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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
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this
respdct, the statement of the holder of this patent right is registered with ISO and IEC. Infofmation may
be obtained from the patent database available at www.iso.org/patents.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
paterit rights other than those in the patent database. ISO and IEC shall not be held regponsible for
identjfying any or all such patent rights.
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Information technology — General video coding —

Part 1:
Essential video coding

1 Scope

This [document specifies a video coding technology known as essential video” coding

contdins syntax format, semantics and an associated decoding process. The decoding proces
to guiarantee that all EVC decoders conform to a specified combination-of) capabilities K
profile, level and toolset. Any decoding process that produces identical eropped decoded ou

EVC), which
s is designed
nown as the
fput pictures

to those produced by the described process is considered to be in conformance with the requirements of

this document.

This document is designed to cover a wide range of application, including but not limited to d
medip, television broadcasting and real-time communications.

2 Normative references

The following documents are referred to in the text in such a way that some or all of t
constitutes requirements of this document. For dated references, only the edition cited
undated references, the latest edition of‘the referenced document (including any amendme

ISO 1{1664-1, Colorimetry — Part1: CIE standard colorimetric observers

3 Terms and definitions
For the purposes_ of.this document, the following definitions apply.
ISO and IEC maintain terminological databases for use in standardization at the following a

— [5O@nline browsing platform: available at https://www.iso.org/obp

jgital storage

heir content
applies. For
hts) applies.

ldresses:

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

3.1
access unit

set of NAL units (3.53) that are associated with each other according to a specified classification rule, are

consecutive in decoding order (3.28), and contain exactly one coded picture (3.16)

3.2
adaptive loop filter
ALF

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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ALF APS

094-1:2020(E)

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-predictiv
B slice

slice (3.81) t
motion vecto

3.6

bin

one bitofa H
3.7

bin string

intermediatg
syntax eleme

3.8

binarization

set of bin stri

e slice

hat is decoded using intra prediction (3.43) or using inter prediction (3.40) with at mos
s (3.52) and reference indices (3.74) to predict the sample values of each block (3.11)

in string (3.7)

binary representation of values of syntax elements (3.86) from the binarization (3.8)
nt (3.86)

ngs (3.7) for all possible values of a syntdx-element (3.86)

ttwo

bf the

3.9

binarization process

unique mapIing process of all possible values of a syntax elements (3.86) from the binarization (3.8) of
the syntax element (3.86)

3.10

bitstream

sequence of|bits, in the form™of a NAL unit stream (3.54) or a raw bitstream (3.71), that fornjs the
representatipn of coded pictures (3.16) and associated data forming one or more coded video sequences
(3.19)

3.11

block

MxN (M-column by N-Tow) arTay of Samples, or an MXN array of transform coejfictents (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

© 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.

3.15
chroma

sample array or single sample representing one of the two colour difference signals related to the primary
coloulrs, represented by the symbols Cb and Cr

Note ] to entry: The term chroma is used rather than the term chrominance in order to avoid the implication of the
use off linear light transfer characteristics that are often associated with the term chrominance.

3.16
codefl picture
coded representation (3.18) of a picture (3.60) containing all CTUs (3.22) of the picture (3.60

L

3.17
code(l picture buffer
CPB
first-In first-out buffer containing access units (3.1) in decoeding order (3.28)

Note ] to entry: Specified in the hypothetical reference decoder (3.36) in Annex C.

3.18
code(l representation
data element as represented in its coded form

3.19
code(l video sequence
CVS
sequence of access units (3.1) that consists, in decoding order (3.28), of an IDR access unit (3.88), followed
by zefo or more access units (3.1) that are not IDR access units (3.38), including all subsequenlt access units
(3.1) jup to but not including any subsequent access unit (3.1) thatis an IDR access unit (3.3§)

3.20
coding block
CB
MxN bplock-(3.11) of samples for some values of M and N such that the division of a CTB (3.21)) into coding
blockis is1a partitioning (3.59)

3.21

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
CU

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 sing
picture (3.6
compose ap

3.25
decoded pid
derived by d

3.26
decoded pig
DPB
buffer holdir

Note 1 to entr

3.27
decoder
embodiment

3.28
decoding or]
order in whi

3.29

le sample from one of the three arrays (luma (3.51) and two chroma (3.15)) that‘comy
) in 4:2:0, 4:2:2, or 4:4:4 colour format or the array or a single sample ef-the array
cture (3.60) in monochrome format

ture
ecoding a coded picture (3.16)

ture buffer

1g decoded pictures (3.25) for reference, output reordering, or output delay

y: Specified for the hypothetical reference decoder(3.36) in Annex C.

of a decoding process (3.29)

der
Ch syntax elements (3.86) are processed by the decoding process (3.29)

decoding process

process sped

3.30
dynamic raj

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

nge’adjustment

osea
y that

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 re
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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).

3.33
encoder
embqdiment of an encoding process (3.34)

3.34
encofling process
procgss that produces a bitstream (3.10) conforming to this document

3.35
flag
variaple or single-bit syntax element (3.86) that can take one of the two’possible values: 0 and 1

3.36
hypothetical reference decoder
HRD
hypothetical decoder (3.27) model that specifies constraints on the variability of conformiing NAL unit
streams (3.54) or conforming raw bitstreams (3.10)produced by an encoding process

3.37
hypothetical stream scheduler
HSS
hypothetical delivery mechanism for the timing and data flow of the input of a bitstream (3.10) into the
hypothetical reference decoder (3.36)

Note ] to entry: The HSS is used/for.checking the conformance of a bitstream (3.10) or a decoder (3.3p).

3.38
IDR 3ccess unit
accesfs unit in which the coded picture is an IDR picture

3.39
IDR picture
coded picture (3.16) for which each VCL NAL unit (3.96) has NalUnitType equal to IDR_NUT

3.40

inter 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.

© ISO/IEC 2020 - All rights reserved 5
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intra block copy

IBC

prediction (3.63) derived in a manner that is dependent on data elements (e.g., sample values or block
vectors) of the same decoded slice (3.81) without referring to a reference picture (3.75)

3.42

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

3.43

intra predid
prediction (3
without refe

3.44

intra slice
Islice

slice (3.81) t

3.45
level
defined set @
this docume

Note 1 to entr
level being i
constraints, s

3.46
list 0 motiol
motion vecto

3.47

!

tion
.63) derived from only data elements (e.g., sample values) of the same decoded Glice
I'ring to a reference picture (3.75)

hat is decoded using intra prediction (3.43) only

f constraints on the values that may be taken by the syntax elements (3.86) and variab
ht, or the value of a transform coefficient (3.93) prionto scaling

y: The same set of levels is defined for all profiles {3:67), with most aspects of the definition o
common across different profiles (3.67). Individual implementations can, within the sp¢d
pport a different level for each supported profite (3.67).

 vector
I (3.52) associated with a reference index (3.74) pointing into a reference picture list 0

list 0 predigtion

inter predict
reference pid

3.48
list 1 motio)
motion vecto|

ture list 0 (3.77)

N vector
I (3.52) associated with a reference index (3.74) pointing into a reference picture list 1

3.81)

les of

f each
cified

3.77)

ion (3.40) of the Content of a slice (3.81) using a reference index (3.74) pointing into a

3.78)

3.49

list 1 prediction
inter prediction (3.40) of the content of a slice (3.81) using a reference index (3.74) pointing into a

reference pic

3.50

ture list 1 (3.78)

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.

3.52

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

3.53
NAL unit
syntak structure (3.87) containing an indication of the type of data to follow,and bytes (3.13) containing
that data in the form of an RBSP (3.72) interspersed as necessary

3.54
NAL unit stream
sequence of NAL units (3.53)

3.55
non-|DR picture
coded picture (3.16) that is not an IDR picture (3.39)

3.56
non-yVCL NAL unit
NAL gnit (3.53) that is not a VCL NAL unit{3.96)

3.57
output order
order in which the decoded pictures (3.25) are output from the decoded picture buffer (3.26) [for the
decoded pictures (3.25) thatare to be output from the decoded picture buffer (3.26)]

3.58
parameter
syntaix element {3.86) of an SPS (3.79), PPS (3.61) or APS (3.4)

3.59
partitioning
divisienofa-se

o7

3.60

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 (3.60)
among all pietares{3-60H-Hnthe- VS B339 and—when-theassocited pictire {360 -sto-beowipuk [rom

the decoded picture buffer (3.26), indicates the position of the associated picture (3.60) in outpublorder
(3.57) relatiye to the output order (3.57) positions of the other pictures (3.60) in the same CVS(319) that
are to be output from the decoded picture buffer (3.26)

3.63
prediction
embodiment of the prediction process (3.63)

3.64
prediction process
use of a predictor (3.66) to provide an estimate of the data element {e.g., sample value or motion yector
(3.52)] currgntly 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
combination| of specified values or previously decoded data elements [e.g., sample value or motion vector
(3.52)] used|in the decoding process (3129) of subsequent data elements

3.67
profile
specified subset of the syntax of this document

3.68
quantization parameter

QP

variable used by the decoding process (3.29]) for scaling of transform coejficient (3.93) Ievels

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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raw 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

(3.53
(3.86

3.73

Jand that is either empty or has the form of a string of data hits (3.85) containing syn

-1:2020(E)

tax elements

followed by an RBSP stop bit (3.73) and zero or more subsequent bits equal to 0

raw byte sequence payload stop bit

RBSH
bit eq
the Id
(3.72

3.74
refer
index

3.75
refer
pictu

Note
proce

3.76
refer
list of

Note
pictun
pictun

3.77
refer

referé
(3.76

3.78

stop bit

ual to 1 present within a raw byte sequence payload (3.72) after a string>of data bits (3.8

cation of the end within an RBSP (3.72) can be identified by searching from the end
for the RBSP stop bit, which is the last non-zero bit in the RBSP'(3:72)

ence index
into a reference picture list (3.76)

ence picture
re (3.60) that is a short-term reference picture-(3.80) or long-term reference picture (3.5

s (3.29) of subsequent pictures (3.60).ivdecoding order (3.28).

ence picture list
reference pictures (3.8Q) that is used for inter prediction (3.40) of a P slice (3.65) or B 4

| to entry: For the decading process (3.29) of a P slice (3.65), there is one reference picture 1
e list 0 (3.77). Fortheldecoding process (3.28) of a B slice (3.5), there are two reference picture li
e list 0 (3.77) and-reference picture list 1 (3.78).

ence picture list 0
nge'picture list (3.76) used for inter prediction of a P slice (3.65) or the first referenc

5), for which
of the RBSP

0)

| to entry: A reference picture contains samples that can be used for inter prediction (3.40) in the decoding

lice (3.5)

st - reference
sts — reference

e picture list

uséd for inter prediction (3.40) of a B slice (3.5)

reference picture list 1
second reference picture list (3.76) used for inter prediction (3.40) of a B slice (3.5)

3.79

sequence 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
element (3.86) found in each slice header (3.82)
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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

exclusively ¢

3.82

ontained in a single NAL unit (3.53)

slice headet
part of a cd
represented

3.83
source
term used to

3.84

split unit
SuU

MxN block (]
into four qu
vertical bloc

3.85

string of daf
SODB
sequence of
payload (3.7
to be the fiy
significant b

3.86
syntax elem
element of d

3.87
syntax strug
Zero or morg

ded slice (3.81) containing the data elements pertaining to the first or all files
in the slice (3.81)

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

B.11) of samples for some values and M and N such that'the division of a component
hd blocks (3.11), or three horizontal blocks (3.11)c0ytwo horizontal blocks (3.11), or
ks (3.11) or two vertical blocks (3.11)

ra bits

some number of bits representing syhtax elements (3.86) present within a raw byte seq
P) prior to the raw byte sequencepayload stop bit (3.73), where the left-most bit is consi
st and most significant bit, and the right-most bit is considered to be the last and
t

ent
hta represented in the bitstream (3.10)

rture
syntax elements (3.86) present together in the bitstream (3.10) in a specified order

3.88)

3.24)
three

Lence
Hered
least

3.88
tile

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

and a

3.91

width equal to the width of the picture (3.60)

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
(3.60) are ordered consecutively in a raster scan (3.70) of the tiles (3.88) of the picture (3.60)

-1:2020(E)

3.92
trang
TB
recta

3.93

trans
scala
dime

3.94
trang
TU
trans|
(3.15

3.95
tree
treei

3.96

form block

hgular MxN block (3.11) of samples resulting from a transform in the decoding process
form coefficient

" quantity, considered to be in a frequency domain, that is @ssociated with a pa
hsional or two-dimensional frequency index in a transform ipthe decoding process (3.’
form unit

form block (3.94) of luma (3.51) samples and two{corresponding transform blocks (3.9
samples of a picture (3.60)

5 a finite set of nodes with a uniquée.root node

VCL NAL unit

colleq
valug

tively, coded slice (3.81) JNAL units (3.53) and the subset of NAL units (3.53) that h
s of NalUnitType that are classified as VCL NAL units in this document

4 Abbreviated terms

(3.29)

rticular one-

9)

4) of chroma

hve reserved

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
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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 (séguentiel 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\éoded character set

UTF UCS transmission format

VBR varidble bit rate

VCL videocodingtayet

VUI video usability information

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

Xy

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 y. In other contexts, such notation is used for
superscripting not intended for interpretation as exponentiation

kY

Logical operators

Relational operators

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

division in mathematical equations where no truncation or rounding is ifitend¢d

division in mathematical equations where no truncation or rounding is intend¢d

summation of f( i ) with i taking all integer values from xupto 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 t0-0, evaluates to the value of y; otherwise, evaluates tp the value of
z

greater than
greater(than or equal to
less)than

less than or equal to

equal to

notequal to

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

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

© ISO/IEC 2020 - All rights reserved 13
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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

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

X >>y arithmetic right shift of a two's complement integer representation of x by y binarny 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 grior to
the shift operation.

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

5.6 Assighment operators

= assignment operator

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

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

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

-= decrement by amount specifiedyi.e., x -= 3isequivalenttox=x-3,andx —= (-3)is
equivalentto x = x - (-3)

5.7 Range notation
X=Yy.Z x takes on integet values starting from y to z, inclusive, with x, y, and z being integer
numbers and.z'being greater than y

5.8 Mathematicalfunctions

x ; x>=0
Abs(x)—{_x ;0 x<0 (1)
Asin( 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
an output value in the range of -m+2 to m+2, inclusive, in units of radians (3)
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( y .
Atan ( < ) ; x>0
y
Atan(;)+n ; x<0&&y>=0
AtanZ(Y:X)=<Atan(X)—Tt 7 x<0&&y<0 (4)
XT[
T3 ; x==0&&y >=0
_g ; otherwise
Ceil(x) smallest integer greater than or equal to x (5)
Clip1y(x)=Clip3(0, (1 << BitDepthy) -1,x) (6)
Clip1¢(x) =Clip3(0, (1 << BitDepth¢) -1,x) (7)
X Z<X
Clip3(x,y,z)={y ; Z>y (8)
Z ; otherwise
Cos(x) trigonometric cosine function operating on an argument’x in units of radiang (9
Floor( x ) largestinteger less than or equal to x (10)
c+d ; b—a>=d/2
GetCurrMsb(a,b,c,d)={c—d ; a—b > d\2 (11)
o ; otherwise
Ln(x) natural logarithm of x (the base-@logarithm, where e is the natural logarithm base
constant 2.718 281 828...) (12)
Log2( x )base-2 logarithm of x (13)
Log10( x ) base-10 logarithm. of x (14)
_ X ; X<y
Mln(x,y):{y DXy (15)
(X5 x>=y
Max(x,y)—{y . ox<y (16)
Round((x))'= Sign( x ) * Floor( Abs(x) + 0.5) (17)
S 1 ; x>0
Sigh(x)=30 ; x==20 (18)
-1 ; x<0
Sin(x) trigonometric sine function operating on an argument X in units of radians (19)
Sqrt(x) =x (20)
Swap(x,y) = (y,x) (21)
Tan(x) trigonometric tangent function operating on an argument x in units of radians (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 table
indicates a h.5h61 Pt ecedenee:

NOTE For thjose operators that are also used in the C programming language, the order of precedenceuséd |n this
document 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

"Ry Ry R/ Y R Y . X %y"

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

non

"X<<y, X>>y"

nmon nmon non ]

"x<y","x <= y","x>y","x >= y

nmon nmon

X=yh, "X 4=y 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
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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
or more groups of letters separated by an underscore character. Each group starts with an upper case

NOTE

Funct
funct
with
Synt3
with
(fory

Funct
descr]
case ]
more|
varia

A one
cane
arrayj
and t
using
posit
may |
atho

A sps
wher
order
speci
is set

IOty TIcarr IIrore

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

ions that specify properties of the current position in the bitstream are .referred
ons. These functions are specified in subclause 7.2 and assume the existence of a bitst
hn indication of the position of the next bit to be read by the decodingprocess from tl

left and right round parentheses including zero or more variable'names (for definiti
sage), separated by commas (if more than one variable).

ions that are not syntax functions (including mathematicalMunctions specified in subcl
ibed by their names, which start with an upper case letter, contain a mixture of lowsq

variable names (for definition) or values (for‘uasage) separated by commas (if mg
ble).

-dimensional array is referred to as a list(Atwo-dimensional array is referred to as a ]

s. In reference to a visual depiction‘of a matrix, the first subscript is used as a row (ve
he second subscript is used as a column (horizontal) index. The indexing order is re
square parentheses rather thansubscripts for indexing. Thus, an element of a matrix s
on x and vertical position:ynay be denoted either as s[ X ][ y ] or as syx. A single colum
pe referred to as a list and)denoted by the omission of the row index. Thus, the column
rizontal position x may be referred to as the list s[ x .

cification of values of the entries in rows and columns of an array may be denoted b
e each inner.pair of brackets specifies the values of the elements within a row in incre:
and the rows are ordered in increasing row order. Thus, setting a matrix s equal to { {
fies thatsf0 ][ 0 Jissetequalto 1,s[1][ 0 ]issetequal to 6,s[ 0 ][ 1]is set equal to 4,
equal to 9.

to as syntax
"'eam pointer
he bitstream.

x functions are described by their names, which are constructed as syntax element names and end

n) or values

ause 5.8) are
er and upper

etters without any underscore character, and endmwith left and right parentheses incliding zero or

re than one

atrix. Arrays

ther be syntax elements or variables, Subscripts or square parentheses are used for thie indexing of

ertical) index
versed when
at horizontal
n of a matrix
of a matrix s

y {{-} {3}

ising column

16}{49}}
ands[1][1]

Bina

notation 15 indicated by enclosing the string of bit values by singte quote marks.

For example,

'01000001" 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

else /* informative remark on remaining condition */
statpmentn

may be described in the following manner:

... as|follows / ... the following applies:
— |If condition 0, statement 0

— [Otherwise, if condition 1, statement 1

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

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

In the text, alstatement of logical operations as would'be described mathematically in the following form:
if( condition 0a && condition 0b )
statpment 0

else If( condition 1a || condition 1b-)
statement 1

else
statement n

may be described in the following manner:

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

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

— 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


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

ISO/IEC 23094-1:2020(E)

In the text, a statement of logical operations as would be described mathematically in the fol
if( condition 0)
statement 0
if( condition 1)
statement 1

may be described in the following manner:

When condition 0, statement 0

lowing form:

When condition 1, statement 1

5.12| Processes

Procgsses are used to describe the decoding of syntax elements. A process has)a separate
and ihvoking. All syntax elements and upper case variables that pertain te' the current syn
and dlepending syntax structures are available in the process specification and invokin
specification may also have a lower case variable explicitly specified as input. Each process
has ekplicitly specified an output. The output is a variable that cameither be an upper case
lower case variable.

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

— Ifthe variables at the invoking and the process specification do not have the same name,
are explicitly assigned to lower case input or output variables of the process specificati

|
(an)

therwise (the variables at the invoking{and the process specification have the sam
ssignment is implied.

Q

In the specification of a process, a specific coding block may be referred to by the variable n
valuel equal to the address of the spetific coding block.

6 Bitstream and picture formats, partitionings, scanning processes angd

neighbouring relationships

6.1 |Bitstreamformats

specification
fax structure
g. A process
specification
variable or a

the variables
h1.

e name), the

hme having a

This $ubclduse specifies the relationship between the network abstraction layer (NAL) unif stream and

raw hitstream, 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 file storage
format. The NAL unit stream format is conceptually the more "basic" type. It consists of a sequence of
syntax structures called NAL units. This sequence is ordered in decoding order. There are constraints

imposed on the decoding order (and contents) of the NAL units in the NAL unit stream.

The 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 source 3

— Luma (Y]) only (monochrome).

— Luma ar
— Green, b

— Arrays 1
YZX, als

For the cony

known as XYZ).

d two chroma (YCbCr or YCgCo).

lue, and red (GBR, also known as RGB).

enience of notation and terminology in this document,sthe variables and terms asso

epresenting other unspecified monochrome or tri-stimulus colgur-samplings (for example,

iated

with these arrays are referred to as luma (or L or Y) and chroma,’where the two chroma arrays are

referred to 4
representati

The variable
sampling st
SubWidthC 3

Table 2 — SubWidthC and SubHeightC values derived from chroma_format_idc

In monochrd

chroma_format_idc)| 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

me sampling, there is only one sample array, which is nominally considered the luma

s Cb and Cr; regardless of the actual colour represéentation method in use. The actual dolour
bn method in use can be indicated in syntax that'is specified in Annex E.

s SubWidthC and SubHeightC are specified“in Table 2, depending on the chroma f¢rmat
ucture, which is specified through chroma_format_idc. Other values of chroma_forma
nd SubHeightC may be specified in the\future by ISO/IEC.

t_idc,

Array.

In 4:2:0 sam

pling, each oI the two chroma arrays has hall the height and half the width oI the Iuma array.

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

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

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).

20
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pcation of luma sample.

b Lpcation of chroma sample.

Figure 1 — Nominal vertical and horizontal locations of 4:2:0 lima and chroma samples in a
picture

When the value of chroma_format_idc is equal to 2, the\chroma samples are co-sited with the
corresponding luma samples and the nominal locations ina picture are as shown in Figure 2.

S
—

pcationof luma sample.

b Lpcation of chroma sample.

Figure 2 — Nominal vertical and horizontal locations of 4:2:2 luma and chroma samples in a
picture

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

b Location df chroma sample.

Figure 3 -~ Nominal vertical and horizontal locations of 4:4:4 luma.and chroma samples ih a
picture

6.3 Partitioning of pictures, slices, tiles, and CTUs
6.3.1 Partjtioning 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 a
picture. A slice is a group of tiles that cover a rectangular region of a picture.

For example| a picture may be divided into 24 tiles (6 tile columns and 4 tile rows) and 9 slices as shown
in Figure 4.
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a CTu
tile
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6.3.2| Spatial or component-wise partitionings

The fpllowing divisions of processing-elements form spatial or component-wise partitioning:

.

—

he division of each picture.iito components;

he division of each component into CTBs;

— the division of each-picture into tile columns;

— the division of each picture into tile rows;

—

he division of each tile column into tiles;

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

p

— the division of each tile into CTUs;

— 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.

: : Ll ol s1olaile 1oLl o N e dasaivrard £
The IlEIgth g oroCKavatantity avatrapreiv IS aertveaas Tormrows:

6.4.2 Deriyation process for left and right neighbouring blocks availabilities

Inputs to thi$ process are:

Output of this process is léft-and right availabilities of the neighbouring blocks, denoted as availLR.

If one off 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.
— xNb} is less than 0.

— yNbY is less than 0.

— xNbJY is greater than or equal to pic_width_in_luma_samples.

— yNbJ is greater than or equal to pic_height_in_luma_samplés!

— IsCdded[ xNbY ][ yNbY ] is equal to FALSE.

Otherwise, availableN is set equal to TRUE.

the luma location ( xCurr, yCurr ).-of the top-left sample of the current block relative to the top-left
luma sample of the current pictare, and

a variable nCbW specifying the width of the current block.

A variable ayailLR,-which indicates the left and right neighbouring blocks availabilities, is derivied as

follows:

24

Th l ftl 3an ] fFioas o NT Nl +d £l naiaghlb i | FEEO P2 EE9 Ll Iz 3 £ oc lt
e le TOTra TUCatioTT T AINOLGyIvy STUCTOTICTICTS O UTT IITE TatiTa COUTITES DTOCKIS— ST CYq a (0]

(xCurr - 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

block are available. When sps_suco_flag is equal to 0, availLR is always smaller than 2 (availLR is equal to
LR 10 orawvailLRis nqnn] tol D_nn)

6.4.3| Derivation process for neighbouring block motion vector candidate availability

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

Outpnut of this process is the availability of the neighbouring block covering the location ( NbY, yNbY ),
denofed as availableN.

The feighbouring block availability availableN is derived as follows:

— If one or more of the following conditions are true, availableN 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 equal to'pic_width_in_luma_samples.

+ yNbY is greater than or equal to pic_height_in_luma_samples.

+ IsCoded[ xNbY [[.yNbY ] is equal to FALSE.

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

— (therwisesavailableN is set equal to TRUE.

6.4.4| Derijvation process for ALF neighbouring block availability

FRYE fetlo ol 1 b AN IR VAR NI VAN 31 ol FRNGNE I DI ;
InpuL o NS Process1stre hia rocattoi  XINO 1, yINO I Coverea Dy a Ireiginoouring oroctKT elative 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:
— 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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— xNbY is greater than or equal to pic_width_in_luma_samples.

— yNbY is greater than or equal to pic_height_in_luma_samples.

— IsCoded[ xNbY ][ 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 Scannin

hataValaYTFavd
TOCCIIT

FadhaY
LYoy o

6.5.1 CTBaster and tile scanning process

The list ColWidth[ i ] for i ranging from 0 to num_tile_columns_minus1, inclusive, specifysihg the wi

the i-th tile column in units of CTBs, is derived as follows:

if( uniform_tile_spacing_flag)

else

}
}

The list RowHeight[ j ] for j ranging from 0 to.num_tile_rows_minus1, inclusive, specifying the hei

the j-th tile r

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)

{
olWidth[ num_tile_columns_minus1 ] = PicWidthInGtbsY

for(i=0;i<num_tile_columns_minus1; i++) {

ColWidth[ i | = tile_column_width_minus1[i}+¢1
ColWidth[ num_tile_columns_minus1 | —=.CoelWidth[i ]

pw in units of CTBs, is derived.as)follows:

if( uniform_tile_spacing_flag)

f

else

=n

br(j =0;j <= num_tile_rews_minus1; j++)

RowHeight[j] = ([ + 1) * PicHeightInCtbsY ) / ( num_tile_rows_minus1 + 1) -

(j * PicHeightInCtbsY ) / ( num_tile_rows_minus1 + 1)

{
owHeight[-hum_tile_rows_minus1 | = PicHeightInCtbsY
br( j = 0;j~<num_tile_rows_minus1; j++) {
RowHeight[ j ] = tile_row_height_minus1[j] + 1
RowHeight[ num_tile_rows_minus1 ] -= RowHeight][j ]

}
}

Hth of

(24)

bht of

(25)

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

Fnr(i =0:i <= pum tile columns minusl; i++)
if( thX >= 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 | += PicWidthInCths¥y*RowHeight[j ]
CtbAddrRsToTs[ ctbAddrRs | +=
(tbY — RowBd][ tileY ] ) * ColWidth[ tileX ] + tbX -ColBd] tileX ]

}

The list CtbAddrTsToRs[ ctbAddrTs ] for ctbAddrTs ranging from 0 to PicSizeInCtbsY -1, inclusive,
specifying the conversion from a CTB address intile scan to a CTB address in CTB raster scan of a picture,
is derived as follows:

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

The list Tileld[ ctbAddrTs ] forietbAddrTs ranging from 0 to PicSizeInCtbsY - 1, inclusive, specifying the
conversion 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§1)<= num_tile_columns_minus1; i++, tileldx++)
for(y»= 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

The list NumCtusInTile[ tileldx ] for tileldX ranging from U to PicSizeInCtbsY - I, inclusive, specifying the
conversion 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
tileStartFlag = 0
}
tileEndFlag = ctbAddrTs == PicSizeInCtbsY -1 || Tileld[ ctbAddrTs+1] !=
Tileld[ ctbAddrTs ]
if( tileEndFlag ) {
tileldx+ +

oo - 1

)

(32)

431 ,Ch o
treotartrrag— t

}
}

The values df ColumnWidthInLumaSamples|[ i ], specifying the width of the i-th tile column in urnlits of

luma samples, are set equal to ColWidth[i] << CtbLog2SizeY for i ranging from
num_tile_columns_minus1, inclusive.

The values qf RowHeightInLumaSamples] j ], specifying the height of the j«h tile row in units of]

0 to

luma

samples, are|set equal to RowHeight[j ] << CtbLog2SizeY for j ranging frem, 0 to num_tile_rows_minus1,

inclusive.

6.5.2 Zig-7ag scan order 1D array initialization process
Inputs to this process are:

— avariable blkWidth specifying the width of block, and
— avariable blkHeight specifying the height of block.
Output of this process is the array zigZagScan| sPos ].

The array indlex sPos specifies the scan;position ranging from 0 to ( blkWidth * blkHeight ) - 1. Depe
on the value|of blkWidth and blkHeight, the array zigZagScan is derived as follows:

posE O

zigZagScan| pos ] =(0

post+

for(|line = 1; line< ( blkWidth + blkHeight - 1 ); line++) {
if( line %.2°) {

x = Min( line, blkWidth - 1)

Y= Max( 0, line - ( blkWidth-1))

nding

while( x >= 0 && y < blkHeight ) {
zigZagScan[ pos ] =y * blkWidth + x
pos++
X— —
y++
}
}

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

(33)
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pos++
X++
y- -
}
}
}

Inverse scan order 1D array initialization process

Inputs to this process are:

-1:2020(E)

7 S

7.1

The's

NOTE
mean
other

Tablg
that 4

variable blkWidth specifying the width of block, and
variable blkHeight specifying the height of block.
it of this process is the array inverseScan[ rPos ].

rray index rPos specifies the raster scan position ranging from 0 to”( blkWidth * bl}
hding on the value of blkWidth and blkHeight, the array inverseSean is derived as follo

he variable forwardScan is derived by invoking zig-zag scan-order 1D array initializati
pecified in subclause 6.5.2 with input parameters blkWidth and blkHeight.

he output variable inverseScan is derived as follows;

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

}

pyntax and semantics

Method of specifying syntax in tabular form

yntax tables specify a superset of the syntax of all allowed bitstreams.

An actual decoder must implement some means for identifying entry points into the bitstrea
5 to identify and handle non-conforming bitstreams. The methods for identifying and handling
such situations\are not specified in this document.

3 lists'examples of the syntax specification format. When syntax_element appears, it
syntax element is parsed from the bitstream and the bitstream pointer is advanced tg

posit

tHeight ) - 1.
ws:

n process as

(34)

m and some
brrors and

specifies
the next

or‘beyond the syntax element in the bitstream parsing process.

© ISO/IEC 2020 - All rights reserved

29


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

ISO/IEC 23094-1:2020(E)

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

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

{

statement

statement

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

while( candition )

statement

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

do

statement

while( candition )

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

if( condition )

primary statement

else

alternative-statement

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

for( initial statement; condition; subsequent statement )

primary statement
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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.

— Qtherwise, the return value of byte_aligned( ) is equal to FALSE.

more| data_in_payload( ) is specified as follows:

et

F byte_aligned( ) is equal to TRUE and the current position in the sei_payload( ) syntax structure is
* payloadSize bits from the beginning of the sei_payload( ) syntax structure, the return value of
more_data_in_payload( ) is equal to FALSE.

o0

— (Qtherwise, the return value of more_data_in_payload( ) is equal\toe'TRUE.
more| rbsp_data( ) is specified as follows:

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

=

|
(an)

therwise, the RBSP data are searched for thélast (least significant, right-most) bit equpl to 1 that s
pgresent in the RBSP. Given the position ofithis bit, which is the first bit (rbsp_stop_one_bit) of the
bsp_trailing_bits( ) syntax structure, the following applies:

—

— If there is more data in an RBSP before the rbsp_trailing_bits( ) syntax structurje, 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 enablinig determination of whether there is more data in the RBSP is specified by the
bplication (or in-Annex B for applications that use the raw bitstream file storage format).

5]

more| rbsp_trailing data( ) is specified as follows:

— Iftheré&is'more data in an RBSP, the return value of more_rbsp_trailing_data( ) is equal ffo TRUE.

— Qtherwise, the return value of more_rbsp_trailing_data(] is equal to FALSE

next_bits( n ) provides the next bits in the bitstream for comparison purposes, without advancing the
bitstream pointer. Provides a look at the next n bits in the bitstream with n being its argument.

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:

7.3 Synta

7.3.1 NAL

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

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

by the r{

f(n): fixe
process

i(n): sig
manner
specifie(

turn value of the ftunction read_bIts( o ).

for this descriptor is specified by the return value of the function read_bits( n4.

hed integer using n bits. When n is "v" in the syntax table, the number of bits varie

represemtation with most significant bit written first.

se(v): si
process

u(n): un|
manner
specifieq
an unsig

ue(v): u
parsing

uek(v):
parsing
semanti

for this descriptor is specified in subclause 9.2

| by the return value of the function read_bits()n ) interpreted as a binary representat
ned integer with most significant bit written first.

brocess for this descriptor is specified in subclause 9.2.
insigned integer k-th order Exp-Golomb-coded syntax element with the left bit firs

Cs of the symtax element:
X in tabular form

unit syntax

7.3.1.1 Genleral'NAL unit syntax

32

d-pattern bit string using n bits written (from left to right) with the left bit firstsThe pdrsing

5 in a

dependent on the value of other syntax elements. The parsing process-for this descrigtor is
| by the return value of the function read_bits( n ) interpreted as a two’s complement irfteger

bned integer 0-th order Exp-Golomb-coded syntax element-with the left bit first. The pqrsing

signed integer using n bits. When n is "v" in the syntax table, the number of bits varids in a
dependent on the value of other syntax elements: The parsing process for this descrigtor is

on of

hsigned integer 0-th order Exp-Golomtb-coded syntax element with the left bit firs{. The

. The

process for this descriptor-is specified in subclause 9.2 with the order k defined in the

nal_unit( NumBytesnNalUnit ] { Descriptor

nal_unit_header( )

NumB

ytesInRbsp = 0

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

rbsp_byte[ NumBytesInRbsp++ | b(8)
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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(1)

)

7.3.2| Raw byte sequence payloads, trailing bits and byte alignment syntax

7.3.211 SPS RBSP syntax

deq_parameter_set_rbsp( ) { Des¢riptor
sps_seq_parameter_set_id ue(v)
profile_idc 4(8)
level_idc u(8)
toolset_idc_h uf32)
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 y(1)
if( sps_btt_flag ) {
log2_ctu_size_mihus5 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 )
spsladcc_flag u(l)
sps_iqt_flag u(1)
if( spsliqt_flag)
spsi ats_flag u(1)
sps_ahdb_ﬂag u(1)
sps_alf_flag u(1)
sps_htdf_flag u(1)
sps_rpl_flag u(1)
sps_ppcs_flag u(1)
sps_dfuant_flag u(1)
sps_dra_flag u(1)
if( sps|_pocs_flag )
logl_max_pic_order_cnt_Ilsb_minus4 ue(v)
if( !sp$_pocs_flag || Isps_rpl_flag) {
logl_sub_gop_length ue(v)
if(Ipg2_sub_gop_length == 0)
1pg2_ref_pic_gap_length ue(v)
}
if( !sp$_rpl_flag)
mak_num_tid0_ref_pics ue(v)
else {
spsmax_dec_pic.buffering_minus1 ue(v)
lonlg_term_ref_pics_ﬂag u(1)
rplll_same_as_rpl0_flag u(1)
for(i£0;1 < !rpll_same_as_rpl0_flag? 2: 1;i++){
num_rel_pic_liSts_In_sps[ 1 ] ue(v)
for(j=0;j < num_ref_pic_lists_in_sps[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_points_in_qp_table_minus1[i ] ue(v)
for(j = 0; j <= num_points_in_qp_table_minus1[i]; j++)
delta_qp_in_val_minus1[i][j] u(6)
delta_qp_out_val[i][]j] se(v)
}
}
}
}
vui_parameters_present_flag y(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)
singld_tile_in_pic_flag u(1)
if( !sirjgle_tile_in_pic_flag ) {
nu1p_tile_columns_minusl ue(v)
nulh_tile_rows_minusl ue(v)
unikorm_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)
expligit_tile_id_flag u(1)
if( expllicit_tile_id_flag )
for(i=0;i <= num_tile_rows_minus1yi++)
for(j=0;j <= num_tile_columhs minus1;j++)
tile_id_val[i][j] u(v)
pic_dra_enabled_flag u(1)
if( pic|dra_enabled_flag)
pic/dra_aps_id u(5)
arbitnary_slice_present_flag u(1)
constrained_intra_pred_flag u(1)
cu_qp| delta/enabled_flag u(1)
if( cu_gpadelta_enabled flag)
log2_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

(1)

if( aps_extension_flag)

while( more_rbsp_data( ) )

aps_extension_data_flag

(1)

rbsp_trailing_bits( )

7.3.2{4 Filler data RBSP syntax

filler_data_rbsp() {

Des

Criptor

while( next_bits(8) == 0xFF)

ff byte // equal to OxFF

f

(8)

rbsp_trailing_bits( )

7.3.2|5 Supplemental enhancement information RBSP syntax

dei_rbsp() {

Des

Criptor

do

sei_message( )

while( more_rlsp-data() )

rbsp_trailing\bits( )

7.3.2t6—Sliee 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 RBSPtrailing bitssyntax

rbsp_trajling_bits( ) { Descriptor
rbsp_stop_one_bit /* equalto 1 */ 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_mesgage( ) { Descriptor

payloadType = 0
do {
payload_type_byte u(8)
paylloadType €£=-payload_type_byte

} whilg( payload-type_byte == 0xFF)

payloadSize =0
do {
payload_size_byte u(8)
payloadSize += payload_size_byte

} while( payload_size_byte == 0xFF)

sei_payload( payloadType, payloadSize )
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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 y(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 || slice_type
mmvd_group_enable_flag u(1)
if( sps_alf _flag) {
slice_alf_enabled_flag y(1)
if( slice_alf _enabled_flag) {
slice_alf luma_aps_id y(5)
slice_alf_map_flag u(1)
slice_alf chroma_idc y(2)
if( (ChromaArrayType == 1 || ChromaArrayType
slicepalf-Chroma_idc > 0)
slice:alf_chroma_aps_id u(5)
}
if()ChromaArrayType == 3){
if( !slice_alf_enabled_flag )
slice_alf_chroma_idc u(2)
if( 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] u(v)
} 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( dlice_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;1++)
num_ref_idx_active_minus1[i] ue(v)
if( sps_admvp_flag ) {
temporal_mvp_assigned_.flag u(1)
if( temporal_mvp_assigned_flag ) {
if( slice_type ==sB}{
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_gp u(6)
slice_cb_qp_offset se(v)
slice_cr_qp_offset se(v)

40
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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 Adaptive loop filter data syntax
qlf_data( ) { Descrjiiptor
alf_luma_filter_signal_flag u(1)
alf_chroma_filter_signal_flag y(1)
if( alf luma_filter_signal_flag) {
alf_luma_num_filters_signalled_minus1 ue(v)
alf luma_type_flag y(1)
if( alf_ luma_num_filters_signalled_minus1 > 0){
for(i=0;i < NumAlfFilters; i++)
alf luma_coeff_delta_idx[ i ] y(v)
}
alf_luma_fixed_filter_usage_pattern ugk(v)
if( alf_luma_fixed_filter_usage_pattern == 2){
for(i=0;i < NumAlfFilters; i++)
alf_luma_fixed_filter_usage_flag[i ] y(1)
}
if( alf luma_fixed_filter_usage_pattern™> 0) {
for(i=0;i < NumAlfFilters; i+%") {
if( alf luma_fixed_filter_tsage_flag[i])
alf luma_fixed_filter_set_idx[i] y(4)
}
}
alf luma_coeff_delta_flag y(1)
if( lalf luma_coeff delta_flag && alf luma_num_filters_signalled_minus1 > 0)
alf luma_coeff_delta_prediction_flag y(1)
alf luma_min_eg_order_minus1 ue(v)
for(i=0;i < LumaMaxGolombldx; i++)
alf luma_eg order_increase flag[i] (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
dra_data() { Descriptor
dra_dk-scriptorl u(4)
dra_dkscriptorz u(4)
dra_nhmber_ranges_minusl ue(v)
dra_efjual_ranges_flag u(1)
dra_global_offset u(10)
if( dral equal_ranges‘flag )
dra delta_ramngef 0 ] u(10)
else
for(j =0s.j) <= dra_number_ranges_minus1; j++)
rardelta_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 ] ue(v)
if( ItrpFlag)
num_ltrp_entries| listldx ][ rplsldx ] ue(v)

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_tlag| listldx || rplsldx |[[1] ) {
delta_poc_st[ listldx ][ rplsldx ][ i]
if( delta_poc_st[ listldx ][ rplsldx ][i] > 0)
strp_entry_sign_flag| listldx ][ rplsldx ][ 1] y(1)
} else
poc_lsb_It[ listldx ][ rplsldx ][ i] y(v)

c

e(v)

7.3.8| Slice data syntax

7.3.8{1 General slice data syntax

glice_data() { Des¢riptor
for(i=0;i < NumTilesInSlice; i++) {
ctbAddrInTs = FirstCtbAddrTs][ Sli¢eTileldx[i] ]
for(j=0;j < NumCtusInTile[ SliceTileldx[i] ]; j++, ctbAddrInTs++) {
CtbAddrInRs = CtbAddrTsToRs[ ctbAddrInTs ]
coding_tree_unit( )
}
end_of_tile_one.bit /* equal to 1*/ ap(v)
if(i < NumTilesInSlice - 1)
byte_alignment( )
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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
if( xCtb == xFirstCtb)

NummHmvpCand =0

if( slige_alf_enabled_flag && slice_alf map_flag)

alf [ctb_flag[ xCtb >> CtbLog2SizeY][ yCtb >> CtbLog2SizeY ] ae(v)
if( sligeChromaAlfEnabledFlag && slice_alf chroma_map_flag)

alf [ctb_chroma_flag[ xCtb >> CtbLog2SizeY][ yCtb >> CtbLog2SizeY ] ae(v)
if( sligeChroma2AlfEnabledFlag && slice_alf chroma2_map_flag )

alf jctb_chroma2_flag[ xCtb >> CtbLog2SizeY][ yCtb >> CtbLog2SizeY ] ae(v)

split_ynit( xCtb, yCtb, CtbLog2SizeY, CtbLog2SizeY, 0, 0, 0,
PRED_MODE_NO_CONSTRAINT )

7.3.8.3 Split unit syntax

split_unit( x0, y0, log2CbWidth, log2CbHeight, ctDepth,.§plitUnitOrder, cuQpDeltaCode, Descripto
predModeConstraintCurrent ) {

if( sps|btt_flag == 0) {
if( log2CbWidth > 2 || log2CbHeight >"2)
split_cu_flag[ x0 ][ yO ] ae(v)

=

}
else if(|sps_btt_flag == 1) {

if( (Jlog2CbWidth > 2 | |[<leg2CbHeight > 2) &&
x0 + (1 << log2CbWidth ) <= pic_width_in_luma_samples &&
yP + (1 << log2CbHeight) <= pic_height_in_luma_samples ) {

if[ allowSplitBtVer || allowSplitBtHor || allowSplitTtVer || allowSplitTtHor )
btt_split_flag[ x0 ][ yO0 ] ae(v)
if[ btt(split_flag[ x0 [[y0]) {

if(\allowSplitBtVer || allowSplitTtVer ) &&
(allowSplitBtHor || allowSplitTtHor ) )

btt_split_dir[ x0 ][ yO0 ] ae(v)

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

icCuO0pnDaltaCoded =0
IS prertasoaca A4

}
if( sps_suco_flag && allowSplitUnitCodingOrder )

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

if( needSignalPredModeConstraintTypeFlag )

pred_mode_constraint_type_flag[ x0 ][ yO ] ae(v)
if( split_cu_flag[x0 ][ y0]){
x1=x0+ (1 << (log2CbWidth-1))
yl=y0+ (1 << (log2CbHeight-1))
if( split_unit_coding_order_flag[x0][y0] == 0 {
split_unit( x0, y0, log2CbWidth - 1, log2CbHeight - 1, ctDepth + 1, 0,
cuQpDeltaCode, PRED_MODE ‘NO_CONSTRAINT )
if(x1 < pic_width_in_luma_samples,)
split_unit( x1, y0, log2CbWidth* 1, log2CbHeight - 1, ctDepth + 1, 0,
cuQpDeltaCode, PRED_MODE_NO_CONSTRAINT )
if(y1 < pic_height_in_luma samples )
split_unit( x0, y1, log2€bWidth - 1, log2CbHeight - 1, ctDepth + 1, 0,
cuQpDeltaCode, PRED_MODE_NO_CONSTRAINT )
if(x1 < pic_width_in_luma_samples && y1 < pic_height_in_luma_samples)
split_unit(\x1, y1, log2CbWidth - 1, log2CbHeight - 1, ctDepth + 1, 0,
cuQpDeltaCode, PRED_MODE_NO_CONSTRAINT )

}

elsed

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 )
Snlh— iS00 loas2 ChWLaideh 1 loc2ChHaiocht ~tDanth 1 1
pHaRit0-70es2CbWidth—leg2CbHeishtetbepth+4H1;

cuQpDeltaCode, predModeConstraint )

}
else if(|SplitMode[ x0 ][ y0 ] == SPLIT_BT_HOR) {
y19y0 + (1 << (log2CbHeight-1))

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

if(yl < pic_height_in_luma_samples)

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

}
else if(|SplitMode[ x0 ][y0 ] == SPLIT_TT_VER){

x19x0+ (1 << (log2CbWidth-2))

x29x1+ (1 << (log2CbWidth-1))

if( split_unit_coding order_flag[ x0 ][y0 ] == 09Y
split_unit( x0, y0, log2CbWidth - 2, log2CbHeight, ctDepth + 2, 0,
cuQpDeltaCode, predModeConstraint )
split_unit( x1, y0, log2CbWidth - 1,deg2CbHeight, ctDepth + 1, 0,
cuQpDeltaCode, predModeConstraint )
split_unit( x2, y0, log2CbWidth~ 2, log2CbHeight, ctDepth + 2, 0,
cuQpDeltaCode, predModeConstraint )

}

else|{

split_unit( x2, y0;10g2CbWidth - 2, log2CbHeight, ctDepth + 2, 1,

cuQpDeltaCode, predModeConstraint )

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

cuQpDeltaCode, predModeConstraint )

split. vnit( 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 ||
( sps_admvp_flag && log2CbWidth == 2 && log2CbHeight == 2)))

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
cpding_unit( x0, y0, log2CbWidth, log2CbHeight, ctDepth, eaQpDeltaCode, treeType Desg¢riptor
predModeConstraint ) {
if( predModeConstraint = PRED_MODE_CONSTRAINT_INTRA_IBC)
cu_skip_flag[ x0 ][ yO0 ] ap(v)
if( cu_skip_flag[ x0 ][ y0]) {
if( sps_mmvd_flag)
mmvd_flag[ x0 ][ yO0 ] ag(v)
if( mmvd_flag[ x0 ][ y0]) {
if( mmvd_group_enable_flag && (log2CbWidth + log2CbHeight) > 5)
mmvd_group_idX[ x0 ][ yO0 ] ag(v)
mmvd_merge_idx[ x0 |[ yO ] ap(v)
mmvd_distance_idx[ x0 |[ y0 ] ag(v)
mmvd_direction_idx[ x0 ][ yO0 ] ap(v)
}else {
if((sps_affine_flag && log2CbWidth >= 3 && log2CbHeight >= 3)
affine_flag[ x0 ][ yO0 ] ag(v)
if( affine_flag[ x0 ][ y0])
affine_merge_idx[ x0 ][ y0 ] ae(v)
else {
if( !sps_admvp_flag) {
mvp_idx_10[ x0 ][ y0 ] ae(v)
if( slice_type == B)
mvp_idx_11[ x0 ][ yO ] 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) {
if( treeType != DUAL_TREE_CHROMA ) {
if( Isps_eipd_flag)
intra_pred_mode[ x0 ][ yO ] ae(v)
else if( sps_eipd_flag == 1) {
intra_luma_pred_mpm_flag[ x0 ][ y0 ] ae(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 ][ y04 ae(v)
}
else|{ /* (CuPredMode != MODELNTRA) */
if{ CuPredMode == MODE_IBC){
abs_mvd_l0[ x0 ][ yOJ[ O ] ae(v)
if( abs_mvd_10[ xO:}{y0 ][ 0])
mvd_l0_sign flag[ x0 ][ y0 ][ O] ae(v)
abs_mvd.J0Tx0][y0][1] ae(v)
if( abs=mvd_10[ x0 ][y0][1])
mvd_l0_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 ] ag(v)
if( affine_flag[ x0 ][ y0])
affine_merge_idx[ x0 ][ y0 ] ap(v)
else
merge_idx[ x0 ][ yO ] ag(v)
}
}
}
if( direct_ mode_flag[ x0 ][ y0 ] ==0 && merge_mode flag[ x0][y0]==0) {
if( slice_type == B)
inter_pred_idc[ x0 ][ y0 ] ag(v)
if( sps_admvp_flag == 0) {
if( inter_pred_idc[ x0 ][ y0] != PRED_L1){
if( num_ref_idx_active_minus1[0] > 0)
ref_idx_10[ x0 ][ y0.] ag(v)
mvp_idx_10[ x0 ][0 | ap(v)
abs_mvd_10[ x0.][y0 ][ 0] ap(v)
if( abs_mydO[x0 ][y0 ][0 ])
mvd_10_sign_flag[ x0 ][ y0][ 0] ap(v)
abs.mvd_10[ x0 ][y0][ 1] ag(v)
if(;abs_mvd_10[x0 ][y0][1])
mvd_l0_sign_flag[ x0 [[yO ][ 1] ag(v)
}
if( inter_pred_idc[ x0 ][ y0] !'= PRED_LO){
if( num_ref_idx_active_minus1[1] > 0)
rel_1dx_I1[ XU [ YU ] ae(v)
mvp_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_ilag_10] X0 J[ YU | ae(v)
affine_mvd_flag 10[ x0 ][ yO ] ae(v)
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 ][ yO ][ vertex ][ 1] ae(v)
}
}
}
if( inter_pred_idc[ x0 ][ y0 ] != PRED_LOV[|
inter_pred_idc[ x0 ][ y0 ] == PREDBI) {
ref_idx_11[x0 ][ y0] ae(v)
affine_mvp_flag 11[ x0 ][ y0] ae(v)
affine_mvd_flag 11 x0(] y0 ] ae(v)
for( vertex = 0; vertex~< vertexNum; vertex++ ) {
if( affine_mvd_flag 11[ x0 ][ y0]) {
abs_myd:11] x0 ][ y0 ][ vertex ][ 0 ] ae(v)
if(@bs:mvd_I1[ x0 ][ yO ][ vertex ][ 0])
mvd_l1_sign_flag[ x0 ][ yO ][ vertex ][ 0 ] 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)
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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 ]

<)

e(v)

if( bi_pred_idx[x0 ][y0] != 2){

abs_mvd_11[x0 ][y0][ 0]

<)

e(v)

if(abs_mvd_I1[x0][y0][0])

mvd_l1_sign_flag[ x0 [[y0 ][ 0]

<)

e(v)

abs_mvd_11[x0 ][y0][ 1]

<)

e(v)

if(abs_mvd_I1[x0][y0][1])

mvd_l1_sign_flag[ x0][y0][ 1]

<)

e(v)

if( CuPredMode != MODEMNTRA && merge_mode_flag[x0][y0] == 0 &&
treeType == SINGLE)TREE )

cbf all[ x0 ][ y0]

<)

p(v)

if( cbf_all[ x0 J[\y0 ]) {

isSplit =dog2CbWidth > MaxTbLog2SizeY || log2CbHeight > MaxTbLog2SizeY

log2ThWidth = 1log2CbWidth > 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( tregqfype+=DYAL-TREETUMA&&ChromaArray Type—+=03<
cbf kcb ae(v)
cbf cr ae(v)
}

if( (isYplit | | CuPredMode == MODE_INTRA || cbf_cb || cbfcr) &&
tree[lype != DUAL_TREE_CHROMA)

cbf luma ae(v)

if( cu_qp_delta_enabled_flag && ( ((!sps_dquant_flag || (cuQpDeltaCode =£,1 &&
isCuQpDeltaCoded == 0)) && (cbf luma || cbfcb || cbfcr)) ||
(cu@pDeltaCode == 2 && isCuQpDeltaCoded == 0))){

cu_qp_delta_abs ae(v)
if( cp_gp_delta_abs > 0)
chi_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 == MQODE)JINTER && sps_ats_flag) {

if( (pllowAtsInterVerHalf | | allowAtsInterVerQuad || allowAtsInterHorHalf | |
pllowAtsInterHorQuad ) && (cbf_cb || cbfcr || cbfluma))

ats_cu_inter) flag[ x0 ][ yO ] ae(v)
if( afs_cu’inter_flag[ x0 ][ y0]) {

f[ (allowAtsInterVerHalf | | allowAtsInterHorHalf) &&
(allowAtsInterverQuad || allowAtsInterHorQuad J )

—-

ats_cu_inter_quad_flag[ x0 ][ y0 ] ae(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

TrafoLog2Height = log2TbHeight — ( ats_cu_inter_quad_flag[x0 [[y0]7?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,
rafoLog2Width, TrafoLog2Height, 0)

if( cbf cb)

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

if( cbf_cr)

residual_coding( x0 + TrafoX0, y0 PrafoY0, TrafoLog2Width — SubWidthC + 1,
TrafoLog2Height - SubHeightC + 1, 2)

7.3.8

6 Residual coding syntax

—

psidual_codingt( x0, y0, log2TbWidth, log2TbHeight, cldx ) {

Des

Criptor

if( sps_ad¢e=flag == 0)

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

else

residual coding adv( x0, v0, log2TbWidth, log2TbHeight, 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)
blkHos = ScanOrder[ log2TbWidth ][ log2TbHeight ][ ScanPos ]
xC 9 blkPos & ( (1 << log2TbWidth) - 1)

yC 4 blkPos >> log2TbWidth

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

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

PreyLevel = coeff_abs_level_minus1 + 1

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

7.3.8.8 Advjanced residual coding syntax

residual_roding_adv( x0, y0, log2TbWidth, log2TbHeight, cldx ) { Descriptor
last_sig_coeff_x_prefix ae(v)
last_sib_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 #737)

last|sig_coeff_y_suffix ae(v)
rasterPosLast = LastSignificantCoeffX + LastSignificantCoeffY * (1 << log2TbWidth )
scanPqgsLast =JnvScanOrder[ log2TbWidth ][ log2TbHeight ][ rasterPosLast ]

lastCo¢fGrotip'= scanPosLast >> 4

iPos = seahPosLast

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

escapeDataPresent =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++

}

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 ]

he (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 << logZTbWidth) -1)

yC = blkPos >> log2FbWidth

coeff_abs_level _greaterB_flag[ lastGreaterAScanPos ]

he (V)

TransCoefflsevel[ X0 [ yO ][ cldx ][ xC ][ yC ] +=

coeff _abs_level_greaterB_flag[ lastGreaterAScanPos ]

if( coeff_abs_level _greaterB_flag[ lastGreaterAScanPos | )

escapeDataPresent = 1

}

éscapeDataPresent = 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)

for(n=0;n < numNZ; n++){

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 Sema

7.4.1 Gend

Semantics as
are specified
of tables, an
otherwise s

7.4.2 NAL

7.4.2.1 Genleral NAL unit semantics

NumBytesIn
the NAL uni

ntics

ral

sociated with the syntax structures and with the syntax elements within these strug
in this subclause. When the semantics of a syntax element is specified using a table oj
y values that are not specified in the table(s) shall not be present in the bitstream u
ecified in this document,

unit semantics

NalUnitspecifies the size of the NAL unit in bytes. This value is required for the decod
t. Some form of demarcation of NAL unit boundaries is necessary to enable inferer

tures
aset
nless

ing of
1ce of

NumBytesIn

NalUnit. One such demarcation method is specified in Annex B for the raw bitstrea

m file

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
rbsp_byte| i

The RBSP co

56

NAL unit length field in the raw bitstream file storage format specified in Annex B.
] is the i-th byte of an RBSP. An RBSP is specified as an ordered sequence of bytes.

ntains 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.

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

Syntgx structures having these RBSP properties are deneted in the syntax tables using an "
Thes¢ structures are carried within NAL units as the“content of the rbsp_byte[i] dat

i) The first (most significant, left-most) bits of the final RBSP byte contain the(re
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, o
rbsp_alignment_zero_bit is present to result in byte alignmient.

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

assodiation of the RBSP syntax structures to the NALwnits is as specified in Table 4.

NOTE| When the boundaries of the RBSP are known, the decoder can extract the SODB from
concafenating the bits of the bytes of the RBSP*and discarding the rbsp_stop_one_bit, which is

signifijcant, right-most) bit equal to 1, and dis¢arding any following (less significant, farther to the g
follow it, which are equal to 0. The data necessary for the decoding process is contained in the SO

RBSP,

7.4.2|2 NAL unit header semantics

forbidden_zero_bit shall be equal to 0.

nal_unit_type_plusl-minus 1 specifies the type of RBSP data structure contained in the

maining bits

ne or more

sent in some

| rbsp” suffix.
h bytes. The

the RBSP by
he last (least
ight) bits that
DB part of the

NAL unit as

specified in Table4: The value of nal_unit_type_plus1 shall not be equal to 0. The variable NalUnitType is
derived as follows:
NalUnitType = nal_unit_type_plus1 - 1 (35)
Table 4 — NAL unit type codes and NAL unit type classes
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-VCL
adaptation_parameter_set_rbsp( )
27 FD_NUT Filler data non<vV(_L
filler_data_rbsp( )
28 SEI_NUT Supplemental enhancement information non-V(L
sei_rbsp()
29-55 RSV_NONVCL29.. Reserved non-V(L
RSV_NONVCL55
56-62 UNSPEC_NUTS56.. Unspecified non-V(L
UNSPEC_NUT62
nuh_temporal_id specifies a temporal identifier for the NALunit.
The variable|Temporalld is derived as follows:
Temnporalld = nuh_temporal_id (36)

When NalUnitType is equal to IDR_NUT, the coded slice belongs to an IDR picture, Temporalld shiall be

equal to 0.

The value of [emporalld shall be the same for all VCL NAL units of an access unit. The value of Tempgralld
of a coded plicture or an access unit'is the value of the Temporalld of the VCL NAL units of the ¢oded
picture or the access unit.

The value of[Temporalld forswon-VCL NAL units is constrained as follows:

— If NalUnjtType is'equal to SPS_NUT, Temporalld shall be equal to 0 and the Temporalld of the dccess
unit confaining-the NAL unit shall be equal to 0.

— Otherwipe; Temporalld shall be greater than or equal to the Temporalld of the access unit contgining

the NAL unit.

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
This
Anyd

ordet
ordef

7.4.2

A bit{

A CVP consists of one or more access units. Therorder of NAL units and coded pictur

aSSsod

The f]

7.4.2

This
for CY

decodling process as specified in Clauses 2 through 9.

An adg

The f]

Let fi

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

3.1 General

3.2 Order of access units and association to CVSs

tream conforming to this document consists of one 6r more CVSs.

iation to access units is described in subclause’7.4.2.3.3.

rst access unit of a CVS is an IDR access unit.

3.3 Order of NAL units and coded pictures and their association to access units
subclause specifies the orderof NAL units and coded pictures and their association to
/Ss that conform to oneor\more of the profiles specified in Annex A and that are decoc
cess unit consists.of one coded picture, and zero or more non-VCL NAL units.

rst accessunit in the bitstream starts with the first NAL unit of the bitstream.

rder of NAL units in the bitstream obeying these constraints is referred to\in the text as fthe decoding
of NAL units. Within a NAL unit, the syntax in subclauses 7.3.1, D.2,E.2 and specifies the decoding
of syntax elements. Decoders shall be capable of receiving NAL ufits and their syntax
decodling order.

elements in

es and their

access units
led using the

(stVclNalUnitlnAu be a VCL NAL unit that is the first VCL NAL unit of a coded picture

the d
any o

erived PlcOrderCntVal differs from the PlcOrderCntVal of the prev1ous coded picturg.

N4

and for which

The first of
L unit of the

previous coded plcture precedlng flrsthlNalUmtInAu if any, spec1f1es the start of a new access unit:

— S

PS NAL unit (when present),

— PPS NAL unit (when present),

— APS NAL unit (when present),

— S

EI 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 NalUnitType

in ther
UNSPE(C
unit of tl

NAL uni
unit of tl

7.4.3 Raw

7.4.3.1 SPS

sps_seq_par
value of sps |

inge of RSV_NONVCL29..RSV_NONVCL55, or NAL units with NalUnitType in the rar
| NUT56..UNSPEC_NUT62 are present in an access unit, they shall not follow the last V€
e access unit.

's having NalUnitType equal to FD_NUT in an access unit shall not precede, the first VCI
le access unit.

byte sequence payloads, trailing bits and byte alignment semantics

RBSP semantics

ameter_set_id provides an identifier for the SPS for refevence by other syntax element
seq_parameter_set_id shall be in the range of 0 to I5,4nclusive.

profile_idc indicates a profile to which the CVS conforms:as specified in Annex A. Bitstreams shd

contain valu
reserved for

level_idcind
values of lev
use by ISO/I

NOTE1 Agr

NOTE 2 Whe
provides the

es of profile_idc other than those specified“in Annex A. Other values of profile_id
future use by ISO/IEC.

icates a level to which the CVS conformis as specified in Annex A. Bitstreams shall not cd
b]_idc other than those specified infAnnex A. Other values of level_idc are reserved for f
EC.

eater value of level_idc indicates a higher level.

n the coded video seglience conforms to multiple profiles, profile_idc must indicate the profi
referred decoded.result or the preferred bitstream identification, as determined by the encode

manner nots

ecified in this doeument).

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

If a particulaf bitiin' syntax element toolset_idc_h is equal to 0, the corresponding, as per Annex A, SH
shall be equal‘to0.

ge of
L NAL

L NAL

5. The

11 not
c are

ntain
uture

e that
r (in a

S flag

Otherwise, when the bit value in syntax element toolset_idc_h is equal to 1, the corresponding, as per
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
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toolset_idc_l 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.

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 equal to
chroma_format_idc.

pic_width_in_luma_samples specifies the width of each decoded picture in units of luma samples.
pic_widthdntumma_samptes —shat—Tot—be—equat—to—0—and—shatt—be—am —imteger Jmultiple of

Max(|MinCbSizeY, 8 ).

pic_height_in_luma_samples specifies the height of each decoded picture in units”of luma samples.
pic_hpight_in_luma_samples shall not be equal to 0 and shall be an. integer |multiple of
Max(|MinCbSizeY, 8 ).

bit_depth_luma_minus8 specifies the bit depth of the samples of the luma array BitDepthy and the value
of thg luma quantization parameter range offset QpBdOffsety as folloWws:

BitDepthy =8 + bit_depth_luma_minus8 (37)
QpBdOffsety = 6 * bit_depth_luma_minus8 (38)
bit_depth_luma_minus8 shall be in the range of 0 to 8,\inclusive.

bit_depth_chroma_minus8 specifies the bit depth of the samples of the chroma arrays BjtDepth¢ and
the value of the chroma quantization parameter range offset QpBdOffsetc as follows:

BitDepth¢ =8 + bit_depth_chrotha_minus8 (39)
QpBdOffsetc = 6 * bit_depth ¢hroma_minus8 (40)
bit_depth_chroma_minus8 shall be in the range of 0 to 8, inclusive.

sps_btt_flag equal to A specifies that the binary and ternary splits are used. sps_btt_flag equal to 0
specifies that the binary’and ternary splits are not used and the quad split is only used.

log2 [ctu_size_minus5 plus 5 specifies the luma coding tree block size of each [CTU. When
log2_rtu_size\minus5 is not present, the value of log2_ctu_size_minus5 is inferred to be equal to 1. The
value of log2. ctu_size_minus5 shall be in the range of 0 to 2, inclusive.

Th ralal Ll 1 2C. L £l Ca AVA DioYAL Jal 1 L£4] AV4 Diollosclasl L£4] AV4 D S I Ctb Y
e varrapres CTIOLOZZSIZeY; CtoSizZeY, T TCVWW gt ctos Y, TTICITCIgNTHICTOSY; rreolzeln SY,

PicSizeInSamplesY, PicWidthInSamplesC, and PicHeightInSamplesC are derived as follows:

CtbLog2SizeY = log2_ctu_size_minus5 + 5 (41)
CtbSizeY =1 << CtbLog2SizeY (42)
MaxCbLog2Size11Ratio = CtbLog2SizeY (43)
MaxCbLog2Size12Ratio = MaxCbLog2Size1l1Ratio (44)
PicWidthInCtbsY = Ceil( pic_width_in_luma_samples + CtbSizeY ) (45)
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PicHeightInCtbsY = Ceil( pic_height_in_luma_samples + CtbSizeY )

PicS

PicS

izeInCtbsY = PicWidthInCtbsY * PicHeightInCtbsY

izeInSamplesY = pic_width_in_luma_samples * pic_height_in_luma_samples

PicWidthInSamplesC = pic_width_in_luma_samples / SubWidthC

PicHeightInSamplesC = pic_height_in_luma_samples / SubHeightC

The variable

(46)
(47)
(48)
(49)

(50)

s MaxTbLog2SizeY, MinTbLog2SizeY, MaxTbSizeY, and MinTbSizeY are derived as follows:

Max]

Min

Max]

Min

The variable]
for each chrq

If chrom

Otherwi

Ctb\

CtbHeightC = CtbSizeY / SubHeightC

log2_min_ch
log2_min_cb
log2_min_cb

The varig
PicSizeInMir]
derived as fd

Min

Min

TbLog2SizeY = 6
[bLog2SizeY = 2
TbSizeY =1 << MaxTbLog2SizeY
[bSizeY =1 << MinTbLog2SizeY

5 CtbWidthC and CtbHeightC, which specify the width and height, respectively, of the
ma CTB, are derived as follows:

a_format_idc is equal to 0 (monochrome), CtbWidth{and CtbHeightC are both equal t
ke, CtbWidthC and CtbHeightC are derived as follows:

VidthC = CtbSizeY / SubWidthC

_size_minus2 plus 2 specifies the minimum coding block size. |

size_minus2 is not presént, it is inferred to be equal to 0. The valu
| size_minus2 shall be in the.range of 0 to CtbLog2SizeY - 2, inclusive.

bles MinCbLog2SizeY, MinCbSizeY, PicWidthInMinCbsY, PicHeightInMin|
CbsY, MinCbLog2Sizel1Ratio, MinCbLog2Size12Ratio, and MinCbLog2Size14Rati
llows:

CbLog25izeY = 2 + log2_min_cb_size_minus2

CbSizeY =1 << MinCbLog2SizeY

(51)
(52)
(53)
(54)

array

b 0.

(55)
(56)
When

e of

CbsY,
are

(57)

(58)

PicWidthInMinCbsY = pic_width_in_luma_samples / MinCbSizeY

PicHeightInMinCbsY = pic_height_in_luma_samples / MinCbSizeY

PicS

izelnMinCbsY = PicWidthInMinCbsY * PicHeightinMinCbsY

MinCbLog2Size11Ratio = MinCbLog2SizeY

MinCbLog2Size12Ratio = MinCbLog2Size11Ratio + 1

MinCbLog2Size14Ratio = MinCbLog2Size12Ratio + 1
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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:

log2,

MaxCbLog2Size14Ratio = Min( CtbLog2SizeY - log2_diff ctu_max_14_cb_size, MaxTbLog2SizeY )

diff ctu_max tt ch _size specifies the difference hetween the luma caoding tree block

(65)

size and the

maxil

mum coding block size allowing ternary tree split. When log2_diff ctu_max_tt_cb_siz&ig

not present,

it is inferred to be equal to 0. The value of log2_diff ctu_max_tt_cb_size shall be in(th€ rfange of 0 to
CtbL¢g2SizeY - MinCbLog2Size14Ratio, inclusive.
The variable MaxTtLog2Size is derived as follows:

MaxTtLog2Size = Min( CtbLog2SizeY - log2_diff ctu_max_tt_cb_size; MaxTbLog2SizZeY)  (66)
log2 [diff min_cb_min_tt_cb_size_minus2 plus 2 specifies the differerice between the minjmum coding
blocf size and the minimum coding block size allowing ternary tree gplit. When
log2_{diff min_cb_min_tt_cb_size_minus2 is not present, it is, inferred to be equal to 0. The value of
log2_{diff min_cb_min_tt_cb_size_minus2 shall be in the range of 0 to
MaxT|tLog2Size - MinCbLog2SizeY - 1, inclusive.

The variable MinTtLog2Size is derived as follows:

MinTtLog2Size = MinCbLog2SizeY + 2 + log2_diff_ min_cb_min_tt_cb_size_minus2 (67)

sps_duco_flag equal to 1 specifies that the\split unit coding ordering is used. sps_suco_flgg equal to 0

specifies that the split unit coding ordering is not used.
log2 [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 orfler. When
log2_{iff_ctu_size_max_suco_¢€b;size is not present, it is inferred to be| equal to
CtbL¢g2SizeY - MinCbLog2SizeY. The value of log2_diff_ctu_size_max_suco_cb_size shall be|in the range
of 0 tp CtbLog2SizeY - MinCbLog2SizeY, inclusive.
The viariable MaxStucoLog2Size is derived as follows:

MaxSucoLog2Size = Min( CtbLog2SizeY - log2_diff_ctu_size_max_suco_cb_size, 6 ) (68)
log2 |diff max_suco_min_suco_cb_size specifies the difference between the maximum coding block size
allowingsplit-uni ing-ord d-the-minimumr ing-ble i owing-splitunit-doding order.

When log2_diff max_suco_min_suco_cb_size is not present, it is inferred to be equal to 0.

The value of

log2_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.

used.
When

sps_dmvr_fl
sps_dmvr_flg
sps_dmvr_flg

g ecqual to 1
O he §

g equal to 0 specifies that decoder-side motion vector refinement is not used.)
g is not presented, it is inferred to be equal to 0.

cpnr‘iﬁ'nc that decoder-side motion vector refinement can be

sps_mmvd_} 5 that

MMVD is nof

lag equal to 1 specifies that MMVD can be used. sps_mmvd_flag equal to 0 specifie
used. When sps_mmvd_flag is not present, it is inferred to be equal to 0.

sps_hmvp_f]
is not used. V

ag equal to 1 specifies that HMVP can be used. sps_hmvp_flag equal to.0 specifies that HMVP
Vhen sps_hmvp_flag is not present, it is inferred to be equal to 0«

sps_eipd_fla
to 0 specifieq

sps_ibc_flag
that the intr4

log2_max_ih
as follows:

log2
log2_max_ib

sps_cm_init]
sps_cm_init_

sps_adcc_fla
sps_adcc_flag
When sps_ad

For log2TbV]
MaxTbLog?2§

g equal to 1 specifies that the extended intra prediction medes'are used. sps_eipd_flag
that the extended intra prediction modes are not used.

equal to 1 specifies that the intra block copy can/bé.used. sps_ibc_flag equal to 0 spe
i block copy is not used. When sps_ibc_flag is notprésent, it is inferred to be equal to 0

c_cand_size_minus2 plus 2 specifies the maximum block size of the intra block copy

MaxIbcCandSize = 2 + log2_max_ib¢Zcand_size_minus?2
t_cand_size_minus2 shall be in'the range of 0 to 4, inclusive.

flag equal to 1 specifies that the context modeling and initialization processes are
flag equal to 0 specifies that the context modeling and initialization processes are not

g equal to 1 specifies that the advanced residual coding specified in subclause 7.3.8.8 is
r equal to 0 specifies that the run-length residual coding specified in subclause 7.3.8.7 is
cc_flag is niot-presented, it is inferred to be equal to 0.

Vidth-ranging from 1 to MaxTbLog2SizeY, inclusive, and log2TbHeight ranging fromn
iz€Y,inclusive, the array ScanOrder|[ sPos ] specifies the mapping of the zig-zag scan po

equal

cifies

mode

(70)

used.
1sed.

used.

used.

1 to
sition

from-0 tao- (1 inclusiva £o 1 ractan
Heth—u—6 T HerdShe—0—a—+aS

ter scan

sPos, ranginl

lac2ThHeaicht ) * (1 laa2ThWidih ) 1
108D egnt——= 1O 8- 1B vieth— 15

position rPos. 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.

sps_alf_flag equal to 1 specifies that the adaptive loop filter can be applied. sps_alf_flag equal to 0 specifies

that the nr]nphvn ]nnp filteris not npp]lnr‘]

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

sps_1jpl_flag equal to 1 specifies that syntax related to reference picture lists is present. sps_tpl_flag equal
to 0 gpecifies 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. §ps_pocs_flag
equal to 0 specifies that syntax related to picture order count is not présent.

sps_dquant_flag equal to 1 specifies that the improved, delta qp signalling procespes is used.
sps_dquant_flag equal to O specifies that the improved‘delta qp signalling process [s not used.
sps_dquant_flag shall be equal to 0 when both sps_btt_flag‘and sps_admvp_flag are equal to P.

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

log2 [max_pic_order_cnt_Isb_minus4 spécifies the value of the variable MaxPicOrderCntLsp that is used
in the decoding process for picture order count as follows:

MaxPicOrderCntLsb = 2¢0g2_max pic_order_cnt_Isb_minus4 + 4) (7 1)

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

log2 [sub_gop_length; when present, specifies the value of the variable SubGopLength that {s used in the
decodling process.for picture order count as follows:

SubGopLength = 2(log2 sub_gop length) (72)

The vialue nF]nG? cnh_gr\p ]nn(rﬂ'\ shallbe in the rangn of O to '-'\' inclusive When not prncnnf the Value Of
log2_sub_gop_ length is 1nferred 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
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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_re

in the CVS. Ig
or more cod

be equal to Q.

rpll_same_d
ref_pic_list_s

ng_tern_l_re_pics_ﬂag equal to 1 specifies that LTRPs may be used for inter predictjon
bd pictures in the CVS. When not present, the value of long_term_ref_pics_flag isdnféri

is_rpl0_flag equal to 1 specifies that the syntax structures num_ref pic_lists_in_sps[ 1
truct( 1, rplsldx, ltrpFlag ) are not present and the following applies:

jcture

hf one
ed to

] and

— The value of num_ref pic_lists_in_sps[1] is inferred to be «qual to the value of
num_ref] pic_lists_in_sps[ 0 ].
— The value of each of syntax elements in ref_pic_list_struct( 1, rplsldx, ltrpFlag ) is inferred to be equal

to the v
ranging

num_ref _piq
syntax struct
be in the ran
to be equal t

NOTE For e
num_ref_pic_|
one ref_pic_lig
picture.

picture_cro
SPS. picture
present.

picture_cro
picture_cro
process, in

from 0 to num_ref _pic_lists_in_sps[0] - 1.

_lists_in_sps|[ i ] specifies the number of the ref pic_list_struct( listldx, rplsldx, ltrp
ures with listldx equal to i included in the SPS. The value of num_ref pic_lists_in_sps[i ]
be of 0 to 64, inclusive. When not presentythe value of num_ref_pic_lists_in_sps[i] is inf
D 0.

hch value of listldx (equal to 0 or 1), a decoder must allocate memory for a total num
sts_in_sps[i] + 1 ref_pic_list_struet( listldx, rplsldx, ltrpFlag ) syntax structures since there d
t_struct( listldx, rplsldx, ltrpFlag) syntax structure directly signalled in the slice headers of a ¢

pping_flag equal to:d\specifies that the picture cropping offset parameters follow next
| cropping_flag equal to O specifies that the picture cropping offset parameters ar

b_left_offset, picture_crop_right_offset, picture_crop_top_offset
b_bottom_offset specify the samples of pictures in the CVS that are output from the dec
tetms of a rectangular region specified in picture coordinates for output. )

hlue of corresponding syntax element in ref_pic_list.struct( 0, rplsldx, ltrpFlag ) for rplsldx

Flag )
shall
erred

ber of
an be
irrent

n the
e not

and
bding
When

picture_cropping flag is equal to 0 the valune of picture crop left offset, picture crap right offset,

picture_crop_top_offset and picture_crop_bottom_offset are inferred to be equal to 0.The conformance

cropping window contains the luma samples with horizontal picture coordinates from
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 Qpc_iq‘r_ﬂ;lg is pqn;ﬂ to 0 the variables (‘hrnququhlp[ m ][ gPi ] with m hping Pqua] to 0 and
1, and qPi being in the range of -QpBdOffsetc to 57 are set equal to the value of Qp¢ as specified
in Table 5 based on the index qPi.

1+ Otherwise (sps_iqt_flagis equal to 1), the variables ChromaQpTable[ m ][ gPi ] withjm equal to 0
and 1, and gPi being in the range of -QpBdOffsetc to 57 set equal to the'value of Qp¢ as specified
in Table 6 based on the index qPi.

— Qtherwise, ChromaQpTable[ m ][ gPi ] with m being equal to 0 and-1, and qPi being in| the range of
4QpBdOffsetc to 57 are set equal to the value of gPi.

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

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

qP 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58
Qpe | 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)

qP <30 30 |31 |32 |33+ 34 |35 (36 |37 |38 |39 |40 |41 |42 |43 |[>43
Qpr | =qPi 29 |30 | 34p32 (33 |34 |35 |36 |37 |37 |38 |39 |40 |40 |[=qPi-3

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

same_qp_table_for_chroma equal to 1 specifies that only one chroma QP mapping table is gignalled and
applies to both«Cb-and Cr components. same_gp_table_for_chroma equal to 0 specifies that{ two chroma
QP mipping tables for Cb and Cr respectively are signalled in the SPS.

global ©offset_flag equal to 1 specifies that the first pivot point in the chroma QP mapping tables have an

inputlcoordinate of atleast 16 and output coordinate of atleast 16.-global offset flag equalto 0 specifies

that there 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]

}

Chr(I)manTable[ i][qpInVal[i][0]]=qpOutVal[i][ 0]

for(lk = gpInVal[i][ 0] - 1; k >= -QpBdOffsetc; k- - )

ChromaQpTable[ i ][ k] = Clip3( -QpBdOffsetc, 57, ChromaQpTable[ i [[ k+ 1,] =1 )

for(lj = 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<=qplnval[i][j+1]; k++ m+=+)
ChromaQpTable[i][ k] = ChromaQpTable[i][ gpInVal[ i ][§1,]+
(delta_gp_out_val[i][j+1]*m+sh) /(delta_gp_incval_minus1[i][j+1]+1)
}

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

When same_jgp_table_for_chroma is equal to 1, ChromaQpTable[ 1 ][ k] is set equal to
ChromaQpTable[ 0 ][ k] for k = -QpBdOffsetc..57.

The values df qpInVal[i][j] and gpOutval[ i ][ j ].shall be in the range of -QpBdOffsetc to 57, inclpsive,
fori=0..(same_qgp_table_for_chroma? 0: 1) andj = 0..num_points_in_qp_table_minus1[i].

vui_parameters_present_flag equal to 1 “specifies that the vui_parameters() syntax structure as

specified i AnnexE is present. <vui_parameters_present_flag equal to 0 specifies that the
vui_parametgrs( ) syntax structure as.$pecified in Annex E is not present.

7.4.3.2 PPS/RBSP semantics

pps_pic_parameter_settid identifies the PPS for reference by other syntax elements. The value of
pps_pic_pargdmeter_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 [value
of pps_seq_pprameter_set_id shall be in the range of 0 to 15, inclusive.

num_ref idx_default_active_minus1[i] plus 1, when i is equal to 0, specifies the inferred value of the
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)

68 © ISO/IEC 2020 - All rights reserved


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

ISO/IEC 23094-1:2020(E)

The value of additional_It_poc_Isb_len shall be in  the of to

32 -log2_max_pic_order_cnt_Isb_minus4 - 4, inclusive.

range
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.

Whe

sps._rlp flagis equal to 0, rpll idx present flag shall he equalto 0

singl
singlg
PPS.

The

num|

e_tile_in_pic_flag equal to 1 specifies that there is only one tile in each picture referrir
p_tile_in_pic_flag equal to 0 specifies that there is more than one tile in each pjcture ref

alue of single_tile_in_pic_flag shall be the same for all PPSs that are activated within a

tile_columns_minus1 plus 1 specifies the number of tile golumns partitioning

g to the PPS.
erring to the

LVS.

the picture.

num |
thev

tile_columns_minus1 shall be in the range of 0 to PicWidthInCtbsY - 1, inclusive. When
hlue of num_tile_columns_minus1 is inferred to be equal to/0.

not present,

num]tile_rows_minus1l plus 1 specifies the number Cof tile rows partitioning
num _|tile_rows_minus1 shall be in the range of 0 to PicHeightInCtbsY - 1, inclusive. When no
value of num_tile_rows_minus1 is inferred to be equalto*0.

the picture.
F present, the

The variable NumTilesInPic is set to

( nunp_tile_columns_minus1 + 1 ) * ( num_tilexrews_minus1 + 1).

equal

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

ise tile row
0 0 specifies
y across the
usl[i] and
ferred to be

unifd
boun
that {
pictu
tile_r
equal

rm_tile_spacing_flag equal to-1 specifies that tile column boundaries and likew
Haries are distributed unifermly across the picture. uniform_tile_spacing_flag equal

ile column boundaries and'likewise tile row boundaries are not distributed uniform
Fe but signalled explicitly using the syntax elements tile_column_width_min
bw_height_minus1[\i]. When not present, the value of uniform_tile_spacing_flag is ir
to 1.

tile_d
tile_c
inclu
num

olumn_width_minus1[i] plus 1 specifies the width of the i-th tile column in units of CTBs.
blumn_width_minus1 shall be in the range of 0 to PicWidthInCtbsY - num_tile_columng_minus1 - 1,
sive,~ "The sum of (tile_column_width_minus1[i]+1) for i ranging ffom O to
tilercolumns_minus1 - 1 is less than PicWidthInCtbsY.

tile_row_height_minus1[i] plus 1 specifies the height of the i-th tile row in units of 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_offset_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.

explicit_tile_id_flag equal to 1 specifies that tile ID for each tile is explicitly signalled. explicit_tile_id_flag

equaltoO0's

cifies that tile IDs are not nvp]ir‘iﬂy sionalled
o

tile_id_val[ i
tile_id_val[ i

For any integ
of 0 to num_
is not equal
j * (num_tile

The followin
specified in 4

— The list
width of]

— thelist K

of the j-th tile row in units of CTBs,

— the list
location

— thelistR

of the j-th tile row boundary in units of CTBs,

— the list (tbAddrRsToTs[ ctbAddrRs ] for ctbAddrRs ranging from 0 to PicSizeInCtbsY - 1, incl
specifying the conversign from a CTB address in the CTB raster scan of a picture to a CTB addr
the tile 4can,

— the list (tbAddrTsToRs[ ctbAddrTs ] for ctbAddrTs ranging from O to PicSizeInCtbsY - 1, incl
specifying the conversion from a CTB address in the tile scan to a CTB address in the CTB rastel
of a pictyiré;

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

rer m in the range of 0 to num_tile_columns_minus1, inclusive, and any integer n in the
ile_rows_minus1, inclusive, tile_id_val[ i ][ j ] shall not be equal to tile fd~val[ m ][ n ] W
to m or j is not equal to n, and tile_id_val[ i ][ j ] shall be less than-tilezid_val[ m ][ n ]
| columns_minus1 + 1) +iisless than n * ( num_tile_columns_minus1 + 1 ) + m.

g variables are derived by invoking the CTB raster and tile:Seanning conversion proc
ubclause 6.5.1:

the i-th tile column in units of CTBs,

lowHeight[ j ] for j ranging from 0 to num_tile Tows_minus1, inclusive, specifying the |

of the i-th tile column boundary_intunits of CTBs,

owBd] j ] forj ranging from(0to num_tile_rows_minus1 + 1, inclusive, specifying the loc

oth of

range
hen i
when

PSS as

ColWidth[i] for i ranging from 0 to num_tile_colimns_minus1, inclusive, specifying the

eight

ColBd[i] for i ranging from 0 to.faum_tile_columns_minus1 + 1, inclusive, specifying the

ation

1sive,
eSS in

1sive,
"scan

— the list Tileld[ ctbAddrTs ] for ctbAddrTs ranging from 0 to PicSizeInCtbsY - 1, inclusive, specifying
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,
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the conversion from a tile ID to the CTB address in tile scan of the first CTB in the tile,
inclusive, specifying the width of the i-th tile column in units of luma samples,

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

The values of ColumnWidthInLumaSamples|
inclusi e j
shall

all be

pic_dra_enabled_flag equal to 1 specifies that DRA is enabled for all decoded picture ref

PPS.
to 0, pic_dra_enabled_flag shall be equal to 0.

pic_dra_aps_id specifies the adaptation_parameter_set_id of the DRAAPS that is enabled
pictufes referring to the PPS.

The |Temporalld of the APS NAL unit having apse¢params_type equal
picture associated with the PPS.
Whe

to by
adapt

multiple APSs of DRA_APS type with the saniewalue of adaptation_parameter_set_id
two or more pictures within a CVS, the multiple APSs of type DRA_APS with the s
ation_parameter_set_id shall have the same content.

arbit]
in sli
elemd

rary_slice_present_flag equal to 1 §pecifies that the syntax element arbitrary_slice_fl
e headers referring to the PPS, arbitrary_slice_present_flag equal to 0 specifies the
ent arbitrary_slice_flag is not present in slice headers referring to the PPS.

consi
of 1
consf]
predi
mode

‘rained_intra_pred_flag equal to 0 specifies that intra prediction allows usage of deca
eighbouring coding’. blocks coded wusing either intra or inter predict
rained_intra_pred-flag equal to 1 specifies constrained intra prediction, in whic
ction only uses decoded samples from neighbouring coding blocks coded using int1
S.

cu_qp_delta _enabled_flag equal to 1 specifies that the log2_cu_qp_delta_area_minus6 synt
presgnt imthe PPS and that cu_qp_delta_abs and cu_qp_delta_sign_flag may be present in tl
unit $yfitaxX. cu_qp_delta_enabled_flag equal to O specifies that that the log2_cu_qp_delta_

to DR
adaptation_parameter_set_id equal to pic_dra_aps_id shall. béless than or equal to the Temy]

the list FirstCtbAddrTs| tileldx ] for tileldx ranging from 0 to NumTilesInPic - 1, inclusive, specifying
the lists ColumnWidthInLumaSamples[i] for i ranging from 0 to num_tile_columns_minusl,
the list RowHeightInLumaSamples[j] for j ranging from 0 to num_tile_rows_minus1, inclusive,

i] for i ranging from 0 to num_tile_columns_minus1,

s1, inclusive,

erring to the

bic_dra_enabled_flag equal to 0 specifies that DRA is not enabled for all decoded pictufres referring
to the PPS. When not present, pic_dra_enabled_flag is inferred to be equal to 0, When sps_drd

_flag is equal

for decoded

tA_APS and
oralld of the

are referred
me value of

Ag is present
t the syntax

ded samples
on modes.
h case intra
a prediction

X element is
he transform
Area_minus6

synt
in the transform unit syntax.

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

cuQpDeltaArea = log2_cu_qp_delta_area_minus6 + 6

1 e 4 P 4l DPDC a | N 1 | N H £l
XTCICNTCITT IS NOT PTESENT T TUIT T T o altd cu_gp_deita_aus alta cu_gp_dcIta_sign_Iiag arc not present

that 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_parampfpr_cpt_id prnvidpc an identifier for the APS for reference hy ather syntax elements.
APS NAL units with different values of aps_params_type use separate values spaces for
adaptation_parameter_set_id.
When aps_params_type is equal to ALF_APS or DRA_APS, the value of adaptation_paranieter_set_id shall
be in the range of 0 to 31, inclusive.
All APS NAL units with aps_param_type equal to ALF_APS and/ ‘& particular value of
adaptation_parameter_set_id within an access unit, shall have the same conterit.
All APS NAL units with aps_param_type equal to DRA_APS.-“and a particular valuye of
adaptation_parameter_set_id within a CVS, shall have the same content.
NOTE An APS NAL unit (with a particular value of adaptatiofi) parameter_set_id and a particular value of
aps_params_type) can be shared across pictures, and different slices within a picture can refer to different ALH APSs.
aps_params type specifies the type of APS parameters$icarried 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_extensipn_flag equal to 0 specifies that no aps_extension_data_flag syntax elements are present in
the APS RBSP syntax structure. aps_extension_flag equal to 1 specifies that there are
aps_extensign_data.flag syntax elements present in the APS RBSP syntax structure. Bitsteams
conforming tothis’version of this document shall have aps_extension_flag value be equal to 0.

aps_extension_data_flag may have any value. Its presence and value do not affect decoder conformance
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 byteisab

72

yte equal to OxFF.
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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

Thes

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

7.4.3.7 RBSP slice trailing bits semantics

caba

Let t
Deco

coded picture.

Let tH

The ¥
( Raw

NOTE
segmg
NumB

7.4.3
rbsp]

rbsp]

7.4.3

alignment jbit_equal_to_one shall be equal to 1.

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

he variable BinCountsInPicNalUnits be the number of times thatthe parsing proc
leBin( ), specified in subclause 9.3.4.3, is invoked to decode the conténts of all VCL N

e variable RawMinCuBits be derived as follows:

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

ralue of BinCountsIinNalUnits shall be less than or equal to (32 + 3 ) * NumBytesIn\
MinCuBits * PicSizeInMinCbsY ) + 32.

The constraint on the maximum number of bins resulting from decoding the contents of t
nt NAL units can be met by inserting a@@umber of cabac_zero_word syntax elements to increa
ytesInVcINalUnits.

8 RBSP trailing bits semantics
|stop_one_bit shall be equal to 1.

lalignment_zero,bit shall be equal to 0.

9 Byte alignment semantics

Let tl.l:e variable NumBytesInPicVcINalUnits be the sum of the values of NumBytesInNalUnjit for all VCL
NAL uinits of a coded picture.

ess function
AL units of a

:0)) (77)

'cINalUnits +

he coded slice
e the value of

align

744

ent_bit_equal_to_zero shalt be equat to -

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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header semantics

the value of the slice header syntax elements slice_pic_parameter_s

et 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_p

arameter_set_id shall be in the range of 0 to 63, inclusive.

single_tile_in_slice_flag equal to 1 specifies that there is only one tile in the slice. single_tile_in_slice_flag
equal to 0 rpprifipq that there is more than one tile in the slice. When not present the value of

single_tile_in

first_tile_id
tile_id_len_m
other coded
equal to 0.

When there
increasing vi

arbitrary_s
the picture

equal to 0 sp
When not pr

last_tile_id s
bits. When n

When arbitr
NumTilesIn§

first
first
last]
last]

delt.
if( 14

_slice_flag is inferred to be equal to 1.

specifies the tile ID of the first tile of the slice. The length of first. tile]
inus1 + 1 bits. The value of first_tile_id shall not be equal to the value of first_tile_id ¢
slice of the same coded picture. When not present, the value of first_tile idis inferred

s more than one slice in a picture, the decoding order of the sliees-in the picture shall
hlue of first_tile_id.

ice_flag equal to 1 specifies that the tiles in the slice may b€ any set of two or more ti

d the tile ID of each of the tiles is explicitly signalled iri.the slice header. arbitrary_slic
ecifies the tiles in the slice are identified by the syntax elements first_tile_id and last_t
esent, the value of arbitrary_slice_flag is inferred.tfo'be equal to 0.

pecifies the tile ID of the last tile of the slice, The length of last_tile_id is tile_id_len_minu;
pt present, the value of last_tile_id is inferred to be equal to first_tile_id.

hry_slice_flag is equal to 0, the variables numTileRowsInSlice, numTileColumnsInSlice
lice are derived as follows:

Tileldx = TileldToldx] first d¢ile_id ]

TileColumnldx = firstTileldx % ( num_tile_columns_minus1 + 1)
[ileldx = TileldToldx][ last_tile_id ]

[ileColumnldx = lastTileldx % ( num_tile_columns_minus1 + 1)

hTileldx = lastTileldx - firstTileldx
stTileldx €firstTileldx ) {
f( firstTileColumnldx > lastTileColumnldx )
deltaTileldx += NumTilesInPic + num_tile_columns_minus1 + 1
plSe

id is
f any
to be

be in

les of
e_flag
le_id.

1+1

b and

(78)

}els

dettaTiteldx—=NumTitesinPic
e 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:

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
}
}

num_remaining_tiles_in_slice_minus1 specifies the number of tiles in the slice excluding the first tile
of the—slee—The—value—of numremainingtiles—in-—sliceminust—shall be—in—the—range of 0 to

NumTilesInPic - 1, inclusive.

When arbitrary_slice_flag is equal to 1, the variable NumTilesInSlice is derived as follows:
NumTilesInSlice = num_remaining_tiles_in_slice_minus1 + 2 (80)

delta tile_id_minus1] i | specifies the difference between the tile ID of the (i + 1)-th tile and| the tile ID of
i-th tifle in the slice. The value of delta_tile_id_minus1[ i | shall be in the’range of 0 to 2(tile.id_lenf minus1+1) — 7,

inclusive.

Whe:,t arbitrary_slice_flag is equal to 1, the variable SliceTileldx[\] for i in the range 0 to NumTilesInSlice
-1, inclusive, is derived as follows:

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

slice]type specifies the coding type of the slicé according to Table 8.

Tablé.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|equal to 2.

no_output_oI_prior_pics_flag affects the output of previously-decoded pictures in the decoded picture
buffer after the decoding of an IDR picture that is not the first picture in the bitstream as specified in
Annex C.

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.

and

to 1.

to 1.

slice_alf_chr¢ma_idc shall be equal to 0.

slice_alf_lun
of luma co
adaptation_f

ha_aps_id specifies the adaptation_parameter_set_id.of.the ALF APS to be used for filt
mponent of the current slice. The Temporalld\“of the ALF APS NAL unit h
arameter_set_id equal to slice_alf luma_aps_id shall'be less than or equal to the Temp
of the codefl slice NAL unit. The value of alf luma_filter_signal_flag of the APS NAL unit h
aps_params_Jtype equal to ALF_APS and adaptation_parameter_set_id equal to slice_alf luma_aps_id
be equal to 1.

ering
aving
pralld
aving
shall

slice_alf_chrroma_aps_id specifies the adaptation_parameter_set_id of the ALF APS to be used in the

current slice
inclusive, an
Temporalld

shall be less

When ChromaArrayType is equal'to 3, the value of alf luma_filter_signal_flag of the APS NAL unit h

aps_params |
shall be equd

When ChromaArrayType is equal to 1 or 2, the value of alf chroma_filter_signal_flag of the APS NA

having apj
slice_alf _chr

for filtering of Cb chroma component, when ChromaArrayType is in the range from 1
l Cr chroma components when\ChromaArrayType is in the range from 1 to 2, inclusive
fthe ALF APS NAL unit having adaptation_parameter_set_id equal to slice_alf_chroma_j
than or equal to the Tempeoralld of the coded slice NAL unit.

type equal to ALF’APS and adaptation_parameter_set_id equal to slice_alf chroma_z
1to 1.

_params_type equal to ALF_APS and

ma aps_id shall be equal to 1.

adaptation_parameter_set_id equa

to 3,
. The
ps_id

aving
ps_id

|, unit
| to

slice_alf chroma2_aps_id specifies the adaptation_parameter_set_id of the ALF APS to be used for
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.

slice alf chromaZ map ﬂag equal to 1 specifies that adaptlve loop fllter appllcablllty map for Cr
2 e loop filter

log2_
inferi

ref_p|
based
in thd

pictu

equal
num |
rpll_

ref p

rep_p

ref

synta
rplslq

list
Ceil(

inferi

num

ref_p_
_pic_list_idx[ 0.

ref

The ¥

"ablllty map for Cr component

|pic_order_cnt_lsb when present, specifies the picture order count modulo.MaxPicOrd

is not 51gnalled When not present th|

alf_chroma2_map_flag is inferred to be equal to 0.

current picture. The length of the slice_pic_order_cnt Isb-) syntax
max_pic_order_cnt_Isb_minus4 + 4 bits. When not present, the valueof slice_pic_ord
ed to be equal to 0.

| on one of the ref_pic_list_struct( listldx, rplsldx, ItrpFlag }'syntax structures with list
 active SPS. ref_pic_list_sps_flag[ i] equal to 0 specifiesithat reference picture listi o
Fe is derived based on the ref_pic_list_struct( listldx, rplsldx, ltrpFlag ) syntax structur

to i that is directly included in the sliCe™ headers of the current pidg
ref_pic_lists_in_sps[i] is equal to 0, the value ofaef pic_list_sps_flag[i] shall be equg
dx_present_flag is equal to 0 and refipic_list_sps_flag[0] 1is present, th
c_list_sps_flag[ 1] is inferred to be equal toe,ref_pic_list_sps_flag[ 0 ]. When not present
ic_list_sps_flag[ i ] is inferred to be equalto 0.

lic_list_idx[ i ] specifies the index, into the list of the ref pic_list_struct( listldx, rplsl
x structures with listldx equal-to i included in the active SPS, of the ref _pic_list_s
Ix, ItrpFlag ) syntax structure with listldx equal to i that is used for derivation of refer
i of the current picture. The syntax element ref pic list.idx[i] is repr
[.og2( num_ref_pic_lists\in_sps[i])) bits. When not present, the value of ref pic_]
ed to be equal te 0. The value of ref pic_list.idx[i] shall be in the ran
ref_pic_lists_in_spS|i] -1, inclusive. When rpll_idx_present flag is equal

c_list_sps_flag[(0] is present, the value of ref pic_list.idx[1] is inferred to 1

ariable SliceRplsldx[i] is derived as follows:

SliceRplsldx[ i | = ref_pic_list_sps_flag[ i ] ? ref_pic_list_idx[ i ] : num_ref _pic_lists_in

erCntLsb for
element s
er_cnt_Isb is

lic_list_sps_flag[i] equal to 1 specifies that reference picture-list’ of the current pictulre is derived

dx equal to i
f the current
b with listldx
ture. When
1 to 0. When
b value of

the value of

1x, ItrpFlag )
fruct( listldx,
ence picture
esented by
ist_idx[i] is

ge of 0 to

to 0 and
be equal to

fsps[i] (83)

additional_poc_lsb_present_flag[ i ][ j ] equal to 1 specifies that additional_poc_Isb_val[ i ][ j ] is present.

additional_poc_lsb_present_flag[ i ]

i
[j] equal to O specifies that additional_poc_lsb_val[

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_lsb_It[ i ][ SliceRplsIdx[i] ][]

i][j] is not

+

(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 value ofjnum_ref idx_active_minus1][i ] shall be in the range of 0 to 14, inclusive.

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

Foriequal tg O or 1, when the current slice is a B slice and num_ref_idx_active_override_flag is equal to 0,
NumRefldxActive[i] is inferred to be equal to num_ref_idx_default_active_minus1[i] + 1.

When the |current slice is a P slice and num_ref idx_active-override_flag is equal fo O,
NumRefldxActive[ 0 ] is inferred to be equal to num_ref idx_default_active_minus1[ 0 ] + 1.

When the cufrent slice is a P slice, NumRefldxActive[ 1 ] is inferré&d to be equal to 0.

When the culrrent slice is an I slice, both NumRefldxActive[\0 | and NumRefldxActive[ 1 ] are inferred to
be equal to (.

temporal_mvp_assigned_flag specifies whether temporal motion vector predictors derivation prjocess
is to be configured with additional parameters signalled in the bitstream. When not present, the vajue of
temporal_myp_assigned_flag is inferred to be equal to 0.

col_pic_list_jdx specifies the referencepicture list for currently coded slice for the derivatipn of
collocated plicture for purposes of(temporal motion vector prediction. When col_pic_list_idx is not
present, and|slice_type is equal to P the col_pic_list_idx is inferred to be equal to 0. When col_pic_list_idx
is not present, and slice_type is&gual to B the col_pic_list_idx is inferred to be equal to 1.

col_source_mvp_list_idx ‘specifies the reference picture list in collocated location for the derivation of
motion vegtor candidate for purposes of temporal motion vector prediction. When
col_source_mvp_list_idx is 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_idx

refers to a ctiirain RafPiclictl cal niec lict idv 1 aftha currant mictnien Aand tha valua of ~a] i - fldX
pleture-inRefPickistf col pic istidsw}of the current pictureand-the value of colpicref

shall be in the range of 0 to num_ref_idx_active_minus1[ col_pic_list_idx ], inclusive. When col_pic_ref_idx
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)
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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)

The value of slice_beta_offset shall be in the range of -12 to +12, inclusive. When slice_beta_offset is not

presentin the slice header the value of slice_beta_offset shall be inferred to he pqnnl to

slice]
The v

slice]
used
be in

entry
tile_o
subsé
slice
the c
firstB
as:

The |

coded slice data.

qp specifies the luma quantization parameter value, Qpy to be used for the codingblocK
alue of slice_gp shall be in the range of 0 to 51, inclusive.

cb_gp_offset and slice_cr_qp_offset specify the offsets to the luma quantization pa
for deriving Qpcy and Qpcr, respectively. The values of slice_cb_qp_offsetiand slice_cr_q
the range of =12 to +12, inclusive.

r_point_offset_minus1][i] plus 1 specifies the i-th entry point offset in bytes, and is re
ffset_len_minus1 plus 1 bits. The slice data that follow theslice header consists of Nur
ts, with subset index values ranging from 0 to NumTilesInSlice - 1, inclusive. The firs
Hata is considered byte 0. Subset 0 consists of bytes 0,to.entry_point_offset_minus1[ 0 ]
pded slice data, subset k, with k in the range of 1 to-NumTilesInSlice - 2, inclusive, con
yte[ k] to lastByte[ k ], inclusive, of the coded slice data with firstByte[ k ] and lastByt

firstByte[ k] =Y.X_, (entry_point_offsef“minus_1[n — 1] + 1)
lastByte[ k ] = firstByte[ k ] + entry_point_offset_minus1[ k ]

hst subset (with subset index equal to NumTilesInSlice - 1) consists of the remaining

s in the slice.

rameter Qpy
p_offset shall

bresented by
nTilesInSlice
t byte of the
inclusive, of
sists of bytes
e[ k] defined

(88)
(89)

bytes of the

Each subset shall consist ef all coded bits of all CTUs in the slice that are within the same til¢.

7.4.6| Adaptive logp)filter data semantics

alf lyma_filterisignal_flag equal to 1 specifies that a Iluma filter set i$ signalled.
alf_lutza_filter_signal_ﬂag equal to 0 specifies that a luma filter set is not signplled. When
alf_luma_ filter_signal_flag is not present, it is inferred to be equal to 0.
alf_chroma_fitter_sigmal_fltag—equal —to T specifies that _chroma fitter 15 signalled.

alf 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[]1={0,0,1,0,0,2,3,4,0,0,5,6,7}

(90)

Otherwi

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

alf luma_co
deltas for f
alf luma_cod

The

Ceil( Log2( dlf_luma_num_filters_signalled_minus1 + 1) ) bits.

alf luma_fix
entries alf 1u

1 specifies alll new filters use fixed filter and all entries of alf ldm4d_fixed_filter_usage_flag[ i ] are set

to 1. alf lunm

signalled value of alf_luma_fixed_filter_usage_flag[ i ] syntax elements. The value i shall be in the

from 0 to Nu
alf luma_fixe

alf luma_fix
alf_luma_fixd
present,
alf luma_fixe
equal to 1 if

alf luma_fix
shall bein a

alf luma_co
and syntax ¢
that alf lumg

Se (alf_luma_type_flag is not equal to 0), the following applies:

pff_delta_idx[ i ] specifies the indices of the signalled adaptive loop filterluma coeff
he filter class indicated by i ranging from 0 to NumAlfFilterssd, inclusive. )
ff delta_idx[i] is not present, it is inferred to be equal to 0.

codeword length of alf_luma_coeff _delta_idx[ i ]

ed_filter_usage_pattern equal to O specifies that new(filters do not use fixed filter a
ma_fixed_filter_usage_flag[ i ] are set equal to 0. alfduma_fixed_filter_usage_pattern eq

a_fixed_filter_usage_pattern equal to 2 specifies that usage of fixed filter is defing

mAlfFilters - 1, inclusive. The order k ofthe exp-Golomb code used to decode the va
d_filter_usage_pattern is equal to 0.

ed_filter_usage_flag[i] equal “to 1 specifies i-th filter uses fixed
d_filter_usage_flag[ i ] equal to\0’specifies i-th filter does not use fixed filter. When it
lf luma_fixed_filter_usage_flag[i ] is inferred to be equal to 0
d_filter_usage_pattern i§ equal to 0 and alf luma_fixed_filter_usage_flag[ i ] is inferred
hlf luma_fixed_filter usage_pattern is equal to 1.

ed_filter_set_idx specifies a fixed filter set index. The value of alf luma_fixed_filter_s

range of 0 to 15, inclusive.

lements alf luma_coeff _flag[i] are signalled. alf luma_coeff delta_flag equal to 0 ind
_coeff delta_prediction_flag may be signalled and syntax elements alf luma_coeff _flag|

(o1)

icient
When

is

nd all
ual to
equal
ed by
range
ue of

filter.

S not
if
to be

bt_idx

pff_delta_flag equal to 1 indicates that alf_luma_coeff_delta_prediction_flag is not signalled

cates
] are

not signalled:

alf luma_coeff_delta_prediction_flag equal to 1 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 = expGoQrderY[i] 93)

alf_lyma_coeff _flag[i] equal to 1 specifies that the coefficients of the luma filter indicqted by i are
signatled. alf luma_coeff _flag[ i ] equal to 0 specifies that all filter coefficients of the luma filter indicated
by i afre set equal to 0. When not present, alf_luma_coeff flag[i] is set equal to 1.

alf luma_coeff_delta_abs[ i ][ j ] specifies the absolute value of the j-th coefficient delta of the signalled
lumalffilter indicated by i. When alf_luma_coeff delta_abs[i][j ] is not present, it is inferred tjo be equal to
0.
The grder k of the exp-Golomb binarization uek(v) is derived asfollows:
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 af follows:

— Ifjalf luma_coeff _delta_sign_flag[ i |[j¢,is equal to 0, the corresponding luma filter coefficient has a
pgative value.

=}

— Ottherwise (alf_luma_coeff_ delta_sign_flag[i][j] is equal to 1), the corresponding| luma filter
pefficient has a positive yalue.

(@)

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,
j = 0.NumAlfCoefs= 2 is initialized as follows:

filter€oefficients[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
filter set with i = 1..alf luma_num_filters_signalled_minus1 and j = 0.NumAlfCoefs - 2 are 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:

© ISO/IEC 2020 - All rights reserved 81


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

ISO/IEC 23094-1:2020(E)

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 ][ j ] += filterCoefficients[ alf_luma_coeff_delta_idx] filtldx ] ][ coefPosMap[j]-1] (100)

101)

102)

— Theluma filter coefficients AlfCoeff.[ adaptation_parameter_set_id ][ filtldx ][ j ] is derived asfellows:
AlfCoeffi[ adaptation_parameter_set_id ][ filtldx ][ j ] = outCoef][ j ]

The fixed filfer coefficients AlfFixFiltCoeff[i][j] with i=0..63, j=0..11 and the class)to filter mapping

AlfClassToFi|tMap[ m ][ n ] with m = 0..24 and n = 0..15 are defined as follows:

AlfFixFiltCodff[i][j] =

{
{ 0, 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, 0, 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, 66-%
{ -12, -2 1, -19, -5, 8, 66, 80, -2, -25, 20, A8,
{ 2, 8| -23, -14, -3, -23, 64, 86, 35, -17, -4, 9 },
{ 12, 4l -39, -7, 1, -20, 78, 13, -8, 11, -42,\\98 },
{ 0, 31 -4, 0, 2, =1, 6, 0, 0, 3, =8y 11 1},
{ 4, -7 -25, -19, -9, 8, 86, 65, -14, -7,077, 97 1,
{ 3, 31 2, -30, 6, -34, 43, 71, -10, B(N"23, 77 },
{ 12, -3| -34, -14, -5, -14, 88, 28, -12, 8 -34, 112 },
{ -1, e 8, -29, 7, -27, 15, 60, -4,53°6, -21, 39 },
{ 8, -1} -7, -22, 5, -41, 63, 40, -13¢ 7, -28, 105 1},
¢ 1, 3 -5, -1, 1, -10, 12, ~-1,_7%, 3, -9, 19},
{ 10, -1} -23, -14, -3, -27, 78, 24,214, 8, -28, 102 },
{ 0, o -1, 0, 0, -1, 1, 0, 0, 0, 0, 13,
¢ 7, 3 -19, -7, 2, -27, s51..U8, -6, 7, -24, 64},
{ 11, -10f -22, -22, -11, -12, §7,\" 49, -20, 4, -16, 108 },
{ 17, -2| -69, -4, -4, 22, 1067 31, -7, 13, -63, 121 },
( 1, 4f -1, -7, 5, -26%_ 24, O, 1, 3, -18, 51 },
{ 3, 5| -10, -2, 4, AT} 17, 1, -2, 6, -16, 27 I,
{ 9, 2| -23, -5, 6,%4k, 90, 22, 1, 7, -39, 121 },
{ 4, 5| -15, -2, N\ r22, 34, -2, -2, 7, -22, 48},
{ 6, gl -22, -3, 4; -32, 57, -3, -4, 11, -43, 102 },
{ 2, 5| -11, 1/)N2, -46, 64, -32, 7, 4, -31, 85},
{ 5, 5| -12, &\ 6, -48, 74, -13, -1, 7, -41, 129 },
{ OI 1 -1, OI 1, 73/ 2/ 0/ 0/ 1, 73/ 41,
{ -1, 3| 16742, 6, -16, 2, 105, 6, 6, -31, 43},
¢ 7, 8| »2n -4, -4, -23, 46, 79, 64, -8, -13, 68 },
{ -3, 12| \&4, -34, 14, -6, -24, 179, 56, 2, -48, 15 },
{ 8, 0, -Io, —Zo, -1, =Z9Y, 03, s4, ’ -3, —13, 94 1,
{ -3, -1, 22, -32, 2, -20, 5, 89, 0, 9, -18, 40 },
{ 14, 6, -51, 22, -10, -22, 36, 75, 106, -4, -11, 56 },
{ 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},
¢of 1, 2, 4 5, 6 7, 9, 11, 16, 25, 27, 28, 31, 32, 47V,
¢sf 7, 9, 11, 12, 14, 15, 16, 17, 18, 19, 21, 22, 27, 31, BF 3,
(7t 8, 9, 11, 14, 15, 16, 17, 18, 19, 22, 23, 24, 25, 35. %6},
{7, s, 11, 13, 14, 15, 16, 17, 19, 20, 21, 22, 23, 24, 2B 27 1,
(1} 2, 3, 4 6, 19, 29, 30, 33, 34, 37, 41, 42, 44, (4%, 54 ),
(1, 2, 3, 4, 6 11, 28, 29, 30, 31, 32, 33, 34, 37 471, 63},
(of 1, 4 6 10, 12, 13, 19, 28, 29, 31, 32, 34, 235/ 36, 37},
{6 9, 10, 12, 13, 16, 19, 20, 28, 31, 35, 36, 37,\86, 39, 52},
(7t s, 10, 11, 12, 13, 19, 23, 25, 27, 28, 31, 35)\\36, 38, 39},
(1} 2, 3, 5, 29, 30, 33, 34, 40, 43, 44, 46, (547 55, 59, 62 },
(1} 2, 3, 4, 29, 30, 31, 33, 34, 37, 40, 41,\43, 44, 59, 61 },
¢of 1, 3, 6 19, 28, 29, 30, 31, 32, 33, 34n 37, 41, 44, 61},
{1 6, 10, 13, 19, 28, 29, 30, 32, 33, 34,,,3% 37, 41, 48, 52 },
(of s, 6 10, 19, 27, 28, 29, 32, 37, 38x<40, 41, 47, 49, 58 },
(1, 2, 3, 4, 11, 29, 33, 42, 43, 44, 45/ 46, 48, 55, 56, 59 },
gof 1, 2, s, 7, 9, 29, 40, 43, 44, 45, 47, 48, 56, 59, 63},
(of 4 5, 9, 14, 19, 26, 35, 36, A43“45, 47, 48, 49, 50, 51 },
{9} 11, 12, 14, 16, 19, 20, 24, 26, 36/ 38, 47, 49, 50, 51, 53},
{7, s, 13, 14, 20, 21, 24, 25, 26,27, 35, 38, 47, 50, 52, 53},
{1} 2, 4, 29, 33, 40, 41, 42, 43, 44, 45, 46, 54, 55, 56, 58 },
{ 2} 4, 32, 40, 42, 43, 44, 45, M6, 54, 55, 56, 58, 59, 60, 62 },
{of 19, 42, 43, 45, 46, 48, 545555, 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,.46, 52, 53, 56, 57, 59, 61, 62, 63},

The last filter coefficients AlfCoeffi[ adaptation_parameter_set_id ][ filtldx ][ 12 ] for
filtldx = 0..NumAlfFilters — 1 are derived as follows:

AlfCoeffi[ adaptation_parameter_set_id ][ filtldx ][ 12 ] =
512 - Xk ( AlfCoeffi[ adaptation_parameter_set_id ][ filtldx ][ k] << 1), with k = 0.NumAIfCog¢fs - 2 (104)

The yalues of\AlfCoeff.[ adaptation_parameter_set_id ][ filtldx ][ j] with filtldx = 0..NumAlfFilters - 1,
j=0.11 _shall be in the range of -29 to 29-1, inclusive and the | values of
AlfCoeffi[‘adaptation_parameter_set_id ][ filtldx ][ 12 ] shall be in the range of —210 to 210 - 1, inclusive.

alf chroma_min_eg_order_minus1 plus 1 specifies the minimum order of the exp-Golomb code for
chroma filter coefficient signalling. The value of alf_chroma_min_eg_order_minus1 shall be in the 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 order k of the exp-Golomb binarization uek(v) is derived as follows:

golambOrderldxC[]={0,0,1,0,0,1} 107)
k = ¢xpGoOrderC[ golombOrderldxC[j]] 108)
alf_chroma Jcoeff_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 a
negative|value.

— Otherwige (alf_chroma_coeff_sign_flag[ j | is equal to 1), the corresponding chroma filter coeffjcient
has a pogitive value.

When alf_chroma_coeff _sign_flag] j ] is not present, it is inferred-to be equal to 1.

The chroma filter coefficients  AlfCoeffc[ adaptation_parameter_set_id] with  elements
AlfCoeffc[ adpptation_parameter_set_id ][ j ], with j =.0.{5’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 last filter coefficient for j = 6 is derived as follows:

AlfCoeffc[ adaptation_parameter_set_id ][ 6 ] =
512 - 3k ( AlfCoeff¢[ adaptation_parameter_set_id [[ k] << 1), withk=0..5 110)

The values of AlfCoeffc[ adaptation_parameter_set_id ][ j | with

altldx = 0..alf_chroma_puim alt_filters_minus1, j = 0..5 shall be in the range of -29 to 29 - 1, inclusive and
the values of]|AlfCoeffc[\adaptation_parameter_set_id ][ 6 ] shall be in the range of —210 to 210 - 1, inclpsive.

7.4.7 DRA|data-semantics

dra_descriptorl specifies the number of bits used to represent the integer part of the DRA scale
parameters signalling. The value of dra_descriptorl shall be in the range of 0 to 15, inclusive. 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 specified by the
syntax element dra_delta range[j]

dra_global_offset specifies that the starting codeword position utilized to derive, th¢ DRA table,
InDrgRange[ 0]. The value of dra_global offset shall be in the  -range |of 1 to
Min( {1023, (1 << BitDepthy) - 1), inclusive.

dra_delta_range| j | specifies the size of the j-th range in codewords whichris-utilized to defrive the DRA
table/ for j in the range of 0 to dra_number_ranges_minus1, inclusive. Thesvalue of dra_dglta_range[j ]
shall pe in the range of 1 to Min( 1023, ( 1 << BitDepthy) - 1), inclusive:
The variable InDraRange[ 0 ] is initialized as follows:

InDraRange[ 0 ] = dra_global_offset << Max( 0, BitDepthy - 10 ) (112)

The yariable InDraRange[j ] for j in the range of 1<tovdra_number_ranges_minusl + 1, ihclusive, 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)

It is ja requirement of the bitstream conformance that InDraRange[j] shall be in thd range 0 to
(1 <4 BitDepthy) - 1, inclusive,

dra_gcale_value| j | specifies the DRA scale value associated with j-th range of the DRA table| The number
of bits used to signal drasscale_value[ j ] is equal to numBitsDraScale.

dra_gb_scale_value specifies the scale value for chroma samples of the Cb component utilized to derive
the DRA table. The-humber of bits used to signal dra_cb_scale_value is equal to numBitsDra$cale.

dra_¢r_scale>value specifies the scale value for chroma samples of the Cr component utilized to derive
the DIRA table. 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,
dra_cb_scale_value and dra_cr_scale_value shall not be equal to 0. In 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

The variable OutRangesL[adaptation_parameter_set_id ][ 0 ]

numOutRangesL is set equal to dra_number_ranges_minus1 + 1.

is set equal to O,

OutRangesL[ i], for i in the range of 0 to numOutRangesL, inclusive, are derived as follows:

OutRa

outDelta = dra_scale_value[i - 1] * (InDraRange[ i ] - InDraRange[i-1]) (
ngesL[ adaptation_parameter set id J[i] =
OutRangesL[ adaptation_parameter_set_id ][i- 1] + outDelta (

The variable
and DraOff
dra_number}|

invSca
invSca
InvLur
diffVal

DraOff{

The variable

OutRan

When Chron
subclause 8.
OutRangesL
of chroma of

7.4.8 Refe

The ref_pic_list_struet( listldx, rplsldx, ltrpFlag ) syntax structure may be present in an SPS or in §

header. Depd

s denoting DRA scale and offset values, InvLumaScales[ adaptation_parameter/set_id

Sets| adaptation_parameter_set id ][i] respectively, for i in the range of
[ranges_minus1, inclusive, are derived as follows:
ePrec=18 (
e=((1 << invScalePrec) + (dra_scale_val[i] >> 1)) /dra_ seale_val[i]
haScales[ adaptation_parameter_set_id ][ i ] = invScale (
= OutRangesL[i+ 1] *invScale (
ets[ adaptation_parameter_set_id [[i1] = ( ( InDraRange[ i +1 ] << invScalePrec ) - diffVal +

( 1<<(dra_descriptor2 - 1)) }>> dra_descriptor2

gesL[ adaptation_parameter_set_id |[i}= ( OutRangesL[ adaptation_parameter_set_id ][ i] +
(1 << (dra_descriptor2 - 1)) ) >> dra_descriptor2

haArrayType is not equal\to’0, the process of deriving output chroma DRA paramet
.7 is invoked with array’of luma scale values dra_scale_val[ ], array of luma range v

], and chroma index\eldx as inputs, and array of chroma scale values OutScalesC[ ][ ],
fset values OutQffsetsC[ ][ ] and array of chroma range values OutRangesC][ ][ ] as outp

rence picture list structure semantics

ending on whether the syntax structure is included in a slice header or an SPS, the foll¢

applies:

the variable

115)

116)
111,
1 to
117)
118)
119)

120)

121)

OutRangesL[i], foriin the range of 0 tonumOutRangesL, inclusive, are modified as follows:

122)

Prs in
alues
array
uts.

slice
wing

— Ifpresentin aslice header, the ref_pic_list_struct( listldx, rplsldx, ltrpFlag ) syntax structure specifies

referenc

e picture list listldx of the current picture (the picture containing the slice).

86

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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strp_entries| listldx ][ rplsldx] specifies the number of STRP

entries

-1:2020(E)

in the

ref_pic_list_struct( listldx, rplsldx, ItrpFlag) syntax structure. When not present, the value of

num_

Itrp_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_

Itrp_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_

The v

Itrp_entries| listldx ][ rplsldx ] is inferred to be equal to 0.

ariable NumEntriesInl icf[ ]icﬂdv][ rp]clr‘v] is derived as follows:

NumEntriesInList[ listldx ][ rplsldx | =

num_strp_entries[ listldx ][ rplsldx ] +num_ltrp_entries][ listldx ][ rplsldx ] (123)
The | value of NumEntriesInList[listldx ][ rplsldx] shall be in thé range [ of 0 to
sps_max_dec_pic_buffering_minus1, inclusive.
It_ref pic_flag[ listldx ][ rplsldx ][i] equal to 1 specifies that’ the i-th entfy in the
ref_plc_list_struct( listldx, rplsldx, ltrpFlag ) syntax structure is an LTRP entry.
It_ref] pic_flag[ listldx ][ rplsldx ][i] equal to O specifies.—~that the i-th entfy in the
ref_pic_list_struct( listldx, rplsldx, ltrpFlag ) syntax structureiissan STRP entry. When not|present, the

valug

The
Numl

delta
ref p
pictu
the i-
synta
refer
ref p

The

strp_|
ref p
strp_
ref p
strp_

of It_ref_pic_flag[ listldx ][ rplsldx ][ i ] is inferred to,bé.equal to 0.

sum of It_ref pic_flag[listldx ][ rplsldx][i] <4or” all values of i in the rang
EntriesInList[ listldx [ rplsldx | - 1, inclusive, shall be equal to num_ltrp_entries| listld

| poc_st[ listldx |[ rplsldx ][i], when »(the i-th entry is the first STRP
c_list_struct( rplsldx, ItrpFlag ) syntax, structure, specifies the absolute difference

e order count values of the currentpicture and the picture referred to by the i-th en
th entry is an STRP entry but notthe first STRP entry in the ref _pic_list_struct( rplsl
x structure, specifies the absolute difference between the picture order count values o
‘ed to by the ith> entry and by the previous STRP entr)
c_list_struct( listldx, rplsldx, ltrpFlag ) syntax structure.

alue of delta_poc,stflistldx ][ rplsldx ][ i ] shall be in the range of —215 to 215 - 1, inclus

entry_sign_flag[ listldx ][ rplsldx ][i] equal to 1 specifies that i-th entry in the synf
c_list_struct(listldx, rplsldx, ltrpFlag) has a value greater than or eq
entry_sign) flag|[ listldx ][ rplsldx | equal to O specifies that the i-th entry in the synt
c_list struct( listldx, rplsldx, ItrpFlag ) has a value less than 0. When not present,
brtry_sign_flag[i][j ] is inferred to be equal to 1.

e of 0 to
x ][ rplsldx ].

entry in
between the
[ry, or, when

dx, ItrpFlag )

[ the pictures
;' in  the

ive.

ax structure
ual to O.
ax structure
the value of

The list DeltaPocSt[ listldx ][ rplsldx ] is derived as follows:

for(i=0; i< NumEntriesInList[ listldx ][ rplsldx ]; i+ + ) {
if( Ut_ref_pic_flag[i][ Rplsldx[i]][j])
DeltaPocSt[ listldx ][ rplsldx ][ i ] = ( strp_entry_sign_flag[ listldx ][ rplsldx ][i] ) ?

(124)

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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7.4.9.1 Gen
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data semantics

eral slice data semantics

end_of_tile_one_bit shall be equal to 1.

7.4.9.2 Coding tree unit semantics

The CTU is the root node of the coding structure.

The a

y =y0..y0 +
follows:

IsCo

alf_ctb_flag]|
filter is appl
( xCtb, yCtb }
adaptive loo
location ( xC

When alf _ctl
equal to slicq

alf_ctb_chroma_flag[ xCtb >> CtbLog2SizeY ][ yCtb >> CtbLog2SizeY ] equal to 1 specifies tha

adaptive loo
at location (
specifies tha
of the coding

When alf_ctl
to be equal t

h e 1 - I | LI | £ ray £ Vol B 4 [aYall L)
Tay IsCodea[ X1y, WItIT X =xUXUF (T << CtocogZsizey J;

1 << CtbLog2SizeY ), specifying whether the sample at (x,y) is coded is initializ

ded[x][y] = FALSE

xCtb >> CtbLog2SizeY ][ yCtb >> CtbLog2SizeY | equal to 1 specifies-that the adaptive
ed to the coding tree block of the luma component of the codingtree unit at luma loc
. alf_ctb_flag[ xCtb >> CtbLog2SizeY ][ yCtb >> CtbLog2SizeY ] €qual to 0 specifies ths
p filter is not applied to the coding tree block of the luma pf\the coding tree unit at
b, yCtb ).

h_flag[ xCtb >> CtbLog2SizeY ][ yCtb >> CtbLog2SizeY,] 'is not present, it is inferred
_alf_enabled_flag.

b filter is applied to the coding tree block ofthe Cb chroma component of the coding tre
kCtb, yCtb ). alf_ctb_chroma_flag[ xCtb >=\CtbLog2SizeY ][ yCtb >> CtbLog2SizeY ] equs
[ the adaptive loop filter is not appliedito the coding tree block of the Cb chroma comp
tree unit at location ( xCtb, yCtb ).

_chroma_flag[ xCtb >> CtbLog2SizeY ][ yCtb >> CtbLog2SizeY ] is not present, it is inf]
b sliceChromaAlfEnabledFlag.

and
ed as

125)

loop
ation
it the
luma

to be

k the

e unit
l1to 0
bnent

erred

alf_ctb_chroma2_flag[ xCtb >> CtbLog2SizeY ][ yCtb >> CtbLog2SizeY ] equal to 1 specifies that the

adaptive loo
at location (
0 specifies th
of the coding

When alf_cth
to be equal t

b filter is applied tojthe coding tree block of the Cr chroma component of the coding tre

xCtb, yCtb ). alfictb_chroma2_flag[ xCtb >> CtbLog2SizeY ][ yCtb >> CtbLog2SizeY | eq
at the adaptive loop filter is not applied to the coding tree block of the Cr chroma comp
tree unitatlocation ( xCtb, yCtb ).

_chromia2_flag[ xCtb >> CtbLog2SizeY ][ yCtb >> CtbLog2SizeY ] is not present, it is inf]
h'sliceChroma2AlfEnabledFlag.

e unit
lal to
bnent

erred

7.4.9.3 Split unit semantics

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.

log2CbWidthTemp is less than 2.

— TH

Otherwise, allowSplitBtVer is set equal to TRUE,
e variable allowSplitBtHor is derived as follows:
A variable log2CbHeightTemp is set equal to log2CbHeight - 1.

A variable log2CbSizeLongerSide* is set equal to (log2CbWidth >log2CbHsg
log2CbWidth : log2CbHeightTemp ).

A variable ratioWH is set equal to Abs(log2CbWidth - log2CbHeightTemp ).

If one or more of the following conditions are true, allowSplitBtHor is set equal to F/

If ratioWH is equal to 0, log2CbSizeLongerSide is greater than MaxCbLog2Si
log2CbSizeLongerSize is less than MinCbLog2Size11Ratio.

If ratioWH is equal to 1, log2CbSizeLongerSide is greater than MaxCbLog2Si
log2CbSizeLongerSize is less than MinCbLog2Size12Ratio.

If ratioWH is equal to 2, log2CbSizeLongerSide is greater than MaxCbLog2Si
log2CbSizeLongerSize is less than MinCbLog2Size14Ratio:

If predModeConstraintCurrent is equal to PRED_MODE_CONSTRAINT |
log2CbWidthTemp is equal to 2 and log2CbHeight is-€qual to 2.

log2CbHeightTemp is less than 2.

If ratioWH is equal to 0, log2CbSizeLongerSide is greater than MaxCbLog2Si
logZ2CbSizeLongerSize is less than MinCbLog2Size11Ratio.

If ratioWH is equal to 1, log2CbSizeLongerSide is greater than MaxCbLog2Si

rel1Ratio or

rel12Ratio or

rel4Ratio or

INTER and

ightTemp ?

ALSE.

rel1Ratio or

rel2Ratio or

log2CbSizeLongersSize is less than MinCbLog2Size12Ratio.

If ratioWH is equal to 2, log2CbSizeLongerSide is greater than MaxCbLog2Size14Ratio or

log2CbSizeLongerSize is less than MinCbLog2Size14Ratio.

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.

© ISO/IEC 2020 - All rights reserved

89


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

ISO/IEC 23

— 1

094-1:2020(E)

0g2CbWidth is less than log2CbHeight.

— log2CbWidth is greater than MaxTtLog2Size or log2CbWidth is less than MinTtLog2Size.

— 1

0g2CbWidth is equal to log2CbHeight and log2CbWidth is larger

MaxCbLog2Size14Ratio.

— 1

0g2CbWidth is equal to log2CbHeight and log2CbWidth is smaller

MinCbLog2Size14Ratio.

}iogZCbWidth is equal to 4 and log2CbHeight is equal to 2.

— Othe

— The varia

— If ong

rwise, allowSplitTtVer is set equal to TRUE.
ble allowSplitTtHor is derived as follows:

e or more of the following conditions are true, allowSplitTtHor is set'equal to FALSE.

— log2CbHeight is less than log2CbWidth.

— log2CbHeight is greater than MaxTtLog2Size or log2CbHeight is less than MinTtLog2Si

— Othe

btt_split_fla

0g2CbWidth is equal to log2CbHeight and log2CbHeight is larger
axCbLog2Size14Ratio.

0g2CbWidth is equal to log2CbHeight” and log2CbHeight is smaller
inCbLog2Size14Ratio.

f predModeConstraintCurrent issequal to PRED_MODE_CONSTRAINT_INTER
0g2CbWidth is equal to 2 and log2CbHeight is equal to 4.

rwise, allowSplitTtHor is set'equal to TRUE.

B[ X0 ][ yO ] specifies whether a coding unit is split. btt_split_flag[ x0 ][ y0 ] equal

specifies that a coding unit is split into two or three coding units. btt_split_flag[ x0 ][ y0 ] equa

specifies tha

When btt_sp
0.

btt_split_dir

I a coding unit is.hot split.

it_flag[ x04['y0 ] is not present, the value of btt_split_flag[ x0 ][ y0 ] is inferred to be eq

[x0y0] equal to O specifies that a coding unit is split in horizontal dire

than

than

and

than

than

and

to 1

to 0

nal to

ction.

btt_split_dir]|

x01[ v0 ] equal to 1 specifies that a coding unit is split in vertical direction.

When btt_split_dir[ x0 ][ y0 ] is not present, the value of btt_split_dir[ x0 ][ y0 ] is inferred to be equal to
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:

— Ifbtt_split_dir[ x0 ][ yO ] is equal to 0, 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 det equal 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 A1), )SplitMode[x][y] is det equal to
SPLIT_TT_VER.

— Otherwise, if x0+ (1 << log2CbWidth) is greater than pic_width_in_luma_sgmples and
y0 + (1 << log2CbHeight ) is smaller than or equal'to pic_height_in_luma_samples, the following
pplies:

QO

— IfallowSplitBtVer is equal to TRUE, SplitMode[ x ][ y ] is set equal to SPLIT_BT_VER.
— Otherwise, SplitMode[ x ][ y ] is sef,equal to SPLIT_BT_HOR.

— Otherwise, if yO + (1 << log2CbHeight) is greater than pic_height_in_luma_samples, the following
pplies:

QO

— 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 qrray GtDepth[ x ][ y ] specifies the coding tree depth for a luma coding block covering the location
(x,y). When split_cu_flag[ x0 ][ y0 ] and btt_split_flag[ x0 ][[y0] are equal to 0, CtDepth[x][y] is

inferfed to be equal to ctDepth for x =x0.x0 + (1 <<log2CbWidth|) - 1 and
y =y0.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+
y0 +

(1 <<log2CbWidth) is greater than pic_width_in_luma_samples
(1 <<log2CbHeight) is greater than pic_height_in_luma_samples.

or

— 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,
split_cu_flag[ x0 ][ y0 ] is equal to 0.

— Otherwis

The variable

— Ifone of

— sps_btt_flag is equal to 0 or sps_admvp_flag is equal to 0.

— slice]type is equal to I.

— Chro
— pred

— Otherwis
equal to

— cbWj
SPLI]

— cbWj
SPLI]

— Otherwis

split_unit_c¢ding_order_flag[ x0 |[[y0] specifies the coding order of split coding

split_unit_co
split_unit_co
left. When

splitUnitOrd

and

b, allowSplitUnitCodingOrder is set equal to TRUE.

needSignalPredModeConstraintTypeFlag is derived as follows:

maArrayType is not equal to 1.
ModeConstraintCurrent is not equal to PRED_MODEMNO_CONSTRAINT.

e, if one of the following conditions is true, needSignalPredModeConstraintTypeFlag
1:

dth * cbHeight is equal to 64 and SplitMode[x0][y0] is equal to SPLIT_BT_H(
[_BT_VER.

dth * cbHeight is equal to 128 and SplitMode[ x0 ][ y0] is equal to SPLIT_TT_H(
[ TT_VER.

e, needSignalPredModeConstraintTypeFlag is set equal to 0.

ding_order_flagfx0 ][ y0 ] equal to 0 specifies the split coding units is coded from left to
ding_order~flag[ x0 ][ y0 ] equal to 1 specifies the split coding units is coded from rig
split_unitycoding order_flag[ x0 ][[yO] is not present, it is inferred to be equl
er.

pred_mode

the following conditions is true, needSignalPredModeConstraintTypeFlagis'set equal fo 0:

is set

R or

R or

units.
right.
rht to
al to

constraint type flag[ x0 ][ v0] specifies type of restriction on prediction mode fi

pr all

coding units inside the current split unit. When pred_mode_constraint_type_flag[ x0 ][ y0 ] is not present,

itis inferred

The variable

to be equal to 0.

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 1 and cbWidth * cbHeight is equal to 64 and SplitMode|[ x0 ][ y0 ] is
not equal to NO SPLIT

— ChromaArrayType is equal to 1 and cbWidth * cbHeight is equal to 128 and SplitMojde[ x0 ][ y0 ]
is equal to SPLIT_TT_HOR or SPLIT_TT_VER.

— ChromaArrayType is equal to 2 and cbWidth * cbHeight is equal to 32 dnd SplitMode[ x0 ][ y0 ] is
equal to SPLIT_BT_HOR or SPLIT_BT_VER.

— ChromaArrayType is equal to 2 and cbWidth * cbHeight is equal‘te 64 and SplitModeg[ x0 ][ y0 ] is
equal to SPLIT_TT_HOR or SPLIT_TT_VER.

— Otherwise, predModeConstraint is set equal to PRED_MODE:NO_CONSTRAINT.

The variable isTreeSplitPoint is set equal to 1 if the following two conditions both are trie, and is set
equal to 0 otherwise:

— predModeConstraintCurrent is equal to PREDSMODE_NO_CONSTRAINT.

— predModeConstraint is equal to PRED_MODE_CONSTRAINT_INTRA_IBC.

7.4.914 Coding unit semantics

The lfima coding block width cbWidth and height cbHeight are derived as follows:
cbWidth = (1 << _log2CbWidth ) (127)
cbHeight = (-1-<< log2CbHeight) (128)
The 3grrays CbP0osX and CbPosY specify horizontal and vertical coordinates of top-left sample of luma
block corresponding to considered coding unit. The arrays CbWidth and CbHeight specify width and

height of Auma block corresponding to considered coding unit. The array indices x and y specify the
location( X, y ) relative to the top-left luma sample of the picture.

The arrays CbPosX, CbPosY, CbWidth, and CbHeight are derived as follows for x = x0..x0 + cbWidth - 1
and y = 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|
generate the
location ( x0
sample of th

x0 ][ y0] equal to 1 specifies that merge mode with motion vector difference is‘us
inter prediction parameters of the current coding unit. The array indices x0, y0Spé€ci
y0 ) of the top-left luma sample of the considered coding block relative to the top-left
e picture. When mmvd_flag[ x0 ][ y0 ] is not present, it is inferred to be equal+4o 0.

mmvd_group_idx[ x0 ][ y0 ] specifies which inter prediction direction (list 0, 1ist1, or bi-pred

direction) of]

the merging candidate determined by mmvd_merge_idx[ x0 ][ y0/} issised at MMVD

i.e. specifies
y0 ) of the to

whether the merging candidate is modified. The array indices x0;y0-specify the locatio
-left luma sample of the considered coding block relative tothe‘top-left luma sample

picture. When mmvd_group_idx[ x0 ][ yO0 ] is not present, it is inferred t6-be equal to 0.

ed to
fy the
luma

ction
ode,
(x0,
bf the

mmvd_merge_idx[ x0 ][ y0 ] specifies which candidate of the merging candidate list is used with the

block relativi
itis inferred

mmvd_distd
in Table 9. T
considered ¢
1[y0]is not

Table 9 -

motion vectqgr difference derived from mmvd_distance_idx[ x0 {]'y0 ] and mmvd_direction_idx[ x0 ]| yO ].
The array inglices x0, y0 specify the location ( x0, y0 ) of the top-left luma sample of the considered cpding
b to the top-left luma sample of the picture. Wheh mmvd_merge_idx[ x0 ][ y0 ] is not present,
to be equal to 0.
nce_idx[ x0 ][ y0 ] specifies the index:used to derive MmvdDistance[ x0 ][ y0 ] as speified
he array indices x0, y0 specify the“location ( x0,y0 ) of the top-left luma sample ¢f the
pding block relative to the top-left luma sample of the picture. When mmvd_distance_idx[ x0
present, it is inferred to be equal to 0.
— Specification of MmvdDistance[ x0 ][ y0 ] based on mmvd_distance_idx[ x0 ][ y0 ]
mmvd_distance_idx[ x0 ][ yO ] MmvdDistance[ x0 ][ yO ]
0 1
2
2 4
3 8
4 16
5 32
6 64
7 128

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

Both

affin
affineg
unit.

motig

affin
wher

relative to the top-left luma sample of the picture. Wherraffine_merge_idx[ x0 ][ y0 ] is not

inferi

mvp |

locatlhon (x0, y0) of the top-left luma sample of the considered coding block relative to the

samp|

mvp |
respe

merg
speci
top-l4
0.

pred
block
tols

MmvdOffset[ x0 ][ yO ][ 0 ] = MmvdDistance[ x0 ][ y0 ] * MmvdSign[ x0 ][ yO']J}-0 ]
MmvdOffset[ x0 ][ y0 ][ 1 ] = MmvdDistance[ x0 ][ y0 ] * MmvdSign[ xO{{y0 ][ 1]
p_flag[ x0 ][ yO ] equal to 1 specifies that for the current coding unit, when decoding 2
model based motion compensation is used to generate the prediction samples of the cu
hffine_flag[ x0 ][ y0 ] equal to 0 specifies that the coding unit is\not predicted by affine

n compensation. When affine_flag[ x0 ][ y0 ] is not present;-it.is inferred to be equal to

p_merge_idx[ x0 ][ y0 ] specifies the merging candidaté)index of the affine merging ¢
e X0, y0 specify the location (%0, y0 ) of the top-left{luma sample of the considered

ed to be equal to 0.
idx_l0[ x0 ][ yO ] specifies the motion vector predictor index of list 0 where x0, y(
e of the picture. When mvp_idx_10[&0'][ y0 ] is not present, it is inferred to be equal tg

idx_l1[ x0 ][ y0 ] has the samé‘semantics as mvp_idx_l10, with 10 and list 0 replaced by]
ctively.

e_idx[ x0 ][ y0 ] specifies the merging candidate index of the merging candidate list
[y the location ( x05y0 ) of the top-left luma sample of the considered coding block r¢
bt luma sampleofthe picture. When merge_idx[ x0 ][ y0 ] is not present, it is inferred t

| mode.flag[ x0 ][ yO ] when present specifies that the current coding unit is coded in
copy- prediction mode if pred_mode_flag[ x0 ][ y0 ] is equal to 0. pred_mode_flag[ x0 ]|
pecifies that the current coding unit is coded in intra prediction mode.

components of the merge plus MVD offset MmvdOffset[ x0 ][ y0 ] are derived as follows:

[77)

(133)
(134)

P or B slice,
rrent coding
model based
0.

andidate list
roding block
present, it is

specify the
top-left luma
0.

11 and list 1,
where x0, y0

lative to the
0 be equal to

nter or intra
y0 ] is equal

The variable isIbcAllowed is set equal to 1 if all of the following conditions are met, and is set equal to 0

other

wise:

— sps_ibc_flag is equal to 1.

— log2CbWidth is less than or equal to log2ZMaxIbcCandSize and log2CbHeight is less than or equal to
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

If ibc_flag[x0 ][ yv0]is equalta 1 the variable CuPredMode is set equal to MODE_IRC

CuPredMode is derived as follows:

Otherwig
cu_skip_{

Otherwi
equal to

Otherwiy

CuP

If treeType i
x =x0.x0 + g

intra_pred_
array indice
block relativ

The syntax
intra_luma_|
intra_luma_|
indices x0, y]
relative to 1
intra_luma_p
neighbourin

intra_chron
indices x0, y]
relative to t
present, it is

7

e, if predModeConstraint is equal to PRED_MODE_CONSTRAINT_INTER
lag[ x0 ][ yO ] is equal to 1, CuPredMode is set equal to MODE_INTER.

e, if predModeConstraint is equal to PRED_MODE_CONSTRAINT_INTRA, CuPredMode
MODE_INTRA.

e, CuPredMode is derived as follows:

redMode = pred_mode_flag[ x0 ][ y0 ] ==0? MODE_INTER+ MODE_INTRA (

not equal to DUAL_TREE_CHROMA, LumaPredMode[ x}[ y ] is set equal to CuPredMo
bWidth - 1 and y = y0..y0 + cbWidth - 1.

mode|[ x0 ][ yO ] specifies the intra prediction mode for both luma and chroma sample
b X0, y0 specify the location ( X0, y0 ) of the*top-left luma sample of the considered c
e to the top-left luma sample of the picture;

elements intra_luma_pred_mpmdlag[ x0 ][ y0 ], intra_luma_pred_mpm_idx][ x0 ]
pred_pims_flag[ x0 ][ y0 ], intra_luma_pred_pims_idx[ x0 ][ yO ]
pred_rem_mode][ x0 ][ y0 ] speeify the intra prediction mode for luma samples. The
0 specify the location ( x0,y07) of the top-left luma sample of the considered coding
he top-left luma samplerof the picture. When intra_luma_pred_mpm_flag[ x0 ][y
red_pims_flag[ x0 ][y0] is equal to 1, the intra prediction mode is inferred
b intra-predicted cdding units according to subclause 8.4.2.

ja_pred_mode[.X0 ][ y0 ] specifies the intra prediction mode for chroma samples. The
0 specify the'location ( x0, y0 ) of the top-left luma sample of the considered coding
he top-left Tuma sample of the picture. When intra_chroma_pred_mode[ x0 ][ y0] i
inferred to be equal to 0.

affine_mode

or

is set

135)

e for

5. The
bding

[y01],
and
Qrray
block
] or
from

array
block
S not

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 ]

MotionModelldc[x][y] | Motion model for motion compensation

o

B
o
D
o]
2
D
.
D
»]
b,
]
D
.
b
b

TorrSToreroTar riroTroTs

4-parameter affine motion

N | e

6-parameter affine motion

affine_mvp_flag 10[ x0 ][ y0 ] specifies the affine motion vector predicteroflag of list 0 where x0, y0
specify the location (%0, y0 ) of the top-left luma sample of the considered coding block r¢lative to the
top-left luma sample of the picture. When affine_mvp_flag 10[ x0 ][ 04 .is not present, it is inferred to be
equal to 0.

affine_mvp_flag 11[ x0 ][ y0 ] has the same semantics as affihe_mvp_flag 10, with 10 and list O replaced
by 11 jand list 1, respectively.

affine_mvd_flag 10[ x0 ][ y0 ] equal to 1 indicates that the motion vector difference of lis{ 0 of current
affing coding uint is presented in the bitstream, where x0, y0 specify the location ( x0, y0 ) qf the top-left
luma(sample of the considered coding block relative to the top-left luma sample of the picture. When
affing_mvd_flag_10[ x0 ][ y0 ] is not present, itis'inferred to be equal to 0.

When affine_mvd_flag 10 is equal to 0, thefollowing applies:

MvdCpLO[x0 ][ y0 ][ 0][-0.]= 0 (138)
MvdCpLO[x0 ][ y0 J[0][1]=0 (139)
MvdCpLO[ x0 Jf¥01[1][0]=0 (140)
MvdCpLO[x0][y0][1][1]=0 (141)
MvdGpLO[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 and 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
nter_pred_idc ( (1 <<log2CbWidth) + ( (1 <<log2CbWidth) +
(1 <<log2CbHeight)) > 12| | (1 <<log2CbHeight) }h<= 12 &&
Isps_admvp_flag sps_admvp_flag
0 PRED_BI RRED_LO
1 PRED_LO PRED_L1
2 PRED_L1 na

ref_idx_10[ ¥0 ][ yO | specifies the list O reference picture-index for the current coding unit. The farray
indices x0 and y0 specify the location ( x0, y0 ) of the top=left luma sample of the considered codingblock
relative th the top-left luma sample of the picture. Whewref_idx_l10[ x0 ][ y0 ] is not present, it is inferred
to be equal tp 0.

abs_mvd_l0[ x0 ][ yO ][ compldx ] specifies the\absolute value of a motion vector component difference
of list 0 for the current coding unit. When abs_mvd_l0[ x0 ][ y0 ][ compldx ] is not present, it is inferred
to be equal tp 0.

abs_mvd_l0[ x0 ][ y0 ][ vertex ][ compldx ] has the same semantics as abs_mvd_I0[ x0 ][ y0 ][ compldx ].

mvd_l0_sign_flag[ x0 ][ y0 ]} compldx ] specifies the sign of a motion vector component difference of
list O for the [current coding unit as follows:

— If mvd_l9_sign_flag[*x0 ][ yO0 ][ compldx ] is equal to 0, the corresponding motion vector compgpnent
differen¢e haswa-positive value.

— OtherwigseNmvd 10 sign flag[ x0 ][ vO ][ compldx ] is equal to 1), the corresponding motion vector
component 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 oflist X MvdIL.X[ x0 ][ v0 ][ compldx ], with X being replaced

by 0 or 1, specifies the difference between a list X motion vector component and ifs
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 ] )

array indices x0, y0 specify the location ( x0, y0 ) of the top-left-luma sample of th
coding block relative to the top-left luma sample of the pictutre. The horizontal nj
component difference is assigned compldx = 0 and the‘wvertical motion vector c
assigned compldx = 1.

When sps_amvr_flag is equal to 1, the variables MvdLX[ x0 ][ y0 ][ compldx ], ¥
replaced by 0 or 1, for compldx = 0..1 are modified as follows:

brediction, is

(144)

The value of MvdLX[ x0 ][ y0 ][ compldx ] shall be in the range of 215 to 215 - 1, inclusive. The

e considered
otion vector
pmponent is

vith X being

MvdLX[ x0 ][ y0 ][ compldx ] = MvdLX[ x0-}{ yO0 ][ compldx ] << amvr_idx[ x0 ][ yO0 ] (145)
Otheywise (MotionModelldc[ x0 ][ yO ] is not equal to 0), the following applies:
— The variable motion vector difference of list X MvdCpLX][ x0 ][ yO ][ vertex ][ compldx ], with X

T
c

(@]

th

MvdCpLX[ x0 ][ yO ][ vertex ][ compldx ] = abs_mvd_IX[ x0 ][ yO ][ vertex ][ compld

[V,
(2 *mvd_IX_sign_flag[ x0 ][ yO ][ vertex ][ compldx ] )

he array indices 0, y0 specify the location ( x0, y0 ) of the top-left luma sample of th
pding blockrelative to the top-left luma sample of the picture, the array index vertex
pntrol point index. The horizontal motion vector component difference is assigned com
le vertical motion vector component is assigned compldx = 1.

bi_pr

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:

K

] k
(146)

e considered
specifies the
pldx =0 and

d il‘lv[ x(0 ][ yn ] cporiﬁ'nc whetherthe referenceindices and the motion vector differe

hces for list 0

or list 1 are present. bi_pred_idx[ x0 ][ yO ] equal to O specifies the reference indices and the motion
vector differences for list 0 and list 1 are present. bi_pred_idx[ x0 ][ y0 ] equal to 1 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.

— log2CbWidth is greater than or equal to ( MinTbLog2SizeY + 1).

— l|og2CbWidth is less than or equal to MaxTbLog2SizeY.
— log2CbHeight is less than or equal to MaxTbLog2SizeY.
— Othefwise, the variable allowAtsInterVerHalf is set equal to FALSE.
— The variaple allowAtsInterVerQuad is derived as follows:
— Ifall pf the following conditions are true, the variable allowAtsInterVe€rQuad is set equal to TRUE.
— log2CbWidth is greater than or equal to ( MinTbLog2Size¥+2 ).
— log2CbWidth is less than or equal to MaxTbLog2Size¥Y.
— log2CbHeight is less than or equal to MaxTbLog2SizeY.
— Othefwise, the variable allowAtsInterVerQuad.isiset equal to FALSE.
— The variaple allowAtsInterHorHalf is derived as:follows:
— If all pf the following conditions are.true, the variable allowAtsInterHorHalf is set equal to TRUE.
— log2CbHeight is greater than‘or equal to ( MinTbLog2SizeY + 1).
— log2CbWidth is less. than or equal to MaxTbLog2SizeY.
— log2CbHeight is\léss than or equal to MaxTbLog2SizeY.
— Othefwise, thevariable allowAtsInterHorHalf is set equal to FALSE.

— The variaple allowAtsInterHorQuad is derived as follows:

— If all of the Tollowing conditions are true, the variable allowAtsInterHorQuad is set equal to TRUE.
— 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.

When cu_qp_delta_abs is present, the variable isCuQpDeltaCoded is derived as follows:
isCuQpDeltaCoded = 1 (147)
cu_qp_delta_sign_flag specifies the sign of CuQpDelta[ x ][ y ] as follows:
— Iffcu_gp_delta_sign_flag is equal to 0, the corresponding cu_qp_delta value has a positive|value.

— Otherwise (cu_gp_delta_sign_flag is equal to 1), the corresponding’cu_qp_delta value has a negative
value.

When cu_qp_delta_sign_flag is not present, it is inferred to be equal to 0.
CuQppDelta[ x ][ y ] represents the value of the difference between the luma quantization parameter of the
current coding unit and its prediction. The array indices x, y specify the luma sample logation (x,y)

relative to the top-left luma sample of the picture:

When cu_qp_delta_abs is present or isSplit is equal to FALSE, the variable CuQpDelta[ x ][ y ]|is derived as
follows for x = x0.x0 + ( 1 << log2CbWidth,) - 1 and y = y0..y0 + ( 1 << log2CbHeight ) - 1:

CuQpDelta[ x ][y ] = cu_gp_delta_abs * (1 - 2 * cu_qp_delta_sign ) (148)
The value of CuQpDelta[ x ][ y];shall be in the range of -26 to +25, inclusive.
ats_cp_intra_flag[ x0 ][ ¥0.] specifies whether an adaptive transform selection is applied td the residual
samplles along the herizontal and vertical direction of the associated luma transform blogk. 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_cuzintra_flag[ x0 ][ y0 ] is not present, it is inferred to be equal to 0.

ats_ x0) 0 ] specifies which kernel is applied to the residual samples along the horizontal
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_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

transform in
When ats_cu

ats_cu_inter
to the width
the current ¢
transform uj
smaller than

When ats_cul

— Ifats_cu]
be equal

— Otherwis
inferred

ats_cu_inter
aligned with
specifies tha
unit.

cludes a transform unit of 1/2 size of the current coding unit.

| inter_quad_flag[ x0 ][ y0 ] is not present, its value is inferred to be equal to 0.

_horizontal_flag[ x0 ][ y0 ] equal to 1 specifies that the width of the transform unit is

of the current coding unit and the height of the transform unit is smaller than'the hei
oding unit. ats_cu_inter_horizontal_flag[ x0 ][ y0 ] equal to 0 specifies thatythe height

nit is equal to the height of the current coding unit and the width of(the transform u
the width of the current coding unit.

| inter_horizontal_flag[ x0 ][ y0 ] is not present, its value is derived as follows:

inter_quad_flag[ x0 ][ y0 ] is equal to 1, ats_cu_inter_horizental_flag[ x0 ][ y0 ] is infert
to allowAtsInterHorQuad.

e (ats_cu_inter_quad_flag[ x0 ][ y0 ] is equal to Q), ats_cu_inter_horizontal_flag[ x0 ][ ¥
to be equal to allowAtsInterHorHalf.

| pos_flag[ x0 ][ yO ] equal to 1 specifies that the bottom-right corner of the transform t
the bottom-right corner of the coding unit. ats_cu_inter_pos_flag[ x0 ][ y0 ] equal
t the top-left corner of the transforin unit is aligned with the top-left corner of the c

7.4.9.6 Run-length residual coding.semantics
The trapsform coefficient levels are represented by the a
TransCoeffLevel| X0 ][ yO ][ cldxy[ xC ][ yC ], which are either specified in subclause 7.3.8.7 or infert

follows. The

array indices(x0; y0 specify the location (x0,y0) of the top-left luma sample ¢

considered transform block relative to the top-left luma sample of the picture. The array index

specifies an
indices xC ar

ndicator for-the colour component; it is equal to 0 for Y, 1 for Cb, and 2 for Cr. The
d yC speeify the transform coefficient location ( xC, yC ) within the current transform |

When the vdlue 6f;TransCoeffLevel[ x0 ][ y0 ][ cIdx ][ xC ][ yC ] is not specified in subclause 7.3.8.7

inferredto b

equal
bht of
bf the
nit is

ed to

0] is

Init is
to 0
bding

rrays
ed as
f the

cldx
array
block.
, it is

eequal to 0.

coeff_zero_run specifies the number of zero-valued transform coefficient levels that are located before
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 negative
value.

When coeff_sign_flag is not present, it is inferred to be equal to 0.

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
h

— 0
th

7.4.9

The
Trans
folloy
consi
speci
indic
Whet
inferi

last_{
scanf

(log4

last_{
scanf

(log4

last_¢
scan
(1<

The
LastS

therwise (coeff last_flag is equal to 0), there are further non-zero transform coefficien

coeff_last_flagis equal to 1, all following transform coefficient levels (in scanning order
hve a value equal to 0.

le scanning path.

7 Advanced residual coding semantics

transform coefficient levels are represented by thd
CoeffLevel[ x0 ][ yO0 ][ cldx ][ xC ][ yC ], which are either specified in subclause 7.3.8.8
vs. The array indices x0, y0 specify the location (x0;y0) of the top-left luma sz
dered transform block relative to the top-left luma sample of the picture. The arra
fies an indicator for the colour component; it is equal to 0 for Y, 1 for Cb, and 2 for
s xC and yC specify the transform coefficient location ( xC, yC ) within the current trar
1 the value of TransCoeffLevel[ x0 ][ yO0 ][ cIdxJ{xC ][ yC] is not specified in subclaus
ed to be equal to 0.

ig_coeff_x_prefix specifies the prefix‘of the column position of the last significant
jing order within a transform block:The values of last_sig_coeff x_prefix shall be in the
TrafoWidth << 1) - 1, inclusive:

ig_coeff_y_prefix specifies_the prefix of the row position of the last significant ¢
ing order within a transform block. The values of last_sig_coeff_y_prefix shall be in the
TrafoHeight << 1) +., inclusive.

ing order within a transform block. The values of last_sig_coeff_x_suffix shall be in the
( (last_sig-coeff x_prefix>>1)-1)) - 1, inclusive.

rolumn® position of the last significant coefficient in scanning order within a tran
ighificantCoeffX is derived as follows:

of the block

F levels along

h

arrays
rinferred as
mple of the
y index cldx
Lr. The array
sform block.
p 7.3.8.8, it is

roefficient in
range of 0 to

oefficient in
range of 0 to

ig_coeff_x_suffix Specifies the suffix of the column position of the last significant coefficient in

range of 0 to

sform block

— Iflast_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

LastSignifica

ntCoeffY is derived as follows:

— Iflast_sig_coeff_y_suffix is not present, the following applies:

LastSignificantCoeffY = last_sig_coeff_y_prefix (151)
— Otherwise (last_sig_coeff_y_suffix is present), the following applies:
LastSignificantCoeffY = (1 << ( (last_sig_coeff_y_prefix>>1)-1))*

(2 + (last_sig_coeff y_prefix & 1)) + last_sig_coeff y_suffix (152)
sig_coeff_flag[ xC ][ yC ] specifies for the transform coefficient location ( XC, yC ) within the current
transform blpock whether the corresponding transform coefficient level at the location ( xC, y(-J is jon-
zero as folloys:

— If sig_coaff flag[ xC ][ yC ] is equal to 0, the transform coefficient level at the location ( xC, yC ) |is set
equal to .

— Otherwige (sig_coeff flag[ xC ][ yC] is equal to 1), the transform coefficient level at the logation
(xC, yC)[has a non-zero value.

When sig_cogff_flag[ xC ][ yC ] is not present, it is inferred as follows:

— If(xC, y(¢ ) is the lastsignificant location ( LastSignificant€oeffX, LastSignificantCoeffY ) in scan ¢rder,
sig_coeff] flag[ xC ][ yC ] is inferred to be equal to 1.

— Otherwige, sig_coeff_flag[ xC ][ yC ] is inferred to be%€qual to 0.

coeff_abs_leyvel_greaterA_flag[ n ] specifies forsthe scanning position n whether there are abgolute

values of trahsform coefficient levels greater than 1.

When coeff_gbs_level_greaterA_flag[ n ] ismot present, it is inferred to be equal to 0.

coeff_abs_leyvel_greaterB_flag[ n | specifies for the scanning position n whether there are abgolute

values of tra
When coeff 4
coeff_signs_|

The number
coefficients

nsform coefficient levels greater than 2.

hbs_level_greaterB_flag[ n ] is not present, it is inferred to be equal to 0.

proup specifies the binary representation for sign flags for the group transform coefficient.

pf bitssused to represent coeff_signs_group is determined by a number of non-zero trans
humNZ present in the transform coefficients group and should be in the range 1..2

form
16— 1,

inclusive.

When coeff_signs_group is not present, it is inferred to be equal to 0.

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, it is

inferred to be equal to 0.

The value of coeff_abs_level_remaining[ n ] shall be constrained such that the corresponding value of
TransCoeffLevel[ x0 ][ y0 ][ 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.

-1:2020(E)

2) The processes in subclause 8.3 specify the following decoding processes using syntax elements in the
slice header layer and above:

+— Variables and functions relating to picture order count are derived @s
subclause 8.3.1. This needs to be invoked only for the first slice of a picture:

1— Atthebeginning of the decoding process for each slice of a non-IDR pictuxé, the decq
for reference picture lists construction specified in subclause 8.3.2¢s invoked for

reference picture list 0 (RefPicList[ 0 ]) and reference picture disP1 (RefPicList]
decoding process for collocated picture specified in subclause 8,3:4 is invoked for

the variables ColPic.

1+ The decoding process for reference picture marking“in subclause 8.3.3 is invo}

This needs to be invoked only for the first slice af-a picture.

3) The processes in subclauses 8.4, 8.5, 8.6, 8.7.and 8.8 specify decoding processes

e

4) After all slices of the current picture have been decoded, the current decoded picture

8.2

n

tised for short-term reference’.

NAL unit decoding process

Inputs to this process-are NAL units of the current picture and their associated non-VCL NA

Outputs of this pracess are the parsed RBSP syntax structures encapsulated within the NAL

The decoding process for each NAL unit extracts the RBSP syntax structure from the NAL v
parsgs the-RBSP syntax structure.

specified in

ding process
derivation of
11]) and the
derivation of

ted, wherein

reference pictures may be marked as "unused for reference" or "used for long-teri reference".

iIsing syntax

ements in all syntax structure layers. It is the tequirement of bitstream conformance that the coded
slices of the picture shall contain slice data for every CTU of the picture, such that the d
pjcture into slices, the division of the slices:into tiles and the division of the tiles into CTU
alpartitioning of the picture.

vision of the
s each forms

s marked as

L. units.

units.

Init and 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.
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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_pocs_flag is equal to 1, the following applies:

— The variable PicOrderCntMsb of the current picture is derived as follows:
— Ifthe current picture is an IDR picture, PicOrderCntMsb is set equal to 0.
— Othé¢rwise, PicOrderCntMsb is derived as follows:
if( ( slice_pic_order_cnt_lsb < prevPicOrderCntLsb ) &&
( ( prevPicOrderCntLsb - slice_pic_order_cnt_Isb ) >= ( MaxPicOrderCntLsb /2)))
PicOrderCntMsb = prevPicOrderCntMsb + MaxPicOrderCntLsb 153)
else if( ( slice_pic_order_cnt_Isb > prevPicOrderCntLsb ) &&
( (slice_pic_order_cnt_lsb - prevPicOrderCntLsb ) > ( MaxPicOrderCntLsb /2)))
PicOrderCntMsb = prevPicOrderCntMsb — MaxPicOrder€ntLsb
else
PicOrderCntMsb = prevPicOrderCntMsb
— PicQrderCntVal is derived as follows:
PicOrderCntVal = PicOrderCntMsb.¥slice_pic_order_cnt_Isb 154)
Otherwise (§ps_pocs_flag is equal to 0), the following applies:
— If the cugrent picture is an IDR picture, the following applies:
PicOrderCntVal = 0 155)
DocOffset = -1 156)

— Otherwige (the currentpicture is not an IDR picture), the following ordered steps are applied:

1) LetprevPicQtderCntVal be the PicOrderCntVal of prevTidOPic.

2) IfTellnporalId equals 0, then PicOrderCntVal and DocOffset are derived as follows:

PicOrderCntVal = prevPicOrderCntVal + SubGopLength (157)
DocOffset = 0 (158)
3) Otherwise (Temporalld is not equal to 0), the following applies:
— Let prevDocOffset be the DocOffset of the previous picture in decoding order.
— DocOffset is derived as follows:

DocOffset = ( prevDocOffset + 1 ) % SubGopLength (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 ) )

— PicOrderCntVal is derived as follows:

N(
pi

The
PicOr

Atan
for an

The fi

The f

The bitstreamrshall not contain data that result in values of DiffPicOrderCnt( picA, picB ]

decoq

while( Temporalld != ExpectedTemporalld ) {
DocOffset = ( DocOffset + 1 ) % SubGopLength
if( DocOffset==0)
ExpectedTemporalld = 0
else
ExpectedTemporalld = 1 + Floor( Log2( DocOffset]) )

}
PocOffset = SubGopLength * ( ( 2 * DocOffset + 1) /'\2Temporalld — 2 )
PicOrderCntVal = prevPicOrderCntVal + PocOffset

TE All IDR pictures have PicOrderCntVal equal to 0 since slice_pic_order_cnt_Isb is inferred t
tures and prevPicOrderCntLsb and prevPicOrderCntMsb dre both set equal to 0.

yalue of PicOrderCntVal shall be in the ramnge' of -231 to 231 -1, inclusive. In o
derCntVal values for any two coded picturesshall not be the same.

y moment during the decoding process, the values of PicOrderCntVal & ( MaxLtPicOrde
ly two reference pictures in the DPB-shall not be the same.

inction PicOrderCnt( picX ) is specified as follows:
PicOrderCnt( picX ) = PicOrderCntVal of the picture picX
inction DiffPicOrderCnt( picA, picB ) is specified as follows:

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

ling precess that are not in the range of =215 to 215 - 1, inclusive.

(160)

(161)

(162)

(163)

o be 0 for IDR

ne CVS, the

rCntLsb — 1)

(164)

(165)

used in the

N(

TEV'Where X is the current picture and Y and Z are two other pictures in the same CVS,Yand Z 3

re considered

to be in the same output order direction from X when both DiffPicOrderCnt( X, Y ) and DiffPicOrderCnt( X, Z )
are positive or both are negative.

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 for each
slice of a non-IDR picture.

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 as specified in subclause 8.3.3 or in decoding of the slice data.

NOTE For an Islice of a non-IDR picture that it is not the first slice of the picture, RefPicList[ 0 ] and RefPicList[ 1 ]
can be derived for bitstream conformance checking purpose, but their derivation is not necessary for decoding of
the current picture or pictures following the current picture in decoding order. For a P slice that it is not the first

slice of a pict1|1re, RefPicList[ 1] can be derived for bitstream conformance checking purpose, but its derjvation is

not necessary|for decoding of the current picture or pictures following the current picture in decoding order

The referende picture lists RefPicList[ 0 ] and RefPicList[ 1 | are constructed as follows:

for(i=1[0;i<2;i++)
for(|j = 0, pocBase = PicOrderCntVal; j < NumEntriesInList[ i ][ SliceRplsldx[i] {;j+* ) {
f( Nt_ref_pic_flag[i][ SliceRplsldx[i]][j]) {
RefPicPocList[i][j] = pocBase — DeltaPocSt[ i ][ SliceRplsldx[i] ][94
if( there is a reference picture picA in the DPB with PicOrderCntVal'equal 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[.i][ SliceRplsIdx[i]][j])
RefPicList[i][j ] = picA
else
RefPicList[i][j] = "no reference\picture”
}
}

For each i equal to 0 or 1, the following applies:

— The first NumRefldxActiye[\i'] entries in RefPicList[i] are referred to as the active entries in
RefPicLigt[ i ], and the (other entries in RefPicList[i] are referred to as the inactive entrjes in
RefPicList[ i ].

— Each entrry in RefPicList[i][j] for j in the range of 0 to NumEntriesInList[ i ][ SliceRplsldx[i]] -1,
inclusive, is referred to as an STRP entry if It_ref_pic_flag[ i ][ SliceRplsldx[i]][j] is equal to (), and
as an LTRPentry otherwise.

NOTE 1 Itis 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".

Itisa

N

D

requirement of bitstream conformance that the following constraints apply:

umRefldxActive[1i].

PB and shall have Temporalld less than or equal to that of the current picture.

For each i equal to 0 or 1, NumEntriesInList[i][ SliceRplsldx[i]] shall not be less than

The picture referred to by each active entry in RefPicList[ 0 ] or RefPicList[ 1 ] shall be present in the

A
Ri
tq
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8.3.2

8.3.2
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The n
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2) W
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3) W

!

n STRP entry in RefPicList[ 0] or RefPicList[ 1] of a slice of a picture and an (L]
efPicList[ 0 ] or RefPicList[ 1 ] of the same slice or a different slice of the same picture's
the same picture.

here shall be no LTRP entry in RefPicList[ O ] or RefPicList[ 1 ] for which the“difference
cOrderCntVal of the current picture and the PicOrderCntVal of the pieture referred to
greater than or equal to 224,

bt setOfRefPics be the set of unique pictures referred to by all entri€s in RefPicList[ 0 ] a

RefPicList[ 1]. The number of pictures in setOfRefPics shall be less than
hs_max_dec_pic_buffering_minus1 and setOfRefPics shall be-the same for all slices of a

2 Decoding process for reference picture lists.construction when sps_rpl_flag is

2.1 General

sps_rpl_flag is equal to 0, this process is{invoked at the beginning of the decoding pro
slice:

eference picture list RefPicList[,0 |'is constructed as follows:

e decoding process forCfilling a reference picture list with lower PicOrd
hibclause 8.3.2.2.2 is invoked with i set equal to 0 and startldx set equal to 0, and the

hriable nextldx.

hen nextldx is less’than NumRefldxActive[ 0 ], the decoding process for filling a refer
5t with highertPicOrderCntVal in subclause 8.3.2.2.3 is invoked with i set equal to 0 an

qual to nextldx, and the output is the variable nextldx.

hen niextldx is less than NumRefldxActive[ 0 |, NumRefldxActive[ 0 ] is set equal to nex

'RP entry in
hall not refer

between the
by the entry

nd all entries
pr equal to
picture.

equal to 0

cess for each

erCntVal in

putput is the

ence picture
] startldx set

tldx.

For B

1s 4l £ . oD £D- T -~ o 1 1 - b R | £-11
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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:

— areferen

ce picture list identifier i, and

— astart index position startldx.

Output of this process is the variable nextldx representing the number of positions filled in the reference

picture list.

The variable
The variable
Let minPoc K
The referend

for(j=
if(t

8.3.2.2.3 De
Inputs to thi
— areferen
— astartin|

Output of thi
picture list.

The variable

The variable

nextldx is set equal to startldx.
nextTemporalld is set equal to Max( Temporalld - 1, 0 ).
e set equal to the lowest value of PictureOrderCountVal of all reference pictures in the

e picture list RefPicList[ i ] is filled with lower PicOrderCntVal pictures-as follows:

PicOrderCntVal; j >= minPoc && nextldx < NumRefldxActive[i]; j— =).§
here is a reference picture picA in the DPB with PicOrderCntVal equal‘to j and
vith Temporalld <= nextTemporalld ) {

RefPicList[ i ][ nextldx++ ] = picA
nextTemporalld = Max( Temporalld of picA-1,0)

coding process for filling a reference picture list with higher PicOrderCntVal
5 process are:

ce picture list identifier i, and

dex position startldx.

s process is the variable nextldx representing the number of positions filled in the refe

nextldx is setiequal to startldx.

nextTemporalld is set equal to Max( Temporalld - 1, 0 ).

Let maxPoc lPe set equal to the highest value of PictureOrderCountVal of all reference pictures in thd

DPB.

167)

rence

DPB.

The referenc

for(j=

e picture list RefPicList[ i ] is filled with higher PicOrderCntVal pictures as follows:

PicOrderCntVal; j <= maxPoc && nextldx < NumRefldxActive[i]; j++) {

if( there is a reference picture picA in the DPB with PicOrderCntVal equal to j and
with Temporalld <= nextTemporalld ) {

110

RefPicList[ i |[ nextldx++ ] = picA
nextTemporalld = Max( Temporalld of picA-1,0)

(168)
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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

A decoded picture in the DPB can be marked as "unused for reference", "used for short-term reference"

or "u
oper4
anotl

refer

forlo

Wher
as "ul

STRP
log2_

The f

8.3.3

Wher
t0 0.

refer

of the

Let m

The v

If log

Cd fUl }Ulls tCl 11T leCl CllLC", but Ull]ly UIIT auluus thCDC thl CC Clt Cllly Sivcu ITIUITITT
tion of the decoding process. Assigning one of these markings to a picture implic
er of these markings when applicable. When a picture is referred to as being manked
ence”, this collectively refers to the picture being marked as "used for short-teym refere
Ing-term reference” (but not both).

I the current picture is an IDR picture, all reference pictures currently-inthe DPB (if any
hused for reference".
S are their PicOrderCntVal values..~LTRPs identifie

identified by are

bllowing applies:

br each LTRP entry in RefPicList[ 0 ] or RefPicList[ 1 |, when the referred picture is
cture is marked as "used for long-term reference".

hch reference picture in the DPB thatis not referred to by any entry in RefP
efPicList[ 1 ] is marked as "unused forreference".

2 Decoding process for reference picture marking when sps_rpl_flag is equal to

| sps_rpl_flag is equal to 0,:this process is invoked for decoded pictures when Tempol

[he process is invoked once, after decoding of a slice header, but prior to the decodin

bnce picture list conStruction for the slice as specified in subclause 8.3.2 and prior to
slice data.

inPoc be set:equal to the lowest value of PictureOrderCountVal of all reference picture

ariablendx is set equal to 0.

t during the
itly removes
as "used for
nce" or "used

are marked

d by the

max_pic_order_cnt_Isb_minus4 + 4 + additional_lt_poc_lsb_lenLSBs of their PicOrderCntVal values.

hn STRP, the
icList[ 0] or
0

ralld is equal

b process for
the decoding

s in the DPB.

d as follows:

P~sUb_gop_length is greater than 0, the decoded reference picture marking is performe

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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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"”
}
}

8.3.4 Decqading process for collocated picture

This process|is invoked at the beginning of the decoding process for each P or B slice, after'the invogation

of the decoding process for reference picture list construction for the slice as specified.in subclause(8.3.2,

but prior [to the decoding of any coding unit. The variable ColRicois set equal to

RefPicList[ cpl_pic_list_idx ][ col_pic_ref _idx].

8.4 Decoding process for coding units coded in intra prediction mode

8.4.1 General

Inputs to thi$ process are:

— alumaldcation ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative to
the top-left luma sample of the current picture,

— avariable log2CbWidth specifying the width@f'the current luma coding block, and

— avariable log2CbHeight specifying the height of the current luma coding block.

Output of this process is a modified reconstructed picture before in-loop filtering.

When treeType is not equal to BUAL_TREE_CHROMA, the following steps are performed:

— The deriyation process for the luma intra prediction mode as specified in subclause 8.4.2 is inyoked
with the [luma location*( xCb, yCb ) and the width of the current coding block log2BlkWidth set equal
to log2ClhWidth ds'inputs.

— The decoding-process for intra prediction as specified in subclause 8.4.4 is invoked with the|luma
location |(xCb, yCb ), the variables log2BIkWidth and log2BIkHeight set equal to log2CbWidth and

112

log2CbHeight, the variable predModelntra set equal to IntraPredModeY[ xCb ][ yCb ] and the variable
cldx set equal to 0 as inputs, and the outputs are the predicted samples predSamples[ x ][y ], with
x=0.(1<<log2CbWidth)-1andy=0.(1<<log2CbHeight) - 1.

Let resSamples 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 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 0 and the (1 <<log2CbWidth)x(1 << log2CbHeight) array resSamples as inputs, the output is a
modified version of the (1 <<1log2CbWidth)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
filtering for a luma component as specified in subclause 8.7.6.1 is invoked with the luma coding block

Iq

cationtxCh vCh) thavariahlanChW cat aaqual+a (1
Y Y eote-Vatrtbauote-eoyvv-Seteqtarto—=

log2ChWidth}thevariablenCbH set equal

tq

p
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Whe
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(1 <<log2CbHeight ), the variable Qpy set equal to Qp'y, which is obtained according

rocess for quantization parameters as specified in subclause 8.7.1, and the otitput i
bconstructed picture before in-loop filtering.

ChromaArrayType is not equal to 0 and treeType is not equal to DUALLTREE_LUMA, 1
ing process for chroma samples applies:

he variables log2CbWidthC and
g2CbWidth - ( ChromaArrayType==370:1)
g2CbHeight — ( ChromaArrayType==171:0).

log2CbHeight€ are set

he derivation process for the chroma intra predictionimode as specified in subclause 8.4
ith the luma location ( xCb, yCb ) as input, and the eutput is the variable IntraPredMod

cation ( xCb / SubWidthC, yCb / SubHeighitC ), the variables log2BlkWidth and log2H
qual to log2CbWidthC and log2CbHeight€; the variable predModelntra set equal to Intr
nd the variable cldx set equal, te~1 as inputs, and the output is the predic
FedSamples[ x ][ y ], with x = 0..( :x<1og2CbWidthC ) - 1 and y = 0..( 1 << log2CbHeig}

bt resSamples be (1 << log2CbWidthC)x(1 << log2CbHeightC) array of residual sample

he decoding process for the residual signal as specified in subclause 8.4.5 is invoked W
cation ( xCb, yCb )xthe luma location (0, 0 ), the variable nCbW set equal to (1 <<lo
je variable nCbH set equal to (1<<log2CbHeight), the variable nTbW s¢
1 <<log2CbWidth ), the variable nTbH set equal to ( 1 <<log2CbHeight ), the variable ¢

1, and the(1*<< log2CbWidth(C)x(1 << log2CbHeightC) array resSamples as inputs, th
odified gyersion of the (1 <<1log2CbWidthC)x(1 << log2CbHeightC) array resSamples.

he picture construction process prior to in-loop filtering for a colour component as

S

to derivation
s a modified

he following

to
and

equal

.3isinvoked
eC.

he decoding process for intra prediction as $pecified in subclause 8.4.4 is invoked with the chroma

lkHeight set
aPredModeC
ted samples
1tC ) - 1.

S.

jith the luma
y2CbWidth ),
't equal to
Idx set equal
e outputis a

specified in
le nCbW set

belause 8.7.5 is invoked with the luma coding block location (xCb, yCb ), the variah
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equal to (1 <<log2CbWidthC ), the variable nCbH set equal to ( 1 <<log2CbHeightC ), the variable
cldx set equal to 1, the (1 <<log2CbWidthC)x(1 <<log2CbHeightC) array predSamples set 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 <<1log2CbWidthC)x(1 << log2CbHeightC) 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
equal to (1 <<log2CbWidthC ), the variable nCbH set equal to ( 1 <<log2CbHeightC ), the variable
cldx set pgualto2-the I <<log2ChbWidthCix{d <<log2CbHeightC}array-predSamplesseteqjial to

predSamples, and the (1 <<log2CbWidthC)x(1 <<log2CbHeightC) array resamples set-equal to
resSampl|es as inputs, and the output is a modified reconstructed picture before in-loop filtering.

8.4.2 Deriyation process for luma intra prediction mode
Inputs to thi$ process are:

— asamplel|location ( xCb, yCb ) specifying the top-left sample of the currentblock relative to the top-left
sample df the current picture, and

— avariable log2BlkWidth specifying the width of the current codifig block.

In this procefs, the luma intra prediction mode IntraPredModeY[)xCb ][ yCb ] is derived.
If sps_eipd_flag is equal to 0, the following applies:

— Table 13|specifies the value for the intra predictionmode and the associated names.

Table 13 — Specification of intra prediction mode and associated names
(whensps_eipd_flag = = 0)

Intra prediction mode Associated name
( IntraPredModeY{ xCb ][ yCb])
0 INTRA_DC
1 INTRA_HOR
2 INTRA_VER
3 INTRA_UL
4 INTRA_UR

— IntraPredModelList specified in Table 14 is derived by the intra prediction modes of neighbouring
blocks, and IntraPredModeY[ xCb ][ yCb ] is derived using IntraPredModeList as follows:

IntraPredModeY[ xCb ][ yCb ] = IntraPredModeList[ intra_pred_mode[ xCb ][ yCb ] ] (171)
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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

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 | 1,0,2,3,4 | 1,0,2,3,4 | 2,0,1,3,4 | 1,0,3,2,4 | 0,1,2,4,3
,0,2,3,4 | 0,2,1,3,4| 1,0,2,3,4 | 1,2,0,3,4 | 0,1,2,3,4 | 0,2,1,4,3

IntraPredModeY
[xCb-1][yCb]

0,123,411 03214 | 1023,4 | 1203,4 | 1,23,0,4 |(0,)2,1,4,3
0,123,411 0124301243 |021,43|01234)/0,1,2,4,3

B IWIN (= O

Othel

et

1

wise (sps_eipd_flag is equal to 1), the following applies:
itraPredModeY|[ xCb ][ yCb ] is derived by the following ordered steps:

) The neighbouring locations ( xNbA, yNbA ), ( xNbB, yNbB)'and ( xNbC, yNbC ) arq set equal to
(xCb-1,yCb), (xCb,yCb - 1) and (xCb + (1 << log2BlkWidth), yCb ), respectively.

) For X being replaced by either A, B or C, the variables candIntraPredModeX arg derived as
follows:

— The derivation process for neighbouring block availability as specified in subclause 6.4.1 is
invoked the neighbouring location¢(,xNbY, yNbY ) set equal to ( xXNbX, yNbX ) as input, and
the output is assigned to availableX.

— Avariable validX and the candidate intra prediction mode candIntraPredModeX are derived
as follows:

— If the availableX is equal to TRUE and LumaPredMode[ xNbX ][ yNbX ] is equal to
MODE_INTRA/ validX is set equal to TRUE and candIntraPredModeX is|set equal to
IntraPredModeY[ xNbX ][ yNbX ].

— Othepwise, validX is set equal to FALSE and candIntraPredModeX is ket equal to
INTRA_DC.

—When validC is equal to TRUE, the following applies:

— Ifboth 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) 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)

4) ext(andModelList[ x ] with x = 0..7 is derived as follows:
— [If validC is equal to FALSE, the following applies:

— 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 derivjed as
follows:

— extCandModelList[ 0 ] is a mode which is not included in candModeList[ x ]| with
x =0, 1 among INTRA_PLN, INTRA_DC, and INTRA_BI. extCandModeList[ x ]| with
x = 1..7 is derived as follows:

extCandModeList[ 1] = INTRA_VER 176)
extCandModelList[ 2 ] = INTRA_HOR 177)
extCandModeList[ 3 ] = INTRA_DJA-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)
extCandModeList[ 7 ] = INTRA_HOR - 4 182)

— Otherwise; if candModeList[ 0 ] is less than 3 and candModeList[ 1 ] are greater than or
equalfo 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 is
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
extCandModeList[ 3] =30

extCandModeList[ 4] = 29

extCandModeList[ 5] = 28

extCandModeList[ 6 ] = INTRA_HOR

extCandModeList[ 7] =INTRA DIA R

-1:2020(E)

(187)
(188)
(189)
(190)
(191)

(192)

derived as follows:
extCandModeList[ 2 ] = (candModeList[1]==3)74:3
extCandModeList[ 3] =5

extCandModeList[ 4] =6

extCandModeList[ 5] =7
extCandModelList[ 6 ] = INTRA_VER
extCandModeList[ 7 ] = INTRAXDIA_R
— Otherwise, extCandModeList[ x | with x = 2..7 is derived as follows:
extCandModeList[ 2}= candModeList[ 1] + 2
extCandModeList[ 3 ] = candModeList[ 1] - 2
extCandModeList[ 4 ] = candModeList[ 1] + 1
extCandModeList[ 5 ] = candModeList[ 1] - 1

— IfcandModelList[ 1] is equal to or less than 23 and equal to or gre
the following applies:

extCandModeList[ 6 ] = candModeList[ 1] - 5

extCandModeList[ 7 ] = candModeList[ 1] + 5

— Otherwise, if candModelList[ 1] is less than 5, extCandModeList[x [ wiith x = 2..7 is

(193)
(194)
(195)
(196)
(197)

(198)

(199)
(200)
(201)
(202)

ater than 13,

(203)

(204)

— Otherwise, the following applies:

extCandModeList[ 6 ] = ( candModeList[ 1] > 23)?
candModeList[ 1] - 5: candModeList[ 1] + 5

extCandModeList[ 7 ] = ( candModeList[ 1] > 23)?
candModelList[ 1] - 10 : candModeList[ 1] + 10

— Otherwise, extCandModelList[ x ] with x = 0..7 is derived as follows:

extCandModeList[ 0 ] = INTRA_BI
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extCandModeList[ 1] = INTRA_DC
— 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

list[ 1] = (candModeList[0]==31)7?
candModelist[0] =1 : candModeList[ 0] + 2

(208)

(209)

(210)

list[ 2] = (candModeList[1]==4)7?
candModelList[ 1] + 1: candModeList[ 1] - 2

list[ 3] = (candModeList[ 1] ==32| | candModeList[ 1] ==81)?
candModelList[ 1] - 1: candModeList[ 1] + 2

list[ 4 ] = (candModeList[ 0 ] + candModeList[ 1 ] +1.)>> 1
list[ 5] = (list[ 4 ] + candModeList[0 ] +1)>>1
list[ 6] = (list[ 4 ] + candModeList[ 1]+ 1())>> 1
list[ 7 ] = INTRA_VER

list[ 8 ] = INTRA_HOR

list[ 9] = INTRA_DIA_R

list[ 10 | = INTRA_PLN

list[ 11 ] = INTRA_DIA_L

list[ 12 ] = INTRA_DIA_U

list[(13] = INTRA_VER + 4

list[ 14 ] = INTRA_HOR - 4

= Avariable iCount is set equal to 2.

211)

212)
(213)
214)
(215)
216)
217)
218)
219)
220)
221)
222)

223)

— Foriequal to 0 to 14, inclusive, the following is applied until iCount is gieater

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.

— Qtherwise _extCandMadel ic‘r[y] with x=1._7is derived as follows:

extCandModelList[ 1 ] = candIntraPredModeC (224)

extCandModelList[ 2 ] = ( candIntraPredModeC = = 3 | | candIntraPredModeC|==4)?
candIntraPredModeC + 1 : candIntraPredModeC - 2 (225)

extCandModeList[ 3 ] = ( candIntraPredModeC = = 32 | | candIntraPredMode{. ==31)?
candIntraPredModeC - 1 : candIntraPredModeC + 2 (226)

— extCandModelList[ x | with x = 4..7 is derived as follows:

— Alist[ y ] with y = 0..9 is derived as follows:

list[ 0 ] = INTRA_VER (227)
list[ 1] = INTRA_HOR (228)
list[ 2 ] = INTRA:DIA_R (229)
list[ 3 ] =INTRA_PLN (230)
list4 | = 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)

— Avariable 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.

— QOtherwise extCandModelist]x ] with x =0 7 is derived as follows:

— If candModelList[ 0 | is equal to INTRA_PLN, extCandModeList[ x ]| with’x|= 0..2
is derived as follows:

extCandModeList[ 0 ] = INTRA_BI (1237)
extCandModeList[ 1] =INTRA_DC (1238)
extCandModeList[ 2 | = candIntraPredModeC 239)

— Otherwise, extCandModelList[ x ] with x = 0..2.is derived as follows:

extCandModeList[ 0 ] = (candModeLjstf0 ] ==INTRA_BI ) ? INTRA_DC:

INTRA_BI 240)
extCandModeList[ 1 ] = INTRAPEN 241)
extCandModelList[ 2 ] = candIntraPredModeC (1242)

— extCandModeList[ x Jwith x = 3..7 is derived as follows:
— Alist[y ] withy = 0..14 is derived as follows:

list[ O = ( candIntraPredModeC = = 3 | | candIntraPredModeC==4)7?
candIntraPredModeC + 1 : candIntraPredModeC - 2 243)

list[ 1] = ( candIntraPredModeC = = 32 | | candIntraPredModeC==31) ?
candIntraPredModeC - 1 : candIntraPredModeC + 2 244)

list[ 2] = (candModeList[ 1] == 3| | candModeList[1]==4)7?
candModelList[ 1] + 1: candModeList[ 1] - 2 (1245)

list[ 3] = (candModeList[ 1] ==32 || candModeList[1]==31)7?
candModelList[ 1] - 1: candModeList[ 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 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],
candModelList[ 0 ], and candModelList[ 1], i is incremented by 1
and j is set equal to 0.
— When j is equal to{tiCount - 1 ), extCandModelList[ iCount ] is set
equal to list[ i ]yband iCount are incremented by 1 and j is set equal
to 0.

— Otherwise, extCandModeList[-%] with x = 0..7 is derived as follows:

— If candIntraPredModeC is less than 3, extCandModeList[ x ] with x = 0].7 is derived
as follows:

extCandModeList[ 0 | = candIntraPredModeC (258)

extCandModeList[ 1 ] = ( candIntraPredModeC = = INTRA_BI ) ? INTRA_DC : INTRA_BI
(259)

=L 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 iCount is
greater 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[ v ] with v = 0..15 is derived as follows:

list[ 0] = (candModeList[ 0 ] == 3| | candModeList[0 ] ==4) 2
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 =53/ | 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] ) ?
( candModelList[ 0 ] + condIntraPredModeC + 1) >>1:
(candModelList[ 0 ] + candModeList[1]+1)>>1 269)

list[ 7 = ( candIntraPredModeC < candModeList[ 0] ) ?
( candModelList[ 0 ] + candModeList[1]+1)>>1:
( candIntraPredModeC + candModeList[ 1]+ 1) >>1 (270)

list[ 8 ] = INTRA_VER 271)
list[ 9 ] = INTRA_HOR ©72)
list[ 10 ] = INTRA_DIA_R ©73)
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.

— When j is equal to (iCount - 1 ), extCandModeList[ iCount ] is set

equaltolist[i] iandiCountare incremented hy 1 and

jis set equal

N

to 0.
) AlistremModeList[ x ] with x = 0..32 is derived as follows:
— 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 extCandModelList}y ] with y = 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_HOR, INTRA_VER-1, INTRA_VER+1, INTRA_VER-2, IN1
INTRA_VER -3, INTRA_VER + 3, \INTRA_HOR - 1, INTRA_HOR + 1, INT|
INTRA_HOR + 2, INTRA_HOR -3, INTRA_HOR + 3, INTRA_VER + 5, INT
INTRA_VER -5, INTRA_VER<4, INTRA_DIA_R, INTRA DIA_L, INTR
INTRA_DIA_L - 2,INTRA_DIA L - 1,INTRA_DIA_U, INTRA_DIA_U + 1, INTR
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=
extCandModeList[ z | with z = 0..7, i is incremented by 1.

— Otherwise, remModeList[ iCount | is set equal to defaultModeList[i] i
incremented by 1.

) IntraPnedModeY[ xCb ][ yCb ] is derived by applying the following procedure:

— If intra_luma_pred_mpm_flag[ x0 ][ y0 ] is equal to 1, the IntraPredModeY|[ xCb

INTRA_PLN,
'RA_VER + 2,
RA_HOR -2,
'RA_VER + 4,
A DIA_L -3,
A DIA_U + 2,

D,1 or the

ind iCount is

|[ yCb ] is set

equal to candMaodelist] intra luma pred mpm idx[x0{yv01]]

— Otherwise, if intra_luma_pred_pims_flag[ x0 ][ yO ] 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 in
Figure 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.

-1:2020(E)

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 ].

— 0

therwise, IntraPredModeC is derived as follows:

T4

— If

- If IntraPredModeY[xCb ][yCb] is INTRA_DC, INTRA_HOR, INTRA_VER or UN
following applies:

— A variable modeldx is derived as follows:

IntraPredModeC is set equalto intra_chroma_pred_mode[ xCb ][ yCb ] + 1.
— Otherwise, IntraPredMedecC is set equal to intra_chroma_pred_mode[ xCb ][ yCH
— Otherwise, IntraPredModeC is set equal to intra_chroma_pred_mode[ xCb ][ yCb ].

ble 16 specifies thevalue for the chroma intra prediction mode.

If IntraPredModeY|[ xCb ][ yCb ] is equal to INTRA_BI, modeldx is set equal

Otherwise, if IntraPredModeY[ xCb ][ yCb ] is equal\te’ INTRA_DC, modeld
to 2.

Otherwise, if IntraPredModeY[ xCb ][ yCb ] is'equal to INTRA_HOR, modeld
to 3.

Otherwise, if IntraPredModeY[ xCb.}[ yCb ] is equal to INTRA_VER, modeld
to 4.

intra_chroma_pred_mode[ xCb][yCb] is equal to or greater tha

Table 16 — Specification of IntraPredModeC

TRA_BI, the

to 1.

K is set equal

X is set equal

X is set equal

h modeldx,

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,

— variables log2BlkWidth and log2BlkHeight specifying the width and height of the current coding

block,
— avariabl
— avariabl

Outputs of

and y = 0.nCbH - 1.

The variable

If sps_suco_flag is equal to 1, the following applies:

— The nCbW * 3 + nCbH * 3 + 1 neighbouring samples p[ x ][ ¥ that are constructed samples aft

post-rec

x = 0.nCbW + nCbH - 1,y = -1, and x = nCbW, y = 0.nCbH + nCbW - 1 are derived as follows:

— The

— The
deri

— The
invd

e predModelntra specifying the intra prediction mode, and
e cldx specifying the colour component of the current coding block.

this process are the predicted samples predSamples[x][y], - With x=0.nCb

5 nCbW and nCbH are set equal to 1 << log2BlkWidth and 1,<<-log2BlkHeight.

nstruction filtering process, with x =-1,y=-1..nCbH + nCb\

neighbouring location ( xXNbCmp, yNbCmp:J is specified as follows:
(xNbCmp, yNbCmp ) = (xCbCmp +&yCbCmp +y ) (

current luma location ( xCbY, ¥CbY ) and the neighbouring luma location ( xNbY, yNbY|
ved as follows:

(xCbY, yCbY) =
(cldx == 0)? (x€bBCmp, yCbCmp ) : ( xCbCmp * SubWidthC, yCbCmp * SubHeightC )

( xNbY, yNbY )=
(cldx =209 ? (xNbCmp, yNbCmp ) : ( xNbCmp * SubWidthC, yNbCmp * SubHeightC )

derivation process for neighbouring block availability as specified in subclause 6.
ked'with the neighbouring luma location ( xNbY, yNbY ) as input, and the outputis ass

to a

wW-1

br the
V-1,

279)

) are

280)

281)

4.1 is
igned

ailableN

— Each sample p[ x ][ y] is derived as follows:

— If one or more of the following conditions are true, the sample p[ x ][ y ] is marked as "not

126

available for intra prediction”.
— The variable availableN is equal to FALSE.

— LumaPredMode[ xNbY ][ yNbY ] is not equal to MODE_INTRA
constrained_intra_pred_flag is equal to 1.

and
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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

se=nCh\AL }7 =0 nChH 4+ nChIAL 1 Aac r\nfpnfn
X peavion n o \>4 TS VY TS OtTpttoT

SITGOTT

Otherwise (sps_suco_flag is equal to 0), the following applies:

— The nCbW * 2 + nCbH * 2 + 1 neighbouring samples p[ x ][ y ] that are constructed Jamples after
the post-reconstruction filtering process, with x=-1,y==1nCbH+nChW -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 the neighbouring luma location ( XNbY, yNbY )
are derived as follows:

(xCbY, yCbY) =
(cldx == 0)? (xCbCmp, yCbCmp ) : (xCbCmp * SubWidthC, yCbCmp * SubHeight() (283)

(xNbY, yNbY ) =
(cldx == 0)? (xNbCmp, yNb€mp ) : (xNbCmp * SubWidthC, yNbCmp * SubHeight[C ) (284)

-+ The derivation process for'neighbouring block availability as specified in subclause 6.4.1 is
invoked with the neighbeuring luma location ( xNbY, yNbY ) as input, and the output is assigned
to availableN.

—+ Each sample p[x][y ] is derived as follows:

— If oneior-more of the following conditions are true, the sample p[ x ][ y ] is m3rked as "not
available for intra prediction".

= The variable availableN is equal to FALSE.

— LumaCuPredMode[ xNbY J[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.

© ISO/IEC 2020 - All rights reserved 127


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

ISO/IEC 23

094-1:2020(E)

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 ( xCbCmp, yCbCmp ) and the luma

coding block

Depending o

width nCbW as inputs.

n 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.

— Otherwige, if predModelntra is equal to INTRA_HOR, the corresponding intra prediction
specified in subclause 8.4.4.4 is invoked with the sample array p, the coding block width nCbW, h

nCbH a

the neigbhoring availability value availLR as inputs, and the outputs are, the’ pred

sample drray predSamples.

— Otherwij
specified
height n

— Otherwis

e, if predModelntra is equal to INTRA_VER, the corresponding intra prediction
in subclause 8.4.4.5 is invoked with the sample array p, the coding block width nCb{
[bH as inputs, and the outputs are the predicted sample array predSamples.

e, if predModelntra is equal to INTRA_UL, the correspondingintra prediction mode spe

in subclause 8.4.4.6 is invoked with the sample array p, the codingblock width nCbW and height

as inputd

— Otherwi

, and the outputs are the predicted sample array predSamples.

e, if predModelntrais equal to INTRA_UR, the cofresponding intra prediction mode spe|

in subclause 8.4.4.7 is invoked with the sample array p, the coding block width nCbW and height

as inputd

— Otherwij
in subcld
log2BIkH
predicte

— Otherwis
specified
log2BIkV

, and the outputs are the predicted sample array predSamples.

e, if predModelntra is equal to INTRALBI, the corresponding intra prediction mode spe|
use 8.4.4.8 is invoked with the sanmiple array p, the block size nCbW, nCbH, log2BIkV
eight and the neigbhoring availability value availLR as inputs, and the outputs ar
l sample array predSamples.

e, if predModelntra is_ equal to INTRA_PLN, the corresponding intra prediction
in subclause 8.4.4.9 is invoked with the sample array p, the block size nCbW, 1
Vidth, log2BlkHeightand the neigbhoring availability value availLR as inputs, and the ou

are the predicted samplé array predSamples.

— Otherwig
the intra

e, the corfésponding intra prediction mode specified in subclause 8.4.4.10 is invoked

sample

prediction mode predModelntra, the sample array p, the coding block width nCbW, |

rray predSamples.

mode
eight
licted

mode
V and

cified
nCbH

cified
nCbH

cified
Vidth,
e the

mode
1CbH,
tputs

with
eight
licted

nCbH a:F the neigbhoring availability value availLR as inputs, and the outputs are the pred

8.4.4.2 Reference sample substitution process for intra sample prediction

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

— avariabl

128

e cldx specifying the colour component of the current coding block.
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Outputs of this process are:

— the modified reference samples p[x][y] with x=-1,y=-1.nCbH+nCbW-1 and
x = 0.nCbW + nCbH - 1, y = -1 for intra sample prediction, 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 cldxis equal to 0, bitDepth is set equal to BitDepthy

— Otherwise, bitDepth is set equal to BitDepthc.
If sps| eipd_flag is equal to O, the following applies:

— The values of the samples p[ x ][ y ] withx=-1, y = -1.nCbH + nCbW - hand x = 0.nCbW + nCbH - 1,
y|= -1 are modified as follows:

- When p[-1][-1] is marked as "not available for\\imtra prediction", the value of
1 << (bitDepth - 1) isassignedtop[-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 a
sample p[x][y] is marked as “naet available for intra prediction”, the value of
1 << (bitDepth - 1) is assigned to p{.xX ][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

1 << (bitDepth - 1) isassignedtop[x ][y ]

— Al samples p[x][y] with x==1,y=-1.nCbH + nCbW - 1 and x = 0.nCbW + nCbH - [l, y=-1 are
mjarked as "available for intra prediction”.

Otherwise (sps_eipd_flag.isequal to 1), the following applies:

— Ifisps_suco_flag is-€qual to 1, the following applies:

— The (“values of the samples p[x][y] with x=-1,y=-1.nCbH+nChW-1 and
x =0xnCbW + nCbH - 1, y = 0 and x = nCbW, y = -1.nCbH + nCbW - 1 are modified|as follows:

2~ When p[-1]1[-1] is marked as "not available for intra prediction", the value of
1 << (bitDepth - 1) isassignedtop[-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 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 and
Xx=0nChW + nChH -1 v = -1 are modified as follows:

— [When p[-1][-1] is marked as "not available for intra prediction"”, the-valfie of
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 a
sample p[x][y] is marked as "not available for intrasprediction”, the valpie of

p[x-1][y]isassignedtop[x][y]

2) Search sequentially starting from x =-1, y = 0 to x= =%, y = nCbH + nCbW - 1. When a
sample p[x][y] is marked as "not available for intra prediction”, the valpie of

plx][y-1]isassignedtop[x][y]

— All samples p[x][y] with x=-1,y=-1..nCbH + h€bW - 1 and x=0.nCbW + nCbH -1, y=-1
are marked as "available for intra prediction”.

8.4.4.3 Specification of intra prediction mode INTRA_DC

Inputs to this process are:

— the neighbouring samples p[ x ][ y.,

— variableg nCbW and nCbH specifying the width and height of the current coding block, and
— the variaple 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.nCb{\V -1,
y = 0.nCbH + 1.

If sps_eipd_flagis 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 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|
derived as follows:

x ][y ], withx=0.nCbW -1, y = 0.nCbH - 1, are

— 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 ] = ((ZgZ" " plx1[-1] + XyZy " p[=11[y'] + XyrZy ™ p[nCbW][y'] +
((nCbW + nCbH + nCbH) >> 1) * divScaleMult[ logZAspRatlo] )
(divSealeShifr+aspRatioShif) (286)

—+ Otherwise, if availLR is equal to LR_01, the values of the predSamples[k][y] with
x=0.nCbW -1,y = 0.nCbH - 1, aspRatioShift = (nCbW > nCbH ) ? Log2( nCbhH ) : Log2( anW)
log2AspRatio = (nCbW > nCbH ) ? (Log2( nCbW ) - LogZ( nCbH|) )

(Log2( nCbH ) - Log2( nCbW ) ) are derived as follows:

predSamples[x][y] =
(220" plx1[=1] + Zy25 " p[nCbWI[y'] + ( (nCbW&iCbH) >> 1)) *
d1VScaleMu1t[ log2AspRatio | ) >> ( divScaleShift + aspRatioSh

Otherwise (availLR is equal to LR_10 or LR_00), the.values of the predSamples]
x = 0.nCbW -1,y = 0.nCbH - 1, aspRatioShift = ((aCbW > nCbH ) ? Log2( nCbH ) : L
log2AspRatio = (nCbW >nCbH) ? (Log2({nCbW ) - Log2(nCbH)) (Lo
Log2( nCbW ) ) are derived as follows:

predSamples[x][y] =
(IR pIx1[=1] + Ty pi-1]ly'] + ((nCbW + nCbH) >> 1)) *
d1chaleMult[IogZAspRatio]) >> (divScaleShift + aspRatioSh

Table 17 — Specification of divScaleMult[ idx ] for various input values of idx

ift) (287)
x ][y ], with
bg2( nCbW ),
g2(nCbH ) -

ift) (288)

idx 0 1 2 3 4 5 6

¥

divScaleMultfidx ] 2048 | 1365 819 455 241 124 63

2

8.4.4{4 Specification of intra prediction mode INTRA_HOR

Inputs to ‘this process are:

— the neighbouring samples p[ x ][ ¥ |,

— variables nCbW and nCbH specifying the width and height of the current coding block, a

nd

— the variable availLR specifying left and right neighbouring blocks availabilities of luma coding block.

Outputs of this process are the predicted samples predSamples|
y = 0..nCbH - 1.

x][y], with x=

If sps_eipd_flag is equal to 0, the following applies:

— The values of the prediction samples predSamples|
derived as follow:

x][y
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predSamples[x [[y]=p[-1][y] (289)

Otherwise (s

ps_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 ay

y:

—  Oth¢
X =

]

—  Othg

x = (.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 .>>"1) )

.nCbH - 1 are derived as follows:

divScaleMult[ Log2( nCbW ) ]) >> divScaleShift

brwise, if availLR is equal to LR_01, the values of the predSamples[x][y],
.nCbW -1,y = 0.nCbH - 1 are derived as follows:

predSamples[x [[y ] =p[nCbW ][y ]

erwise (availLR is equal to LR_00 or LR_10), the values*of'the predSamples[ x ][y ]

predSamples[x ][y ]=p[-1][y]

ailLR is equal to LR 11, the values of the predSamples[x][y], with x=0.nCbW -1,

290)

with

291)

with

292)

8.4.4.5 Specification of intra prediction mode INTRAVER
Inputs to this process are:
— the neighbouring samples p[ x ][ y ], and
— variableg 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.nCb{\V -1,
y =0..nChH - 1.
The values ¢f the prediction’ samples predSamples[ x ][y ], with x=0.nCbW -1, y=0..nCbH -1, are
derived as fqllows:
predSdmplesfx |[y]=p[x][-1] (1293)
8.4.4.6 Speecification-ofintraprediction-moede 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..nCb

H-1.

The values of the prediction samples predSamples[ x |[ y ], with x=0.nCbW -1, y = 0.nCbH - 1, are
derived as follows:

132
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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

tsto-thi :
Inputsto-thisprocess-are:

— the neighbouring samples p[ x ][ y ], 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[xJLy’], with x=[0.nCbW -1,
y ¥ 0.nCbH - 1.

The yalues of the prediction samples predSamples[ x ][ y ], with.X<"0.nCbW -1, y = 0.nCbH - 1, are
derived as follows:

predSamples[ x ][y ] = (predSamples[ x +y + 1][ -1 ] + predSamples[ -1 ][x+y+1]) >> 1 (296)
8.4.4{8 Specification of intra prediction mode INTRA_BI
Inputs to this process are:

— the neighbouring samples p[x ][y ],

— two variables nCbW and nCbH specifying the width and height of the current coding bldck,

— two variables log2BlkWidth and log2BlkHeight specifying the width and height of the cyrrent coding
block, and

— the variable availLRspecifying left and right neighbouring blocks availabilities of luma ¢oding block.

Outputs of this_fprocess are the predicted samples predSamples[x][y], with x=[0.nCbW -1,
y ¥ 0.nCbH <.

The viariable bitDepth is derived as follows:

J— If cldxic o
cHex1S-€e

— Otherwise, bitDepth is 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:

— IfavjilLR is equal to LR_11, the values of the prediction samples predSamples[ x ][ y ] are dgrived
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 [[nCbH-1]*(x+ 1)+ (nCbW >>1)) * divScaleMult[ Leg2¢nCbW ) | ) >>
divScaleShift) * (y + 1) + (nCbH >> 1)) >> Log2(nCbH ) ) + 1 }>>1) 297)

— Othg¢rwise, if availLR is equal to LR_01, the values of the prediction samples predSamples| ¥
are (derived as follows:

o
—
<

e

— [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, the'variable iC is derived as follows:
iC=(iA+iB+1) »>1 (1300)

—  Otherwise, the variable iC is derived as follows:
iShift =-Min( log2BlkWidth, log2BlkHeight ) ) (301)
absLog2DiffWH = Abs( log2BlkWidth - log2BlkHeight ) (1302)

iC = (( (iA <<log2BlkWidth ) + (iB << log2BlkHeight ) ) *

weightFactor[ absLog2DiffWH ]
+ (1 << (iShift+9)))>>(iShift+10) (303)

— The values of the prediction samples predSamples[ x ][ y ] are derived as follows:

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:

iShift = Min( log2BlkWidth, log2BlkHeight )

8.44
Input
— th
— t

— 1t
b

— th

Outp
y

The

F 0.nChbH= 1.

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 ] are derived 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[-11[y]) $<(log2BlkWidth + log2BlkHeight

((iC<<1)-iA-iB)*x*y+ (1 << (log2BlkWidth + log2BlkHeight) ) ) >>
(log2BlkWidth + log2BlkHeight + 1))

9 Specification of intra prediction modeINTRA_PLN
s to this process are:

le neighbouring samples p[x ][y ],

vo variables nCbW and nCbHlspecifying the width and height of the current coding blo

vo variables log2BlkWidth and log2BlkHeight specifying the width and height of the cu
ock, and

le variable availLR specifying left and right neighbouring blocks availabilities of luma ¢

its of thiS process are the predicted samples predSamples[x][y], with x=

ariable bitDepth is derived as follows:

(305)

(306)

(307)

(308)

(309)

(310)

~—
~—

(311)

ck,

rrent coding

oding block.

0.nCbW -1,

— Ifcldx is equal to 0, bitDepth is set equal to BitDepthy.

— 0

Thes

therwise, bitDepth is set equal to BitDepthc.

caling 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)
iA=(p[0][-1]+p[nCbW ][nCbH-1])<<4 (316)
iB=((iH <<5) * mult[ idxH ] + (1 << (shift[idxH ] - 1)) ) >> shift[ idxH ] 317)
iC=((|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))*iC+16)>>5) (319)

— 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:

iH =3P + 1) « (p[(nCbW/2) + x'][—1] — p[(nCHW/2) — X' — 2][1] 320)
iv =Py + 1) « (p[-1][(nCbH/2) +y'] — p[<1][(nCbH/2) —y' — 2] 321)
iA=(p[nCbW -11[-1]+p[-1][nCbH-1]) <% 4 322)
iB = ((iH << 5)* mult[idxH ] + (1 << (shiftfidxH]-1))) >> shift[ idxH ] 323)
iC = (([iV << 5) * mult[ idxW ] + (1 << shift[ idxW]-1))) >> shift[ idxW ] 324)

predSdgmples[ x ][y ] = Clip3( 0, << bitDepth ) - 1,
A+ (x-((nCbW>>1)~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
multf 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 ] is assigned with the neighbouring samples p[ x ][ y ], withx = -1,y = -1.nCbH + nCbW - 1.

—Tre
X 7

The v
by th

1) TH

— Ds

[Right[ v | is assigned with the neighbouring samples pLx]
t nCbW, y = -1..nCbH + nCbW - 1.

alue of the prediction sample predSamples[ x ][ y ], withx = 0.nCbW - 1,y = 0..nCbH -
e following ordered steps:

e values iOffset, iX, iY and refPosition are specified as follows:
pending 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)
iTanX=(((x+1)*divDyx)>>10)
— If predModelntra is less than INTRA} VER, the following applies:
— Ifxisless than nCbW - iTanY (refer to upper sample), the following applie]
iOffset = (((y+ 1)&divDxy)>>5) - (iTanY << 5)
iX=x+iTan¥
refPosition = refUp
— Otherwise (refer to right sample), the following applies:
iOffset = (( (nCbW - x) *divDyx ) >>5) - (((( nCbW - x) *divDyx ) >> 10 ) <<

iX=x+(((nCbW -x) *divDyx ) >>10)

vyl with

| are derived

(326)

(327)

(328)
(329)

(330)

5)  (331)

(332)

refPosition = refRight

(333)

— Otherwise, if predModelntra is greater than INTRA_HOR, the following applies:

iTanX = (((nCbW -x) *divDyx ) >>10)
iTanY = (( (nCbW -x) *divDxy ) >> 10)

— Ifyisless than iTanX (refer to upper sample), the following applies:
iOffset = (( (nCbW -x ) *divDxy ) >>5) - (iTanY << 5)

iX=x+iTanY
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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 sample), the following appliles:

iOffset = ( ( (nCbW - x) * divDxy ) >>5) - ( ( ( (nGBW - 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 srefLeft 350)

— Otherwise (availLR{isiequal to LR_10 or LR_00), the following applies:

{TanY = (0(y + 1) *divDxy ) >>10) 351)

{TanX =( ((x+ 1) *divDyx)>>10) (1352)

— [If predModelntra is tess than INTRA_VER(refer to upper sampie ), the following appiies:

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)

2) The value of the prediction samples predSamples[ x ][ y Jrare derived as follows:
—+ IfrefPosition is equal to refUp (refer to uppersample), the following applies:
— Avariable clipMax is set equal to ( nGbW + 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)
iXnN1 = 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 J[iY |)* (64 - iOffset ) +
p[-1][iYn]* (32 +iOffset) + p[ -1 ][ iYnP2 ] * iOffset +.64") >> 7 378)

— Otherwise (refPosition is equal to refRight), the following applies:
— |A variable clipMax is set equal to ( nCbW + nCbH — 4/).
— |A variable 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((dlipMin, 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 tollows:

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
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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 28106
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,

© ISO/IEC 2020 - All rights reserved 141


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

ISO/IEC 23

094-1:2020(E)

— 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.

Depending o

n the variables nTbW and nTbH, the following applies:

— Ifbothn

1) The
luma
and t
equa
as in

2) The
luma|
to nQ
nTbH
resS4
resSa

3) The
lumal
to n(
nTbH
resSa
resS4

4) The
luma|
nCb\f
nTbV
(nCb
(nCb

— Otherwiy

[bW and nTbH are greater than MaxTbSizeY, the following ordered steps apply:
lecoding process for the residual signal as specified in this subclause is invoked wit
he variable nCbH set equal to nCbH, the variable nTbW set equal to nTbW / 2 and nTk
buts, and the output is a modified version of the (nCbW)x(nCbH) array resSamples.

lecoding process for the residual signal as specified in this.subclause is invoked wit
location ( XCb, yCb ), the luma location ( xTb + nTbW / 2, ¥Fb ), the variable nCbW set
bW and the variable nCbH set equal to nCbH, the variable nTbW set equal to nTbW /

set equal to nTbH / 2, the variable cldx set equalto cldx, and the (nCbW)x(nCbH)
mples as inputs, and the output is a modifiedvversion of the (nCbW)x(nCbH)
mples.

lecoding process for the residual signal@as’specified in this subclause is invoked wit
location ( xCb, yCb ), the luma location (‘xTb, yTb + nTbH / 2 ), the variable nCbW set
bW and the variable nCbH set equal’to nCbH, the variable nTbW set equal to nTbW /

set equal to nTbH / 2, the variable cldx set equal to cldx, and the (nCbW)x(nCbH)
mples as inputs, and the output is a modified version of the (nCbW)x(nCbH)
mples.

lecoding process for the residual signal as specified in this subclause is invoked wit
location (xCb, yCbhy), the luma location (xTb +nTbW /2,yTb + nTbH /2), the va
V set equal to n€bW and the variable nCbH set equal to nCbH, the variable nTbW set eq
V /2 and nThH set equal to nTbH /2, the variable cldx set equal to cldx, an
W)x(nCbH) array resSamples as inputs, and the output is a modified version @
W)x(nChH) array resSamples.

eif n"TbW is greater than MaxTbSizeY, the following ordered steps apply:

h the

location ( xCb, yCb ), the luma location ( xTb, yTb ), the variable nCbW set*equal to nCbW

H set

to nTbH / 2, the variable cldx set equal to cldx, and the (nCbW)x(nCbH) array resSamples

h the
equal
P and
array
array

h the
equal
P and
array
array

h the
riable
ual to
1 the
f the

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 / 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.

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 + 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 set equal
tonCbW and the variable nChH set nqn:ﬂ to n(‘h]—l’ thevariable nThW. set nqn:ﬂ tonThW and nTbH
set equal to nTbH / 2, the variable cldx set equal to cldx, and the (nCbWJ)x(hCbH) array
resSamples as inputs, and the output is a modified version of the (nCbW)x(hCbH) array
resSamples.

— Otherwise (both nTbW and nTbH are less than or equal to MaxTbSizeY), thé)following grdered steps
bply:

o8]

1) When cldx is not equal to 0, nTbW is set equal to nTbW / SubWidthC and nTbH ig set equal to
nTbH / SubHeightC.

2) The scaling and transformation process as specified in stubclause 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 nTbH'set equal to nTbH as inputs, and fthe output is
an (nTbW)x(nTbH) array transformBlock.

3) The (nCbW)x(nCbH) residual sample array-of the current coding block resSamples i$ modified as
follows:

resSamples[ xTb / ( cIdx ? SubWidthC: 1) +i,yTb / ( cIdx ? SubHeightC: 1) +j |
transformBlock][ i,j ], (386)
withi=0.nTbW -1,j=0aTbH -1

8.5 |Decoding process for’coding units coded in inter prediction mode
8.5.1] General

Inputs to this prdecess are:

— aflumaleeation ( xCb, yCb ) specifying the top-left sample of the current luma coding blogk relative to
the top-left luma sample of the current picture, and

— two variables log2CbWidth and log2CbHeight specifying the width and the height of the current luma
coding block.

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 nCbH,, as inputs, and the reference indices refldxLX, the prediction list utilization

ﬂ,-
\(:
mption vector array mvLX[xSbldx ][ ySbldx], and the chroma motion veCtor
myCLX[ xSbldx ][ ySbldx ] with xSbldx = 0..numSbX - 1, and ySbldx = 0.numSb¥Y ¥ 1, with X
bd
mption vectors cpMvLO[ cpldx] with cpldx=0.numCpMv -1, cpMvL1[cpldx ]

cpldx = 0.numCpMv - 1 as outputs. The DMVR utilization flag dmvrAppliedFlag is set equal to

0.

— Of
SH
lu
Iyl

0,

arf
arlj

— 1

f

gs pvnr‘lplngl Y’ the number ofluma r‘nr‘]ing subblocks inhorizontal direction numShb¥X 2

rtical direction numSbY, the flag specifying motion vector clipping type clipMV, the

ing 0 or 1, the number of control point motion vectors numCpMyv, and the control

herwise, the derivation process for motion vector components and reference indic
ecified in subclause 8.5.2.1 is invoked with the luma coding block location ( xCb, yCb
ma coding block width nCbW, and the luma coding bléck height nCbH;, as inputs, an
ma motion vectors mvLO[ 0 ][ 0 ] and mvL1[ O ][ O ], when ChromaArrayType is not eq
the chroma motion vector mvCLO[ 0 ][ 0 ] and mvGL1}f O ][ O ], the reference indices ref]
d refldxL1, the prediction list utilization flags.predFlagLO[ 0 ][ 0 ] and predFlagL1[ 0
d the DMVR utilization flag dmvrAppliedFlag as outputs.

dmvrAppliedFlag is equal to 1, it is modified as follows:

dmvrAppliedFlag is set equal to 0;ifany of the following conditions are false:
— mmvd_flag [ xCb ][ yCb ] is*equal to 0.

— predFlagL0 is equal to 1 and predFlagL1 is equal to 1.

— DiffPicOrder€nt( currPic, RefPicListO[ refldxL0 ] ) + DiffPicOrderCnt( currPic, Rg
List1] refldxL1 ] ) is equal to 0.

— nCbWs greater than or equal to 8 and nCbH is greater than or equal to 8.

The_peference picture consisting of an ordered two-dimensional array refPicLXy of]
sdniples and two ordered two-dimensional arrays refPicLXc, and refPicLXc: of ch

nd in
luma

array

point
with

es as
), the
d the

nal to

dxLO0
1001,

2fPic

luma
roma

samples is derived by invoking the process as specified in subclause 8.5.4.2 with ref]
as input.

dxLX

— The coded block is partitioned into sub-blocks with the number of luma coding subblocks

144

in horizontal direction numSbXLX and in vertical direction numSbYLX, and the sub-
width sbWidth and the sub-block height sbHeight are computed as follows:

block

— 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,

— For xSbldx = 0.numSbXLO0 - 1 and ySbldx = 0..numSbYLO - 1, the following ap

(388)
(389)
(390)

plies:

— The luma motion vectors mvLX[ xSbldx ][ ySbldx ] and the prediction list utilization
flags predFlagLX[ xSbldx ][ ySbldx ] with X equal to 0 and 1, and the luma location

(xSb[xSbldx ][ ySbldx ], ySb[ xSbldx ][ ySbldx ]]) specifying the top-left s

mple of the

coding subblock relative to the top-left luma sample of the current pictrg
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 * sbHeight

— The decoder side motion vector refimenent process as specified in subc
invoked with xSb[ xSbldx ][ ySbldx ], ySb[ xSbldx ][ ySbldx ], sbWidth, s
motion vectors mvLX[ xSbldx ][ ySbidx] and the reference picture array
inputs, and delta motion vector dMvLO[ xSbldx ][ ySbldx | as output.

— When ChromaArrayType is.not equal to 0, the derivation process for chi
vectors as specified in subclause 8.5.2.6 is invoked with mvLX[ xSbldx ][
refldxLX as inputs, and mvCLX[ xSbldx ][ ySbldx ] as outputs with X equal

— Otherwise (dmvrAppliedFlag is equal to 0), the following applies:

— When ChromaArrayType is not equal to 0 and predFlagLX[ 0 ][ 0 ], with X be
equal to 1, -the derivation process for chroma motion vectors as
subclause 8:5:2.6 is invoked with mvLX[ 0 ][ 0 ] and refldxLX as inputs, and m
as output.

— The niumber of luma coding subblocks in horizontal direction numSbXL0 an
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 vectof

b are derived

(391)
(392)
(393)
(394)

ause 8.5.5 is

bHeight, the
refPicLXy as

'oma motion
ySbldx ] and
to 0 and 1.

ing 0 or 1, is
specified in
VCLX[0][ 0]

d numSbXL1

refinement,

refMvl Y[ xShldx ] [ thIdY] and refMv(CI Y[ YthdY][thIdY] with X hping 0 and 1

are derived

as follows for xSbldx = 0.numSbXL0 - 1, ySbldx = 0..numSbYLO - 1:

— 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 ]
follows:

mvLX[ xSbldx ][ ySbldx ] = mvLX][ xSbldx ][ ySbldx ] << 2
— IfXis equal to 0, the following applies:

refMvLX][ xSbldx ][ ySbldx | = mvLX[ xSbldx ][ ySbldx ] + dMvLO[ xSbldx ][ ySbldx ]

© ISO/IEC 2020 - All rights reserved
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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)

— Otherwise (dmvrAppliedFlag is equal to 0), the following applies:

refMvLX[ xSbldx ][ ySbldx ] = mvLX[ xSbldx ][ ySbldx ] << 2 400)
refMvCLX[ xSbldx ][ ySbldx ] = mvCLX[ xSbldx ][ ySbldx ] << 2 @Bon)
NOTE The array refMvLX is used in the derivation process for collocated motion vectprs in
subclause8.5.2.3.4. mvLX is used in the derivation process for spatial motioh vector predictofs and
boundary strength derivation process of deblocking filter.
3) When affine_flag[ xCb ][ yCb ] is equal to 0 and dmvrAppliedFlag’is equal to 0, the following
applies:
numSbX =1 402)
numSbY =1 403)
numCpMyv = 2 (404)
cpMvLO[0]=mvLO[0][ 0 ][ O] 405)
cpMvLO[1]=mvLO[ O [fO’][ 1] 406)
cpMvL1[0]=mvEL[0][0][ 0] 407)
cpMvL1[1]=mvL1[0][0][1] 408)
mvLO[OO][0]=mvLO[O][0][0]<<?2 409)
mvhO[O][O][1]=mvLO[O][O0][1]<<?2 410)
mvL1[0][0][0]=mvL1[0][0][0] <<?2 411)
mvL1[O][O][1]=mvL1[O][O0][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 refldxL.0 and refldxL1,
and the predlctlon list utlllzatlon ﬂags predFlagLO and predFlang the number of control point

5 h 3 gpldx] with

cpIdx 0. numeMV 1, cvaLl[cpIdx] w1th cpldx = 0 numeMV 1 and
specifying motion vector clipping type as inputs, and the inter prediction samples’(p
that are an (nCbWy)x(nCbH.) array predSamples; of prediction lumaysample§ and, when
ChromaArrayType is not equal to 0, two (nCbW¢)x(nCbH¢) arrays predSamplesc: and
predSamplesc; of prediction chroma samples, one for each of the chrema components Cb and Cr,
as outputs.

5) The variable isChromaPresent is set equal to TRUE if ChromdArrayType 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 Juma location ( xCb, yCb ) and the[luma coding
block width log2CbWidth, the luma coding blockheight log2CbHeight and the chromp component
presence indicator isChromaPresent as .inputs, and the array resSamples.| and, when
isChromaPresent, two arrays resSamplesg,and resSamplesc:as outputs.

7) The reconstructed samples of the current coding unit are derived as follows:

— The picture reconstruction process prior to post-reconstruction and in-loop f{ltering for a
colour component as specified in subclause 8.7.5 is invoked with the luma ¢oding block
location ( xCb, yCb ), the variable nCurrW set equal to nCbWj, the variable nCurrH set equal to
nCbHy, the variable ¢ldx set equal to 0, the (nCbW)x(nCbH) array predSampleg set equal to
predSamples;, and\the (nCbW.)x(nCbH.) array resSamples set equal to resSamplps;, as inputs,
and the outputiis‘a modified reconstructed picture before the post-reconstrucfion filtering
process and/ih*loop filtering.

— When walue of cbf luma is equal to 1 and sps_htdf flag is equal to 1, the post-refconstruction
filterifig process prior to in-loop filtering for a luma component as [specified in
subelause 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 nCbHji, the variable {Jpy set equal
to Qp'y, which is obtained according to derivation process for quantization parameters as
specified in subclause 8.7.1, 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
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

fil

tering.

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:

MvLO[xCb +x][yCb+y]=mvLO[0][0] >> 2 (417)
MvVL1[|xCb +x][yCb+y]=mvL1[0][0] >> 2 418)
Refldx[LO[ xCb + x ][ yCb + y ] = refldxL0 419)
Refldx[L1[ xCb + x ][ yCb + y ] = refldxL1 @#20)
PredFlagLO[ xCb + x ][ yCb + y ] = predFlagLO[ 0 ][ 0] @21
PredFlagL.1[ xCb + x ][ yCb + y | = predFlagL1[ 0 ][ O ] @22)
When affine[flag[ xCb ][ yCb ] is equal to 0, for xSbldx = 0..numSbXL0 = ¥'and ySbldx = 0.numSbYL{0 - 1,
the following applies:
— The follpwing assignments are made for x = 0..sbWidth <1'and y = 0..sbHeight - 1:
MvDmjvrLO[ xCb + xSbldx*sbWidth + x ][ yCb + ySbldx* sbHeight +y | =
refMvLO[ xSbldx ][ ySbld¥'] >> 2 @23
MvDmjvrL1[ xCb + xSbldx*sbWidth + x ][.y€b + ySbldx* sbHeight +y | =
refMvL1[ xSbldx[ ySbldx ] >> 2 @24)
8.5.2 Deriyation process for motion'vector components and reference indices
8.5.2.1 Genjeral
Inputs to thig process are:
— alumalgpcation ( xCh; yCb ) of the top-left sample of the current luma coding block relative to the top-
left lumg sample.of the current picture, and
— two varfables 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],

— when ChromaArrayType is not equal to 0, the chroma motion vectors mvCLO[0][ 0] and

mvCL1[

0][o1],

— the reference indices refldxL0 and refldxL1,

— the prediction list utilization flags predFlagLO[ 0 ][ 0 ] and predFlagL1[ 0 ][ 0 ], and

— the DMVR utilization flag dmvrAppliedFlag.
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Let the variable LX be RefPicListX, with X being 0 or 1, of the current picture.

-1:2020(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 predFlagLO[ 0 ][ O ]

ndoredFlacl 1 01 01 The DMVR utilization flag dmvrAvnpliedFlac is set egual to 1
' tShabel NG § B 5 Pr 5 T

(

process for luma motion vectors for skip mode as specified in subclause 8.5.2.2 is'inv

luma location ( xCb, yCb ), and the variables nCbW and nCbH as inputs, and.the outp
luma motion vectors mvLO[ 0 ][ 0 ] and mvL1[ 0 ][ O], the reference indi¢es refldxL0 g
dnd the prediction list utilization flags predFlagLO[ 0 ][ 0 ] and predFlagL1[0][O].

dmvrAppliedFlag is set equal to 0.

(therwise, if sps_admvp_flag is equal to 0, and direct_ mode:lag[ xCb ][ yCb ] is eq
derivation process for luma motion vectors for direct mode’ as specified in subclay
invoked with the luma location ( XxCb, yCb ), and the variables nCbW and nCbH as inj
dqutputs being the luma motion vectors mvLO[ 0 ][0 Pand mvL1[ 0][ 0], the refer
refldxL0 and refldxL1, and the prediction list* utilization flags predFlagLOJ]
predFlagL1[ 0 ][ O ]. The variable dmvrAppliedFlag is set equal to 0.

(Otherwise (direct_mode_flag[ xCb ][yCb ], merge_mode_flag[ xCb ][ yCb
du_skip_flag[ xCb ][ yCb ] are all equal to0J, for X being replaced by either 0 or 1 in
predFlagLX[ 0 ][ 0], mvLX[ 0 ][ 0], refldxLX and MvdLX, in PRED_LX, and in the syn
ilef_idx_IX, the following ordered steps apply:

1) The variable dmvrAppliedFlag is set equal to 0.

Do

) The variables refldxLX)and predFlagLX[ 0 ][ 0 ] are derived as follows:

— If sps_admvp_flag is equal to 0, the following applies:

and predFlagLX[ 0 ][ 0] are specified by:

ked with the
ts being the
nd refldxL1,
The variable

therwise, if sps_admvp_flag is equal to 0, and cu_skip_flag[ xCb ][ yCb ] is equal to\l t({e derivation

hal to 1, the
1se 8.5.2.5 is
puts, and the
ence indices
0][0] and

| and
he variables
rfax elements

— IfVinter_pred_idc[ xCb ][ yCb ] is equal to PRED_LX or PRED_BI, the variables refldxLX

refldxLX = ref_idx_IX[ xCb ][ yCb ] (425)
prediagkx0-Ho04== (426)
— Otherwise, the variables refldxLX and predFlagLX[ 0 ][ 0 ] are specified by:
refldxLX = -1 (427)
predFlagLX[0][0]=0 (428)
— Otherwise (sps_admvp_flag is equal to 1), the following applies:
— If bi_pred_idx is equal to 0, the following applies:
© ISO/IEC 2020 - All rights reserved 149


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

ISO/IEC 23094-1:2020(E)

— 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 (431)

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)
— The derivation process for luma reference index as spegified in subclause 8.5.2.4.5.1
is invoked with the luma coding block location ( xCb,yCb ), the coding block width

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] (#34)
mvdLX[ 1] = MvdLX[ xCb ][ yCh ][ ] 435)
4) [When predFlagLX[0][ 0] is equal-to 1, the derivation process for luma motion yector
prediction as specified in subclause*8.5.2.4.1 is invoked with the luma coding block lodation
(xCb, yCb ), the coding blockwidth nCbW, the coding block height nCbH and refldx[LX as

inputs, and the output beingmvpLX.

5) When predFlagLX[ 0 ]| 0] is equal to 1, the luma motion vector mvLX[ 0 ][ 0 ] is deriyed as

follows:
uLX[.0= (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.

150 © ISO/IEC 2020 - All rights reserved


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

ISO/IEC 23094

8.5.2.2 Derivation process for luma motion vectors for skip mode

Inputs to this process are:

-1:2020(E)

— 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.

Outputs of this process are:

The
predi
ordet

1)

2)

e luma motion vectors mvLO[ 0 ][0 ] and mvL1[ 0 ][ 0],
e reference indices refldxL0 and refldxL1, and

e prediction list utilization flags predFlagL.O[ 0 ][ 0 ] and predFlagL1[ 0 })07.

otion vectors mvLO[ 0 [[ 0 ] and mvL1[ O ][ O ], the reference indices'refldxL0 and reflgxL1, and the

tion utilization flags predFlagL0[ 0][ 0] and predFlagL1[ 0]} 0.) are derived by t

ed steps:

When slice_type is equal to P, the variables mvL1[ 0 J['0+], refldxL1 and predFlagL
set as follows:

mvL1[0][0][0]=0
mvL1[0][0][1]=0
refldxL1 =-1

predFlagL1[0][0]=0

The derivation process forimotion vector predictor from neighbouring coding unit
specified in subclause-8.5:2.4.3 is invoked with the luma coding block location ( x
coding block width.n€bW, the coding block height nCbH, the motion vector prec
mvpldx equal toamvp_idx_l0[ xCb ][ yCb ] and the reference list identifier listX set

inputs, and the output being the motion vector predictor mvPred. The variables n
refldxL.0 and‘predFlagLO[ 0 ][ O ] are set as follows:

mvLOf 0 ][ 0 ] = mvPred

refldxL0 =0

he following

I[0][0] are

(440)
(441)
(442)
(443)
partitions as
Cb, yCb ), the
liction index
pqual to 0 as
wLO[O0][0],
(444)

(445)

3)

predFlagl0[0][0]=1

(446)

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

refldxLL1 =0
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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:

— alumalocation ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the top-

Outputs of this process are:

left luma sample of the current picture, and

two varfables nCbW and nCbH specifying the width and the height of the current luma coding’block.

the lumd motion vectors mvLO[ 0 ][0 Jand mvL1[0][ 0],
the refettence indices refldxL.0 and refldxL1, and

the prediction list utilization flags predFlagLO[ 0 ][ 0 ] and predFlagLH{0"][ 0 ].

Variables ml.Size is set equal to ( (nCbW * nCbH <=32) 7?4 : 6 ), mérging candidate list mergeCandList
is set equal o the empty list and number of elements within merge€andList numCurrMergeCand |is set

equal to 0.

The motion yectors mvLO[ 0 ][ 0 ] and mvL1[ 0 ][ 0 ], the reference indices refldxL0 and refldxL1, and the
prediction utilization flags predFlagL.O[ 0 ][ 0] and predFlagL1[ 0 ][ 0] are derived by the follgwing

ordered steps:

1)

2)

3)

4)

5)

152

The der]vation process for spatial merge candidates as specified in subclause 8.5.2.3.2 is inyoked
with thq luma coding block location ( %Cb, yCb ), the coding block width nCbW, the coding [block
height nCbH, mergeCandList, numCurrMergeCand and maximal size of merge candidate list m[LSize
as inpyts, updated mergeCandliist and number of elements numCurrMergeCand within
mergeCgndList as outputs.

The derivation process fortemporal merge candidates as specified in subclause 8.5.2.3.3 is inyoked
with the{luma location (xCb, yCb ), the luma coding block width nCbW, the luma coding block height
nCbH, njergeCandListiand numCurrMergeCand as inputs, updated mergeCandList and number of
elements numCurtMergeCand within mergeCandList as outputs.

When sps_hmyp_flag is equal to 1, numCurrMergeCand is less than mLSize and NumHmvyCand
(numbey 0f entries in HmvpCandList) is greater than 2, the derivation process of history-based
merging candidates as speciiled In subclause 8.5.2.3.6 1s Invoked with mergeCandList,
numCurrMergeCand, maximal size of merge candidate list mLSize, the coding block width nCbW and
the coding block height nCbH as inputs, and modified mergeCandList 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
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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.

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)
mv])([ﬂ][ﬂ][ﬂ]:mleN[ﬂ] (451)
mvLX[O][0][1]=mvLXN[ 1] (452)

— When refldxLX is a valid reference picture, the following applies:

predFlagLX[0][0] =1 (453)
When mmvd_flag[ xCb ][ yCb ] is equal to 1, the following applies;
— The following assignments are made with N-‘\being the candidate [at position

mmvd_merge_idx[ Cb ][yCb] in the merging~ candidate list mergeCandList
( N = mergeCandList] mmvd_merge_idx[ xCb ][ yCl ]} ] ) and X being replaced by O|or 1:

refldxLX = refldxLXN (454)
mvLX[0][0][0]=mvLXN[O] (455)
mvLX[0][0][1]=mvLXN[1 ] (456)

— When refldxLX is a valid ¥eference picture, the following applies:

predFlagLX[ 0 1[0-] =1 (457)

— The derivation processfor MMVD motion vector as specified in subclause 8.5.2.3.9 is Invoked with
the luma location\{ xCb, yCb ), the luma motion vectors mvLO[0][0] and mvL1[0][ 0], the
reference indices refldxLO and refldxL1l, and the prediction list utilization flags
predFlagL0O] 0] 0 ] and predFlagL1[ O ][ O ] as inputs, and the MMVD motion vector§ mMvL0 and
mMvL1,the' modified reference indices refldxL.L0 and refldxL1, and the modified pfediction list
utilization flags predFlagLO[ 0 ][ 0 ] and predFlagL1[ 0 ][ O ] as outputs.

— The/luma motion vector mvLX is replaced by the MMVD motion vector mMvLX for X being 0 and
1as follows:

mvLX[0][0][0]=mMvLX[ 0] (458)

mvLX[0][0][1]=mMvLX[1] (459)

8.5.2.3.2 Derivation process for spatial merging candidates

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 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 merging candidate list mergeCandList, and

— the number of elements numCurrMergeCand within mergeCandList.

The variable|availLR is derived by invoking the derivation process for left and right neighbouring hlocks
availabilitieq as specified in subclause 6.4.2 with the luma location ( xCb, yCb ) and theluma codingblock

width nCbW/as inputs.
If availLR is ¢qual to LR_11, the following applies:

— The luma location (xNbAj, yNbA;) inside the neighbouring luma
(xCb-1,yCb+nCbH-1).

— The luma location (xNbBj, yNbB:) inside the neighbourimg luma
( xCb+ nCbW, yCb + nCbH - 1).

— The luma location ( xNbBy, yNbBy ) inside the neighbouring luma
(xCb,yCb-1).

— The lurIa location (xNbAo, yNbAg) insidesthe neighbouring luma
(xCb + nCbW, yCb - 1).

— The luma location ( xNbB;, yNbB;J):inside the neighbouring luma
(xCb-1,yCb-1).

Otherwise, if availLR is equal tocL.R_01, the following applies:

— The lurIa location (xNbAi, yNbA1) inside the neighbouring luma
(xCb + nCbW, yCh+1CbH - 1).

— The luma location (xNbB;, yNbB:) inside the neighbouring luma
(xCb, yCb,~1).

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

equal to

eqyal to

eqyal to

equal to

eqyal to

equal to

equal to

— The luma location (xNbBy, yNbBy) inside the neighbouring luma
(xCb-1,yCb-1).

— The luma location (xNbAy, yNbAo) inside the neighbouring luma
(xCb + nCbW, yCb + nCbH ).

— The luma location ( xNbB, yNbB; ) inside the neighbouring luma
(xCb + nCbW, 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
(xCb - 1,yCb + nCbH - 1).
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coding block is

coding block is

coding block is

coding block is

set

set

set

set

equal to

equal to

equal to

equal to

© ISO/IEC 2020 - All rights reserved


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

ISO/IEC 23094

(xCb +nCbW-1,yCb-1).

(xCb + nCbW, yCb - 1).

(xCb - 1, yCb + nCbH ).

-1:2020(E)

The luma location (xNbBi, yNbB;) inside the neighbouring luma coding block is set equal to

The luma location (xNbBy, yNbBy) inside the neighbouring luma coding block is set equal to

The luma location (xNbAo, yNbAy) inside the neighbouring luma coding block is set equal to

The luma location (xNbBg, yNbB;) inside the neighbouring luma coding block is set equal to
(xCh=1vyCh-1)

For t
folloyf

]
S

=

\
'

he derivation of refldxLOA;, refldxL1Ai, predFlagL0Ai, predFlagL1A;, mvLOA{and
ving applies:

'he derivation process for neighbouring block motion vector candidate~availability a:
ubclause 6.4.3 is invoked with the luma location ( xNbA;, yNbA1gyas input, and t
ssigned to the coding block availability flag availableA;.

'he variables refldxLXA1, predFlagLXA: and mvLXA; are derived as follows for X being

— IfavailableA; is equal to FALSE, both components of mwlXA; are set equal to 0, refl
equal to -1 and predFlagLXA; is set equal to 0.

— Otherwise, the following assignments are made:

mvLXA; = MvLX[ xNbA; ][ yNbA1 |
refldxLXA1 = RefldxLX[ xNbA; ][ yNbA ]
predFlagLXA: = PredFlagLX[ xNbA: ][ yNbA; ]

Vhen neither of refldxL0A; and refldxL1A; is equal to -1 and sum of the nCbW and nCb
r equal to 12, and the following assignments are made:

refldxL1A; =-1
predFlagL1A»=0

Vhen availableA; is equal to TRUE, the variable mergeCandList[ numCurrMergeCand+ -
vith(mvLXA1, refldxLXA1 and predFlagLXA1 for X being 0 or 1.

mvL1A; the

specified in
he output is

Oor1:
dxLXA; is set

(460)
(461)
(462)

H is less than

(463)
(464)

- ] is updated

For the derivation of refldxLOB;, refldxL1B1, predFlagL0B, predFlagL1B;, mvLOB: and mvL1B; 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 (xNbBi, yNbB1) as input, and the output is
assigned to the coding block availability flag availableB.

The variables refldxLXB;, 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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mvLXB: = MvLX[ xNbB; ][ yNbB; ] (465)
refldxLXB; = RefldxLX[ xNbB1 ][ yNbB;1 ] (466)
predFlagLXBi = PredFlagLX[ xNbB; ][ yNbB1 ] (467)

When 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:

refldxL.1B; = -1 (468)

predFlaglL1B: =0 (1469)

When ayailableB; is equal to TRUE, the variable mergeCandList[ numCurrMergeCand+ + ],is upfated
with myLXBs, refldxL.XB1 and predFlagLXB; for X being 0 or 1.

When ayailableB; is equal to TRUE and numCurrMergeCand is greater than 1, the-derivation prjocess
for redyndancy 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 humber of elements numCurrMergeCand within mergeCandList.as output.

For the derjvation of refldxLOBy, refldxL1Bo, predFlagL0B,, predElagk1B,, mvLOBy, and mvL1B, the

following applies:

156

The derjvation process for neighbouring block motion vector candidate availability as specifjed in
subclause 6.4.3 is invoked with the luma location (%NbBy, yNbBo) as input, and the output is
assigned to the coding block availability flag availableBj.

The variables refldxLXBo, predFlagLXB, and mvLXBy are derived as follows for X being 0 or 1:

— IfavjailableBy is equal to FALSE, both components of mvLXBy are set equal to 0, refldxLXBo|is set
equal to -1 and predFlagLXB is set'equal to 0.

— Otheérwise, the following assignments are made:

mvLXBo = MvLX[ xNbBe\J{ yNbBy ] 470)
refldxLXBo = RefldxL.X[ xNbBy ][ yNbBy ] 471)
predFlagLXBy'= PredFlagLX[ xNbBy ][ yNbBy ] 472)

When neitherof refldxLOBy and refldxL1By 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.1Bo = -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 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:

Whe

pred

<

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, predFlagL.XA, and mvLXA are derived as follows for X being

Oorl:

— IfavailableAy is equal to FALSE, both components of mvLXAo are set equal to 0, refldxLXA, is set

Pqn;\l to =1 and prdel;\gl XAy is set Pqn;xl to 0

— Otherwise, the following assignments are made:
mvLXAo = MvLX[ xNbAy ][ yNbAy |
refldxLXAo = RefldxLX[ xNbAo ][ yNbAy ]

predFlagLXAo = PredFlagLX[ xNbAo ][ yNbA ]

=

Vhen neither of refldxL0Ao and refldxL1A is equal to -1 and'sum of the nCbW and nCb
r equal to 12, and the following assignments are made:

refldxL1A,=-1
predFlaglL1Ao =0

Vhen availableAj is equal to TRUE, the variable mergeCandList] numCurrMergeCand+-
vith mvLXA,, refldxLXA, and predFlagLXA, for X being 0 or 1.

=

Vhen availableAy is equal to TRUE-ahd numCurrMergeCand is greater than 1, the deriv:
or redundancy check as specified in subclause 8.5.2.3.10 is invoked with a merging ¢
hergeCandList, and the number of elements numCurrMergeCand within mergeCandL
nd the number of elements'numCurrMergeCand within mergeCandList as output.

Q) =~ e

I numCurrMergeCand < mLSize - 1, for the derivation of refldxL0B,, refldxL1B>, p
lagL.1B;, mvLOB2and mvL1B,, the following applies:

he derivation process for neighbouring block motion vector candidate availability aj
qubclause 6:4.3 is invoked with the luma location (xNbB;, yNbB;) as input, and t
dssigned-to the coding block availability flag availableBs:.

(475)
(476)
(477)

H is less than

(478)
(479)
] is updated
ition process

andidate list
ist as inputs,

redFlagL0B,,

specified in

he output is

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, the following assignments are made:
mvLXB; = MvLX[ xNbB; ][ yNbB: ]
refldxLXB; = RefldxLX[ xXNbB; ][ yNbB: ]

predFlagLXB; = PredFlagLX[ xNbB; ][ yNbB: ]
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or equal to 12, and the following assignments are made:

refldxL1B; = -1

predFl

aglL1B,=0

with mvLXB,, refldxLXB; and predFlagLXB: for X being 0 or 1.

for redu
mergeC
and the

8.5.2.3.3 De
Inputs to thi

alumal
to the td

— two vari

When neither of refldxL.0B; and refldxL1B; is equal to -1 and sum of the nCbW and nCbH is less than

(483)
(484)

When availableB; is equal to TRUE, the variable mergeCandList[ numCurrMergeCand++ ] is updated

When ayailableB- is equal to TRUE and numCurrMergeCand is greater than 1, the derivation process

ndancy check as specified in subclause 8.5.2.3.10 is invoked with a merging candida

number of elements numCurrMergeCand within mergeCandList as output.

rivation process for temporal merge candidates
5 process are:

pcation ( xCb, yCb ) specifying the top-left sample of the current luma coding block re
p-left luma sample of the current picture,

ables nCbW and nCbH specifying the width and the height of the luma coding block,

— amerging candidate list mergeCandList, and

a numbg
Outputs of th
— themer
— the num
The variable
The variable
The variable

availabilities
width nCbW|

br of elements numCurrMergeCand within mergeCandList.

is process are:

bing candidate list mergeCandList,-and

ber of elements numCurrMergeCand within mergeCandList.

currCb specifies the current luma coding block at luma location ( xCb, yCb ).
refldxLXCol, with-X being equal to 0 or 1, is set equal to 0.

availLR is-derived by invoking the derivation process for left and right neighbouring

as specified in subclause 6.4.2 with the luma location ( xCb, yCb ) and the luma coding
as inputs.

Input mergir

te list

hindList, and the number of elements numCurrMergeCand within mergeCandList-as’ inputs,

lative

locks
block

g candidate list mprgp(‘nndl istis modified as the Fn]]nvving ardered steps:

1) The central collocated motion vector is derived as follows:

The

xColCtr = xCb + (nCbW >> 1) (485)
yColCtr = yCb + (nCbH >> 1) (486)
luma location ( xColCb, yColCb ) is set equal to

((xColCtr >> 3) << 3, (yColCtr >> 3) << 3).
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e8.5.2.34 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

— \1lhen availableFlagCol is not equal to 0, the variable mergeCandList[ numCurrMerg

2) When availableFlagCol is equal to 0, the bottom collocatéd motion vector is derived as f

the following assignments are made:
predFlagL1Col =0

refldxL1Col = -1

(487)

(488)

pdated with mvLXCol, refldxLXCol and predFlagLXCol, for X being equal to 0 or &:
When availableFlagCol is not equal to 0 and numCurrMergeCand is greater thar
origNumCurrMergeCand is set equal to numCurrMergeCand and the)derivation
fedundancy check as specified in subclause 8.5.2.3.10 is invoked with’a merging c
mergeCandList, and the number of elements numCurrMergeCand within mergeCandL
gnd the number of elements numCurrMergeCand within mergeCandList as output.
When numCurrMergeCand is less than origNumCurrMerge€and, availableFlagCol is sef
— If availLR is equal to LR_01, the following applies:

xColBot = xCb

yColBot = yCb + nCbH
Otherwise, the following applies:

xColBot = xCb + nCbW-- 1

yColBot = yCb + nCbH

If yColBot is.less than pic_height_in_luma_samples, and yCb >> CtbLog2SizeY is equ
>> CtbLog2SizeY, the following applies:

— (The luma location ( xColCb, yColCb )
{ (xColBot >> 3) << 3, (yColBot >> 3) << 3).

is set e

eCand++] is

1, variable
process for
andidate list
ist as inputs,

equal to 0.

bllows:

(489)

(490)

(491)
(492)

al to yColBot
to

qual

e 8.5.2.3.4is

— The derivation process for collocated motion vectors as specified in subclaus

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.

availableFlagCol is set equal to 0.

Otherwise, both components of mvLXCol, with X being equal to 0 or 1, are set equal to 0, and

— 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

refldxL1Col = -1
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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 avj

— If4

hilableFlagCol is equal to 0, the side collocated motion vector is derived as follows;
vailLR is equal to LR_01, the following applies:
xColSide =xCb - 1

yColSide = yCb + nCbH - 1

— Otherwise, the following applies:

— If
apj

— When ay
the folld

xColSide = xCb + nCbW (
yColSide = yCb + nCbH - 1 (

ColSide larger than 0, and xColSide is less than pic_width_in_luma_samples, the follg
lies:

The luma location coordinates  (xColCb,yColCb) is set equal
((xColSide >> 3) << 3, (yColSide’;>> 3) << 3).

The derivation process for collocated motion vectors as specified in subclause 8.5.2

495)

496)

497)
498)

wing

to

3.4 is

invoked with luma locatien-coordinates (xColCb,yColCb) as input, and the output is

assigned to mvLXCol, with*X being equal to 0 or 1, and availableFlagCol.

— Otherwise, both compenents of mvLXCol, with X being equal to 0 or 1, are set equal to P and
avgilableFlagCol is-set/equal to 0.
railableFlagCol is equal to 3 and sum of the nCbW and nCbH is less than or equal to 12, and
wing assignments are made:
preflElagk1Col = 0 499)
refldxL.1Col = -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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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

e availability flag availableFlagCol (jointly for lists 0 and 1)

The

The

Pred]
speci
set e(
pictu

The ¥

Q)

—

ariable currPic specifies the current picture.

arrays predFlagl0Col[x][y], mvLOCol[x][y] and refldxLOCol[x][y] “are s¢
FlaglLO[x ][y ], MvDmvrLO[x ][y ] and RefldxLO[ x ][y ], respectively, of the colloc
fied by ColPic, and the arrays predFlagL1Col[ x ][y ], mvL1Col[ x ][ y hand refldxL1Cc

e specified by ColPic.
ariables mvCol and availableFlagLXCol, for X being equal tp-0-0r 1, are derived as follo

f refldxL.XCol[ xColCb ][ yColCb ] is invalid, both components of mvpLXCol are set eg
vailableFlagLXCol is set equal to 0.

st identifier listCol[ colX ], with colX being egiral to 0 or 1, are derived as follows:
— The variable refldxCol[ colX ], with colX being equal to 0 or 1, is set equal to invalid
— If temporal_mvp_assigned_flag-is equal to 0, the following applies:

— If predFlagLOCol[ x }]{\y] is equal to 0, and predFlagL.1Col[ x ][ y ] is equal to 1, 1}
refldxCol[ colX }~and listCol[ colX] are set equal to mvLXCol[ xColC
refldxLXCol[ x€oICb ][ yColCb ] with X being equal to 1 and colX being
respectively:

— Otherwise, if predFlagLOCol[ x ][ y ] is equal to 1, and predFlagL1Col[x ][y ]
my¢€ol| colX ], refldxCol[ colX ] and listCol[ colX ] are set
mvLXCol[ xColCb ][ yColCb ], refldxLXCol[ xColCb ][ yColCb ] with X being eq
colX being equal to 0, respectively.

et equal to
ated picture

I[x][y]are

jual to PredFlagL1[x ][y ], MvDmvrL1[ x ][ y | and RefldxL1[ x ][ y.], tespectively, of the collocated

WAH

ual to 0 and

therwise, the motion vector mvCol] colX ], the'reference index refldxCol[ colX ] and the reference
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equal to 1
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s equal to 0,
equal to
ual to 0 and

—— (Otherwise (prPdPlngl ()Fnl[y][v] is Pqn;xl to 1 _and prPdF‘]ngl 1Fn][y][v] i

equal to 1),

mvCol[ colX], refldxCol[ colX ] and listCol[ colX ] are set

equal to

mvLXCol[ xColCb ][ yColCb ], refldxLXCol[ xColCb ][ yColCb ] 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
mvLXCol[ xColCb ][ yColCb ], refldxLXCol[ xColCb ][ yColCb] with X bei
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 PQC distance (dpnn’rpd as r‘nrer‘DiffX) bhetween current picture and current
picture’s reference picture specified by RefPicListX[ refldxLX ] with refldxliX\being
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, refPicOfColPic[ X ]) (502)
, with X being equal to 0 or 1, respectively

— If refldxCol[X] is valid and colPocDifflX<is not equal to 0, the wvariable
availableFlagLXCol is set equal to 1, the mvpLXCol is derived as a scaled version pf the
motion vector mvCol[ X ] as follows:

distScaleFactorLX = ( currPocDifflX << 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.XCol is set equal to 0 and mvpLXCol is derived as follows:

mvpLX€Eo}l= 0 505)
, with-X'being 0 or 1 specifying reference list 0 and reference list 1, respectively

The picture poundary)based clipping process for variables for collocated motion vectors mvpLX[ol is
invoked as specifiédin subclause 8.5.2.3.5 with mvpLXCol and ( xCb, yCb ) as inputs.

The availableElagCol is derived as follows:

— If availableFlagLXCol for X being 0 and 1 are both equal to 1, availableFlagCol is set equal to 3.

— 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:

— Tfhe variable picPaddingSize is equal to 144.

— Tfhe 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.4 picPaddingSize ) : mvLXCol[ 0] (508)
mvLXCol[ 1] = (yCb + mvLXCol[ 1]) < -picPaddingSize ? -(y€b + 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
Inputs to this process are:

— almerge candidate list mergeCandList,

— alnumber of available merging candidates in the list numCurrMergeCand,
— amaximal numbef of elements mLSize within mergeCandList, and

— two variablessnCbW and nCbH specifying the width and the height of the current luma ¢oding block.

Outputs to thisprocess are:

— theunodified merging candidate list mergeCandList, and

— the modified number of merging candidates in the list numCurrMergeCand.

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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— hMvpCand 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)

3)

The variable mergeCandList[ numCurrMergeCand++ ] is updated with hMvpCand.

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
elements numCurrMergeCand within mergeCandList as inputs, and with updated merging candidate

list mergeCandList and the number of elements nl]mfllrrMPrgPFand within mprgpfnndl

st as

outputs.
4) When ny
5)
8.5.2.3.7 De

Inputs to thi

— amerging candidate list mergeCandList,

a numbé

a maxin

Outputs of th

the mer

the num

The arrays r¢
of the list 0 4
arrays of mg
vectors in lig

When numC
setequal to 1

to FALSE and thefollowing ordered steps are repeated until combStop is equal to TRUE:

hMvpldx is increased by 4.

mCurrMergeCand is equal to mLSize, hmvpStop is set equal to TRUE.

rivation process for combined bi-predictive merging candidates

b process are:

er of elements numCurrMergeCand within mergeCandList, and

al number of elements mLSize within mergeCandList.

is process are:

bing candidate list mergeCandList,-afid

ber of elements numCurrMerge€and within mergeCandList.

fldxL.0 and refldxL1, each size of numCurrMergeCand, are composed of the reference in
nd reference indices of the list 1, respectively, of every candidate in the mergeCandLis
tion vectors mvLOvand mvL1, each size of numCurrMergeCand, are composed of m

t 0 and list 1, respectively, of every candidate in mergeCandList.

urrMergeCand is greater than 1 and less than mLSize, the variable numInputMerge(C:
umCurrMergeCand, the variable combldx is set equal to 0, the variable combStop is set

dices
t. The
otion

ind is
equal

1) The vari

ables 10Candldxand 11 Candldx are derived using combldx as specified in Table 21.

1

2) The 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:
refldxLOcombCandy = refldxL.010Cand
refldxL.1combCandy = refldxL111Cand

mvLOcombCandk[ 0 ] = mvLOIOCand[ 0 ]

(516)
(517)

(518)

mvLOcombCandk[ 1 ] = mvLOIOCand[ 1 ]
mvL1lcombCandk[ 0 ] = mvL1I1Cand[ O ]
mvLlcombCandi[ 1] =mvL1I1Cand[ 1 ]
numCurrMergeCand = numCurrMergeCand + 1

4) The variable combldx is incremented by 1.

5) When combldx is equal to (numlnputMergeCGand * ( numlnputMergeCan

numCurrMergeCand is equal to mLSize, combStop is set@equal to TRUE.

Table 21 — Specification ef10Candldx and 11CandIdx

(519)
(520)
(521)

(522)

1-1)) or

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

8.5.2|3.8 Derivation process for zero motion vector merging candidates

Inputs tohis process are:

— 0 variabtes nCbWand nCbH specifying the width and the heightof the current tuma 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 merging candidate list mergeCandList, and

— the number of elements numCurrMergeCand within mergeCandList.
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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:

— Motion vectors, reference indices and availability flags of candidate zeroCand are derived as

follows:
mvL0ZeroCand[0] =0 523)
mvL0ZeroCand[1]=0 524)
mvL1zeroCand[0]=0 525)
mvL1zeroCand[1]=0 526)
refldxL.0zeroCand = 0 527)
refldxl.1zeroCand = ( biPredAllowed ? 0: -1) 528)
predFlagL0zeroCand = 1 529)
predFlagl.1zeroCand = ( biPredAllowed ?1:0) 530)

— mergeCandList[ numCurrMergeCand++ ] is set equal to zeroCand.

8.5.2.3.9 Defrivation process for MMVD motion vector
Inputs to thi$ process are:

— alumalgcation ( xCb, yCb ) of the top-left sample of the current luma coding block relative to thg top-
left luma sample of the current picture,

— luma merge motion vectors mvLO[ 0 ][0 ] and mvL1[ 0 ][ 0],
— referenge indiceS 1efldxL0 and refldxL1, and

— predictipndistutilization 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] (531)
mMvL1 =mvL1[0][ 0] (532)
— 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 (533)
predFlagL1[0][0]=0 (534)
mMvL1[0]=0 (535)
mMvL1[1]=0 (536)

— Otherwise, if slice_type is equal to B and predFlagLO[ 0 ][ 0 ] is'equal to 1, the following applies:
predFlagl1[0][0]=1 (537)

— If NumRefldxActive[ 1] is greater than 1 and DiffPicOrderCnt( RefPicList1[ 1|, currPic) is
equal to DiffPicOrderCnt( currPic, RefPicList0] refldxL0 | ), the following appligs:

refldxLL.1 =1 (538)
— Otherwise, the following applies:
refldxL.1=0 (539)

— mMvL1 is set as follows:

currPocDifflk0 = DiffPicOrderCnt( currPic, RefPicListO[ refldxL0 ] ) (540)
currPoeDiffL1 = DiffPicOrderCnt( currPic, RefPicList1[ refldxL1 ] ) (541)
distScaleFactor = ( currPocDiffL.1 << 5) / currPocDiffL.0 (542)

mMvL1[ 0] = Clip3(-32768, 32767, Sign( distScaleFactor * mMvLO[ 0 ])
( ( Abs( distScaleFactor * mMvLO[0])+16) >> 5)) (543)

mMvL1[1]1=Clip3(-32768,32767, Sign( distScaleFactor * mMvL0O[11])
( (Abs( distScaleFactor * mMvLO[1])+16) >> 5)) (544)

— Otherwise, if slice_type is equal to P, the following applies:

— If NumRefldxActive[ 0 ] is equal to 1, the following applies:
targetRefldxLO0 = refldxL0 (545)
— Otherwise, the following applies:

targetRefldxL0 = !refldxL0 (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:

currPocDiffl.0 = DiffPicOrderCnt( currPic, RefPicListO[ refldxL.0 | ) (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( distScaleFacter * mMvLO[1]) *
( (Abs( distScaleFactor * mMvLO[1]) +16) >>5)) (553)

— [refldxL0 is set equal to targetRefldxL0.
— Othe¢rwise, if predFlagL1[ 0 ][ 0 ] are equal to 1, the following applies:
predFlagl0[0][0]=1 (554)

— [If NumRefldxActive[ 0] is greater than'1 and DiffPicOrderCnt( RefListO[ 1], currPic) is
equal to DiffPicOrderCnt( currPic, RefPicList1[ refldxL1 | ), the following applies:

refldxL0 = 1 555)
— [Otherwise, the following-applies:
refldxL.O =0 556)

— |mMvLO is set.as-follows:

currPocDiffL0 = DiffPicOrderCnt( currPic, RefPicListO[ refldxL0 ] ) (557)
currPocDiffL1 = DiffPicOrderCnt( currPic, RefPicList1[ refldxL1 ] ) (I558)
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
mMvLO[0]=0

mMvLO[1]=0

(563)
(564)

(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, RefPicList0[ refldxL0 ] ), the following appli
refldxL1 =1
— Otherwise, the following applies:
refldxL1 =0
— mMvL1 is set as follows:

currPocDiffL0 = DiffPicOrderCnt( currPic, RefPicListO[ refldxL0 ] )

currPocDiffL1 = DiffPicOrderCnt( currPi€, RefPicList1[ refldxL1])
distScaleFactor = ( currPocDiffL.1 <x.5) / currPocDiffL.0

mMvL1[ 0] = Clip3(-32768,32767, Sign( distScaleFactor * mMvLO[ 0 ] )
( ( Abs( distScaleFactor * mMvLO[0])+16) >> 5))

mMvL1[ 1] =Clip3( -32768, 32767, Sign( distScaleFactor * mMvL0O[ 1] )
(«(Abs( distScaleFactor * mMvLO[1])+16) >> 5))

— refldxL0 is set equalto -1, and predFlagLO[ 0 ][ 0 ], mMvLO[ 0 ] and mMvLO[ 1 ]
to 0.

—  Otherwise, if slice_type is equal to P, the following applies:

— If NumRefldxActive[ 0 ] is less than 3, the following applies:

targetRefldxL0 = refldxL0

—— Otherwise, the following applies:

ES:

(567)

(568)

(569)
(570)

(571)

(572)

(573)

are set equal

(574)

targetRefldxL0 =refldxL0<272:1
— mMvVLO is set as follows:
— IftargetRefldxL0 is equal to refldxL0, the following applies:
mMvLO[ 0] =mMvLO[ 0] -3
mMvLO[ 1] =mMvLO[ 1]

— Otherwise, the following applies:
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— Othérwise, if predFlagL1[ 0 ][ 0 ] is equal to 1, the following applies:

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[ 1] =Clip3(-32768, 32767, Sign( distScaleFactor * mMvL0O[1]) *
((Abs(distScaleFactor* mMvI.O[1])+16)>>5)) (582)

refldxL0 is set equal to targetRefldxLO.

predFlagLO[0][0] =1 (

equal to DiffPicOrderCnt( currPic, RefPicList1[ refldxL1 ] ), the following applies:

refldxL.0 =1 (
Otherwise, the following applies:
refldxLLO = 0 (

mMvLO is set as follows:

583)

[f NumRefldxActive[ 0 ] is greater than 1 and DiffPicOrderCnt(RefPicListO[ 1 ], currPjic) is

584)

585)

currPocDiffL0 = DiffPicOrderCnt( currPic, RefPicListO[ refldxL0 ] ) (586)
currPocDiffL1 = DiffPicOrderCnt( currPic, RefPicList1[ refldxL1 ]) 587)
distScaleFactor = ( eurrPocDiffL0 << 5) / currPocDiffL.1 588)
mMvLO[ 0] = €lip3(-32768, 32767, Sign( distScaleFactor * mMvL1[0]) *

( (Abs( distScaleFactor * mMvL1[0])+16) >> 5)) 589)
mMvLOf1 ] = Clip3(-32768, 32767, Sign( distScaleFactor * mMvL1[1]) *

( (Abs( distScaleFactor * mMvL1[1])+16) >> 5)) (590)
refldxl.1 is setequal to -1, and predFlagL1[ 0 ][ 0 ], mMvL1[ O ] and mMvL1[ 1 ] are setequal
£0.0.

— If both predFlagLO[ 0 ][ 0 ] and predFlagL1[ 0 ][ O ] are equal to 1, the following applies:
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 ]

mMvdL1[ 1] = MmvdOffset[ 1 ]

-1:2020(E)

(595)

(596)

— Otherwise, if Abs( currPocDiffL.0 ) is greater than Abs( currPocDiffL1 ), the following applies:

mMvdL1[ 0] = MmvdOffset[ 0 ]

mMvdL1[ 1] = MmvdOffset[ 1 ]

(597)

(598)

distScaleFactor = (Ahc( currPocDiffl.1 ) << 5 ) ,/ Ahc( currPocDiffl ﬂ)
mMvdLO[ 0 ] = Clip3(-32768, 32767, ( distScaleFactor * mMvdL1[ 0] + 16}/ >

mMvdLO[ 1] = Clip3(-32768, 32767 ( distScaleFactor * mMvdL1[1]+16) >;

— Otherwise, if Abs( currPocDiffL0 ) is less than Abs( currPocDiffL1 ), the following a
mMvdLO[ 0] = MmvdOffset[ 0 ]
mMvdLO[ 1] = MmvdOffset[ 1 ]
distScaleFactor = ( Abs( currPocDiffL0 ) << 5) AAbs( currPocDiffL.1)
mMvdL1[ 0] =Clip3(-32768, 32767, ( distScaleFactor * mMvdLO[0 ]+ 16) >

mMvdL1[ 1] =Clip3(-32768, 32767;.(distScaleFactor * mMvdLO[ 1] +16) >

— If currPocDiffL0 * currPocDiffL1 is smaller than 0, the following applies:

mMvdLO[ 0] = mMvdLOJ© |
mMvdLO[ 1] = mMvdLO[ 1]
mMvdL1[ 0], = -mMvdL1[ 0]
mMvdLH\V] = -mMvdL1[ 1]

—  (therwise [HpredFlagLO[ 0 ][ 0 ] or predFlagL1[ 0 ][ 0] are equal to 1), the following
eing 0 and1:

=

mMvdLX[ 0] = (predFlagLX[0][0]==1) ? MmvdOffset[0] : 0

(599)
> 5) (600)
b 5) (601)
bplies:
(602)
(603)
(604)
> 5) (605)

> 5) (606)

(607)
(608)
(609)
(610)

applies for X

(611)

mMvdLX[ 1] = (predFlagLX[0][0]==1) ? MmvdOffset[1] : O
— The MMVD motion vectors are updated as follows:

mMvLO[ 0 ] += mMvdLO[ 0 ]

mMvLO[ 1] += mMvdLO[ 1]

mMvL1[ 0] += mMvdL1[ 0 ]

mMvL1[1] += mMvdL1[1]
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(612)

(613)
(614)
(615)

(616)
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8.5.2.3.10Derivation process for motion vector prediction redundancy check

Inputs to this process are:

a merging candidate list mergeCandList, and

— anumber of elements numCurrMergeCand within mergeCandList.

Outputs of this process are:

the mer

oing candidate list mergeCandList, and

the num

When numC
candIndx is {
or candIndx

The v{
merge(4

iy

ber of elements numCurrMergeCand within mergeCandList.

urrMergeCand is greater than 1, the variable candIsNew is set equal to TRUE; the va
et equal to 0 and the following ordered steps are repeated until candIsNewyis'equal to H
is equal to numCurrMergeCand - 2:

riable candIsNew is set equal to FALSE if mergeCandList[ candindx ]
IndList[ numCurrMergeCand - 1 ] have all the following conditiens met:

— number of available reference lists for compared entries are Same.

enty

— enty
— entl
2) If candlId

When candls
8.5.2.4 Der|

8.5.2.4.1 Ge

Inputs to thi

alumal
left lum

ies have same available reference list indices (e.g. list 0, list 1 or list 0 and list 1).
ies have same valid reference indices in corresponding references lists.

ies have same motion vectors corresponding to available reference lists.

New is equal to TRUE, the variable candIndx is incremented by 1.

New is equal to FALSE, the variabe numCurrMergeCand is decremented by 1.
jvation process for luma motion vector prediction
neral

b Process are:

pcation.(xCb, yCb ) of the top-left sample of the current luma coding block relative to th
h sample of the current picture,

riable
ALSE

and

e top-

two var
and

ables nChW an na the width and the hei

the 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 vari

172

able mvpLX is set as follows:
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mvpLX[0]=0

mvpLX[1]=0

(617)

(618)

2) 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

predictor mvPred. The variable mvpLX is set equal to mvPred.

Otherwise (sps_admvp_flag is equal to 1), the following applies:
A varjable mvpAvailFlag is set equal to 0.

The vjariable availLR is derived by invoking the derivation process for left and €ight neighbca
availabilities as specified in subclause 6.4.2 with the luma location ( XCb, yCb-)-and the luma
width nCbW as inputs.

If availLR is equal to LR_11, the following applies:

— The luma location (xNbAj, yNbA:) inside the neighbeuring luma coding block is
(|xCb - 1, yCb +nCbH - 1).

— The luma location ( xNbBj, yNbB;) inside the seighbouring luma coding block is
(IxCb+ nCbW, yCb +nCbH - 1).

— The luma location (xNbBo, yNbBy) insidé“the neighbouring luma coding block is
({xCb,yCb-1).

— The luma location ( xNbAo, yNbAyY) inside the neighbouring luma coding block is
(IxCb + nCbW, yCb - 1).

— The luma location (xNbB», yNbB;) inside the neighbouring luma coding block is
((xCb-1,yCb-1).

Otherwise, if availLR-s-equal to LR_01, the following applies:

— The luma Jocation (xNbAj, yNbA:) inside the neighbouring luma coding block is
(IxCb + nCbW, yCb + nCbH - 1).

— The, luma location ( xNbBj, yNbB;1) inside the neighbouring luma coding block is

set

set

set

set

set

set

set

(xCh,yCh -1

— The luma location (xNbBo, yNbBy) inside the neighbouring luma coding block is
(xCb-1,yCb-1).

— The luma location ( xNbAo, yNbAg) inside the neighbouring luma coding block is
(xCb + nCbW, yCb + nCbH ).

— The luma location (xNbBz, yNbB;) inside the neighbouring luma coding block is
(xCb + nCbW, yCb - 1).

Otherwise, if availLR is equal to LR_10 or LR_00, the following applies:

© ISO/IEC 2020 - All rights reserved

set

set

set

uring blocks
coding block

equal to

equal to

equal to

equal to

equal to

equal to

equal to

equal to

equal to

equal to
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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 luma location (xNbAo, yNbAo) inside the neighbouring luma coding block is set equal to

(xCb -

~¥Ch + nChH)

— The luma location (xNbB;, yNbB;) inside the neighbouring luma coding block is set,equal to

(xCb -1
If amvr_idx|[
— The der
subclau

assigned

— When a
applies:

— mvy
— mvy

— Why

,yCb-1).

0 ][ yO0 ] is equal to 0, the following applies:

| to the coding block availability flag availableA;.

AvailFlag is set equal to 1.
LX is set equal to MvLX[ XNbA1 ][ yNbA1 ].
n refldxLX is not equal to RefldxLX[ xXNbA1 ][ yNbA; ], mvpLX is derived as follows:

The POC distance (denoted as currPocDiffX) between current picture and current pic
reference picture list RefPicListX[ RefldxLX[ xNbA1 ][ yNbA; ] ], is computed as follow

currPocDiffLX = DiffPicOrderCnt( currPic, RefPicListX[ RefldxLX[ xNbA1 ][ yNbA1]])

The POC distance (denoted as targetPocDiffLX ) between current picture and the list X t
reference picture.of current picture is computed as follows:

vation process for neighbouring block motion vector candidate availability as specified in
be 6.4.3 is invoked with the luma location (xNbAi, yNbA;) asinput, and the output is

FailableA; is equal to TRUE and RefldxLX[ xNbA: ][ yNbA1Y1is not equal to -1, the follgwing

ture’s

5.
619)

arget

targetBocDiffLX = DiffPicOrderCnt( currPic, RefPicListX[ refldxLX | ) 620)
mvpLX-is derived as a scaled version of the motion vector as follows:
distScaleFactorLX = ( targetPocDiffLX << 5) / currPocDiffLX 621)
mvpLX = Clip3(-32768, 32767, Sign( distScaleFactorLX * mvpLX) *
( ( 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:

174
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— mvpAvailFlag is set equal to 1.

— mvpLXis set equal to MvLX[ xNbB; ][ yNbB; |.

-1:2020(E)

— When refldxLX is not equal to RefldxLX[ xNbB; ][ yNbB1 ], 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:

currPocDiffLX = DiffPicOrderCnt( currPic, RefPicListX[ RefldxLX[ xNbB1 ][ yNbB1 ]

1) (623)

— The POC distance (denoted as targetPocDiffLX ) between current picture andcth
reference picture of current picture is computed as follows:

targetPocDiffLX = DiffPicOrderCnt( currPic, RefPicListX[ refldxLX |*)
— mvpLXis derived as a scaled version of the motion vector as follews:
distScaleFactorLX = ( targetPocDiffLX << 5) / currRocDiffLX

mvpLX = Clip3(-32768, 32767, Sign( distScaleFactorLX * mvpLX) *
( (Abs( distScaleFactorLX * myplkX) + 16 ) >> 5))

Otherwise, if amvr_idx[ x0 ][ y0 ] is equal to 2, the following applies:
— The derivation process for neighbouring blockimotion vector candidate availability as

ubclause 6.4.3 is invoked with the luma legation ( xNbBy, yNbBy) as input, and t
ssigned to the coding block availability flagavailableBo.

QN

—

Vhen availableBy is equal to TRUE and RefldxLX[ xNbBy ][ yNbBy ] is not equal to -1, {
pplies:

Q)

— mvpAvailFlag is set equalte 1.

— mvpLX is set equal to-MvLX[ xNbBy ][ yNbBy ].

—  When refldxLX is not equal to RefldxLX[ xXNbBy ][ yNbBy ], mvpLX is derived as follg

— TheROC distance (denoted as currPocDiffX) between current picture and curt
reference picture list RefPicListX[ RefldxLX[ xNbBy ][ yNbBo ] ], is computed ag

currPocDiffLX = DiffPicOrderCnt( currPic, RefPicListX[ RefldxLX[ xNbBo ][ yNbBo ]

e list X target

(624)

(625)

(626)

specified in
he output is

he following

WS!

ent picture’s
follows:

1) (627)

— 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 ] )
— 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:

© ISO/IEC 2020 - All rights reserved

(628)

(629)

(630)
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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.

— When availableA is equal to TRUE and RefldxLX[ xXNbA, ][ yNbAy ] is not equal to -1, the following

Otherwise, if

176

applies:

— mvpAvailFlag is set equal to 1.

— mvpLXis set equal to MVLX[ XNbAy ][ yNbAo ].

— Why

The der|
subclau
assigned

When aj
applies:

— mvy

— mvy

n refldxLX is not equal to RefldxLX[ xXNbAo ][ yNbA, ], mvpLX is derived as follows:

The POC distance (denoted as currPocDiffX) between current picture and current pic
reference picture list RefPicListX[ RefldxLX[ xNbAo ][ yNbAo ] ], is computed.as follow

currPocDiffLX = DiffPicOrderCnt( currPic, RefPicListX[ RefldxLX[ xNbAoLyNbAo ]])

The POC distance (denoted as targetPocDiffLX ) between currengpicture and the list X
reference picture of current picture is computed as follows:

targetPocDiffLX = DiffPicOrderCnt( currPic, RefPicListX{ refldxLX | )
mvpLX is derived as a scaled version of the motion-véctor as follows:
distScaleFactorLX = ( targetPocDiffLX <<:5.)"/ currPocDiffLX

mvpLX = Clip3(-32768, 32767, Sign{'distScaleFactorLX * mvpLX) *
( ( Abs( distScaleFactorLX * mvpLX) + 16 ) >> 5)) (

amvr_idx[ x0 ][ y0 ] is equal to 4,the following applies:
vation process for neighbouring block motion vector candidate availability as specif
| to the coding block availability flag availableB,.

FailableB: is equal to TRUE and RefldxLX[ xNbB: ][ yNbB: ] is not equal to -1, the foll¢

AvailFlagis set equal to 1.

L¥is-set equal to MvLX[ xNbB; ][ yNbB: ].

rure’s

12

631)

arget

632)

633)

634)

ed in

be 6.4.3 is invoked with-the luma location (xNbB;, yNbB;) as input, and the output is

wing

— 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)

mvpLX is derived as a scaled version of the motion vector as follows:
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distScaleFactorLX = ( targetPocDiffLX << 5) / currPocDiffLX (637)
mvpLX = Clip3(-32768, 32767, Sign( distScaleFactorLX * mvpLX) *
( ( Abs( distScaleFactorLX * mvpLX) +16) >> 5)) (638)

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 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 refldxLX as

inputs, and the outputis assigned to the default reference index DefaultRefldxI.X, with X being 0 or 1.

'he derivation process for default motion vector as specified in subclause 8.5.2.4:2 {is i
he luma location ( xCb, yCb ), the current luma coding block width nCbW, the current
lock height nCbH and the reference index of the current coding unit partition refldx

]
t
H
dnd the output is assigned to the default motion vector predictor DefaultMvLX, with X I

When refldxLX is not equal to DefaultRefldxLX, DefaultMvLX is derivedras follows:

The POC distance (denoted as currPocDiffX) between curréntpicture and referencg
RefPicListX[ DefaultRefldxLX ], is computed as follows:

currPocDiffLX = DiffPicOrderCnt( currPic, RefPicListX[ DefaultRefldxLX | )

The POC distance (denoted as targetPocDiffELX ) between current picture and the
reference picture of current picture is computed as follows:

targetPocDiffLX = DiffPicOrderCnt(‘€urrPic, RefPicListX[ refldxLX | )
DefaultMvLX is derived as a scaled version of the motion vector as follows:
distScaleFactorLX = ( targetPocDiffLX << 5) / currPocDiffLX

DefaultMvLX = Glip3( -32768, 32767, Sign( distScaleFactorLX * DefaultMvLX)
( ( Abs( distScaleFactorLX * DefaultMvLX) + 16 ) >> 5))

- |

'he following applies:
mvpLX[ 0= DefaultMvLX][ 0 ]
mvplX}1] = DefaultMvLX[ 1]

Wher

nvoked with
luma coding
.X as inputs,
eing 0 or 1.

e picture list

(639)

list X target

(640)

(641)

(642)

(643)

(644)

) sps amvr flagis equal to 1 and amvr idx[ x0 ][ v0 ] is not equal to 0, the following ap

plies:

mvpLX[ 0] =mvpLX[0]>=07?

((mvpLX[ 0]+ (1<<(amvr_idx[x0][y0]-1)))>>amvr_idx[x0][y0]) <<amvr_idx[x0][y0]:

-(((-mvpLX[ 0]+ (1<<(amvr_idx[x0][y0]-1)))>>amvr_idx[x0][y0])
<<amvr_idx[x0][y0])

mvpLX[1]=mvpLX[1]>=07?

(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,

and

the refe

rence index of the current coding unit partition refldx.X, with X being O or 1

two variables nCbW and nCbH specifying the width and the height of the current luma coding block,

Output of this process is the DefaultMvLX, with X being 0 or 1.

The variable

availabilities

width nCbW|

as inputs.

If availLR is ¢qual to LR_11, the following applies:

— The luma location (xNbAj, yNbA1) inside the neighbouring luma
(xCb-1,yCb+nCbH-1).

(xCb+

Otherwise, if

(xCb +

The lulljxa location (xNbBi, yNbB;) inside the neighbouring luma

CbW, yCb + nCbH - 1).

availLR is equal to LR_01, the following applies:

The lulia location (xNbAi, yNbA1) inside the“heighbouring luma

CbW, yCb + nCbH - 1).

— The luma location ( xNbBj, yNbB;) inside the neighbouring luma

(xCb, y(

Otherwise, if

b-1).

availLR is equal to LR:10"or LR_00, the following applies:

— The luma location (xNbAi, yNbA;) inside the neighbouring luma
(xCb - 1, yCb + nCbH.—'1).

(xCb +

For the deriy

The lurIa location* ( xNbB;, yNbB1 ) inside the neighbouring luma

CbW=1,yCb-1).

¢oding block is

coding block is

coding block is

coding block is

coding block is

coding block is

ation of DefaultMvLX with X being 0 or 1, the following applies:

availLR is derived by invoking the derivation process for left and right neighbouring b
as specified in subclause 6.4.2 with the luma location ( xCb, yCb ) and theluma coding

set

set

set

set

set

set

locks
block

eqyal to

equal to

eqyal to

equal to

eqyal to

equal to

The derivation process for neighbouring block motion vector candidate availability as specified in

subclause 6.4.3 is invoked with the luma location (xNbAj, yNbA1) as input, and the output is
assigned 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
assigned to the coding block availability flag availableB.
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— If availableA; is equal to TRUE and refldxLX is equal to RefldxLX[ xNbA1 ][ yNbA; ], DefaultMvLX is
set equal to MvLX[ xNbA; ][ yNbA; ].

— Otherwise, if availableB; is equal to TRUE and refldxLX is equal to RefldxLX[xNbB; ][ yNbB; ],
DefaultMvLX is set equal to MvLX[ xXNbB; ][ yNbB1 ].

— Otherwise, if availableA; is equal to TRUE and RefldxLX[ xNbA;: ][ yNbA;] is not equal to -1,
DefaultMvLX is set equal to MvLX[ xNbA; ][ yNbA1 ].

— Otherwise, if availableB; is equal to TRUE and RefldxLX[ xNbB: ][ yNbB:] is not equal to -1,
efaultMvl.X is set equal to MvI.X[ xNbR; [ yNbhR, ]

— (Otherwise, if sps_hmvp_flag is equal to 1 and NumHmvpCand ( number of entries in, HmvpCandList )
5 greater than 0, the DefaultMvLX is set equal to the DefaultMvLX of the histery nlotion vector
andidates derived as specified in subclause 8.5.2.4.4 with refldxLX as input,

o =

8.5.2{4.3 Derivation process for motion vector predictor from neighbeuring coding unjit partitions
This process is only invoked when sps_admvp_flag is equal to 0.

Inputs to this process are:

Q)

luma location ( xCb, yCb ) of the top-left sample of the current luma coding block relatiye to the top-
bft luma sample of the current picture,

[o—

— two variables nCbW and nCbH specifying the width and the height of the current luma ¢oding block,
— g motion vector prediction index mvpldx;@and

— Jreference list identifier listX.

Output of this process is the motion“vector predictor mvPred.

For X being replaced by listX(in'the variable MvLX, the motion vector predictors list, mvpList, is derived
as follows:

For the derivation of mvpList[ 0 ], the following applies:

— The lumadlogation (xNbg, yNbo) inside the neighbouring luma coding block is $et equal to
xCb - 1L yCb).

— Theé derivation process for neighbouring block availability as specified in subclause 6.4.1 is invoked
Wwith the luma location [(xNbg,yyNbg}asinput, and the output is assigned to the toding block

availability flag availableNb,.

— IfavailableNbyg is equal to TRUE, mvpList[ 0 ] is derived as follows:

mvpList[ 0 ] = MvLX] xNbo ][ yNbo ] (647)
— Otherwise (availableNbyg is equal to FALSE), mvpList[ 0 ] is derived as follows:

mvpList[0][0] =1 (648)

mvpList[0][1]=1 (649)
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For the derivation of mvpList[ 1 ], the following applies:

For the deriy

For the derivation of mvpkList[ 3 ], the following applies:

The luma location (xNbj, yNb:) inside the neighbouring luma coding block is set equal to
(xCb,yCb-1).

The derivation process for neighbouring block availability as specified in subclause 6.4.1 is invoked
the luma location ( xNby, yNb; ) as input, and the output is assigned to the coding block availability
flag availableNb;.

If availableNb; is equal to TRUE, mvpList[ 1 ] is derived as follows:

mpvpList[ 1] = MvLX[ xNb; ][ yNbs ]

Otherwi

se (availableNb; is equal to FALSE), mvpList[ 1 ] is derived as follows:
mpList[1][0]=1
mypList[1][1]=1

The lun
(xCb +3

The der
the lum
flag ava
If availa

m
Otherwi

m

m

The var

ation of mvpList[ 2 ], the following applies:

ha location (xNby, yNb;) inside the neighbouring luma-coding block is set equ
(CbW, yCb - 1).

vation process for neighbouring block availabilityas specified in subclause 6.4.1 is iny
h location ( xNbgz, yNb; ) as input, and the output is assigned to the coding block availa
lableNbs..

bleNb; is equal to TRUE, mvpList[ 2 ] is derived as follows:
vpList[ 2 ] = MVLX[ xNb; ][ yNbz ]
se (availableNb; is equal to FALSE), mvpList[ 2 ] is derived as follows:

1

vpList[ 2 ][ 0]

vpList[2][1] =1

able TFenipPic is set equal to RefPicListX[ 0 ].

650)

651)

652)

al to

roked
bility

653)

654)

655)

al to

The lumalocation (xNbs, yNbs) inside the neighbouring luma coding block is set eqy

(xCb, yCb).

The variable mvTemp specifies the refined motion vector of list 0 (MvDmvrLO0) 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.

A variable HmvpMVList is defined as the history based motion vector table derived from HmvpCandList.

A varjiable HmvpRefList is defined as the reference indices table derived from HmvpCandhbift. A variable
NumHmvpCand is set equal to the number of motion entries in HmvpCandList.

For 4 given reference list X, with X being 0 or 1, for each index hMvpldx with, hMvpldy = 1..Min( 4,
NumHmvpCand ) in HmvpMVList[ NumHmvpCand - hMvpldx | and
HmvpRefListf NumHmvpCand - hMvpldx ], the following steps are executed until the variable
HMVPDerived is equal to TRUE:

1) hNlvpldx is set equal to 1, HMVPDerived is set equal to FALSE.
2) If |curRefldxLX is equal to HmvpRefList] NumHmvpCand'=-hMvpldx ][ X], with X bging 0 or 1,
DefaultRefldxLX is set equal to HmvpRefList[ NumHmvpCand - hMvpldx ][ X ] and DefaultMvLX is
sét equal to NumHmvpCand[ HMVPCandNum - hMupldx ][ X] and HMVPDerived is |set equal to
TRUE, otherwise hMvpldx+ +.
3) If HMVPDerived is equal to FALSE and hMvpldx'< Min( 4, NumHmvpCand ), repeat step 2.
If HMVPDerived is equal to FALSE, variable DefaultRefldxLX and DefaultMvLX are derived gs follows:

1) hNlvpldx is set equal to 1.

2) If | HmvpRefList[ NumHmvpGCGand - hMvpldx ][ X] is wvalid, DefaultRefldxLX is se€t equal to
E]mvaefList[ NumHmvp€and - hMvpldx ][ X ] and  DefaultMvLX is set |[equal to

mvpMVList] NumHmvpCand — hMvpldx ][ X ] and HMVPDerived is set equal to TRUE, otherwise
hMvpldx++.

3) If HMVPDerived.is-equal to FALSE and hMvpldx < Min( 4, NumHmvpCand ), repeat step 2.

If HMVPDerived‘is equal to FALSE, DefaultMvLX[ 0 ], and DefaultMvLX[ 1 ] and DefaultRef]ldxLX are set
equal to 0.

8.5.24-5-Derivationprocessfor-the lumareference-index

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 luma location (xNbAi, yNbA;) inside the neighbouring luma
(xCb -1, yCb +nCbH - 1).

The luma location (xNbB;, yNbB; ) inside the neighbouring luma
(xCb+ nChW, yCh + nChH -1

coding block is

coding block is

set

set

equal to

equal to

The luma location (xNbBy, yNbBy) inside the neighbouring luma
(xCb,yCb-1).

The lurIa location (xNbAo, yNbAg) inside the neighbouring luma
(xCb + nCbW, yCb - 1).

The luma location (xNbB;, yNbB;) inside the neighbouring luma
(xCb-1,yCb-1).

Otherwise, if availLR is equal to LR_01, the following applies:

The 1u11a location (xNbAi, yNbA;) inside the neighbouring luma
(xCb + nCbW, yCb + nCbH - 1).

The luma location (xNbB;, yNbB; ) inside the neighbouring luma
(xCb,yCb-1).

The luma location (xNbBo, yNbBo ) insidegthe neighbouring luma
(xCb-1,yCb-1).

The lurIa location ( xNbAo, yNbAgJinside the neighbouring luma
(xCb + nCbW, yCb + nCbH ).

The lurIa location ( xNbBz;yNbB; ) inside the neighbouring luma
(xCb + nCbW, yCb -1 )

Otherwise, if availLR isrequial to LR_10 or LR_00, the following applies:
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The luma location (xNbA;, yNbA;) inside the neighbouring luma
(xCb -1, yCb+ nCbH - 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

coding block is

set

set

set

set

set

set

set

set

set

equal to

equal to

equal to

equal to

equal to

equal to

equal to

equal to

equal to

The luma location (xNbB;, yNbB; ) inside the neighbouring luma
(xCb +nCbW-1,yCb-1).

The luma location (xNbBy, yNbBy) inside the neighbouring luma
(xCb + nCbW, yCb - 1).

The luma location (xNbAoy, yNbAy ) inside the neighbouring luma
(xCb -1, yCb + nCbH).

The luma location (xNbB;, yNbB;) inside the neighbouring luma
(xCb-1,yCb-1).

coding block is

coding block is

coding block is

coding block is

set

set

set

set

equal to

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 availableAs.

— IfavailableA; is equal to FALSE, refldxLX is set equal to DefaultRefldxLX.

— (therwise, the following applies:

— If RefldxLX[ xNbA:][yNbA;] is not equal to -1, refldxDX is set| equal to
RefldxLX[ xNbA; ][ yNbA; ].

1+ Otherwise, refldxLX is set equal to DefaultRefldxLX.
Otherwise, if amvr_idx[ x0 ][ y0 ] is equal to 1, the following applies:
— The derivation process for neighbouring block motion ¥ector candidate availability a§ specified in

ubclause 6.4.3 is invoked with the luma location{ xXNbB;, yNbB1 ) as input, and the output is
ssigned to the coding block availability flag availableB;.

QN

— IfavailableB; is equal to FALSE, refldxLX is set'equal to DefaultRefldxLX.

— (ptherwise, the following applies:

— If RefldxLX[ xNbB1][yNbBi}" is not equal to -1, refldxLX is set| equal to
RefldxLX[ xNbB;: ][ yNbB; }.

— Otherwise, refldxLXqs;set equal to DefaultRefldxLX.
Otherwise, if amvr_idx[ xO:}{ y0 ] is equal to 2, the following applies:
— The derivation process for neighbouring block motion vector candidate availability ag specified in

ubclause 6:4:3 is invoked with the luma location (xNbBo, yNbBy) as input, and the output is
dssigned(to the coding block availability flag availableBi.

N

— 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.

— Otherwi

If

se, the following applies:

RefldxLX[ xXNbAo ][ yNbAo] is not equal to -1, refldxLX 1is set equa

RefldxLX[ xNbAo ][ yNbAy ].

Oth

erwise, refldxLX is set equal to DefaultRefldxLX.

Otherwise, if amvr_idx[ x0 ][ y0 ] is equal to 4, the following applies:

1 to

— The der
subclau
assigned

If availa

Otherwi

If
Ref]

8.5.2.4.5.2
Inputs to thi

— alumal
left lum

— two vari
and

— therefe
Output of thi
The variable

availabilities
width nCbW|

vation process for neighbouring block motion vector candidate availability as specif
| to the coding block availability flag availableB..

bleB: is equal to FALSE, refldxLX is set equal to DefaultRefldxLX.

se, the following applies:

RefldxLX[ xXNbB; ][ yNbB;] is not to -1, refldxLX is set

dxLX[ xNbB; ][ yNbB: .

equal

Otherwise, refldxLX is set equal to DefaultRefldxLX.

Derivation process for default reference index
5 process are:

pcation ( xCb, yCb ) of the top-left sample of the current luma coding block relative to th
h sample of the current picture,

ables nCbW and nCbH specifying the width and the height of the current luma coding |

rence index of the current coding unit partition refldxLX, with X being 0 or 1.
s process is the-DefaultRefldxLX, with X being 0 or 1.

availLR is-derived by invoking the derivation process for left and right neighbouring
as specified in subclause 6.4.2 with the luma location ( xCb, yCb ) and the luma coding
as inputs.

equall

ed in

be 6.4.3 is invoked with the luma location (xNbB;, yNbB;) as input, and the~output is

to

e top-

block,

locks
block

If availLR is

baiial to LR 11 the following applies:
T ey 5 err

— The luma location (xNbAj, yNbA1) inside the neighbouring luma coding block is set equal 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

(

xCb +nCbW-1,yCb-1).

For the derivation of DefaultRefldxLX with X being 0 or 1, the following applies:

—

QN

N

Q)

—e

—

=

—

a =

8.5.2

Input

'he derivation process for neighbouring block motion vector candidate availability as
ubclause 6.4.3 is invoked with the luma location ( xNbA;, yNbA:) as input, and t
ssigned to the coding block availability flag availableA;.

'he derivation process for neighbouring block motion vector candidate availability as
ubclause 6.4.3 is invoked with the luma location (xNbB;, yNbB+) as input, and t
ssigned to the coding block availability flag availableB;.

efaultRefldxLX is set equal to 0.

f availableA; is equal to TRUE and refldxLX is equal-té RefldxLX[ xNbA: ][ yNbA; ], Def
5 set equal to refldxLX.

therwise, if availableB; is equal to TRUE*and refldxLX is equal to RefldxLX[ xNb
efaultRefldxLX is set equal to refldxLX,

therwise, if availableA: is equal to "TRUE and RefldxLX[ xNbA;1 ][ yNbA; ] is not
efaultRefldxLX is set equal to RefldXLX[ xNbA; ][ yNbA1 ].

therwise, if availableB; is-equal to TRUE and RefldxLX[xNbB; ][ yNbB;] is not
efaultRefldxLX is set equal‘to RefldxLX[ xNbB; ][ yNbB; ].

therwise, if sps_hmyvp_flag is equal to 1 and NumHmvpCand ( number of entries in Hm|
andidates derived as specified in subclause 8.5.2.4.4 with refldxLX as input.
5 Derivation process for luma motion vectors for direct mode

s.to this process are:

specified in
he output is

specified in

he output is

hultRefldxLX

B1 ][ yNbB1 ],

equal to -1,

equal to -1,

vpCandList )

5 greater than Oythe DefaultRefldxLX is set equal to the DefaultRefldxLX of the history motion vector

— 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.

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 predFlagL0[ 0 ][ 0 ] and predFlagL1[ 0 ][ O].
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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:

— The variables mvLO[0][0], mvL1[0][0], refldxLO, refldxL1, predFlagLO[0][0] and
predFlagL1[ 0 ][ 0] are set as follows:
mvLO[O][0][0]=0 (657)
mvLO[OJ[0][1]=0 (658)
mvL1[0][0][0]=0 659)
myL1[0]J[0][1]=0 660)
refldxL0 =0 661)
refldxL1 =0 662)
predFlagl0[0][0]=1 663)
predFlagL1[0][0]=0 664)

The varjable TempPic is set equal to RefPicList1[ 0 ].

The motion vector mvTemp is set equal to the refinéd-motion vector of list 0 (MvDmvrLO0) covering

the luma location (xCb +nCbW -1, yCb + nCbH%1) inside the temporal picture specifigd by

TempPif.

The varjable refPicListTemp][ 0 ] is set equal to the picture with reference index 0 in the refefence

picture [list of the coding block covering the luma location (xCb,yCb) in the temporal picture
specified by TempPic.
— The varjables diffPocNorm and diffPocDeNormLO are derived as follows:
diffPocDeNorm = DiffPicOrderCnt( TempPic, refPicListTemp[ 0]) 665)
diffPocNormL0=DiffPicOrderCnt( currPic, RefPicList0[ 0 ] ) 666)
diffPocNermiL1 = DiffPicOrderCnt( RefPicList1[ O ], currPic) 667)
— If diffPogDeNorm is equal to 0, the following applies:
mvLO[O][0][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)
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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

Outp

to this process is a luma motion vector mvLX.

ut of this processis-achroma motion vector mvCLX.

A chr

For the derivation of the chroma motion vector mvCLX, the following applies:

oma motion vector is derived from the corresponding luma motion vector.

mvCLX[ 0] =mvLX[0]*2 / SubWidthC

mvCLX[ 1] =mvLX[1]*2 / SubHeightC
7 Updating process for the history-based motion vector predictor candidate lis
s to this process are:
lima motion vectors in 1/4 fractional-sample acéuracy mvL0O and mvL1, and

eference indices refldxL0 and refldxL1.

mvL
Hmv
to thd

The N
the rd

= NumHmvpCand..22, both components of motion vectors of HmvpCandList[ hMvpldx | mv

are s
to-1

If slig
is va
ordet

HmV{CandList is a list of entries, each of those consists of the luma motion vectors mvl

candN, the reference indices reéfldxLOcandN and refldxL1candN. Number of
CandList is equal to NumHmvpCand. If NumHmvpCand is equal to zero, HmvpCandLis
empty list.

VP candidate hMvpCand is set equal to entry consisting of the luma motion vectors mvl
ference indices refldxL.0 and refldxL1. If NumHmvpCand is smaller than 23, for each in

bt equal to 0 and reference indices of HmvpCandList] hMvpldx ] refldxL0 and refldxL
e_type is.equal to P and refldxLO is valid or if slice_type is equal to B and either refldxL

id, the\candidate list HmvpCandList is modified using the candidate mvCand by t
eddsteps:

-1:2020(E)

(673)
(674)

(675)

(676)

(677)

!

LOcandN and
entries in
tis setequal

L0 and mvL1,
dex hMvpldx
.0 and mvL1
| is set equal

D or refldxL1
he following

1) T

he variable curldx is set equal to NumHmvpCand.

2) If NumHmvpCand is equal to 23, for each index hMvpldx =1.NumHmvpCand -1, copy

H

mvpCandList[ 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:

mv[0]=mv[0]>>2 (678)

mv[1]=mv[1]>>2 (679)

8.5.2.9 Conpersion luma motion vectors from 1/4 fractional-sample accuracy to 1/16 fractional-

sarhple accuracy
Input to this|process is the motion vector mv in 1/4 pel accuracy.
Output of th¢ process is the motion vector mv in 1/16 pel accuracy.

For the conversion of the luma motion vector mv, the following applies;

my[0]=mv[0]<<2 (1680)

my[l]=mv[1]<<2 681)

8.5.3 Deriyation process for affine motion vector components and reference indices

8.5.3.1 Genleral

Inputs to this process are:

— alumalgcation ( xCb, yCb ) of the top*left sample of the current luma coding block relative to the top-

left luma sample of the current picture,
— avariable cbWidth specifying the width of the current coding block in luma samples, and
— avariable cbHeight specifying the height of the current coding block in luma samples.
Outputs of this process'are:

— 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 numCpMyv, the control point motion
vectors cpMvLO[ cpldx | and cpMvL1][ cpldx ] with cpldx ranging from 0 to numCpMv - 1, refldxL0,

refldxl1, predFlagl.0 and predFlagl1, the following applies:

If merge_mode_flag[ xCb ][ yCb ] is equal to 1, the derivation process for motion
reference indices in affine merge mode as specified in subclause 8.5.3.2 is invoked ¢
coding block location ( xCb, yCb ), the luma coding block width cbWidth,the luma
height cbHeight, the variable availLR specifying left and right neighbouring blocks
of luma coding block as inputs, the number of control point motiéh - vectors numCp
affine control point motion vectors cpMvLO[ cpldx ] and cpMyvL1][ cpldx ] with ¢
from 0 to numCpMv - 1, the reference indices refldxL0.and refldxL1, and the p
utilization flags predFlagl.0 and predFlagL1 as outputst

Otherwise (merge_mode_flag[ xCb ][ yCb ] is equal to 0), for X being replaced by ei
the variables predFlagLX, cpMvLX, MvdCpLX, and refldxLX, in PRED_LX, and i
element ref_idx_IX, the following ordered steps apply:

1) The number of control point * motion vectors is set

MotionModelldc[ xCb ][ yCb ] + L.

numCpMv

2) The variables refldxLX and predFlagLX are derived as follows:

— Ifinter_pred_idc[xCb ][ yCb ] is equal to PRED_LX or PRED_BI, the followin
refldxLX =ref idx_IX[ xCb ][ yCb ]
predklagLX[0][0] =1

— QOtherwise, the variables refldxLX and predFlagLX are specifiedas follows:

refldxLX = -1

predFlagLX[0][0]=0

vectors and
vith the luma
coding block
" availability
Mv, the luma
pldx ranging
rediction list

ther O or 1 in
h the syntax

equal to

g applies:
(682)

(683)

(684)

(685)

3) The variable mvdCpLX] cpldx ] with cpldx ranging from 0 to numCpMv - 1, is derived 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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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:

— Theder
luma co
point m
with cpl
the size

the number of luma coding subblocks in horizontal direction humSbX and in vertical dire

numSbYy

— The der
as speci

coding block width cbWidth, the luma coding block.height cbHeight, the number of control

motion
cpldx b
indices
directio
directio

mvLX[ ®Sbldx ][ ySbldx | and the chfoma motion vector array mvCLX[ xSbldx ][ ySbldx ]

xSbldx 4

— ForxSbldx = 0..numSbX - 1%and ySbldx = 0..numSbY - 1, the motion vectors MvLX with X being

1 are de

— The

relative to the)top-left luma sample of the current picture is derived as follows:

uLX[ cpldx ][ 0] = ( mvpCpLX[ cpldx ][ 0 ] + mvdCpLX[ cpldx ][ 0] + 216) 9% 216 (
cpMvLX[ cpldx ][ 0] = (uLX[ cpldx ][ 0] >= 215) ? (uLX[ cpldx ][ 0] - 216):

ulX[ cpldx ][ 0] (
uLX[ cpldx ][ 1] = ( mvpCpLX[ cpldx ][ 1] + mvdCpLX[ cpldx ][ 1] + 216) 9% 216 (

cpMvLX[ cpldx [[ 1] = (uLX[ cpldx ][ 1] >= 215) ? (uLX[ cpldx J[ 1] - 216):
uLX[ cpldx][ 1]

vation process for affine subblock size as specified in subclause 8.5.3:8.is'invoked wif
ding block width cbWidth, the luma coding block height cbHeight,the number of cc
btion vectors numCpMy, the control point motion vectors cpMvL0O[ epldx |, cpMvL1][ c
of luma coding subblocks in horizontal direction sizeSbX and)in vertical direction siz

, and the flag clipMV specifying motion vector clipping type as outputs.

vation process for subblock motion vector arrays from affine control point motion ve
fied in subclause 8.5.3.7 is invoked with the luma coding block location ( xCb, yCb ), the

vectors numCpMy, the control point motior vectors cpMvLO[ cpldx ], cpMvL1[ cpldx |
bing 0..2, the prediction list utilization\flags predFlagL.0 and predFlagL1, and the refe
refldxLO and refldxL1 as inputs, and the number of luma coding subblocks in horiz
h numSbX and in vertical direction*numSbY, the size of luma coding subblocks in horiz
h  sizeSbX and in vertieal direction sizeSbY, luma motion vector

0.numSbXLX - 1, ySbldx,= 0..numSbYLX - 1, X being 0 and 1 as outputs.

rived as follows:

luma location (xSb,ySb) specifying the top-left sample of the current coding sub

(xSb, ySb ) = (xCb + xSbldx * sizeSbX, yCb + ySbldx * sizeSbY )

688)

689)

690)

691)

h the
ntrol
bldx |

dx being 0..2, and the prediction list utilization flags predFlaghOvand predFlagL1 as inputs,

eSby,
ction

ctors
luma
point

with
rence
ontal
ontal
array
with

0 and

block

692)

— If xSbldx and ySbldx are both equal to 0 (top-left subblock), the following applies for
x = 0..sizeSbX - 1 and y = 0..sizeSbY - 1:

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 mvl.X for position chWidth >> 1 and r‘thigh'r >> 1 are derived as
follows:

— The variable numCpMv is set equal to the number of control point motion vectors,
cpMvLX] cpldx ] are set equal to the control point motion vectors of* current block, with
cpldx = 0.numCpMv - 1 and X being 0 or 1.

— Horizontal change of motion vector dX, vertical change of motien vector dY and|base motion
vector mvBaseScaled are derived by invoking the process-as specified in subdlause 8.5.3.9
with the luma coding block width cbWidth, the luma codinhg block height cbHejght, number
of control point motion vectors numCpMv and-the control point mofion vectors
cpMvLX] cpldx | with cpldx = 0.numCpMyv - 1 as.inputs.

xPosSb = cbWidth >> 1 (696)
yPosSb = cbHeight >> 1 (697)
mvLX[ 0 ] = ( mvBaseScaled[\0.}'+ dX[ 0 ] * xPosSb + dY[ O ] * yPosSb ) (698)
mvLX[ 1] = (mvBaseScaled[ 1]+ dX[ 1] *xPosSb+dY[1]*yPosSb) (699)

— The rounding process for motion vectors as specified in subclause 8.5.3.10 is| invoked the
with mvX set equalto mvLX, rightShift set equal to 7, and leftShift set equal t¢ 0 as inputs,
and the rounded mvLX as output.

— The motiontvectors mvLX are clipped as follows:

center_mvLX[ 0] = Clip3(-215,215-1, mvLX[0]) (700)

center_mvLX[ 1] =Clip3(-215,215-1, mvLX[1]) (701)

—

— FHor’x'='0..cbWidth - 1 and y = 0..cbHeight - 1, the reference indices refldxLX and the p|rediction list

tilization ﬂ;\gc PrPdF‘];\gl X with X hping 0 and 1 are derived as follows:

RefldxLO[ xCb + x ][ yCb + y ] = refldxL0 (702)
RefldxL1[ xCb + x ][ yCb + y ] = refldxL1 (703)
PredFlagLO[ xCb + x ][ yCb + y ] = predFlagL0 (704)
PredFlagL1[ xCb + x ][ yCb + y ] = predFlagL1 (705)
MvDmvrLO[ xCb + x ][ yCb + y ] = MvLO[ xCb + x ][ yCb + y ] (706)
MvDmvrL1[ xCb + x ][ yCb + y ] = MvL1[ XCb + x ][ yCb +y ] (707)

© ISO/IEC 2020 - All rights reserved 191


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

ISO/IEC 23094-1:2020(E)

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

— the vari

ble availl.R specifying left and right neighbouring blocks” availability of luma coding

lock.

Outputs of th

— the num

is process are:

ber of control point motion vectors numCpMy,

— the luma affine control point motion vector cpMvLX[cpldx] with X (being 0 or 1

cpldx =
— therefe
— the pred
The affine m
1) The sa

(XNbB1,
(XNbCz,

D..numCpMv - 1,

rence indices refldxL0 and refldxL1, and

iction list utilization flags predFlagl.0 and predFlagL1.

prging candidate list, affineMergeCandList, is derived/by the following ordered steps:

yNbB:), (xNbBy, yNbB;), (xNbB3 yNbB3J, (xNbCo yNbCo), (xNbCy, yNbCi)
yNbC> ) are derived as follows:

(xNbAy, yNbAy ) = (xCb - 1, yCb + cbHeight)

(xNbA;, yNbA; ) = (xCb - 1, yCb + ebHeight - 1)

(xNbA2, yNbA; ) = (xCb - 1, ¥Cb)

(xNbBo, yNbBy ) = ( xCb.+cbWidth, yCb - 1)

(xNWbB1, yNbB1 ) = (%€b + cbWidth - 1,yCb - 1)

(xNWbB2, yNbB29 = (xCb-1,yCb-1)

(leI)Bg, yNbB3 ) = (xCb,yCb-1)

and

mple locations (xNbAo, yNbAo), (xNbAi, yNbA:), (xNbAz yNbAz), (xNbBo, yNbBo),

and

(708)
(709)
(710)
(711)
(712)
713)

(714)

(xNbCo, yNbCo ) = ( xCb + cbWidth, yCb + cbHeight )

(xNbC1, yNbC1 ) = (xCb + cbWidth, yCb + cbHeight - 1)

(xNbCz, yNbC; ) = (xCb + cbWidth, yCb )

(715)
(716)

(717)

2) The following applies for ( xNbBLK, yNbBLK ) with BLK being replaced by Ao, A1, Az, Bo, B1, B2, B3, Co,
C1, 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, By,
availLR is equal to LR_01, otherwise replaced by A1, By, Bo, Ao, and Ba:

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:

When availableFlagB=: and availableFlagB- are both equal to 1, CbPosX[ xNbB

equal to CbPosX[xNbB;][yNbB2], and CbPosY[xNbB;][yNbBs] (s
CbPosY[ xNbB; ][ yNbB; ], availableFlagB: is set equal to 0.

When availableFlagC; and availableFlagCy are both equal to 1, CbRosX[ xNbCj
equal to CbPosX[xNbCo][yNbCo], and CbPosY[xNbCi][yNbCi] is
CbPosY[ xNbCo ][ yNbCo ], availableFlagCois set equal to 0.

When availableFlagBs; and availableFlagBo are both equal'to' 1, CbPosX[ xNbBj3
equal to CbPosX[xNbBo][yNbBy], and CbPosY[xNbB;][yNbBs] is
CbPosY[ xNbBy ][ yNbBy ], availableFlagBy is set equal-to 0.

When availableFlagC; and availableFlagBo are both equal to 1, CbPosX[ xNbCj
equal to CbPosX[xNbBo][yNbBo], and CbPosY[xNbC;][yNbCi] is
CbPosY[ xNbBy ][ yNbBy ], availableFlagByis’set equal to 0.

Otherwise (availLR is not equal to LR_01);the following applies:

— When availableFlagB: and availableFlagBo are both equal to 1, CbPosX| xNbB{
equal to CbPosX[xNbBg][yNbBo], and CbPosY[xNbB:][yNbB;] is

CbPosY[ xNbBy ][ yNbBy ],-availableFlagBy is set equal to 0.

When availableFlagAyand availableFlagA are both equal to 1, CbPosX[ xNbA/
equal to CbPosX[xNbAo][yNbAg], and CbPosY[xNbA;][yNbA:] is
CbPosY[ xNbAg ][ yNbAy ], availableFlagAy is set equal to 0.

When availableFlagB: and availableFlagB; are both equal to 1, CbPosX[ xNbBj
equalty, to CbPosX[xNbB;][yNbB2], and CbPosY[xNbB;][yNbB;] is
ChPosY[ xNbB; ][ yNbB; ], availableFlagB: is set equal to 0.

When availableFlagA; and availableFlagB; are both equal to 1, CbPosX[ xNbA1
equal to CbPosX[xNbB;][yNbB;], and CbPosY[xNbA;][yNbA;] is

CbPosYNbB " NbBo}availablellagBois-setequal-to-0-

SOT O ™ ™NO D27

5) The following applies for ( xNbBLK, yNbBLK ) with BLK being replaced by Ci, B3, By,
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

-1:2020(E)

Co, and Bo if

When availableBLK is equal to TRUE and MotionModelldc[ xNbBLK ][ yNbBLK ] is greater than

][ yNbB;3 ] is
equal to

][ yNbC1] is
equal to

][ yNbB;3 ] is
equal to

][ yNbC1 ] is
equal to

][ yNbB: ] is
equal to

][ yNbA; ] is
equal to

][ yNbB: ] is
equal to

][ yNbA; ] is
equal to

Co, and Bo if

1[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)

194

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
coding block width and height cbWidth and cbHeight, the neighbouring luma coding

luma
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 ] (718)
refldxLXBLK = RefldxLX[ xXNbBLK ][ yNbBLK ] (719)
The derjvation process for constructed affine control point motion vector merging candidafes as
specified in subclause 8.5.3.4 is invoked with the luma coding block logatien ( xCb, yCb ), the|luma
coding Hlock width and height cboWidth and cbHeight, the availability.flags availableA,, availableA;,
available¢A,, availableBy, availableB;, availableB;, availableBs/ - availableCo, availableC;,| and
availabl¢C;, the sample locations (xNbAg, yNbAo), (xNbAi, yNbA;1), (xNbA; yNpA2),
( xNbBy, beBo ), ( xNbBj, beB1 ), ( xNbB, beBz ), ( xNbBs3, beB3 ), [ xNbCo, y bCo ),
(xNbCy,[yNbC1 ), and ( xNbCz, yNbC; ) as inputs, and the availability flags availableFlagConstK, the
referende indices refldxLXConstK, the prediction list utilization flags predFlagLXConstK, the affine
motion model indices motionModelldcConstK and the constructed affine control point motion
vectors ¢pMvpLXConstK][ cpldx | with X being 0 or 1, K= 1..6, cpldx = 0..2 as outputs.
The initial affine merging candidate list, affineMergeCandList, is constructed as follows:
— iissetequal to 0.
— IfavpilLR is equal to LR_01, the following applies:
if( availableFlagCi &&i<5)
affineMergeCandList[ i++ ] = C1
if( availableFlagBy&& i< 5)
affineMergeCandList[ i++ ] = B3
if( availableFlagB; && i< 5) 720)
affineMergeCandList[ i++ ] = Bz
if( availableFlagCo && i< 5)
affineMergeCandList[ i++] = Co
it avaitabteFagBy && <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
© ISO/IEC 2020 - All rights reserved
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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( nxmi]nh]nlﬂng(‘nnef? && i< ':)
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

8) The variable numCurrMergeCand and numOrigMergeCand are,set equal to the numbedr of merging
andidates in the affineMergeCandList.

Q

9) When numCurrMergeCand is less than 5, the following is‘repeated until numCurrMrge(and is equal
p 5, with mvZero[ 0 ] and mvZero[ 1 ] both being equal to 0:

[l

- The reference indices, the prediction list, utilization flags and the motion vectors ¢f zeroCandn
with m equal to ( numCurrMergeCand = numOrigMergeCand ) are derived as folloys:

refldxL0ZeroCandy, = 0 (723)
predFlaglL0ZeroCand, =1 (724)
cpMvL0ZeroCandn[ 0 ] = mvZero (725)
cpMvLO0ZeroCandm[ 1 ] = mvZero (726)
cpMvl0ZeroCandnm[ 2 | = mvZero (727)
refldxL.1ZeroCandm = (slice_type==B)?70: -1 (728)
predFlagL1ZeroCandn = (slice_type==B)?1:0 (729)
cpMvL1ZeroCand [ 0] =mvZero (730)
cpMvL1ZeroCandm[ 1 ] = mvZero (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:

affine_merge_idx[ xCb ][ yCb ]
( N = affineMergeCandList[ affine_merge_idx[ xCb [[yCb]]):

following assignments are made with N being the candidate at po

refldxLX = refldxLXN

predFlagLX = predFlagLXN

sition

in the affine merging candidate list affineMergeCandList

(735)

(736)

cpMvVLX[ 0] = cpMVLXN[ 0]
cpMvLX[ 1] =cpMvLXN[ 1]
cpMvVLX[ 2] = cpMVLXN][ 2 ]

numCpMv = motionModelldxN + 1

MotionModelldc[ x ][ y ] = numCpMv - 1

8.5.3.3 Derjvation process for luma affine control point miotion vectors from a neighbo

Inputs to thi

Outputs of

bloick

b pProcess are:

a luma lpcation ( xCb, yCb ) specifying the top-left sample of the current luma coding block re
to the tdp-left luma sample of the current picture,

two varjables cbWidth and cbHeight specifying the width and the height of the current luma c

a luma location ( xNb, yNb ), specifying the top-left sample of the neighbouring luma coding

to the top-left lumdsample of the current picture,

two varfables nNbW and'nNbH specifying the width and the height of the neighbouring luma c
block, apd

the number ef‘control point motion vectors numCpMyv.

(737)
(738)
(739)

(740)

— The following assignment is made for x = xCb..xCb + cbWidth - 1 and\y= yCb..yCb + cbHeight - 1:

(741)

iring

lative

bding

block

bding

this process are the luma affine control pninf vectors r‘valY[r‘pldY]

with

cpldx = 0.numCpMv - 1 and X being 0 or 1.

The variable 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 J[[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+nNbH-11][0])
<< (7 -1log2NbW) (746)

dVerX = ( MvLX[ xNb + nNbW -1 ][ yNb+nNbH-1][1] - MvLX[ xNb [[yNb + nNbH-1][1L])
<< (7 -10g2NbW) (747)

— (therwise (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 J{:0y] - MvLX[ xNb ][yNb ][ 0])
<< (7 -log2NbW) (750)

dVerX = ( MvLX[ xNb + nNbW - 1 JiyNb ][ 1] - MvLX[xNb ][yNb][1])
<< (7 -log2NbW) (751)

The viariables dHorY and dVerY are.derived as follows:

— IffisCTUboundary is equal-to FALSE and MotionModelldc[ xNb ][ yNb ] is equal to 2, the following
applies:

dHorY = ( MVLX[ xNb ][ yNb + nNbH-1][ 0] - MvLX[xNb ][yNb ][ 0])
<<(7 - log2NbH) (752)

dVerY.="( MvLX[xNb J[[yNb+nNbH-1][1]-MvLX[xNb][yNb][1])
<< (7 -log2NbH) (753)

— Otherwise (isCTUboundary is equal to TRUE or MotionModelldc[ xNb [[yNb ] is equal to 1), the
following applies:

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 numCpMuv is equal to 3, the third control point vector cpMvLX] 2 ] is derived as follows:
cpMvLX[2 ][ 0] = (mvScaleHor + dHorX * (xCb — xNb ) + dHorY * (yCb + cbHeight — yNb ) ) 760)
cpMVILX[ 2 ][ 1] = (mvScaleVer + dVerX * (xCb - xNb ) + dVerY * (yCb + cbHeight - yNb ) ) (761)
— The rounding process for motion vectors as specified in subclause 8.5.3.10 is invoked'with myX set
equal to|cpMvLX] cpldx ], rightShift set equal to 7, and leftShift set equal to 0 @s’inputs, and the
rounded|cpMvLX] cpldx | as output, with X being 0 or 1 and cpldx = 0.numCpMy:= 1.
— The motion vectors cpMvLX[ cpldx ] with cpldx = 0.numCpMv - 1 are clipped as follows:
cpMVLX][ cpldx ][ 0 ] = Clip3( -215, 215 - 1, cpMvLX[ cpldx ][ 0 ]) (762)
cpMVLX][ cpldx ][ 1] = Clip3( -215, 215 - 1, cpMvLX] cpldx ][ }) (763)
8.5.3.4 Derjvation process for constructed affine controlpoint motion vector merging candiflates
Inputs to thi$ process are:
— aluma lpcation ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative
to the tdp-left luma sample of the current picttre,
— two varfables cbWidth and cbHeight specifying the width and the height of the current luma cpding
block,
— the avajlability flags availableA,, availableA;, availableA;, availableBo, availableBi, availapleB,,
availableBs, availableCo, availableC;, and availableC;, and

the sample locations~( xNbAo, yNbAy), (xNbAj, yNbA;), (xNbAz yNbA;), (xNbBy, yNbBy ),

(XNbBl
(XNbCz,

Outputs of th

yNbB1 ), /{xXNbB2, yNbB;), (xNbBs, yNbB3), (xNbCo, yNbCo), (xNbCj, yNbC;),
yNbC2 ).

is¢process are:

and

the availability flag of the constructed affine control point motion vector merging candidates
availableFlagConstK, with K = 1..6,

the reference indices refldxLXConstK, with K=1..6, X being O or 1,

the prediction list utilization flags predFlagL.XConstK, with K = 1..6, X being 0 or 1,

the 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 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:

The

reflds

— 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 ]
predFlagLXCorner[ 0 ] = PredFlagLX[ xNbTL ][ yNbTL ]
cpMvLXCorner[ 0 ] = MvLX[ xNbTL ][ yNbTL ]

availableFlagCorner[ 0 ] = TRUE

availgbleFlagCorner[ 1 ] with X being 0 and 1 are derived as follows:

The

refld;

The availability flag availableFlagCorner|[ 1 ] is set equal to FALSE.

— When availableTR is equal to TRUE and<@vailableFlagCorner|[ 1 ] is equal to FALSE,
applies with X being 0 and 1:

refldxLXCorner[ 1 ] = RefldxLX[ xXNbTR ][ yNbTR ]
predFlagLXCorner[\#] = PredFlagLX[ xNbTR ][ yNbTR ]
cpMvLXCorner[1 | = MvLX[ xNbTR ][ yNbTR ]

availableFlagCorner[ 1 ] = TRUE

availableFlag€orner[ 2 ] with X being 0 and 1 are derived as follows:

The.availability flag availableFlagCorner| 2 ] is set equal to FALSE.

second (top-right) control point motion vector cpMvEXCorner[1], refer
kLXCorner[ 1], prediction list utilization flag predFlaglXCorner[ 1] and the avajlability flag

The following applies for ( xNbTR, yNbTR ) with-TR being replaced in order by By, By, a

third (bettem-left) control point motion vector cpMvLXCorner[2], refer
KLXCorner[\2 ], prediction list utilization flag predFlagLXCorner[ 2] and the avajlability flag

(764)
(765)
(766)
(767)

ence index

hd Cz:

the following

(768)
(769)
(770)
(771)

ence index

— If availLR is equal to LR_10 or LR_11, the following applies for ( xNbBL, yNbBL ) with BL being

replaced in order by Ag and As:

— 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 ]
predFlagLXCorner[ 2 | = PredFlagLX[ xNbBL ][ yNbBL ]

cpMvLXCorner|[ 2 ] = MvLX[ xNbBL ][ yNbBL ]
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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

yColBl = yCb + cbHeight

(776)

(777)

- If yCb >> CtbLog2SizeY is equal to yColBl >> CtbLog2SizeY, yColBl is less
pic_height_in_luma_samples and xColBl is larger than 0, the following applies:

— The luma location (xColCb, yColCb ) is set equal
((xColBl >> 3) << 3,(yColBl >> 3) << 3).

— The derivation process for collocated motion vectors as specifig
subclause 8.5.2.3.4 is invoked with luma location coordinates ( xColCb, yColC

input, and the output is assigned to mvLXCol and availableFlagLXCol.

- Otherwise, both components of mvLXCol are set equal'to’0 and availableFlagLXCol
equal to 0.

- The variables availableFlagCorner[ 2 ], predFlagL0Corner[ 2 ], cpMvLOCorner|[ 2
predFlagL1Corner[ 2 ] are derived as follows:

availableFlagCorner|[ 2 ]| = availableFlagL0Col
predFlagL0Corner|[ 2 ] = availableFlagL.0Col
cpMvLOCorner[ 2 ] = m¥L.0Col
predFlagL1Corner|2 ] =0

— When slice_type is equal to B, the variables availableFlagCorne
predFlagL1Cerner[ 2 ] and cpMvL1Corner|[ 2 ] are derived as follows:

avajlableFlagCorner|[ 2 | = availableFlagL0Col | | availableFlagL1Col

predFlaglL1Corner|[ 2 | = availableFlagL1Col

than

to

d in
b) as

is set

and

(778)
(779)
(780)
(781)

r[2],

(782)

(783)

cpMvL1Corner|[ 2 ] = mvL1Col

784)

The fourth (bottom-right or collocated bottom-right) control point motion vector cpMvLXCorner|[ 3 ],
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 Ci:

— When availableBR is equal to TRUE and availableFlagCorner[ 3 ] is equal to FALSE, the following

appli
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refldxLXCorner[ 3 ] = RefldxLX[ xNbBR ][ yNbBR ] (785)
predFlagLXCorner[ 3 ] = PredFlagLX[ xNbBR ][ yNbBR ] (786)
cpMvLXCorner[ 3 ] = MvLX[ xXNbBR ][ yNbBR ] (787)
availableFlagCorner[ 3 ] = TRUE (788)

— Otherwise, the reference indices for the temporal merging candidate, refldxLXCorner[ 3 ], 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 fpllows:

— The following applies:
xColBr = xCb + cbWidth (789)
yColBr = yCb + cbHeight (790)

— If yCb >> CtbLog2SizeY is equal to yColBr >> CtbLog2SizeY, yColBr |s less than
pic_height_in_luma_samples and xColBr is less.than pic_width_in_luma_samples, the
following applies:

— The luma location (xCelCb, yColCb ) is set equal to
((xColBr >> 3) << 3,(yColBr&z>73) << 3).

— The derivation process ‘for collocated motion vectors as specified in
subclause 8.5.2.3.4 is invoked with the luma location coordinates ( xColCb, yColCb )
as input, and the output is assigned to mvLXCol and availableFlagLXCol.

— Otherwise, both components of mvLXCol are set equal to 0 and availableFlagLXCol is set
equal to 0.

— The variables~availableFlagCorner|[ 3 |, predFlagLOCorner[ 3 ], cpMvLOCofner[ 3 ] and
predFlagL1Corner[ 3 ] are derived as follows:

availableFlagCorner[ 3 ] = availableFlagL0Col (791)
predFlagL0Corner|[ 3 | = availableFlagL0Col (792)
cpMvLOCorner[ 3 ] = mvLOCol (793)
predFlagL1Corner[ 3]1=0 (794)

— When slice_type is equal to B, the variables availableFlagCorner|[ 3],
predFlagL1Corner[ 3 ] and cpMvL1Corner[ 3 ] are derived as follows:

availableFlagCorner[ 3 ] = availableFlagL0Col | | availableFlagL1Col (795)
predFlagL1Corner[ 3 ] = availableFlagL.1Col (796)
cpMvL1Corner[ 3 ] =mvL1Col (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, availableFlagl.X is set equal to TRUE:

— The ¥

— 1

—
t

— 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, availableFlaglLX is set equal to FALSE.
Vhen availableFlagLX is equal to TRUE, the following assignments are made:
predFlagLXConstl =1
refldxLXConst1 = refldxLXCorner| O ]
cpMvLXConst1[ 0 ] = cpMvlXCorner[ 0 ]
cpMvLXConst1[ 1] =lcpMvLXCorner[ 1 ]
cpMvLXConst1['2] = cpMvLXCorner|[ 2 ]
rariables availableFlagConst1 and motionModelldcConst1 are derived as follows:

 availableFlagL.0 or availableFlagl.1 is equal to 1, availableFlagConst1 is set equal to

and motipnModelldcConst1 is set equal to 2.

thetwise, availableFlagConst1 is set equal to FALSE and motionModelldcConst1 is set
D0

(798)
(799)
(800)
(801)

(802)

'RUE

equal

2) When availableFlagCorner|[ 0 ] is equal to TRUE and availableFlagCorner|[ 1] is equal to TRUE and
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:

202

— 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:

predFlagl.XConst2 =1

3) W
a‘

refldxLXConst2 = refldxLXCorner[ 0 ]

cpMvLXConst2[ 0 ] = cpMvLXCorner[ 0 ]

cpMvLXConst2[ 1] = cpMvLXCorner[ 1 ]

cpMvLXConst2[ 2 ] = cpMvLXCorner[ 3 | + cpMvLXCorner]0 ] - cpMvLXCorne
cpMvLXConst2[ 2 ][ 0] = Clip3( -215, 215 - 1, cpMvLXConst2[ 2][0])
cpMvLXConst2[ 2 ][ 1] = Clip3( -215, 213<"1, cpMvLXConst2[ 2 ][ 1])

- The variables availableFlagConst2 and motionMadelldcConst2 are derived as follow

and motionModelldcConst2 is set equal to 2.

to 0.

‘hen availableFlagCorner[ 0]-is equal to TRUE and availableFlagCorner|[ 2 ] is equal
UailableFlagCorner| 3 ] is-egual to TRUE, the following applies:

- For X being replaced by 0 or 1, the following applies:

— The variable availableFlagLX is derived as follows:

— predFlagLXCorner[ 0 ] is equal to 1.

— predFlagLXCorner][ 2 | is equal to 1.
— 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

© ISO/IEC 2020 - All rights reserved

—~lJf all of the following conditions are true, availableFlagLX is set equal to TRUE:

(803)
(804)
(805)

(806)

—

1] (807)
(808)
(809)

S:

— If availableFlagLO0 or availableFlagL1 is.equal to 1, availableFlagConst2 is set equal to TRUE

— Otherwise, availableFlagConst2-is set equal to FALSE and motionModelldcConstp is set equal

to TRUE and

(810)
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refldxLXConst3 = refldxLXCorner[ O ]

cpMvLXConst3[ 0 ] = cpMvLXCorner[ 0 ]

cpMvLXConst3[ 1] = cpMvLXCorner[ 3 ] + cpMvLXCorner|[ 0 ] - cpMvLXCorner|[ 2 ]
cpMvLXConst3[ 1][ 0] = Clip3( -215, 215 - 1, cpMvLXConst3[1][0])
cpMvLXConst3[ 1 ][ 1] = Clip3( -215, 215 -1, cpMvLXConst3[1][1])

cpMvLXConst3[ 2 ] = cpMvLXCorner[ 2]

(811)
(812)
(813)
(814)
(815)

816)

— The yariables availableFlagConst3 and motionModelldcConst3 are derived as follows;

— If availableFlagL0 or availableFlagl1 is equal to 1, availableFlagConst3 is set equal to
and motionModelldcConst3 is set equal to 2.

— Qtherwise, availableFlagConst3 is set equal to FALSE and motionModelldcConst3 is set
tp 0.

4) When availableFlagCorner[ 1] is equal to TRUE and availableFlagCarner|[ 2 ] is equal to TRU
availablgFlagCorner|[ 3 ] is equal to TRUE, the following applies:

— For ¥ being replaced by 0 or 1, the following applies:
— The variable availableFlagLX is derived as follows:
—+ If all of the following conditions are trué;availableFlagLX is set equal to TRUE:
— predFlagLXCorner[ 1] is equalto 1.
— predFlagLXCorner|[ 2 ] istequal to 1.
— predFlagLXCorner[37] is equal to 1.
— refldxLXCornex[ 1 ] is equal to refldxLXCorner|[ 2 ].
— refldxLXCorner[ 1 ] is equal to refldxLXCorner|[ 3 ].
—+ Otherwise, availableFlagLX is set equal to FALSE.

— When availableFlagLX is equal to TRUE, the following assignments are made:

RUE

equal

E and

predFlagLXConst4 =1

refldxLXConst4 = refldxLXCorner[ 1 ]

cpMvLXConst4[ 0 ] = cpMvLXCorner[ 1] + cpMvLXCorner[ 2 ] - cpMvLXCorner|[ 3 ]
cpMvLXConst4[ 0 ][ 0 ] = Clip3( -215, 215 - 1, cpMvLXConst4[ 0][0])
cpMvLXConst4[ 0 ][ 1] = Clip3( -215, 215 - 1, cpMvLXConst4[ 0 ][ 1])
cpMvLXConst4[ 1] = cpMvLXCorner[ 1 ]

cpMvLXConst4[ 2 ] = cpMvLXCorner[ 2 ]

(817)
(818)
(819)
(820)
(821)
(822)

(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
1nclud1ng the avallablhty flags avallableFlagConstK the reference 1nd1ces refIdXLXConstK the prediction
list u 3 onstK, and the
constructed affme control p01nt motion vectors cpMvLXConstK]| cpIdx] with cpldx = 0..2"and X being 0
or 1 dre derived as follows:

5) When availableFlagCorner[ 0 ] is equal to TRUE and availableFlagCorner[ 1 ].is equal fo TRUE, the
fallowing 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:l.
— refldxLXCorner|[ 0 ] is equal-te refldxLXCorner[ 1 ].
— Otherwise, availableFlaglX;is set equal to FALSE.

— When availableFlagLX iscequal to TRUE, the following assignments are made:

predFlagkXConst5 = 1 (824)
refldxkXConst5 = refldxLXCorner[ 0 ] (825)
epMvLXConst5[ 0 ] = cpMvLXCorner[ 0 ] (826)
cpMvLXConst5[ 1 ] = cpMvLXCorner[ 1 ] (827)

- Thelvariables availableFlagConst5 and motionModelldcConst5 are derived as follows:

— If availableFlagLO0 or availableFlagL1 is equal to 1, availableFlagConst5 is set equal to TRUE
and motionModelldcConst5 is set equal 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 availableFlagl.X 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 }p1/]) << (828)
(7 + Log2( cbWidth) — Log2( cbHeight / cbWidth ) ) )

cpMvLXCorner[1][ 1] = (cpMvLXCorner[0][1]<<7) -
( (cpMvLXCorner[2][ 0] - cpMvLXGoOrner[0][0]) << (829)
(7 + Log2( cbWidth) - Log2( cbHeight / cbWidth ) ))

—+ Therounding process for motion vectors as specified ifi subclause 8.5.3.10 is invoked with
mvX set equal to cpMvLXCorner[ 1 ], rightShift set equal to 7, and leftShift set equdl to 0
as inputs, and the rounded cpMvLXCorner|[ 1 ]-as output.

—+ The following assignments are made:

predFlagLXConst6 = 1 (830)
refldxLXConst6 = refldxLX€Corner[ O ] (831)
cpMvLXConst6[ 0 ] =icpMvLXCorner[ 0 ] (832)
cpMvLXConst6[\l] = cpMvLXCorner[ 1 ] (833)
cpMvLXConst6[ 1 ][ 0] = Clip3( -215, 215 - 1, cpMvLXConst6[ 1 ][ 0] ) (834)
cpMyLXConst6[ 1 ][ 1] = Clip3( -215, 215 - 1, cpMvLXConst6[ 1 ][ 1]) (835)

— The yariables-availableFlagConst6 and motionModelldcConst6 are derived as follows:

— If availableFlagL0 or availableFlagL1 is equal to 1, availableFlagConst6 is set equal to [RUE

armd motionModettdcConsté issetequat 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.

Outputs of this process are the luma affine control point motion vector predictors mvpCpLX][ cpldx ] with
X being 0 or 1, and cpldx = 0.numCpMv - 1

For the derivation of the control point motion vectors predictor candidate list, cpMvplistkX|with X being
0 or 1, the following ordered steps apply:

1) ThHe number of control point motion vector predictor candidates in the listnumCpMvp(andLX is set
equal to 0.

2) The variables availableFlagA, availableFlagB, and availableFlagC ape‘both set equal to FALSE.

3) THe sample locations (xNbAo, yNbAo), (xNbAi, yNbA),J(xNbBo, yNbBy), (xNpBj, yNbB1),
(¥NbB2, yNbB; ), ( xNbCo, yNbCy ), and ( xNbCs, yNbC; ) are derived as follows:

(xNbAy, yNbAg ) = (xCb - 1, yCb + cbHeight ) (836)
(xNbAj, yNbA1 ) = (xCb - 1, yCb + cbHeight - 1) (837)
(xNbBy, yNbBg ) = (xCb + cbWidth,yCb - 1) (838)
(xNDbBj, yNbB; ) = ( xCb + cbWidth - 1,yCb - 1) (839)
(xNbBz, yNbB; ) = (xCb<‘2,yCb - 1) (840)
(xNbCo, yNbCo ) =AXCb + cbWidth, yCb + cbHeight ) (841)
(xNbCy, yNb€4) = ( xCb + cbWidth, yCb + cbHeight - 1) (842)

4) THe following applies for ( xNbAy, yNbAy ) from ( xNbAo, yNbAo ) to ( xNbA;, yNbA1 ):

— The derivation process for neighbouring block motion vector candidate availability as specified
in subclause 6.4.3 is invoked with the neighbouring luma location ( xNbAy, yNbAx ) ps input, and
the butput is assigned to the block availability flag availableAx.

— When availableAy is equal to TRUE and MotionModelldc[ xXNbA ][ yNbAk ] is greater than 0
and availableFlagA is equal to FALSE, the following applies:

— The wvariable (xNb,yNb) is set equal to (CbPosX][xNbAx][yNbAk],
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[ xNbAk ][ yNbAk ] is equal to
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:

cpMupListLX[numCpMvpCandLX 1 0] = cpMuplX[ 0] 843)
cpMvpListLX[ numCpMvpCandLX ][ 1] = cpMvpLX[ 1 ] (844)
cpMvpListLX[ numCpMvpCandLX ][ 2 ] = cpMvpLX][ 2 ] (845)
numCpMvpCandLX = numCpMvpCandLX + 1 (846)

5) The folloying applies for ( xNbBy, yNbBk ) from ( xNbBy, yNbBy ) to ( xNbB»,.¥NbB; ):

— The glerivation process for neighbouring block motion vector candidate availability as specified
in supclause 6.4.3 is invoked with the neighbouring luma location ( xNbBy, yNbBx ) as input, and
the output is assigned to the block availability flag availableB.

— When availableBy is equal to TRUE and MotionModelldc[ xNbBx ][ yNbBk | is greater than 0
and availableFlagB is equal to FALSE, the following applies:

-+ The wvariable (xNb,yNb) is.~%Set equal to (CbPosX[xNbBx][yNbBk],
CbPosY[ xNbBy ][ yNbBx ] ), nbW is set'equal to CbWidth[ xNbBy ][ yNbBx ],and nbHjis set
equal to CbHeight[ xNbBy ][ yNbBg].

—+ If PredFlagLX[ xNbBy ][ yNbBx ] is equal to 1 and RefldxLX[ xNbBx ][ yNbBx ] is equal to
refldxLX, the following.applies:

— The variable availableFlagB is set equal to TRUE.

— 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 cpding
blogk location (xCb, yCb ), the luma coding block width and height cbWidtlh and
cbHeight, the neighbouring luma coding block location ( xNb, yNb ), the neighbouring
Iima 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

ndidate M nld

— 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:

— The variable (YNh th) is set Pqnnl to (FthQY[ xN

k ][ YNbCk],

7) W

hen numCpMyp€andLX is less than 2, the following applies:

CbPosY[ xNbCx ][ yNbCxk ] ), nbW is set equal to CbWidth[ xNbCx ][ yNbCy J,a
equal to CbHeight[ xNbCy ][ yNbCx ].

— If PredFlagLX[ xNbCi ][ yNbCxk ] is equal to 1 and RefldxLX[ xNbCy]['yNbCy ]
refldxLX, the following applies:

— The variable availableFlagC is set equal to TRUE.
— The derivation process for luma affine control point motion vec

neighbouring block as specified in subclause-8:5.3.3 is invoked with the
block location (xCb, yCb), the luma coding block width and height

nd nbH is set

] is equal to

tors from a

luma coding
tbWidth and

cbHeight, the neighbouring luma coding block location ( xNb, yNb ), the neighbouring

luma coding block width and heightnbW and nbH, and the number of
motion vectors numCpMv as inputs, the control point motion vectj
candidates cpMvpLX[ cpldx ] with cpldx = 0..numCpMv - 1 as outputs.

— The following assignmentscare made:
cpMvpListLX) numCpMvpCandLX ][ 0 ] = cpMvpLX[ 0 ]

cpMvphListLX[ numCpMvpCandLX ][ 1] = cpMvpLX[ 1]

cpMvpListLX[ numCpMvpCandLX ][ 2 ] = cpMvpLX] 2 ]

numCpMvpCandLX = numCpMvpCandLX + 1

The derivation process for constructed affine control point motion vector prediction
spetified in subclause 8.5.3.6 is invoked with the luma coding block location ( xCb, y(
Coding block width cbWidth, the luma coding block height cbHeight, and the refers

rontrol point
pr predictor

(851)
(852)
(853)

(854)

candidate as
b ), the luma
nce index of

the current rndln(r unit refldxl X ag H'\pnfc and the :nr:n]:!hl]lhr ﬂag availableCo

sFlagLX, the

availability flags avallableFlagLX[ cpldx ] and cpMvpLX] cpldx ] w1th cpldx = 0..3 as outputs.

When availableConsFlagLX is equal to 1, and numCpMvpCandLX is equal to O, t
assignments are made:

cpMvpListLX[ numCpMvpCandLX ][ 0 ] = cpMvpLX[ 0 ]
cpMvpListLX[ numCpMvpCandLX ][ 1] = cpMvpLX[ 1]
cpMvpListLX[ numCpMvpCandLX ][ 2 ] = cpMvpLX] 2 ]

numCpMvpCandLX = numCpMvpCandLX + 1
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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[ numCpMvpCandLX ][ 1 ] = cpMvpLX] cpldx ] (860)
cpMvpListLX[ numCpMvpCandLX ][ 2 ] = cpMvpLX] cpldx ] (861)
numCpMvpCandLX = numCpMvpCandLX + 1 (862)

9) When nuimnCpMvpCandLX is less than 2, the following is repeated until numCpMvp€andLX is equal to
2, with myZero[ 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 (866)

The affine cqntrol point motion vector predictor cpMvpLXwith X being 0 or 1 is derived as follows

cpMypLX = cpMvpListLX][ affine_mvp_flag IX*xCb ][ yCb ] ] (867)

8.5.3.6 Derjvation process for constructed affine control point motion vector prediction
candidates

Inputs to thi$ process are:

— aluma lpcation ( xCb, yCb )specifying the top-left sample of the current luma coding block rejlative
to the tdp-left luma sample/of the current picture,

— two varfables cbWidth and cbHeight specifying the width and the height of the current luma cpding
block, and

— the reference-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 (xNbBi, yNbB:i) and (xNbBg, yNbBy) are set
(xCb + cbWidth - 1, yCb - 1 ) and ( xCb + cbWidth, yCb - 1), respectively.
sample locations (xNbAi, yNbA;) and (xNbAg yNbAy) are set

— The

(xCb -1, yCb + cbHeight - 1 ) and ( xCb - 1, yCb + cbHeight ), respectively.

equal to

equal to

The first (top-left) control point motion vector cpMvLX[ 0 ] and the availability flag availableFlagLX[ 0 ]
are derived in the following ordered steps:

1) TH
eq

2) TH

The
avails

1) TH
eq

2) TH

ual to 0.
e following applies for ( xNbTL, yNbTL ) with TL being replaced by B3, B3, and A:
The derivation process for neighbouring block motion vector candidate-availability a

subclause 6.4.3 is invoked the luma location ( xXNbY, yNbY ) set equalito ( xNbTL, yNb
and the output is assigned to the coding block availability flag availableTL.

cpMvVLX[ 0 ] = MVLX[ XNbTL ][ yNbTI:}
second (top-right) control point mefion vector cpMvLX[1]
ibleFlagLX[ 1] are derived in the followihg ordered steps:
ual to 0.
e following applies for (xXNbTR, yNbTR ) with TR being replaced in given order by B,
The derivation proeess for neighbouring block motion vector candidate availability a

input, and the output is assigned to the coding block availability flag availableTR.

e availability flag availableFlagLX[ 0 ] is set equal to 0 and both components of cpMvij

When availableTL is equal to TRUE and availableFlagLX[ 0-]\is equal to 0, the followin

— If PredFlagLX[ xNbTL ][ yNbTL] is equal to 1,,and RefldxLX[ xNbTL ][ yNbTL ]
refldxLX, availableFlagLX][ 0 ] is set equal to 1 and the following assignments are 1

e availability flag availableFlagLX[*1 ] is set equal to 0 and both components of cpMvLj

—< If“PredFlagLX[ xNbTR ][ yNbTR ] is equal to 1, and RefldxLX[ xNbTR ][ yNbTR ]

refldxI.X n\mil;\hlpFl;\gl X[ 1 ] is set Pqnnl tao 1 and the fnllm/ving assignments are m

X[ 0] are set

5 specified in
['L) as input,

g applies:

is equal to
ade:

(868)

and the availability flag

X[ 1] are set

B1 and Cz:

5 specified in

subclause 6.4.3-is-invoked with the luma location ( xXNbY, yNbY ) set equal to ( xNbTR, yNbTR ) as

When availableTR is equal to TRUE and availableFlagLX[ 1] is equal to 0, the followinig applies:

is equal to
ade:

The

cpMvLX[ 1] =MvLX[ xNbTR ][ yNbTR ]

third (bottom-left) control point motion vector cpMvLX[2]

availableFlagLX[ 2 ] are derived in the following ordered steps:

(869)

and the availability flag

1) The availability flag availableFlagLX][ 2 ] is set equal to 0 and both components of cpMvLX[ 2 ] are set
equal to 0.

2) Th

e 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 th

e 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:
cpMvLX][ 2 ] = MvLX[ xNbBL ][ yNbBL ] (870)

The fourth| (bottom-right) control point motion vector cpMvLX[3] and the availability flag

availableFlagLX[ 3 ] are derived in the following ordered steps:

1) The sample locations (xNbC;,yNbCi) and (xNbCo yNbCo) are set equal* to (KCb+

cbWidth, yCb + cbHeight - 1 ) and ( xCb + cbWidth, yCb + cbHeight ), respectively.

2) The availability flag availableFlagLX[ 3 ] is set equal to 0 and both components|of cpMvLX[ 3 | afe set
equal to (.

3) The following applies for ( xNbBR, yNbBR ) with BR being replaced by-Ci and Co:

— The dgrivation process for neighbouring block motion vectorandidate availability as specifjed in
subclapse 6.4.3 is invoked with the luma location ( xNbY,yNbY ) set equal to ( xNbBR, yNbBR ) as
input, and the output is assigned to the coding block availability flag availableBR.

— When pvailableBR is equal to TRUE and availableFlagLX] 2 ] is equal to 0, the following appligs:

— If BredFlagLX[ xNbBR ][ yNbBR] is equal to 1, andRefldxLX[ xXNbBR ][ yNbBR] is equal to
refldxLX, availableFlagLX][ 3 ] is set equal to 1 and the following assignments are made:
cpMvLX[ 3 ] = MvLX[ xXNbBR9}y¥NbBR ] (871)

The variable|availableConsFlagLX is derived as follows:

— If availableFlagLX][ 0 ] is equalto 1, availableFlagLX[ 1] is equal to 1, and availableFlagLX[ 2 ] is equal
to 1, availableConsFlaglLX-is.set equal to 1.

— Otherwise, if availableFlagLX|[ 0 ] is equal to 1, availableFlagLX[ 1 ] is equal to 1, availableFlagliX[ 2 ]
is equal tg 0, and availableFlagLX][ 3 ] is equal to 1, availableConsFlagLX is set equal to 1, and follgwing
applies:

cpMULX[ 2 ] = Clip3( =215, 215 -1, cpMvIX[3 |+ cpMvIX[ 0] - cpMvIX[11]) 872)

— Otherwise, if availableFlagLX[0] is equal to 1, availableFlagLX[1] is equal to 1, and

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:

— 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 luma coding block,

— t

he number of control point motion vectors numCpMy,

— the control point motion vectors cpMvLX[ cpldx ], with cpldx = 0.numCpMv - 1 and X being 0 or 1,

— t
— t

Outp

he prediction list utilization flags predFlagLX, with X being 0 or 1, and
he reference index refldxL.X and X being 0 or 1.

1ts of this process are:

— 1
1

—

The
subcl

Whet

he number of luma coding subblocks in horizontal direction numSbX and incverti
umSbY,

he size of luma coding subblocks in horizontal direction sizeSbX and in vertical directi

he luma subblock motion vector array mvLX[ xSbldx ][ ySbldx ] with xSbldx = 0.
Sbldx = 0..numSbY - 1 and X being 0 or 1, and

he chroma subblock motion vector array mvCLX[ xSbldx }J[\ySbldx ] with xSbldx = 0.
Sbldx = 0.numSbY - 1 and X being 0 or 1.

variables sizeSbX, sizeSbY, numSbX, numSbY, -and clipMV flag are derived &2
huse 8.5.3.8.

| predFlagl.X is equal to 1, the following applies for X being 0 and 1:

lorizontal change of motion vector dX, vertical change of motion vector dY and base n
hvBaseScaled are derived by invoking the process as specified in subclause 8.5.3.9 w
oding block width cbWidth, the lumna coding block height cbHeight, number of control
ectors numCpMv and the control point motion vectors cpMvLX[ cpldx | with cpldx =0
as inputs.

or ySbldx = 0..numSbY —1:

— For xSbldx =-0.numSbX - 1:

— The luma motion vector mvLX[ xSbldx ][ ySbldx ] is derived as follows:

*PosSb = sizeSbX * xSbldx + ( sizeSbX >> 1)

cal direction

bn sizeSby,
numSbX - 1,
numSbX - 1,

ccording to

1otion vector
ith the luma
point motion
.numCpMv -

(873)

yPosSb = sizeSbY * ySbldx + ( sizeSbY >> 1)

(874)

mvLX[ xSbldx ][ ySbldx ][ 0 ] = ( mvBaseScaled[ 0] + dX[ 0] * xPosSb + dY[ 0 ] * yPosSb ) (875)

mvLX[ xSbldx ][ ySbldx ][ 1] = ( mvBaseScaled[ 1] + dX[ 1] * xPosSb + dY[ 1] * yPosSb ) (876)

— The rounding process for motion vectors as specified in subclause 8.5.3.10 is invoked 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] ) (877)

© ISO/IEC 2020 - All rights reserved

213


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

ISO/IEC 23

094-1:2020(E)

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

mvCLX[ xSbldx ][ ySbldx ] as output.

8.5.3.8 Derivation process for affine subblock size

Inputs to this process are:
— two variables cbWidth and cbHeight specifying the width and the height of the luma coding block,

the num

and

the pred

Outputs of th
— thessize

— the number of luma coding subblocks in horizontal directionnumSbX and in vertical dirg

numSbY
— theflag
The variable
— sizeSbX
sizeSbY

The variable
— eifCanB
— clipMVX

The variable

When predF

the confrol point motion vectors cpMvLX] cpldx ], with cpldx = 0.numCpMv - 1 and X.being O

ber of control point motion vectors numCpMy,

iction list utilization flags predFlaglLX, with X being 0 or 1.

is process are:
of luma coding subblocks in horizontal direction sizeSbX and-in vertical direction size$
, and

clipMV indicating motion vector clipping type for blocks processed with EIF.
5 sizeSbX and sizeSbY are derived as follows:

is set equal to cbWidth.

is set equal to cbHeight.

5 eifCanBeAppliedX andclipMVX are derived as follows for X being 0 and 1:
pAppliedX is set equal'to TRUE.

is set equal te FALSE.

eifSubblockSize is set equal to 4.

aglX-s equal to 1, the following applies for X being 0 and 1:

vector

orl,

by,

ction

— Horizontal change of motion vector dX, vertical change of motion vector dY and base motion vector
mvBaseScaled are derived by invoking the process as specified in subclause 8.5.3.9 with the luma
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 -
1 as inputs.

— The variable mvWx and mvWy are derived as follows:

mvWx = Max( Abs(dX[ 0]), Abs(dX[1]))

mvWy = Max( Abs(dY[0]),Abs(dY[1]))
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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 ) (881)

— The variable sizeSbY is modified as follow:
sizeSbY = Min( sizeSbY, sizeSbYTemp ) (882)

Table 22— Specification of sizeShXTemp for vartous input values of mvw

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 modified as follows:

— Thearrays X[i] and Y[ i] are derived as follows:

X[0]=0 (883)
X[ 1] = (eifSubblockSize + 1 }*(dX[ 0]+ (1<<9)) (884)
X[ 2] = (eifSubblockSize+ 1) *dY[ 0] (885)
X[3]1=X[1]+X}2] (886)
Y[0]=0 (887)
Y[ 1] = (‘eifSubblockSize + 1) *dX[ 1] (888)
Y[29 = (eifSubblockSize + 1) * (dY[ 1]+ (1<<9)) (889)
Y[3]1=Y[1]+Y[2] (890)

— 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.

— Otherwise, the following applies:

The variable
eifCan

clipMV

If eifCanBeA
sizeSb
sizeSb

The number
are derived 4

numSH

numSH

8.5.3.9 Der
Inputs to thi
— two var]j
— the num

— the cont

+ If (Max(0,dY[1])+Abs(dX[1]))* (1 + eifSubblockSize ) is greater than ( 1 <9

then the variable eifCanBeAppliedX is set equal to FALSE.

5 eifCanBeApplied and clipMV are derived as follows:
BeApplied = eifCanBeApplied0 & eifCanBeApplied1

= clipMVO | clipMV1

bplied is equal to FALSE, then the variables sizeSbX and sizeSbY are modified as follow
X = Max( 8, sizeSbX )
Y = Max( 8, sizeSbY ) (

of luma coding subblocks in horizontal direction numSbX and in vertical direction nu
s follows:

X = cbWidth / sizeSbX (

Y = cbHeight / sizeSbY (

jvation process for affiné motion model parameters from control point motion ve
5 process are:
ables cbWidth and cbHeight specifying the width and the height of the luma coding bl

ber of:eentrol point motion vectors numCpMyv, and

891)

892)

S.
893)
894)

mSbY

895)

896)

ctors

ck,

or 1.

rol'point motion vectors cpMvLX][ cpldx ], with cpldx = 0.numCpMv - 1 and X being 0

Outputs of this process are:

— 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 )

216
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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:

— 1

f numCpMyv is equal to 3, dY is derived as follow:

Motid
folloy

Outp

dY[0]=(cpMVLX[2][0] -cpMVLX[0][0]) << (7 -1log2CbH)
dY[1]=(cpMvLX[2][1]-cpMVLX[O0][1]) << (7 -log2CbH)

therwise ( numCpMyv is equal to 2), dY is derived as follows:
dY[0]=-dX[1]

dY[1]=dX[0]

n vector mvBaseScaled corresponding to the top-left corner of the luma coding block
Vs:

mvBaseScaled[ 0] =cpMvLX[0][0] << 7

mvBaseScaled[ 1] =cpMvLX[0][1] << 7Z

10 Rounding process for motion yectors

s to this process are:

he motion vector mvy,

he right shift parameter rightShift for rounding, and
he left shift parameter leftShift for resolution increase.

1t of thisprocess is the rounded motion vector mvX.

For tl|\e rounding of mvX, the following applies:

8.5.4

8.54

offset = (rightShift==0) ? 0 : (1 << (rightShift-1))
mvX[0]=((mvX[O0]+offset— (mvX[ 0] >= 0)) >> rightShift) << leftShift

mvX[1]=((mvX[1]+offset— (mvX[1] >= 0)) >> rightShift) << leftShift
Decoding process for inter prediction samples

.1 General

Inputs to this process are:

© ISO/IEC 2020 - All rights reserved
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(906)

(907)
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— aluma location ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative

to the to

p-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 ]
xSbldx = 0.numSbX -1, and ySbldx=0.numSbY -1, and mvL1[xSbldx ][ySbldx ]

xSbldx =0 numShX -1 _and yShidx = 0 numShY -1

with
with

— the refi
xSbldx 4

— the chrpma motion vectors in 1/32 fractional-sample accuracy mvCLO[ xSbldx"][ ySbldx ]

xSbldx 4
xSbldx 1

— the refin
with x
xSbldx 1

— the refe

— the pred

— the number of control point motion vectors num€pMyv,

ned motion vectors refMvLO[ xSbldx ][ ySbldx] and refMvL1[xSbldx ][ yShidx]
0.numSbX - 1, and ySbldx = 0..numSbY - 1,

0.numSbX - 1, ySbldx = 0..numSbY -1, and mvCL1[ xSbldx | ySbldx ]
0.numSbX - 1, ySbldx = 0..numSbY -1,

ed chroma motion vectors in 1/32 fractional-sample accuracy'refMvCLO[ xSbldx ][ yS
bbldx = 0.numSbX - 1, ySbldx = 0.numSbY -1, and refMwvCL1[xSbldx ][ ySbldx ]
0.numSbX - 1, ySbldx = 0.numSbY -1,

rence indices refldxL0 and refldxL1,

iction list utilization flags, predFlagL0, and predFlagL1,

— the cont]

with cpifx = 0.numCpMv - 1, and

— clipMV
Outputs of th

— an (nCb
derived

— when C
predicti
subclau

rol point motion vectors cpMvLO[ cpldx | with cpldx = 0.numCpMv - 1 and cpMvL1] c

ag specifying motion vector clipping type.

is process are:

as specified in this subclause,

hromaArrayType is not equal to 0, an (nCbW¢)x(nCbH¢) array preSamplesc, of ch
bn samples for the component Cb, where nCbW¢ and nCbHc¢ are derived as specified i
beyand

with

with
with

bldx |
with

pldx |

W1)x(nCbH.) array/predSamples.. of luma prediction samples, where nCbW;, and nCbH,, are

roma
n this

— when ChromaArrayType is not equal to 0, an (nCbW¢)x(nCbH¢) array predSamplesc: of chroma
residual samples for the component Cr, where nCbW¢ and nCbH¢ are derived as specified in this
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.

follows:

shWidth = nChW / numShX

The width and the height of the current luma coding subblock sbWidth, sbHeight are derived as

(910)

sbHeight = nCbH / numSbY

— If pffine_flag is equal to 1 and one of the variables sbWidth, sbHeight is less,than 8, t
applies:

Horizontal change of motion vector dX, vertical change of maotiotr vector dY and
vector mvBaseScaled are derived by invoking the process as/specified in subclause
the luma coding block width nCbW, the luma coding block height nCbH, number of
motion vectors numCpMv and the control point motion‘vectors cpMvLX[ cpldx ]
0.numCpMv - 1 as inputs.

The array predSamplesLX; is derived by invoking interpolation process f¢
interpolation filter as specified in subclaus€ 8.5.4.4.1 with the luma location (x
luma coding block width nCbW, the luma coding block height nCbH, horizontal char
vector dX, vertical change of motion vector'dY, base motion vector mvBaseScaled, {
array refPicLXi, sample bit depth BitDepthy, picture width pic_width_in_luma_sar
pic_height_in_luma_samples, clipMV flag and flag isLuma equal to TRUE as inputs.

When ChromaArrayType is notequal to 0, the following applies:

interpolation filter'as specified in subclause 8.5.4.4.1 with the luma location ( X
luma coding,block width nCbW, the luma coding block height nCbH, horizon
motion veetor dX, vertical change of motion vector dY, base motion vector m
the reference array refPicLXc, sample bit depth BitDepthe, pid
pic_width_in_luma_samples and height pic_height_in_luma_samples, clipMV
iskuma equal to FALSE as inputs.

+ ~The arrays predSamplesLXc;, is derived by invoking interpolation process f]
interpolation filter as specified in subclause 8.5.4.4.1 with the luma location ( x

(911)

he following

base motion

8.5.3.9 with
control point
with cpldx =

r enhanced
5b, ySb ), the
ge of motion
he reference
nples, height

— The arrays predSamplesLXCb, is derived by invoking interpolation process for enhanced

Sb, ySb ), the
fal change of
vBaseScaled,
ture width
flag and flag

or enhanced
Sb, ySb ), the

1 ] 1.1 1 LSRR ) Ol AT L] 1 - 1.1 1-1 LI S Ol 1 H
Hdllld LOUIllg UIVLK WIULIL TGO VY, UIT TUllld COUlls DIOCK TICTEIHU ITUUT, TTOTTZUIT

tal change of

motion vector dX, vertical change of motion vector dY, base motion vector mvBaseScaled,

the reference array refPicLXc, sample bit depth BitDepthc,

pic

ture 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..

and ySbldx = 0.numSbY - 1, the following applies:

numSbX - 1,

— 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 )

© ISO/IEC 2020 - All rights reserved
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vector offset mvOffset is set

- mvLX[ xSbldx ][ ySbldx ].

motion equal

to

— 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, predSamplesLXcy, and predSamplesLXc:

are d

erived 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 codlng block height stelght the refined motion vector revaLX[be][ySb] the luma

indica

the ref
The predict
xL = 0..nCbW|

in subclause]
arrays pred
refldxL1 and

When Chro
Cb
yc = 0.nCbH
subclause 8.
height nCbH
and the varig

a
CodihL

or 1sChromaPresent and When 1sChromaPresent motion vector refMVCLX[be ][ySb
erence arrays refPicLXcy, refPicLXcr as inputs.

ion samples inside the current luma coding block, predSamplesi[xi][y.]

cldx equal to 0 as inputs.

ArrayType is not equal to 0, the prediction samples inside-the current chroma comp
block, predSamplescs[ xc ][ yc ] with xc= 0.nCbW / SubWidthC - 1

b.4.5 with the coding block width nCbW set equalto:nCbW / SubWidthC, the coding
set equal to nCbH / SubHeightC, the sample arrays predSamplesLOc¢, and predSample
ibles predFlagL0, predFlagL1, refldxL0, refldxL1 and cldx equal to 1 as inputs.

When ChromaArrayType is not equal to 0, the predi¢tion samples inside the current chroma comp

Cr codin
yc = 0.nCbH
subclause 8.
height nCbH
and the varid

8.5.4.2 Ref
Input to this
Outputs of th

arefere

A block, predSamplesc | xc ][ yei with xc = 0.nCbW / SubWidthC - 1
b.4.5 with the coding block width nCbW set equal to nCbW / SubWidthC, the coding

ibles predFlagL0, predFlagll, refldxL0, refldxL1 and cldx equal to 2 as inputs.

brence picture selection process
process is a reference index refldxLX.
is process<are:

hce picture consisting of a two-dimensional array of luma samples refPicLX;, and

- 1andyy =0.nCbH - 1, are derived by invoking the sample prediction process as spe
8.5.4.5 with the coding block width nCbW, the coding block height n€bH and the sz
SamplesL0;, and predSamplesL1;, and the variables predFlagl0, predFlaglL1, refl

SubHeightC - 1, are derived by invoking the sample’/prediction process as specifi

SubHeightC - 1, are derived by :ifivoking the sample prediction process as specifi

set equal to nCbH / SubHeight€, the sample arrays predSamplesLOc- and predSample]

with
cified
mple
[dxLO0,

bnent

and
ed in
block
5L 1cp,

bnent

and
ed in
block
5L1Cr:

— when ChromaArrayType is not equal to 0, two two-dimensional arrays of chroma samples reiPi

and refPicLXcr.

CLXCb

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

refPicLXc:.

The reference picture sample arrays refPicLXi, refPicLXcy, and refPicLXc: correspond to decoded sample

arrays S, Scb

220

, and S¢r derived in subclause 8.8 for a previously-decoded picture.
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.3 Fractional sample interpolation process

.3.1 General

Inputs to this process are:

-1:2020(E)

— 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 sbWidthLX specifying the width of the current coding subblock in luma samples,

— 4

The n

Let (
1/16
locati

The {
equal

The t

variable sbHeightLX specifying the height of the current coding subblock in luma samlples,

refined luma motion vector refMvLX given in 1/16-luma-sample units,

motion vector offset mvOffset given in 1/16-luma-sample units,
he selected reference picture sample array refPicLXi,

hroma component presence indicator isChromaPresent,
Vhen isChromaPresent, a chroma motion vector mvCLX given in 1/32-chroma-sample
vhen isChromaPresent, selected reference picture sample arrays refPicLXc, and refPic
its of this process are:

n (sbWidthLX)x(sbHeightLX) array predSamplesLX; of prediction luma sample values

vhen isChromaPresent, two .(sbWidthLX / SubWidthC)x(sbHeightLX / SubHeig}
redSamplesLXc, and predSamplesLXc: of prediction chroma sample values.

hotion vector mvLX is set equial to ( refMvLX — mvOffset ).
kInt;, yInt;, ) be a luma-location given in full-sample units and ( xFracy, yFrac:, ) be an o
sample units. These ariables are used only in this subclause for specifying fract

ons inside the reference sample arrays refPicLXi, refPicLXcy, and refPicLXcr.

op-left coprdinate of the bounding block for reference sample padding ( xSbIntL, yS
to ((xSby¥ (mvLX[0] >> 4),ySb+ (mvLX[1] >> 4)).

pp-left coordinate of the chroma bounding block for reference sample padding ( xSblx

is set

units, and

JXCI‘-

and

1tC) arrays

ffset given in

onal-sample

bIntL ) is set

tC, ySbIntC)

equal to ((xSh / SubWidthC) + (mvIX[0] >> 5) (ySb / SubHeightC) + (mvI.X[ 1]

>>5)).

For each luma sample location (x;=0.sbWidth -1, y;. = 0..sbHeight - 1) inside the prediction luma
le array predSamplesLX;, the corresponding prediction luma sample value
predSamplesLX.[ xi. ][ yi. ] is derived as follows:

samp

— The variables xInty, yInti, xFrac. and yFrac, are derived as follows:

xInt, =xSb + (refMvLX[ 0] >> 4) +x.
yInt, =ySb + (refMvLX[ 1] >> 4) +y.

xFrac, =refMvLX[ 0] & 15

© ISO/IEC 2020 - All rights reserved
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=refMvLX[1] & 15 (

916)

— The prediction luma sample value predSamplesLX.[ 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,
sbHeight and refPicLX; as inputs.

If isChromaPresent the following applies:

Let ( xIntg, yIntc ) be a chroma location given in full-sample units and ( xFracc, yFracc ) be an offset
given in 1/32 sample units. These variables are used only in this subclause for specifying general

fractionql—c;xmplp locations inside the reference qnmp]p arrays refPicl.Xq, and refPicl.X¢

For
(Xc =0..
sample
values ¢
— The
xIn
yIn
xFr
yFr]
— The
spe
sbVj
— The

spe
sbVi

8.5.4.3.2 Lu
Inputs to thi
— alumalo

— alumalo

each chroma sample loq
sbWidth / SubWidthC - 1, yc = 0..sbHeight / SubHeightC - 1) inside the prediction ch
rrays predSamplesLXc, and predSamplesLXcr, the corresponding prediction ehroma sz
redSamplesLXcy[ xc ][ yc ] and predSamplesLXc:[ Xc ][ yc ] are derived as-follows:
variables xIntc, yIntc, xFracc and yFracc are derived as follows:

[c = (xSb / SubWidthC) + (mvCLX[ 0] >> 5) +x¢

[c = (ySb / SubHeightC) + (mvCLX[ 1] >> 5) +y¢

hee =mvCLX[ 0] & 31

hcc = mvCLX[ 1] & 31

prediction sample value predSamplesLXes] xc ][ yc ] is derived by invoking the procg
cified in subclause 8.5.4.3.3 with (xIntc yIntc), (xFracc yFracc), (xSbIntC, ySbl
Vidth / SubWidthC, sbHeight / SubHeightC and refPicLXcp as inputs.

prediction sample value predSamplesLXc[ xc ][ yc ] is derived by invoking the procg

cified in subclause 8.5.4,3:3- with (xIntc, yIntc), (xFracc yFracc), (xSbIntC, ySbl
Vidth / SubWidthC, sbHeight / SubHeightC and refPicLXc: as inputs.

ma sample interpolation process
5 process are:
fation in\full-sample units ( xInty, yInty, ),

ration’in fractional-sample units ( xFrac, yFracy. ),

ation
roma
imple

917)
018)
019)
0920)
PSS Aas

ntC ),

SS as
ntC ),

— aluma location in full-sample units ( xSbint;, ySbint;, ) specifying the top-left sample of the bounding
block for reference sample padding relative to the top-left luma 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 variable

222

s 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.
or yFracy, are specified in Table 24 or Table 25.

Thel

Thel

The g

—If

— 0Of
fo

— Ot
fo

— Of
as

ima 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)

ima locations in full-sample are further modified as follows for i = 0..7:

xInt; = Clip3( xSbInt, — 3, xSblnt;, + sbWidth + 3, xInt; )

yInt; = Clip3( ySblnt., - 3, ySbint, + sbHeight + 3, yInt; )

redicted luma sample value predSampleLX; is derived as follows:

both xFraciand yFracy, are equal to 0, the valuef predSampleLX is derived as follows
predSampleLX;, = refPicLX.[ xIntsz ][ yInt3.]

herwise, if xFracyis not equal to 0 andyFracy is equal to 0, the value of predSampleLX;,
lows:

predSamplelLX;, = Clip3( 0, (( << BitDepthy) — 1,
(X7, fu xFrac, ][ 1] * refPicLX.[xInt ][ yInts] ) >> 6)

herwise, if xFraci. issequal to 0 and yFracy is not equal to 0, the value of predSampleLX..
lows:

predSamplel¥t. =
Clip3( 0, << BitDepthy) — 1,( X7, fi[ yFracL][i] * refPicLX.[ xInt3 ][ yInti]) >> 6)

herwise, if xFracy is not equal to 0 and yFracy, is not equal to 0, the value of predSamplel
follows:

— The sample array temp[ n ] with n = 0..7, is derived as follows:

temp[n]= (Zi7=0 fi[ xFrac. ][1] * refPicLXy[ xInt; ][ yInt, ] ) >> shiftl

— The predicted luma sample value predSampleLX is derived as follows:

predSamplelLX;, =

(921)

(922)

(923)

(924)

(925)

is derived as

(926)

is derived as

(927)

Xy is derived

(928)

Clip3(0, (1 << BitDepthy) — 1, (( Y ofi[yFrac.][i] = temp[i]) + offset2) >> shift2)
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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 =11 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 filpll0)ffpll1]|filp (2]l 13 ]1|flpl[4]|filp1[5]|filp][6]/flp][7]
1 na na na na na na na na
2 ha 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 0 2 -10 40 40 -10 2 0
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 ﬁlll-c;\mplp units (Ythan thlan) cpprifying the fnp—lpf‘r c:mp]e of the
bgunding block for reference sample padding relative to the top-left chroma sample ¢f\fhe reference
pigture,

— a yariable sbWidth specifying the width of the current chroma subblock,

— a yariable sbHeight specifying the height of the current chroma subblocky-and
— thp chroma reference sample array refPicLXc.

Output of this process is a predicted chroma sample value predSampleLXc.

The variables shift1, shift2 and offset2 are derived as follows:

— The variable shiftl is set equal to Min( 4, BitDepthc — 8), the variable shift2 is $et equal to
Max( 8, 20 - BitDepthc ).

— THe variable offset2 is set equal to 1 << (shift2 - 1).

The variable picW¢ is set equal to pic_width_in_luma_samples / SubWidthC and the variablg picHc is set
equal to pic_height_in_luma_samples / SubHeightC.

The lima interpolation filter coefficients f¢[ p ] for each 1/32 fractional sample position p equal to xFracc
or yFracc are specified in Tabte 26 or Table 27.

The dghroma locations insull-sample units ( xInt;, yInt; ) are derived as follows fori = 0..3:

xInt; = Clip3(0;picWe - 1, xIntc+i-1) (930)
yInt; = Clip3( 0, picHc - 1, yIntc +i-1) (931)
The dhroma locations in full-sample units ( xInt;, yInt; ) are further modified as follows for i 0..3:
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)

— Otherwise, if xFraccis not equal to 0 and yFracc is not equal to 0, the value of predSampleLXc¢ is derived

as follows:

— The

tem

— The

pre

Table 26

fc[ yFracc][0] *temp[ 0] +

fc[ yFrace
fc[ yFrace
fc[ yFrace

Il
Il
I

1]*temp[1]+
2] *temp[2] +
3] *temp[ 3]) >> shift2)

sample array temp|[ n | with n = 0..3, is derived as follows:
p[n]= (Zi3=o fo[ xFracc ][ 1] * refPicLXc[ xInt; ][ yInt, ] ) >> shiftl
predicted chroma sample value predSampleLXc is derived as follows:

dSampleLXc = Clip3( 0, (1 << BitDepthc) - 1, ( offset2 +

— Specification of the chroma interpolation filter coefficients fC[ p ] for each 1/32
fractional sample position p for sps_admvp_flag = =

0937)

038)

226

Fractional sample] interpolation filter coefficients
position p f[p1[0]1 (NEIpl[1] | flpl[2] | felpl3]

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
6 -4 56 14 -2
7 -4 55 15 -2
8 -4 54 16 -2
I -9 20 10 =4
10 -6 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 -6
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 ha
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,

— 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,

— width of the picture in samples picWidth,

_

o

—e

Outpiit of this process is an (cbWidth / SubWidthC)x(cbHeight / SubHeightC) array pred§
prediction sample values.

Inter
speci

The
subcl
speci
vertid
picW

horMjin and verMin as outputs.

Wher
modi

ample bit depth bitDepth,

eight of the picture in samples picHeight,
lipMV flag specifying MV clipping type, and

5Luma flag specifying whether luma or chroma is processed!

pbolation filter coefficients T[ p ] for each fractional sample position p equal to xFrac
fied in Table 28.

ariables horMax, verMax, horMin and verMin are derived by invoking the process a
ause 8.5.4.4.2 with a location ( xCh, ¥€b ) in full-sample units, two variables cbWidth :
fying the width and the height of the current coding block, horizontal change of moti
al change of motion vector dY) motion vector mvBaseScaled, width of the picturg
dth, height of the picture in-samples picHeight and clipMV flag as inputs, and horl

fied as follows:
xCb = xCb~/"SubWidthC

yCb =yC€b / SubHeigthC

amplesLX of

or yFrac are

s specifed in
ind cbHeight
n vector dX,
p in samples
Max, verMax,

| isLuma is equal te.FALSE, then variables mvBaseScaled, horMin, horMax, verMin and verMax are

(939)

(940)

cbWidth = cbWidth / SubWidthC

(941)

cbHeight = cbHeight / SubHeightC

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 (I954)
xFrac=mvX[0] & 31 (I955)
yFrac=mvX[1] & 31 956)

— The variables A and B are derived as follows:

A = (refPicLX[ xInt ][ yInt ] *(T[ xFrac][ 0] +
+ refPicLX[ xInt 4} yInt ] * T[ xFrac ][ 1 ] + offset0 ) >> shift0 957)

B = ( refPicLX[ xInt]fyInt+1 ] * T[xFrac][ 0] +
+ refPicLX[xInt + 1 ][ yInt+ 1 ] * T[ xFrac ][ 1] + offset0 ) >> shift0 958)

— The gample valué:byy corresponding to location ( x,y ) is derived as follows:
bxy = CA*T[yFrac][ 0]+ B*T[yFrac][ 1] + offsetl ) >> shiftl 959)

The enhancemeént interpolation filter coefficients eF[ ] are specified as { -1, 10, -1 }.

The variables shift2, 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 42 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,

— motion yector mvBaseScaled,

— width of the picture in samples picWidth,

— height of the picture in samples picHeight, and
— clipMV fllag specifying MV clipping type.
Outputs of this process are:

— horMax] verMax, horMin and verMin that denotes the maximum and minimum allowed motion
vector horizontal and vertical components.

The variables log2CbW and log2CbH are derived as follows;
log2CbWidth = Log2( cbWidth ) (962)
log2CbHeight = Log2( cbHeight ) (963)

The variablegs horMaxPic, verMaxPic, horMinPBic and verMinPic are derived as follows:

horMaxPic = ( picWidth + 128 - xCb~ cbWidth - 1) << 5 (964)
verMaxPic = ( picHeight + 128 = yCb - cbHeight - 1) << 5 (965)
horMinkic = (-128 - xCb') << 5 (966)
verMinRic = (-128-yCb ) << 5 (967)

The centre motion vector mvCenter is derived as follows:

mvCenter[ 0 [ = (mvBaseScaled[0 [+ dX[ O [~ (cbWidth >> 1 J+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 }.

-1:2020(E)

— The variables mvHorMin, mvVerMin, mvHorMax and mvVerMax are derived as follows:

horMin = mvCenter[ 0 ] - deviationMV[ log2CbWidth - 3 ]
verMin = mvCenter[ 1 ] - deviationMV[ log2CbHeight - 3 ]
horMax = mvCenter|[ 0 ] + deviationMV][ log2CbWidth - 3 ]

verMax = mvCenter[ 1] + deviationMV][ log2ChbHeight - 3]

(970)
(971)
(972)

(973)

- |

f horMin is less than horMinPic, the variables horMin and horMax are updated as-follo
horMin = horMinPic
horMax = Min( horMaxPic, horMinPic + 2* deviationMV[ log2CbWidth - 3 ] )

therwise, if horMax is greater than horMaxPic, the variables hotMin and horMax ar
pllows:

horMin = Max( horMinPic, horMaxPic - 2* deviationMV[-log2CbWidth - 3 ])
horMax = horMaxPic

f verMin is less than verMinPic, the variables verMin and verMax are updated as follow
verMin = verMinPic

verMax = Min( verMaxPic, verMinRic + 2* deviationMV[ log2CbHeight - 3] )

therwise, if verMax is greater (than verMaxPic, the variables verMin and verMax ar
pllows:

verMin = Max( verMinPic, verMaxPic - 2* deviationMV[ log2CbHeight - 3 ] )
verMax = verMaxPic

'he output variables horMax, verMax, horMin and verMin are clipped as follows:
horMax = Clip3( -217, 217 - 1, horMax )

verMax = Clip3( -217, 217 - 1, verMax )

WS:
(974)
(975)

e updated as

(976)
(977)
s:

(978)
(979)

e updated as

(980)

(981)

(982)

(983)

8.54

horMin = Clip3( -217, 217 - 1, horMin )

verMin = Clip3( =217, 217 - 1, verMin )

.5 Sample prediction process

Inputs to this process are:

(984)

(985)

— two variables nCbW and nCbH specifying the width and the height of the current coding block,

— t

wo (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.nCbW -1 and y = 0..nCbH - 1 are derived as follows:

— If predFlagL0 is equal to 1 and predFlagL1 is equal to 0, the prediction sample values are deriyed as
follows:

pbSpmples|[ x ][ y ] = predSamplesLO[ x ][ y ] 986)

— Otherwise, if predFlagL0 is equal to 0 and predFlagL1 is equal to 1, the prediction’sample valugs are
derived as follows:

pbSpmples[ x ][ y ] = predSamplesL1[ x ][y ] 987)

— Otherwise (predFlagL0 is equal to 1 and predFlagL1 is equal to 1);the prediction sample valu¢s are
derived as follows:

pbSamples[ x ][ y ] = ( predSamplesLO[ x ][ y ] + predSamplesL1[x][y]+1) >> 1 (1988)
8.5.5 Decqder-side motion vector refinement process

8.5.5.1 Genleral
Inputs to this process are:

— aluma lgcation ( xSb, ySb ) specifying the top-left sample of the current coding subblock relatjve to
the top-left luma sample of the clrrent 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 lumalmotion‘vectors in 1/4 fractional-sample accuracy mvL0 and mvL1, and

— the selectedreference picture sample arrays refPicL0;, and refPicL1;.

Output of 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;, offsetH and

offset\las inputs, andsadValas output

If sadVal[ 4 ] greater than or equal to sbWidth * sbHeight, then the following ordered step’s are applied:

1) Alray entry selection process as specified in subclause 8.5.5.4 is invoked with sadVal and n =9 as
input, and bestldx as output.

2) Ifibestldx 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 - 1) (993)
offsetV[ 0 ] = offsetV[ 0 ] + ( bestldx %3~ 1) (994)
offsetH[ 1] = offsetH[ 1] + (1 = bestldx / 3) (995)
offsetV[ 1] = offsetV[ 1 ] + (V- bestldx % 3) (996)

— The 9x1 array of sadVal is modified by invoking the sum of the absolute differences
calculation process as specified in subclause 8.5.5.3 with sbWidth, sbHeight,
predSampleskO, predSamplesL1,, offsetH and offsetV as inputs, and modified $adVal as
output.

— Array‘entry selection process as specified in subclause 8.5.5.4 is invoked with spdVal as
input, and bestldx as output.

—1If bestldx is equal to 4 and sadVal[4] is greater than 0, fracPelAppliedflag is set gqual to
TRUE

— dMvLO is modified as follows:
dMvLO[ 0] =dMvLO[ 0]+ 16 * (bestldx /3 -1) (997)
dMvLO[1]=dMvVLO[ 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 Ge

Inputs to thi

the top-1
a variabl

a variabl

Output of th

values.

Let ( xInty, yl
1/16 sampls

locations ins

For each lu

sample afray predSamplesLX;, the corresponding prediction luma sample
predSamplesLX.[ xL ][ yL ] is derived as follows:
— The variables xInti, yInt;, xFraci. and yFrac;, are:dérived as follows:
xInt, =xSb + (mvLX[0] >> 4) +x¢.
yInt, =ySb+ (mvLX[ 1] >> 4 ) +y¢ (1
xFrac, 9mvLX[0] & 15 (1
yFrac, qmvLX[ 1] & 15 (1
The luma prediction sample value predSamplesLX.[ x. ][ y.] is derived by invoking the procg

specified in 4

8.5.5.2.2 Lu

a luma nj

the selec

neral

S process are:

eft luma,sample of the current picture,

e sbWidth specifying the width of the current coding subblock in luma samples,

a luma location ( xSb, ySb ) specifying the top-left sample of the current coding subblock relative to

e sbHeight specifying the height of the current coding subblock in luma samples,
otion vector mvLX given in 1/16 luma-sample units, and

ted reference picture sample array refPicLXi.

is process is an (sbWidth)x(sbHeight) array predSamplesLX. of-prediction luma sz
nt;, ) be a luma location given in full-sample units and ( xFraey, yFraci ) be an offset giy
b units. These variables are used only in this subclause\for specifying fractional-sz

ide the reference sample arrays refPicLX;.

na sample location ( xL = 0..sbWidth - 1, yL = 0<sbHeight - 1) inside the prediction

ubclause 8.5.5.2.2 with ( xInty, yInty, ), ( xFracy, yFraci. ) and refPicLX,, as inputs.

ma‘sample bilinear interpolation process

mple

ren in
mple

luma
value

999)
000)
001)
002)

SS as

Inputs to this process are:

— alumalocation in full-sample units ( xInty, yInty. ),

— alumalocation in fractional-sample units ( xFraci, yFrac, ), and

— theluma

Output of thi

reference sample array refPicLXi.

s 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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The

pic_hpight_in_luma_samples.

The luma interpolation filter coefficients fb.[ p ] for each 1/16 fraetional sample position p eq
or yFracy, are specified in Table 29.

The pgredicted luma sample value predSampleLX; is denived as follows:

— 1

— Otherwise, if xFracy. is not equakto 0 and yFracy. is equal to 0, the value of predSamplel}
as follows:

— Otherwise, if xFrac. is equal to 0 and yFrac. is not equal to 0, the value of predSamplel}
as follows:

— 0

ISO/IEC 23094

shift0 = 10 - BitDepthy
shift1 = BitDepthy - 10
offsetl = 1 << (shiftl - 1)
shift2 = BitDepthy - 4
offset2 = 1 << (shift2 - 1)

shift3 = BitDepthy — 8

-1:2020(E)

(1003)
(1004)
(1005)
(1006)
(1007)

(1008)

offset3 =0
dhift4 =10
dffsetd =1<<9

Yariable picW is set equal to pic_width_in_luma_samples and the variable picH is

redSamplelLX. = BitDepthy <= 10 ? refPicLX.[ xInty, ][ yInt. | << shift0 :
( (refPicLXy.[ xInty. ][ yInty. ] + offsetl ) >> shift1l )

e

predSamplelLXy = ( fbi[ xFraet ][ 0 ] * refPicLX.[ Clip3( 0, picW - 1, xIntL ) ][ yIntL ] +
fbL] xFrace ][ 1] * refPicLXy[ Clip3( 0, picW - 1, xIntL + 1) ][ yIntw ] + offset2 ) >>

predSamplelXy = ( fbi[ yFracL ][ 0 ] * refPicLXL[ xIntw ][ Clip3( 0, picH - 1, yIntL) ] +
fbL] yFracL ][ 1 ] * refPicLX.[ xInt. ][ Clip3( 0, picH - 1, yIntL + 1) | + offset2 ) >> 4

fiboth xFracrand yFrac, are equal to 0, the value of predSampleLX.. is derived as followsg:

(1009)
(1010)
(1011)

set equal to

jual to xFracy,

(1012)

X1, is derived

Chift2 (1013)

X1, is derived

hift2 (1014)

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] +

therwise, ifxFraciis notequal to 0 and yFrac;. is not equal to 0, the value of predSamplelX. is derived

(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
V) 56 o
3 52 12
4 48 16
5 44 20
6 40 24
7 36 28
8 32 32
9 28 36
10 24 39
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 to this process are:

— two variables nSbW andnSbH specifying the width and the height of the current coding subblofk,
— two ( nSbW + 4 )x(nSbH + 4 ) array predSamplesL0 and predSamplesL1, and

— two 2x1 prraysoftsetH and offsetV.

Outputs of this\arocess is the (9) array sadValues of the sum of absolute differences

A 2x9 array bC is set as follows:
— 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 predSampleL.0, predSampleL.1, b(C, offsetH[ 0 ],
offsetV[ 0 ], offsetH[ 1 ], and offsetV][ 1 ] as follows:
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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]]) (1018)

8.5.5.4_Arraventrv selection nrocess
Y 4

Input to this process is:

— a|9x1 array sadVal.

Outpnit of this process is bestldx specifying an index.

The fpllowing steps are applied:

— IffsadVal[ 1] <sadVal[ 7 ] and sadVal[ 3 ] <sadVal[ 5 ], the fellowing applies:
— Avariable idxVal is set equal to 0.

— IfsadVal[ 1] < sadVal[ 3 ], a variable bestldx is)set equal to 1.

— Otherwise, bestldx is set equal to 3.

— Otherwise, if sadVal[ 1 | >=sadVal[ 7 ] and'sadVal[ 3 ]< sadVal[ 5 ], the following applie§:
— Avariable idxVal is set equal to-6:

— IfsadVal[ 7 ] <sadVal[ 3 ];'bestldx is set equal to 7.
— Otherwise, bestldx is sét equal to 3.

— Otherwise, if sadVal]1 | <sadVal[ 7 ] and sadVal[ 3 ] >=sadVal[ 5 ], the following applief:
— AvariableidxVal is set equal to 2.

— IfsadVal[ 1] <sadVal[5 ], bestldx is set equal to 1.

— “\Otherwise, bestldx is set equal to 5.

— Otherwise, if sadVal[ 1 ] >=sadVal[ 7 ] and sadVal[ 3 ] >=sadVal[ 5 ], the following applies:
— 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

— luma delta motion vector dMvLO0 given in 1/16 luma-sample units.

Output of this process is the modified luma motion vector dMvLO0.
The followinlg ordered steps are performed to derive the modified dMvL0 and dMvL1:
— Computg delta motion vector, dMv, as follows:
if(sadVal[ 1] +sadVal[ 7] == (sadVal[4] << 1))
dMy[0]=0 (1019)
else
dMy[O]=((sadVal[1]-sadVal[7])<<4)/(2*(sadVal[1] +sadVal[7] - (sadVal[4]<<1)]))
if(sadVal[ 3] +sadVal[5] == (sadVal[4]<<1))
dMy[1]=0 (1020)
else
dMy[1]=((sadVal[3]-sadVal[5])<<4)/(2*(sadVal[3]+sadVal[5]-(sadVal[4]<<1)]))
— dMvLO i§ modified as follows:

dMvLO[|0 ] =dMvVLO[ 0] + dMv[ 0] (14021)

dMvLO[|1]=dMvLO[ 1] +dMv[ 1] (1022)
8.5.6 Decqding process for the residual signal of coding units coded in inter prediction mofe
8.5.6.1 Gengeral

Inputs to thi$ process are:

— alumaldcation (€b, yCb ) specifying the top-left sample of the current luma coding block relative to
the top-left lumassample of the current picture,

— two varipbles, log2CbWidth and log2CbHeight, specifying the width and the height of the cyrrent
luma coding 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
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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.

Depe

ding on the value of cbhf all[ xCh ][ yCh ], the following applies:

— If
(

7

cbf_all[ xCb ][ yCb ] is equal to 0 or cu_skip_flag[ xCb ][ yCb ] is equal to 1, all sa1

CbWy)x(nCbHy) array resSamples, and, when isChromaPresent, all samples
(mCbW¢)x(nCbHc) arrays resSamplesc, and resSamplesc: are set equal to 0.

— Ottherwise (cbf_all[ xCb ][ yCb ] is equal to 1), the following ordered steps;apply:

4

8.5.6

Input

the luma location (xCb,yCb), the luma location (0, 0),\the variables log2Tra
log2TrafoHeight set equal to log2CbWidth and log2CbHeight, the variables nCbW 3

mples of the
of the two

|) The decoding process for luma residual blocks as specified in,subclause 8.5.6.2 is invoked with

FfoWidth and
nd nCbH set

equal to nCbWy, and nCbH, and the (nCbW.)x(nCbH.) array resSamples;, as inputs, aind the output

is a modified version of the (nCbW.)x(nCbHy) array resSamples;.

P) When isChromaPresent, the decoding process” for chroma residual blocks as

subclause 8.5.6.3 is invoked with the lumalocation ( xCb, yCb ), the luma locatio
variables log2TrafoWidth and log2TrafoHeight set equal to log2CbWidth and log2(
variable cldx set equal to 1, the variablenCbW set equal to nCbW¢, the variable nCb}
nCbH¢ and the (nCbW¢)x(nCbHc) array resSamplesc, as inputs, and the output i
version of the (nCbW¢)x(nCbHc¢).afray resSamplesc.

3) When isChromaPresent, the~decoding process for chroma residual blocks as

subclause 8.5.6.3 is invoked with the luma location (xCb, yCb ), the luma locatio
variables log2TrafoWidth and log2TrafoHeight set equal to log2CbWidth and log2(
variable cldx set equal to 2, the variable nCbW set equal to nCbW¢, the variable nCb}
nCbH¢ and the-(n€bW¢)x(nCbHc) array resSamplesc: as inputs, and the output i
version of thé (MCbW¢)x(nCbHc¢) array resSamplesc;.

2 Decoding process for luma residual blocks

s tothis process are:

specified in
h (0,0), the
bHeight, the
1 set equal to
5 a modified

specified in
h (0,0), the
bHeight, the
1 set equal to
5 a modified

the top-left luma sample of the current picture,

top-left sample of the current luma coding block,

current luma block,

and

an (nCbW)x(nCbH) array resSamples of luma residual samples.

© ISO/IEC 2020 - All rights reserved

a luma location [ XCb, yCb J Specifying the top-l1ett sample of the current luma coding block relative to

a luma location ( xTb, yTb ) specifying the top-left samples of the current luma block relative to the

two variables, log2TrafoWidth and log2TrafoHeight, specifying the width and the height of the

two variables, nCbW and nCbH, specifying the width and the height of the current luma coding block,
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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)

2)

3)

4)

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
]ogZ 'rafoWidth — 1 and Ing?TrnfﬂHpighf set pqn;ﬂ to Ing?Trnanpighf — 1 the variable nChW set

equal to nCbW and the variable nCbH set equal to nCbH, and the (nCbW)x(nCbH)
resSgmplesas inputs, and the output is a modified version of the (nCbW)x(nCbH)
resSgmples.

The decoding process for luma residual blocks as specified in this subclause is'invoked wif
luma| location ( xCb, yCb), the luma location (xTb + (1 << (log2TrafoWidth -1)), yTb
variable log2TrafoWidth set equal to log2TrafoWidth - 1 and log2TrafoHeight set equ
log2TrafoHeight - 1, the variable nCbW set equal to nCbW and thecvariable nCbH set eq
nCbH, and the (nCbW)x(nCbH) array resSamples as inputs, and the\output is a modified ve
of the¢ (nCbW)x(nCbH) array resSamples.

The decoding process for luma residual blocks as specified in this subclause is invoked wif
lumal location (xCb, yCb), the luma location (xTb,yTb% (1 << (log2TrafoHeight-1))

variaple log2TrafoWidth set equal to log2TrafoWidth'- 1 and log2TrafoHeight set equ
log2TrafoHeight - 1, the variable nCbW set equal te*nCbW and the variable nCbH set eq
nCbH, and the (nCbW)x(nCbH) array resSamples as inputs, and the output is a modified v¢
of th¢ (nCbW)x(nCbH) array resSamples.

The decoding process for luma residual\blocks as specified in this subclause is invoked wif
luma| location (xCb, yCb), the luma log
(xTH+ (1 << (log2TrafoWidth -1 ), yTb + (1 << (log2TrafoHeight-1))), the va
log2TrafoWidth set equal .t60 log2TrafoWidth-1 and log2TrafoHeight set equz:
log2TrafoHeight - 1, the variable nCbW set equal to nCbW and the variable nCbH set eq;
nCbH, and the (nCbW)x(nCbH) array resSamples as inputs, and the output is a modified v¢
of th¢ (nCbW)x(nCbH)array resSamples.

array
array

h the
, the
al to
hal to
rsion

h the
, the
al to
hal to
rsion

h the
ation
riable
] to
hal to
rsion

— Otherwige, if log2TrafoWidth is greater than MaxTbLog2SizeY, the following ordered steps ap

1)

2)

The decoding-process for luma residual blocks as specified in this subclause is invoked wi
lumallocatign ( xCb, yCb ), the luma location ( xTb, yTb ), the variable log2TrafoWidth set eq
log2TrafoWidth - 1 and log2TrafoHeight set equal to log2TrafoHeight, the variable nCb
equal to

resSamples as inputs, and the output is a modified version of the (nCbW)x(nCbH)

resSamples.

array

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
variable log2TrafoWidth set equal to log2TrafoWidth and log2TrafoHeight set equal to
set equal to

tha variabla nChA cat aaual +a0 nChA and tha vyariahla nChE
trC—v o oot vy ot tqual—ToTroovy ottt v ar ot GotT

— Otherwise (both log2TrafoWidth and log2TrafoHeight are less than or equal to MaxTbLo

fd

1)

2)

3)

loa2TrafaHaicht 1
1O g Faoeigit—i;

nCbH, and the (nCbW)x(nCbH) array resSamples as inputs, and the output is a mod
of the (nCbW)x(nCbH) array resSamples.

ified version

p2SizeY), the
llowing ordered steps apply:

The (nCbW)x(nCbH) residual sample array of the current coding block resSamples i§ set equal to

0.

ats_cu_inter_quad_fl

Depending on the value of ats_cu_inter_flag[x0 Jfy07], heg[ x0 ][ y0 ],

ats_cu_inter_horizontal_flag[ x0 ][ y0 ], the following applies:

— Ifats_cu_inter_flag[ x0 ][ y0 ] is equal to 0, n"TbW and nTbH are set equal to nCbW and nCbH.
— Otherwise, if ats_cu_inter_flaghx0 ][ yO ] is equal to 1 and
ats_cu_inter_horizontal_flag[ x0 ][ y0<\s equal to 0, nTbW and nTbH are set eqyal to ( nCbW
>> (ats_cu_inter_quad_flag[ x0 ][ ¥07] + 1) ) and nCbH.

k0 ][ y0 ] are
nCbH >> (

— Otherwise (both ats_cu_inter:flag[ x0 ][ y0 ] and ats_cu_inter_horizontal_flag|
equal to 1), nTbW and nTbH are set equal to nCbW and (
ats_cu_inter_quad_flagfx0 ][y0]+1)).

Depending on the value of ats_cu_inter_flag[ x0 ][ y0 ] and ats_cu_inter_pos_flag[ %
following applies:

— If ats_cu_inter_flag[ x0 ][ y0 ] is equal to 0, xTb and yTb are set equal to xCb and

— Otherwise, if ats_cu_inter_flag[ x0 ][ y0 ] is equal to 1 and cu_inter_pos_flag[ x0 ]
t00,xTb and yTb are set equal to xCb and yCb.

- ,Otherwise (both ats_cu_inter_flag[ x0 ][ y0 ] and cu_inter_pos_flag[ x0 ][ y0 ] ar¢
xTb is set equal to ( xCb + nCbW - nTbW ) and yTb is set equal to ( yCb + nCbH

0][y0], the
yCb.

y0 ] is equal

e equal to 1),
-nTbH).

4)

5)

The scaling and transformation process as specified in subclause 8.7.2 is invoked with the luma
location ( xTb, yTb ), the variable cldx set equal to 0, the transform width nTbW set equal to nTbW
and the transform height nTbH set equal to nTbH as inputs, and the outputis 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,

— 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
current ¢ghroma block in luma samples,

— avariablg, cldx, specifying the chroma component of the current block,

— the varigbles, nCbW and nCbH, specifying the width and height, respectively, of the current ch
coding block, and

— an (nCbW)x(nCbH) array resSamples of chroma residual samples.

Output of this process is a modified version of the (nCbW)x(nCbH) arsray resSamples of chroma re

samples.

Depending on the variables log2TrafoWidth and log2Trafofeight, the following applies:

— Ifbothlog2TrafoWidth and log2Trafoheight are greater than MaxTbLog2SizeY, the following or
steps apply:
1) The decoding process for chroma residual blocks as specified in this subclause is invoked

the 1
equa
nCb\f
array
resS4

ima location ( xCb, yCb ), thexuma location ( xTb, yTb ), the variable log2TrafoWidf
to log2TrafoWidth - 1 and-log2TrafoHeight set equal to log2TrafoHeight - 1, the va
V set equal to nCbW and the variable nCbH set equal to nCbH, and the ( nCbW )x( n
resSamples as inputs; and the output is a modified version of the ( nCbW )x( nCbH )
mples.

thel

ma locatien'{xCb, yCb ), the luma location ( xTb + ( 1 << (log2TrafoWidth - 1)), yTb

2) Theiecoding process for chroma residual blocks as specified in this subclause is invoked

vari
log21
nCbH

le log2TrafoWidth set equal to log2TrafoWidth - 1 and log2TrafoHeight set eqy
'rafoHeight - 1, the variable nCbW set equal to nCbW and the variable nCbH set eq

,andthe ( nCbW )x( nCbH ) array resSamples as inputs, and the output is a modified ve

f the

roma

idual

Hered

with
h set
fiable
CbH)
array

with
), the
al to
hal to
rsion

of the (h(‘h‘/\/ )v( n(‘h”) array ranamp]nc

3) 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 - 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.

4) The decoding process for luma residual blocks as specified in this subclause is invoked with the

location (xCb, yCb), the luma location
+(1<<(log2TrafoWidth-1)),yTb + (1 << (log2TrafoHeight-1))), the variable
log2TrafoWidth set equal to log2TrafoWidth-1 and log2TrafoHeight set equal to

luma
(xTb
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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 i

nvoked 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( nCbH ) array

rannmp]nc as inpnfc’ and the nnfpnf is—a modified version of the (n(‘h\/\/)v(

CbH) array

2)

1)

2)

— 0
fd

1)

therwise (bothlog2TrafoWidth and log2TrafoHeight are less than or equal to MaxTbLo
lowing ordered steps apply:

resSamples.

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
variable log2TrafoWidth set equal to log2TrafoWidth - 1 and log2TrafoHeight
log2TrafoHeight, the variable nCbW set equal to nCbW and the varjable nCbH set ed
and the ( nCbW )x( nCbH ) array resSamples as inputs, and the output is a modified v
( nCbW )x( nCbH ) array resSamples.

), yTb ), the
set equal to
ual to nCbH,
ersion of the

Otherwise, if log2TrafoHeight is greater than MaxTbLog2SizeY;the following ordered steps apply:

The decoding process for chroma residual blocks,as-specified in this subclause is invoked with

the luma location (xCb, yCb ), the luma locatieny{ xTb, yTb ), the variable log2Tr
equal to log2TrafoWidth and log2TrafoHeight seétequal to log2TrafoHeight - 1, the vz
set equal to nCbW and the variable nCbH_ set equal to nCbH, and the ( nCbW )x(

hfoWidth set
riable nCbW
nCbH ) array

resSamples as inputs, and the output,is“a modified version of the (nCbW )x(nCbH ) array

resSamples.

The decoding process for chromacresidual blocks as specified in this subclause is i
the luma location ( xCb, yCb ),the luma location ( xTb, yTb + ( 1 << (log2TrafoHeigh|
variable log2TrafoWidth set equal to log2TrafoWidth and log2TrafoHeight s
log2TrafoHeight - 1, the variable nCbW set equal to nCbW and the variable nCbH
nCbH, and the ( nCbW.)x( nCbH ) array resSamples as inputs, and the output is a mod
of the (nCbW )x( nCbH ) array resSamples.

ThestrCbW)x(nCbH) residual sample array of the current coding block resSamples i
0,

nvoked with

-1))),the
et equal to
set equal to
ified version

p2SizeY), the

5 set equal to

2)

Depending on the value of ats_cu_inter_tlag] x0 [ YU ],
ats_cu_inter_horizontal_flag[ x0 ][ y0 ], the following applies:

ats_cu_inter_quad_tlag[ 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
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:

— I

fats_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),
xTb is set equal to ( xCb + ( nCbW - nTbW ) * SubWidthC ) and yTb is set equal to ( yCb + (

nCbH - nTbH ) * SubHeightC ).

The s
locat]
trans
trans

4)

The
folloy

5)

res

8.6 Decoding process for coding units coded in ibc prediction mode

8.6.1 Gend
Inputs to thi

— alumalo
the top-le

— two varia
coding bl

Output of thi

The derivati
luma locatio

The variabl
ChromaArra

The variable

caling and transformation process as specified in subclause 8.7.2 is invoked with the
on (xTb, yTb ), the variable cldx, the transform width nTbW set equal to nTbW'an|
form width nTbH set equal to nTbHas inputs, and the output is an (nTbW)x(nTbH)
formBlock.

nCbW)x(nCbH) residual sample array of the current coding block resSamples is modif]
ws, fori=0.nTbW -1,j=0.nTbH - 1:

Samples[ xTb / SubWidthC + i, yTb / SubHeightC + j | = transformiBlock[ i, j ] (1

ral
5 process are:

fation ( xCb, yCb ) specifying the top-left.sample of the current luma coding block relat
ft luma sample of the current picture;and

bles, log2CbWidth and log2CbHeight, specifying the width and the height of the current
bck.

s process is a modified reconstructed block before in-loop filtering.

bn process for quantization parameters as specified in subclause 8.7.1 is invoked wit
h (xCb, yCb ) as.input.

e isChromaPresent is set equal to TRUE, if treeType is equal to SINGLE_TREH
yType.ds.not equal to 0; otherwise, the variable isChromaPresent is set equal to FALSE

5 NCbW and nCbH;. are setequalto 1 << log2CbWidthand 1 << log2CbHeight, respect

luma
d the

array

ed as

024)

ive to

luma

h the

and

ively.

If isChroma
equal to nCb

resent, the variable nCbW¢ is set equal to nCbW, / SubWidthC and the variable nCbH¢
H. / SubHeightC.

is set

The decoding process for coding units coded in ibc prediction mode consists of the following ordered

steps:

iy

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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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.

The decodlng process for the re51dual 51gnal of codlng units coded in inter prediction mode specified

- : i ing block width
l)gZCledth luma codmg block helght logZCbHelght and chroma Component preséence indicator
isChromaPresent as inputs, and the array resSamples;, and, when isChromaPresént, two arrays
resSamplesc, and resSamplesc: as outputs.

The reconstructed samples of the current coding unit are derived as follows:

- The picture reconstruction process prior to in-loop filtering for,a celour component as specified
in subclause 8.7.5 is invoked with the luma coding block locatign (*xCb, yCb ), the variable nCurrW
set equal to nCbWj, the variable nCurrH set equal to nCbHy,\the variable cldx set equal to 0, the
(nCbW.)x(nCbHy) array predSamples set equal to predSamplesi, and the (nCbW.)x(nhCbH.) array
resSamples set equal to resSamplesy, as inputs, and theéoutput is a modified reconstriicted picture
before in-loop filtering.

If isChromaPresent, the picture reconstruction process prior to in-loop filtering |for a colour

8.6.2

8.6.2

component as specified in subclause 8.7.5\s invoked with the chroma coding b
(xCb / SubWidthC, yCb / SubHeightC ), the variable nCurrW set equal to nCbWc,

ock location
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 resSample

5 set equal to

resSamplescy as inputs, and the oufput is a modified reconstructed picture before in-loop filtering.

If isChromaPresent, the picture reconstruction process prior to in-loop filtering
component as specified.in" subclause 8.7.5 is invoked with the chroma coding b}
(xCb / SubWidthC, yCbJ)/ SubHeightC ), the variable nCurrW set equal to nCbW,

for a colour
ock location
the variable

nCurrH set equalito nCbHc, the variable cldx set equal to 2, the (nCbWc)x(nCbHc) array

predSamples setequal to predSamplesc, and the (nCbW¢)x(nCbHc) array resSample

5 set equal to

resSamplesc:{as inputs, and the output is a modified reconstructed picture before in-loop filtering.

Derivation process for motion vector components

1/Derivation process for luma motion vector for ibc prediction 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.

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:

© ISO/IEC 2020 - All rights reserved
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mvd[ 0] = MvdLO[ xCb ][yCb][ 0] (1

mvd[ 1] =MvdLO[xCb][yCb][1] (1

2) The variables mvp[ 0 ] and mvp|[ 1] are set equal to 0.

3) The luma motion vector mvL is derived as follows:

025)

026)

027)

028)

u[0]=(mvp[O]+mvd[0]+216) % 216 (1
mvL[O0]=(u[0] >= 215)?(u[0]-216):u[0] 1
u[1]=(mvp[1]+mvd[1]+216) % 216 (1
mvll[1]=(u[1] >=215)?(u[1]-21):u[1] (1

The top-left
reference blq
and the bott
(xR
( xR
(xR
(xR

[t is a requir]
constraints:

— When the derivation process for neighbouring block availability as specified in subclause 6.

invoked
equal to

— When the derivation process-for neighbouring block availability as specified in subclause 6.

invoked|
equal to|

— When s
specifie

ck ( xRefTR, yRefTR ), the bottom-left location inside the reference block ( xRefBL, yRe
bm-right location inside the reference block ( xRefBR, yRefBR ) are. derived as follows:

efTL, yRefTL) = (xCb+ (mvL[0]),yCb+ (mvL[1])) (1
efTR, yRefTR ) = ( xRefTL + nCbW - 1, yRefTL ) (1
efBL, yRefBL ) = ( xRefTL, yRefTL + nCbH - 1) (1
efBR, yRefBR ) = ( xRefTL + nCbW - 1, yRefTFl:# nCbH - 1) (1

ement of bitstream conformance that the'luma motion vector mvL shall obey the follc

with the neighbouring lumia-location ( xRefTL, yRefTL ) as input, and the output sh
TRUE.

with the neighbouring luma location ( xRefBR, yRefBR ) as input, and the output sh
TRUE.

ps_sucolag is equal to 1, the derivation process for neighbouring block availabil
] in subelause 6.4.1 is invoked with the neighbouring luma location ( xRefBL, yRefB

input, a1|1d theoutput shall be equal to TRUE.

029)

030)

location inside the reference block ( xRefTL, yRefTL ), the top-right\location inside the

fBL),

031)
032)
033)
034)
wing

1.1 is
qll be

4.1 is
all be

ty as
L) as

— When sps_suco_flag is equal to 1, the derivation process for neighbouring block availability as
specified in subclause 6.4.1 is invoked with the neighbouring luma location (xRefTL +

width /
— Atleast
— The

— The

2, yRefBR ) as input, and the output shall be equal to TRUE.
one of the following conditions shall be true:
value of mvL[ 0 ] + nCbW is less than or equal to 0.

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:
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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
7, the follow conditions shall be true:

Q=

Vhen sps_suco_flagis equal to 1 and xRefTL >> CtbLog2SizeY is equal to ( xCb >> CtbLog
nd CtbLog2SizeY is equal to 7, the follow conditions shall be true:

The derivation process for neighbouring block availability as specified in subel
invoked with the neighbouring luma location ( (xRefTL + 128 ) / 64 * 64, yRefTL
input, and the output shall be equal to FALSE.

The luma location ((xRefTL+ 128) /64 *64,yRefTL /64 *64) (shall not &
(xCb, yCb).

The derivation process for neighbouring block availability as specified in subcl
invoked with the neighbouring luma
((xRefTL +128) / 64 * 64 + 63, yRefTL / 64 * 64) as input, and the output shall
FALSE.

The luma location ( (xRefTL +128) / 64* 64 + 63, yRefTL / 64 * 64 ) shall not
(xCb + nCbW -1, yCb)).

The derivation process for neighbouring block availability as specified in subcl
invoked with the neighbouring:luma location ( ( xRefTR + 128 ) / 64 * 64, yRefTR
input, and the output shall‘be’equal to FALSE.

The luma location (("XRefTR + 128 ) / 64 * 64, yRefTR / 64 * 64 ) shall not be equ
nCbW -1, yCb).

The derivatioen-process for neighbouring block availability as specified in subcl
invoked the nieighbouring luma location ( (xRefTR + 128) / 64 * 64 + 63, yRefTR
input, and the output shall be equal to FALSE.

The luma location ((xRefTR +128) /64 * 64 + 63, yRefTR / 64 * 64 ) shall not
(xCb + nCbW -1, yCb).

ause 6.4.1 is
64 *64) as

e equal to

y2SizeY ) -1,

ause 6.4.1 is
location
be equal to

be equal to

ause 6.4.1 is
64 * 64 ) as

al to (xCb +

ause 6.4.1 is
64*64) as

be equal to

The following is applied:
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 to thi

~ prf\f‘DCC arﬂ:

alumal fo the

top-left

bcation ( xCb, yCb ) specifying the top-left sample of the current coding block relative
uma sample of the current picture,

two varjables nCbW and nCbH specifying the width and the height of the currentliima coding block,

the luma motion vector in 1/16 fractional-sample accuracy mvL,

chromalcomponent presence indicator isChromaPresent, and

when is

ChromaPresent the chroma motion vectors in 1/32 fractiondl-sample accuracy mvC.

Outputs of this process are:

— an (nCbW
derived a

L)x(nCbH.) array predSamples;, of luma prediction samples, where nCbW;, and nCbH, are

5 specified in this subclause,

— when isC bs for

the comp

hromaPresent, an (nCbW¢)x(nCbH¢) array preSamplesc, of chroma prediction sampl
bnent Cb, where nCbW¢ and nCbHg are derived as specified in this subclause,

— when isChromaPresent, an (nCbW¢)x(n€bHc) array predSamplesc: of chroma residual samples for the

component Cr, where nCbW¢ and nCbHg¢ are derived as specified in this subclause.

The variable CbW¢

and nCbHc¢ a

5 nCbW,, and nCbHy, are set equal to nCbW and nCbH, respectively, and the variables n
e set equal to nCbW-* SubWidthC and nCbH / SubHeightC, respectively.
bsent,

Let predSampplesi. be (nCbW)x(nCbH) array of predicted luma sample values and, when isChromaPr

predSamples
chroma sam

The current

cv and predSamplesc: be (nCbW / SubWidthC)x(nCbH / SubHeightC) arrays of preg
ple valués.

decoded picture prior to in-loop filter process as specified in subclause 8.8, consist

licted

5 of a

vhen
isChromaPresent, two PicWidthInSamplesC by PicHeightInSamplesC arrays of chroma samples currPicc
and currPicc;.

pic_width_ip_]nmn_cnmp]pc hy pir‘_hpighf_in_]nmq_cqmp]pc array of luma cnmp]pc currPic, and,

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

Input to this process is a luma 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.

In this process, the variable Qpy, the luma quantization parameter Qp'y, and the chroma quantization
parameters Qp’c» and Qp'cr are derived.

The dal ialu}c QIJY ib dCl iVCd dad> fU]l}UVVD.
Qpy = ( Qpy_prrev + CuQpDelta[ xCb ][ yCb ] + 52 ) % 52 (1042)
wherg Qpy rrev is the luma quantization parameter, Qpy of the previous coding unit in decogding order in

the current tile. For the first coding unit in the tile, Qpy prev is initially set equalto slice_qp 4t the start of
each file.

The lfima quantization parameter Qp'y is derived as follows:

Qp'y = Qpy + QpBdOffsety (1043)

When ChromaArrayType is not equal to 0, the following applies:

— Tfhe variables Qpcy and Qpcr are derived as follows:

gPicy = Clip3( -QpBdOffsetc, 57, Qpy:+slice_cb_gp_offset ) (1044)
gPicr = Clip3( -QpBdOffsete, 57; Qpy + slice_cr_qp_offset ) (1045)
Qpcy = ChromaQpTable[ 0 ][ qPicb ] (1046)
Qpcr = Chroma@pTable[ 1 ][ qPic ] (1047)
— THe chromayquantization parameters for the Cb and Cr components, Qp’c, and Qp’c;, affe derived as
fpllows:
Qp’(;b = Qpep + QdeOffSetc (1048)
Qp’cr = Qper + QpBdOffsetc (1049)

8.7.2 Scaling and transformation process
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,

— avariable cldx specifying the colour component of the current block,
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— avariable
— avariable

Output of thi

nTbW specifying the width of the current block, and
nTbH specifying the height of the current block.

s process is the (NnTbW)x(nTbH) array of residual samples r with elements r[ x ][ y ].

The quantization parameter qP is derived as follows:

— If cldx is equal to 0, the following applies.

qP = Qp'y 61

— Otherwise, if cldx is equal to 1, the following applies.

qP = Qp’e (1

— Otherwise (cldx is equal to 2), the following applies.

qP = Qp'cr (1

The (nTbW)

1) The
tran
bloc

inpults, and the output is an (nTbW)x(nTbH):array of scaled transform coefficients d.

2) The
invo

k(nTbH) array of residual samples r is derived as follows:

scaling process for transform coefficients as specified in subclause 8.7.3 is invoked wi
sform block location ( xTbY, yTbY ), the transform block width nTbW and the tran
K height nTbH, the colour component variable cldx, and the quantization parameter

transformation process for scaled transform coefficients as specified in subclause 8.
ked with the transform block lacation ( xTbY, yTbY ), the transform block width nTbV

050)

051)

052)

th the
tform
qP as

7.4 is
V and

the transform block height nTbH/the colour component variable cldx, and the (nTbW)x(rTbH)
array of scaled transform coefficients d as inputs, and the output is an (n"TbW)x(nTbH) array of
residqual samples r.
3) The pariable bdShift-is derived as follows:

— Ifsps_iqt_flagis'equal to 0, the following applies:

bdShift= ( (cldx == 0)? 20 - BitDepthy: 20 - BitDepthc ) + 7 (1j053)
— Otherwise (sps iqt flagis equal to 1), the following applies:

bdShift = (cldx == 0) 7?20 - BitDepthy: 20 - BitDepthc (1054)

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 (1

8.7.3 Scali

ng process for transform coefficients

Inputs to this process are:
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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

— avariable gP specifying the quantization parameter.

Output of this process is the (nTbW)x(nTbH) array d of scaled transform coefficientscwjith elements
dfjx ][y ]

The variable bdShift is derived as follows:

— If ¢ldx is equal to 0, the following applies:

bdShift = BitDepthy + ( ( ( Log2( nTbW ) + Log2( nTbH) ) & 1) * 8 +{{Lkog2( nTbW ) + Log2(nTbH) ) / 2)
_5 (1056)

— Otherwise, the following applies:

bdShift = BitDepthc + ( ( ( Log2( n”TbW ) + Log2( nTbH )) & 1) * 8 + ( Log2( nTbW ) + Log2(nTbH) )/ 2)
-5 (1057)

The variable rectNorm is derived as follows:

rectNorm = ( ( Log2( nTbW ) + Leg2(nTbH ))& 1) ==17 181 : 1 (1058)
The list levelScale| ] is specified asfollows:

— If $ps_iqt_flag is equal to O, TevelScale[ k] = {40, 45, 51, 57, 64, 71 } with k= 0..5.
— Otherwise (sps_iqt fflag is equal to 1), levelScale[ k | = {40, 45, 51, 57, 64, 72 } with k = 0.{5.

For the derivationof the scaled transform coefficients d[ x ][ y ] with x = 0.nTbW - 1, y = 0.0 TbH - 1, the
following applies:

— THe scaléd transform coefficient d[ x ][ y | is derived as follows:

d[x][y]=Clip3(-32768, 32767, ( ( TransCoeffLevel[ xTbY ][ yTbY ][ 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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nTbW specifying the width of the current block,
nTbH specifying the height of the current block,

cldx specifying the colour component of the current block, and

— an (nTbW)x(nTbH) array d of scaled transform coefficients with elements d[ x ][ y ].

Output of thi

s process is the (NnTbW)x(nTbH) array r of residual samples with elements r[ x ][ y ].

The variables x0 and y0 are set equal to xTbY and vTbY.

The variable

— If ats_cu
Table 30

— Otherwis
Max( nTI

— Otherwig
The (nTbW)

1) Each (ve
is transf

5 trTypeHor and trTypeVer are dervied as follows:

| intra_flag[ x0 ][ y0] is equal to 1, trTypeHor and trTypeVer are specifed“accordi

e, if ats_cu_intra_flag[ x0 ][ y0 ] is equal to 0 and ats_cu_inter_flag[ x0 ]['y0 ] is equal to

e, trTypeHor and trTypeVer are set equal to 0.
K(nTbH) array r of residual samples is derived as follows;

rtical) column of scaled transform coefficients d[ )y ] withx = 0.nTbW - 1,y = 0..nTh
brmed to e[ x ][y ] with x =0.nTbW -1, y = 0:nTbH - 1 by invoking the one-dimen;s

bH, nTbW ) is less than 64, trTypeHor and trTypeVer are specifed according to Table 3[L.

ng to

1 and

H-1
ional

transformation process as specified in subclause 8.7.4.2’for each column x = 0.nTbW - 1 with thie size

of the trd
trType s

e[x][y]
2) The follg

— Ifsp

insform block nTbH, the list d[ x ][ y ] with¢y = 0.nTbH - 1, and the transform type va
bt equal to trTypeVer if cldx is equal t0"0, otherwise 0 as inputs, and the output is tf
withy = 0.nTbH - 1.

wing applies:

s_iqt_flag is equal to 1, thefollowing applies:

[ v ]=Clip3(-32768,32767, (e[x][y]+64) >> 7) (1

erwise (sps_iqt_flag is equal to 0), the following applies:

I[y]=€lx][y] (1

3) Each (h
transfor

rizontal) row of the resulting array g[x][y] with x=0.nTbW -1, y=0..nTbH ;

riable

1e list

060)

061)

-1 is

iional

transformation process as specified in subclause 8.7.4.2 for each row y = 0.nTbH - 1 with the size of
the transform block nTbW, the list g[ x ][ y ] with x = 0.nTbW - 1, and transform 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 x = 0.nTbW - 1.
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Table 30 — Specification of trTypeHor and trTypeVer depending on ats_hor_mode[ x0 ][ y0 ] and

8.7.4{2 Transformation process
Inputs to this process are:
— a yariable nTbS specifying the sample size of scaled‘transform coefficients, and

— aljist of scaled transform coefficients x with elements x[ j |, with j = 0.nTbS - 1.

Outp

The
trans
trans

Thel

8.7.4{3 Transformation matrix derivation process

Inputs'to-this process are:

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

Max( nTbH, nTbW ) is less than 64 and ats_cu_inter_flag[ x0 ][ yO0 ] is equalt
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 1
trTypeVer 1 2 1 1

it of this process is the list of transforined samples y with elements y[ i ], with i = 0.nT|
fransformation matrix derivation process as specified in subclause 8.7.4.3 invok
form size nTbS and the transform kernel Type trType as inputs, and the transform

Matrix as output.

st of transformed samples y[ i ] with i = 0.nTbS - 1 is derived as follows:

y[i]= Z}fgs_ltransMatrix[ i][j]*x[j] withi=0.nTbS -1

ats_cu_inter_horizontal_flag[ x0 ][ yO ] and ats_cu_inter_pos_flag[ x0 ][ yO ], when

1
bS - 1.
ed with the

ation matrix

(1062)

— avariable nTbS 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 )
{ 84, 35, -35, -84 )
{ 64, -64, -64, 64 )
1 o9y O0Fy, Gy, o9 |
}

— Otherwige, if trType is equal to 0 and nTbs is equal to 8, the following applies:
trapsMatrix[ 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

[ U
e e e e e o o

— Otherwige, if trType is equal to 0 and nTbs is equal to 16, thefollowing applies:

trapsMatrix[ m][n] = (1066)
{
64, 64, 64, 64, 64, 64, 64, K@y 64, 64, 64, 64, 64, 64, 64, 64
90, 87, 80, 70, 57, 43, 26, 8, -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, <3¢/ -26, 26, 70, 90, 80, 43, -9, -57, -87
84, 35, -35, -84, -84, -35, 85, 84, 84, 35, -35, -84, -84, -35, 35, 84}
80, 9, -70, -87, -26, 57 90, 43, -43, -90, -57, 26, 87, 70, -9, -80},
75, -18, -89, -50, 50,489, 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, (B -64, —64, 64, 64, 64, 64, 64, 64, —64, —64, 64},
57, -80, -26, 90, -8, -87, 43, 70, -70, -43, 87, 9, -90, 26, 80, -57},
50, -89, 18, 78, <75, -18, 89, -50, -50, 89, -18, -75, 75, 18, -89, 50},
43, -90, 57,,.%e, -87, 70, 9, -80, 80, -9, -70, 87, -26, -57, 90, -43},
35, -84, 84,(B5, -35, 84, -84, 35, 35, -84, 84, -35, -35, 84, -84, 35},
26, -70, 90,)-80, 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, -263\43, -57, 70, -80, 87, -90, 90, -87, 80, -70, 57, -43, 26, -9}},

e e e e e e e e e e e e e

— Otherwige, if teT'ype is equal to 0 and nTbs is equal to 32, the following applies:

transMatrix{ m {1 | = transMatrixCol0to 15 m [ m fwithm=0-15, = 0-31 (1067)

transMatrixCol0to15 = (1068)
{
64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64
%0, 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
%0, 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
go, 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

S Vg A U DN Y
e e e e e e e e e o e e
S S S S S S S S S o~ s~
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{ 75, -18, -89, -50, 50, 89, 18, -75, -75, 18, 50, -50, -89, -18,
{ 73, -30, -90, -22, 78, 67, -39, -90, -13, 82, -47, -88, -4, 85,
{ 70, -43, -87, 9, 90, 26, -80, -57, 57, 80, -90, -9, 87, 43,
{ 67, -54, -78, 39, 85, -22, -90, 4, 90, 13, -30, 82, 47, -73,
{ 64, -64, -64, 64, 64, -64, -64, 64, 64, -64, 64, 64, -64, -64,
{ 61, -73, -47, 82, 30, -88, -13, 90, -4, -90, 85, -39, -78, 54,
{ 57, -80, -26, 90, -9, -87, 43, 70, -70, -43, 9, -90, 26, 80,
{ 54, -85, -4, 88, -47, -61, 82, 13, -90, 39, -78, -22, 90, -30,
{ 50, -89, 18, 75, -75, -18, 89, -50, -50, 89, -75, 75, 18, -89,
{ 47, -90, 39, 54, -90, 30, 61, -88, 22, 67, 13, 73, -82, 4,
{ 43, -90, 57, 26, -87, 70, 9, -80, 80, -9, 87, -26, -57, 90,
{ 39, -88, 73, -4, -67, 90, -47, -30, 85, -78, 61, -90, 54, 22,
{ 35, -84, 84, -35, -35, 84, -84, 35, 35, -84, -35, -35, 84, -84,
{ 30, -78, 90, -61, 4, 54, -88, 82, -39, -22, -90, 67, -13, -47,
{ 26, -70, 90, -80, 43, 9, -57, 87, -87, 57, -43, 80, -90, 70,
{ 22, -61, 85, -90, 73, -39, -4, 47, —78, 90, 54, -13, -30, 64,
{ 18, -50, 75, -89, 89, -75, 50, -18, -18, 50, 89, -89, 75, ~5Q)
{ 13, -39, 61, -78, 88, -90, 85, -73, 54, -30, 22, -47, 67,82,
{ 9, -26, 43, -57, 70, -80, 87, -90, 90, -87, -70, 57, -46)>26,
{ 4, -13, 22, -30, 39, -47, 54, -61, 67, -73, -82, 85, rg8) 90,
}I

transMatrix[ m ][ n ] = transMatrixCol16to31[ m - 16 ][ n ] with m=26..31, n = 0..]

transMatrixCol16to31 =
{
{ 64, 64, 64, 64, 64, 64, 64, 64, 64, &4, 64, 64, 64, 64,
{ -4, -13, -22, -30, -39, -47, -54, -61, -67, ,~V37 -82, -85, -88, -90,
{ -90, -87, -80, -70, -57, -43, -26, -9, 9,26, 57, 70, 80, 87,
{ 13, 39, 61, 78, 88, 90, 85, 73, 54,30, -22, -47, -67, -82,
{ 89, 75, 50, 18, -18, -50, -75, -89,,~89, -75, -18, 18, 50, 75,
{ -22, -61, -85, -90, -73, -39, 4, 47,8, 90, 54, 13, -30, -67,
{ -87, -57, -9, 43, 80, 90, 70, .26, —-26, -70, -80, -43, 9, 57,
{ 30, 78, 90, 61, 4, -54, -88, =82, -39, 22, 90, 67, 13, -47,
{ 84, 35, -35, -84, -84, -35, 35484, 84, 35, -84, -84, -35, 35,
{ -39, -88, -73, -4, 67, 90, &7, -30, -85, -78, 61, 90, 54, -22,
{ -80, -9, 70, 87, 26, -57,0590, -43, 43, 90, -26, -87, -70, 9,
{ 47, 90, 39, -54, -90, -30, Y61, 88, 22, -67, -13, 73, 82, 4,
{ 75, -18, -89, -50, 50, -89, 18, -75, -75, 18, 50, -50, -89, -18,
{ -54, -85, 4, 88, 47,561, -82, 13, 90, 39, -78, 22, 90, 30,
{ -70, 43, 87, -9, -90,°-26, 80, 57, -57, -80, 90, 9, -87, -43,
{ 61, 73, -47, -82,%8b, 88, -13, -90, -4, 90, -85, -39, 78, 54,
{ 64, -64, -64, 64)_ 64, -64, —64, 64, 64, -64, 64, 64, —-64, -64,
{ -67, -54, 78, 39 -85, -22, 90, 4, -90, 13, -30, -82, 47, 73,
{ -57, 80, 26{ 790, 9, 87, -43, -70, 70, 43, -9, 90, -26, -80,
{ 73, 30, -90,~22, 78, -67, -39, 90, -13, -82, 47, -88, 4, 85,
{ 50, -89, %8, 75, -75, -18, 89, -50, -50, 89, -75, 75, 18, -89,
{ -78, -4y 82, -73, -13, 85, —-67, -22, 88, -61, 90, -54, -39, 90,
{ -43, ~9%,) -57, -26, 87, -70, -9, 80, -80, 9, -87, 26, 57, -90,
( 82, \2», -54, 90, -61, -13, 78, -85, 30, 47, 67, 4, -73, 88,
{ 35,\-84, 84, -35, -35, 84, -84, 35, 35, -84, -35, -35, 84, -84,
( &85, 47, 13, -67, 90, -73, =22, 39, -82, 88, -4, 61, -90, 78,
26, 70, -90, 80, -43, -9, 57, -87, 87, -57, 43, -80, 90, -70,
+~’ 88, -67, 30, 13, -54, 82, -90, 78, -47, 4, -73, 90, -85, 61,
{ 18, -50, 75, -89, 89, -75, 50, -18, -18, 50, 89, -89, 75, -50,
{ -90, 82, -67, 47, -22, -4, 30, -54, 73, -85, -88, 78, -61, 39,
{ -9, 26, -43, 57, -70, 80, -87, 90, -90, 87, 70, -57, 43, -26,
{ 90, -90, 88, —89, 8z, -3, 3, -6/, ol, -54, -39, 30, —-22, 13,
}

— Otherwise, if trType is equal to 0 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,
{ 90, 90, 90, 89, 88, 87, 86, 84, 83, 81, 76, 74, 71, 69,
{ 90, 90, 88, 85, 82, 78, 73, 67, 61, 54, 39, 30, 22, 13,
{ 90, 88, 84, 79, 71, 62, 52, 41, 28, 15, -11, -24, -37, -48,
{ 90, 87, 80, 70, 57, 43, 26, 9, -9, -26, -57, -70, -80, -87,
{ 90, 84, 74, 59, 41, 20, -2, -24, -45, -62, -86, -90, -89, -83,
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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 },
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, -16, -81, -7, 74, 83, 11, -71, -84, -15, 69, 86, 20, -66, -87 1,
78, -4, -82, -73, 13, 85, 67, -22, -88, -61, 30, 90, 54, -39, -90, —47\L)
76, -11, -86, -62, 33, 90, 45, -52, -89, -24, 69, 83, 2, -81, -71, (04,
75, -18, -89, -50, 50, 89, 18, -75, -75, 18, 89, 50, -50, -89, -18,0)75 1},
74, -24, -90, -37, 66, 81, -11, -88, -48, 56, 86, 2, -84, -59, 45, .”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¢)V84, -11 },
70, -43, -87, 9, 90, 26, -80, -57, 57, 80, -26, -90, -9, _&7%“ 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, -73, —-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, 64,5/64, —-64, —-64, 64 },
62, —-69, -56, 74, 48, -79, -41, 83, 33, -86, -24, B88)N'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, 62456, -79, -33, 88, 7 },
57, -80, -26, 90, -9, -87, 43, 70, -70, -43, §&7,% 9, -90, 26, 80, -57 },
56, -83, -15, 90, -28, -76, 66, 45, -87, -2, (@8, -41, -69, 74, 33, -90 },
54, -85, -4, 88, -47, -61, 82, 13, -90, 3%/ 67, -78, -22, 90, -30, -73 },
52, -87, 7, 83, -62, -41, 90, -20, -76, .91y 28, -90, 33, 69, -79, -15 },
50, -89, 18, 75, -75, -18, 89, -50, -50,4/89, -18, -75, 75, 18, -89, 50 },
48, -90, 28, 66, -84, 7, 79, -74, -1S» 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, -80y~ 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, -47,8%30, 85, -78, 13, 61, -90, 54, 22, -82 },
37, -86, 79, -20, -52, 90, <69) 2, 66, -90, 56, 15, -76, 87, -41, -33 },
35, -84, 84, -35, -35, 84, -84, 35, 35, -84, 84, -35, -35, 84, -84, 35 },
33, -81, 87, -48, -15, 174()-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, &9, -15, -33, 71, -90, 83, -52, 7, 41, -76, 90, -79 },
22, -61, 85, -9Q, .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, -s0, 75,(-89, 89, -75, 50, -18, -18, 50, -75, 89, -89, 75, -50, 18 },
15, -45, 69,y-84, 90, -86, 71, -48, 20, 11, -41, 66, —-83, 90, -87, 74 },
13, -39, %1, -78, 88, -90, 85, -73, 54, -30, 4, 22, -47, 67, -82, 90 },
11, -33y\%2, -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 },
so=13, 22, -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 }

D T S T T S N T S Sy N A VA Ny S N O

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,
{ -87, -57, -9, 43, 80, 90, 70, 26, -26, -70, -90, -80, -43, 9, 57,
{ -41, 15, 66, 90, 79, 37, -20, -69, -90, -76, -33, 24, 71, 90, 74,
{ 30, 78, 90, 61, 4, -54, -88, -82, -39, 22, 73, 90, 67, 13, -47,
{ 83, 86, 45, -20, -74, -90, -59, 2, 62, 90, 71, 15, -48, -87, -81,
{ 84, 35, -35, -84, -84, -35, 35, 84, 84, 35, -35, -84, -84, -35, 35,
{ 33, -41, -87, -76, -15, 56, 90, 66, -2, -69, -90, -52, 20, 79, 86,
{ -39, -88, -73, -4, 67, 90, 47, -30, -85, -78, -13, 61, 90, 54, -22,
{ -86, -74, -2, 71, 87, 33, -48, -90, -59, 20, 83, 79, 11, —-66, -89,
{ -80, -9, 70, 87, 26, -57, -90, -43, 43, 90, 57, -26, -87, -70, 9,
{ -24, 62, 88, 28, -59, -89, -33, 56, 90, 37, -52, -90, —-41, 48, 90,
{ 47, 90, 39, -54, -90, -30, 61, 88, 22, -67, -85, —-13, 713, 82, 4,
{ 88, 56, -41, -90, -37, 59, 87, 15, -74, -79, 7, 84, 66, —-28, -90,
{ 75, -18, -89, -50, 50, 89, 18, -75, -75, 18, 89, 50, -50, -89, -18,
{ 15, -79, -69, 33, 90, 28, -71, -76, 20, 90, 41, -62, —-83, 7, 87,
{ —54, -85, 4, 88, 47, -61, -82, 13, 90, 39, -67, —-78, 22, 90, 30,
{ -90, -33, 74, 69, -41, -88, -2, 87, 45, -66, -76, 28, 90, 15, ~83)
{ -70, 43, 87, -9, -90, -26, 80, 57, -57, -80, 26, 90, 9, —-87,°<43,
{ -7, 88, 33, -79, -56, 62, 74, -41, -86, 15, 90, 11, -87, -3} 7s,
{ 61, 73, -47, -82, 30, 88, -13, -90, -4, 90, 22, -85, -39, Ni8)/ 54,
{ 90, 7, -90, -15, 88, 24, -86, -33, 83, 41, -79, -48, T4, » 56, —69,
{ 64, —-64, —-64, 64, 64, -64, -64, 64, 64, -64, -64, 64, @G4Y'-64, —64,
{ -2, -%0, 11, 89, -20, -87, 28, 84, -37, -81, 45, 76, (%2, -71, 59,
{ -67, -54, 78, 39, -85, -22, 90, 4, -90, 13, 88, -3d,"%82, 47, 73,
{ -90, =20, 84, -45, -71, 66, 52, -81, -28, 89, 2, -90y 24, 83, -48,
{ -57, 80, =26, -90, 9, 87, -43, -70, 70, 43, -87,( %9, 90, -26, -80,
{ 11, 84, -52, -59, 81, 20, -90, 24, 79, -62, -4%/, 86, 71, -89, 37,
( 73, 30, -%0, 22, 78, -67, -39, 90, -13, -82,~%Y, 47, -88, 4, 85,
{ 89, -45, -59, 84, 2, -86, 56, 48, -88, 11,..81, —-66, —-37, 90, -24,
{ 50, -89, 18, 75, -75, -18, 89, -50, -50, <€9,) -18, -75, 75, 18, -89,
{ -20, -71, 81, 2, -83, 69, 24, -89, 52,%45, -90, 33, 62, -86, 11,
{ -78, -4, 82, -73, -13, 85, -67, -22, 88f 61, -30, 90, -54, -39, 90,
{ -87, 66, 20, -86, 69, 15, -84, 71, <, -83, 74, 7, -81, 16, 2,
{ -43, 90, -57, -26, 87, -70, -9, 80,-80, 9, 70, -87, 26, 57, -90,
{ 28, 52, -90, 56, 24, -84, 76, -9/ Y69, 88, -37, -45, 90, -62, -15,
{ 82, -22, -54, 90, -61, -13, 78, -85, 30, 47, -90, 67, 4, -13, 88,
{ 84, -81, 24, 48, -89, 71, -74\362, 90, -59, -11, 74, -88, 45, 28,
{ 35, -84, 84, -35, -35, 84, -84,% 35, 35, -84, 84, -35, -35, 84, -84,
{ -37, -28, 79, -88, 52, 11,269, 90, -66, 7, 56, -89, 716, —-24, -41,
{ -85, 47, 13, -67, 90, -73,\'22, 39, -82, 88, -54, -4, 61, -90, 78,
{ -81, 89, -62, 11, 45, —€8} 88, -59, 7, 48, -84, 87, -56, 2, 52,
{ -26, 70, -90, 80, -43,;.*9, 57, -87, 87, -57, 9, 43, -80, 90, -70,
{ 45, 2, -48, 81, -90y\ 74, -37, -11, 56, -84, 89, -69, 28, 20, -62,
{ 88, -67, 30, 13,.{4, 82, -90, 78, -47, 4, 39, -73, 90, -85, 61,
{ 76, -90, 86, —-66; 33, 7, -45, 74, -89, 87, -69, 37, 2, -41, 71,
{ 18, -50, 75, -89, 89, -75, 50, -18, -18, 50, -75, 89, -89, 75, -50,
{ -52, 24, 7,237, 62, -81, 90, -88, 76, -56, 28, 2, -33, 59, -79,
{ -90, 82, -67».J47, -22, -4, 30, -54, 73, -85, 90, -88, 78, —-61, 39,
{ -71, 83, «89, 90, -86, 76, -62, 45, -24, 2, 20, —-41, 59, —-74, 84,
{ -9, 26823, 57, -70, 80, -87, 90, -90, 87, -80, 70, -57, 43, -26,
{ 59, -48,)" 37, -24, 11, 2, -15, 28, -41, 52, -62, 71, -79, 84, -88,
{ 90, Coo, 88, -85, 82, -78, 73, -67, 61, -54, 47, -39, 30, -22, 13,
{ 66\ =69, 71, -74, 76, -79, 81, -83, 84, -86, 87, —-88, 89, —-90, 90,
}

transMatrix[ m][n]=(n&17?-1:1) *transMatrixCol16to31[47 -m ][ n ]
withm =32..47,n=0..63

transMatrix[ m][n]=(n&17-1:1) *transMatrixColOto15[ 63 -m ][ n ]
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] =

{
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:

© ISO/IEC 2020 - All rights reserved

-24
87
28

-33
84
37

-82

-41
80
45

-78

-48
75
52

=73

-56
70
59

-67

64
66
-61
-69
57
71
-54
=74
50
76
-47
=79
43
81
-39
-83
35
84
-30

26
87
-22
-88
18
89
-13
-90

90
-4
-90

(1075)

(1076)

(1077)
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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:

traILsMatrix[m ][n]= (1079)
{
{ 8 17, 25, 33, 41, 48, 55, 62, 67, 73, 77, 81, 84, 87, 88,~8d },
{ 25, 48, 67, 81, 88, 88, 81, 67, 48, 25, 0, -25, -48, -67, -8L, 88 },
{ 41, 73, 88, 84, 62, 25, -17, -55, -81, -89, -77, -48, -8, 33, 6], 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, O, 71, 77, 0, =77, =77, O, 77, (Wr 0, -77 1,
{ 84, 55, -48, -87, -8, 81, 62, -41, -88, -17, 77, 67, -33(}89, -25, 73 1,
( 88, 25, -81, -48, 67, 67, -48, -81, 25, 88, 0, -88, -g5, '81, 48, -67 },
{ 89, -8, -88, 17, 87, -25, -84, 33, 81, -41, -77, 48,{,/1%, -55, -67, 62 },
{ 87, -41, -67, 73, 33, -88, 8, 84, —48, -62, 77, 2589, 17, 81, -55 },
{ 81, -67, -25, 88, -48, -48, 88, -25, -67, 81, 0, B1) 67, 25, -88, 48 },
{ 73, -84, 25, 55, -89, 48, 33, -87, 67, 8, -77,C$7, -17, -62, 88, -41 },
{ 62, -89, 67, -8, -55, 88, -73, 17, 48, -87, 177,N°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, 55,,-71, 88, -87, 73, -48, 17 },
( 17, -33, 48, -62, 73, -81, 87, -89, 88, -8& 77, -67, 55, -41, 25, -8 },
}

— Otherwige, if trType is equal to 1 and nTbs is equal to 32;.the following applies:

trapsMatrix[ m ][ n ] = transMatrixColOto15P'm ][ n ] with m = 0..15,n = 0..31 (1080)

trapsMatrixColOto15 = (1081)
{
( 4, 9, 13, 17, 21,~\26, 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, (84, 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, «89 74, 46, 9, -30, -63, -84, -90, -78, -53, -17, 21, 56 },
{ 46, 78, 90,6, 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, w747 21, -42, -84, -84, -42, 21, 74, 89, 60, 0, -60, -89, -74 },
{ 66, 90,56, -13, -74, -88, -46, 26, 81, 84, 34, -38, -85, -78, -21, 49 },
( 71, 8%~ 34, -46, -89, -63, 13, 78, 82, 21, -56, -90, -53, 26, 84, 76 },
¢ 76,.(81, 9, -71, -84, -17, 66, 87, 26, -60, -89, -34, 53, 90, 42, -46 },
{ 8571, -17, -87, -60, 34, 90, 46, —49, -89, -30, 63, 85, 13, -74, -78 },
( ,64)" 60, -42, -89, -21, 74, 74, -21, -89, -42, 60, 84, 0, -84, -60, 42 },
(<s87, 46, -63, -78, 21, 90, 26, -76, -66, 42, 88, 4, -85, -49, 60, 81 },
{~ 89 30, =78, —-56 60 16, =34, -88 4 89 26, =81, -53 63 74, =38 1}
{ 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 },
{ 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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}I

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,
{ 56, 46, 34, 21, 9, -4, -17, -30, -42, -53, -63, -71, -78, -84, -88,
{ -74, -84, -89, -89, -84, -74, -60, -42, -21, 0, 21, 42, 60, 74, 84,
{ -46, -17, 13, 42, 66, 82, 90, 87, 74, 53, 26, -4, -34, -60, -78,
{ 81, 90, 82, 60, 26, -13, -49, -76, -89, -85, -66, -34, 4, 42, 71,
{ 34, -13, -56, -84, -89, -69, -30, 17, 60, 85, 88, 66, 26, -21, -63,
{ -85, -85, -53 Q, 53,85, 85, 53 Q, -53, -85, -85  -53 0, 53
{ -21, 42, 84, 84, 42, -21, -74, -89, -60, 0, 60, 89, 74, 21, —42,
{ 89, 71, 9, -60, -90, -63, 4, 69, 89, 53, -17, -76, -87, -42, (B%
{ 9, -66, -89, -42, 38, 88, 69, -4, -74, -85, -30, 49, 90, 60f 577,
{ -90, -49, 38, 89, 56, -30, -88, -63, 21, 85, 69, -13, -82, -14,, 4,
{ 4, 82, 69, -21, -88, -56, 38, 90, 42, -53, -89, -26, 66, Mg4, 9,
{ 89, 21, -74, -74, 21, 89, 42, -60, -84, 0, 84, 60, —42,789, -21,
{ -17, -90, -30, 74, 69, -38, -89, -9, 84, 53, -56, -82, @B/ 89, 34,
{ -87, 9, 90, 21, -82, -49, 66, 71, -42, -85, 13, 90,\17, -84, -46,
{ 30, 87, -17, -89, 4, 90, 9, -89, -21, 85, 34, -§%,-46, 74, 56,
{ 82, -38, -81, 42, 78, -46, -76, 49, 74, -53, -71,,~56/ 69, -60, -66,
{ -42, -74, 60, 60, -74, -42, 84, 21, -89, 0, 8¥\sk1, -84, 42, 74,
{ -76, 63, 49, -84, -13, 90, -26, -78, 60, 53, ~8%/-17, 90, -21, -81,
{ 53, 53, -85, 0, 85,6 -53, -53, 85, 0, -85,~53, 53, -85, 0, 85,
{ 69, -81, -4, 84, -63, -34, 90, -38, -60, 85,~~-9, -78, 71, 21, -89,
{ -63, -26, 88, -60, -30, 89, -56, -34, 89, 537 -38, 90, -49, -42, 90,
{ -60, 89, -42, -42, 89, -60, -21, 84, -74,°50, 74, -84, 21, 60, -89,
{ 71, -4, -66, 89, -49, -26, 82, -81, 21,53, -90, 63, 9, -74, 87,
{ 49, -88, 76, -21, -46, 87, -78, 26, ~42, -85, 81, -30, -38, 84, -82,
{ -78, 34, 26, -74, 90, -66, 13, 463 584, 85, -49, -9, 63, -89, 76,
{ -38, 76, -90, 74, -34, -17, 63, <88, 84, -53, 4, 46, -81, 89, -69,
{ 84, -60, 21, 21, -60, 84, -89, "4, -42, 0, 42, -74, 89, -84, 60,
{ 26, -56, 78, -89, 87, -71, 464213, -21, 53, -76, 89, -88, 74, -49,
{ -88, 78, -63, 42, -17, -9, @4 -56, 74, -85, 90, -87, 76, -60, 38,
{ -13, 30, -46, 60, -71, 81,587, 90, -89, 85, -78, 69, -56, 42, -26,
{ 90, -89, 87, -84, 81, -76, ©71, -66, 60, -53, 46, -38, 30, -21, 13,
}
— Otherwise, if trType is equal to 2 and'nTbs is equal to 4, the following applies:
transMatrix[ m ][ n ] =
{
( 84, 74, 55, 29},
{74,  0,.%q4, -74 3,
{ 55, -74n~29, 84 },
{ 29, 74/ 84, -55 },
}
— Otherwise, if trType is equal to 2 and nTbs is equal to 8, the following applies:
transMatrix[ m ][ n] =
{
{ 87 84 79 70 590 46 3 16 }
{ 84, 59, 16, -32, -70, -87, -79, -46 },
{ 79, 16, -59, -87, -46, 32, 84, 70 },
{ 70, -32, -87, -16, 79, 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, 73, 67, 62, 55, 48, 41, 33, 25, 17,
{ 88, 81, 67, 48, 25, 0, -25, -48, -67, -81, -88, -88, -81, -67, -48,
( 87, 67, 33, -8, -48, -77, -89, -81, -55, -17, 25, 62, 84, 88, 73,
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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 A S 0 U U

— Otherwise, iffr'r'ypn is ﬂnlna] to 2 and nThsis pr}na] to 32 the fn"nmling npp]ipc-

trapsMatrix[ m ][ n ] = transMatrixColOto15[ m ][ n ] with m = 0..15,n = 0..31 (1087)

trajpsMatrixColOto15 = (1088)
{
%0, 90, 89, 89, 88, 87, 85, 84, 82, 81, 78, 76, 74, 71, 69, 66 )
%0, 88, 84, 78, 71, 63, 53, 42, 30, 17, 4, -9, ~R1) -34, -46, -56 }
89, 84, 74, 60, 42, 21, 0, -21, -42, -60, -74, -84,5£89, -89, -84, -74 )
89, 78, 60, 34, 4, -26, -53, -74, -87, -90, -82, -6y 42, -13, 17, 46 }
88, 71, 42, 4, -34, -66, -85, -89, -76, -49, -13, -6, 60, 82, 90, 81 }
87, 63, 21, -26, -66, -88, -85, -60, -17, 30, 6% B9, 84, 56, 13, -34 },
85, 53, 0, -53, -85, -85, -53, 0, 53, 85, §€§° 53, 0, -53, -85, -85 }
84, 42, -21, -74, -89, -60, 0, 60, 89, 74, @1, -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, ,%9) -88, -38, 42, 89, 66, -9 )
78, 4, -74, -82, -13, 69, 85, 21, -63,/88, -30, 56, 89, 38, -49, -90 }
76, -9, -84, -66, 26, 89, 53, -42, -99\ -38, 56, 88, 21, -69, -82, -4 },
74, -21, -89, -42, 60, 84, 0, -84, %60, 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, -4~ 71, 66, -49, -82, 21, 90, 9, -87 },
66, -56, -74, 46, 81, -34, -85, (2&, 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, -82, %3, 60, -78, -26, 90, -13, -84, 49, 63, -76 },
53, -85, o0, 85, -53, -53) 85, 0, -85, 53, 53, -85, 0, 85, -53, -53 },
49, -89, 21, 71, -78,.4-9; 85, -60, -38, 90, -34, -63, 84, -4, -81, 69 },
46, -90, 42, 49, -90,(,38, 53, -89, 34, 56, -89, 30, 60, -88, 26, 63},
42, -89, 60, 21, 78MN 74, 0, -74, 84, -21, -60, 89, -42, -42, 89, -60 },
38, -87, 74, -9, 3, 90, -53, -21, 81, -82, 26, 49, -89, 66, 4, -71 },
34, -82, 84, -38, -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,(-B1, 46, 4, -53, 84, -88, 63, -17, -34, 74, -90, 76, -38 },
21, -60, 8@4,)-89, 74, -42, 0, 42, -74, 89, -84, 60, -21, -21, 60, -84 },
17, -49, \q4, -88, 89, -76, 53, -21, -13, 46, -71, 87, -89, 78, -56, 26 },
13, -383\%0, -76, 87, -90, 85, -74, 56, -34, 9, 17, -42, 63, -78, 88 },
9, 726, 42, -56, 69, -78, 85, -89, 90, -87, 81, -71, 60, -46, 30, -13 },
4,513, 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

trapsMatrix[ m ][ n ] = transMatrixCol16to31[m - 16 ][ nJwithm=16.31,n=0.31  (1j089)

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 }
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-81, -60, 49, 85, -4, -88, -42, 66, 716, -26, -90, -21, 78, 63, -46,
-38, 74, 63, -53, -81, 26, 89, 4, -88, -34, 76, 60, -56, —-78, 30,
82, 42, -76, -53, 69, 63, -60, -71, 49, 78, -38, -84, 26, 88, -13,
34, -84, -30, 85, 26, -87, -21, 88, 17, -89, -13, 89, 9, -90, -4,
-84, -21, 89, 0, -89, 21, 84, -42, -74, 60, 60, -74, -42, 84, 21,
-30, 89, -9, -85, 46, 66, -74, -34, 89, -4, -87, 42, 69, -71, -38,
85, 0, -85, 53, 53, -85, 0, 85, -53, -53, 85, 0, -85, 53, 53,
26, -89, 46, 53, -88, 17, 74, -76, -13, 87, -56, —-42, 90, -30, —66,
-87, 21, 66, -85, 17, 69, -84, 13, 71, -82, 9, 74, -81, 4, 76,
-21, 84, -74, 0, 74, -84, 21, 60, -89, 42, 42, -89, 60, 21, -84,
-42, -34, 85, -76, 13, 60, -90, 56, 17, -78, 84, -30, -46, 89,
17, -74, 89, -53, -13, 71, -89, 56, 9, -69, 90, -60, -4, 66, —90,
-89, 60, -4, -53, 87, -82, 42, 17, -69, 90, -71, 21, 38, -8l, 88,
-13, 60, -87, 85, -56, 9, 42, -78, 90, -71, 30, 21, -66, 89, -82,
89, -74, 42, 0, -42, 74, -89, 84, -60, 21, 21, —-60, 84, -89, 74,

-87
89
-90
90
-89
88
-85
82
-78
74
-69
63
-56
49
-42

8.7.5
Input

—al
sa

— tw
— a\

—4d

=

— a

=

Outp
Depe

—If
fu

— Ot
an

— O
an

9, -42, 69, -85, 90, -81, 60, -30, -4, 38, -66, 84, -90, 82, -63,
-90, 84, -71, 53, -30, 4, 21, -46, 66, -81, 89, -89, 82, -69, ~A9)
-4, 21, -38, 53, -66, 76, -84, 89, -90, 88, -82, 74, -63, 49,84,
90, -89, 88, -85, 82, -78, 74, -69, 63, -56, 49, -42, 34, —26)~17,

[ee]
[ee]

Picture construction process
s to this process are:

ocation ( xCurr, yCurr ) specifying the top-left sample of the cutrent block relative t
nple of the current picture component,

o variables nCbW and nCbH specifying the width and thé height of the current block,

rariable cldx specifying the colour component of the current block,

(nCbW)x(nCbH) array resSamples specifying the residual samples of the current bloc
it of this process is a modified reconstructed picture.
hding on the value of the colour‘component cldx, the following assignments are made:

cldx is equal to 0, recSaniples corresponds to the reconstructed picture sample arra
hction clipCidx1 corresponds to Clip1y.

herwise, if cldx(is)equal to 1, recSamples corresponds to the reconstructed chroma san
d the functien'clipCidx1 corresponds to Clip1c, and

herwise'(eldx is equal to 2), recSamples corresponds to the reconstructed chroma san
d the function clipCidx1 corresponds to Clip1c.

-26
17
-9

the top-left

k.

(nCbW)x(nCbH) array predSamples specifying'the predicted samples of the current block, and

y St and the

ple array Scp

Iple array Scr

The (NCHbW)X(nCbH) block of the reconstructed sample array recsamplies at location  XGu

deriv

ed 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

© ISO/IEC 2020 - All rights reserved

rr, yCurr ) is

(1091)
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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 nCbW and nCbH specifying the width and the height of the current luma coding block,

and

— aluma qu
The output d

The process

— nCbW * nCbH < 64.

— Max( nCbW, nCbH ) >= 128.

— Min( nCbW, nCbH ) >= 32 & & LumaPredMode[ xCb ][ yCb | = MODE_INTRA.

— Qpy<=17.

An (nCbW +2)x(nCbH + 2) array of padded reconstructed luma samples recSamplesPad is de

according to
the top-left
specifying th

antization parameter Qpy of the current block.
f this process is the modified reconstructed picture sample array S;.

is not applied if one of the following conditions is true:

the padding process as specified in subclause 8.7.6.2, with location ( xCb, yCb ) spec
sample of the current luma block, sizeX({nCbW, nCbH ) of the current block and art
e reconstructed picture sample arrayas inputs.

rived

fying
ay Si.

The accumulated filtered samples accFlt[ x ][y ] are initialized to be equal to zero and then derived based
on padded [reconstructed luma samples recSamplesPad, with x=-1.nCbW-1,y=-1.nCbH -1 as
follows:
— The input array for filtering inFilt including a current sample and three its neighbouring samples
according to the scan template scanTmpl with i = 0..3 is derived as follows:
infFilt[ 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 Hgdamard spectrum components fHad are derived by performing Hadamard transform as
follows]:
fHad[ 0 ] = inFilt[ O ] + inFilt[ 2 ] + inFilt[ 1 ] + inFilt[ 3 ] (1094)
fHad[ 1] = inFilt[ O ] + inFilt[ 2 ] - inFilt[ 1] - inFilt[ 3 ] (1095)
fHad[ 2 ] = inFilt[ O ] - 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 « ( tblShift — 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

— Otherwise, the following applies:

bdShift = BitDepthy - 10, (1099)
fHadFilt[i] =
( fHad[i]; Abs(fHad[i]) > bdShift >= aTHR

bLUT[( fHad[i] >» bdShift + (1 « ( tblShift — 1)) ) > tblShift] « bdShift;
) fHad[i] > 0, Abs( fHad[4\) > bdShift < aTHR

- (bLUT [(( — fHad[i]) > bdShift + ('« ( tbShift — 1 ))) > tblShift] « dehift);
fHad[i] <= 0,Abs( fHad[i]) >» bdShift < aTHR

— [The filtered Hadamard spectrum cemponent fHadFilt[0] is set equal to the Hadamdrd 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[ 0 ] + fHadFilt[ 2 ] + fHadFilt[ 1 ] + fHadFilt[ 3 ] (1100)
invHadFilt[ 1 ] = fHadFilt[ 0 ] + 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:

Si[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
sample 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 block recSamplesPad.

Forx=-1.n

— When 0
recSampl

— Otherwis

— The

invgked with the neighbouring luma location ( xXNbY, yNbY ) set equal to ( xCb + x, yCb +
inpuit, and the output is assigned to availableN.

— The

— Wh¢

LunpaPredMode[ xCb + x ][ yCb + y ] is not equal to-MODE_INTRA, dx = 1.

— Wh¢
and

— Wh¢

LunmaPredMode[ xCb + x ][ yCb + y<]-s not equal to MODE_INTRA, dy = 1.

— Wh¢
and

— rec§

8.7.6.3 Der

Input to this

CbW and y = -1..nCbH, recSamplesPad|[ x ][ y ] is derived as follows:

<=x<=nCbW -1 and 0<=y<=nCbH -1, the recSamplesPad[x][y] is, set equ
bs[ xCb +x ][ yCb +y].

b, the following applies:

derivation process for neighbouring block availability as specifiéd in subclause 6.

variable dx is set equal to 0 and variable dy is set equalto 0.

nx ==-1,and availableN is equal to FALSE, or constrained_intra_pred_flag is equal to

n x = =nCbW, and availableN is equal to FALSE, or constrained_intra_pred_flag is equd
LumaPredMode[ xCb + x ][ yCb + y ] is\not equal to MODE_INTRA, dx = -1.
ny == -1, and availableN is equalto FALSE, or constrained_intra_pred_flag is equal to

ny ==nCbH, and availableN is equal to FALSE, or constrained_intra_pred_flag is equd
LumaPredMode[ xCb + x][ yCb + y ] is not equal to MODE_INTRA, dy = -1.

amplesPad| x ][ }/s set equal to recSamples[ xCb + x + dx ][ yCb + y + dy ].

jvation process for post-reconstruction filter look-up table

process is a luma quantization parameter Qpy of the current block.

al to

1.1 is

y ) as

1 and

Ito1l

1 and

Ito1l

Outputs of th

is processare:

— alook-up
— alook-up

— alook-up

table bLUT used for filtering of the block,
table access threshold aTHR,

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-u

The index of

266

p tables based on luma quantization parameter Qpy.

look-up table in the set qpldx is derived as follows:
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if( LumaPredMode[ xCb ][ yCb ] == MODE_INTER && nCbW = = nCbH && Min( nCbW, nCbH ) >= 32)

qpldx = Clip3( 0,4, (Qpy-28+ (1 << 2))>>3)
else
gpldx = Clip3( 0,4, (Qpy-20+ (1 << 2))>>3)

(1106)

The look-up table bLUT used for filtering of the block is derived by selecting array from setOfLUT based

onqgp

Idx:

bLUT = setOfLUT][ gpldx ]

setOfLUT[5][16] =
{
{0, 0, 2, 6, 10, 14, 19, 23, 28, 32, 36, 41, 45, 49, 53, 57, 1},
{0, 0,5 12, 20, 29, 38, 47, 56, 65, 73, 82, 90, 98, 107, 115, }¢
{o0,0, 1, 4, 9, 16, 24, 32, 41, 50, 59, 68, 77, 86, 94, 103, @)
{0, 0,3 9,19, 32, 47, 64, 81, 99, 117, 135, 154, 179, 205, 230p hy
{0, 0,0, 2, 6, 11, 18, 27, 38, 51, 64, 96, 128, 160, 192, 224, '},
}
The variable tblShift is derived as follows:

The lpok-up table access threshold aTHR is derived as follows;

8.8

8.8.1
This s

The t
folloy

1) W

tblShift = tblThrLog2[ qpldx ] - 4

tbIThrLog2[5]={6,7,7,8,8}

aTHR = (1 << tblThrLog2[ gpldx ] ) - ( 1 << tbIShift)
In-loop filter process

General
ubclause specifies the application of two in-loop filters.

wo in-loop filters, namely-deblocking filter and adaptive loop filter, are applied as spe
ving ordered steps:

‘hen slice_deblocking filter_flag is equal to 1, the following applies:

- If sps_addbtflag is equal to 0, the deblocking filter process as specified in subcla
invoked with the reconstructed picture sample arrays Si, and, when ChromaArrayTyp
to 0, Sepand Scr as inputs, and the modified reconstructed picture sample arrays S
ChromaArrayType is not equal to 0, S'c, and S'¢; after application of deblocking filter

(1107)

(1108)

(1109)

(1110)

(1111)

cified by the

Ise 8.8.2.1 is
e is not equal
L, and, when
s outputs.

Ol ddb flog e Ao o ] 1N o o

ot raariea fonge o o rS a1 dalhl g filtay s oo
Tt CTwisC S psatat o Trag 15— Cquadr tOo—1 ), e atvant e GCOTO UK TITtCT Protess—a

subclause 8.8.3.1 is invoked with the reconstructed picture sample arrays Si,

specified in
and, 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 Si and, when ChromaArrayType is not equal to 0, the arrays Scp, an
represent the decoded picture), respectively.

d Scr (which

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 Deb[:lz‘;king filter process
8.8.2.1 General

This process|is invoked when sps_addb_flag is equal to 0.

Inputs to this process are:

— the array recPicturey, specifying the reconstructed picture sample array prior, to deblocking for luma,

— when Ch|
sample {

romaArrayType is not equal to 0, the array recPicturec, specifying the reconstructed picture

irray prior to deblocking for Cb, and
— when ChromaArrayType is not equal to 0, the array recPicturec:specifying the reconstructed picture
sample grray prior to deblocking for Cr.

Outputs of this process are:

— the array recPicture,, specifying the modified reconstructed picture sample arrays after deblocking

for lum4

U

— when C dified

reconsti

nromaArrayType is not equak to 0, the array recPicturec, specifying the mo
ucted picture sample arrays.after deblocking for Cb, and

— when C
reconstiq

Filtering in t
filtering in t
samples mo

nromaArrayType is not)equal to 0, the array recPicturec specifying the mo
ucted picture sample.arrays after deblocking for Cr.

he horizontal direction (across the vertical block edges in a picture) is conducted first.
he vertical direction (across the horizontal block edges in a picture) is conducted
ified by thefiltering in the horizontal direction as input. The horizontal and vertical

dified

Then
with
bdges

in the coding tree bloeks of each coding tree unit are processed separately on a coding unit basig. The
horizontal ediges(of the coding blocks in a coding unit are filtered starting with the edge on the top pf the
coding blockspfeceeding through the edges towards the bottom of the coding blocks in their geomdtrical
order. The vertical edges of the coding blocks in a coding unit are filtered starting with the edge on the
left-hand side of the coding blocks proceeding through the edges towards the right-hand side of the

coding blocks in their geometrical order.

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

The deblocking is applied as follows:

— The vertical edges are filtered by invoking the deblocking filter process for one ditection as specified
subclause 8.8.2.2 with the variable edgeType set equal to EDGE_VER, the reconstructed picture
prior to deblocking, i.e., recPicture;, and, when ChromaArrayType is not equal to 0, recPicturec, and
récPicturec: as inputs, and the modified reconstructed picture after debleeking, i.e., recPicture;, and,
when ChromaArrayType is not equal to 0, recPicturec, and recPicturecias outputs.

—
—

— The horizonal edges are filtered by invoking the deblocking\filter process for one|direction as
specified in subclause 8.8.2.2 with the variable edgeType set equal to EDGE_HOR, the modified
réconstructed picture after deblocking, i.e., recPicture;, and;When ChromaArrayType i not equal to
0] recPicturec, and recPicturec: as inputs, and the modified reconstructed picture after deblocking,
i.e., recPicture;, and, when ChromaArrayType is not equal to 0, recPicturec, and refPicturec: as
ofitputs.

8.8.2|2 Deblocking filter process for one direction
Inputs to this process are:

— the variable edgeType specifyingwhether 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,

— when ChromaArrayType is not equal to 0, the array recPicturec, specifying the reconstriicted picture
sample array priornyto deblocking for Cb, and

— when ChromaArrayType is not equal to 0, the array recPicturec: specifying the reconstriicted 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,

— 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 cIdx 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:

— IfedgeType is equal to EDGE_VER and log2CbWidth <= splitTH, the following applies:

— Otherwis

— The

deblocking process of coding block boundary as specified in subclause 8.8.2.3 is inyoked

with luma location of top-left sample of the coding block ( xCb, yCb ), block width log2CbWidth,
blogk height log2CbHeight, and picture arrays recPicture;, and, when ChromaArrayType
equpl to 0, recPicturec, and recPicturec, the edgeType, the luma motion vectors ‘arrays
and{MvL1, the reference indices arrays RefldxL0 and RefldxL1 and colour cothponent inde

asi

nputs, and the modified arrays recPicturer, and, when ChromaArrayType is not equa

reclPicturec, and recPicturec: as outputs.

— The
wit

luma location of top-left sample of the coding’ block (xCb,yCb), block

(log2CbWidth >> 1), block height log2CbHeight, and picture arrays recPicture;, and,
ChrpmaArrayType is not equal to 0, recPicturec, and wecPicturec,, the edgeType, the luma njotion
vectors arrays MvLO and MvL1, the reference indices arrays RefldxL0 and RefldxL1 and dolour
conjponent index cldx as inputs, and the imodified arrays recPicturei, recPicturecs} and

rec

— The
wit

icturec, as outputs.

luma location of top-left sample of the coding block (xCb + (1 << splitTH ), yCb ),

width (log2CbWidth >> 1), block height log2CbHeight, and picture arrays recPicturey,

whe
mof

coldur component index cldx as inputs, and the modified arrays recPicture;, and,

Chr

bmaArrayType ismot'equal to 0, recPicturec, and recPicturec: as outputs.

— Otherwige, if edgeType s equal to EDGE_HOR and log2CbHeight <= splitTH, the following appli

— The

e, if edgeType is equal to EDGE_VER and log2CbWidth > splitTH; the following applies

S not
MvLO
k cldx
to 0,

deblocking process of coding block boundary as specified in subclause 8.8.2.3 is inyoked

vidth
when

deblocking process of coding block’boundary as specified in subclause 8.8.2.3 is inyoked

block
and,

n ChromaArrayType is notlequal to 0, recPicturec, and recPicturec, the edgeType, the|/luma
ion vectors arrays MvL0O.and MvL1, the reference indices arrays RefldxL0 and RefldxL{l and

when

eS.

deblocking process of coding block boundary as specified in subclause 8.8.2.3 is inyoked

with lumaslocation of top-left sample of the coding block ( xCb, yCb ), block width log2CbWidth,
blo¢keight log2CbHeight, and picture arrays recPicturer, and, when ChromaArrayType

equ

S not

dal T0 U, recricturecp and recricturecy, the edgelype, the lIuma 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 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.

— I
— 4a

Outp
0, red

If cld
is equ
chror
order

— T
i9

3 Deblocking filter process of coding block boundary
s to this process are:

luma location ( xCb, yCb ) specifying the top-left sample of the currentcoding block r
p-left luma sample of the current picture,

vo variables log2CbWidth and log2CbHeight specifying the width” and the height of
pding block,

le picture arrays recPicture;, and, when ChromaArrayType is not equal to 0, reck
pcPicturecy,

1e edgeType specifying whether a vertical (EDGEVER) or a horizontal (EDGE_HOR) ed
ma motion vector arrays mvL0 and mvL1,

pference indices arrays refldxL0 and refldxL1, and

variable cldx specifying colour component index.

1ts of this process are the modified arrays recPicture;, and, when ChromaArrayType is
Picturecy, and recPicturécyafter deblocking.

X is equal to 0, or,GhromaArrayType is equal to 3, or ChromaArrayType is equal to 2 a
jal to EDGE_HOR, the filtering process for edges in the luma coding block, when cldx is
ha coding bloek, when cldx is equal to 1 or 2, of the current coding unit consists of t
ed steps:

he variable recPicture is set equal to recPicture;, when cldx is equal to 0, or to recPicture
equal to 1, or to recPicturec: when cldx is equal to 2, respectively.

blative to the

the current

icturecp, and

oe is filtered,

not equal to

nd edgeType
equal to 0, or
he following

bcp When cldx

— The variable bitDepth is set equal to BitDepthy when cldx is equal to 0, or to BitDepthc when 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

yCb / ( cldx ? SubHeightC: 1).

— The variables xP;, yP;, xD;, yDj, xN and yN are derived as follows:

set equal

to

— 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).

—_— XDi'

ssetequalto ((xPi >> 2)<<2), yD;iissetequalto ((yP; >> 2) << 21, when cldx s

equal

to 0
IS s6
0.

— The filtey

— Ifed
filtd

— Oth¢
set

— The filtes
1) The

— If
o

— Of
re
re

2) The

—If
b

— Of
1,

or ChromaArrayType is not equal to 2, otherwise, xDiis set equal to ( (xPi >> 1) <<2
tequal to ((yP; >> 2) << 2 ) when ChromaArrayType is equal to 2 and cldx is notleq
"ing samples in the luma coding block to be filtered are set with the followitig condition

geType is equal to EDGE_HOR, samples for xP; with i = 0.xN and yP; with j = 0 are set
red.

erwise, if edgeType is equal to EDGE_VER, samples for xP; withi = 0 and yP; with j = 0..y
o be filtered.

[ing process is applied as follows:

sample values po and qo are derived as follows:

pdgeType is equal to EDGE_VER, po is set.equal to recPicture[ xCb' + xP; — 1 ][ yCb' + yP;
is set equal to recPicture[ xCb' + xP; |[.y€b' + yP; ].

herwise  (edgeType is equal to EDGE_HOR), po is set equal
cPicture[ xCb’ + xP; ][ yCb" + yR}- 1] and do is set equal

cPicture[ xCb’ + xP; ][ yCb! #yP;].

variable bS[ xD; ][ yD; } is derived as follows:

[ xDi ][ yD;] is.set equal to 0.

herwise; if the sample po or qo is in the coding block of a coding unit coded with cBf eq
bS[ xDi]| yD; ] is set equal to 1.

—0

), yD;
ual to

nS:

to be

N are

] and

to
to

the sample po or go/is in the coding block of a coding unit coded with intra prediction mode,

ual to

herwise, if the sample poor goisin the coding block of a coding unit coded with ibc pred

ction

m

ode, bS[ xD; ][ yDj ] is set equal to 2.

— Otherwise, the following applies:

— The variables mv0L0x, mvOLOy, mvOL1x, mvOL1ly, mv1L0x, mv1L0y, mv1L1x, mv1L1ly,

272

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 ] (1

mv0LOy = mvLO[ xCb + xD; ][ yCb + yD; ][ 1] (1

112)

113)
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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)
mvlLly=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 + yD;] (1123)
— Otherwise, if edgeType is equal to EDGE_HOR, the following applies:
mvO0LOx = mvLO[ xCb + xD; ][ yCb +yD; ][ 0 ] (1124)
mvOLOy = mvLO[ xCb + xD; [JyCb + yD; ][ 1] (1125)
mvOL1x = mvL1[ xCb +xD}][ yCb + yD; ][ 0 ] (1126)
mvOL1ly = mvL1[ xCb + xD; ][ yCb + yD; ][ 1] (1127)
mv1L0x = mvLO[ xCb + xD; ][yCb +yD;-1][ 0] (1128)
mv1LOy= mvLO[ xCb +xD;i [[yCb +yD;j-1][ 1] (1129)
myii1x =mvL1[ XCb + xD;][yCb+yD;-1][ 0] (1130)
mv1Lly = mvL1[xCb +xD;i][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)
refldx1L1 = refldxL1[ 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

3) The
— If

is

sy

— Of
is
SH
— Of
ol

Sy

—If

4) The
— s
— s

5) Whe

following applies:

bS[ xD;i ][ yD;] = (Abs( mvOLOx - mv1L1x)>=4] |
Abs( mvOLOy - mv1Lly ) >=4 |
Ahc( mvOllx —mvll ﬂv) >=—4 ! !

variable gP is derived as follows:

cldx is equal to 0, gP is set equal to Qpy thatis used in the CU where sample qo is locate

obtained according to derivation process for quantization’ parameters as specifi
bclause 8.7.1.

herwise, if cldx is equal to 1, qP is set equal to Qpgsthat are used in the CU where sam
located, and is obtained according to derivatien process for quantization parametg
ecified in subclause 8.7.1.
herwise, qP is set equal to Qpc: that areaused in the CU where sample qo is located, :
tained according to derivation process for quantization parameters as specifi
bclause 8.7.1.

cldx is not equal to 0, variable ‘qP'is updated as follows:
gP = Clip3( 0, 51, gP) (1
variable sT[ xD; ][y¥B;] and sT'[ xDi ][ yD; ] are derived as follows:
[ xDi ][ yDj] is.derived from Table 33, depending on gP.

[ xD; ][¥D;] is equal to sT[ xD; ][ yD; ] << ( bitDepth - 8).

n sTxD; ][ yD;] is greater than 0, the following ordered steps apply:

Abs( mvOL1ly - mv1L0y)>=4)?72:3 (1137)
Otherwise, the following applies:
bS[ xDi ][ yDj] = 2 (1138)

], and
ed in

ple qo
brS as

ind is
bd in

139)

— If 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
follows:

as

274
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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)
€) The modified picture sample array recPicture is derived as follows:
— If edgeType is equalto EDGE_VER, recPicture is derived as follows:
recPicture[ xCb' + xP; - 2 ][ yCb' + yP;] = Clip3( 0, ( 1 << bitDepth ) - 1, sA (1159)
recPicture[ 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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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 variable recPicturey is set equal to recPicturec, when cldx is equal to 1, or to recPicturec, when

— xPjis setequal to i, yP; is set equal to j, xN is set equal to (1 << log2CbWidth ) - 1, and yN is set

equ

l1to (1 << log2CbHeight) -1

— xDj1
to O
set

The filtey

— Ifed
filtd

— Oth¢
set

The filtey
1) The

—If
ar|

— Of
re
re

2) The

—If
i

%)

— Of
b

s setequal to ((xP; >> 1) <<2),yDjis setequal to ((yP; >> 1) <<2), when cldxis
or ChromaArrayType is equal to 1, otherwise, xD; is set equal to ( (xP; >> 1)<<2),
bqual to ( (yP; >> 2 ) << 2 ) when ChromaArrayType is equal to 2.

"ing samples in the chroma coding block to be filtered are set with thedfollowing condit

geType is equal to EDGE_HOR, samples for xP; with i = 0.xN and yP; with j = 0 are set
red.

erwise, if edgeType is equal to EDGE_VER, samples for xR; with i = 0 and yP; with j = 0..y
o be filtered.

[ing process is applied as follows:
sample values po and qo are derived as follows:

edgeType is equal to EDGE_VER, py is, set equal to recPicturex[ xCb’ + xP; - 1 ][ yCb' {

d qo is set equal to recPicturex[ xCb/#xP; ][ yCb’ + yP;].
herwise  (edgeType is x'equal to EDGE_HOR), po is set equal
cPicturex[ xCb’ + xP; ][ yCb' +yP; - 1] and qo is set equal

cPicturex[ xCb' + xP; ][ yEb"+ yP; ].
variable bSx[ xD; [[¥D; ] is derived as follows:

the sample pe.0rqo is in the coding block coded with intra prediction mode, bSx[ xD; ]
set equal to O:

herwise; if the sample po or qo is in the coding block coded with cbf luma equal
x[xDy][ yDj] is set equal to 1.

equal
yD; is

ions:

to be

N are

- P ]

to
to

[ yDj |

to 1,

— Otherwise, if the sample po or qo is in the coding block coded with ibc prediction mode,
bSx[ xDi ][ yD;j] is set equal to 2.

— Otherwise, the following applies:

— The variables mv0L0x, mvOLOy, mvOL1x, mvOL1ly, mv1L0x, mv1L0y, mv1L1x, mv1L1ly,

276

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] (1

mvO0LOy = mvLO[ xCb + xD; ][ yCb + yD; ][ 1] (1

167)

168)
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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+yD;][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 + yDj; ] (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 + xDi}[ yCb + yD; ][ 0 ] (1181)
mvOL1ly = mvL1[ XCb* xD; [[ yCb + yD; ][ 1] (1182)
mv1L0x = mvLOfxCb + xD; [[yCb +yD;-1][ 0] (1183)
mv1L0y<mvLO[ xCb +xD;i [[yCb+yDj-1][ 1] (1184)
mv1L¥x = mvL1[xCb +xD; ][yCb+yD;j-1][ 0] (1185)
mv1Lly = mvL1[xCb +xD;][yCb+yD;-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)
refldx1L1 = refldxL1[ 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 - mvlLly)>=4)72:3

(1191)

— Otherwise, if refldx0LO is equal to refldx1L1 and refldxOL1 is equal to refldx1LO, the

3) The

—If

and is obtained according to derivation process for quantizatien parameters as specif]
sybclause 8.7.1.

— Otherwise, Qpc is set equal to Qpcr that are used inthe CU where sample are located, 4
obtained according to derivation process for <qudntization parameters as specifi
sybclause 8.7.1.

— clippedQpc value is derived as follows:

clippedQpc = Clip3( 0, 51, Qpc) (1

— s
— s
4) Whse

—1

-

following applies:

bSx[ xD; ][ yD;] = (Abs( mvOLOx - mv1L1x) >=4] |
Abs( mvOLOy - mvlLly)>=4]|
Ahe( mvOlLlyxy — myll nv) >—4 ! !

Abs( mvOLly - mv1L0y)>=4)72:3 (4
Otherwise, the following applies:
bSx[xDi ][ yD;] =2 (1

variable sT[ xD; ][ yD; ] and sT'[ xDi ][ yD; ] are derived as follows:

cldx is equal to 1, Qpc is set equal to Qpcy, that are used in the CU'Where sample are lo

192)

193)

rated,

ed in

Ind is
bd in

194)

[ xDi ][ yD;j ] depending on clippedQpc is derived from Table 33.

‘[ xD; ][ yDj] is equal toSTfxD; ][ yD;] << ( BitDepthc - 8).

n sT'[ xD; ][ yD; ] is'greater than 0, the following ordered steps apply:

edgeType is equal to EDGE_VER, the sample values sA, sB, sC, and sD are derived as follows:
sAy= recPicturex[ xCb' + xP; - 2 ][ yCb' + yP; ] (1f195)
sB = recPicturex[ xCb’ + xP; - 1 ][ yCb' + yP; ] (1f196)
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

278

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)
) The modified chroma picture sample array recPicturex is derived as follows:
— If edgeType is equal to EDGE_VER, recPicturex is derived as follows:
recPicturex[ xCb’ + xPi— 1 ][ yCb' + yP;] = Clip3( 0, ( 1 << BitDepthc) - 1, sB) (1210)
recPicturex[ xCb' + xP; ][ yCb’ + yP; = Clip3( 0, (1 << BitDepthc) - 1,s¢) (1211)
— Otherwise (edgeType is equal to EDGEXHOR), recPicturex is derived as follows:
recPicturex[ xCb' + xP; ][ yCb*+ yP; - 1] =Clip3( 0, ( 1 << BitDepthc) - 1, sB) (1212)
recPicturex[ xCb' + xP; ][ yCb’ + yP;] = Clip3( 0, ( 1 << BitDepthc) - 1,s¢) (1213)
Table 33 — DerivationofST[ xD; ][ yD; ] from QP and bSx[ xD; ][ yD; ] where X is ¢olour
component
QP bSx[ xDi][yD;] =1 bSx[ xDi ][ yD;] = 2 bSx[ xDi ][ yD;] =3
QP <=d7 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 7% 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 Advdgnced deblocking filter process

8.8.3.1 Genleral

This process|is invoked-when sps_addb_flag is equal to 1.

Inputs to this process are:

— the array recPicturey, specifying the reconstructed picture sample array prior to deblocking for Jluma,

— when ChromaArrayType is not equal to 0, the array recPicturecy, 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.

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 basis. The

eft-hand side

vertical nr‘]gnc ofthe coding blocks in a coding unit are filtered starting with the ndgn onthel

of thg
their
with

codin

NOTE
imple
proce

 coding blocks proceeding through the edges towards the right-hand side of the cod
geometrical order. The horizontal edges of the coding blocks in a coding unit afe, filt
the edge on the top of the coding blocks proceeding through the edges towards/the b
g blocks in their geometrical order.

Although the filtering process is specified on a picture basis in this docuntent, the filtering {
mented on a coding unit basis with an equivalent result, provided the decoder properly ac
5sing dependency order so as to produce the same output values.

The gleblocking filter process is applied to all the block edges‘\of a picture, except of t

condji

The €

The d

tions:

he edges that are at the boundary of the picture andldma and chroma edges that do no
8x8 sample grid boundaries of the correspondedluyma component,

he edges that belong to the slice for which the deblocking filter process is
ice_deblocking filter_flag,

he edges that correspond to tiles boundaries if syntax element loop_filter_across_tiles
equal to 0,

he edges that correspond to-the slice boundaries and if the neighbouring samples, com]

tering process, belongstothe neighbouring slice for which the deblocking filter proce
y slice_deblocking_filter_flag.

eblockingisapplied as follows:

he vertical edges are filtered by invoking the deblocking filter process for one directio

subelause 8.8.3.2 with the variable edgeType set equal to EDGE_VER, the reconstr

ing blocks in
bred starting
ottom of the

rocess can be
ounts for the

he following

t correspond

disabled by

enabled_flag

brising to the
bs is disabled

dge type, verticalor horizontal, is represented by the variable edgeType as specified im Table 32.

as specified
cted picture
icturecy, and
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recPicturec: as inputs, and the modified reconstructed picture after deblocking, i.e., recPicture;, and,
when ChromaArrayType is not equal to 0, recPicturecy, and recPicturec; as 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:

filtered,

sample

ray prior to deblocking for Cb, and

the variable edgeType specifying whether a vertical (EDGE_VER) or a horizontal (EDGE_HOR) edge is

the array recPicture; specifying the reconstructed picture sample array prior to deblocking for luma,

when ChromaArrayType is not equal to 0, the array recPicturec, specifying the reconstructed picture

sample
Outputs of th

— the array
for luma

— when C
reconsti

— when C
reconsti

For luma aj

when C};Ir

omaArrayType is not equal to 0, the array recPicturec: specifying the reconstructedp
rray prior to deblocking for Cr.

is process are:

r recPicture;, specifying the modified reconstructed picture sample arrays after deblo

U

nromaArrayType is not equal to 0, the array recPicturec, specifying the mo
ucted picture sample arrays after deblocking for Cb, and

nromaArrayType is not equal to 0, the array-fecPicturec specifying the mo
ucted picture sample arrays after deblocking forCrx

nd chroma coding blocks in a picture, following process applies separately with ¢

cture

cking

dified

dified

olour

component index cldx set equal to 0 for luma and, wlen ChromaArrayType is not equal to 0, cldx set

equalto 1 o
coding blocK
equal to chrd

For each co
specifying th

current pictlire and a variable splitTH specifying block split threshold set equal to MaxTbLog2Si

cldx is equal
is conducted

— IfedgeTy

- 2 for Cb and Cr chroma components, respectively, coding block width log2CbWidt
ma block width and height if cldxis equal to 1 or 2.

ding block with width log2€CbWidth, height log2CbHeight, a luma location (xCb
e top-left sample of the current coding block relative to the top-left luma sample

to 0 and set equal to-{ MaxTbLog2SizeY - 1) if cIdx is equal to 1 or 2, the deblocking pr
as follows:

rpe is equabto EDGE_VER and log2CbWidth <= splitTH, the following applies:

debloeking process of coding block boundary as specified in subclause 8.8.3.3 is iny

luma location oftop -left sample of the codlng block ( xCb, be ) block width logZCbV

h and

height log2CbHeight set equal to.Jluma block width and height if cldx is equal to 0 and set

,lyCb)

bf the
zeY if
ocess

roked
Vidth,

IS not

equal to 0 recPlcturer and recPlcturecF, 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 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:

— 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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and, when

— 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.

— Otherwise, if edgeType is equal to EDGE_HOR and log2CbHeight > splitTH, the following

8.8.3

ltherwise, if edgeType is equal to EDGE_HOR and log2CbHeight <= splitTH, the followiy

3 Deblocking filter process of coding block boundary

Input

s'to-this process are:

The deblocking process of coding block boundary as specified in subclause8.8.3
with luma location of top-left sample of the coding block ( xCb, yCb ), bloek'width 1
block height log2CbHeight, and picture arrays recPicture;, recPicturecs, and rec
edgeType, the luma motion vectors arrays MvL0 and MvL1, the-reference in
RefldxL0 and RefldxL1 and colour component index cldx as nputs, and the mo
recPicture;, and, when ChromaArrayType is not equal to 0y recPicturec, and re
outputs.

The deblocking process of coding block boundary as specified in subclause 8.8.3
with lumalocation of top-left sample of the cading block ( xCb, yCb ), block width 1
block height (log2CbHeight >> 1), and picture arrays recPicture;, and, when Chron
is not equal to 0, recPicturec, and recPRicturec,, the edgeType, the luma motion vé
MvLO and MvL1,the reference indicés arrays RefldxLO0 and RefldxL1 and coloui
index cldx as inputs, and the modified arrays recPicturer, and, when ChromaArr3
equal to 0, recPicturec, and recRicturec as outputs.

The deblocking process .of coding block boundary as specified in subclause 8.8.3
with luma location of:top-left sample of the coding block ( xCb, yCb + ( 1 << split
width log2CbWidthj block height (log2CbHeight >> 1), and picture arrays recH
when ChromaArrayType is not equal to 0, recPicturec, and recPicturec;,, the edgeTy
motion vectorssarrays MvLO and MvL1, the reference indices arrays RefldxL0 and |
colour component index cldx as inputs, and the modified arrays recPicturey]
ChromaArrayType is not equal to 0, recPicturec, and recPicturec: as outputs.

g applies:

3 is invoked
bg2CbWidth,
Picturec: the
dices arrays
dified arrays
cPicturec: as

applies:

3 is invoked
bg2CbWidth,
haArrayType
pctors arrays
' component
yType is not

3 is invoked
TH ) ), block
icturey, and,
'pe, the luma
RefldxL1 and
and, when

top-left luma sample of the current picture,

coding block,

recPicturec,

luma motion vector arrays mvL0 and mvL1,
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a luma location ( xCb, yCb ) specifying the top-left sample of the current coding block relative to the

two variables log2CbWidth and log2CbHeight specifying the width and the height of the current

the picture arrays recPicture,, and, when ChromaArrayType is not equal to 0, recPicturec,, and

the edgeType specifying whether a vertical (EDGE_VER) or a horizontal (EDGE_HOR) edge is filtered,
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— reference indices arrays refldxL.0 and refldxL1, and

— avariabl

e cldx specifying colour component index.

Output of this process are:

— the array recPicture;, specifying the modified picture array after deblocking for luma,

— when ChromaArrayType is not equal to 0, the array recPicturec, specifying the modified picture array
after deblocking for Cb, and

— when ChfomaArrayType is not equal to 0, the array recPicturec: specifying the modified picture
after dehlocking for Cr.

If cldx is equal to 0, or ChromaArrayType is equal to 3, or ChromaArrayType is equal to 2 and edgg
is equal to EDGE_HOR, the filtering process for edges in the luma coding block, when cldX'is equal tq

chroma codi
steps:

— The vari;

— The varid
is equal {

— The van
yCb / (c

— The varij

— Ifc
(14

— Othgd
— The
— IfedgeTy
— xDif

— If cl
i=(

g block, when cldx is equal to 1 or 2, of the current coding unit comsists of the folld

hble chromaStyleFilteringFlag is set equal to 0.

ible recPicture is set equal to recPicture;, when cldx is equal to 0, or to recPicturec, whel
o 1, or to recPicturecr when cldx is equal to 2, respectively.

iable xCb’ is set equal to xCb/(cldx?SubWidthC:1), and yCb' is set equ
dx ? SubHeightC: 1).

hbles xN and yN, are derived as follows:

dx is equal to 0, or ChromaArrayType is equal to 3, the variable xN is set equ
t< (log2CbWidth -2)) - 1.

erwise, the variable xN is set'equal to (1 << (log2CbWidth-1)) - 1.

variable yN is set equal to ( 1 << (log2CbHeight-2)) - 1.

rpe is equal to EDGE_HOR, the variables xD;, yDj, xD;’, and yD;' are derived as follows:
s set equal{ot << 2 with i = 0..xN and yD; is set equal to 0.

dx is not equal to 0 and ChromaArrayType is equal to 2, xDi’ is set equal to i << 1
AN

array

Type
0, or
wing

n cldx

al to

al to

with

— Otherwise, xDy’ is set equal to i << 2 with i = 0.xN.

— yDby

is setequal to 0.

— Otherwise ( edgeType is equal to EDGE_VER ), the variables xD;, yD;, xDi’, and yD;" are derived as

follows:
—_— XDi i
—_— XD1’

— ForxD;a

284

s setequal to 0, and yD;j is setequal toj << 2 withj=0.yN.
is set equal to 0, and yDy' is set equal to j << 2 with j = 0..yN.

nd yD;, 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 (xCh" + 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'" + xDy, yCb' + yDj’ - 1) and ( xCbQ’, yCbQ' ) is set equal to ( xCh’ # xDy’, yCh' + yD;" ).

3) The variable bS[ xD; ][ yD;] is derived by invoking the process as specified in subg¢lause 8.8.3.4
with (xCbP, yCbP ), (xCbQ, yCbQ ), refldxL0, refldxL1, mvL0, mvI1 when cldx is ¢qual to 0 or
ChromaArrayType equal to 3.

4) The sample values px and qx with k = 0..3 are derived asfollows:

— If edgeType is equal to EDGE_VER, pk is set equalto recPicture[ xCbP’ - k ][ yCbR' + d ] and qx
is set equal to recPicture[ xCbQ' + k ][ yCbQ +d ] with offset d = 0..3.

— Otherwise  (edgeType is equal >x\to EDGE_HOR), px is set | equal to
recPicture[ xCbP' + d ][ yCbP’ - k] and gk is set equal to recPicture[ xCbQ' + d |[ yCbQ' + 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 tq O.

— The thresholds o, B, the variables filterSamplesFlag and indexA for each blgck edge are
derived by invoking the process as specified in subclause 8.8.3.5 with po, p1, qo, q1, the 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][yDj] is less than 4, the process as specified in subclalllse 8.8.3.6 is
[

invoked with p;, gi (i=0..2), chromaStyleFilteringFlag, cldx, bS[ xD; ][ yD;j], p and
indexA given as inputs, and the output is assigned to p'iand q'; (i=0..2).

L Otherwise{bSisequalto4),the processasspecifiedinsubclause 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 (i = 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 variable chromaStyleFilteringFlag is set equal to 1.

The variable recPicturey is set equal to recPicturec, when cldx is equal to 1, or to recPicturec, when
cldx is equal to 2, with X being replaced by Cb or Cr.

The vari

The vari

— The

ible xCb' is set equal to xCb / SubWidthC, and yCb' is set equal to yCb / SubHeightC,
hbles xN and yN, are derived as follows:

variable xN is set equal to ( 1 << (log2CbWidth-1)) - 1.

— If ChromaArrayType is equal to 1, the variable yN is set equal to ( 1 << (log2ZCbHeight - 1)

— Othérwise, the variable yN is set equal to ( 1 << (log2CbHeight - 2))~ 1.

If edgeType is equal to EDGE_HOR, the variables xDi, yDj, xDi’, and'yBj’ are derived as follows:

— xDjis setequal toi << 2 withi=0.xN and yD; is set equal to 0.

—_— XDi’

is setequal toi << 1 withi=0.xN and yDj' is set equal to 0.

Otherwige ( edgeType is equal to EDGE_VER ), th&variables xD;, yD;, XDy, and yD;" are deriy

follows

— xDiis setequal to 0, and yD;j is setequaltoj << 2 withj=0.yN.

— xD{

1

is set equal to 0.

— if ChromaArrayType is equalto 1, yDj is set equal to j << 1 withj = 0..yN.

— Othé¢rwise, yDj' is setlequal toj << 2 with j = 0..yN.

— For xD; and yDj, the fellowing ordered steps apply:

1) Twol|blockdocations ( xCbP, yCbP ) and ( xCbQ, yCbQ ) are derived as follows:

— If'edgeType is equal to EDGE_VER, ( xCbP, yCbP ) is set equal to ( xCb’ + xDi’ - 1, yCb' +

ed as

yD;')

and ( xCbQ, yCbQ) is set equal to (xCb" + xDy, 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’ + xDy’, yCb" + yD; ).

2) The sample values px and qx with k = 0..3 are derived as follows:

— 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

286

is equal to 1 and with offset d = 0..3 when ChromaArrayType is equal to 2.
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— 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:

—  IffilterSamnlesFlagis equal to 1 the following anplies:
r O 1 4 (=] rr

8.8.3
Input
— W

— I

Outpf

4 Derivation process for boundary filtering strength
s to this process are:

vo luma locations ( xCbP, yCbP ) and ( xCbQ, yCbQ ),
bference indices refldxL0 and refldxL1, and

otion information mvL0 and mvL1.

it of this process is the variable bS[ xD; ][ yD; ] at location ( xD;, yDj ).

The

— If bS[xDi][yD;] is less than 4, the process as specified in subclaiise 8.8.3.6 is
invoked with p;, q; (i = 0..2), chromaStyleFilteringFlag, cldx, bSfxD; ][ yD;], 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, €ldx; o, and  given gs inputs, and
the output is assigned to p'iand q'i (i = 0..2).

— Otherwise (filterSamplesFlag is equal to 0),cthe filtered result samples p’; and '
(i=0.2) are replaced by the corresponding.nput samples p; and q; as follpws:

p'i=p; fori=0.2 (1216)
q’i=qifori=0.2 (1217)

— The filtered reconstructed sample:p‘cand q'« are used to replace the reconstructgd samples in
the reconstructed picture recPigturex in the corresponding sample positions.

ralal Rfic H A | £l
diITdUTCCDT IS UTCTIVCU dS5S TUTTUVV S,

— 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 mv0LOx, mv0OLOy, mv1L0x, and mv1LO0y 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 ] 20 (1222)
mv0OLOy = refldx0LO0 != -1 ? mvLO[ xCbQ ][ yCbQ ]} ] : 0 (1223)
mvOL1x = refldxOL1 != -1 ? mvL1[ xCbQ ][3€bQ][0]: 0 (1224)
mvOL1y = refldxOL1 != -1 ? mvL1[ xCbQ [[ yCbQ][1]: 0 (1f225)
mv1L0x = refldx1L0 != -1 ? mvLQ{&CbP ][ yCbP ][0]: 0 (1226)
mv1L0y = refldx1L0 = -1 ? mvLO[ xCbP ][ yCbP ][ 1]: 0 (1227)
mv1L1x =refldx1L1 !=.£1 ? mvL1[ XCbP ][ yCbP ][ 0]: 0 (1228)
mv1L1ly = refldx1L11= -1 ? mvL1[ xCbP J[yCbP ][ 1]: 0 (1229)
— If refldx0LO is equal to.refldx1L0 and refldx0OL1 is equal to refldx1L1 or if refldx0LO is eqpal to
refldx1L1 and refldxQL1 is equal to refldx1L0, the variable bS is derived as follows:
— Ifrefldx0L0-s-equal to refldx0L1, the variable bS is derived by:
bS[ xDi ][ yDj] = (Abs( mvOLOx - mv1LOx ) >=4 | | Abs( mvOLOy - mv1L0y ) >=4 ]|
Abs(mvOL1x - mv1L1x ) >=4 | | Abs( mvOLly - mviLly)>=4 ||
Abs( mvOLOx - mv1L1x ) >= 4 | | Abs( mvOLOy - mv1L1ly)>=4 | |

Abs{ mMvOLIX - mvILUX ) 5= 4 [ [Abs( mvOLIy - mvILOy J5=4)71:0 (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; ]
Outputs of this process are:

— the variable filterSamplesFlag specifying the indicates whether the input saimples are filtered,
— the variable indexA, and

— the variables a and 3 specifying the values of the threshold.
The vjariable qPyand qPqare derived as follows:

— Iffcldx is equal to 0, gPpand qPqare set equal to Qpy-that are used in the CU where sample po and qo
are located, and is obtained according to derivation’process for quantization parameters as specified
in subclause 8.7.1.
— Otherwise, if cIdx is equal to 1, gPpand qPqare set equal to Qpcs that are used in the CU where sample
ph and qo are located, and is obtained acgording to derivation process for quantization parameters as
specified in subclause 8.7.1.
— Otherwise, if cldx is equal to 2, Psand qPqare set equal to Qpcr that are used in the CU where sample
pp and qo are located, and is abtained according to derivation process for quantization pprameters as

specified in subclause 8.7.1;

The variable bitDepth istset equal to BitDepthy if cldx is equal to 0, otherwise bitDepth ig set equal to
BitDgpthc.

Let gPavbe a variable specifying an average quantization parameter. It is derived as follows:
gPa=(qPp+qPq+1) >> 1 (1233)
Let indexA be a variable that is used to access Table 34 as well as Table 35, which is used in filtering of

edges with bS][ xD; ][ yDj ] less than 4 as derived in subclause 8.8.3.6, and let indexB be a variable that is
used to access 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')

0|12 |3|4|5|6|7|8|9|10[11(12|13|14|15|16|17|18[19|20|21 |22 23|24 |25

O(’ 0 0 Q Q Q Q Q Q Q Q Q Q Q Q Q Q 4 4 L 6 A b 9 10112 11

gl oOfplofojojojojojojofo|0j0|0]|0|0 2|2 |2]|3]|3|3]|3)| 4|44
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 |47(48"49|50|5

o | 15|17 |20 |22|25|28|32|36|40|45|50 56|63 |71 80|90 |101|113|127|144|162[182|203|226(255|255

g | 6P |77 |8]8|9|9|1010f11]11|12(12]13|13|14|14|15|15(16|16|17|17|18 1

8.8.3.6 Derjvation process for edges with bS less than 4

Inputs to thi

— input sai

b Process are:

— the variable chromaStyleFilteringFlag,

— the variapble cldx specifying colour component index, and

— the variables bS, 3, and indexA for the set of\input samples.

Outputs of th
values.

The variable
BitDepthc.

Depending

The threshold variable'tcis derived as follows:

the values.ofindexA and bS, the variable t'cois specified in Table 35.

hple values piand qi (i=0..2) of a single set of sathples across an edge that is to be filtpred,

is process are the filted result sample values p'iand q'i (i = 0..2 ) for the set of input sgmple

bitDepth is set equal to BitDepthy if cldx is equal to 0, otherwise BitDepth is set eqpal to

te= oo 1 << (Max(0, bitDepth-9))) (1239)
The threshold variables apand aqare derived as follows:

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:

teo=(teo+1)* (1 << (Max(0,bitDepth-9)))

The filtered result samples p'oand q'oare derived as follows:

The f{ltered result sample p'1is derived as follows:

el

— Otherwise (chromaStyleFilteringFlag is equal to 1 or,apis greater than or equal to f3), {

The flltered result sample q'1is derived as follows:

— IffchromaStyleFilteringFlag is equal:te’0 and aqis less than 3, the following applies

The f

flchromaStyleFilteringFlag is equal to 0 and apis less than f3, the following applies:

(1243)

(1244)

(1245)

A=ChHp3{=tw, too, (g =po )y << 23+ (pr=q ) 4 =>377)
po=po+A

qo=qo-A

p't =p1 + Clip3(-te, te, ((p2+po+qo) *3 - (p1<<3) <) >> 4)

bplies:

p'1=p1

q1=qu+Clip3(-te te, ((q2%Qo+po) *3-(qi<<3)-p1) >> 4)

therwise (chromaStyleFilteringFlag is equal to 1 or aqis greater than or equal to f3),
bplies

(1246)
(1247)

(1248)

(1249)

he following

(1250)

(1251)

he following

q'1=q (1252)
Itered result'samples p'2and q'zare always set equal to the input samples pzand gz as follows:

p2=p: (1253)

g =ga (1254)

Let Clip1( ) be a function that is replaced by Clip1y( ) when cldx is equal to 0 and by Clip1¢( ) when cldx
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|]o|O|O|O|O|O|O|O|O|1]|1]1
bS=2| offoJo0]O0]O]O]O|]O|]O|]OJ]O]O]O]O]O]OJ]OJ]OJ]O]O]O]ZI]|ZI]|T1I] L]
bs=3| offojojofjojofjofjofjoflofjo]jo|o|o]jo]jo|o|1|1]|1]|1]1]|1]| 1wl
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 |21]1|21]|2]2]2|2|3|3|3|4|4|4|5]|6]|6]|78]|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]g|10|11]12]13]15][17
bS=3| 1 {22223 [3[3|4|4|4|5]|6|6|7]|8]|9]|10]10]3]|14]|16]|18]|20]23][5
8.8.3.7 Derjvation process for edges with bS equal to 4

Inputs to thi

— input sai

b process are.:

— the variable chromaStyleFilteringFlag,

— the variable cldx specifying colour component index, and

— the valud

Outputs of th
values.

Let a, and 4§
subclause 8.

of threshold variable (3.

B.3.6.

hple values piand qi (i =0..3 ) of a single set of samples across an edge that is to be filtpred,

is process are the filtered result sample values p'iand q'i (i=0..2 ) for the set of input sgmple

lq be two thtfeshold variables as specified in Formulae 1240 and 1241, respectively in

The filtered fesult samples p'i (i = 0.2 ) are derived as follows:
— If chromaStHekilteringElagisequal-to-0-and-the-fellowingconditienholds;
ap< B && Abs(po-qo)<((a>>2)+2) (1261)
then the variables p’o, p'1, and p’; are derived as follows:
plo=(pz+2*p1+2*po+2*q+qi+4) >> 3 (1262)
pi=(pz+pi+po+q+2) >> 2 (1263)
p2=(2*ps+3*p2+pi+po+qo+4) >>3 (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:
po=(2*pi+po+qi+2) >> 2
p'1=p1
p'2=pz

The filtered result samples q'i (i = 0..2 ) are derived as follows:

et

flchromaStyleFilteringFlag is equal to 0 and the following condition holds,
<P && Abs(po-qo)<((a >>2)+2)

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

qi=(po+qo+q+qz+2) >> 2
q2=(2*q3+3*q2+qi+qo+po+4) >> 3

— Otherwise (chromaStyleFilteringFlag is equal to 1 or the¢ondition in Formula 1268 do
the variables q'o, q'1, and q'zare derived as follows:

qo=(2*qu+qo+p1+2) > 2
q1=qu
qz2=Q2

Let Clip1() be a function that is replaced by Clip1y( ) when cldx is equal to 0 and by Clip1c
isequal to 1 or 2.

p'o = Clip1(p")
p's=Clip1(p2)
p"2 = Clipt(p’2)
q'o=Elip1(qh)

4 =Clip1(q'1)

q'z2=Clip1(q'2)

8.8.4 Adaptive Loop Filter
8.8.4.1 General

Inputs to this process are:

(1265)
(1266)

(1267)

(1268)

(1269)
(1270)
(1271)

es not hold),

(1272)
(1273)
(1274)

) when cldx

(1275)
(1276)
(1277)
(1278)
(1279)

(1280)

— 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

filter for luma,

— when Ch|romaArrayType is not equal to 0, alfPicturec, specifying the modified reconstructed picture

sample drray after adaptive loop filter for Cb, and

— when ChiromaArrayType is not equal to 0, alfPicturec. specifying the modified reconstructed picture

sample drray after adaptive loop filter for Cr.

The sample| values in the modified reconstructed picture sample arrays. alfPicture;, and, when
ChromaArralType is not equal to 0, alfPicturec, and alfPicturec, are initially set equal to the sample values
in the reconstructed picture sample arrays prior to adaptive loop filter recPicture;, and, when

ChromaArralyType is not equal to 0, recPicturec, and recPicturec, respectively.

For

every | coding tree unit with luma coding tree, ®lock location (rx,ry), where
rx = 0..PicWidthInCtbsY - 1 and ry = 0..PicHeightInCtbsY - 1, the.following applies:

— If (rx <k CtbLog2SizeY ) + CtbSizeY is smaller thanXer equal to pic_width_in_luma_samples, a
variable | blkWidth is set equal to CtbSizeY, othexwise, a variable blkWidth is set equal to

pic_width_in_luma_samples - (rx << CtbLog2SizeY?.

— If(ry <<|CtbLog2SizeY) + CtbSizeY is smallefthan or equal to pic_height_in_luma_samples, a variable
blkHeight is set equal to CtbSizeY, otherwise blkHeight 1is set equal to

pic_height_in_luma_samples - (ry << CtbLog2SizeY).

— When alf ctb_flag[ rx ][ ry ] is equalto 1, the coding tree block luma type filtering process as spegified

in

subdlause 8.8.4.2 is invoked with recPicture;, alfPicture,, referred APS identifier

slice_alf Juma_aps_id, theSluma coding tree block location (xCtb,yCtb) set equal to
(rx << (tbLog2SizeY, ry << CtbLog2SizeY ), and the coding tree block width blkWidth and height

blkHeight as inputs, afid.the output is the modified filtered picture alfPicture.

— If ChromaArrayType is equal to 3, the coding tree block luma type filtering process for chroma

samples jof Cb-and Cr chroma components are invoked as follows:
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—Haglrc ey -His—equalto-—d—the o tree-blocktuma
process as specified in subclause 8.8.4.2 is invoked with recPicturecy, alfPicturecy, referred APS
identifier slice_alf_chroma_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.

When alf _ctb_chroma2_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.

4+ When sliceChromaZ2AlfEnabledFlag is equal to 1, the coding tree block chrom@a\type filtering
process as specified in subclause 8.8.4.4 is invoked with recPicture set equal 'to|recPicturec;,
alfPicture set equal to alfPictureCr, referred APS identifier slice_alf_chroma_aps_id, the chroma
coding tree block location (xCtbC, yCtbC) set equal to
((rx << CtbLog2SizeY ) / SubWidth(, (ry << CtbLog2SizeY ) / SubHeightC ), and the coding
tree block width blkWidth / SubWidthC and height blkHeight / SibHeightC as inputs, and the
output is the modified filtered picture alfPictureCr.

8.8.4{2 Coding tree block luma type filtering process
Inputs to this process are:

— ajreconstructed picture sample array recPictureRecprior to the adaptive loop filtering process,
— affiltered reconstructed luma picture sample array alfPicture,
— anidentifier of the referred APS, apsld,

— a(luma location ( xCtb, yCtb ) specifiyiing the top-left sample of the current coding tree Hlock relative
to the top-left sample of the current picture, and

— variables blkWidth and blkHgight specifying the width and the height of the current coding tree block.
Output of this process is the modified filtered reconstructed picture sample array alfPicture,
The spmple values in'the picture sample arrays recPicture are derived by invoking subclaus¢ 8.8.4.5 with

recPiftureRec, the toding tree block location ( xCtb, yCtb ), and the coding tree block width BlkWidth and
the coding tree bleck height blkHeight as inputs, and the output is the modified filtered pictufe recPicture.

The derivation process for ALF transpose and filter index subclause 8.8.4.3 is invoked with the location

( xCth,.yCtb ), the reconstructed picture sample array recPicture, and the coding tree |block width
blkWi i i i i i x][y] and

transposeldx[ x ][ y ] 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[9],f[4],f[ 101, {81, f[11, 15 11171130121 (6] f12]}

— Otherwise, if transposeldx[ x ][ y ] is equal to 2, the following applies:

filterCoeff[ 1= {f[ 01, f[3 1, f[2],f[1],f[81 (71161 f[5] 141, f[9] f[10], f[11],f[12])

— Otherwise, if transposeldx[ x ][ y ] is equal to 3, the following applies:

filterCoeff[1={f[9 ], f[8].f[10]f[4 L3 7] {11 fS)f1]f[OLF[2],f[6].f[12]}

— Otherwis

(1282)

(1283)

(1284)

b, the following applies:

filterCoeff[ 1= {f[ 01, f[1],f[ 2], f[3 ], f[4 1, f[51, 161 (7] 18] f[9] f[10], f[ 111, f[ 1213

The variable

sum =

sum is derived as follows:

filterCoeff[ 0] * (recPicture[ x,y + 3] + recPicture[ X,y -3 ]) +

filtgrCoeff[ 1] * (recPicture[x+ 1,y + 2]+ recPicture[x -1,y - 29+
filtgrCoeff[ 2] * (recPicture[x,y + 2 ] + recPicture[ x,y - 2] )+

filtd
filte
filte
filtd
filtd
filte
filte
filtd
filtd
filte

sum =

rCoeff[ 3] * (recPicture[x -1,y + 2]+ recPicture[ x + 13y~ 2] ) +
rCoeff[ 4] * (recPicture[x+2,y+ 1]+ recPicture[x<2,y-1])+
rCoeff[ 5] * (recPicture[x+ 1,y + 1]+ recPicture[x-1,y-1])+
rCoeff[ 6] * (recPicture[x,y + 1] + recPicturefxy-1])+
rCoeff[ 7] * (recPicture[x -1,y + 1]+ recPicture[ x+1,y-1])+
rCoeff[ 8] * (recPicture[x -2,y + 1]+ recRicture[x+2,y-1])+
rCoeff[9] * (recPicture[x+ 3,y ]+ recPicture[x-3,y]) +
rCoeff[ 10 ] * (recPicture[ x + 2,y | + recPicture[x -2,y ]) +
rCoeff[ 11 ] * (recPicture[ x + 1, y-]@recPicture[x -1,y ]) +
rCoeff[ 12 ] * recPicture[x,y]

(sum + 256)>>9

(1285)

(1286)

(1287)

The modified filtered reconstructed picture sample alfPicture[ xCtb + x ][ yCtb + y ] is derived as follows:

alfPict

8.8.4.3 Der

Inputs to thi

ire[ xCtb + x ][ yCtb + y ] = Clip3( 0, ( 1 << BitDepthy ) - 1, sum )

jvation process for ALF transpose and filter index

b ProcCess are:

— alocatio

h e Ctlh yCHh Y cnncifiing +ha +

(1288)

ire-to the

T ACtO, y GtoJ SopC ity g T \,Cp

top-left sample 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)

filtV[ x ][ y ] = Abs( ( recPicture[ xCtb + x, yCtb + y ] << 1) - recPicture[ xCtb + x, yCtb +y - 1] -
recPicture[ xCth + x, yCth +y +11]) (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 +1y]) (1292)

— ThevariablessumH[x ][y ], sumV[x ][y ], sumDO[ x ][y ], sumD1] % }[ y ] and sumOfHV|[ x ][ y ] with
x|= 0..(blkWidth - 1) >> 2,y =0..( blkHeight - 1) >> 2 are derived as follows:

sumH[x ][ y] = Zij filtH[ (x << 2) +i][ (y << 2) +j ] wifli, j = -2..5 (1293)
sumV[x ][ y]=Zi%j filtV[ (x << 2) +i][ (y << 2) +4] with,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) +iJf(y <<2)+j] withi,j=-2.5 (1296)
sumOfHV[x J[y]=sumH[x ][y ] +sumV[x][y] (1297)

— The variables dir1[ x ][y ], dir2x][ y ] and dirS[ x ][ y ] with x = 0..blkWidth - 1, y = 0..blkHeight - 1
are derived as follows:

+ The variables hv1, hv®’and dirHV are derived as follows:

— IfsumV[X>>2 ][y >> 2 ] is greater than sumH[ x >> 2 ][ y >> 2 ], the following|applies:

hvl =sumV[x>>2][y>>2] (1298)
hv0 = sumH[x>>2 ][y >> 2] (1299)
dirHV =1 (1300)

— Otherwise, the following applies:

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)

— Thelvariables hvd1 and hvdO are derived as follows:
hvdl = (d1 *hv0>hvl1*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 derived as follows:

dirl[x][y]=(d1*hv0>hvl*d0) ? dirD : dirHV (1B12)
dir2[x][y]=(d1*hv0>hvl*d0) ? dirHV : dirD (1B13)
dir§[x][y]=(hvdl>2*hvd0) ? 1 : ((hvdEX2>9*hvd0) ? 2 : 0) (1314)

— The variable avgVar[ x ][ y ] with x = 0..blkWidth*='1, y = 0..blkHeight - 1 is derived as follows:
varTal[]={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 clasgification filter index array filtldx[ x ][ y | and the transpose index array transposeldx[ % ][ v ]
with x = D..blkWidth - 1, y = OsblkHeight — 1 are derived as follows:

transppseTable[ ]={0,1,0,2,2,3,1,3} (1317)
transppseldx[ x ][y | = transposeTable[ dirl[x ][y ] * 2 + (dir2[x][y]>>1)] (1318)
filtldx[| x }[(y I'= avgVar[x ][y ] (1319)

— When dirSTXx J[ y Jis not equal to O, AItIdX[ X J[ 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,

— 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.
The sample values in the picture sample arrays recPicture are derived by invoking subclause 8.8.4.6 with

recPictureRec, the chroma coding tree block location (xCtbhC, yCtbC), and the coding tree block width
blkWijidth and block height blkHeight as inputs, and the output is the modified filtered pictuye recPicture.

For the derivation of the filtered reconstructed chroma samples alfPicture[ x ][ y ],'each reconstructed
chroma sample inside the current chroma coding tree block recPicture[ x ][ y ] is filtered as|follows with
x = 04blkWidth - 1, y = 0..blkHeight - 1:

The variable sum is derived as follows:

sum = AlfCoeffc[ aps
AlfCoeffc[ apsld ][
AlfCoeffc[ apsld ][
AlfCoeffc[ apsld ][
AlfCoeffc[ apsld ][

[ [

[ [

d][ 0] * (recPicture[ X,y + 2 ] + recPicturefx,y-2]) +

* (recPicture[ x + 1,y + 1] + recPicturefx-1,y-1]) +

* (recPicture[ x,y + 1] + recPicturefx,y-1]) + (1321)
* (recPicture[ x -1,y + 1] + recPicture[ x+1,y-1]) +

* (recPicture[ x + 2,y | + recPRicture[ x - 2,y ] ) +

* (recPicture[ x + 1,y | + recPicture[x - 1,y]) +

*recPicture[ X,y ]

————

AlfCoeffc[ apsld ]

1
2
3
4
5
AlfCoeffc[ apsld ][ 6

I
]
]
]
]
]
]
sum = (sum + 256 ) >>9 (1322)

The modified filtered reconstructed chroma picture sample alfPicture[ xCtbC + x ][ yCtbC + | is derived
as follows:

alfPicture[ xCtbC + x ][ yCtbG+ y ] = Clip3( 0, ( 1 << BitDepth¢) - 1, sum ) (1323)
8.8.4{5 Derivation process for luma type ALF input samples
Inputs to this process are:

— afreconstructed picture sample array recPicture prior to the adaptive loop filtering prodess,

— a|lumalecation ( xCtb, yCtb ) specifying the top-left sample of the current coding tree hlock 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 sample array recPictureOut.

Variables availableL, availableT, availableR and availableB are set equal to TRUE.

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 israssigned-to-the-variable-availableT:

ilter_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 Iluma logation
idth, yCtb ) as input, and the output is assigned to the variable availableR. Otherwise, when
loop_filter_ag¢ross_tiles_enabled_flag is equal to TRUE, the derivation process for ALE-n€ighbouring block
availability gs specified in subclause 6.4.4 is invoked with the luma location ( xCtb *blkWidth, yCtb ) as
input, and the output is assigned to the variable availableR.

When loop_filter_across_tiles_enabled_flag is equal to FALSE, the derivatigh process for neighbouring
block availability as specified in subclause 6.4.1 1is invoked,~”with the Iluma logation
( xCtb, yCtb 1 blkHeight ) as input, and the output is assigned to the variable availableB. Otherwise, when
loop_filter_agross_tiles_enabled_flag is equal to TRUE, the derivation-process for ALF neighbouring plock
availability gs specified in subclause 6.4.4 is invoked with the luma location ( xCtb, yCtb + blkHeight ) as
input, and thie output is assigned to the variable availableB.

If availableL|is equal to FALSE, for y = 0..blkHeight - 1, samples recPictureOut are derived as follows:

recPictureOut[ xCtb - 3, yCtb + y ] = recPicture[ xCtb + 3, yCtb + y ] (1325)
recPictureOut[ xCtb - 2, yCtb + y | = recPicture[ xCtb + 2, yCtb + y ] (1326)
recPictureOut[ xCtb - 1, yCtb + yJ& recPicture[ xCtb + 1, yCtb + y ] (1327)

Otherwise, (availableL is equal to,.TRUE), samples recPictureOut are derived as follows:

recPictureOut[ xCtb —(3,yCtb + y ] = recPicture[ xCtb - 3, yCtb + y ] (1328)

recPictureQut[ xCtb - 2, yCtb + y ] = recPicture[ xCtb - 2, yCtb + y ] (1329)

recPicture@ut[ xCtb - 1, yCtb + y ] = recPicture[ xCtb - 1, yCtb + y ] (1330)
If availableRlis-equal-to-EALSEfory=0-blkHeight -1, samplesrecPictureOutare-derived-asfollows:

recPictureOut[ xCtb + blkWidth + 2, yCtb + y ]| = recPicture[ xCtb+ blkWidth - 4, yCtb +y ] (1331)

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 ]

(1336)

If availableT is equal to FALSE, for x = -3..blkWidth + 2 and, samples recPictureOut are derived as follows:

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]

Otherwise (availableT is equal to TRUE), samples recPictureQut are derived as follows:

If avalilableB is equal to FALSE, for x = =3..blkWidth + 2 and, samples recPictureOut are deri
follows:

Othe1

8.8.4

Inputs to this process-are:

— a

r¢lative to the top-left sample of the current picture, and

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]

recPictureOut[ xCtb + x, yCtb + blkHeight + 2 ] = recPicture}'xCtb + x, yCtb + blkHeigh
recPictureOut[ xCtb + x, yCtb + blkHeight + 1 ] = recPicture[ xCtb + x, yCtb + blkHeigh
recPictureOut[ xCtb + x, yCtb + blkHeight | = recPicture[ xCtb + x, yCtb + blkHeight - 2
wise (availableB is equal to TRUE), samplés recPictureOut are derived as follows:

recPictureOut[ xCtb + x, yCtb + blkHeight + 2 ] = recPicture[ xCtb + x, yCtb + blkHeigh
recPictureOut[ xCtb + x, yCtb #(blkHeight + 1 ] = recPicture[ xCtb + x, yCtb + blkHeigh

recPictureOut[ xCtb + x,.y€tb + blkHeight | = recPicture[ xCtb + x, yCtb + blkHeight ]

6 Derivation process for chroma type ALF input samples

(1337)
(1338)

(1339)

(1340)
(1341)
(1342)

ved as

- 4](1343)
- 3](1344)

1 (1345)

F+2](1346)
F+1](1347)

(1348)

reconstructed chroma sample array recPictureCh prior to the adaptive loop filtering pirocess,

luma location ( xCtb, yCtb ) specifying the top-left sample of the current chroma codit

hg tree block

— variables blkWidth and blkHeight specifying the width and the height of the current coding tree 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
availability as specified in subclause 6.4.1 is invoked with the Iluma location

block
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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
neighbouring block availability as specified in subclause 6.4.4 is invoked with the luma location

( SubWidthC*EcCtb,-SubWidthC*yCtb—1}as-input-and-the- outputisassigned-to-the-variableavailableT.

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 Iuma logation
( SubWidth(}* ( xCtb + blkWidth ), SubWidthC * yCtb ) as input, and the output is assigned-to the variable
availableR. Qtherwise, when loop_filter_across_tiles_enabled_flag is equal to TRUE, the'derivation prjocess
for ALF neighbouring block availability as specified in subclause 6.4.4 is invoked with the luma logation
( SubWidth(]* ( xCtb + blkWidth ), SubWidthC * yCtb ) as input, and the outputis assigned to the variable
availableR.

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 invéeked with the luma lodation
( SubWidth(* xCtb, SubWidthC * ( yCtb + blkHeight ) ) as input, and'the outputis assigned to the variable
availableB. Otherwise, when loop_filter_across_tiles_enabled_flagis equal to TRUE, the derivation prjocess
for ALF neighbouring block availability as specified in subclause 6.4.4 is invoked with the luma logation
( SubWidth(* xCtb, SubWidthC * ( yCtb + blkHeight ) ) as input, and the outputis assigned to the variable
availableB.

If availableL|is equal to FALSE, for y = 0..blkHeights 1, samples recPictureChOut are derived as follpws:

recPictureChOut[ xCtb - 3, yCtb + y ] sxecPictureCh[ xCtb + 3, yCtb + y ] (1350)
recPictureChOut[ xCtb - 2, yCtb.4§] = recPictureCh[ xCtb + 2, yCtb + y ] (1351)
recPictureChOut[ xCtb - 1,Ctb + y | = recPictureCh[ xCtb+1, yCtb + y | (1352)

Otherwise (dvailableL is equalto TRUE), the following applies:

recPictureChOut[xCtb - 3, yCtb + y ] = recPictureCh[ xCtb - 3, yCtb + y ] (1353)
recPicture€hOut[ xCtb - 2, yCtb + y | = recPictureCh[ xCtb - 2, yCtb + y ] (1354)
recPictareChOutxCtb—I7Cthb—+yf=—recPicturechi=Ctb—I5Cth—+5 +355)

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)
recPictureChOut[ xCtb + x, yCtb — 2 ] = recPictureCh[ xCtb + x, yCtb + 2 ] (1363)
recPictureChOut[ xCtb + x, yCtb — 1 ] = recPictureCh[ xCtb + x, yCtb + 1] (1364)

Otheywise (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, yCtb |27 (1366)
recPictureChOut[ xCtb + x, yCtb — 1 ] = recPictureCh[ xCtb + x;yGtb - 1 ] (1367)

If avdilableB is equal to FALSE, for x = —3..blkWidth + 2 and, samples recPictureChOut are d¢rived as
follows:

recPictureChOut[ xCtb + x, yCtb + blkHeight + 2 ] = recPictureCh[ xCtb + x, yCtb + blkHeight - 4] (1368)
recPictureChOut[ xCtb + x, yCtb + blkHeight + 19:='recPictureCh[ xCtb + x, yCtb + blkHeight-3] (1369)
recPictureChOut[ xCtb + x, yCtb + blkHeight\J] = recPictureCh[ xCtb + x, yCtb + blkHeight - 2 ] (1370)
Otherwise (availableB is equal to TRUE), the following applies:
recPictureChOut[ xCtb + x, yCth+ blkHeight + 2 ] = recPictureCh[ xCtb + x, yCtb + blkHeight + 2]  (1371)
recPictureChOut[ xCtb + x;yCtb + blkHeight + 1] = recPictureCh[ xCtb + x, yCtb + blkHeight + 1 ]  (1372)

recPictureChOut[ kCtb + x, yCtb + blkHeight ] = recPictureCh[ xCtb + x, yCtb + blkHeight ] (1373)

8.9 | DRA process

8.9.1 General

Whev nic—dra anablad flaaic aaual+ta 1 tha DRA mannina nracacce ac cnacifiad in cnhelanc 8 9 2 iS
nHpreaiaeRabreadagiSequar+to+—+e H T

T T p P pProcttooT™o—> Pt otaast

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

— mapped picture chroma sample arrays draPictureCb and draPictureCr, when ChromaTypeArray is
not equal to 0

The sample yalues in the mapped picture sample arrays draPictureL, and, when ChromaArrayFype fis not
equal to 0, draPictureCb and draPictureCr are initially set equal to the sample values in.the de¢oded
picture sample arrays decPictureL, decPictureCb and decPictureCr, respectively.

When pic_drp_enabled_flag is equal to 1, the following applies:
— When ChromaArrayType is not equal to 0, for each Cb sample in the picturewith location ( %, y ) with

x in thp range of 0 to PicWidthInSamplesC -1, inclusive, and\‘y" in the range of [0 to
PicHeigh‘FlnSamplesC—l, inclusive, the DRA process for chrema samples as specifigd in
S

subclause 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 the(utilized DRA function as input$, and
the outptit is draPictureCb[ x, y ].

— When ChromaArrayType is not equal to 0, for each Cr sample in the picture with location ( X, y ] with
x in the range of 0 to PicWidthInSamplesC - 1y~ inclusive, and y in the range of [0 to
PicHeighitinSamplesC - 1, inclusive, the DRA :process for chroma samples as specifigd in
subclause 8.9.4 is invoked with decPictureL[\x™* SubWidthC, y * SubHeightC], decPictureCr[|x,y],
chroma index 1 and pic_dra_aps_id specifying the APS id of the utilized DRA function as inputs, and
the outptit is draPictureCr[ x, y ].

— For each luma sample in the picture with location ( x,y ) with x in the range of |0 to
pic_width_in_luma_samples - 1, inglusive, and y in the range of 0 to pic_height_in_luma_samplgs - 1,
inclusive, the DRA process.for luma samples as specified in subclause 8.9.3 is invoked| with
decPictufel[ x, y ] and pic.dra: aps_id specifying the APS id of the utilized DRA function as input, and
the outptit is draPictureL[ Xy ].

8.9.3 Inverse mapping process for a luma sample

Inputs to thi$ pracess are:

— aluma samptetummaSample, amd

— 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:

8.9.4

invLumaSample = Clip1y( mappedSample )

Inverse mapping processfora chromasample

Input

— I

— chroma sample chromaSample,

—-

q

— chroma index cldx.

Output of this process is a modified chroma sample invChromaSample.

The

— The following ordered steps apply:

1

rry

s to this process are:

ma sample lumaSample,

entifier of the referred APS of the DRA_APS type apsld, and

alue of invChromaSample is derived as follows:

The variable chromaScale is derived by invoking process as specified in subclause 8
lumaSample, chromaSample, identifier of DRA APS apsld, and chroma index cldx as
and chromaScale as the output:

The variable invSample is'derived as follows:
signedValue = chromaSample - 2BitPepthc—1

unsignedValue = ( signedValue <0)? (-1) * signedValue * chromaScale : signedV4
chromaScale

scaledSample = (unsignedValue + (1<<8))>>9

sealedSample = ( signedValue <0) ? (-1 ) * scaledSample : scaledSample

lue *

scaledSample = scaledSample + 2BitPepthe—1

3) The inverse mapped chroma sample invChromaSample is derived as follows:

8.9.5

invChromaSample = Clip1¢( scaledSample )

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:
rangeFound = 0

for( rangeldx = 0; rangeldx < numRanges; rangeldx++ )
if( inputSample < rangesArray|[ rangeldx + 1])

{
rpngeFound =1 (1383)
break
}
rangeldx = (rangeFound == 1) ? rangeldx : numRanges - 1

rangeldy = Min( rangeldx, numRanges - 1)

8.9.6 DRA|chroma scale value derivaton process
Inputs to this process are:

— aluma sample lumaSample,

— identifier of DRA APS apsld, and

— chroma index cldx.

Output of this process is a reconstructed chromdscale value chromaScale.

The variable|chromaScale is derived by the following ordered steps:

1) The variable rangeldx is derived by invoking the process as specified in subclause 8.9.5 with the
variable lumaSample, OutRangesC and dra_number_ranges_minus1 + 2 as the input and
rangeldx as the output.

2) The vVariable chromaScale is derived as follows:

inc{alue=lumaSample - OutRangesC| cldx ][ rangeldx ] (1[384)

chromaScale = QutOffsetsC[ apsld ][ cIdx ][ rangeldx | +
( OutScalesC[ apsld ][ cldx ][ rangeldx ] * incValue + (1<<9) ) >> 10 (1385)

8.9.7 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.
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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
dra_number_ranges_minus1 + 1 and dra_number_ranges_minus1 + 2, respectively.

For gvery i being in range from 0 to numRangesL - 1, inclusive, variable chromaScales| cldx ][i] is
derived by invoking subclause 8.9.8 with lumaScales[ i ] and cldx as inputs.

For eyery i being in range from 0 to numRangesL - 1, inclusive, variable invChromaScaled[ cldx ][ i] is
derived as follows:

invChromaScales[ cldx ][i] = ( (1 << 18) + ( chromaScales[ cldx'|[,i]>>1))/
chromaScales[ cldx ][ i ] (1386)

Variaples OutScalesC[ cldx ][ 0], OutOffsetsC[cldx][0] and,OutRangesC[ 0] are set [equal to O,
invCHromaScales[ cldx ][ 0 ] and OutRangesL][ 0 ], respectively:.

For every range index i being in range from 1 to numRangesC - 1 inclusive, variable OutRangesC[i] is
derivged as follows:

OutRangesC[ i ] = ( OutRangesL[ i ] + OutRangesL[i-1])>>1 (1387)

For ¢very range index i being in range frem 1 to dra_number_ranges_minusl inclusjve, variable
OutSc¢alesC|[ cldx ][ i] is derived as follows;

deltaRange = OutRangesC[si+'1 ] - OutRangesC[ i ] (1388)
OutOffsetsC| cldx ][ i] =invChromaScales|[ cldx ][i- 1] (1389)
deltaScale = inv€hromaScales|[ cldx ][ i ] - invChromaScales[ cldx ][i- 1] (1390)
OutScalesC[eldx ][i] = ( ( deltaScale << 10 ) + (deltaRange >> 1) ) / deltaRange (1391)

The yariables~QutOffsetsC[ cldx ][ numRangesL | and OutScalesC[ cldx ][ numRangesL ] arfe derived as
follows:

OutOffsetsC[ cldx ][ numRangesL | = invChromasScales| cldx ][ numRangesL - 1 ] (1392)

OutScalesC|[ cldx ][ numRangesL ] =0 (1393)

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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nedScaleFlag is equal to 0, output value chromaScale is derived as follows:
cale = (cldx == 0)?dra_cb_scale_value : dra_cr_scale_value

utput value chromaScale is derived as follows:

— Variables scaleDra and scaleDraNorm are derived as follows:

scal

scal

eDra = lumaScale * ( (cldx == 0) ? dra_cb_scale_value : dra_cr_scale_value )

eDraNorm = (scaleDra+ (1 << 8)) >> 9

(1394)

(1395)

(1396)

— The varid
scaleDra

— The varij
qpD
— The varij
tabl
tabl
— If tableN

decreasd
follows:

qpD

Norm, ScaleQP array and the size of the ScaleQP array, set equal to 54 as input.
hble gqpDralnt is derived as follows:

ralnt = 2 * IndexScaleQP - 60

hbles qpDralnt, gpDralnt and gpDraFrac are derived as follows;

eNum = scaleDraNorm - ScaleQP[ IndexScaleQP ]

eDelta = ScaleQP[ IndexScaleQP + 1 ] - ScaleQP[ IndéxScaleQP ]

raFrac = (tableNum << 10) / tableDelta

gpDralnt += ( gpDraFrac >> 9)

gpDraFrac = (1 << 9) - gpDraFrac % (1 << 9)

idx(
idx1
qp0

qpl

= Clip3( -QpBdOffsetc, 57, dra_table_idx - gpDralnt)
= Clip3( -QpBdOffsetc, 57, dra_table_idx - qpDralnt + 1)
= ChromaQpTable[ cldx ][ idx0 ]

= ChromaQpTable[ cldx ][ idx1 ]

ible IndexScaleQP is derived by invoking subclause 8.9.5 for input value inValue setleqpal to

(1397)

(1398)

(1399)

um is equal to 0, the variable gpDraFrac is set*equal to 0, and the variable gpDralnt is
d by 1, otherwise the variables gqpDralnt, gpDraFrac and draChromaQpShift are derived as

(1400)
(1401)
(1402)
(1403)
(14404)
(14405)

(14406)

qpD

qpD

draChromaQpShift = ChromaQpTable| cldx ][ dra_table_idx ] - qp0 - qpDralntAdj - gpDralnt

ralntAdj = ((qpl - qp0 ) * qpDraFrac) >> 9

raFracAdj = qpDraFrac - (((gqpl-qp0) *gpDraFrac) % (1 << 9))

(1407)
(1408)

(1409)

— When gpDraFracAdj is smaller than 0, the variables draChromaQpShift and gpDraFracAdj are derived
as follows:

draChromaQpShift = draChromaQpShift - 1

qpD

308

raFracAdj = (1 << 9) + qpDraFracAdj

(1410)

(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 ]

— IfdraChromaQpShift is less than 0, variable draChromaScaleShiftFrac is derived as follows:

9

9.1

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)) >

Output variable chromaScale is derived as follows:
chromaScale = ( ( scaleDra * draChromaScaleShift ) + (1 << 17)) >> 18
The entries of ScaleQP and QpScale tables aré initialized as follows:

ScaleQP =
{ 0 1, 1, 1, 1; 1, 2, 2, 3, 4, 4, 6,
11, 14, 18, 23, 29, 36, 45, 57, 72, 91, 114, 144,
287, 362, 456, 575, %324, 912, 1149, 1448, 1825, 2299, 2896, 3649, 4
7298, 9195, 11585, 14596,[18390, 23170, 29193, 36781, 46341, 58386, 73562, 92682, 116

QpScale =
{ 128, 144, 16, 481, 203, 228, 256, 287, 322, 362, 406, 456, 512, 574, 645, 7
912, 1024, 11%495°1290, 1448, 1625, 1825, 2048}

Parsing process

General

9

\Y

181,
598,
772}

D4,

Inputsto 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)
812,

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 process 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 of this process are syntax element values.

Syntax elem
elements co
elements beg
the first non
as follows:

leadingZeroBits = -1

for(

The variable
codd

where the vz
an unsigned

Table 36 illul
"suffix" bits.
leadingZerol
those bits th
range of 0 to

Table 3

ents coded as ue(v) or se(v) are Exp-Golomb-coded with order k equal to 0 and.s
Hed as uek(v) are Exp-Golomb-coded with order k. The parsing process for these€ s
yins with reading the bits starting at the current location in the bitstream up to.and incl
zero bit, and counting the number of leading bits that are equal to 0. This priecess is spe

b = 0; !b; leadingZeroBits++ ) (1
b = read_bits( 1)

codeNum is then assigned as follows:

eNum = (| 2leadingZeroBits — 1 ) * 2k + read_bits( leadingZeroBits +k ) (1

ilue returned from read_bits( leadingZeroBits\)\is interpreted as a binary representat
integer with the most significant bit written first.

yntax
yntax
uding
cified

422)

423)

on of

310

strates the structure of the Exp-Golomb code by separating the bit string into "prefiy" and
The "prefix" bits are those bits thdt’are parsed as specified above for the computatjon of
Bits, and are shown as either 0 ox, 1 'in the bit string column of Table 36. The "suffix" bifs are
ht are parsed in the computation of codeNum and are shown as x; in Table 36, with i In the
leadingZeroBits - 1, inclusive. Each x; is equal to either 0 or 1.
6 — 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
0001x2x1%o0 7.14
00001 x3x2x1Xo0 15..30
00000 1x4x3xX2X1Xo0 31..62
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Table 37 illustrates explicitly the assignment of bit strings to codeNum values.

Depe

— Ifithe syntax element is coded as ue(v), thevalue of the syntax element is equal to codel

— 0
C

9.2.2

Inpuf to this process is.eodeNum as specified in subclause 9.2.1.

Outp

The ¢
incre
Tablg

invoking the mapping process for-signed Exp-Golomb codes as specified in subclau

-1:2020(E)

Table 37 — Exp-Golomb bit strings and codeNum in explicit form and used as ue(v)

Bit string codeNum
1 0
010 1
011 2
00100 3
00101 4
00110 5
00111 6
0001000 7
0001001 8
0001010 9

hding on the descriptor, the value of a syntax élement is derived as follows:

therwise (the syntax element is coded as se(v)), the value of the syntax element i

pdeNum as input.

Mapping process for signed Exp-Golomb codes

1t of this process is a value of a syntax element coded as se(v).

yntax element is assigned to the codeNum by ordering the syntax element by its absd
hsing-order and representing the positive value for a given absolute value with the low
38provides the assignment rule.

[um.

5 derived by
5e 9.2.2 with

lute value in
er codeNum.
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Table 38 — Assignment of syntax element to codeNum for signed Exp-Golomb coded

syntax elements se(v)

9.3 CABA

9.3.1 Gend

This process
7.3.8.8.

Inputs to thi
— areques
— the valugd
Output of thi

The initializd

codeNum | syntax element value
0 0
1 1
2 -1
3 2
4 -2
5 3
6 -3
k (-1)k+1Ceil(k+2)

C parsing process for slice data

ral

is invoked when parsing syntax elements with descriptor ae(v) in subclauses 7.3.8.1 thi

5 process are:
[ for a value of a syntax element, and

s of prior parsed syntax elemeiits.

s process is the value of the'syntax element.

ition process as specified in subclause 9.3.2 is invoked when starting the parsing of o

more of the following:

1) Theslice

2) TheCTU

data syntaxtspecified in subclause 7.3.8.1,

syntax-specified in subclause 7.3.8.2 and the CTU is the first CTU in a tile.

The parsing

fough

ne or

pf.syntax elements proceeds as follows:

For each requested value of a syntax element, a binarization is derived as specified in subclause 9.3.3.

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

9.3.2.1 Gen

Initialization process

eral

Outputs of this process are initialized CABAC internal variables.

312
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The context variables of the arithmetic decoding engine are initialized as follows:

1:2020(E)

— 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

Outputs of this process are the initialized CABAC context variables indexed by ctxTable and ctxIdx.

If sps

— The initValue is set equal to 256.

— Fpr each context variable, the two variables valState and valMps are initialized as follows:

Othel

D O

| cm_init_flag is equal to 0, the following applies:

valState = initValue
valMps =0

wise (sps_cm_init_flag is equal to 1), the following applies:

nble 40 to Table 90 contain the values of the 10-bit variable initValue used in the ini
pntext variables that are assigned to all syntax elemetits in subclauses 7.3.8.1 through 7
nd_of tile_one bit.

br each context variable, from the 10-bit table entry initValue, the two 16-bit sign
hISlope and valOffset are derived as follows:

valSlope = (initValue & 14) << 4

valSlope = (initValue & 1) ? =valSlope : valSlope
valOffset = ( (initValue >>4") & 62 ) << 7

valOffset = ( (initValue>>4) & 1) ? —valOffset : valOffset
valOffset += 4096

he two values assinged to valState and valMps for initialization are derived from slice_
hriable valSlopeand 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 )

(1424)

tialization of

3.8.8, except

ed variables

(1425)

p- Given the

(1426)

Tahla 20 tha ~+vldsy for ol st lioatiny 1o mandad for Ao o h aof thao o 10

alzation types,

— Ir

141
TTOOTCO 7, tIrrC— CeXTO X TOT vy i Crr i cron Zacrorr— 1o e c o T oo Cati—oTr—Trc—Ttw o Htatt

specified by the variable initType, are listed. Also listed is the table number that includes the values
of initValue needed for the initialization. If slice_type is P or B, the value of initType is set equal to 1.

0

therwise, 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
spittcu_ttagi 1T T 0 T Tabte#t 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 .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 Table 46 0 1
cu_skip_flag[ ][ ] na 0 1 Table 47 0.1 .3
mgzigﬁ?{ }H na 0.2 3.5 Table 48 0.2 5
merge_idx[ ][ ] na 0.4 539 Table 49 0.4 .9
mmvd_flag[ ][] na 0 1 Table 50 0 1
mmvd_group_idx[ ][ ] na 01 2.3 Table 51 0.1 .3
mmvd_merge_idx[ ][ ] na 0..2 3.5 Table 52 0.2 .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 .3
affine_flag[ ][ ] na 0 1 Table 55 0.1 .3
affine_merge_idx[ ][ ] na 0.4 5.9 Table 56 0.4 .9
affine_mode_flag[ ][ ] na 0 1 Table 57 0 1
zg:ggﬁzgzgzg?{ }H na 0 1 Table 58 0 1
affine_mvd_flag 10]] ] na 0 1 Table 59 0 1
coding_unit() affine_mvd_flag 11[ ][] na 0 1 Table 60 0 1
pred_mode_flag[ ][ ] na 0 1 Table 61 0.2 .5
intra_pred_mode| ][ ] na 0.1 2.3 Table 62 0.1 .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
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sps_cm_init_flag == sps_cm_init_flag = =
Syntax structure Syntax element initType initType
ctxTable ctxTable
0 1 0 1
cbf all[ ][] na 0 1 Table 74 0 1
cbf luma na 0 1 Table 75 0 1
cbf cb na 0 1 Table 76 0 1
cbf cr na 0 1 Table 77 0 1
cu_qp_delta_abs na 0 1 Table 78 0 1
ats_hror—modetit
transform_unit( ) na 0 1 Table 79 0 1
ats_ver_mode[ ][]
ats_cu_inter_flag[ ][ ] na 0 1 Table 80 0.t 2.3
ats_cu_inter_quad_flag[ ][ ] na 0 1 Table,81 0 1
ats_cu_inter_horizontal_flag[ ][ ] na 0 1 TFable 82 0.p 3.5
ats_cu_inter_pos_flag[ ][ ] na 0 1 Table 83 0 1
coeff_zero_run na 0.3 4.7 Table 84 0.43 24..47
residpial_coding rle() | coeff_abs_level_minusl na 0.3 4.7 Table 85 0.43 24..47
coeff last_flag na 0.1 2.3 Table 86 0.Jl 2.3
last_sig_coeff_x_prefix na 0 1 Table 87 0..40 21.41
last_sig_coeff_y_prefix na 0 1 Table 88 0..40 21.41
residyal_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 ctxIdx 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 ctxIdx of split_cu_flag

ctxldx of split cu flag

Initialization—
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 etxldx of btt_split_type
variable 0 1
initValue 257 225
Table 45 — Values of initValue for ctxIdx of split_unit_coding_order_flag
Initializatid ctxIldx of split_unit_coding_order_flag
n variable 0 1 2 3 4 5 6 -
initValue 0 0 0 0 0 0 545 0
8 9 10 11 12 13 14 15
initValue 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 ctxIdx of cu_skip_flag

Initialization ctxtaxof tuskip_ftag
variable
0 1 2 3
initValue 0 0 711 233

Table 48 — Values of initValue for ctxIldx of mvp_idx_l0 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 ctxIldx of mmvd_distance_idx

Initializatio etxtdxof mmvd-distance-idx
n varjable 0 1 2 3 4 5 6
initVaiue 0 0 0 0 0 0 0
7 8 9 10 11 12 13
initValue 179 5 133 131 227 64 128

Table 54 — Values of initValue for ctxldx of mmvd_direction_idx

Initialization ctxldx of mmvd_direction_idx
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
n 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_11

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

Tablé: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 ctxIdx of intra_luma_pred_mpm_idx

ctxldx ofintra luma pred - mpm idx
= = & Sl

mitalnzation
variable 0 1

initValue 436 724

Table 65 — Values of initValue for ctxIdx of intra_chroma_pred mode

Initialization ctxldx of intra_chroma_pred_mode
variable 0 1
initValue 465 560

Table 66 — Values of initValue.for 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 5 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

Table 70 — Values of initValue for ctxIdx of merge_mode_flag

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 ctxIdx 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

ctxldx ofcbf ch

Table 75 — Values of initValue for ctxIdx of cbf luma

Table 76 — Values of initValue for ctxIdx of cbf_cb

Titiatization
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, ctxIdx of cu_qp_delta_abs

Initialization ctxldxof-cu_qp_delta_abs
variable 0 1
initValue 4 4

able 79 — Values of initValue 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

© ISO/IEC 2020 - All rights reserved


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

ISO/IEC 23094-1:2020(E)

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 of initValue for ctxIdx of ats_cu_inter_horizontal_flag

ctxldx of ats_cu-inter-horizontal ﬂng

Tnitiatizatio
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 initValue for ctxldx of coeff zero_run

ctxIdx of coeff zero_run

Initializatio
“"“*able 0 1 2 3 4 5 6 7
initVa‘ue 48 112 128 0 321 82 419 160
8 9 10 11 12 13 14 15
initValue 385 323 353 129 225 193 387 389
16 17 18 19 20 21 22 23
initValue 453 227 453 161 421 161 481 225
24 25 26 27 28 29 30 31
initValue 129 178 453 97 583 259 517 259
32 33 34 35 36 37 38 39
initValue 453 227 871 355 291 227 195 97
40 41 42 43 44 45 46 47
initValue 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 1p5
32 33 34 35 36 37 38 39
initValue 48 33 224 225 775 227 355 161
40 41 42 43 44 45 46 47
initValue 129 97 33 65 16 1 841 365
Table 86 — Values of initValue for ctxldx of coeff _last_flag
Initialization ctxldx of coeff_last flag
variable 0 1 2 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 variable 0 1 2 3 4 5 6 L
initValue 762 310 288 828 342 451 502 31
8 9 10 11 12 13 14 15
initValue 97 416 662 890 340 146 20 3B7
16 17 18 19 20 21 22 23
initValue 468 216 66 54 216 892 84 51
24 25 26 27 28 29 30 31
initValue 600 278 119 372 568 108 485 338
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

initValue 924 161 248 20 54 470 376 323
24 25 26 27 28 29 30 31

initValue 276 602 52 340 600 376 378 598
32 33 34 35 36 37 38 39

initValue 502 730 538 17 195 504 378 320
40 41

initValue 160 572

Table 89 — Values of initValue for ctxldx of sig_coeff_flag

Initializatio ctxldx of'sig_coeff_flag

“Va4gb“’ 0 1 2 3 4 5 6 7

initValue 387 98 233 346 717 306 233 37
8 9 10 11 12 13 14 15

initValue 321 293 244 37 329 645 408 493
16 17 18 19 20 21 22 23

initValue 164 781 101 179 369 871 585 244

b 24 25 26 27 28 29 30 31

initValue 361 147 416 408 628 352 406 502
32 33 34 35 36 37 38 39

initValue 566 466 54 97 521 113 147 519
40 41 42 43 44 45 46 47

initValue 36 297 132 457 308 231 534 66
48 49 50 51 52 53 54 55

initVajue 34 241 321 293 113 35 83 226

| 56 57 58 59 60 61 62 63

initValue 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 2b8
24 25 26 27 28 29 30 31

initValue 18 33 209 773 517 406 719 7h1
32 33 34 35

initValue 613 295 37 498

9.3.2.3 Initjalization process for the arithmetic decoding engine

Outputs of th

The status o
In the initiali
ivlOffset is

representati

9.3.3 Binalrization process

9.3.3.1 General

is process are the initialized decoding engine registers ivl€urrRange and ivlOffset.

[ the arithmetic decoding engine is represented by thie variables ivlCurrRange and ivl(
zation procedure of the arithmetic decoding process, iviCurrRange is set equal to 1638
set equal to the value returned from read:bits( 14 ) interpreted as a 14-bit b
bn of an unsigned integer with the most significant bit written first.

ffset.
4 and
inary

Input to this|process is a request for a:syntax element.
Output of this process is the binatization of the syntax element.
Table 91 specifies the type) of binarization process associated with each syntax element and
correspondipg inputs.
The specification ofithe unary binarization process, the TR binarization process, the k-th order EGK
binarization| prdcess, the FL binarization process and the TB binarization process are given in
subclauses 9.3.3.2 through 9.3.3.6, respectively. Other binarization are specified in subclauses 9.3.3J7 and
9.3.3.8.
Table 91 — Syntax elements and associated binarizations
Syntax structure Syntax element Binarization
Process Input parameters
slice_data() end_of tile_one_bit FL cMax=1
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
split_unit_coding_order_flag[ ][ ] FL cMax=1
pred-ode—censtraintrpetasHH K- eMax=1

coding_unit( 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’s 3, cRiceParam = 0
mmvd_distance_idx[ ][ ] TR ¢Max = 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_predsmode| ][ ] 9) cMax =4
intraluma_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
Ttra—tumma—pred-—rem—mmodet TB tMax=22
intra_chroma_pred_mode[ ][ ] see9.33.7 | -
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
TR cMax = num_ref_idx_active_minus1[ 0 ],

ref idx 10[ ][] cRiceParam =0

abs_mvd_I0[ ][ ][] EGO -
mvd_l0_sign_flag[ ][ ][] FL cMax =1
affine_mvd_flag 10[ ][ ] FL cMax =1
rof idy 11111 TR cMax = num_ref_idx_active_minus1[ 1],
- e CRiceParam = U
abs_mvd_I1[ ][ ][] EGO -
mvd_l1_sign_flag[ ][ ][] FL cMax =1
affine_mvd_flag 11[ ][ ] FL cMax =1
cbf all[ ][] FL cMax =1
transform_unft( ) 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_horizontakflag FL cMax=1
ats_cu_inter_pos_flag FL cMax=1
residual_coding rle() coeff zero.uh U ﬁi\j[g;)'(r;a(folﬂ::g}l(tl;§2_T{af0Width +
coeff ‘abs_level_minus1 U -
coeff_sign_flag FL cMax=1
coeff last_flag FL cMax=1
residual_coding adv({) last_sig_coeff_x_prefix TR cMax = (log2TrafoSize << 1) - 1, cRiceParam 3 0
tast-stg-coeff-y-prefix TR cMax={tog2FrafoSize~<t3—+cRiceParam—= 0
last_sig_coeff _x_suffix FL 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 14111(1]0
5 1(1(1(1]1]0
binldx 012|345

9.3.3{3 TR binarization process

Inputs to this process are:

— afrequest for a TR biharization for a syntax element with value synVal,
— a|variable cMax specifying the largest possible value of the syntax element being decoded, and
— a|variablg cRiceParam specifying the rice parameter.

Outpntof'this 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 suffix value of synVal, suffixVal, is derived as follows:

suffi

— The suffi
subclaus

NOTE Fo

and it is a
decoded.

9.3.3.4 k-th
Input to this
Output of thi

The bin strin
each call of t
string:

abs\
stop
do {

fways invoked with a cMax value equal to the largest possible value of the“syntax element

xVal = synVal - ( ( prefixVal ) << cRiceParam ) (1

 of the TR bin string is specified by invoking the fixed-length (FL) binarization.process
e 9.3.3.5 for suffixVal with a cMax value equal to (1 << cRiceParam) - 1.

' the input parameter cRiceParam = 0 the TR binarization is exactly a truncated unary binari

order EGK binarization process
process is a request for an EGK binarization for a syntagelement.
s process is the EGk binarization of the syntax elément.

g of the EGk binarization process of a syntax €lement synVal is specified as follows, y

( = Abs( synVal )

Loop=0

f(absV >= (1 << k) )4
put(1)
absV =absV — il << k)
k++

else {
put( Q) (1
while( k- -)
put( (absV >> k) & 1)

stopLoop=1

428)

asin

vation
being

vhere

he function put( X ), with X being equal toQ¢%r 1, adds the binary value X at the end of the bin

429)

J
} while( !stopLoop )

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

— avariabl

330

e cMax specifying the largest possible value of the syntax element being decoded.
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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 the least
significant bit.

9.3.3

.6 TB binarization process

Inputs to this process are:

— a
— a
Outpf

The b

— IfisynValis less than u, the TB bin string is derived byinvoking the FL binarization proces
in) subclause 9.3.3.5 for synVal with a cMax value équalto (1 << k) - 1.

9.3.3

Inpuff to this process is a request'for a binarization for the syntax element intra_chroma_pre
Output of this process is the binarization of the syntax element.

The Hinarization for the’syntax element intra_chroma_pred_mode is specified in Table 93.

request for a TB binarization for a syntax element with value synVal, and

variable cMax specifying the largest possible value of the syntax element being décode

1t of this process is the TB binarization of the syntax element.

in string of the TB binarization process of a syntax element synVal-is specified as follo
n=cMax+1

k = Floor( Log2(n))
u=(1<<(k+1))-n

therwise (synVal is greater than or equal tou), the TB bin string is derived by inv
narization process as specified in subclause 9.3.3.5 for ( synVal + u ) with a cMax v4
1 << (k+1))-1.

7 Binarization process for intra_chroma_pred_mode

Table 93 — Binarization for intra_chroma_pred_mode

d.

WS:

(1430)

5 as specified

bking the FL
1lue equal to

d_mode.

9.3.3

Value of intra_chroma_pred_mode Bin string
0 t
1 00
2 010
3 0110
4 0111

.8 Binarization process for coeff_abs_level_remaining

Inputs to this process are:
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1,

a variable baseLevel,
a variable cldx specifying the colour component,

alocation ( xC, yC ) specifying the current coefficient scan location, and

d height.

two variables log2TbWidth and log2TbHeight specifying the binary logarithm of the transform block

Output of thi
The rice pa
coeff_abs_ley
component
transform H
log2TbHeigh

The variable

The variable

cMax =1

s process is the binarization of the syntax element.

Fameter cRiceParam is derived by invoking the rice parameter derivation' proces
el_remaining| | as specified in subclause 9.3.4.2.10 with the variable baseLevel, the g
ndex cldx, the current coefficient scan location (xC,yC), the binaryDlogarithm d
lock width log2TbWidth, and the binary logarithm of the transform block }
t as inputs.

numBinRem is derived with given cRiceParam from Table 94.

Table 94 — Specification of cRiceParam based,on locSumAbs

cRiceParam 0 1

5

2 3

numBinRem 6 6 3

cMax is derived from cRiceParam as:

i umBinRem << cRiceParam

(1

The binarizgtion of the syntax element coeff_abs_level_remaining[ n] is a concatenation of a pref]

string and (Y
For the deriy
— The pref

pref]

— The pre
subclaus

Fhen present) a suffix bin.string.

ation of the prefix bin string, the following applies:

x value of coeff_abs_level_remaining[ n ], prefixVal, is derived as follows:

(1

ixVal = Mit-¢cMax, coeff_abs_level_remaining[n])

fix bin. string is specified by invoking the TR binarization process as specifi
£.9:3.3.3 for prefixVal with the variables cMax and cRiceParam as inputs.

s for
olour
f the
eight

431)

x bin

432)

bd in

When the 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:

suffixVal = coeff_abs_level_remaining[ n ] - cMax

(1

433)

— The suffix bin string is specified by invoking the limited k-th order EGk binarization process as
specified 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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