90|},
{ 90,390, 88, -85, 82, -78, 73, -67, 61, -54, 47, -39, 30, -22, 13, -4},
{ 66,\*69, 71, -74, 716, -79, 81, -83, 84, -86, 87, -88, 89, -90, 90, -90|}
}

transMatrix m][n]=(n&17?-1:1) *transMatrixCol16to31[47 -m ][ n ] (1075)

withm=32.47,n=0..63

transMatrix m][n]=(n&1?-1:1)*transMatrixCol0to15[ 63 -m ][ n ] (1076)

with m =48..63,n =0..63

— Otherwise, if tr'Type is equal to 1 and nTbs is equal to 4, the following applies:

transMatrix[ m ][ n] = (1077)
{

29, 55, 74, 84

74, 74, 0, -74

84, -29, -74, 55

55, -84, 74, -29

~ 0~

~ 0~

— Otherwise, if trType is equal to 1 and nTbs is equal to 8, the following applies:
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Othd

transMatrix[ m][n] = (1078)
{
{ 16, 32, 46, 59, 70, 79, 84, 87},
{ 46, 79, 87, 70, 32, -16, -59, -84 },
{ 70, 84, 32, -46, -87, -59, 16, 79 },
{ 84, 46, -59, -79, 16, 87, 32, -70 },
{ 87, -16, -84, 32, 79, -46, -70, 59 },
{ 79, -70, -16, 84, -59, -32, 87, -46 },
{ 59, -87, 70, -16, -46, 84, -79, 32 },
{ 32, -59, 79, -87, 84, -70, 46, -16 },
}

— Otherwise, if trType is equal to 1 and nTbs is equal to 16, the following applies:

transMatrix[ m][n] = (1079
{
{ 8 17, 25, 33, 41, 48, 55, 62, 67, 73, 77, 81, 84, 87, 88, 89},
{ 25, 48, 67, 81, 88, 88, 81, 67, 48, 25, 0, -25, -48, -67, -8yl 88 },
{ 41, 73, 88, 84, 62, 25, -17, -55, -81, -89, -77, -48, -8, 33, @97 87 },
{ 55, 87, 81, 41, -17, -67, -89, -73, -25, 33, 77, 88, 62, 8,48, -84 },
{ 67, 88, 48, -25, -81, -81, -25, 48, 88, 67, 0, -67, -88, -48,/,25, 81 },
¢ 77, 77, o©0, =77, =71, o0, 71, 77, 0, =77, =77, o0, 717,,(73, 0, -77 1,
{ 84, 55, -48, -87, -8, 81, 62, -41, -88, -17, 77, 67, -33%/589, -25, 73 1,
{ 88, 25, -81, -48, 67, 67, -48, -81, 25, 88, 0, -88, =25\ 81, 48, -67 },
{ 89, -8, -88, 17, 87, -25, -84, 33, 81, -41, -77, 48,.(78, -55, -67, 62 },
{ 87, -41, -67, 73, 33, -88, 8, 84, —48, -62, 77, 25389, 17, 81, -55 },
{ 81, -67, -25, 88, -48, -48, 88, -25, -67, 81, 0, <81, 67, 25, -88, 48 },
{ 73, -84, 25, 55, -89, 48, 33, -87, 67, 8, -77, (81, -17, -62, 88, —41 },
{ 62, -89, 67, -8, -55, 88, -73, 17, 48, -87, 74; -25, -41, 84, -81, 33 },
{ 48, -81, 88, -67, 25, =25, -67, 88, —81, 48, {0, -48, 81, -88, 67, -25 },
{ 33, -62, 81, -89, 84, -67, 41, -8, -25, 554/-77, 88, -87, 73, -48, 17 },
{ 17, -33, 48, -62, 73, -81, 87, -89, 88, -€4, ' 77, -67, 55, -41, 25, -8 },
}

rwise, if tr'Type is equal to 1 and nTbs is equal to 32;the following applies:

transMatrix[ m ][ n ] = transMatrixColOto15fm ][ n ] with m = 0..15,n = 0..31 (1080

transMatrixColOto15 = (1081
{
( 4, 9, 13, 17, 21,\Je, 30, 34, 38, 42, 46, 49, 53, 56, 60, 63},
{ 13, 26, 38, 49, &0,. 69, 76, 82, 87, 89, 90, 89, 85, 81, 74, 66 },
{ 21, 42, 60, 74, 8%, 89, 89, 84, 74, 60, 42, 21, 0, -21, -42, -60 },
{ 30, 56, 76, 88, )89, 81, 63, 38, 9, -21, -49, -71, -85, -90, -84, -69 },
{ 38, 69, 87, €9, 74, 46, 9, -30, -63, -84, -90, -78, -53, -17, 21, 56 },
{ 46, 78, 90,~16, 42, -4, -49, -81, -90, -74, -38, 9, 53, 82, 89, 71 },
{ 53, 85, 85,53, 0, -53, -85, -85, -53, 0, 53, 85, 85, 53, 0, -53 },
{ 60, 89, N4 21, -42, -84, -84, -42, 21, 74, 89, 60, 0, -60, -89, -74 },
{ 66, 90,786, -13, -74, -88, -46, 26, 81, 84, 34, -38, -85, -78, -21, 49 },
{ 71, &4,) 34, -46, -89, -63, 13, 78, 82, 21, -56, -90, -53, 26, 84, 76 },
( 76, <&¥, 9, -71, -84, -17, 66, 87, 26, -60, -89, -34, 53, 90, 42, -46 },
{ 81,1, -17, -87, -60, 34, 90, 46, —-49, -89, -30, 63, 85, 13, -74, -78 },
{ 84)' 60, -42, -89, -21, 74, 74, -21, -89, -42, 60, 84, 0, -84, -60, 42 },
(<87, 46, -63, -78, 21, 90, 26, -76, -66, 42, 88, 4, -85, -49, 60, 81 },
V~89, 30, -78, -56, 60, 76, -34, -88, 4, 89, 26, -81, -53, 63, 74, -38 },
{ 90, 13, -88, -26, 84, 38, -78, -49, 71, 60, -63, -69, 53, 76, -42, -82 },
{ 90, -4, -90, 9, 89, -13, -89, 17, 88, -21, -87, 26, 85, -30, -84, 34 },
( 89, —21, -84, 42, 74, —60, —60, 74, 42, -84, —21, 89, 0, -89, 21, 84 j,
{ 88, -38, -71, 69, 42, -87, -4, 89, -34, -74, 66, 46, -85, -9, 89, -30 },
{ 85, -53, -53, 85, 0, -85, 53, 53, -85, 0, 85, -53, -53, 85, 0, -85},
{ 82, -66, -30, 90, -42, -56, 87, -13, -76, 74, 17, -88, 53, 46, -89, 26 },
{ 78, -76, -4, 81, -74, -9, 82, -71, -13, 84, -69, -17, 85, -66, -21, 87 },
{ 74, -84, 21, 60, -89, 42, 42, -89, 60, 21, -84, 74, 0, -74, 84, -21 },
{ 69, -89, 46, 30, -84, 78, -17, -56, 90, -60, -13, 76, -85, 34, 42, -88 },
{ 63, -90, 66, -4, -60, 90, -69, 9, 56, -89, 71, -13, -53, 89, -74, 17 },
{ 56, -88, 81, -38, -21, 71, -90, 69, -17, -42, 82, -87, 53, 4, -60, 89 },
{ 49, -82, 89, -66, 21, 30, -71, 90, -78, 42, 9, -56, 85, -87, 60, -13 },
{ 42, -74, 89, -84, 60, -21, -21, 60, -84, 89, -74, 42, 0, -42, 74, -89 },
{ 34, -63, 82, -90, 84, -66, 38, -4, -30, 60, -81, 90, -85, 69, -42, 9},
{ 26, -49, 69, -82, 89, -89, 81, -66, 46, -21, -4, 30, -53, 71, -84, 90 },
{ 17, -34, 49, -63, 74, -82, 88, -90, 89, -84, 76, -66, 53, -38, 21, -4 },
{ 9, -17, 26, -34, 42, -49, 56, -63, 69, -74, 78, -82, 85, -88, 89, -90 },
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transMatrix[ m ][ n ] = transMatrixCol16to31[m - 16 ][ n ] with m = 16..31,n = 0..31

transMatrixCol16to31 =
{
{ 66, 69, 71, 74, 76, 78, 81, 82, 84, 85, 87, 88, 89, 89, 90, 90
{ 56, 46, 34, 21, 9, -4, -17, -30, -42, -53, -63, -71, -78, -84, -88, -90
( -74, -84, -89, -89, -84, -74, -60, -42, -21, 0, 21, 42, 60, 74, 84, 89
{ -46, -17, 13, 42, 66, 82, 90, 87, 74, 53, 26, -4, -34, -60, -78, -89
T 7 T T 7 7 =7 T 7 7 T T X7 T T -
{ 34, -13, -56, -84, -89, -69, -30, 17, 60, 85, 88, 66, 26, -21, -63, {87
{ -85, -85, -53, 0, 53, 85, 85, 53, 0, -53, -85, -85, -53, 0, 53,089
{ -21, 42, 84, 84, 42, -21, -74, -89, -60, 0, 60, 89, 74, 21, -4d)784
{ 89, 71, 9, -60, -90, -63, 4, 69, 89, 53, -17, -76, -87, -42, 30 82
{ 9, -66, -89, -42, 38, 88, 69, -4, -74, -85, -30, 49, 90, 60, =17, -81
{ -90, -49, 38, 89, 56, -30, -88, -63, 21, 85, 69, -13, -82, =% 4, 78
{ 4, 82, 69, -21, -88, -56, 38, 90, 42, -53, -89, -26, 66,~-84, 9, -76
{ 89, 21, -74, -74, 21, 89, 42, -60, -84, 0, 84, 60, -42)N289, -21, 74
{ -17, -90, -30, 74, 69, -38, -89, -9, 84, 53, -56, -82, (B 89, 34, -71
{ -87, 9, 90, 21, -82, -49, 66, 71, -42, -85, 13, 90/ 17, -84, -46, 69
{ 30, 87, -17, -89, 4, 90, 9, -89, -21, 85, 34, -gL,~446, 74, 56, -66
{ 82, -38, -81, 42, 78, -46, -76, 49, 74, -53, -71, \8%/ 69, -60, -66, 63
{ -42, -74, 60, 60, -74, -42, 84, 21, -89, 0, 89 ye2l, -84, 42, 74, -60
{ -76, 63, 49, -84, -13, 90, -26, -78, 60, 53, -€2,7-17, 90, -21, -81, 56
{ 53, 53, -85, 0, 85, -53, -53, 85, 0, -85, ‘§%, 53, -85, 0, 85, -53
{ 69, -81, -4, 84, -63, -34, 90, -38, -60, 85~N-9, -78, 71, 21, -89, 49
{ -63, -26, 88, -60, -30, 89, -56, -34, 89, £53,”-38, 90, -49, -42, 90, -46
{ -60, 89, -42, -42, 89, -60, -21, 84, -747~\%0, 74, -84, 21, 60, -89, 42
{ 71, -4, -66, 89, -49, -26, 82, -81, 2DN/53, -90, 63, 9, -74, 87, -38
{ 49, -88, 76, -21, -46, 87, -78, 26,42, -85, 81, -30, -38, 84, -82, 34
{ -78, 34, 26, -74, 90, -66, 13, 4f,\~84, 85, -49, -9, 63, -89, 76, -30
{ -38, 76, -90, 74, -34, -17, 63, -88,~ 84, -53, 4, 46, -81, 89, -69, 26
{ 84, -60, 21, 21, -60, 84, -89, (74, -42, 0, 42, -74, 89, -84, 60, -21
{ 26, -56, 78, -89, 87, -71, 464\"13, -21, 53, -76, 89, -88, 74, -49, 17
{ -88, 78, -63, 42, -17, -9, 4, -56, 74, -85, 90, -87, 76, -60, 38, -13
{ -13, 30, -46, 60, -71, 81,(»87, 90, -89, 85, -78, 69, -56, 42, -26, 9
{ 90, -89, 87, -84, 81, -76,N 71, -66, 60, -53, 46, -38, 30, -21, 13, -4
}

— Otherwise, if trType is equal to 2 and'nTbs is equal to 4, the following applies:

transMatrix[ m ][ n ] =
{
{ 84, 74, (5 29 3,
{ 74, o,(-74, -74 ),
{ 55, -74, .29, 84 },
{ 29, <%4) 84, -55 3},
}

— Otherwise, ifttType is equal to 2 and nTbs is equal to 8, the following applies:

fransMatrix[ m ][ n] =
{
( 87, 84, 79, 70, 59, 46, 32, 16 },
{ 84, 59, 16, -32, -70, -87, -79, -46 },
{ 79, 16, -59, -87, -46, 32, 84, 70 },
( 70, -32, -87, -16, 179, 59, -46, -84 },
{ 59, -70, -46, 79, 32, -84, -16, 87 },
{ 46, -87, 32, 59, -84, 16, 70, -79 },
{ 32, -79, 84, -46, -16, 70, -87, 59 },
{ 16, -46, 70, -84, 87, -79, 59, -32 },
}

— Otherwise, if trType is equal to 2 and nTbs is equal to 16, the following applies:

transMatrix[ m][n] =
{
{ 89, 88, 87, 84, 81, 77, 173, 67, 62, 55, 48, 41, 33, 25, 17, 8
( 88, 81, 67, 48, 25, 0, -25, -48, -67, -81, -88, -88, -81, -67, —48, -25
( 87, 67, 33, -8, -48, -77, -89, -81, -55, -17, 25, 62, 84, 88, 73, 41
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84, 48, -8, -62, -88, -77, -33, 25, 73, 89, 67, 17, -41, -81, —-87, -55 },
81, =25, -48, -88, -67, 0, 67, 88, 48, -25, -81, -81, -25, 48, 88, 67 },
77, o, -77, -77, ©o, 77, 71, 0, =17, =717, 0O, 717, 11, 0, =17, =77 },
73, -25, -89, -33, 67, 77, -17, -88, -41, 62, 81, -8, -87, —-48, 55, 84 },
67, -48, -81, 25, 88, 0, -88, -25, 81, 48, -67, -67, 48, 81, -25, -88 },
62, -67, -55, 73, 48, -77, -41, 81, 33, -84, -25, 87, 17, -88, -8, 89 },
55, -81, -17, 89, -25, -77, 62, 48, -84, -8, 88, -33, -73, 67, 41, -87 1},
48, -88, 25, 67, -81, 0, 81, -67, -25, 88, —48, —48, 88, -25, -67, 81 1},
41, -88, 62, 17, -81, 77, -8, -67, 87, -33, —-48, 89, -55, -25, 84, -73 },
33, -81, 84, -41, -25, 77, -87, 48, 17, -73, 88, -55, -8, 67, -89, 62 },
25, -67, 88, -81, 48, 0, -48, 81, -88, 67, -25, -25, 67, -88, 81, -48 },
17, -48, 73, -87, 88, -77, 55, -25, -8, 41, —-67, 84, -89, 81, -62, 33},

8, —25, 41, -55, 67, -77, 84, -88, 89, -87, 81, -73, 62, -48, 33, -17 },

F N N S S U U

— Othgrwise, if trType is equal to 2 and nTbs is equal to 32, the following applies:
transMatrix[ m ][ n ] = transMatrixColOto15[ m ][ n ] with m = 0..15,n = 0..31 (1087

transMatrixColOto15 = (1088
{

90, 90, 89, 89, 88, 87, 85, 84, 82, 81, 78, 76, 7&X/71, 69, 66 )
%0, 88, 84, 78, 71, 63, 53, 42, 30, 17, 4, -9, F2\"-34, -46, -56 )
89, 84, 74, 60, 42, 21, 0, -21, -42, -60, -74, -847.~89, -89, -84, -74 )}
89, 78, 60, 34, 4, -26, -53, -74, -87, -90, -82, —66,442, -13, 17, 46 }
88, 71, 42, 4, -34, -66, -85, -89, -76, —49, -13, 36, 60, 82, 90, 81 )}
87, 63, 21, -26, -66, -88, -85, -60, -17, 30, 69, 89, 84, 56, 13, -34 },
85, 53, 0, -53, -85, -85, -53, 0, 53, 85, 8% 53, 0, -53, -85, -85 }
84, 42, -21, -74, -89, -60, 0, 60, 89, 74,21, -42, -84, -84, -42, 21 )}
82, 30, -42, -87, -76, -17, 53, 89, 69, 4,-63, -90, -60, 9, 71, 89 }
81, 17, -60, -90, -49, 30, 85, 74, 4, -&% -88, -38, 42, 89, 66, -9 )
78, 4, -74, -82, -13, 69, 85, 21, -63,%é8, -30, 56, 89, 38, -49, -90 }
76, -9, -84, -66, 26, 89, 53, -42, -9Q07,-38, 56, 88, 21, -69, -82, -4 },
74, -21, -89, -42, 60, 84, 0, -84, =0, 42, 89, 21, -74, -74, 21, 89 },
71, -34, -89, -13, 82, 56, -53, -84, “9, 89, 38, -69, -74, 30, 90, 17 },
69, -46, -84, 17, 90, 13, -85, -42%° 71, 66, -49, -82, 21, 90, 9, -87 },
66, -56, -74, 46, 81, -34, -85, &, 89, -9, -90, -4, 89, 17, -87, -30 },
63, -66, -60, 69, 56, -71, -53, %74, 49, -76, -46, 78, 42, -81, -38, 82 },
60, -74, -42, 84, 21, -89, %%) 89, -21, -84, 42, 74, -60, -60, 74, 42 },
56, -81, -21, 90, -17, -82Al.53, 60, -78, -26, 90, -13, -84, 49, 63, -76 },
53, -85, 0, 85, -53, -53,°85, 0, -85, 53, 53, -85, 0, 85, -53, -53 },
49, -89, 21, 71, -78,( 59, 85, -60, -38, 90, -34, -63, 84, -4, -81, 69 },
46, -90, 42, 49, -90, 88, 53, -89, 34, 56, -89, 30, 60, -88, 26, 63 },
42, -89, 60, 21, -84,° 74, 0, -74, 84, -21, -60, 89, -42, -42, 89, -60 },
38, -87, 74, -9,~68, 90, -53, -21, 81, -82, 26, 49, -89, 66, 4, -71 },
34, -82, 84, -384.*30, 81, -85, 42, 26, -78, 87, -46, -21, 76, -88, 49 },
30, -76, 89, -€3) 9, 49, -85, 84, -46, -13, 66, -90, 74, -26, -34, 78 },
26, -69, 89( Y81, 46, 4, -53, 84, -88, 63, -17, -34, 74, -90, 76, -38 },
21, -60, _§4;>89, 74, -42, 0, 42, -74, 89, -84, 60, -21, -21, 60, -84 },
17, -49,,~9&, -88, 89, -76, 53, -21, -13, 46, -71, 87, -89, 78, -56, 26 },
13, -385 %0, -76, 87, -90, 85, -74, 56, -34, 9, 17, -42, 63, -78, 88 },

9, »26,/ 42, -56, 69, -78, 85, -89, 90, -87, 81, -71, 60, -46, 30, -13 },
4443, 21, -30, 38, -46, 53, -60, 66, -71, 76, -81, 84, -87, 89, -90 },

L S T S i A N U U VA U U NN

transMatrix[ m ][ n ] = transMatrixCol16to31[m - 16 ][ n ] withm=16.31,n=0..31 (1089

transMatrixCol16to31 = (1090)

{ 63, 60, 56, 53, 49, 46, 42, 38, 34, 30, 26, =21, 17, 13, 9, 4}
{ -66, -74, -81, -85, -89, -90, -89, -87, -82, -76, -69, —-60, —-49, -38, -26, -13 }
{ -60, -42, -21, 0, =21, 42, 60, 74, 84, 89, 89, 84, 74, 60, 42, 21 }
{ 69, 84, 90, 85, 71, 49, 21, -9, -38, -63, -81, -89, -88, -76, —-56, —-30 }
{ 56, =21, -17, -53, -78, -90, -84, -63, -30, 9, 46, 74, 89, 87, 69, 38 }
{ -71, -89, -82, -53, -9, 38, 74, 90, 81, 49, 4, -42, -76, —-90, -78, —46 }
{ -53, 0, 53, 85, 85, 53, 0, -53, -85, -85, -53, 0, 53, 85, 85, 53},
{ 74, 89, 60, 0, —-60, -89, —-74, -21, 42, 84, 84, 42, -21, -74, -89, —-60 },
{ 49, -21, -78, -85, -38, 34, 84, 81, 26, -46, -88, -74, -13, 56, 90, 66 }
{ -76, -84, -26, 53, 90, 56, -21, -82, -78, -13, 63, 89, 46, -34, —-87, -71 }
{ -46, 42, 90, 53, -34, -89, -60, 26, 87, 66, -17, -84, -71, 9, 81, 76 }
{ 78, 74, -13, -85, -63, 30, 89, 49, -46, -90, -34, 60, 87, 17, -71, -81 }
{ 42, -60, -84, 0, 84, 60, -42, -89, -21, 74, 74, -21, -89, —-42, 60, 84 }

262 © ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=caf991f23122d29f070ff293f89a846f

ISO/IEC 23094-1:2020(E)

-81, -60, 49, 85, -4, -88, -42, 66, 716, -26, -90, -21, 78, 63, -46, -87
-38, 74, 63, -53, -81, 26, 89, 4, -88, -34, 76, 60, -56, —78, 30, 89
82, 42, -76, -53, 69, 63, -60, -71, 49, 78, -38, -84, 26, 88, —-13, -90
34, -84, -30, 85, 26, -87, -21, 88, 17, -89, -13, 89, 9, -90, -4, 90
-84, -21, 89, 0, -89, 21, 84, -42, -74, 60, 60, -74, -42, 84, 21, -89
-30, 89, -9, -85, 46, 66, -74, -34, 89, -4, -87, 42, 69, -71, -38, 88
85, 0, -85, 53, 53, -85, 0, 85, -53, -53, 85, 0, -85, 53, 53, -85
26, -89, 46, 53, -88, 17, 74, -76, -13, 87, -56, —42, 90, -30, —-66, 82
-87, 21, 66, -85, 17, 69, -84, 13, 71, -82, 9, 74, -81, 4, 76, -78

-21, 84, -74, 0, 74, -84, 21, 60, -89, 42, 42, -89, 60, 21, -84, 74
-42, -34, 85, -76, 13, 60, -90, 56, 17, -78, 84, -30, -46, 89, —69
17, -74, 89, -53, -13, 71, -89, 56, 9, —-69, 90, —-60, -4, 66, -90, 63

-89, €0, -4, -53, 87, -82, 42, 17, -69, 90, =71, 21, 38, -81, 88, -56

-13, 60, -87, 85, -56, 9, 42, -78, 90, -71, 30, 21, -66, 89, -82, 49
89, -74, 42, 0, -42, 74, -89, 84, -60, 21, 21, —60, 84, -89, 74,(%42
9, -42, 69, -85, 90, -81, 60, -30, -4, 38, -66, 84, -90, 82, —-63,\34
-90, 84, -71, 53, -30, 4, 21, -46, 66, -81, 89, -89, 82, -69, 49, -26
-4, 21, -38, 53, -66, 76, -84, 89, -90, 88, -82, 74, -63, 49,34, 17
90, -89, 88, -85, 82, -78, 74, -69, 63, -56, 49, -42, 34, -26,7 17, -9

L T e Ny S 0 P N i A N
[ee]
[ee]

8.7.5 Picture construction process

et

hputs to this process are:

- a location ( xCurr, yCurr ) specifying the top-left sample of the eurrent block relative to the
sample of the current picture component,

- two variables nCbW and nCbH specifying the width and the‘height of the current block,

— a variable cldx specifying the colour component of the current block,

- an (nCbW)x(nCbH) array predSamples specifyingthe predicted samples of the current block

- an (nCbW)x(nCbH) array resSamples specifying the residual samples of the current block.

[an)

utput of this process is a modified reconstructed picture.

=

epending on the value of the colour’component cldx, the following assignments are made:

- If cldx is equal to 0, recSamples corresponds to the reconstructed picture sample array Sy
function clipCidx1 copresponds to Clip1y.

- Otherwise, if cldxisequal to 1, recSamples corresponds to the reconstructed chroma sample
and the functionyclipCidx1 corresponds to Clip1c, and

— Otherwise {cldx is equal to 2), recSamples corresponds to the reconstructed chroma sample
and the function clipCidx1 corresponds to Clip1c.

—

he/tnCbW)x(nCbH) block of the reconstructed sample array recSamples at location ( xCurr, y

top-left

and

and the

hrray Sch

array Scr

Curr) is

QL

erived as follows:

recSamples[ xCurr +1i ][ yCurr +j ] = clipCidx1( predSamples[i][j] + resSamples[i][j])
,withi=0.nCbW -1,j=0.nCbH -1

IsCoded[ xCurr +1i ][ yCurr +j ] = TRUE
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8.7.6 Post-reconstruction filter process
8.7.6.1 General

Inputs to this process are:

— alocation ( xCb, yCb ) specifying the top-left sample of the current luma block relative to the top-left
sample of the current picture,

— two variables nChbW and nCbhH cppr‘ifying the width and the hpighf of the current luma r‘nding block,
and

— aluma quantization parameter Qpy of the current block.

The output of this process is the modified reconstructed picture sample array S;.
The progess is not applied if one of the following conditions is true:

— nCbW * nCbH < 64.

— Max(InCbW, nCbH ) >= 128.

— Min(nCbW, nCbH ) >= 32 & & LumaPredMode[ xCb ][ yCb | = MOBE_INTRA.
— Qpy <4=17.

An (nChW + 2)x(nCbH + 2) array of padded reconstructéd luma samples recSamplesPad is derived
according to the padding process as specified in subclause 8.7.6.2, with location ( xCb, yCb ) specifyinig

the top-left sample of the current luma block, size¢{;nCbW, nCbH ) of the current block and array §.
specifying the reconstructed picture sample array-as‘inputs.

(o9

The accumulated filtered samples accFlt[ x ][] are initialized to be equal to zero and then derived base
on padded reconstructed luma samples recSamplesPad, with x=-1.nCbW-1,y=-1.nCbH-1 4
follows:

[72)

— The input array for filtering \inFilt including a current sample and three its neighbouring samplg
acdording to the scan template scanTmpl with i = 0..3 is derived as follows:

[72)

inFilt[ i | = recSamplesPad[ x + scanTmpl[i][1] ][y + scanTmpl[i][ 0] ] (1093
, whefe array scanTmpl is equal to {(0,0),(0,1),(1,0),(1,1)}

— The Hadamand spectrum components fHad are derived by performing Hadamard transform as

follows:
fHad[ 0 ] = inFilt[ 0 ] + inFilt[ 2 ] + inFilt[ 1 ] + inFilt[ 3] (1094
fHad[ 1] = inFilt[ O ] + inFilt[ 2 ] — inFilt[ 1 ] - inFilt[ 3 ] (1095)
fHad[ 2 | = inFilt[ 0 ] - inFilt[ 2 ] + inFilt[ 1 | - inFilt[ 3 ] (1096)
fHad[ 3 ] = inFilt[ 0 ] - inFilt[ 2 | — inFilt[ 1 ] + inFilt[ 3 ] (1097)

— The filtered Hadamard spectrum components fHadFilt are derived using look-up table as follows
withi=1..3, where variables aTHR, tbIShift and look-up table array bLUT are derived based on luma
quantization parameter Qpy according to subclause 8.7.6.3:
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— If BitDepthy < 10, the following applies:

bdShift = 10 - BitDepthy, (1098)
fHadFilt[i] =
( fHad[i]; Abs(fHad[i]) « bdShift >= aTHR

bLUT[( fHad[ i ] < bdShift + (1 « (tbIShift —1))) > tbIShift] > bdShift ;
] fHad[1]> 0, Abs( fHad[1]) < bdShift < aTHR

- (bLUT [(( — fHad[i]) <« bdShift + (1 « ( tbIShift — 1 ))) > tblShift] > dehift)
fHad[i] <= 0,Abs(fHad[i]) « bdShift < aTHR

— Otherwise, the following applies:

bdShift = BitDepthy - 10, (1099)
fHadFilt[i] =
( fHad[i]; Abs(fHad[i]) > bdShift >= aTHR

bLUT[( fHad[i] > bdShift + (1 « (tbIShift — 1)) ) > tblShift] « bdShift;
) fHad[i] > 0, Abs( fHad[.i}") > bdShift < aTHR

- (bLUT [(( — fHad[i]) > bdShift + {1 « ( tbIShift — 1 ))) > tblShift] « dehift)
fHad[i] <= 0,Abs( fHad[i]) > bdShift < aTHR

— The filtered Hadamard spectrum ‘component fHadFilt[0] is set equal to the Hadamard spectrum
component fHad[0].

— The filtered samples invHadFilt are derived by performing inverse Hadamard transform for filtered
spectrum components fHadFilt as follows:

invHadFilt[ 0] =fHadFilt[ O ] + fHadFilt[ 2 ] + fHadFilt[ 1 ] + fHadFilt[ 3 ] (1100)
invHadFilt[1 ]| = fHadFilt[ O ] + fHadFilt[ 2 ] - fHadFilt[ 1 ] - fHadFilt[ 3 ] (1101)
invHadFilt[ 2 | = fHadFilt[ 0 | - fHadFilt[ 2 | + fHadFilt[ 1 ] - fHadFilt[ 3 ] (1102)
invHadFilt[ 3 | = fHadFilt[ 0 | - fHadFilt[ 2 | - fHadFilt[ 1 ] + fHadFilt[ 3 ] (1103)

= The filtered samples invHadFilt are accumulated in accumulation buffer accFlt according to|the scan
template scanTmpl with i = 0..3 as follows:

accFlt[ x + scanTmpl[i][ 1] ][y + scanTmpl[i ][ O] ] += invHadFilt[i ] >> 2 (1104)
The reconstructed picture sample array Sy, is modified as follows for x = 0.nCbW - 1 and y = 0..nCbH - 1:

SL[xCb +x][yCb +y]=Cliply( (accFlt[x][y]+2)>>2) (1105)

8.7.6.2 Padding process for post-reconstruction filter

Inputs to this process are:
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— alocation ( xCb, yCb ) specifying the top-left sample of the current luma block relative to the top-left

samp

le of the current picture,

— two variables nCbW and nCbH specifying the width and the height of the current luma coding block,

and

— an array recSamples specifying the reconstructed picture sample array.

The output of this process is (nCbW + 2)x(nCbH + 2) array of padded reconstructed luma samples of the

current

For x = 1

block recSamplesPad.

1.nCbW and y = -1..nCbH, recSamplesPad[ x ][ y ] is derived as follows:

— Whenp 0<=x<=nCbW-1 and 0<=y<=nCbH -1, the recSamplesPad[x][y] is set equal t

recSa

— Othel

8.7.6.3
Input to

Outputs

mples[ xCb +x ][ yCb +y].

wise, the following applies:

The derivation process for neighbouring block availability as specified in subclause 6.4.1 {
invoked with the neighbouring luma location ( xNbY, yNbY ) set €qual to (xCb +x,yCb +y) a
input, and the output is assigned to availableN.

The variable dx is set equal to 0 and variable dy is set equal.to 0.

When x = = -1, and availableN is equal to FALSE, or constrained_intra_pred_flag is equal to 1 an
LumaPredMode[ xCb + x ][ yCb + y ] is not equal tofMODE_INTRA, dx = 1.

When x = = nCbW, and availableN is equal to FALSE, or constrained_intra_pred_flag is equal to
and LumaPredMode[ xCb + x ][ yCb + y ] is\snot equal to MODE_INTRA, dx = -1.

When y == -1, and availableN is equal to FALSE, or constrained_intra_pred_flag is equal to 1 an
LumaPredMode[ xCb + x ][ yCb +.y:]Hs not equal to MODE_INTRA, dy = 1.

When y = = nCbH, and availableN is equal to FALSE, or constrained_intra_pred_flag is equal to
and LumaPredMode[ xCh#x ][ yCb + y ] is not equal to MODE_INTRA, dy = -1.

recSamplesPad[ x [ § ]is set equal to recSamples[ xCb + x + dx ][ yCb + y + dy |.
Derivation process for post-reconstruction filter look-up table
this process is a luma quantization parameter Qpy of the current block.

of this process are:

n wn

o

=

oW

=)

— aloo

-up table bLUT used 1or Iiltering of the block,

— alook-up table access threshold aTHR,

— alook-up table index shift tblShift.

The look-up table and corresponding parameters used for filtering of the block are selected from the set
of the look-up tables based on luma quantization parameter Qpy.

The index of look-up table in the set qpldx is derived as follows:

266
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if( LumaPredMode[ xCb ][ yCb ] == MODE_INTER && nCbW = = nCbH && Min( nCbW, nCbH ) >= 32)

gpldx = Clip3( 0,4, (Qpy-28+ (1 << 2))>>3) (1106)
else

gpldx =Clip3( 0,4, (Qpy-20+ (1 << 2))>>3)

The look-up table bLUT used for filtering of the block is derived by selecting array from setOfLUT based
on qpldx:

bLUT = setOfLUT][ gpldx ] (1107)
setOfLUT[5][16] = (1108)

{

{o,o0 2 6 10, 14, 19, 23, 28, 32, 36, 41, 45, 49, 53, 57, },

{0, 0, 5, 12, 20, 29, 38, 47, 56, 65, 73, 82, 90, 98, 107, 115, },

{0, 0 1, 4, 9, 16, 24, 32, 41, 50, 59, 68, 77, 86, 94, 103, B,

{o,o0 3, 95 19, 32, 47, 64, 81, 99, 117, 135, 154, 179, 205, 2306,

{o 00 2, 6 11, 18, 27, 38, 51, 64, 96, 128, 160, 192, 224)7},

}

The variable tbiShift is derived as follows:
tblShift = tblThrLog2[ qpldx ] - 4 (1109)
tblThrLog2[5]1={6,7,7,8,8} (1110)
The look-up table access threshold aTHR is derived as follows;

aTHR = (1 << tblThrLog2[ gpldx ] ) - (1 << tbIShift") (1111)
8.8 In-loop filter process

8.8.1 General
This subclause specifies the application-of two in-loop filters.

The two in-loop filters, namely deblocking filter and adaptive loop filter, are applied as specifigd by the
fpllowing ordered steps:

1) When slice_deblocking’filter_flag is equal to 1, the following applies:

— If sps_addp:flag is equal to 0, the deblocking filter process as specified in subclause $.8.2.1 is
invoked with the reconstructed picture sample arrays Si, and, when ChromaArrayType is ot equal
to 0, St and Scr as inputs, and the modified reconstructed picture sample arrays S';, arjd, when
ChromaArrayType is not equal to 0, S'c, and S'c; after application of deblocking filter as ofitputs.

# Otherwise (sps_addb_flag is equal to 1), the advanced deblocking filter process as spdcified in
subclause 8.8.3.1 is invoked with the reconstructed picture sample arrays S;, anfl, when
ChromaArrayType is not equal to 0, Scp, and S¢; as inputs, and the modified reconstructed picture
sample arrays S';, and, when ChromaArrayType is not equal to 0, S'cy and S'c. after application of
deblocking filter as outputs.

— The array S';, and, when ChromaArrayType is not equal to 0, the arrays S'c, and S'c: are assigned
to the array S and, when ChromaArrayType is not equal to 0, the arrays Scp, and S¢r (which
represent the decoded picture), respectively.

2) When slice_alf_enabled_flag is equal to 1, or slice_alf chroma_idc is larger than 0, the following
applies:
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— The adaptive loop filter process as specified in subclause 8.8.4.1 is invoked with the reconstructed
picture sample arrays Si, and, when ChromaArrayType is not equal to 0, S¢y and Scr as inputs, and
the modified reconstructed picture sample arrays S';, and, when ChromaArrayType is not equal to
0, S'c» and S'cr after application of adaptive loop filter as outputs.

— Thearrays S'1, and, when ChromaArrayType is not equal to 0, S'cy and S'cr are assigned to the arrays
Si, and, when ChromaArrayType is not equal to 0, Scp and Scr (which represent the decoded
picture), respectively.

8.8.2 Deblocking filter process
8.8.2.1 |General

This process is invoked when sps_addb_flag is equal to 0.
Inputs t¢ this process are:

— the drray recPicturey. specifying the reconstructed picture sample array priorto deblocking for lum

o
<

[¢)

— wheph ChromaArrayType is not equal to 0, the array recPicturecy, specifying the reconstructed pictur
samiple array prior to deblocking for Cb, and

[¢)

— whep ChromaArrayType is not equal to 0, the array recPicturé¢-specifying the reconstructed pictur
sample array prior to deblocking for Cr.

Outputs|of this process are:

— the array recPicture,, specifying the modified reconstructed picture sample arrays after deblocking
for luma,

— whep ChromaArrayType is not equaljto 0, the array recPicturec, specifying the modified
recqnstructed picture sample arrays;after deblocking for Cb, and

— whep ChromaArrayType is noti‘equal to 0, the array recPicturec. specifying the modified
recdnstructed picture sample‘arrays after deblocking for Cr.

Filtering in the horizontal direction (across the vertical block edges in a picture) is conducted first. The
filtering|in the vertical direction (across the horizontal block edges in a picture) is conducted wit
samples|modified by thefiltering in the horizontal direction as input. The horizontal and vertical edge
in the coding tree blocks of each coding tree unit are processed separately on a coding unit basis. T
horizontal edges‘ofithe coding blocks in a coding unit are filtered starting with the edge on the top of thie
locksproceeding through the edges towards the bottom of the coding blocks in their geometricgl
order. The-Vertical edges of the coding blocks in a coding unit are filtered starting with the edge on thge
left-hand_side of the coding blocks proceeding through the edges towards the right-hand side of thie
coding blocks in their geometrical order.

=ai=]

S

NOTE Although the filtering process is specified on a picture basis in this document, the filtering process can be
implemented on a coding unit basis with an equivalent result, provided the decoder properly accounts for the
processing dependency order so as to produce the same output values.

The deblocking filter process is applied to all the block edges of a picture, except the edges that are at the
boundary of the picturethe edges that coincide with tile bounaries when
loop_filter_across_tiles_enabled_flag is equal to 0, and the edges that coincide with slice boundaries and
slice on either side of the boundary is coded slice_deblocking_filter_flag equal to 0.
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The edge type, vertical or horizontal, is represented by the variable edgeType as specified in Table 32.

Table 32 — Name of association to edgeType

edgeType Name of edgeType
0 (vertical edge) EDGE_VER
1 (horizontal edge) EDGE_HOR

—

Qo

he deblocking is applied as follows:

The vertical edges are filtered by invoking the deblocking filter process for one direction as ¢
in subclause 8.8.2.2 with the variable edgeType set equal to EDGE_VER, thé seconstructec
prior to deblocking, i.e., recPicture;, and, when ChromaArrayType is not equal to 0, recPicty
recPicturec: as inputs, and the modified reconstructed picture after deblocking, i.e., recPicty
when ChromaArrayType is not equal to 0, recPicturec, and recPicturegas outputs.

The horizonal edges are filtered by invoking the deblocking filter process for one dire
specified in subclause 8.8.2.2 with the variable edgeType séet equal to EDGE_HOR, the 1
reconstructed picture after deblocking, i.e., recPicture;, and, when ChromaArrayType is not
0, recPicturecy, and recPicturec: as inputs, and the modified reconstructed picture after del
i.e.,, recPicture;, and, when ChromaArrayType is not equal to 0, recPicturec, and recPic
outputs.

.8.2.2 Deblocking filter process for one direction

hputs to this process are:

the variable edgeType specifyingswhether a vertical (EDGE_VER) or a horizontal (EDGE_HOR
filtered,

the array recPicturey speeitying the reconstructed picture sample array prior to deblocking {

pecified

picture
recp and
rei, and,

ction as
modified
equal to
blocking,
furec: as

) edge is

or luma,

when ChromaArrayType is not equal to 0, the array recPicturec, specifying the reconstructed picture

sample array prior-to deblocking for Cb, and

when ChromaArrayType is not equal to 0, the array recPicturec: specifying the reconstructed picture

sample array prior to deblocking for Cr.

utputsof this process are:

—the array recPicture; specifying the modified reconstructed picture sample arrays after de

blocking

for luma,

— when ChromaArrayType is not equal to 0, the array recPicturec, specifying the modified

reconstructed picture sample arrays after deblocking for Cb, and

— when ChromaArrayType is not equal to 0, the array recPicturec. specifying the modified

reconstructed picture sample arrays after deblocking for Cr.

For luma and chroma coding blocks in a picture, following process applies separately with colour
component index cldx set equal to 0 for luma and, when ChromaArrayType is not equal to 0, cldx set
equal to 1 or 2 for Cb and Cr chroma components, respectively, coding block width log2CbWidth and
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coding block height log2CbHeight set equal to luma block width and height if cldx is equal to 0 and set

equal to

chroma block width and height if cldx is equal to 1 or 2.

For each coding block with width log2CbWidth, height log2CbHeight, a luma location ( xCb, yCb )
specifying the top-left sample of the current coding block relative to the top-left luma sample of the

current

picture and a variable splitTH specifying block split threshold set equal to MaxTbLog2SizeY if

cldx is equal to 0 and set equal to ( MaxTbLog2SizeY - 1 ) if cldx is equal to 1 or 2, the deblocking process
is conducted as follows:

— Ifed

— Othgrwise, if edgeType is equal to EDGE_VER and log2CbWidth > splitTHythe following applies:

— Othgrwise, if edgeType,is equal to EDGE_HOR and log2CbHeight <= splitTH, the following applies:

geType is equal to EDGE_VER and log2CbWidth <= splitTH, the following applies:

The deblocking process of coding block boundary as specified in subclause 8.8.2.3 isdnvoke
with luma location of top-left sample of the coding block ( xCb, yCb ), block width log2CbWidtl,
block height log2CbHeight, and picture arrays recPicture;, and, when ChromaArrayType is ndt
equal to 0, recPicturec, and recPicturec, the edgeType, the luma motion vectors arrays MvLD
and MvL1, the reference indices arrays RefldxL.0 and RefldxL1 and colour comjponent index cldix
as inputs, and the modified arrays recPicture;, and, when ChromaArrayType is not equal to 0,
recPicturecy, and recPicturec: as outputs.

The deblocking process of coding block boundary as specified in subclause 8.8.2.3 is invoked
with luma location of top-left sample of the coding’ block (xCb,yCb), block width
(log2CbWidth >> 1), block height log2CbHeight, and\picture arrays recPicture;, and, whep
ChromaArrayType is not equal to 0, recPicturec, and ¥eePicturec,, the edgeType, the luma motioh
vectors arrays MvL0 and MvL1, the reference indiees arrays RefldxL.0 and RefldxL1 and colour
component index cldx as inputs, and the medified arrays recPicture, recPicturec,, and
recPicturec, as outputs.

The deblocking process of coding bloek-boundary as specified in subclause 8.8.2.3 is invokefd
with luma location of top-left sample- of the coding block ( xCb + (1 << splitTH ), yCb ), bloc
width (log2CbWidth >> 1), block height log2CbHeight, and picture arrays recPicture;, andg,
when ChromaArrayType is not equal to 0, recPicturec, and recPicturec,, the edgeType, the luma
motion vectors arrays MvLO-and MvL1, the reference indices arrays RefldxL0 and RefldxL1 and
colour component index.cldx as inputs, and the modified arrays recPicture;, and, wheh
ChromaArrayType is-not’equal to 0, recPicturec, and recPicturec: as outputs.

==

The debloeking process of coding block boundary as specified in subclause 8.8.2.3 is invoked
with luma)location of top-left sample of the coding block ( xCb, yCb ), block width log2CbWidtl,
block height log2CbHeight, and picture arrays recPicturer, and, when ChromaArrayType is ndt
equal to 0, recPicturec, and recPicturec, the edgeType, the luma motion vectors arrays MvL
anhd MvL1, the reference indices arrays RefldxL.0 and RefldxL.1 and colour component index cl
as inputs, and the modified arrays recPicturer, and, when ChromaArrayType is not equal to 0,
recPicturecy, and recPicturec: as outputs.

— Otherwise, if edgeType is equal to EDGE_HOR and log2CbHeight > splitTH, the following applies:

270

The deblocking process of coding block boundary as specified in subclause 8.8.2.3 is invoked
with luma location of top-left sample of the coding block ( xCb, yCb ), block width log2CbWidth,
block height (log2CbHeight >> 1), and picture arrays recPicture;, and, when ChromaArrayType
is not equal to 0, recPicturec, and recPicturec, the edgeType, the luma motion vectors arrays
MvLO and MvL1, the reference indices arrays RefldxL0 and RefldxL1 and colour component
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index cldx as inputs, and the modified arrays recPicturer, and, when ChromaArrayType is not
equal to 0, recPicturec, and recPicturec: as outputs.

— The deblocking process of coding block boundary as specified in subclause 8.8.2.3 is invoked

with luma location of top-left sample of the coding block ( xCb, yCb + ( 1 << splitTH ) ), block
width log2CbWidth, block height (log2CbHeight >> 1), and picture arrays recPicture;, and,
when ChromaArrayType is not equal to 0, recPicturec, and recPicturec, the edgeType, the luma
motion vectors arrays MvLO and MvL1, the reference indices arrays RefldxL.0 and RefldxL1 and
colour component index cldx as inputs, and the modified arrays recPicture,, and, when

ChromaArrayType is not equal to 0, recPicturec, and recPicturec: as outputs.

8.8.2.3 Deblocking filter process of coding block boundary

—

hputs to this process are:

a luma location ( xCb, yCb ) specifying the top-left sample of the current coding block relati
top-left luma sample of the current picture,

- two variables log2CbWidth and log2CbHeight specifying the width and the height of the
coding block,

recPicturec,

—+ the edgeType specifying whether a vertical (EDGE<VER) or a horizontal (EDGE_HOR) edge is
-+ luma motion vector arrays mvL0 and mvL1,

—+ reference indices arrays refldxL0 and refldxL1, and

a variable cldx specifying colour component index.

Q

utputs of this process are the modified arrays recPicture;, and, when ChromaArrayType is not|
, recPicturec, and recPicturecyafter deblocking.

o

F cldx is equal to 0, or ChromaArrayType is equal to 3, or ChromaArrayType is equal to 2 and e
5 equal to EDGE_HOR,-the filtering process for edges in the luma coding block, when cldx is equgd
hroma coding block; when cldx is equal to 1 or 2, of the current coding unit consists of the f
rdered steps;

O O = —

is equal to 1, or to recPicturec, when cldx is equal to 2, respectively.

e to the

current

-+ the picture arrays recPicture;, and, when ChromaArrayType is not equal to 0, recPictufec, and

filtered,

equal to

dgeType
1to 0, or
bllowing

The variable recPicture is set equal to recPicture, when cldx is equal to 0, or to recPicturec, wihen cldx

—+“The variable bitDepth is set equal to BitDepthy when cldx is equal to 0, or to BitDepthc whe

n cldx is

equal to 1 or 2, respectively.

— The variable bS is set equal to bS, when cldx is equal to 0, or to bSc, when cldx is equal to 1, or to bScr

when cldx is equal to 2, respectively.

— The variable cBf is derived as follows:

— If ChromaArrayType is equal to 3, and cldx is equal to 1, the variable cBf is set equal to cbf_cb,
otherwise, if ChromaArrayType is equal to 3, and cldx is equal to 2, the variable cBf'is set equal

to cbf cr.
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— Otherwise, variable cBfis set equal to cbf luma.

— The variable xCb’" is set equal to xCb/(cldx?SubWidthC:1), yCb' is set equal to
yCb / ( cldx ? SubHeightC: 1).

— The variables xP;, yP;, xD;, yDj, xN and yN are derived as follows:

— xPjis setequal to i, yP; is set equal to j, xN is set equal to ( (1 << log2CbWidth)-1), and yN is
setequal to ( (1 << log2CbHeight)-1).

— [xDjis setequal to ((xP; >> 2) << 2),yDjis setequal to ( (yP; >> 2) << 2), when cldx is egual
to 0 or ChromaArrayType is not equal to 2, otherwise, xDj is set equal to ( (xP; >> 1) <¢)2), yIl
is setequal to ( (yP; >> 2) << 2 ) when ChromaArrayType is equal to 2 and cldx is not equal
0.

o =

— The filtering samples in the luma coding block to be filtered are set with the following conditions:

— [If edgeType is equal to EDGE_HOR, samples for xP; with i = 0.xN and yRjdwith j = 0 are set to b
filtered.

— |Otherwise, if edgeType is equal to EDGE_VER, samples for xP; with i = 0 and yP; with j = 0..yN ar
set to be filtered.

[¢)

— The filtering process is applied as follows:
1) [Che sample values po and qo are derived as follows:

— If edgeType is equal to EDGE_VER, po is set equal to recPicture[ xCb’ + xP; - 1 ][ yCb’ + yP; ] anfd
qo is set equal to recPicture[ xCb' + xP; [[€b’ + yP; ].

— Otherwise  (edgeType is equdl to EDGE_HOR), po is set equal ¢
recPicture[ xCb’ + xP; ][ yCb’ + yPj- 1] and do is set equal i
recPicture[ xCb' + xP; ][ yCb’ +yP; ].

[* BN

2) [he variable bS[ xD; ][ yDj(]'is derived as follows:

17

— If the sample po or{gp is in the coding block of a coding unit coded with intra prediction modg,
bS[ xD; ][ yD; ] is:Set equal to 0.

— Otherwise] if the sample po or qo is in the coding block of a coding unit coded with cBf equal
1, bS[ xDi][ yD; ] is set equal to 1.

[=]

— Otherwise, if the sample po or qo is in the coding block of a coding unit coded with ibc predictio
mode, bS[ xD; ][ yDj ] is set equal to 2.

]

— Otherwise, the following applies:

— The variables mv0L0x, mvOLOy, mvOL1x, mvOL1ly, mv1L0x, mv1L0y, mv1L1x, mv1L1ly,
refldx0LO, refldxOL1, refldx1L0, and refldx1L1 are derived as follows:

— If edgeType is equal to EDGE_VER, the following applies:
mv0LOx = mvLO[ xCb + xD; ][ yCb + yD; ][ 0 ] (1112)

mv0LOy = mvLO[ xCb + xD; ][ yCb + yD; ][ 1] (1113)
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mv0OL1x = mvL1[ xCb + xD; ][ yCb + yD; ][ 0 ] (1114)
mv0OL1ly = mvL1[ xCb + xD; ][ yCb + yD; ][ 1] (1115)
mv1L0x=mvLO[xCb + xDi-1][yCb+yD;][ 0] (1116)
mv1L0y = mvLO[ xCb +xDi-1][yCb +yD;][ 1] (1117)
mv1L1x=mvL1[xCb +xD;i-1][yCb+yD;][ 0] (1118)
mv1Lly =mvL1[xCb +xDi-1][yCb +yD;][ 1] (1119)
refldx0LO0 = refldxLO[ xCb + xD; ][ yCb + yD; ] (1120)
refldxOL1 = refldxL1[ xCb + xD; ][ yCb + yD; ] (1121)
refldx1L0 = refldxLO[ xCb + xD; = 1 ][ yCb + yDj ] (1122)
refldx1L1 = refldxL.1[ xCb + xD; = 1 ][ yCb + yBj\] (1123)
— Otherwise, if edgeType is equal to EDGE_HOR, the following applies:
mv0LOx = mvLO[ xCb + xD; ][ yCb. € yD; ][ 0 ] (1124)
mvO0LOy = mvLO[ xCb + xD; ][ yEb + yD; ][ 1 ] (1125)
mvOL1x = mvL1[ xCb +&D; ][ yCb + yD; ][ 0 ] (1126)
mvOL1ly = mvL1[ xCb'+ xD; ][ yCb + yD; ][ 1] (1127)
mv1L0x =mvLO[ xCb + xD; ][yCb +yD;-1][ 0] (1128)
mv1L0y 5 mvLO[ xCb +xD; [[yCb +yD;j-1][ 1] (1129)
mvIk1x =mvL1[ XCb + xD;][yCb +yD;-1][ 0] (1130)
mv1Lly =mvL1[xCb +xD;][yCb +yD;j-1][ 1] (1131)
refldx0LO = refldxLO[ xCb + xD; ][ yCb + yDj ] (1132)
refldxOL1 = refldxL.1[ xCb + xD; ][ yCb + yDj ] (1133)
refldx1L0 = refldxLO[ xCb + xD; ][ yCb + yD; - 1] (1134)
refldx1L.1 = refldxL.1[xCb + xD; ][ yCb + yD; - 1] (1135)

— When refldx0L0 is unavailable, mvOLOx and mvOLOQy are set equal to 0.
— When refldx0L1 is unavailable, mvOL1x and mvOL1y are set equal to 0.
— When refldx1L0 is unavailable, mv1L0x and mv1LO0y are set equal to 0.
— When refldx1L1 is unavailable, mv1L1x and mv1L1y are set equal to 0.

— IfrefldxOLO is equal to refldx0L1 and refldx1L0 is equal to refldx1L1, the following applies:
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bS[ xD; ][ yDj ] = (Abs( mvOLOx - mv1LOx ) >=4| |
Abs( mvOLOy - mv1L0y ) >=4 ||
Abs( mvOL1x - mv1Llx)>=4| |
Abs( mvOLly -mvlLly)>=4)72:3 (1136)

— Otherwise, if refldx0LO is equal to refldx1L1 and refldxOL1 is equal to refldx1LO, the
following applies:

bS[ xD;i ][ yD;] = (Abs( mvOLOx - mv1L1x)>=4] |
Abs( mvOLOy - mvlLly ) >=4 |
Abs(mvOL1x - mv1LOx)>=4 |
Abs( mvOL1ly - mv1L0y)>=4)?72:3 (r137

— Otherwise, the following applies:
bS[ xDi ][ yDj] = 2 (1138

3) [The variable gP is derived as follows:

— If cldx is equal to 0, gP is set equal to Qpy that is used in the CU wheére sample qo is located, and
is obtained according to derivation process for quantization parameters as specified i
subclause 8.7.1.

)

— Otherwise, if cldx is equal to 1, gP is set equal to Qpcithat are used in the CU where sample g
is located, and is obtained according to derivation_process for quantization parameters 3
specified in subclause 8.7.1.

w o

— Otherwise, qP is set equal to Qpc that are;used in the CU where sample qo is located, and i
obtained according to derivation progess for quantization parameters as specified i
subclause 8.7.1.

= 0

— If cldx is not equal to 0, variable\gP'is updated as follows:
qP = Clip3( 0, 51, gPY) (1139

4) [The variable sT[ xD; ][ yD;] and sT'[ xD; ][ yD; ] are derived as follows:

— sT[ xD;i ][ yDj ] is\derived from Table 33, depending on qP.

— sT'[ xD; ][/By] is equal to sT[ xD; ][ yD; ] << ( bitDepth - 8).

5) When sT{[xD; ][ yD;] is greater than 0, the following ordered steps apply:

—1f edgeType is equal to EDGE_VER, the sample values sA, sB, sC and sD are derived as follows

sA = recPicture[ XCb’ + xP; - 2 ][ yCb' + yP; ] (1140)
sB = recPicture[ xCb' + xP; - 1 ][ yCb' + yP; ] (1141)
sC = recPicture[ xCb’ + xP; ][ yCb' + yP; ] (1142)
sD = recPicture[ xCb’ + xP; + 1 ][ yCb' + yP; ] (1143)

— Otherwise (edgeType is equal to EDGE_HOR), the sample values sA, sB, sC and sD are derived
as follows:
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sA = recPicture[ xCb’ + xP; ][ yCb’ + yP; - 2] (1144)
sB = recPicture[ xCb' + xP; ][ yCb" + yP; - 1] (1145)
sC = recPicture[ xCb' + xP; ][ yCb' + yP; ] (1146)
sD = recPicture[ xCb’ + xP; ][ yCb' + yP; + 1] (1147)

— The variables iD, absD, iTmp, clipD, iD1, and iD2 are derived as follows:

iD=(sA-(sB<<2)+(sC<<2)-sD)/8 (1148)
absD = Abs(iD) (1149)
iTmp = Max( 0, (absD - sT'[xDi][yD;]) << 1) (1150)
clipD = Max( 0, absD - iTmp ) (1151)
iD1 = Sign(iD ) ? =clipD : clipD (1152)
clipD =clipD>>1 (1153)
iD2 = Clip3( —clipD, clipD, (sA-sD) / 4) (1154)
sA -=1iD2 (1155)
sB +=iD1 (1156)
sC-=iD1 (1157)
sD +=iD2 (1158)

6) The modified picture saniple array recPicture is derived as follows:
— If edgeType is equal*to EDGE_VER, recPicture is derived as follows:
recPicture[ xCb' + xP; - 2 ][ yCb' + yP;] = Clip3( 0, ( 1 << bitDepth ) - 1,sA) (1159)
fegPicture[ xCb' + xP;i - 1 ][ yCb' + yP;] = Clip3( 0, ( 1 << bitDepth ) - 1, sB) (1160)
recPicture[ xCb’ + xP; ][ yCb’ + yP; ] = Clip3( 0, ( 1 << bitDepth ) - 1,sC) (1161)

recPicture[ xCb" + xP; + 1 ][ yCb' + yP; ] = Clip3( 0, ( 1 << bitDepth ) - 1,sD) (1162)

— Otherwise (edgeType is equal to EDGE HOR), recPicture, is derived as follows:

recPicture[ xCb' + xP; ][ yCb’ + yP; - 2 ] = Clip3( 0, ( 1 << bitDepth ) - 1,sA) (1163)
recPicture[ xCb’ + xP; ][ yCb’ + yP; - 1] = Clip3( 0, (1 << bitDepth ) - 1, sB) (1164)
recPicture[ xCb’ + xP; ][ yCb’ + yP; ] = Clip3( 0, ( 1 << bitDepth) - 1,sC) (1165)
recPicture[ xCb' + xP; ][ yCb’ + yP; + 1] = Clip3( 0, (1 << bitDepth ) - 1,sD) (1166)
Otherwise, the filtering process for edges in the chroma coding blocks consists of the following ordered

steps:
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— The variable recPicturex is set equal to recPicturec, when cldx is equal to 1, or to recPicturec, when

cldx

is equal to 2.

— The variable bSx is set equal to bSc, when cldx is equal to 1, or to bSc when cldx is equal to 2.

— The variable xCb' is set equal to xCb / SubWidthC, yCb' is set equal to yCb / SubHeightC.

— The variables xP;, yPj, xD;, yDj, XN and yN are derived as follows:

— The

— The

1)

2)

XPi1s set equal to 1, yP; is set equal to j, XN 1s set equal to [ I << logZCbWidth J - I, and yN is.s§
equal to (1 << log2CbHeight) - 1.

xD; is setequal to ((xPi >> 1) << 2),yD;is setequal to ((yP; >> 1) << 2 ), when cldx is equ3

to 0 or ChromaArrayType is equal to 1, otherwise, xD; is set equal to ( (xPi >> 1)\k< 2 ), yD;1i
setequal to ( (yPj >> 2) << 2 ) when ChromaArrayType is equal to 2.

If edgeType is equal to EDGE_HOR, samples for xP; with i = 0.xN and yP; with j = 0 are set to b
filtered.

Otherwise, if edgeType is equal to EDGE_VER, samples for xP{with i = 0 and yP; with j = 0..yN ar
set to be filtered.

filtering process is applied as follows:
The sample values po and qo are derived as follows:

— If edgeType is equal to EDGE_VER, po isiset equal to recPicturex[ xCb’ + xP; - 1 ][ yCb’ + yP;
and qo is set equal to recPicturex[ xCb/+ xP; ][ yCb’ + yP; ].

— Otherwise  (edgeType is _<sequal to EDGE_HOR), po is set equal
recPicturex[ xCb' + xP; ][ yCb’ +yP;- 1] and qo is set equal i
recPicturex[ xCb' + xP; ][ yCb' + yP; ].

The variable bSx[ xD; ][ %D; ] is derived as follows:

— If the sample pg0r/qo is in the coding block coded with intra prediction mode, bSx[ xD; ][ yD;
is set equal to.0-

— Otherwise; if the sample po or qo is in the coding block coded with cbf luma equal to
bSx[xD][ yD;] is set equal to 1.

filtering samples in the chroma coding block to be filtered are set with the following conditions;:

[

1l

[72)

[¢)

e

[* BN

[—

—~Otherwise, if the sample po or qo is in the coding block coded with ibc prediction mod¢

QI N1E - . ) R (s
DS XDT[[ YD Ts setequartoz:

— Otherwise, the following applies:

276

— The variables mv0L0x, mvOLOy, mvOL1x, mvOL1ly, mv1L0x, mv1L0y, mv1L1x, mv1L1ly,

refldx0LO, refldxOL1, refldx1L0, and refldx1L1 are derived as follows:

— If edgeType is equal to EDGE_VER, the following applies:

mvO0LOx = mvLO[ XCb + xD; ][ yCb + yD; ][ 0] (1167)

mvO0LOy = mvLO[ xCb + xD; ][ yCb + yD; ][ 1] (1168)
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mv0OL1x = mvL1[ xCb + xD; ][ yCb + yD; ][ 0 ] (1169)
mvOL1ly = mvL1[ xCb + xD; ][ yCb + yD; ][ 1] (1170)
mv1L0x = mvLO[ xCb +xDi-1][yCb +yD;][ 0] (1171)
mv1L0y = mvLO[xCb +xD;-1][yCb+yD;][ 1] (1172)
mv1L1x=mvL1[ xCb +xDi-1][yCb +yD;][ 0] (1173)
mv1Lly =mvL1[xCb +xDi-1][yCb+yDj][ 1] (1174)
refldx0LO0 = refldxLO[ xCb + xD; ][ yCb + yDj ] (1175)
refldxOL1 = refldxL1[ xCb + xD; ][ yCb + yDj ] (1176)
refldx1L0 = refldxLO[ xCb + xD; - 1 ][ yCb + yDj ] (1177)
refldx1L1 = refldxL1[ xCb + xD; - 1 ][ yCb + yBy| (1178)
— Otherwise, if edgeType is equal to EDGE_HOR, the following applies:
mvO0LOx = mvLO[ XCb + xD; ][ yCb +yD; ][ 0] (1179)
mvO0LOy = mvLO[ xCb + xD; |[,y€b'+ yD; ][ 1] (1180)
mvOL1x = mvL1[ xCb + xBi{[ yCb + yD; ][ 0] (1181)
mvOL1ly = mvL1[ xCb& xD; [[ yCb + yD; ][ 1] (1182)
mv1L0x = myLOFXCb + xD; [[yCb +yD;j—1][ 0] (1183)
mv1L0y & mvLO[ xCb +xD; [[yCb+yDj-1][ 1] (1184)
mylL1x =mvL1[ xCb + xD; ][yCb+yD;j-1][ 0] (1185)
mv1Lly = mvL1[xCb + xD; ][yCb+yD;j-1][ 1] (1186)
refldxOLO = refldxLO[ xCb + xD; ][ yCb + yDj ] (1187)
refldxOL1 = refldxL1[ xCb + xD; ][ yCb + yDj ] (1188)
refldx1L0 = refldxLO[ xCb + xD; ][ yCb + yD; - 1] (1189)
refldx1L.1 = refldxL.1[ xCb + xD; ][ yCb + yD; — 1 ] (1190)

— When refldx0L0 is unavailable, mvOLOx and mvOLOQy are set equal to 0.
— When refldx0L1 is unavailable, mvOL1x and mvOL1y are set equal to 0.
— When refldx1L0 is unavailable, mv1L0x and mv1LO0y are set equal to 0.
— When refldx1L1 is unavailable, mv1L1x and mv1L1y are set equal to 0.

— IfrefldxOLO is equal to refldx0L1 and refldx1L0 is equal to refldx1L1, the following applies:
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bSx[ xDi ][ yD;] = (Abs( mvOLOx - mv1LOx ) >=4| |
Abs( mvOLOy - mv1L0y ) >=4| |
Abs(mvOL1x - mv1L1x)>=4| |
Abs( mvOLly -mv1Lly)>=4)72:3 (1191)

— Otherwise, if refldx0LO is equal to refldx1L1 and refldxOL1 is equal to refldx1LO, the
following applies:

bSx[ xD; ][ yD;] = (Abs( mvOLOx - mv1L1x) >=4] |
Abs( mvOLOy - mv1iLly)>=4]|
Abs( mvOL1x - mv1LOx)>=4 |
Abs( mvOLly - mv1L0y)>=4)72:3 (r192

— Otherwise, the following applies:
bSx[ xDi ][ yDj] = 2 (1193

3) [(he variable sT[ xD; ][ yD;] and sT'[ xDi ][ yD; ] are derived as follows:

— If cldx is equal to 1, Qpc is set equal to Qpcy that are used in the:ClDwhere sample are located,
and is obtained according to derivation process for quantization parameters as specified in
subclause 8.7.1.

— Otherwise, Qpc is set equal to Qpc: that are used in.thé: CU where sample are located, and i
obtained according to derivation process for ‘quantization parameters as specified i
subclause 8.7.1.

- n

— clippedQpc value is derived as follows:

clippedQpc = Clip3( 0, 51, Qpc,) (1194

— sT[ xD;i ][ yDj ] depending on clippedQpc is derived from Table 33.

— sT'[ xD; ][ yD; ] is equal to sT[ xD; ][ yD; ] << ( BitDepth¢ - 8).

4) When sT'[ xDi ][ yDj] is greater than 0, the following ordered steps apply:

— If edgeType is equal to EDGE_VER, the sample values sA, sB, sC, and sD are derived as follows:

SA-=recPicturex[ xCb' + xP; - 2 ][ yCb' + yP; ] (1195
sB = recPicturex[ xCb’ + xP; - 1 ][ yCb' + yP; ] (1196
sC = recPicturex[ xCb’ + xP; ][ yCb’ + yP; ] (1197
sD = recPicturex[ xCb’ + xP; + 1 ][ yCb’ + yP; ] (1198)
— Otherwise (edgeType is equal to EDGE_HOR), the sample values sA, sB, sC, and sD are derived
as follows:
sA = recPicturex[ xCb’ + xP; ][ yCb’ + yP; - 2] (1199)
sB = recPicturex[ xCb' + xP; ][ yCb" + yP; - 1] (1200)
sC = recPicturex[ xCb' + xP; ][ yCb' + yP; ] (1201)
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sD = recPicturex[ XCb’ + xP; ][ yCb’ + yP; + 1] (1202)
— The variables iD, absD, iTmp, clipD, iD1, and iD2 are derived as follows:
iD=(sA-(sB<<2)+(sC<<2)-sD)/8 (1203)
absD = Abs(iD) (1204)
iTmp = Max( 0, (absD - sT'[xD; ][ yD;]) << 1) (1205)
clipD = Max( 0, absD - iTmp ) (1206)
iD1 = Sign(iD ) ? =clipD : clipD (1207)
sB +=iD1 (1208)
sC-=iD1 (1209)
5) The modified chroma picture sample array recPicturey is deriyed as follows:
— If edgeType is equal to EDGE_VER, recPicturex is derivéd as follows:
recPicturex[ xCb’ + xPi— 1 ][ yCb' + yP;] = Glip3( 0, ( 1 << BitDepthc) - 1, sB) (1210)
recPicturex[ xCb' + xP; ][ yCb’ + yP; }.= Clip3( 0, ( 1 << BitDepthc) - 1,sC) |[(1211)
— Otherwise (edgeType is equal to EDGE;HOR), recPicturex is derived as follows:
recPicturex[ xCb' + xP; ][ y€b?+ yP; - 1] =Clip3( 0, ( 1 << BitDepthc) - 1, sB) (1212)
recPicturex[ xCb' + xP; ][ yCb’ + yP;] = Clip3( 0, ( 1 << BitDepthc) - 1,sC) |[(1213)
Table 33 — Derivation of sT[ xD; ][ yDj ] from QP and bSx[ xD; ][ yD; ] where X is colour
component
QP bSx[ xDi][yD;] =1 bSx[ xDi ][ yD;] = 2 bSx[ xDi ][yD;] =3
QP <= 17 0 0 0
18 1 0 0
19 1 0 0
20 1 0 0
21 1 0 0
22 1 0 0
23 1 0 0
24 1 0 0
25 1 0 0
26 1 0 0
27 2 1 0
28 2 1 0
29 2 1 0
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QP bSx[ xDi][yD;] =1 bSx[ xDi ][ yD;] =2 bSx[ xDi ][ yD;] =3
30 2 1 0
31 2 1 0
32 3 2 1
33 3 2 1
34 3 2 1
35 4 3 2
36 4 3 2
37 4 3 2
38 5 4 3
39 5 4 3
40 6 5 4
41 6 5 4
42 7 6 5
43 8 7 6
44 9 8 7
45 10 9 8
46 11 10 9
47 12 11 10
48 12 11 10
49 12 11 10
50 12 11 10
51 12 11 10
8.8.3 Advanced deblocking filter process
8.8.3.1 |General
This process is invoked-when sps_addb_flag is equal to 1.
Inputs t¢ this process-are:
— the grray tecPicture;, specifying the reconstructed picture sample array prior to deblocking for luma,
— wheh-€hromaArrayFype-isnotequatto-0,-the-arrayreePieturersspeeifying the reconstrueted-pieture

sample array prior to deblocking for Cb, and

— when ChromaArrayType is not equal to 0, the array recPicturec, specifying the reconstructed picture
sample array prior to deblocking for Cr.

Outputs of this process are:

— the array recPicture,, specifying the modified reconstructed picture sample arrays after deblocking
for luma,
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— when ChromaArrayType is not equal to 0, the array recPicturec, specifying the modified

reconstructed picture sample arrays after deblocking for Cb, and

— when ChromaArrayType is not equal to 0, the array recPicturec. specifying the modified

reconstructed picture sample arrays after deblocking for Cr.

Filtering in the horizontal direction (across the vertical block edges in a picture) is conducted first. Then
filtering in the vertical direction (across the horizontal block edges in a picture) is conducted with
samples modified by the filtering in the horizontal direction as input. The vertical and horizontal edges

in the coding tree blocks of each coding tree unit are processed separately on a coding unit
v
g
t
\
g

oding blocks in their geometrical order.

—

processing dependency order so as to produce the same output values.

conditions:

to 8x8 sample grid boundaries of the corresponded litma component,

slice_deblocking filter_flag,

is equal to 0,

by slice_deblocking filter flag.

—

The deblocking s applied as follows:

basis. The
ertical edges of the coding blocks in a coding unit are filtered starting with the edge on the left-{and side
f the coding blocks proceeding through the edges towards the right-hand side of the coding

heir geometrical order. The horizontal edges of the coding blocks in a coding unit are\filtered| starting
Uith the edge on the top of the coding blocks proceeding through the edges towards the bottom of the

locks in

OTE Although the filtering process is specified on a picture basis in this document, the filtering process can be
mplemented on a coding unit basis with an equivalent result, provided the decoder properly accounts for the

The deblocking filter process is applied to all the block edgeszof a picture, except of the fpllowing

-+ The edges that are at the boundary of the picture and ltima and chroma edges that do not corfrespond

-+ The edges that belong to the slice for which the deblocking filter process is disgbled by

—+ The edges that correspond to tiles boundaries if syntax element loop_filter_across_tiles_enabled_flag

—+ The edges that correspond to the slice boundaries and if the neighbouring samples, comprisipg to the
filtering process, belongs te.the neighbouring slice for which the deblocking filter process is disabled

he edge type, vertical or horizontal, is represented by the variable edgeType as specified in Table 32.

-+ The vertical edges are filtered by invoking the deblocking filter process for one direction as §

in subelause 8.8.3.2 with the variable edgeType set equal to EDGE_VER, the reconstructec
prior to deblocking, i.e., recPicture;, and, when ChromaArrayType is not equal to 0, recPictu

pecified
picture
recn, and

recPicturec: as inputs, and the modified reconstructed picture after deblocking, i.e., recPicty

re, and,

Whenm ChromaATTay Type 1S ot equat to 0, TECPICUTEcy, and TecPICtUree, a3 OUtputs.

The horizonal edges are filtered by invoking the deblocking filter process for one direction as
specified in subclause 8.8.3.2 with the variable edgeType set equal to EDGE_HOR, the modified

reconstructed picture after deblocking, i.e., recPicture;, and, when ChromaArrayType is not

equal to

0, recPicturecy, and recPicturec: as inputs, and the modified reconstructed picture after deblocking,
i.e., recPicturer, and, when ChromaArrayType is not equal to 0, recPicturecs,, and recPicturec: as

outputs.
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8.8.3.2

Deblocking filter process for one direction

Inputs to this process are:

— the variable edgeType specifying whether a vertical (EDGE_VER) or a horizontal (EDGE_HOR) edge is
filtered,

— the array recPicture;, specifying the reconstructed picture sample array prior to deblocking for luma,

— whe
sam

— whe
sam

Outputs

— the array recPicture,, specifying the modified reconstructed picture sampleatrays after deblocking
for luma,

— whe

recdnstructed picture sample arrays after deblocking for Cb, and

— whe

recgnstructed picture sample arrays after deblocking for Cy

For lunja and chroma coding blocks in a picture, following process applies separately with coloy

compon
equal to|

coding Hlock height log2CbHeight set equal to luma block width and height if cldx is equal to 0 and se

equal to

For eac
specifyi

current picture and a variable splitTH specifying block split threshold set equal to MaxTbLog2SizeY |f
cldx is equal to 0 and set equal to./MaxTbLog2SizeY - 1 ) if cldx is equal to 1 or 2, the deblocking procegs

is cond

— Ifed

h ChromaArray Type is not equal to U, the array recPicturec, specifying the reconstructed pictui
ble array prior to deblocking for Cb, and

[¢)

h ChromaArrayType is not equal to 0, the array recPicturec, specifying the reconstructed:-pictur
ble array prior to deblocking for Cr.

[¢)

of this process are:

h ChromaArrayType is not equal to 0, the array recPicturec, specifying the modified

h ChromaArrayType is not equal to 0, the array. recPicturec specifying the modified

ent index cldx set equal to O for luma and, when ChromaArrayType is not equal to 0, cldx s¢g
1 or 2 for Cb and Cr chroma components,‘respectively, coding block width log2CbWidth an

—~+ = ~+ =

chroma block width and height if clds.is’equal to 1 or 2.

h coding block with width log2€bWidth, height log2CbHeight, a luma location (xCb, yCb|)
g the top-left sample of the\current coding block relative to the top-left luma sample of the

ted as follows:
geType is equal'to’EDGE_VER and log2CbWidth <= splitTH, the following applies:

The deblocking process of coding block boundary as specified in subclause 8.8.3.3 is invoked
with luma'location of top-left sample of the coding block ( xCb, yCb ), block width log2CbWidtl,
blockheight log2CbHeight, and picture arrays recPicture;, and, when ChromaArrayType is ndt
equal to 0, recPicturec, and recPicturec, the edgeType, the luma motion vectors arrays MvLD
and MvL1], the reference indices arrays RetldxL0 and RefldxL1 and colour component index cldx
as inputs, and the modified arrays recPicturer, and, when ChromaArrayType is not equal to 0,
recPicturecy, and recPicturec: as outputs.

— Otherwise, if edgeType is equal to EDGE_VER and log2CbWidth > splitTH, the following applies:

282

The deblocking process of coding block boundary as specified in subclause 8.8.3.3 is invoked
with luma location of top-left sample of the coding block (xCb,yCb), block width
(log2CbWidth >> 1), block height log2CbHeight, and picture arrays recPicture;, and, when
ChromaArrayType is not equal to 0, recPicturec, and recPicturec;,, the edgeType, the luma motion
vectors arrays MvL0 and MvL1, the reference indices arrays RefldxL.0 and RefldxL1 and colour
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component index cldx as inputs, and the modified arrays recPicture;,, and, when
ChromaArrayType is not equal to 0, recPicturec, and recPicturec: as outputs.

— The deblocking process of coding block boundary as specified in subclause 8.8.3.3 is invoked

with luma location of top-left sample of the coding block (xCb + (1 << splitTH ), yCb ), block
width (log2CbWidth >> 1), block height log2CbHeight, and picture arrays recPicture;, and,
when ChromaArrayType is not equal to 0, recPicturec, and recPicturec;, the edgeType, the luma
motion vectors arrays MvLO and MvL1, the reference indices arrays RefldxL.0 and RefldxL1 and
colour component index cldx as inputs, and the modified arrays recPicture;, and, when

ChromaArrayType is not equal to 0, recPicturec, and recPicturec: as outputs.

— The deblocking process of coding block boundary as specified in subclause:8.8.3.3 is

edgeType, the luma motion vectors arrays MvL0 and MvL1, the reference indice
RefldxL0 and RefldxL1 and colour component index cldx as inputs, and the modifie
recPicture;, and, when ChromaArrayType is not equal to, 0, récPicturec, and recPic
outputs.

— The deblocking process of coding block boundary as specified in subclause 8.8.3.3 is

is not equal to 0, recPicturec, and recPicturec,, the edgeType, the luma motion vectof

index cldx as inputs, and the modified arrays recPicture, and, when ChromaArrayTy
equal to 0, recPicturec, and recRicturec: as outputs.

— The deblocking process pof coding block boundary as specified in subclause 8.8.3.3 is
with luma location of top-left sample of the coding block ( xCb, yCb + ( 1 << splitTH ]
width log2CbWidths-block height (log2CbHeight >> 1), and picture arrays recPictu
when ChromaArrayType is not equal to 0, recPicturec, and recPicturec, the edgeType,
motion vectors arrays MvLO and MvL1, the reference indices arrays RefldxL0 and Refld
colour comiponent index cldx as inputs, and the modified arrays recPicture;, an
ChromaArrayType is not equal to 0, recPicturec, and recPicturec: as outputs.

8.8.3.3 Deblocking filter process of coding block boundary

—

hputs:to this process are:

— Otherwise, if edgeType is equal to EDGE_HOR and log2CbHeight <= splitTH, the following agplies:

invoked

with luma location of top-left sample of the coding block ( xCb, yCb ), block'width log2(bWidth,
block height log2CbHeight, and picture arrays recPicture;, recPictuter, and recPictiirec: the

5 arrays
d arrays
furec: as

— Otherwise, if edgeType is equal to EDGE_HOR and log2CbHeight > splitTH, the following applies:

invoked

with lumalocation of top-left sample of the cading block ( xCb, yCb ), block width log2(bWidth,
block height (log2CbHeight >> 1), and picture arrays recPicture;, and, when ChromaArrayType

S arrays

MvLO and MvL1,the reference indieces arrays RefldxLLO and RefldxL1 and colour cofnponent

pe is not

invoked
), block
re,, and,
the luma
IxL1 and
d, when

re to the

—+ <a luma location (th’ y(‘h) Qpprifying the fnp-lpff cqmplp of the current r‘nding block relati

top-left luma sample of the current picture,

— two variables log2CbWidth and log2CbHeight specifying the width and the height of the
coding block,

current

— the picture arrays recPicture;, and, when ChromaArrayType is not equal to 0, recPicturec,, and

recPicturec,
— the edgeType specifying whether a vertical (EDGE_VER) or a horizontal (EDGE_HOR) edge is

— luma motion vector arrays mvL0 and mvL1,
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— reference indices arrays refldxL.0 and refldxL1, and

— avariable cldx specifying colour component index.

Output of this process are:

— the array recPicture;, specifying the modified picture array after deblocking for luma,

— whe

afte] deblocking tor Cb, and

— whe

afterf deblocking for Cr.

If cldx i equal to 0, or ChromaArrayType is equal to 3, or ChromaArrayType is equal to 2.and edgeTyp|

is equal
chroma
steps:

— The

— The

is equal to 1, or to recPicturec- when cldx is equal to 2, respectively.

— The
yCb

— The

n ChromaArrayType is not equal to 0, the array recPicturec, specifying the modified picture array

h ChromaArrayType is not equal to O, the array recPicturec: specifying the modified pictune-array

[

fo EDGE_HOR, the filtering process for edges in the luma coding block, when eldx’is equal to 0, g
coding block, when cldx is equal to 1 or 2, of the current coding unit conSists of the followin

0oQ =

variable chromaStyleFilteringFlag is set equal to 0.

variable recPicture is set equal to recPicture, when cldx is equal to 0, or to recPicturec, when cldix
variable xCb' is set equal to xCb /(cldx? SubWidthC:1), and yCb’' is set equal tp
(cldx ? SubHeightC:1).

variables xN and yN, are derived as follows:

If cldx is equal to 0, or ChromaArrayType is equal to 3, the variable xN is set equal tp
(1<<(log2CbWidth-2))-1.

Otherwise, the variable xN is set\equal to ( 1 << (log2CbWidth-1))-1.

The variable yN is set equaljto ( 1 << (log2CbHeight-2)) - 1.

geType is equal to EDGE_HOR, the variables xD;, yDj, xDy’, and yD;" are derived as follows:
xD; is set equaltod << 2 with i = 0.xN and yD; is set equal to 0.

If cldx is-not equal to 0 and ChromaArrayType is equal to 2, xD;’ is set equal to i << 1 with
i=0.xN

Otherwise, XDy’ is set equal to i << 2 with i = 0.xN.

yDj' is set equal to 0.

— Otherwise ( edgeType is equal to EDGE_VER ), the variables xD;, yD;, xDi’, and yD;" are derived as

follo

ws:
xDj is set equal to 0, and yD; is setequal toj << 2 with j = 0..yN.

xDi is set equal to 0, and yD;’ is set equal toj << 2 with j = 0..yN.

— For xD; and yDj, the following ordered steps apply:
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1) Two luma locations ( xCbP, yCbP ) and ( xCbQ, yCbQ ) are derived as follows:

— IfedgeTypeis equal to EDGE_VER, ( xCbP, yCbP ) is set equal to ( xCb + xD; - 1, yCb + yD; ) and
(xCbQ, yCbQ ) is set equal to ( xCb + xD;, yCb + yD; ).

— Otherwise (edgeType is equal to EDGE_HOR), (xCbP,yCbP) is set equal to
(xCb + xD;, yCb + yD; - 1 ) and ( xCbQ, yCbQ ) is set equal to ( xCb + xD;, yCb + yD; ).

2) Two block locations ( xCbP’, yCbP’ ) and ( xCbQ’, yCbQ' ) are derived as follows:

— If edgeType is equal to EDGE_VER, ( xCbP’, yCbP’ ) is set equal to ( xCb’ + xD;’ - 1fy€Q’ + yD;" )
and (xCbQ’, yCbQ') is set equal to ( xCb' + xD;’, yCb’ + yD;" ).

— Otherwise (edgeType is equal to EDGE_HOR), (xCbP’,yCbP’) lis set efual to
(xCb' + xDy, yCb' + yDj' - 1) and ( xCbQ’, yCbQ' ) is set equal to ( xCh +xD;’, yCb' + yD;" ).

3) The variable bS[ xD; ][ yD;] is derived by invoking the process as specified in subclauge 8.8.3.4
with (xCbP, yCbP ), (xCbQ, yCbQ ), refldxL0, refldxL1, mvL0, m¥L1 when cldx is equal to 0 or
ChromaArrayType equal to 3.

4) The sample values px and qx with k = 0..3 are derived as follows:

— If edgeType is equal to EDGE_VER, pk is set equalto recPicture[ xCbP’ - k ][ yCbP’ + d ] and qx
is set equal to recPicture[ xCbQ' + k ][ yCbQ'+ @ ] with offset d = 0..3.

— Otherwise  (edgeType is equal ¢;to EDGE_HOR), px is set eqpal to
recPicture[ xCbP' + d ][ yCbP’ - k] and>qx is set equal to recPicture[ xCbQ' + d ][ ydbQ' + k]
with offset d = 0..3 when cldx is equal to 0 or ChromaArrayType is not equal to 2, otherwise
with offset d = 0..1 when ChromaArrayType is equal to 2 and cldx is not equal to 0.

— The thresholds o, B, the ‘variables filterSamplesFlag and indexA for each block ¢dge are
derived by invoking the'process as specified in subclause 8.8.3.5 with po, p1, qo, q1, the[variable
cldx specifying coloureomponent index, and bS[ xD; ][ yDj ] as inputs.

— Depending on the variable filterSamplesFlag, the following applies:

— IffilterSamplesFlag is equal to 1, the following applies:
— If bS[xDi][yD;] is less than 4, the process as specified in subclause §.8.3.6 is
invoked with p;, gi (i=0..2), chromaStyleFilteringFlag, cldx, bS[ xD; ][ yD|], B and

indexA given as inputs, and the output is assigned to p'iand q'; (i=0..2).

— Otherwise (bS is equal to 4), the process as specified in subclause 8.8.3.7 is|invoked
with p;and q; (i =0..3 ), chromaStyleFilteringFlag, cldx, o, and  given as inputs, and

the output is assigned to p'iand q'i (1 = 0..2 ).

— Otherwise (filterSamplesFlag is equal to 0), the filtered result samples p’iand q'; (i = 0..2)
are replaced by the corresponding input samples pi and q; as follows:

p'i=p; fori=0.2 (1214)
q'i=qifori=0.2 (1215)

— The filtered reconstructed sample p’'xand 'k are used to replace the reconstructed samples in
the reconstructed picture recPicture;, when cldx is equal to 0, or in recPicturec, when cldx is
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equal to 1, or to recPicturec: when cldx is equal to 2, respectively, in the corresponding sample
positions.

Otherwise, the filtering process for edges in the chroma coding blocks of current coding unit consists of
the following steps:

The

The
cldx

The

The

Othd
follo|

For

1)

xD; and yDj, the following ordered steps apply:

variable chromaStyleFilteringFlag is set equal to 1.

variable recPicturey is set equal to recPicturec, when cldx is equal to 1, or to recPicturec, when
1s equal to 2, with X being replaced by Cb or Cr.

variable xCb' is set equal to xCb / SubWidthC, and yCb' is set equal to yCb / SubHeightC.
variables xN and yN, are derived as follows:

The variable xN is set equal to ( 1 << (log2CbWidth-1)) - 1.

[f ChromaArrayType is equal to 1, the variable yN is set equal to ( 1 << (leg2CbHeight-1))-1.
Otherwise, the variable yN is set equal to ( 1 << (log2CbHeight - 29) - 1.

geType is equal to EDGE_HOR, the variables xDi, yDj, xDi’, and yDj’ are derived as follows:
xD; is set equal toi << 2 with i = 0.xN and yD; is set equakto 0.

xD;' is set equal toi << 1 withi=0.xN and yDj' is set equal to 0.

rwise ( edgeType is equal to EDGE_VER ), the\variables xD;, yDj, xDy’, and yDj' are derived as
WS:

xD; is set equal to 0, and yDj is set equal'toj << 2 withj = 0.yN.
xD;' is set equal to 0.
if ChromaArrayType is equalto 1, yD;’ is set equal toj << 1 withj=0.yN.

Otherwise, yD;' is set’équal toj << 2 withj=0..yN.

Two block lo€ations ( xCbP, yCbP ) and ( xCbQ, yCbQ ) are derived as follows:

— IfiedgeType is equal to EDGE_VER, ( xCbP, yCbP ) is set equal to ( xCb’ + xDy’ - 1, yCb’ + yD;’
and ( xCbQ, yCbQ ) is set equal to ( xCb' + xDy, yCb' + yD;").

L—

— Otherwise (edgeType is equal to EDGE_HOR), (xCbP,yCbP) is set equal to
(xCb' + xD{, yCb' + yD;’ - 1) and ( xCbQ, yCbQ ) is set equal to ( xCb’ + xDy’, yCb" + yD; ).

2) The sample values px and qx with k = 0..3 are derived as follows:

286

— If edgeType is equal to EDGE_VER, px is set equal to recPicturex[ xCbP - k ][ yCbP + d | and qx
is set equal to recPicturex[ xCbQ + k ][ yCbQ + d ] with offset d = 0..1 when ChromaArrayType
is equal to 1 and with offset d = 0..3 when ChromaArrayType is equal to 2.

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=caf991f23122d29f070ff293f89a846f

ISO/IEC 23094-1:2020(E)

— Otherwise  (edgeType is equal to EDGE_HOR), px is set equal to
recPicturex[ xCbP + d ][ yCbP - k ] and gk is set equal to recPicturex[ xCbQ + d ][ yCbQ + k]
with offsetd = 0..1.

— The thresholds o, B, the variables filterSamplesFlag and indexA for each block edge are
derived by invoking the process as specified in subclause 8.8.3.5 with po, p1, qo, q1, a variable

cldx specifying colour component index, and bS[ xD; ][ yD; | as inputs.

— Depending on the variable filterSamplesFlag, the following applies:

— IffilterSamplesFlag is equal to 1, the following applies:
— If bS[xDi][yD;] is less than 4, the process as specified in subclause §.8.3.6 is
invoked with p;, qi (i = 0..2), chromaStyleFilteringFlag, cldx,bS{ xD; ][ yDj], B and

indexA given as inputs, and the output is assigned to p’; and'q’; (i = 0..2).

— Otherwise (bS is equal to 4), the process as specified in subclause 8.8.3.7 is|invoked
with pjand q; (i =0..3 ), chromaStyleFilteringFlag, cldx; o, and  given as inputs, and

the output is assigned to p'iand q'i (i = 0..2).

— Otherwise (filterSamplesFlag is equal to 0), the filtered result samples p'{ and i
(i=0.2) are replaced by the corresponding‘inhput samples p; and q; as follows

p'i=p; fori=0.2 (1216)
q’i=qifori=0.2 (1217)

— The filtered reconstructed sample p’kand q'x are used to replace the reconstructed samples in
the reconstructed picture recPictureyx in the corresponding sample positions.

§.8.3.4 Derivation process for boundary filtering strength

et

hputs to this process are:

— two luma locations ( xCbP, yCbP ) and ( xCbQ, yCbQ ),

- reference indices refldxL0 and refldxL1, and

— motion information mvL0 and mvL1.

Q

utput of«this process is the variable bS[ xD; ][ yD; ] at location ( xD;, yDj ).

Thexzariable cBf is derived as follows:

— If ChromaArrayType is equal to 3, and cldx is equal to 1, the variable cBf is set equal to cbf cb,
otherwise, if ChromaArrayType is equal to 3, and cldx is equal to 2, the variable cBf is set equal to
cbf_cr.

— Otherwise, variable cBf is set equal to cbf_luma.
The variable bS[ xD; ][ yD; ] is derived as follows:
— If the sample at location ( xCbP, yCbP ) or ( xCbQ, yCbQ ) is in the luma coding block of a coding unit

coded with intra prediction mode and the block at location ( xCbP, yCbP ) and ( xCbQ, yCbQ ) are from
two coding units that are located in different CTU, bS[ xD; ][ yD; ] is set equal to 4.
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— Otherwise, if the sample at location ( xCbP, yCbP ) or ( xCbQ, yCbQ ) is in the luma coding block of a
coding unit coded with intra prediction mode or ibc prediction mode, bS[ xD; ][ yD;j ] is set equal to 3.

— Otherwise, if the sample at location ( xCbP, yCbP ) or ( xCbQ, yCbQ ) is in the luma coding block of a
coding unit coded with cBf equal to 1, or coded with ats_cu_inter_flag equal to 1, bS[ xD; ][ yD;j ] is set
equal to 2.

— Otherwise, the following applies:

— [The variables mvOLOx, mvOLOy, mv1L0x, and mv1LOy are derived as follows:
refldx0L0 = refldxLLO[ xCbQ ][ yCbQ ] (1218
refldx0L1 = refldxL.1[ xCbQ ][ yCbQ ] (1219
refldx1L0 = refldxL.O[ xCbP ][ yCbP ] (1220
refldx1L1 = refldxL.1[ xCbP ][ yCbP ] (1221
mv0LOx = refldx0LO0 != -1 ? mvLO[ xCbQ ][ yCbQ ][ 0 ;0 (1222
mv0OLOy = refldx0LO0 != -1 ? mvLO[ xCbQ ][ yCbQ4] 1] : 0 (1223
mvOL1x = refldxOL1 != -1 ? mvL1[ xCbQ J[yCbQ][0]:0 (1224
mvOL1y = refldxOL1 != -1 ? mvL1[ xCbQ ][ yCbQ][1]: 0 (1225
mv1L0x = refldx1L0 != -1 ? mvLOxCbP ][ yCbP ][0 ]: 0 (1226
mv1L0y = refldx1L0 = -1 ? mvLO[ xCbP ][ yCbP ][ 1]: 0 (1227
mv1L1x =refldx1L1 !=.£1? mvL1[ XCbP ][ yCbP ][0]: 0 (1228
mv1L1ly = refldxdL® != -1 ? mvL1[ xCbP J[yCbP][1]: 0 (1229
— |If refldxOLO is equal to refldx1L0 and refldx0OL1 is equal to refldx1L1 or if refldx0LO is equal tp
refldx1L1 and refldx0L1 is equal to refldx1L0, the variable bS is derived as follows:
— If refldx0L0-is7equal to refldx0L1, the variable bS is derived by:
bS[ xDi ][ yDj] = (Abs( mvOLOx - mv1LOx ) >=4 | | Abs( mvOLOy - mv1L0y ) >=4 ]|

Abs( mvOL1x - mv1L1x ) >=4 | | Abs( mvOL1ly - mv1Lly ) >=4 ||

Abs( mvOLOx - mv1L1x ) >= 4 | | Abs( mvOLOy - mv1Lly ) >=4| |

Abs( mvOL1x - mv1LOx ) >=4 | | Abs( mvOL1ly - mv1LOy)>=4)?1:0 (1230

— Otherwise, if refldx0LO0 is equal to refldx1L0 and refldx0L1 is equal to refldx1L1, the variable
bS is derived by:

bS[ xDi ][ yDj] = (Abs( mvOLOx - mv1L0Ox ) >= 4| | Abs( mvOLOy - mv1LOy ) >=4| |
Abs(mvOL1x - mviL1x)>=4| | Abs(mvOLly - mviL1ly)>=4)?1:0 (1231)

— Otherwise, if refldx0LO0 is equal to refldx1L1 and refldx0L1 is equal to refldx1L0, the variable
bS is derived by:

bS[ xDi ][ yDj] = (Abs( mvOLOx - mv1L1x) >=4]| Abs( mvOLOy - mv1L1ly)>=4 |
Abs(mvOL1x - mv1L0x)>=4| | Abs(mvOLly - mv1LOy)>=4)?1:0 (1232)
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— Otherwise, bS[ xD; ][ yD;] is set equal to 1.

8.8.3.5 Derivation process for the thresholds for each block edge
Inputs to this process are:

— the variables po, p1, qo and q: specifying the values of a single set of samples across an edge that is to
be filtered,

— the variable cldx specifying colour component index, and

— the variables bS[ xD; ][ yD;j ].

[an)

utputs of this process are:

— the variable filterSamplesFlag specifying the indicates whether the input samples are filteref,

—+ the variable indexA, and

— the variables a and 3 specifying the values of the threshold.
The variable qPyand qPqare derived as follows:

-+ If cldx is equal to 0, gPpand qPqare set equal to Qpythat are used in the CU where sample 1o and qo
are located, and is obtained according to derivationprocess for quantization parameters as $pecified
in subclause 8.7.1.

-+ Otherwise, if cldx is equal to 1, qPrand gPg4are set equal to Qpcp that are used in the CU where sample
po and qo are located, and is obtained acc¢ording to derivation process for quantization parameters as
specified in subclause 8.7.1.

—+ Otherwise, if cldx is equal to 2,-gRyand qPqare set equal to Qpcr that are used in the CU wher¢ sample
po and qo are located, and is obtained according to derivation process for quantization parameters as
specified in subclause 8.7.1:

—

he variable bitDepth is‘set equal to BitDepthy if cldx is equal to 0, otherwise bitDepth is set|equal to
itDepthc.

lwel

—

et qPavbe a variable specifying an average quantization parameter. It is derived as follows:

gPavs-fqPp+qPq+1) >> 1 (1233)

—

et indexA be a variable that is used to access Table 34 as well as Table 35, which is used in filtering of
dges.with bS[ xD; ][ yD; ] less than 4 as derived in subclause 8.8.3.6, and let indexB be a variable that is

used-toaccess Table 34 _The variables indexA and indexB are derived as follows:

()

indexA = Clip3( 0, 51, qPav + FilterOffsetA ) (1234)
indexB = Clip3( 0, 51, qPav + FilterOffsetB ) (1235)

The variables o’ and B’ depending on the values of indexA and indexB are specified in Table 34. The
corresponding threshold variables o and [ are derived as follows:

a=a *(1 << (bitDepth-8)) (1236)

B=p'*(1 << (bitDepth-8)) (1237)
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The variable filterSamplesFlag is derived as follows:

filterSamplesFlag =

(bS[xDi][yDj] '= 0 && Abs(po—qo) <« && Abs(p1-po) < && Abs(qi-qo) <)

(1238)

Table 34 — Derivation of offset dependent threshold variables a’ and B’ from indexA and indexB

indexA (for (x’) or indexB (for B')

U I 4 5] k3 ) L8] 7/ o 7 IU [ 11 14 13 14 1o 10| 1/ IO [ LT [ AU [ AL [ L4 [ LD | &4F | 4O
Jll0jojojojojofojojojojojojo0ojo0j0j0j4;4(5|6|7|8|9/|101213
B’ ojofojo0ojojojojofofofojojojojojo|2|2|2[(3(3|3|3]|4) 4|4

indexA (for (x’) or indexB (for B')

26 |27 (28(29(30(31(32|33|34|35(36(37(38(39(40 (41|42 |43|44|45|46|47148|49 |50 |51
o 11517 |20|22|25|28|32|36|40|45|50|56|63|71|80|90|101/113|127(144|162(182|203|226(255255
B, 6|6 |7|7|8|8[9|9|10(10|11|11|12|12|13|13|14|14|15|15\16|16|17 |17 |18 |18

8.8.3.6 [Derivation process for edges with bS less than 4

Inputs t¢ this process are:

— input sample values piand qgi (i = 0..2 ) of a single set of saniples across an edge that is to be filtered,

— the variable chromaStyleFilteringFlag,

— the variable cldx specifying colour component indeX, and

— the variables bS, 3, and indexA for the set ofiinput samples.

Outputs|of this process are the filted result sample values p'iand q'i (i = 0..2 ) for the set of input sample

values.

The varfable bitDepth is set equal-to BitDepthy if cldx is equal to 0, otherwise BitDepth is set equal tp

BitDepthc.

Depending on the values®findexA and bS, the variable t'cois specified in Table 35.

The thrdshold variable tcis derived as follows:

tc= t'coX (1 << (Max(0,bitDepth-9))) (1239
The thresheld-ariablesarand-ararederivedasfollows:

ap= Abs(pz-po) (1240)

aq= Abs(qz-qo) (1241)
The threshold variable tcois determined as follows:
— If chromaStyleFilteringFlag is equal to 0, the following applies:

tcIncP= ((ap<B) ?21:0) (1242)
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tclncQ= ((a.<B)?1:0)
tco= (t'co + tcIncP + tcIncQ ) * (1 << (Max( 0, bitDepth-9)))

— Otherwise (chromaStyleFilteringFlag is equal to 1), the following applies:
tco=(t'co+1)*(1 << (Max(0,bitDepth-9)))

The filtered result samples p'n and q'n are derived as follows:

020(E)

(1243)

(1244)

(1245)

A =Clip3( = tco, teo, ((((qo—po) << 2)+(p1-q1) +4) >> 3))
po=po+A
qo=qo-A

The filtered result sample p'1is derived as follows:

- If chromaStyleFilteringFlag is equal to 0 and apis less than 3, the following applies:

p't =p1 +Clip3(-te, te, ((p2+po+qo) *3-(p1<<3)-q1) >> 4)

— Otherwise (chromaStyleFilteringFlag is equal to 1 or.apis greater than or equal to 3), the fi
applies:

p'1=p1

The filtered result sample q'1is derived as follows:

— If chromaStyleFilteringFlag is equal £6.0 and aqis less than f3, the following applies

q1=qu+Clip3(-te te, ((g2*Qo+po) *3-(qi<<3)-p1) >> 4)

— Otherwise (chromaStyleFilteringFlag is equal to 1 or aqis greater than or equal to 3), the fi
applies

qi=q

p'z='p2

qz2=Qq2

(1246)
(1247)

(1248)

(1249)

bllowing

(1250)

(1251)

bllowing

(1252)

The filtered resualt'samples p’zand q'zare always set equal to the input samples pzand gz as follows:

(1253)

(1254)

LetClipt () be a function that is reptaced by ClipIy( ) when cidX IS equal to U and by Clipic(JW
isequal to 1 or 2.

p'o=Clip1(p')
p'1=Clip1(p'1)
p'2=Clip1(p’2)

q'o=Clip1(q'o)
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q'1=Clip1(q'1) (1259)
q'z2=Clip1(q'2) (1260)
Table 35 — Value of variable t'coas a function of indexA and bS
indexA
0 |1|2|3|4|5|6|7|8|9|10[{11|12|13|14[15|16|17|18|19|20|21|22|23|24]25
bs=1| o [o|o|o|o|o|o|o|o|o|o|o|o|o|]oOo|O|O|O|O|O|O|O|O|1]|1]1
bs=2| o [o|o|jo|jo|jofjo|lofjoflojo|jo|o|o|o|o]|o|o|o|o|oO]|1]|1]|1]| 1\
bs=3| o [o|o|jo|jo|jofjoflofjoflo|jo]jo|o|o|o|o|o|1|1]|1]|1]1]|1]|1N2]1
indexA
26 |27(28(29|30(31(32(33(|34(|35(|36(|37|38|39|40 |41 |42 |43 |44 |45 |46 |47 (48|49 |50 |51
bS=1| 1 |1 |1 |1 |1|1|1|2]2|2|2|3|3|3|4|4|4|5|6]|6]|,7]8]|9]|10]11]13
bS=2| 1 1|1 |1]|1]2]|2]2|2[3[3|3|4|4|5]|5]|6]|7]|8]|8N0|11]12]13]15]17
bS=3| 1 2|2 |2 |23 |3 |3 |4|4|4|5|6|6]|7]|8]|9]|10]1413|14]|16]|18]|20]23]25
8.8.3.7 |Derivation process for edges with bS equal to 4

Inputs t¢ this process are:

— input sample values piand qi (i = 0..3 ) of a single set of samples across an edge that is to be filtered,

— the yariable chromaStyleFilteringFlag,

— they

— the yalue of threshold variable .

Outputs

values.

Let ap and aq be two threshold variables as specified in Formulae 1240 and 1241, respectively i

subclau

The filte

— Ifch

se 8.8.3.6.

rariable cldx specifying colour component index, and

red resultsamples p’i(i=0..2 ) are derived as follows:

romaStyleFilteringFlag is equal to 0 and the following condition holds,

of this process are the filtéred result sample values p'iand q'i (i = 0..2 ) for the set of input sample

=)

< P &% Abs(pr-qu) < ((a>> Z)+Z)

then the variables p’o, p'1, and p’; are derived as follows:

292

plo=(pz+2*p1+2*po+2*q+qi+4) >> 3

pi=(pz+pi+po+q+2) >> 2

p2=(2*ps+3*p2+pi+po+qo+4) >>3

(1261

(1262)

(1263)

(1264)
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— Otherwise (chromaStyleFilteringFlag is equal to 1 or the condition in Formula 1261 does not hold),
the variables p’o, p'1, and p’zare derived as follows:

plo=(2*pi+po+qi+2) >> 2 (1265)
p'1=p1 (1266)
p'2=p2 (1267)

Ihe filtered result samples q'i( 1= 0..2 ) are derived as tollows:

— If chromaStyleFilteringFlag is equal to 0 and the following condition holds,

ag<f && Abs(po-qo)<((a >>2)+2) (1268)
then the variables q'0, q'1, and q'2 are derived as follows:

Qo=(p1+2*po+2*qo+2*qu+qe+4) >> 3 (1269)

qi=(po+qo+qu+q+2) >> 2 (1270)

q2=(2*@E+3*q@+q+q+po+4) >> 3 (1271)

— Otherwise (chromaStyleFilteringFlag is equal to 1 or thé ¢ondition in Formula 1268 does njot hold),
the variables q'o, q'1, and q'zare derived as follows:

qo=(2*qu+qo+p1+2) > 2 (1272)
q1=qu (1273)
qz2=Q2 (1274)

Ifet Clip1( ) be a function that is replaced by Clip1y( ) when cldx is equal to 0 and by Clip1¢( ) when cldx

i$ equal to 1 or 2.
p'o=Clip1(p’) (1275)
p'1=Clip1(p'«) (1276)
p'2 = ClipH{p'2) (1277)
q'o=Elip1(qo) (1278)
q'1=Clip1(q1) (1279)
¢2=Clip1(g'2) (1280)

8.8.4 Adaptive Loop Filter
8.8.4.1 General

Inputs to this process are:

— the array recPicture;, specifying the reconstructed picture sample array prior to adaptive loop filter
for luma,
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— when ChromaArrayType is not equal to 0, the array recPicturec, specifying the reconstructed picture
sample array prior to adaptive loop filter for Cb, and

— when ChromaArrayType is not equal to 0, the arrayrecPicturec: specifying the reconstructed picture
sample array prior to adaptive loop filter for Cr.

Outputs of this process are:

— the array alfPicture;. specifying the modified reconstructed picture sample array after adaptive loop
filtef for [uma,

4%

— whep ChromaArrayType is not equal to 0, alfPicturecs, specifying the modified reconstructed pictur
sample array after adaptive loop filter for Cb, and

[¢)

— whep ChromaArrayType is not equal to 0, alfPicturec; specifying the modified reconstructed pictuy
sample array after adaptive loop filter for Cr.

=)

The sarpple values in the modified reconstructed picture sample arrayss.alfPicture;, and, whe
ChromafrrayType is not equal to 0, alfPicturec, and alfPicturec, are initially set équal to the sample value
in the yeconstructed picture sample arrays prior to adaptive loop filter recPicture;, and, whep
ChromaArrayType is not equal to 0, recPicturec, and recPicturec, respectively.

[72)

For every coding tree unit with luma coding tree~‘block location (rx,ry), wher
rx = 0..P]cWidthInCtbsY - 1 and ry = 0..PicHeightInCtbsY - 1, the following applies:

[¢)

— If (rx << CtbLog2SizeY ) + CtbSizeY is smaller thancor equal to pic_width_in_luma_samples,
variable blkWidth is set equal to CtbSizeY, othérwise, a variable blkWidth is set equal t
pic_yidth_in_luma_samples - (rx << CtbLog2Size¥).

[©3Y)

— If(ry << CtbLog2SizeY) + CtbSizeY is smallef than or equal to pic_height_in_luma_samples, a variable
blkHeight is set equal to CtbSizeY, otherwise blkHeight 1is set equal tp
pic_leight_in_luma_samples - (ry <<-CtbLog2SizeY).

— When alf ctb_flag[ rx ][ ry ] is equal to 1, the coding tree block luma type filtering process as specifie
in pubclause 8.8.4.2 is invoked with recPicture,, alfPicture,, referred APS identifid
slicel alf luma_aps_id, the “ldma coding tree block location (xCtb,yCtb) set equal 4
(rx k< CtbLog2SizeY, ry\<< CtbLog2SizeY ), and the coding tree block width blkWidth and heigh
blkHeight as inputs, and the output is the modified filtered picture alfPicture.

-~ O =

— If ChromaArrayType is equal to 3, the coding tree block luma type filtering process for chroma
samples of Cb-and Cr chroma components are invoked as follows:

— [Wheny alf_ctb_chroma_flag[ rx ][ ry ] is equal to 1, the coding tree block luma type filteri
process as specified in subclause 8.8.4.2 is invoked with recPicturecy, alfPicturecy, referred A
identifier slice_alf_chroma_aps_id, the chroma coding tree block lIocation ( xCtb, yCtb ) set equal
to (rx << CtbLog2SizeY, ry << CtbLog2SizeY ), and the coding tree block width blkWidth and
height blkHeight as inputs, and the output is the modified filtered picture alfPicturec.

— When alf ctb_chromaZ2_flag[ rx ][ ry] is equal to 1, the coding tree block luma type filtering
process as specified in subclause 8.8.4.2 is invoked with recPicturec;,, alfPicturec, referred APS
identifier slice_alf_ chromaZ2_aps_id, the chroma coding tree block location ( xCtb, yCtb ) set equal
to (rx << CtbLog2SizeY, ry << CtbLog2SizeY ), and the coding tree block width blkWidth and
height blkHeight as inputs, and the output is the modified filtered picture alfPicturec;.
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— Otherwise, when ChromaArrayType is in the range from 1 to 2, inclusive, and slice_alf_chroma_idc is
larger than 0, the following applies:

— When sliceChromaAlfEnabledFlag is equal to 1, the coding tree block chroma type filtering
process as specified in subclause 8.8.4.4 is invoked with recPicture set equal to recPicturec,
alfPicture set equal to alfPicturecy, referred APS identifier slice_alf chroma_aps_id, the chroma
coding tree block location (xCtbC, yCtbC) set equal to
((rx << CtbLog2SizeY ) / SubWidth(C, (ry << CtbLog2SizeY ) / SubHeightC ), and the coding
tree block width blkWidth / SubWidthC and height blkHeight / SubHeightC as inputs, and the
output is the modified filtered picture alfPicturecy.

— When sliceChromaZ2AlfEnabledFlag is equal to 1, the coding tree block chroma type|filtering
process as specified in subclause 8.8.4.4 is invoked with recPicture set equal to recRicturec;,
alfPicture set equal to alfPictureCr, referred APS identifier slice_alf_chromavaps_id, thg chroma
coding tree block location (xCtbC, yCtbC) set equal to
((rx << CtbLog2SizeY ) / SubWidth(, (ry << CtbLog2SizeY ) / SubHgightC ), and the¢ coding
tree block width blkWidth / SubWidthC and height blkHeight / SibHeightC as inputs, and the
output is the modified filtered picture alfPictureCr.

§.8.4.2 Coding tree block luma type filtering process

et

hputs to this process are:
—+ areconstructed picture sample array recPictureRecprior to the adaptive loop filtering process,
—+ afiltered reconstructed luma picture sample array alfPicture,
—+ an identifier of the referred APS, apsld,

—+ aluma location ( xCtb, yCtb ) specifying the top-left sample of the current coding tree bloc{ relative
to the top-left sample of the currentpicture, and

variables blkWidth and blkHeight specifying the width and the height of the current coding tree block.

Qutput of this process is the modified filtered reconstructed picture sample array alfPicture.

—

he sample values inthe picture sample arrays recPicture are derived by invoking subclause 8.8}4.5 with
ecPictureRec, thexcoding tree block location ( xCtb, yCtb ), and the coding tree block width blkWjidth and
he coding tree block height blkHeight as inputs, and the outputis the modified filtered picture re¢Picture.

[ e

The derivation process for ALF transpose and filter index subclause 8.8.4.3 is invoked with the|location
(|xCtb,yCtb ), the reconstructed picture sample array recPicture, and the coding tree blodk width
HlkWidth and the coding tree block height blkHeight as inputs, and filtldx[x][[y] and
transposeldx[ x ][ v | with x = 0..blkWidth — 1, y = 0..blkHeight - 1 as outputs.

For the derivation of the filtered reconstructed samples alfPicture[ x ][ y ], each reconstructed sample
inside the current coding tree block recPicture[ x ][ y ] is filtered as follows with x = 0..blkWidth - 1,y =
0..blkHeight - 1:

The array of luma filter coefficients f[ j ] corresponding to the filter specified by filtldx[ x ][ y ] is derived
as follows with j = 0..NumAlfCoefs - 2:

f[j 1 = AlfCoeffi[ apsld ][ filtldx[ x [y 1 1[j ] (1281)

The luma filter coefficients filterCoeff are derived depending on transposeldx[ x ][ y ] as follows:
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— Iftransposeldx|[ x ][ y ] is equal to 1, the following applies:

filterCoeff[ 1= {f[91,f[ 41, f[10], f[81, 11, f5], 11,71, A3 0L 21, (6] 121}  (1282)
— Otherwise, if transposeldx[ x ][ y | is equal to 2, the following applies:

filterCoeff[ 1= {f[01,f[31,f[ 2], f[ 1], f[81,F[ 71,61, f[5], f[4], 9], f[10], F11],,[12]}  (1283)

— Otherwise, if transposeldx[ x ][ y ] is equal to 3, the following applies:

filt|erCoeff[]={f[9],f[8],f[10],f[4],f[3],f[7],f[11],f[5],f[1],f[O],f[Z],f[6],f[12]} (1284
— Otherwise, the following applies:

fillerCoeff[ 1 ={f[0],f[1],f[2],f[3],f[4 ] f[5]f[61.f[7]f[8],f[91.f[10],f[11], f[ 121% (1285
The varigble sum is derived as follows:

sum = filterCoeff[ 0] * (recPicture[ x,y + 3 ] + recPicture[x,y -3]) +

filterCoeff[ 1] * (recPicture[x+ 1,y + 2]+ recPicture[x -1,y -29)+
filterCoeff[ 2] * (recPicture[x,y + 2] + recPicture[x,y-21]) +

filterCoeff[ 3] * (recPicture[x -1,y + 2] + recPicture[ x+4,y=2])

filterCoeff[ 4] * (recPicture[x+ 2,y + 1] +recPicture[ x5 2,y-1])+

filterCoeff[ 5] * (recPicture[x+ 1,y + 1]+ recPicture[x-1,y-1])

filterCoeff[ 6] * (recPicture[ X,y + 1]+ recPicturefx,y - 1]) + (1286
filterCoeff[ 7] * (recPicture[x-1,y+ 1]+ recPicture[x+1,y-1])+

filterCoeff[ 8] * (recPicture[x -2,y + 1]+ re¢Picture[x+2,y-1])+

filterCoeff[ 9] * (recPicture[ x + 3,y ] + recRicture[x-3,y]) +

filterCoeff[ 10 ] * ( recPicture[ x + 2,y | + recPicture[x -2,y ]) +

filterCoeff[ 11 ] * ( recPicture[ x + 1, y ] ®recPicture[x -1,y ] ) +

filterCoeff[ 12 1 * recPicture[ x,y ]

sum = (sum + 256 ) >>9 (1287
The modified filtered reconstructed picture sample alfPicture[ xCtb + x ][ yCtb + y ] is derived as follows:

alfPicture[ xCtb + x ][ yCtb+ y ] = Clip3( 0, ( 1 << BitDepthy ) - 1, sum) (1288
8.8.4.3 |Derivation process for ALF transpose and filter index

Inputs t¢ this pracess are:

— alodatien'( xCtb, yCtb ) specifying the top-left sample of the current coding tree block relative to thie
top-leftsample of the current picture,

— areconstructed picture sample array recPicture prior to the adaptive loop filtering process, and

— variables blkWidth and blkHeight specifying the width and the height of the current coding tree block.
Outputs of this process are:

— the classification filter index array filtldx[ x ][ y ] with x = 0..blkWidth - 1, y = 0..blkHeight - 1,

— the transpose index array transposeldx[ x |[ y | with x = 0..blkWidth - 1, y = 0..blkHeight - 1.
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The classification filter index array filtldx and the transpose index array transposeldx are derived by the
following ordered steps:

— The variables filtH[x ][y ], filtV[x ][y ], filtDO[ x ][y ] and filtD1[x ][y ]
with x = -2..blkWidth + 1, y = -2..blkHeight + 1 are derived as follows:

filtH[ x ][ y ] = Abs( ( recPicture[ xCtb + x, yCtb + y ] << 1) - recPicture[ xCtb + x - 1, yCtb +y | -
recPicture[ xCtb +x+ 1,yCtb +y ]) (1289)

VI X ][V | = ADS( { TecPicture] XCtb ¥ X, yCIib ¥y | << I J - recPicture] XCh * X, yCtb + y = 11—
recPicture[ xCtb +x, yCtb +y +1]) (1290)

filtDO[ x ][ y ] = Abs( ( recPicture[ xCtb + X, yCtb +y ] << 1) -
recPicture[ xCtb + x - 1, yCtb + y - 1] - recPicture[ xCtb +x+ 1,yCtb +y + 1]) (1291)

filtD1[ x ][ y ] = Abs( ( recPicture[ xCtb + X, yCtb +y ] << 1) -
recPicture[ xCtb + x + 1, yCtb + y — 1 ] - recPicture[ xCtb + x - 1, yCtb + y #1 }) (1292)

— The variables sumH[ x ][y ], sumV[x ][y ], sumDO[ x ][ y ], sumD1[x[y ] and sumOfHV[ x ]| y ] with
x=0.(blkWidth-1) >> 2,y =0..( blkHeight - 1) >> 2 are denived as follows:

sumH[x ][ y] = Zigj filtH[ (x << 2) +i][ (y << 2) +j ] withi, j = -2..5 (1293)
sumV[x ][ y]=Zi%j filtV[ (x << 2) +i][ (y << 2) +{] with i, j = 2.5 (1294)
sumDO[ x ][ y ] = Zi%j filtDO[ (x << 2)+i][ (y,£<2) +j] withi,j=-2.5 (1295)
sumD1[x][y]=Zi%j filtD1[ (x << 2) +i}f(y<<2)+j]withi,j=-2.5 (1296)
sumOfHV[x [y ] =sumH[x ][y ] +sumV[x][y] (1297)

— The variables dirl[ x ][y ], dir2[.X][ y ] and dirS[ x ][ y | with x = 0..blkWidth - 1, y = 0..blkHpight - 1
are derived as follows:

— The variables hv1,hvO and dirHV are derived as follows:

— IfsumV[x>>2][y>> 2 ]is greater than sumH[ x >> 2 ][ y >> 2 ], the following applies:

hvl SsumV[x>>2][y>>2] (1298)
bv0 =sumH[x>>2 ][y >> 2] (1299)
dirHV =1 (1300)

— Otherwise, the fnllnwing npplipq-

hvl =sumH[x>>2][y>>2] (1301)
hv0 =sumV[x>>2][y>>2] (1302)
dirHV =3 (1303)

— The variables d1, dO0 and dirD are derived as follows:

— IfsumDO[ x>> 2 ][y >> 2] is greater than sumD1[ x>> 2 ][ y >> 2 ], the following applies:
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dl=sumDO[x>>2][y>>2] (1304)
d0=sumD1[x>>2][y>>2] (1305)
dirD=0 (1306)

— Otherwise, the following applies:

dl=sumD1[x>>2][y>>2] (1307)
d0 =sumDO[x>>2][y>>2] (1308
dirD =2 (1309

— |The variables hvd1 and hvdO0 are derived as follows:
hvdl =(d1*hv0>hvl*d0) ? d1 : hvl (1310
hvd0 = (d1 *hv0>hv1*d0) ? dO : hv0 (1311

— [The variables dirS[x ][y ], dirl[ x ][ y ] and dir2[ x ][ y ] are derifed as follows:

dirl[x][y]=(d1*hv0>hvl*d0) ? dirD : dirHV (1312
dir2[x][y]=(d1*hv0>hvl*d0) ? dirHV : dirD (1313
dirS[x][y]=(hvdl>2*hvd0) ? 1 : ((hvd1l¥2>9*hvd0) ? 2 :0) (1314

— The pariable avgVar[ x ][ y ] with x = 0..blkWidth©'1, y = 0..blkHeight - 1 is derived as follows:
varTab[]1={0,1,2,2,2,2,2,3,3,3,3,3,3:3,3,4 } (1315
avgVar[ x ][y ] = varTab][ Clip3( 0, 15,"( sumOfHV[x>>2 ][y >>2]) >> ( BitDepthy-2) ) ](1316

— The [lassification filter index array filtldx[ x ][ y | and the transpose index array transposeldx[ x ][ y|]
with| x = 0..blkWidth - 1, y =0..blkHeight - 1 are derived as follows:

transposeTable[ ] = {©0;1,0,2,2,3,1,3} (1317
transposeldx[ x|[y ] = transposeTable[ dirl[x ][y ] * 2 + (dir2[x][y]>>1)] (1318
filtldx[ x {5 ] = avgVar[x][y ] (1319

— When dirS[ x ][ y ] is not equal to 0, filtldx[ x ][ y ] is modified as follows:

filtldx[ x ][y ] +=(((dirl[x][y] &0x1)<<1)+dirS[x][y]) *5 (1320)

8.8.4.4 Coding tree block chroma type filtering process
Inputs to this process are:

— a reconstructed chroma picture sample array recPictureRec prior to the adaptive loop filtering
process,

— afiltered reconstructed chroma picture sample array alfPicture,
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— an identifier of the referred APS, apsld,

020(E)

— a chroma location ( xCtbC, yCtbC ) specifying the top-left sample of the current chroma coding tree

block relative to the top-left sample of the current picture, and

— variables blkWidth and blkHeight specifying the width and the height of the current coding tree block.

Output of this process is the modified filtered reconstructed chroma picture sample array alfPicture.

Ifhe sample values 1n the picture sample arrays recPicture are derived by Invoking subclause 4.0

o =

o

hroma sample inside the current chroma coding tree block recPicture[ x ][ y ] isiltered as follg
= 0..blkWidth - 1, y = 0..blkHeight - 1:

b

The variable sum is derived as follows:

sum = AlfCoeffc[ apsld ][ 0 ] * (recPicture[ x,y + 2 | + recPicture| x,y-2]) +

apsld

AlfCoeffc[ apsld ][ 1] * (recPicture[ x + 1,y + 1] + recPicture[ x-1,y-1]) +

AlfCoeffc[ apsld ][ 2] * (recPicture[ x,y + 1] + recPicture[ X,y -1]) +

AlfCoeffc[ apsld ][ 3] * (recPicture[x -1,y + 1] + recRicture[ x+1,y-1]) +

AlfCoeffc[ apsld ][ 4 ] * (recPicture[ x + 2,y ] + recRicture[ x-2,y]) +

AlfCoeffc[ apsld ][ 5] * (recPicture[ x + 1, y | + recPicture[x -1,y ]) +

AlfCoeffc[ apsld ][ 6 ] * recPicture[ X,y ]

sum = (sum + 256 ) >>9
The modified filtered reconstructed chroma picture sample alfPicture[ xCtbC + x ][ yCtbC + y ] i3
as follows:

alfPicture[ xCtbC + x ][ yCtb€~+ y ] = Clip3( 0, ( 1 << BitDepth¢) - 1, sum)

8.8.4.5 Derivation process'for luma type ALF input samples

et

hputs to this process are:

- areconstructed picture sample array recPicture prior to the adaptive loop filtering process,

- a lumalocation ( xCtb, yCtb ) specifying the top-left sample of the current coding tree blocK
to thetop-left sample of the current picture, and

—Cyariables blkWidth and blkHeight specifying the width and the height of the current coding tr

Output of this process is sample array recPictureOut.

Variables availableL, availableT, availableR and availableB are set equal to TRUE.

4.6 with

ecPictureRec, the chroma coding tree block location ( xCtbC, yCtbC ), and the coding treefble¢ck width
1kWidth and block height blkHeight as inputs, and the output is the modified filtered picture regPicture.

or the derivation of the filtered reconstructed chroma samples alfPicture[ x ][ y ], \each reconistructed

ws with

(1321)

(1322)

derived

(1323)

relative

ee block.

For x = 0..blkWidth - 1 and for y = 0..blkHeight - 1, variable recPictureOut is initialized as follows:

recPictureOut[ xCtb + x, yCtb + y ] = recPicture[ xCtb + x, yCtb + y ]

(1324)

When loop_filter_across_tiles_enabled_flag is equal to FALSE, the derivation process for neighbouring
block availability as specified in subclause 6.4.1 is invoked with the luma location ( xCtb - 1, yCtb ) as
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input, and the output is assigned to the variable availablelL. Otherwise, when
loop_filter_across_tiles_enabled_flag is equal to TRUE, the derivation process for ALF neighbouring block
availability as specified in subclause 6.4.4 is invoked with the luma location ( xCtb - 1, yCtb ) as input, and
the output is assigned to the variable availableL.

When loop_filter_across_tiles_enabled_flag is equal to FALSE, the derivation process for neighbouring
block availability as specified in subclause 6.4.1 is invoked with the luma location ( xCtb, yCtb - 1) as
input, and the output 1is assigned to the variable availableT. Otherwise, when
loop_filter_across_tiles_enabled_flag is equal to TRUE, the derivation process for ALF neighbouring block
availability as specified in subclause 6.4.4 is invoked with the luma location ( xCtb, yCtb - 1 ) as input, and
the output is assigned to the variable availableT.

When ldop_filter_across_tiles_enabled_flag is equal to FALSE, the derivation process for neighbourin|
block availability as specified in subclause 6.4.1 is invoked with the Iluma locatio
( xCtb + plkWidth, yCtb ) as input, and the output is assigned to the variable availableR Otherwise, whe
loop_filter_across_tiles_enabled_flag is equal to TRUE, the derivation process for ALF heighbouring bloc
availability as specified in subclause 6.4.4 is invoked with the luma location ( xCtb.+'blkWidth, yCtb ) a
input, and the output is assigned to the variable availableR.

wn AN = = 09

When Idop_filter_across_tiles_enabled_flag is equal to FALSE, the derivation process for neighbourin|
block availability as specified in subclause 6.4.1 is invoked)* with the Iluma locatio
( xCtb, y[Ctb + blkHeight ) as input, and the output is assigned to the variable availableB. Otherwise, whe
loop_filter_across_tiles_enabled_flag is equal to TRUE, the derivationyprocess for ALF neighbouring bloc
availability as specified in subclause 6.4.4 is invoked with the luma location ( xCtb, yCtb + blkHeight ) a
input, and the output is assigned to the variable availableB.

wn AN =B = 09

If availableL is equal to FALSE, for y = 0..blkHeight - 1, samples recPictureOut are derived as follows:

refPictureOut[ xCtb - 3, yCtb + y | = recPicture| xCtb + 3, yCtb + y ] (1325
refPictureOut[ xCtb - 2, yCtb + y | = recPicture[ xCtb + 2, yCtb +y ] (1326
refPictureOut[ xCtb - 1, yCtb + y ] =TecPicture[ xCtb + 1, yCtb + y ] (1327

Otherwike, (availableL is equal to. TRUE), samples recPictureOut are derived as follows:

regPictureOut[ xCtb -3;yCtb + y | = recPicture[ xCtb - 3, yCtb + y ] (1328
refPictureQut[ xCtb= 2, yCtb + y ] = recPicture[ xCtb - 2, yCtb + y ] (1329
refPicture@ut{ xCtb - 1, yCtb + y ] = recPicture[ xCtb - 1, yCtb + y ] (1330

If availableR is'équal to FALSE, for y = 0..blkHeight - 1, samples recPictureOut are derived as follows:

recPictureOut| xCtb + blkWidth + 2, yCtb + y | = recPicture| xCtb+ blkWidth - 4, yCtb +y | (1351

recPictureOut[ xCtb + blkWidth + 1, yCtb + y ] = recPicture[ xCtb+ blkWidth - 3, yCtb +y] (1332)

recPictureOQut[ xCtb + blkWidth, yCtb + y ] = recPicture[ xCtb + blkWidth - 2, yCtb + y | (1333)
Otherwise (availableR is equal to TRUE), samples recPictureOut are derived as follows:

recPictureOut[ xCtb + blkWidth + 2, yCtb + y | = recPicture[ xCtb + blkWidth + 2, yCtb + y | (1334)

recPictureOQut[ xCtb + blkWidth + 1, yCtb + y ] = recPicture[ xCtb + blkWidth + 1, yCtb + y ] (1335)
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recPictureOut[ xCtb + blkWidth, yCtb + y ] = recPicture[ xCtb + blkWidth, yCtb +y ]
IfavailableT is equal to FALSE, for x = —3..blkWidth + 2 and, samples recPictureOut are derived as

recPictureQut[ xCtb + x, yCtb - 3 ] = recPicture[ xCtb + x, yCtb + 3]

recPictureQut[ xCtb + x, yCtb - 2 ] = recPicture[ xCtb + x, yCtb + 2]

recPictureQut[ xCtb + x, yCtb - 1 ] = recPicture[ xCtb + x, yCtb + 1]

(1336)
follows:
(1337)
(1338)

(1339)

Q

therwise (availableT is equal to TRUE), samples recPictureQut are derived as follows:
recPictureOut[ xCtb + x, yCtb - 3 ] = recPicture[ xCtb + x, yCtb - 3 ]
recPictureOut[ xCtb + x, yCtb - 2 ] = recPicture[ xCtb + x, yCtb - 2 ]

recPictureOut[ xCtb + x, yCtb - 1 ] = recPicture[ xCtb + x, yCtb - 1]

et

F availableB is equal to FALSE, for x = =3..blkWidth + 2 and, samples recRictureOut are derived
follows:

recPictureOut[ xCtb + x, yCtb + blkHeight + 2 ] = recPicturefxCtb + x, yCtb + blkHeight - 4
recPictureOut[ xCtb + x, yCtb + blkHeight + 1 ] = recPicture[ xCtb + x, yCtb + blkHeight - 3

recPictureOut[ xCtb + x, yCtb + blkHeight | = recPicture[ xCtb + x, yCtb + blkHeight - 2 ]

Qo

therwise (availableB is equal to TRUE), samples recPictureOut are derived as follows:

(1340)
(1341)
(1342)

LS

1(1343)
1(1344)

(1345)

recPictureQut[ xCtb + x, yCtb + blkHeight + 2 ] = recPicture[ xCtb + x, yCtb + blkHeight + 2|](1346)
recPictureQut[ xCtb + x, yCtb +(®lkHeight + 1 ] = recPicture[ xCtb + x, yCtb + blkHeight + 1|](1347)
recPictureOut[ xCtb + x,;yCtb + blkHeight | = recPicture[ xCtb + x, yCtb + blkHeight ] (1348)
§.8.4.6 Derivation process for chroma type ALF input samples
Ihputs to this procesSare:
—+ areconstructed chroma sample array recPictureCh prior to the adaptive loop filtering process,
-+ alumalocation ( xCtb, yCtb ) specifying the top-left sample of the current chroma coding tiee block
relative to the top-left sample of the current picture, and
vartablesblkWidthand blkHeight specifring the widthand-the height ef the eurrenteedingtree block.
Output of this process is sample array recPictureChOut.
Variables availableL, availableT, availableR and availableB are set equal to TRUE.
For x = 0..blkWidth - 1 and for y = 0..blkHeight - 1, variable recPictureChOut is initialized as follows:
recPictureChOut[ xCtb + x, yCtb + y ] = recPictureCh[ xCtb + x, yCtb + y ] (1349)
When loop_filter_across_tiles_enabled_flag is equal to FALSE, the derivation process for neighbouring
block availability as specified in subclause 6.4.1 1is invoked with the luma location
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( SubWidthC * xCtb - 1, SubWidthC * yCtb ) as input, and the output is assigned to the variable availableL.
Otherwise, when loop_filter_across_tiles_enabled_flag is equal to TRUE, the derivation process for ALF
neighbouring block availability as specified in subclause 6.4.4 is invoked with the luma location
( SubWidthC * xCtb - 1, SubWidthC * yCtb ) as input, and the output is assigned to the variable availableL.

When loop_filter_across_tiles_enabled_flag is equal to FALSE, the derivation process for neighbouring
block availability as specified in subclause 6.4.1 1is invoked with the luma location
( SubWidthC * xCtb, SubWidthC * yCtb - 1 ) as input, and the output is assigned to the variable availableT.
Otherwise, when loop_filter_across_tiles_enabled_flag is equal to TRUE, the derivation process for ALF
neighboliring block availability as specified in subclause 6.4.4 is invoked with the luma locatio

( SubWidthC * xCtb, SubWidthC * yCtb - 1 ) as input, and the output is assigned to the variable availableT.

When ldop_filter_across_tiles_enabled_flag is equal to FALSE, the derivation process for neighbouri
block availability as specified in subclause 6.4.1 is invoked with the Iluma locatio
( SubWidthC * ( xCtb + blkWidth ), SubWidthC * yCtb ) as input, and the output is assigned to the variab
availabl¢R. Otherwise, when loop_filter_across_tiles_enabled_flag is equal to TRUE, the'derivation process
for ALF heighbouring block availability as specified in subclause 6.4.4 is invoked with the luma locatio
( SubWidthC * ( xCtb + blkWidth ), SubWidthC * yCtb ) as input, and the output is\assigned to the variab
availableR.

When Idop_filter_across_tiles_enabled_flag is equal to FALSE, the derivation process for neighbouri
block availability as specified in subclause 6.4.1 1is invoked with the luma locatio
( SubWigthC * xCtb, SubWidthC * ( yCtb + blkHeight ) ) as input, arid the outputis assigned to the variabl
availableB. Otherwise, when loop_filter_across_tiles_enabled_flagis equal to TRUE, the derivation process
for ALF heighbouring block availability as specified in subclauise 6.4.4 is invoked with the luma locatio
( SubWigthC * xCtb, SubWidthC * ( yCtb + blkHeight ) ) asinput, and the outputis assigned to the variabl
availableB.

If availableL is equal to FALSE, for y = 0..blkHeight=1, samples recPictureChOut are derived as follows

retPictureChOut[ xCtb - 3, yCtb + y ] stecPictureCh[ xCtb + 3, yCtb + y ] (1350
refPictureChOut[ xCtb - 2, yCth +y ] = recPictureCh[ xCtb + 2, yCtb + y ] (1351
regPictureChOut[ xCtb - 1,5Ctb + y ] = recPictureCh[ xCtb+1, yCtb + y ] (1352

Otherwike (availableL is equal-to TRUE), the following applies:

refPictureChOut{ xCtb - 3, yCtb + y ] = recPictureCh[ xCtb - 3, yCtb + y ] (1353
refPictureChOut[ xCtb - 2, yCtb + y ] = recPictureCh[ xCtb - 2, yCtb + y | (1354
refPietureChOut[ xCtb - 1, yCtb + y ] = recPictureCh[ xCtb - 1, yCtb + y | (1355

If availableR is equal to FALSE, for y = 0..blkHeight - 1, samples recPictureChOut are derived as follows:
recPictureChOut[ xCtb + blkWidth + 2, yCtb + y | = recPictureCh[ xCtb+ blkWidth - 4, yCtb + y | (1356)
recPictureChOut[ xCtb + blkWidth + 1, yCtb + y ] = recPictureCh[ xCtb+ blkWidth - 3, yCtb + y | (1357)
recPictureChOut[ xCtb + blkWidth, yCtb + y ] = recPictureCh[ xCtb + blkWidth - 2, yCtb + y ] (1358)

Otherwise (availableR is equal to TRUE), the following applies:

recPictureChOut[ xCtb + blkWidth + 2, yCtb + y ] = recPictureCh[ xCtb + blkWidth + 2, yCtb + y ] (1359)
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recPictureChOut[ xCtb + blkWidth + 1, yCtb + y | = recPictureCh[ xCtb + blkWidth + 1, yCtb + y | (1360)
recPictureChOut[ xCtb + blkWidth, yCtb + y ] = recPictureCh[ xCtb + blkWidth, yCtb +y ] (1361)

If availableT is equal to FALSE, and loop_filter_across_tiles_enabled_flag is equal to FALSE, for
x = -3..blkWidth + 2 and, samples recPictureChOut are derived as follows:

recPictureChOut[ xCtb + x, yCtb — 3 ] = recPictureCh[ xCtb + x, yCtb + 3 ] (1362)

recPictureChOuf[ xCtb + X, yCtb — Z [ = recPictureCh[ xCtb + X, yCtb + Z ] (1363)

recPictureChOut[ xCtb + x, yCtb — 1 ] = recPictureCh[ xCtb + x, yCtb + 1] (1364)
(therwise (availableT is equal to TRUE), the following applies:

recPictureChOut[ xCtb + x, yCtb — 3 ] = recPictureCh[ xCtb + x, yCtb - 3] (1365)

recPictureChOut[ xCtb + x, yCtb — 2 ] = recPictureCh[ xCtb + x, yCth <" 2] (1366)

recPictureChOut[ xCtb + x, yCtb — 1 ] = recPictureCh[ xCtb + x,5y€tb — 1] (1367)

et

F availableB is equal to FALSE, for x = —3..blkWidth + 2 and, samples recPictureChOut are derived as
follows:

recPictureChOut[ xCtb + x, yCtb + blkHeight + 2 ] = recPictureCh[ xCtb + x, yCtb + blkHeight - 4] | (1368)
recPictureChOut[ xCtb + x, yCtb + blkHeight + 1:]='recPictureCh[ xCtb + x, yCtb + blkHeight-3] | (1369)

recPictureChOut[ xCtb + %, yCtb + blkHeightd = recPictureCh[ xCtb + %, yCtb + blkHeight - 2 ] (1370)

[an)

therwise (availableB is equal to TRUE), the following applies:
recPictureChOut[ xCtb + x, yCtb + blkHeight + 2 ] = recPictureCh[ xCtb + x, yCtb + blkHeight + 2] | (1371)
recPictureChOut[ xCtb #%,yCtb + blkHeight + 1] = recPictureCh[ xCtb + x, yCtb + blkHeight + 1] | (1372)

recPictureChOut[X€tb + X, yCtb + blkHeight ] = recPictureCh[ xCtb + x, yCtb + blkHeight ] (1373)

o0

.9 DRA process

8.9.1 General

When pic_dra_enabled_flag is equal to 1, the DRA mapping process as specified in subclause 8.9 is
applied prior to the cropping and output of the decoded picture as specified in subclause C.5.2.

NOTE PPS syntax elements referred in this subclause are referring to PPS referred to by the picture that is being
mapped by the DRA process.

8.9.2 Derivation of samples of output decoded picture by DRA process
Inputs to this process are:

— decoded picture luma samples array decPictureL,
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— decoded picture chroma sample arrays decPictureCb and decPictureCr, when ChromaTypeArray is
not equal to 0, and

— identifier of the referred APS of the DRA_APS type pic_dra_aps_id.
Outputs to this process are:

— mapped picture luma samples array draPictureL, and

[72)

— mapped picture chroma sample arrays draPictureCb and draPictureCr, when ChromalypeArray i
not ¢qual to 0.

—

The samjple values in the mapped picture sample arrays draPictureL, and, when ChromaArrayType is nd
equal tol 0, draPictureCb and draPictureCr are initially set equal to the sample values in the decode
picture §ample arrays decPictureL, decPictureCb and decPictureCr, respectively.

[on

When pilc_dra_enabled_flag is equal to 1, the following applies:

— When ChromaArrayType is not equal to 0, for each Cb sample in the picturéwith location ( %, y ) with
x in the range of 0 to PicWidthInSamplesC-1, inclusive, and“¥y in the range of 0 tp
PicHeightInSamplesC - 1, inclusive, the DRA process for chroma samples as specified ip

subdlause 8.9.4 is invoked with decPictureL[ x * SubWidthC, y ¥ SubHeightC], decPictureCb|x,y

chroma index 0 and pic_dra_aps_id specifying the APS id of thé.utilized DRA function as inputs, an
the gutput is draPictureCb[ x, y ].

SV

— When ChromaArrayType is not equal to 0, for each Cr sample in the picture with location ( x, y ) wit|
x in the range of 0 to PicWidthInSamplesC -1, inclusive, and y in the range of 0 t
PicHeightInSamplesC - 1, inclusive, the DRA .process for chroma samples as specified i
subdlause 8.9.4 is invoked with decPictureL[%* SubWidthC, y * SubHeightC], decPictureCr[x,y
chroma index 1 and pic_dra_aps_id specifyingthe APS id of the utilized DRA function as inputs, an
the gutput is draPictureCr[ X,y ].

0 = O =

(=)

— For |each luma sample in the picture with location ( x,y ) with x in the range of 0 t
pic_yvidth_in_luma_samples - 1,dnelusive, and y in the range of 0 to pic_height_in_luma_samples - ]
inclysive, the DRA process.for luma samples as specified in subclause 8.9.3 is invoked wit]
decHicturel[ x, y ] and pic_dra/aps_id specifying the APS id of the utilized DRA function as inputs, an
the qutput is draPictureLx, y ].

0= I

8.9.3 Inverse mapping process for a luma sample
Inputs t¢ this process are:

— alurpasample lumaSample, and

— identifier of the referred APS of the DRA_APS type apsld.
Output of this process is a modified luma sample invLumaSample.
The value of invLumaSample is derived as follows:

— The following ordered steps apply:

1) The variable rangeldx is derived by invoking subclause 8.9.5 for a luma sample lumaSample,
outputRangesL array and numOutRangesL as the inputs and rangeldx as the output.
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2) The variable mappedSample is derived as follows:

incrValue = InvLumaScales[ apsld ][ rangeldx | * lumaSample

mappedSample = ( DraOffsets[ apsld ][ rangeldx ] + incrValue+ (1<<8))>>9
3) The inverse mapped luma sample invLumaSample is derived as follows:

invLumaSample = Clip1y( mappedSample )

(1374)

(1375)

(1376)

8.9.4 Inverse mapping process for a chroma sample

—

hputs to this process are:

luma sample lumaSample,

-+ chroma sample chromaSample,

identifier of the referred APS of the DRA_APS type apsld, and

—+ chroma index cldx.

[an)

utput of this process is a modified chroma sample invChremaSample.

The value of invChromaSample is derived as follows:

— The following ordered steps apply:

1) The variable chromaScale is derived\by invoking process as specified in subclause 8.9.6
lumaSample, chromaSample, identifier of DRA APS apsld, and chroma index cldx as the i
and chromaScale as the output/

2) The variable invSample is‘\deérived as follows:

signedValue = chromaSample - 2BitPepthc—1

unsignedValue = ( signedValue < 0) ? (-1) * signedValue * chromaScale : signedValue
chromaScale

scaledSample = (unsignedValue + (1<<8))>>9
scaledSample = ( signedValue <0) ? (-1 ) * scaledSample : scaledSample

scaledSample = scaledSample + 2BitPepthe—1

ith
nput

(1377)

(1378)
(1379)
(1380)

(1381)

3) The inverse mapped chroma sample invChromaSample is derived as follows:
invChromaSample = Clip1¢( scaledSample )
8.9.5 Identification of the range index of piecewise function
Inputs to this process are:

— input sample inputSample,
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— array of range boundaries rangesArray, and

— size of the rangesArray numRanges.

Output of this process is an index rangeldx identifying the range to which the input sample inputSample
belongs.

The variable rangeldx is derived as follows:

ran

eFound = 0
for(j;angeldx = 0; rangeldx < numRanges; rangeldx++)
if( inputSample < rangesArray|[ rangeldx + 1])

rangeFound =1 (1383
break
}
rangeldx = (rangeFound == 1) ? rangeldx : numRanges - 1

rangeldx = Min( rangeldx, numRanges - 1)

8.9.6

Inputs t¢ this process are:

— alurpa sample lumaSample,

— identifier of DRA APS apsld, and
— chroma index cldx.

Output qf this process is a reconstructed chroma.scale value chromaScale.

The varipble chromaScale is derived by the following ordered steps:

1)

2)

8.9.7

The variable rangeldx is derived by invoking the process as specified in subclause 8.9.5 with the
yariable lumaSample, OutRangesC and dra_number_ranges_minus1 + 2 as the input and

DRA chroma scale value derivaton process

B

fangeldx as the outpuit.
The variable chremaScale is derived as follows:
incValue = limaSample - OutRangesC| cldx ][ rangeldx ] (1384

chremaScale = OutOffsetsC[ apsld ][ cldx ][ rangeldx | +
(OutScalesC[ apsld ][ cldx ][ rangeldx ] * incValue + (1 <<9) ) >> 10 (1385

Derivation of output chroma DRA parameters

Inputs to this process are:

— array of luma scales, lumaScales] ],

— array of output luma ranges OutRangesL[ |, and

— chroma component index cldx.

306
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Outputs of this process are:

— array of output chroma scales, OutScalesC[ ][ ],

— array of output chroma offset, OutOffsetsC[ ][ ], and
— array of output chroma ranges OutRangesC[ ][ ].

The variables defining the number of ranges for numRangesL and for numRangesC are set

equal to

ra_number_ranges_minusl + 1 and dra_number_ranges_minusl + Z, respectively.

v w|

or every i being in range from 0 to numRangesL - 1, inclusive, variable chromaScates] cld
erived by invoking subclause 8.9.8 with lumaScales[ i ] and cldx as inputs.

QL

v u]

or every i being in range from 0 to numRangesL - 1, inclusive, variable invChromaScales] cld
erived as follows:

QL

invChromaScales[ cldx ][i] = ( (1 << 18) + ( chromaScales[ cldx\{[[i]>>1))/
chromaScales[ cldx ][ i ]

<

ariables OutScalesC[ cldx ][ 0], OutOffsetsC[cldx][0] and OutRangesC[0] are set equ
hvChromaScales[ cldx ][ 0 ] and OutRangesL][ 0 ], respectively.

[

Hor every range index i being in range from 1 to numRangesC - 1 inclusive, variable OutRangg
erived as follows:

QL

OutRangesC[ i ] = ( OutRangesL[i] + OutRangesL[i-1])>>1

s

or every range index i being in range_from 1 to dra_number_ranges_minus1 inclusive,
utScalesC|[ cldx ][ i] is derived as follows;

Q

deltaRange = OutRangesC[i+’1 | - OutRangesC[ i ]
OutOffsetsC| cldx ][ i §=invChromaScales|[ cldx ][i-1]
deltaScale = invChromaScales|[ cldx ][ i ] - invChromaScales[ cldx ][i- 1]

OutScales€[€ldx ][i] = ( ( deltaScale << 10 ) + (deltaRange >> 1) ) / deltaRange

=

he variables OutOffsetsC[ cldx ][ numRangesL ] and OutScalesC[ cldx ][ numRangesL ] are dg
bllows:

-

OutOffsetsC| cldx ][ numRangesL ] = invChromaScales[ cldx ][ numRangesL - 1 ]

(1386)

hl to O,

sC[i]is

(1387)

variable

(1388)
(1389)
(1390)
(1391)

rived as

(1392)

[y Dangnac 11=-0
o

1
v T oot gt o |

8.9.8 Derivation of adjusted chroma DRA scales
Inputs to this process are:

— variable denoting luma scales, lumaScale, and

— chroma component index cldx.

Output of this process is variable denoting chroma scale chromaScale.
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When DrajoinedScaleFlag is equal to 0, output value chromaScale is derived as follows:

chromaScale = (cldx == 0) ? dra_cb_scale_value : dra_cr_scale_value (1394)

Otherwi

se, output value chromaScale is derived as follows:

— Variables scaleDra and scaleDraNorm are derived as follows:

scaleDra = lumaScale * ( (cldx == 0) ? dra_cb_scale_value : dra_cr_scale_value ) (1395)

scaleDraNorm = (scaleDra+ (1 << 8)) >> 9 (1306

— The pariable IndexScaleQP is derived by invoking subclause 8.9.5 for input value inValue set equal tp
scal¢DraNorm, ScaleQP array and the size of the ScaleQP array, set equal to 54 as input,
— The pariable qpDralnt is derived as follows:
gpDralnt = 2 * IndexScaleQP - 60 (1397
— The pariables gpDralnt, gpDralnt and qpDraFrac are derived as followst
tableNum = scaleDraNorm - ScaleQP[ IndexScaleQP ] (1398
tableDelta = ScaleQP[ IndexScaleQP + 1 ] - ScaleQP[ IndexScaleQP ] (1399
— If tapleNum is equal to 0, the variable gpDraFrac is set*equal to 0, and the variable qpDralnt is
decreased by 1, otherwise the variables qpDralnt, gpPraFrac and draChromaQpShift are derived as
follows:
gpDraFrac = ( tableNum << 10 ) / tableBDelta (1400
gpDralnt += ( gpDraFrac >> 9) (1401
gpDraFrac = (1 << 9) - gpDraFrac % (1 << 9) (1402
idx0 = Clip3( -QpBdOffsets 57, dra_table_idx - qpDralnt ) (1403
idx1 = Clip3( -QpBdOffsetc, 57, dra_table_idx - gpDralnt + 1) (1404
gp0 = ChromaQpTable[ cldx ][ idx0 ] (1405
gp1 = ChromaQpTable[ cldx ][ idx1 ] (1406
gpDralntAdj = ((gpl - qp0 ) * gpDraFrac) >> 9 (1407
gpDraFracAdj = gpDraFrac - (((qpl-qgp0) *gpDraFrac) % (1 << 9)) (1408)

draChromaQpShift = ChromaQpTable[ cldx ][ dra_table_idx ] - qp0 - gpDralntAdj - gpDralnt ~ (1409)

— When gpDraFracAdj is smaller than 0, the variables draChromaQpShift and gpDraFracAdj are derived

as follows:
draChromaQpShift = draChromaQpShift - 1 (1410)
gpDraFracAdj = (1 << 9) + qpDraFracAdj (1411)
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— The variable draChromaScaleShift is derived as follows:
idx0 = Clip3(0, 24, draChromaQpShift + 12)
idx1 = Clip3(0, 24, draChromaQpShift + 12 - 1)
idx2 = Clip3(0, 24, draChromaQpShift + 12 + 1)

draChromaScaleShift = QpScale[ idx0 ]

If draChromaQpShift is less than 0, variable draChromaScaleShiftFrac is derived as follows:
draChromaScaleShiftFrac = QpScale[ idx0 ] - QpScale[ idx1 ]

Otherwise, variable draChromaScaleShiftFrac is derived as follows:

draChromaScaleShiftFrac = QpScale[ idx2 ] - QpScale[ idx0 ]

The variable draChromaScaleShift is modified as follows:

draChromaScaleShift =
draChromaScaleShift + ( draChromaScaleShiftFrac * gpDraFracAdj+ (1 << 8)) >> 9

Output variable chromaScale is derived as follows:

chromaScale = ( ( scaleDra * draChromaScaleShift ) + (1 << 17)) >> 18

The entries of ScaleQP and QpScale tables are initialized as follows:

ScaleQP =

{ 0 1, 1, 1, 1, 1, 2, 2, 3, 4, 4, 6, 7,
11, 14, 18, 23, 295 36, 45, 57, 72, 91, 114, 144, 181,
287, 362, 456, 575, ~s}24, 912, 1149, 1448, 1825, 2299, 2896, 3649, 4598,
7298, 9195, 11585, 14596,( 18390, 23170, 29193, 36781, 46341, 58386, 73562, 92682, 116772}

QpScale =
{ 128, 144, 161,\_181, 203, 228, 256, 287, 322, 362, 406, 456, 512, 574, 645, 724,
912, 1024, 1149,) 1290, 1448, 1625, 1825, 2048}

a)

) Parsing process

O

.1 General

—

hputs to this process are bits from the RBSP.

Outputs of this process are syntax element values.

(1412)
(1413)
(1414)

(1415)
(1416)

(1417)

(1418)
(1419)

(1420)
9/

228,
5793,

(1421)

12,

This process is invoked when the descriptor of a syntax element in the syntax tables is equal to ue(v),

se(v), uek(v) (see subclause 9.2), or ae(v) (see subclause 9.3).
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9.2 Parsing process for k-th order Exp-Golomb codes

9.2.1 General

This pro

cess is invoked when the descriptor of a syntax element in the syntax tables is equal to ue(v),

uek(v), or se(v).

Inputs to this process are bits from the RBSP.

Outputs

Syntax ¢

X
elementf coded as uek(v) are Exp-Golomb-coded with order k. The parsing process for these syntax
elementf begins with reading the bits starting at the current location in the bitstream up teand including
the firstnon-zero bit, and counting the number of leading bits that are equal to 0. This progess is specified
as follows:

The varipble codeNum is then assigned as follows:

where the value returned from read_bits( leadingZeroBits.){s interpreted as a binary representation gf

an unsig

Table 36
"suffix"
leadingZ
those bi
range of

Tal

of this process are syntax element values.

lements coded as ue(v) or se(v) are Exp-Golomb-coded with order k equal to 0 and|synta

leadingZeroBits = -1
for( b = 0; !b; leadingZeroBits++) (1422
b = read_bits( 1)

codeNum = ( 2leadingZeroBits — 1 ) * 2k + read_bits( leadingZeroBits +k ) (1423

ned integer with the most significant bit written first.

illustrates the structure of the Exp-Golomb' code by separating the bit string into "prefix" and
bits. The "prefix" bits are those bits that’are parsed as specified above for the computation qf
eroBits, and are shown as either 0 o1l in the bit string column of Table 36. The "suffix" bits are
s that are parsed in the computation of codeNum and are shown as x; in Table 36, with i in thie
0 to leadingZeroBits - 1, inclusive. Each x; is equal to either 0 or 1.

310

le 36 — Bit strings with'"prefix" and "suffix" bits and assignment to codeNum ranges
Bit string form Range of codeNum
1 0
01xo 1.2
001x1x0 3.6
0001 x2x1X0 7.14
0000 1x3x2X1Xo0 15..30
000001 x4x3x2X1X0 31..62
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Table 37 illustrates explicitly the assignment of bit strings to codeNum values.

Table 37 — Exp-Golomb bit strings and codeNum in explicit form and used as ue(v)

Bit string codeNum
1 0
010 1
011 A
00100 3
00101 4
00110 5
00111 6
0001000 7
0001001 8
0001010 9

]

codeNum as input.

0

—

— =

able 38-provides the assignment rule.

epending on the descriptor, the value of a syntax element is derived as follows:

— If the syntax element is coded as ue(v), the-value of the syntax element is equal to codeNum.

.2.2 Mapping process for.signed Exp-Golomb codes
hput to this process is.codeNum as specified in subclause 9.2.1.

Qutput of this process’is a value of a syntax element coded as se(v).

— Otherwise (the syntax element is coded as se(v)), the value of the syntax element is defived by
invoking the mapping process for._signed Exp-Golomb codes as specified in subclause 9.2.2 with

he syntax element is assigned to the codeNum by ordering the syntax element by its absolute|value in
hcreasing ofder and representing the positive value for a given absolute value with the lower codeNum.
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T

able 38 — Assignment of syntax element to codeNum for signed Exp-Golomb coded
syntax elements se(v)

9.3 CABAC parsing process for slice data

9.3.1 (

This pro
7.3.8.8.

Inputs t¢ this process are:

— are(
— the
Output

The initi
more of

1) The
2) The

The par;

codeNum | syntax element value
0 0
1 1
2 -1
3 2
4 -2
5 3
6 -3
k (-1)k+1Ceil(k+2)

reneral

cess is invoked when parsing syntax elements with des¢riptor ae(v) in subclauses 7.3.8.1 throug

juest for a value of a syntax element, and
ralues of prior parsed syntax elemeiits.
f this process is the value of the syntax element.

alization process as spécified in subclause 9.3.2 is invoked when starting the parsing of one o
the following:

Klice data syntaxspecified in subclause 7.3.8.1,
CTU syntax\specified in subclause 7.3.8.2 and the CTU is the first CTU in a tile.

ing of:syntax elements proceeds as follows:

=2

—

For eac

rnqnncfnr] value of 2 cynfnv p]nmnnf‘, a binarization is derived.as cpnrifind insubclause 933

The binarization for the syntax element and the sequence of parsed bins determines the decoding process
flow as described in subclause 9.3.4.

9.3.2 1

9.3.2.1

Outputs

312

nitialization process

General

of this process are initialized CABAC internal variables.
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The context variables of the arithmetic decoding engine are initialized as follows:

— The initialization process for context variables is invoked as specified in subclause 9.3.2.2.

— The initialization process for the arithmetic decoding engine is invoked as specified in

subclause 9.3.2.3.

9.3.2.2 Initialization process for context variables

@

[

Q

F sps_cm_init_flag is equal to 0, the following applies:
— The initValue is set equal to 256.
— For each context variable, the two variables valState and valMps are initialized as follows:

valState = initValue
valMps =0

therwise (sps_cm_init_flag is equal to 1), the following applies:

end_of _tile_one bit.

valSlope and valOffset are derived as follows:

valSlope = (initValue & 14) <<.4

valSlope = (initValue & 1 ) 2&valSlope : valSlope
valOffset = ( (initValue >>%47) & 62 ) << 7

valOffset = ( (initValue >> 4) & 1) ? —valOffset : valOffset
valOffset += 4096

variable valSlopg-and valOffset, the initialization is specified as follows:

preValState = Clip3( 1, 511, ( valSlope * slice_qp + valOffset ) >> 4 )
valMps = prevalState > 2567 0:1
valState = valMps ? preValState : ( 512 - preValState )

utputs of this process are the initialized CABAC context variables indexed by ctxTable and ctxl

— Table 40 to Table 90 contain the values of the 10-bit vaciable initValue used in the initiali
context variables that are assigned to all syntax elements in subclauses 7.3.8.1 through 7.3.8.

— For each context variable, from the 10-bit table entry initValue, the two 16-bit signed ¥

— The two values assinged to valState and valMps for initialization are derived from slice_qp. (

— In ‘Table 39, the ctxldx for which initialization is needed for each of the two initializatid

(1424)

ration of

B, except

rariables

(1425)

iven the

(1426)

n types,

specified by the variable initType, are listed. Also listed is the table number that includes th

e values

of initValue needed for the initialization. If slice_type is P or B, the value of initType is set equal to 1.

Otherwise, the value of initType is set equal to 0.
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Table 39 — Association of ctxldx and syntax elements for each initializationType in the
initialization process

sps_cm_init_flag == sps_cm_init_flag = =
Syntax structure Syntax element initType initType
ctxTable ctxTable
0 1 0 1
alf ctb_flag[ ][] na 0 1 Table 40 0 1
coding_tree_unit( ) alf_ctb_chroma_flag[ ][ ] na 0 1 Table 40 0 1
alf_ctb_chroma2 _flag[ ][] na 0 1 Table 40 0 1
split_cu_flag[ ][ ] na 0 1 Table 41 0 1
btt_split_flag[ ][ ] na 0 1 Table 42 0.14 15..29
split_unit{ ) btt_split_dir[ ][ ] na 0 1 Table 43 0..4 5.9
btt_split_type[ ][ ] na 0 1 Table 44 0 1
split_unit_coding_order_flag[ ][ ] na 0 1 Table 45 0.11 12.23
pred_mode_constraint_type_flag[ ][ ] na 0 1 Table46 0 1
cu_skip_flag[ ][ ] na 0 1 Table 47 0.1 2.3
mgzigﬁ?{ }H na 0.2 3.5 Table 48 0.2 3.5
merge_idx[ ][ ] na 0.4 5..9 Table 49 0.4 5.9
mmvd_flag[ ][] na 0 1 Table 50 0 1
mmvd_group_idx[ ][ ] na 0.1 2.3 Table 51 0.1 2.3
mmvd_merge_idx[ ][ ] na 0..2 3.5 Table 52 0.2 3.5
mmvd_distance_idx[ ][ ] na 0..6 7.13 Table 53 0..6 7.13
mmvd_direction_idx[ ][ ] na 0.1 2.3 Table 54 0.1 2.3
affine_flag[ ][ ] na 0 1 Table 55 0.1 2.3
affine_merge_idx[ ][ ] na 0.4 5.9 Table 56 0.4 5.9
affine_mode_flag[ ][ ] na 0 1 Table 57 0 1
zg:ggﬁzgzgzg?{ }H na 0 1 Table 58 0 1
affine_mvd_flag 10T |[4 na 0 1 Table 59 0 1
coding_umnit() affine_mvd_flag 11[ ][ ] na 0 1 Table 60 0 1
pred_mode_flag[ ][ ] na 0 1 Table 61 0.2 3.5
intra, pred_mode| ][ ] na 0.1 2.3 Table 62 0.1 2.3
intra_luma_pred_mpm_flag[ ][ ] na 0 1 Table 63 0 1
intra_luma_pred_mpm_idx[ ][ ] na 0 1 Table 64 0 1
intra_chroma_pred_mode[ ][ ] na 0 1 Table 65 0 1
ibc_flag[ ][] na 0 1 Table 66 0.1 2.3
amvr_idx[ ][] na 0.3 4.7 Table 67 0.3 4.7
direct_mode_flag[ ][ ] na 0 1 Table 68 0 1
inter_pred_idc[ ][] na 0.1 2.3 Table 69 0.1 2.3
merge_mode_flag[ ][ ] na 0 1 Table 70 0 1
bi_pred_idx[ ][ ] na 0.1 2.3 Table 71 0.1 2.3
;:ggz:}(l){ }H na 0.1 2.3 Table 72 0.1 2.3
25::2:3:12{ }HH na 0 1 Table 73 0 1

314 © ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=caf991f23122d29f070ff293f89a846f

ISO/IEC 23094-1:2020(E)

sps_cm_init_flag == sps_cm_init_flag = =
Syntax structure Syntax element initType initType
ctxTable ctxTable
0 1 0
cbf all[ ][] na 0 1 Table 74 0
cbf luma na 0 1 Table 75 0
cbf cb na 0 1 Table 76 0
cbf cr na 0 1 Table 77 0
cu_qp_delta_abs na 0 1 Table 78 0
ats_hor_mode[ ][ ]
transform_unit( ) na 0 1 Table 79 0
ats_ver_mode[ ][]
ats_cu_inter_flag[ ][ ] na 0 1 Table 80 0.1 2.3
ats_cu_inter_quad_flag[ ][ ] na 0 1 Table'81 0
ats_cu_inter_horizontal_flag[ ][ ] na 0 1 Table 82 0.2 3.5
ats_cu_inter_pos_flag[ ][ ] na 0 1 Table 83 0
coeff_zero_run na 0.3 47 Table 84 0..23 24..47
residual_coding rle() | coeff_abs_level_minusl na 0.3 4.7 Table 85 0..23 24..47
coeff last_flag na 0.1 2.3 Table 86 0.1 2.3
last_sig_coeff_x_prefix na 0 1 Table 87 0..20 21.41
last_sig_coeff_y_prefix na 0 1 Table 88 0..20 21.41
residual_coding adv() | sig_coeff flag na 0 1 Table 89 0.46 47.93
coeff_abs_level_greaterA_flag
na 0 1 Table 90 0.17 18.35
coeff_abs_level_greaterB_flag
Table 40 — Values of initValue for ctxldx of alf_ctb_flag, alf_ctb_chroma_flag and
alf_ctb_chroma?2_flag
Initialization ctxldx of alf_ctb_flag
variable 0 1
initValue 0 0
Table 41 — Values of initValue for ctxldx of split_cu_flag
Initialization ctxldx of split_cu_flag
variable 0 1
initValue 0 0
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Table 42 — Values of initValue for ctxIdx of btt_split_flag

Initializatio ctxIldx of btt_split_flag
n variable 0 1 2 3 4 5 6 "
initValue 145 560 528 308 594 560 180 500
8 9 10 11 12 13 14 15
initValue 626 84 406 662 320 36 340 536
16 17 18 19 20 21 22 23
initValue 726 594 66 338 528 258 404 464
24 25 26 27 28 29
initValue 98 342 370 384 256 65
Table 43 — Values of initValue for ctxIdx of btt_split_dir
Initializatio ctxIdx of btt_split_dir
n variable 0 1 2 3 4
initValue 0 417 389 99 0
5 6 7 8 9
initValue 0 128 81 49 0
Table 44 — Values of initValue for ctxIdx of btt_split_type
Initialization ¢txldx of btt_split_type
variable 0 1
initValue 257 225
Table 45 — Values of initValue for ctxIdx of split_unit_coding_order_flag
Initializatio ctxIldx of split_unit_coding_order_flag
n varjiable 0 1 2 3 4 5 6 -
initValue 0 0 0 0 0 0 545 0
8 9 10 11 12 13 14 15
initvValué 481 515 0 32 0 0 0 0
16 17 18 19 20 21 22 23
initValue 0 0 0 0 557 0 481 2
24 25 26 27
initValue 0 97 0 0
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Table 46 — Values of initValue for ctxldx of pred_mode_constraint_type_flag

Initialization ctxldx of pred_mode_constraint_type_flag
variable 0 1
initValue 0 481

Table 47 — Values of initValue for ctxldx of cu_skip flag
= r= =]

Initialization ctxIldx of cu_skip_flag
variable
0 1 2 3
initValue 0 0 711 233

Table 48 — Values of initValue for ctxIldx of mvp_idx_10~and mvp_idx_11

Initialization ctxldx of mvp_idx_10 and mvp_idx 11
variable 0 1 2 3 4 5
initValue 0 0 0 0 0 0

Table 49 — Values of initValue for ctxldx of merge_idx

Initializatio ctxldx of merge_idx
n variable 0 1 2 3 4
initValue 0 0 0 496 496
5 6 7 8 9
initValue 18 128 146 37 69

Table 50 — Values of initValue for ctxldx of mmvd_flag

Initialization ctxldx of mmvd_flag
variable 0 1
initValue 0 194

Table 51 — Values of initValue for ctxIdx of mmvd_group_idx

Initialization ctxIdx of mmvd_group_idx
variable 0 1 2 3
initValue 0 0 453 48
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Table 52 — Values of initValue for ctxIdx of mmvd_merge_idx

Initialization ctxldx of mmvd_merge_idx
variable 0 1 2 3 4 5
initValue 0 0 0 49 129 82

Table 53 — Values of initValue for ctxldx of mmvrl_rlicfanr‘p_irlv

Initializatio ctxIldx of mmvd_distance_idx
n variable 0 1 2 3 4 5 6
initValue 0 0 0 0 0 0 0
7 8 9 10 11 12 13
ihitValue 179 5 133 131 227 64 128
Table 54 — Values of initValue for ctxldx of mmvd_direction_idx
Initialization ctxldx of mmvd_direction dx
variable
0 1 2 3
initValue 0 0 161 33
Table 55 — Values of initValue for ctxIdx of affine_flag
Initialization ctxldx of affine_flag
variable
0 1 2 3
initValue 0 0 320 210
Table 56 — Values of initValue for ctxIdx of affine_merge_idx
Initializatio ctxldx of affine_merge_idx
fi'variable 0 1 2 3 4
initValue 0 0 0 0 0
5 6 7 8 9
initValue 193 129 32 323 0
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Table 57 — Values of initValue for ctxldx of affine_mode_flag

ctxIdx of
Initialization affine_mode_flag
variable
0 1
initValue 0 225

Table 58 — Values of initValue for ctxIdx of affine_mvp_flag_10 and affine_mvp_flag _

Initialization ctxldx of affine_mvp_flag 10 and affine_mvd_flag 11
variable 0 1
initValue 0 161

Table 59 — Values of initValue for ctxIdx of affine \mvd_flag_10

Initialization ctxldx of affine_mvd_flag 10
variable 0 1
initValue 0 547

Table 60 — Values of initValue for ctxIdx of affine_mvd_flag_11

Initialization ctxldx of affine_mvd_flag 11
variable 0 1
initValue 0 645

11

Table 61 — Values of initValue for ctxldx of pred_mode_flag

Initializatio ctxldx of pred_mode_flag
n variable 0 1 2 3 4 5
initValue 64 0 0 481 16 368

Table 62 — Values of initValue for ctxIdx of intra_pred_mode

Initialization ctxldx of intra_pred_mode
variable
0 1 2 3
initValue 0 0 0 0
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Table 63 — Values of initValue for ctxIldx of intra_luma_pred_mpm_flag

Initialization ctxldx of intra_luma_pred_mpm_flag
variable 0 1
initValue 263 225

Table 64 — Values of initValue for ctxldx of infrn_lnmn_prpd_mpm_idv

Initialization ctxldx of intra_luma_pred_mpm_idx
variable 0 1
initValue 436 724

Table 65 — Values of initValue for ctxIdx of intra_chroma_préd mode

Initialization ctxldx of intra_chroma_pred_mode
variable 0 1
initValue 465 560

Table 66 — Values of initValuefor ctxldx of ibc_flag

Initialization ctxldx of ibc_flag

variable
0 1 2 3

initValue 0 0 711 233

Table 67— Values of initValue for ctxIdx of amvr_idx

320

Initialization ctxldx of amvr_idx
variable 0 1 2 3
initValue 0 0 0 496
4 5 6 7
initValue 773 101 421 199

Table 68 — Values of initValue for ctxldx of direct_mode_flag

Initialization ctxldx of direct_mode_flag
variable 0 1
initValue 0 0
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Table 69 — Values of initValue for ctxIdx of inter_pred_idc

Initialization ctxIldx of inter_pred_idc
variable
0 1 2 3
initValue 0 0 242 80

I'able /U — Values ol Initvalue Ior cixXldx oI merge_mode_Il1ag

Initialization ctxldx of merge_mode_flag
variable 0 1
initValue 0 464

Table 71 — Values of initValue for ctxIdx of bi\pred_idx

Initialization ctxldx of bi_pred_idx
variable
0 1 2 3
initValue 0 0 49 17

Table 72 — Values of initValue for ctxldx of ref_idx_10 and ref_idx_11

Initialization ctxldx of ref_idx_10 and ref_idx_11
variable
0 1 2 3
initValue 0 0 288 0

Table 73 — Values of initValue for ctxldx of abs_mvd_l0 and abs_mvd_l1

Initialization ctxIdx of abs_mvd_l0 and abs_mvd_l1
variable 0 1
initValue 0 18

Table 74 — Values of initValue for ctxldx of cbf all

Initialization ctxldx of cbf_all
variable 0 1
initValue 0 794
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322

Initialization ctxldx of cbf luma
variable 0 1
initValue 664 368

Table 75 — Values of initValue for ctxIdx of cbf luma

Table 76 — Values of initValue for ctxldx of r‘hf_rh

Initialization ctxldx of cbf_cb
variable 0 1
initValue 384 416

Table 77 — Values of initValue for ctxIdx of cbf_cr

Initialization ctxldx of cbf_cr
variable 0 1
initValue 320 288

Table 78 — Values of initValue for.etxidx of cu_qp_delta_abs

Initialization ctxldxef cu_qp_delta_abs
variable 0 1
initValue 4 4

Table 79 — Values ofinitValue for ctxldx of ats_hor_mode and ats_ver_mode

ctxldx of ats_hor_mode and
Initialization ats_ver_mode
variable
0 1
initValue 512 673

Table 80 — Values of initValue for ctxIdx of ats_cu_inter_flag

Initialization ctxldx of ats_cu_inter_flag
variable 0 1
initValue 0 0
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Table 81 — Values of initValue for ctxIdx of ats_cu_inter_quad_flag

Initializatio ctxldx of ats_cu_inter_quad_flag
n variable 0 1
initValue 0 0
Table 82 — Values ofinitValue for ctxldx of nfe_r‘n_infpr_h ori 7nn|‘:||_f|ng
Initializatio ctxldx of ats_cu_inter_horizontal_flag
n variable 0 1 2 3 4 5
initValue 0 0 0 0 0 0

Table 83 — Values of initValue for ctxIdx of ats_cu_inter_pos_flag

Initializatio ctxldx of ats_cu_inter_pos_flag
n variable 0 1
initValue 0 0

Table 84 — Values of initVahie for ctxldx of coeff_zero_run

Initializatio ctxIdx of coeff zero_run
n variable 0 1 2 3 4 5 6 -
ipitValue 48 112 128 0 321 82 419 160
8 9 10 11 12 13 14 15
ipitValue 385 323 353 129 225 193 387 389
16 17 18 19 20 21 22 23
ipitValue 453 227 453 161 421 161 481 225
24 25 26 27 28 29 30 31
ipitValue 129 178 453 97 583 259 517 259
32 33 34 35 36 37 38 39
ipitValue 453 227 871 355 291 227 195 97
40 41 42 43 44 45 46 47
ipitValue 161 65 97 33 65 1 1003 227
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Table 85 — Values of initValue for ctxIdx of coeff_abs_level_minus1

Initializatio ctxIdx of coeff_abs_level_minus1
n variable 0 1 2 3 4 5 6 7
initValue 416 98 128 66 32 82 17 48
8 9 10 11 12 13 14 15
initValue 272 112 52 50 448 419 385 355
16 17 18 19 20 21 22 23
initValue 161 225 82 97 210 0 416 224
24 25 26 27 28 29 30 31
initValue 805 775 775 581 355 389 65 195
32 33 34 35 36 37 38 39
initValue 48 33 224 225 775 227 355 161
40 41 42 43 44 45 26 47
initValue 129 97 33 65 16 1 841 355
Table 86 — Values of initValue for ctxldx of-coeff _last_flag
Initialization ctxIldx of coeff_last flag
variable 0 1 4 3
initValue 421 337 33 790
Table 87 — Values of initValue for ctxIdx of last_sig_coeff x_prefix
Initializatio ctxldx of last_sig_coeff_x_prefix
n Variab:L 0 1 2 3 4 5 6 7
initValue 762 310 288 828 342 451 502 51
8 9 10 11 12 13 14 15
initValue 97 416 662 890 340 146 20 337
16 17 18 19 20 21 22 23
initValue 468 216 66 54 216 892 84 581
24 25 26 27 28 29 30 31
initValue 600 278 419 372 568 408 485 338
32 33 34 35 36 37 38 39
initValue 632 666 732 16 178 180 585 581
40 41
initValue 34 257
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Table 88 — Values of initValue for ctxIdx of last_sig_coeff_y_prefix

ctxldx of last_sig_coeff_y_prefix

Initializatio

n variable 0 1 2 3 4 5 6 "

initValue 81 440 4 534 406 226 370 370
8 9 10 11 12 13 14 15

initValue 259 38 598 792 860 312 88 662
16 17 18 19 20 21 22 23

ipitValue 924 161 248 20 54 470 376 323
24 25 26 27 28 29 30 31

ipitValue 276 602 52 340 600 376 378 598
32 33 34 35 36 37 38 39

ipitValue 502 730 538 17 195 504 378 320
40 41

ipitValue 160 572

Table 89 — Values of initValue for ctxldx of sig_coeff_flag

Initializatio ctxldx of'sig:coeff_flag

n variable 0 1 2 3 4 5 6 -

ipitValue 387 98 233 346 717 306 233 37
8 9 10 11 12 13 14 15

ipitValue 321 293 244 37 329 645 408 493
16 17 18 19 20 21 22 23

ipitValue 164 781 101 179 369 871 585 244

H 24 25 26 27 28 29 30 31

ipitValue 361 147 416 408 628 352 406 502
32 33 34 35 36 37 38 39

ipitValue 566 466 54 97 521 113 147 519
40 41 42 43 44 45 46 47

ipitValue 36 297 132 457 308 231 534 66
48 49 50 51 52 53 54 55

ipitValue 34 241 321 293 113 35 83 226
56 57 58 59 60 61 62 63

ipitValue 519 553 229 751 224 129 133 162
64 65 66 67 68 69 70 71

initValue 227 178 165 532 417 357 33 489
72 73 74 75 76 77 78 79

initValue 199 387 939 133 515 32 131 3
80 81 82 83 84 85 86 87

initValue 305 579 323 65 99 425 453 291
88 89 90 91 92 93

initValue 329 679 683 391 751 51
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Table 90 — Values of initValue for ctxIdx of coeff_abs_level_greaterA_flag and
coeff_abs_level_greaterB_flag

Initializatio ctxldx of coeff_abs_level_greaterA_flag and coeff_abs_level_greaterB_flag
n variable 0 1 2 3 4 5 6 P

initValue 40 225 306 272 85 120 389 664
8 9 10 11 12 13 14 15

initValue 209 322 291 536 338 709 54 244
16 17 18 19 20 21 22 23

initValue 19 566 38 352 340 19 305 258
24 25 26 27 28 29 30 31

initValue 18 33 209 773 517 406 719 741
32 33 34 35

initValue 613 295 37 498

9.3.2.3 [Initialization process for the arithmetic decoding engine

Outputs

The stat
In the in

ivlOffset
represemtation of an unsigned integer with the most significant bit written first.

9.3.3

9.3.3.1

Input to

Output

Table 91

corresp

The spe
binariza

subclaug

9.3.3.8.

of this process are the initialized decoding engine registers ivlCurrRange and ivlOffset.

cr

us of the arithmetic decoding engine is represented by.the variables ivlCurrRange and ivlOffse
jtialization procedure of the arithmetic decoding process, iviCurrRange is set equal to 16384 an
is set equal to the value returned from read’bits( 14 ) interpreted as a 14-bit binar

o

Binarization process

General
this process is a request for a syntax element.
f this process is the binarization of the syntax element.

specifies the type—of binarization process associated with each syntax element an
nding inputs.

N

cification of.the unary binarization process, the TR binarization process, the k-th order EG
tion process, the FL binarization process and the TB binarization process are given i
es 9.3.3.2 through 9.3.3.6, respectively. Other binarization are specified in subclauses 9.3.3.7 an

[oFaRe)

Table 91 — Syntax elements and associated binarizations

Syn

tax structure Syntax element Binarization

Process Input parameters

slice_da

end_of tile_one_bit FL cMax=1

ta()

coding_tree_unit( )

alf_ctb_flag[ ][] FL cMax =1

alf_ctb_chroma_flag[ ][ ] FL cMax =1

alf_ctb_chroma2 _flag[ ][] FL cMax =1
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Syntax structure Syntax element Binarization
Process Input parameters

split_unit() split_cu_flag[ ][ ] FL cMax=1
btt_split_flag[ ][ ] FL cMax =1
btt_split_dir[ ][ ] FL cMax=1
btt_split_type[ ][ ] FL cMax =1
Spiit_unit_coding_order_fragf 1 ] FC CMax=1
pred_mode_constraint_type_flag[ ][ ] FL cMax =1

coding_pnit() cu_skip_flag[ 1] ] FL cMax=1
mvp_idx_10[ ][] TR cMax = 3, cRiceParam = 0
mvp_idx_11[ ][] TR cMax = 3, cRiceParam = 0
merge_idx[ ][] TR cMax =(nCbW *nCbH'«=32)73:5,

cRiceParam = 0

mmvd_flag[ ][] FL cMax =1
mmvd_group_idx[ ][ ] TR cMax = 2, cRiceParam = 0
mmvd_merge_idx[ ][ ] TR cMax="3, cRiceParam = 0
mmvd_distance_idx[ ][ ] TR cMax = 7, cRiceParam = 0
mmvd_direction_idx[ ][ ] FL cMax =3
affine_flag[ ][ ] FL cMax =1
affine_merge_idx[ ][ ] TR cMax =5, cRiceParam = 0
affine_mode_flag[ ][ ] FL cMax =1
affine_mvp_flag 10[ ][ ] FL cMax =1
affine_mvp_flag 11[ ][ ] FL cMax =1
pred_mode_flag[J[ FL cMax =1
intra_pred_mode|[ ][ ] 9) cMax =4
intradluma_pred_mpm_flag[ ][ ] FL cMax =1
intra_luma_pred_mpm_idx[ ][ ] FL cMax =1
intra_luma_pred_pims_flag[ ][ ] FL cMax=1
intra_luma_pred_pims_idx[ ][ ] FL cMax =7
intra_luma_pred_rem_mode[ ][ ] TB cMax = 22
intra_chroma_pred_mode[ ]} seeQ337 | .
direct_mode_flag[ ][ ] FL cMax =1
ibc_flag[ ][] FL cMax =1
amvr_idx[ ][] TR cMax = 4, cRiceParam = 0
merge_mode_flag[ ][ ] FL cMax =1
inter_pred_idc[ ][ ] w |C1\|/[:1)él:)\5\lls-|r-) Sr;ég?llzpl_g)ag 2:1, cRiceParam = 0
bi_pred_idx[ ][ ] TR cMax = 2, cRiceParam = 0
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Syntax structure Syntax element Binarization
Process Input parameters
ref idx 10[ ][] TR EI\R/IizZ)é;ar;;Jrrnn _:e(:)f_ldx_actlve_mmusl[ 0],
abs_mvd_I0[ ][ ][] EGO -
mvd_l0_sign_flag[ ][ ][] FL cMax =1
affine_mvd_flag 10[ ][ ] FL cMax =1
ref idx 11[ ][] TR EI\R/IizZ);;ar;;lg _:re(:)f_idx_active_minusl[ 1],
abs_mvd_I1[ ][ ][] EGO -
mvd_l1_sign_flag[ ][ ][] FL cMax =1
affine_mvd_flag 11[ ][ ] FL cMax =1
cbf all[ ][] FL cMax =1
transfom_unit( ) cbf luma FL cMax=1
cbf cb FL cMax=1
cbf cr FL cMax=1
cu_gp_delta_abs U -
cu_qgp_delta_sign_flag FL cMax=1
ats_cu_intra_flag[ ][ ] FL cMax =1
ats_hor_mode[ ][] FL cMax=1
ats_ver_mode[ ][] FL cMax =1
ats_cu_inter_flag FL cMax=1
ats_cu_inter_quad_flag FL cMax=1
ats_cu_inter_horizontal(flag FL cMax=1
ats_cu_inter_pos_flag FL cMax=1
residual_coding rle() coeff zero_fun U ﬁi\j[g;)'(r;a(folﬂ::g}l(tl;§2_T{af0Width +
coefflabs_level_minus1 U -
coeff_sign_flag FL cMax=1
coeff last_flag FL cMax=1
residual_coding_adv(y) last_sig_coeff_x_prefix TR cMax = (log2TrafoSize << 1) - 1, cRiceParam = 0
last_sig_coeff_y_prefix TR cMax = (log2TrafoSize << 1) - 1, cRiceParam = 0
last_sig caeff x_suffix El cMax =
(1 << ((last_sig_coeff x prefix >> 1)-1)-1)
last_sig_coeff_y_suffix FL cMax =
(1 << ((last_sig_coeff x prefix >> 1)-1)-1)
sig_coeff _flag[ ][ ] FL cMax =1
coeff_abs_level_greaterA_flag][ ] FL cMax=1
coeff_abs_level_greaterB_flag] | FL cMax=1
coeff_abs_level_remaining] | see 9.3.3.8 baseLevel, cldx, ( xC, yC ), log2TbWidth,
log2TbHeight
coeff_signs_group FL cMax=(1<<16)-1
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9.3.3.2 U binarization process

Input to this process is a request for a U binarization for a syntax element.

Output of this process is the U binarization of the syntax element.

The bin string of a syntax element having (unsigned integer) value synElVal is a bit string of length

synElVal + 1 indexed by binldx. The bins for binldx less than synElVal are equal to 1. The bin with binldx
equal to synElVal is equal to 0.

Table 92 illustrates the bin strings of the unary binarization for a syntax element.

Table 92 — Bin string of the unary binarization

Value of syntax element Bin string
0 0
1 1(0
2 1(110
3 11410
4 1M 71170
5 Tr{1(1(1]1]0
binldx 012|345

9.3.3.3 TR binarization process

—

hputs to this process are:

— arequest for a TR binarization for a syntax element with value synVal,

- avariable cMaxspecifying the largest possible value of the syntax element being decoded, and

— avariable.¢RiceParam specifying the rice parameter.

Qutputefithis process is the TR binarization of the syntax element.

A TR bin string is a concatenation of a prefix bin string and, when present, a suffix bin string.

For the derivation of the prefix bin string, the following applies:
— The prefix value of synVal, prefixVal, is derived as follows:
prefixVal = synVal >> cRiceParam (1427)

— The prefix of the TR bin string is specified as follows:
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— If prefixVal is less than cMax >> cRiceParam, the prefix bin string is a bit string of length
prefixVal + 1 indexed by binldx. The bins for binldx less than prefixVal are equal to 1. The bin with

binldx equal to prefixVal is equal to 0.

— Otherwise, the bin string is a bit string of length cMax >> cRiceParam with all bins being equal

to 1.

When cMax is greater than synVal, the suffix of the TR bin string is present and it is derived as follows:

— The puffix value of synVal, suffixVal, is derived as follows:

suffixVal = synVal - ( ( prefixVal ) << cRiceParam )

— The puffix of the TR bin string is specified by invoking the fixed-length (FL) binarization process as in

subdlause 9.3.3.5 for suffixVal with a cMax value equal to (1 << cRiceParam ) - 1.

NOTE| For the input parameter cRiceParam = 0 the TR binarization is exactly a truncated unary binarizatio
and if is always invoked with a cMax value equal to the largest possible value of the syntax element beinjg

decoded.

9.3.3.4 [k-th order EGK binarization process
Input tolthis process is a request for an EGK binarization for a syntax element.

Output of this process is the EGk binarization of the syntax element.

The bin [string of the EGk binarization process of a syntax.element synVal is specified as follows, wher
each call of the function put( X ), with X being equal to-Q;or 1, adds the binary value X at the end of the bi

string:

absV = Abs( synVal )

stopLoop =0
do {
if(absV >= (1 << k) ) {
put(1)
absV =absV - () << k)
k++
}else{
put( Q)
while(k--)
put( (absV >> k) & 1)
stopLoop=1
}

}while( !stopLoop )

(1428

(1429

=

-

NOTE The specification for the k-th order Exp-Golomb (EGk) code uses 1s and 0s in reverse meaning for the

unary part of the Exp-Golomb code of 0-th order as specified in subclause 9.2.2.

9.3.3.5 FL binarization process
Inputs to this process are:
— arequest for an FL binarization for a syntax element, and

— avariable cMax specifying the largest possible value of the syntax element being decoded.
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Output of this process is the FL binarization of the syntax element.

FL binarization is constructed by using a fixedLength-bit unsigned integer bin string of the syntax element
value, where fixedLength = Ceil( Log2( cMax + 1) ). The indexing of bins for the FL binarization is such

that the binldx = 0 relates to the most significant bit with increasing values of binldx towards
significant bit.

9.3.3.6 TB binarization process

the least

p—

hputs to this process are:

~ arequest for a TB binarization for a syntax element with value synVal, and

- avariable cMax specifying the largest possible value of the syntax element beingdecoded.

Q

utput of this process is the TB binarization of the syntax element.

=

he bin string of the TB binarization process of a syntax element synValis‘specified as follows:

n=cMax+1
k = Floor( Log2(n))
u=(1<<(k+1))-n

in subclause 9.3.3.5 for synVal with a cMax value équalto (1 << k) - 1.

binarization process as specified in subclause 9.3.3.5 for ( synVal + u) with a cMax value
(1 <<(k+1))-1.

9.3.3.7 Binarization process for intra_chroma_pred_mode

[l

Qo

utput of this process is the binarization of the syntax element.

The binarization for/the’syntax element intra_chroma_pred_mode is specified in Table 93.

Table 93 — Binarization for intra_chroma_pred_mode

(1430)

— If synValisless than u, the TB bin string is derived by.invoking the FL binarization process as s$pecified

— Otherwise (synVal is greater than or equal te*u), the TB bin string is derived by invoking the FL

equal to

nput to this process is a request for a binarization for the syntax element intra_chroma_pred_mjode.

Value of intra_chroma_pred_mode Bin string
0 1
1 00
2 010
3 0110
4 0111

9.3.3.8 Binarization process for coeff_abs_level_remaining

Inputs to this process are:
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— arequest for a binarization for the syntax element coeff_abs_level_remaining[ n ],

— avariable baseLevel,

— avariable cldx specifying the colour component,

— aloc

ation ( xC, yC ) specifying the current coefficient scan location, and

— two variables log2TbWidth and log2TbHeight specifying the binary logarithm of the transform block

widt
Output ¢
The ricd
coeff ab
compon
transfor

log2TbH

The vari

The vari
cMa|

The bin:
string a

For the dlerivation of the prefix bin.string, the following applies:

— The

— The
subd

hand height.
f this process is the binarization of the syntax element.
parameter cRiceParam is derived by invoking the rice parameter derivation|process fqr
5_level_remaining] | as specified in subclause 9.3.4.2.10 with the variable baseléevel, the colour
ent index cldx, the current coefficient scan location (xC,yC), the binary)logarithm of the

In block width log2TbWidth, and the binary logarithm of the transform block height
eight as inputs.

able numBinRem is derived with given cRiceParam from Table 94

Table 94 — Specification of cRiceParam baséd)on locSumAbs

cRiceParam 0 1 2 3

numBinRem 6 5 6 3
able cMax is derived from cRiceParam as:
x = numBinRem << cRiceParam (1431
irization of the syntax element coeff_abs_level_remaining[ n] is a concatenation of a prefix bip

1d (when present) a suffix bin string.

prefix value of coeff-abs_level_remaining[ n ], prefixVal, is derived as follows:
prefixVal = Mifi()cMax, coeff_abs_level_remaining[ n]) (1432

prefix bin' string is specified by invoking the TR binarization process as specified i
lause 9:3:3.3 for prefixVal with the variables cMax and cRiceParam as inputs.

-

When th

e‘prefix bin string is equal to the bit string of length numBinRem with all bits equal to 1, the suffix

bin string is present and it is derived as follows:

— The suffix value of coeff abs_level_remaining][ n ], suffixVal, is derived as follows:

— The
spec

suffixVal = coeff_abs_level_remaining[ n ] - cMax (1433)

suffix bin string is specified by invoking the limited k-th order EGk binarization process as
ified in subclause 9.3.3.4 for the binarization of suffixVal with the Exp-Golomb order k set equal

to cRiceParam + 1 and cRiceParam as inputs.
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