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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
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Information technology - General video coding —

Part 2:
Low complexity enhancement video coding

1 Scope

This locument specifies low complexity enhancement video coding.

ormative references

The following documents are referred to in the text in such a way that'seme or all of their content
constlitutes requirements of this document. For dated references, only the edition cited|applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 11578:1996, Information technology — Open systems interconnection — Remote pyocedure call

ITU-T H.273 | ISO/IEC 23091-2:2019, Information technology — Coding-independent code ppints — Part

ITU-T Recommendation T.35:2000, Procedure for the allocation of ITU-T defined codes for non-standard

erms and definitions

e purposes of this document, the following terms and definitions apply.

ISO apd IEC maintain terminolegical databases for use in standardization at the following addresses:

— IFO Online browsing platform: available at https://www.iso.org/obp

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

31
accegs unit
AU
set of NAE units (3.35) that are associated with a particular output time, are consecutive in decoding
order|(320), and contain exactly one coded picture (3.9)

3.2

bitstream

sequence of bits, in the form of a NAL unit stream (3.36) or a byte stream (3.6), that forms the
representation of coded pictures (3.9), and associated data forming one or more coded video sequences
(CVSs)

3.3
block
MxN (M-column by N-row) array of samples, or an MxN array of transform coefficients (3.57)

3.4

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 2021 - All rights reserved 1
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3.5

byte-aligned

position in a bitstream (3.2) in which the position is an integer multiple of 8 bits from the position of the
first bit in the bitstream

Note 1 to entry: A bit, byte (3.4) or syntax element (3.53) is said to be byte-aligned when the position at which it
appears in a bitstream (3.2) is byte-aligned.

3.6
byte stream
encapsulation of a NAL unit stream (3.36) containing start code prefixes (3.51) and NAL units (3.35)

3.7

chroma
sample array or single sample is representing one of the two colour difference signals related fo the
primary colqurs, represented by the symbols Cb and Cr

Note 1 to entfy: The term chroma is used rather than the term chrominance in order to ayeid'the implicafion of
the use of lindar light transfer characteristics that is often associated with the term chromifrance.

3.8

chunk
entropy codged portion of data containing the quantized transform coefficient (3.57) belonging to a
coefficient group

3.9
coded pictufre
coded representation (3.10) of a picture (3.40) containing all FUs (3.58) of the picture

3.10
coded repr¢sentation
data element as represented in its coded form

3.11
coded videg sequence
CVsS
coded sequepce of access units (3.1)

3.12
coding block
MxN block (3.3) of samples for-some values of M and N

3.13
coding unit
CU

32 x 32 block (3.8))of samples resulting from the parsing of the entropy encoded transform coeffitients
(3.57) in the|deedding process (3.22)

3.14

coefficient group

CG

syntactical structure containing coded data related to a specific set of transform coefficients (3.57)

3.15

component

array or single sample from one of the three arrays (luma (3.34) and two chroma (3.7)) that compose
a picture (3.40) in 4:2:0, 4:2:2, or 4:4:4 colour format, or the array or a single sample of the array that
compose a picture in monochrome format

2 © ISO/IEC 2021 - All rights reserved
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3.16
data block
syntax structure (3.54) containing bytes (3.4) corresponding to a type of data

3.17
decoded base picture
decoded picture (3.18) derived by decoding a coded picture (3.9) with a base decoder (3.20)

3.18
decoded picture

picture (3.40) derived by decoding a coded picture (3.9), and which is either a decoded frame (3.29) or a
decoded fiald (ﬂ)

3.19
decofled picture buffer
DPB
buffef holding decoded pictures (3.18) for reference or output reordering

3.20
decofler
embddiment of a decoding process (3.22)

3.21
decofing order
orderf in which syntax elements (3.53) are processed by the decoding process (3.22)

3.22
decofing process
procgss specified that reads a bitstream (3.2) and.derives decoded pictures (3.18) from it

3.23
emulation prevention byte
byte (3.4) equal to 0x03 that may be presént within a NAL unit (3.35), the presence of which[ensures that
no sefuence of consecutive byte-aligned*(3.5) bytes in the NAL unit contains a start code prdfix (3.51)

3.24
encofler
embddiment of an encoding.preocess (3.25)

3.25
encofling process
procgss that produees a bitstream (3.2) conforming to this document

3.26
enhancenternit layer
layer|(3432) within the bitstream (3.2) pertaining to the residual planes (3.47)

3.27
enhancement sub-layer
layer (3.32) of the enhancement layer (3.26)

3.28
field
assembly of alternate rows of a frame (3.29)

3.29

frame

array of luma (3.34) samples in monochrome format or array of luma samples and two corresponding
arrays of chroma (3.7) samples in 4:2:0, 4:2:2, and 4:4:4 colour format, and which consists of two fields
(3.28): a top field and a bottom field

© ISO/IEC 2021 - All rights reserved 3
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3.30

instantaneous decoding refresh picture

IDR picture

picture (3.40) for which a NAL unit (3.35) contains a global configuration data block and does not
refer to any other picture for operation of the decoding process (3.22) of this picture and for which no
subsequent pictures in decoding order (3.21) refer to any picture that precedes it in decoding order

Note 1 to entry: An IDR picture shall occur at least when an IDR picture for the base decoder (3.20) occurs. The
IDR picture for a base decoder is not specified in this document.

3.31
inverse tra

sform

part of the

lecoding process (3.22) by which a set of transform coefficients (3.57) is converteg

residuals (3.4

3.32
layer
one of a set ¢

3.33
level
defined set @
this docume

Note 1 to entr1
level being in
support a diff

3.34
luma
sample arra
represented

Note 1 to ent
use of linear
sometimes us

3.35
network ab
NAL unit
syntax struc
that datain {

3.36
network ab
NAL unit sti

16)

f syntactical structures in a non-branching hierarchical relationship

f constraints on the values that may be taken by the syntax eleménts (3.53) and variah
ht

y: The same set of levels is defined for all profiles (3.41), withymost aspects of the definition o
common across different profiles. Individual implementations may, within specified constj
erent level for each supported profile.

y or single sample representing the menochrome signal related to the primary co
by the symbol or subscriptY or L

'y: The term luma is used rather thah'the term luminance in order to avoid the implication

light transfer characteristics that’is often associated with the term luminance. The symb
ed instead of the symbol Y to ayoid confusion with the symbol y as used for vertical location.

straction layer unit

ure (3.54) containing an indication of the type of data to follow and bytes (3.4) conta
he form of an\RBSP (3.42) interspersed as necessary with emulation prevention bytes (

straction’layer unit stream
rearn

sequence of

| into

les of

f each

aints,

ours,

of the
lLis

ining
3.23)

VAL units (3.35)

3.37

output order
order in which the decoded pictures (3.18) are output from the decoded picture buffer (3.19) (for the
decoded pictures that are to be output from the decoded picture buffer)

3.38

partitioning

division of a

3.39
plane
collection of

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

data related to plane Y (luma (3.34)) or C (chroma (3.7))
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picture
field (3.28) or frame (3.29)

3.41
profi

le

specified subset of the syntax of this document

3.42

raw byte sequence payload
RBSP

synta
(3.35
(3.53

3.43

Y _structiure. ('2 ':A.) rnnfnining an ihfngnr number of h}lf’ﬂ(‘ ('2 A.) that is nnr‘apcn]afnd 1

) and which is either empty or has the form of a string of data bits (3.52) containing sy
) followed by an RBSP stop bit (3.43) and followed by zero or more subsequent bits eq

raw byte sequence payload stop bit

RBSH
bit ed

Note
from

3.44
resel
valug
(3.2)
editi

3.45
resel
valué
(3.2)
editiq

Note

3.46

resid
differ
elem¢

3.47
resid
colled

stop bit
ual to 1 present within an RBSP (3.42) after a string of data bits (3.52)

| to entry: The location of the end of the string of data bits within at/RBSP can be identified
he end of the RBSP for the RBSP stop bit, which is the last non-zero-bitin the RBSP.

ved

of a particular syntax element (3.53) for future use’by ISO/IEC and not to be used i
conforming to this document, but could be used in bitstreams conforming to fu
ns of this document

ved_zeros

of a particular syntax element (3.53)for future use by ISO/IEC and not to be used i
conforming to this document, but’could be used in bitstreams conforming to fu
ns of this document

| to entry: In this document, the;value of any reserved_zeros bit is zero.

ual

ent

ual plane
tion-of.residuals (3.46)

n a NAL unit
tax elements
1alto 0

by searching

n bitstreams
ture revised

n bitstreams
ture revised

ence between a prediction of a sample or data element and a reference of that same sample or data

3.48

run length encoding

RLE

method for encoding a sequence of values in which consecutive occurrences of the same value are
represented as a single value together with its number of occurrences

3.49

sample aspect ratio
the ratio between the intended horizontal distance between the columns and the intended vertical
distance between the rows of the luma (3.34) sample array in a picture (3.40), which is specified for
assisting the display process (not specified in this Specification) and expressed as h:v, where h is the

horiz

ontal width and v is the vertical height, in arbitrary units of spatial distance
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3.50
source

094-2:2021(E)

video material or some of its attributes before encoding

3.51

start code prefix
unique sequence of three bytes (3.4) equal to 0 x 000001 embedded in the byte stream (3.6) as a prefix
to each NAL unit (3.35)

Note 1 to entry: The location of a start code prefix can be used by a decoder (3.20) to identify the beginning of a
new NAL unit and the end of a previous NAL unit. Emulation of start code prefixes is prevented within NAL units by

the inclusion

f emulation prevention bytes (3.23).

3.52

string of da
SODB
sequence of
payload (3.4

fa bits

some number of bits representing syntax elements (3.53) present within argw byte seq
D) prior to the raw byte sequence payload stop bit (3.43), and within which' the left-ma

is considere
and least sig|

3.53
syntax elen
element of d

3.54
syntax stru
Zero or morg

3.55
tile
rectangular

3.56
transform
part of the d
a block of sp

3.57

transform d
scalar quant
an inverse tr

3.58
transform u
TU

nificant bit

jent
hta represented in the bitstream (3.2)

cture
syntax elements (3.53) present together in the bitstream (3.2) in a specified order

region of TUs (3.58) within a particular picture (3.40)

ecoding process (3.22) by whieh a block (3.3) of transform coefficients (3.57) is conver
htial-domain values

oefficient
ity, considered(to be in a transformed domain, that is associated with a particular inc
insform (3.31)\part of the decoding process (3.22)

nit

Lence
st bit

1 to be the first and most significant bit, and the right-most bit is considered to be thie last

ed to

lex in

3)of samples resulting from a transform (3.56) in the decoding process (3.22)

MxN block (1
3.59

unspecified
value of a particular syntax element (3.53) with no specified meaning in this document and that will not
have a specified meaning in any future revised editions of this document

3.60
video codin

g layer NAL unit

VCL NAL unit
NAL units (3.35) that have reserved values of NalUnitType that are classified as VCL NAL units in this

document

4 Abbreviated terms
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CLVS coded layer-wise video sequence
CPB coded picture buffer
CPBB coded picture buffer of the base
CPBL coded picture buffer LCEVC
CVS coded video sequence
DPBB decoded picture buffer of the base
DUT decoder under test
HBD hypothetical base decoder
HDM hypothetical demuxer
HRD hypothetical reference decoder
HSS hypothetical stream scheduler
| intra
LCEVIC low complexity enhancement video coding
LSB least significant bit
MSB most significant bit
SEI supplemental enhancement infe¥mation
VUI video usability information
5 (onventions
5.1 |General
NOTH The mathematical operators used in this document are similar to those used in the C programming
langupge. However, the results of integer division and arithmetic shift operations are defined more precisely,
and aglditional 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 equivalgnt to the 1-th,
etc.
5.2 |Arithmetic operators
+ addition
- subtraction (as a two-argument operator) or negation (as a unary prefix operator)
* multiplication, including matrix multiplication
exponentiation; specifies x to the power of y
xY

In other contexts, such notation is used for superscripting not intended for

interpretation as exponentiation.

© ISO/IEC 2021 - All rights reserved
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i

nteger division with truncation of the result toward zero

For example, 7 / 4 and -7 / -4 are truncatedto 1 and -7 / 4 and 7 / -4 are

truncated to -1.

division in mathematical equations where no truncation or rounding is intended

division in mathematical equations where no truncation or rounding is intended

Yy
Zf(i)

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

x%y

5.3 Logical operators

X &&y

x|y

!

x?y:z

5.4 Relatjonal operators

[

When a rela
“na” (not apy
value “na” is

not equal to

odulus

emainder of x divided by y, defined only for integers x and y withx>=0and y > 0.

oolean logical “and” of x and y
oolean logical “or” of xand y
oolean logical “not”

fx is TRUE or not equal to 0, evaluates to the value of y; otherwise, evalu-
tes to the value of z

reater than

reater than or equal to
ess than

ess than or equal to

bqual to

ional opepator is applied to a syntax element or variable that has been assigned the
licable)/the value “na” is treated as a distinct value for the syntax element or variablg
considered not to be equal to any other value.

value
2. The

5.5 Bit-w

&

se nppratnrc

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 2021 - All rights reserved
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bit-wise “or”

When operating on integer arguments, operates on a two’s complement
representation of the integer value. When operating on a binary argument
that contains fewer bits than another argument, the shorter argument is
extended by adding more significant bits equal to 0.

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 binary digits

This function is defined only for non-negative integer values of y. Bits’Shift-
ed into the most significant bits (MSBs) as a result of the right shift’ have a
value equal to the MSB of x prior to the shift operation.

X <<y arithmetic left shift of a two’s complement integer représentation of x by
y binary digits

This function is defined only for non-negative integer values of y. Bits shifted
into the least significant bits (LSBs) as a result of the left shift have a value
equal to 0.

5.6 [Assignment operators

= assignment operator

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

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

+= increment bysamount specified, i.e., x += 3 is equivalent to x =x + 3, and x
+= (=3) is equiivalent to x = x + (-3)

-= decrement by amount specified, i.e., x —= 3 is equivalent to x =x - 3, and x
-=(=23)'is equivalent to x = x - (-3)

5.7 |Range notation

X=Vy.7Z X taKeS O IMtegET Values Starting fronT y to 7z, inciusive, with X, y, and z being
integer numbers and z being greater than y

x=ytoz xtakesonintegervalues starting fromy to z, inclusive, with x,y, and z being
integer numbers and z being greater than y

5.8 Mathematical functions

x ; x>=0

Abs(x) = { (@8]
-x ; x<0

Ceil(x) smallest integer greater than or equal to x (2)
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X Z<X

Clip3(x, y,2) =3y ; zZ>y (3)
z ; otherwise

Floor(x) largest integer less than or equal to x 4)

Ln(x) natural logarithm of x (the base-e logarithm, where e is the natural logarithm base constant

2.718 281 828...) (5)
Loglo(x base-10 ]ngavifhm ofx (6)
X ; X<=y
Min(x, y) = (7)
y 5 X2y
X ; X>=y
Max(x, y) = (8
y 5 X<y
Round(x) = Sign(x) * Floor(Abs(x) + 0.5) 9)
1 ; x>0
Sign(x)§4< 0 ; x==0 (10)
-1 ; x<0
Sart() > vx (1)
5.9 Order of operation precedence
When the order of precedence in an expression is not indicated explicitly by use of parenthesef, the
following rules apply:

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

— Operatigns of the same precédence are evaluated sequentially from left to right.

Table 1 spedifies the precedence of operations from highest to lowest. A higher position in the|table
indicates a hligher precedénce.

NOTE Fof those opérators that are also used in the C programming language, the order of precedencg¢ used
in this documlent is the.same as used in the C programming language.

Table 1 — Dpe

“Ix”, “-x” (as a unary prefix operator)

XY

Uy, %k N U » o«

. noun o« ”
X*YL XYL YT X %y

“x+y”,“x+y” (as atwo-argument operator), Zf(i) "

i=x

“y << y", “v s> yu

“y < yu’ “y <= yu’ “ s yu' ‘g >= yn
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Synt3
name
repre
value
table

In so
valué
case
deriv
start
with
case

Inso

with their numerical values. Sometimes “mnemonic” names are used without any associatg
valugs. The association of values and names is specified in the text. The names are const

ISO/IEC 23094-2:2021(E)

Table 1 (continued)

operations (with operands x, y, and z)
g ==y" X 1= y"
“x&y”
“X | y"
“X && y"
“X || y”
“x?y:z”

‘o y”

Variables, syntax elements and tables

x elements in the bitstream are represented in bold type. Each syntax elemerit is deg

sentation. The decoding process behaves according to the value of the;syntax eleme
s of previously decoded syntax elements. When a value of a syntax element is used i
5 or the text, it appears in regular (i.e., not bold) type.

me cases, the syntax tables may use the values of other variables derived from syn
s. Such variables appear in the syntax tables, or text, namédby a mixture of lower-cas
letter and without any underscore characters. Variables starting with an upper-ca
ed for the decoding of the current syntax structure and-all depending syntax structur
ng with an upper-case letter may be used in the decoding process for later synta
put mentioning the originating syntax structure{of the variable. Variables starting
etter are only used within the clause in whichithey are derived.

e cases, “mnemonic” names for syntax element values or variable values are used intg

cribed by its

(all lower-case letters with underscore characters), and one descriptorifor its metlod of coded

ht and to the

In the syntax

ax elements
e and upper-
se letter are
es. Variables
X structures
yith a lower-

rchangeably
bd numerical
ructed from

one dr more groups of letters separated by an underscore character. Each group starts with an upper-

case
NOTE

Func
funct
indic
funct
left a
usagg

Func
descr
case

etter and may contain more upper-case letters.
The syntax is described\in a manner that closely follows the C-language syntactic constj

ions that specify properties of the current position in the bitstream are referred
ions. These functiens are specified in 7.2 and assume the existence of a bitstream poi
htion of the positien of the next bit to be read by the decoding process from the bitstt
ions are described by their names, which are constructed as syntax element names ¢
hd right rgund parentheses including zero or more variable names (for definition) o
), separated by commas (if more than one variable).

ions_that are not syntax functions (including mathematical functions specified

ibéd by their names, which start with an upper-case letter, contain a mixture of lower

ucts.

to as syntax
nter with an
eam. Syntax
nd end with
r values (for

in 5.8) are
- and upper-

etters without any underscore character, and end with left and right parentheses including zero

or more variable names (for definition) or values (for usage) separated by commas (if more than one
variable).

A one-dimensional array is referred to as a list. A two-dimensional array is referred to as a matrix.
Arrays can either be syntax elements or variables. Subscripts or square parentheses are used for the
indexing of arrays. In reference to a visual depiction of a matrix, the first subscript is used as a row
(vertical) index and the second subscript is used as a column (horizontal) index. The indexing order
is reversed when using square parentheses rather than subscripts for indexing. Thus, an element of
a matrix s at horizontal position x and vertical position y may be denoted either as s[x][y] or as s
single column of a matrix may be referred to as a list and denoted by omission of the row mdex 'thus
the column of a matrix s at horizontal position x may be referred to as the list s[x].
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A specification of values of the entries in rows and columns of an array may be denoted by { {...} {...}
}, where each inner pair of brackets specifies the values of the elements within a row in increasing
column order and the rows are ordered in increasing row order. Thus, setting a matrix s equalto {{1 6
}{4 9 }} specifies that s[0][0] is set equal to 1, s[1][0] is set equal to 6, s[0][1] is set equal to 4, and s[1][1]
is set equal to 9.

Binary notation is indicated by enclosing the string of bit values by single quote marks. For example,
‘01000007’ 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.

Hexadeamal notation, indicated by preflxmg the hexadeamal number by “0x”, may be used instead of

A S 3 e : ts an
eight-bit str ng havmg only 1ts second and 1ts last blts (counted from the most to the least 51gn1 ficant
bit) equal to|l.

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

A value equdl to 0 represents a FALSE condition in a test statement. The value TRUE 15 represented by
any value different from zero.

5.11 Text description of logical operations

In the text, f statement of logical operations as would be described mathematically in the follqwing
form:

if(conditign 0)
statemgnt 0

else if(condition 1)
statemgnt 1

else /* informative remark on remaining conditiefn*/
statement n

may be desctibed in the following manner:
... ag follows / ... the followingapplies:
— If conditfion 0, statement 0

— Otherwise, if condition(I,;statement 1

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

«

Each “If ... Otherwise, if ... Otherwise, ...” statement in the text is introduced with “... as follows” |or “..
the fOHOWiIl; applicb” iuuucdiatcl_y foltowed ‘u_y “H—"Thetastconditiomrof-the—"“H——Otherwise, if ...
Otherwise, ...” is always an “Otherwise, ...". Interleaved “If ... Otherwise, if ... Otherwise, ...” statements

can be identified by matching “... as follows” or “... the following applies” with the ending “Otherwise, ...".

In the text, a statement of logical operations as would be described mathematically in the following
form:

if(condition Oa && condition Ob)
statement 0

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

else
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statement n
may be described in the following manner:

... as follows / ... the following applies:
— Ifall of the following conditions are true, statement 0:
— condition Oa
— condition Ob

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

-+ condition 1a

— condition 1b

—+ Otherwise, statement n

In the text, a statement of logical operations as would be described ‘mathematically in the following

if[condition 0)

statement 0

if[condition 1)

statement 1

may e described in the following manner:

— When condition 0, statement 0

— When condition 1, statement 1

5.12|Processes

Procgsses are used to describe thé-decoding of syntax elements. A process has a separate §pecification
and [nvoking. All syntax elements and upper-case variables that pertain to the cufrent syntax
strucfure and dependent syntax structures are available in the process specification and invoking. A
procgss specification maj.also have a lower-case variable explicitly specified as input. Each process
specification has expliCitly specified an output. The output is a variable that can either be ah upper-case
variaple or a lower-case variable.

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

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

— Otherwise (the variables at the invoking and the process specification have the same name),
assignment is implied.

In the specification of a process, a specific coding block may be referred to by the variable name having
a value equal to the address of the specific coding block.

6 Bitstream and picture formats, partitioning, scanning processes and
neighbouring relationships

6.1 Bitstream formats

This clause specifies the relationship between the network abstraction layer (NAL) unit stream and
byte stream, either of which are referred to as the bitstream.
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The bitstream can be in one of two formats: the NAL unit stream format or the byte stream format.
The NAL unit stream format is conceptually the more “basic” type. It consists of a sequence of syntax
structures called NAL units. This sequence is ordered in decoding order. There are constraints imposed
on the decoding order (and contents) of the NAL units in the NAL unit stream. The byte stream format
can be constructed from the NAL unit stream format by ordering the NAL units in decoding order and
prefixing each NAL unit with a start code prefix and zero or more zero-valued bytes to form a stream
of bytes. The NAL unit stream format can be extracted from the byte stream format by searching for
the location of the unique start code prefix pattern within this stream of bytes. Methods of framing the
NAL units in a manner other than use of the byte stream format are outside the scope of this document.
The byte stream format is specified in Annex B.

6.2 Sourde, decoded and output picture formats

This clause a the

bitstream.

specifies the relationship between source and decoded pictures that is given vi

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

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

Luma () only (monochrome).

Luma anjd two chroma (YCbCr or YCgCo).
Green, bllue, and red (GBR, also known as RGB).

Arrays 1
YZX, als

epresenting other unspecified monochrome or tri~stimulus colour samplings (for example,

b known as XYZ).

iated
S are
olour

For conveni
with these 4
referred to a
representati

ence of notation and terminology in this-document, the variables and terms assoc
rrays are referred to as luma (or L ors¥)-and chroma, where the two chroma array
s Cb and Cr; regardless of the actual celour representation method in use. The actual g
pn method in use can be indicatedisyntax that is specified in Annex B.

The variablg
and are deri
defined as th
tile_dimensi

The variabld
sampling st
Other values
ISO/IEC.

Table 2 —

s PictureWidth and PictureHeight are defined as the width and height of the luma

e width and height of the luma array for a tile and are derived from the value of the va
bns_type (7.4.3.3).

s ShiftWidthC andShiftHeightC are specified in Table 2, depending on the chroma fq
‘ucture, which(is specified through chroma_format_idc and separate_colour_plane

- ShiftWidthC and ShiftHeightC values derived from chroma_sampling_type (7.3

array

[ved from the value of the variable resolution_type (7.4.3.3). TileWidth and TileHeiglt are

riable

rmat
_flag.

of chromacformat_idc, ShiftWidthC and ShiftHeightC may be specified in the futufre by

-4)

cht "'"at:ys:é"*’ WM T Chroma format ShiftWidthC ShiftHeightC
0 Monochrome 0 0
1 4:2:0 1 1
2 4:2:2 1 0
3 4:4:4 0 0

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

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

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

The variables PictureWidthC and PictureHeightC are defined as the width and height of the chroma
array and are derived as (PictureWidth >> ShiftWidthC) and (PictureHeight >> ShiftHeightC).
TileWidthC and TileHeightC are defined as the width and height of the chroma array for a tile and are
derived as (TileWidth >> ShiftWidthC) and (TileHeight >> ShiftHeightC).

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 sampling type is equal to 1, the nominal vertical and horizontal relative
locatfons of luma and chroma samples in pictures are as shown in Figure 1.

X X X X X X
O O O
X X X X X X

X O X
X O X
XA X

X O X
X2Q X
X O X

u ° .
Key
X = Location of lumatsample
O = Location of ¢homa sample

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

When the value of chroma_sampling_type is equal to 2, the chroma samples are co-sited with the
corresponding luma samples and the nominal locations in a picture are as shown in Figure 2.
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g X & X & X
g X &8 X & X
& & X
g X & X & X
R X ® X ® X

Key
= Lqcation of luma sample

X
O = Lqcation of chroma sample

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

When the vdlue of chroma_sampling_type is, equal to 3, all array samples are co-sited for all cages of
pictures and the nominal locations in a picture are as shown in Figure 3.
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R R
&R R R
& & & & &
R BB R
R B &8 8 & R

Key
= Location of luma sample

X
O = Location of chroma sample

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

6.3 |Partitioning of pictures

6.3.1] Organization of thethierarchical structure

Each|picture is organized in a hierarchical structure. The hierarchal structure is orgahized across
thred hierarchical leyels! hierarchical level 0, comprising the decoded base picture; hierarghical level 1,
comprising the preliminary intermediate picture, residual sub-layer 1 and the combined intermediate
pictufe; and hierarchical level 2, comprising the preliminary output picture, residual sub-layer 2 and
the combined-otitput picture. Each picture in a hierarchical level is composed of three plangs. A residual
sub-layer is-composed of three residual planes. The following sections specify how the different planes
are organized. The decoded base picture corresponds to the decoded output of a base decdder.

NOT ument.

Residuals planes are partitioned as described below.

6.3.2 Partitioning of residuals plane

A residuals plane is divided into TUs whose size depends on the size of the transform used. The TUs
have either dimension 2x2 if a 2x2 directional decomposition transform is used or dimension 4x4 if a
4x4 directional decomposition transform is used.
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7 Syntax and semantics

7.1 Method of specifying syntax in tabular form

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

Additional constraints on the syntax may be specified, either directly or indirectly, in other clauses.
NOTE An actual decoder should implement some means for identifying entry points into the bitstream and

some means to identify and handle non-conforming bitstreams. The methods for identifying and handling errors
and other such situations are not specified in this document.

Table 3 lists|examples of the syntax specification format. When syntax_element appears, it specifies
that a syntak element is parsed from the bitstream and the bitstream pointer is advanced te thd next
position beypnd the syntax element in the bitstream parsing process.

Table 3 — Syntax specification format examples

Syntax specification Descriptor

/* A statement can be a syntax element with an associated descriptor or can/be.an
exprespion used to specify conditions for the existence, type and quantity of'syntax
elemen]ts, as in the following two examples */

syntaX_element u(n)

conditjoning statement

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

{

StaFement

Stal:ement

/* A “while” structure specifies atest of whether a condition is true, and if true,
specifips evaluation of a statement (or compound statement) repeatedly until the
conditjon is no longer trug™/

while (condition)

Statement

/* A “dp ... while” structure specifies evaluation of a statement once, followed by a

test of whether a condition is true, and if true, specifies repeated evaluation of the
statemientuntil the conditionis no ]nngpr true *//

do

Statement

while (condition)

/* An “if ... else” structure specifies a test of whether a condition is true and, if the
condition is true, specifies evaluation of a primary statement, otherwise, specifies
evaluation of an alternative statement. The “else” part of the structure and the as-
sociated alternative statement are omitted if no alternative statement evaluation is
needed */

if (condition)

primary statement
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Table 3 (continued)

Syntax specification

Descriptor

else

alternative statement

Y/

/* 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.

£ Liaasriol o4 o4 £ Jdasas L. fotak £)
TOT (I Crar S TatCTITCTTC, CUTIAT O OTY, - ST O ST O CITC STATCTITCTTC)

primary statement

7.2

Specification of syntax functions and descriptors

The functions presented in Table 4 are used in the syntactical descriptioh. These flinctions are

expre

ssed in terms of the value of a bitstream pointer that indicates the position of the n
read py the decoding process from the bitstream.

Table 4 — Syntax functions and deScriptors

Syntax function

Use

byte_stream_has_data( )

If the byte-stream has more data, then returns TRUE;
otherwiseqeturns FALSE.

byte_aligned()

If the curfent 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 eqpal to
TRUE. Otherwise, the return value of byte_alignefl( ) is
equal to FALSE.

bytestream_current(bitstream)

Returns the current bitstream pointer.

bytestream_seek(bitstream, n)

Returns the current bitstream pointer at the posifion in
the bitstream corresponding to n bytes.

more_data_in_byte_streani()

If more data follow in the byte stream, the returnvalue
of more_data_in_byte_stream( ) is equal to TRUE{Oth-

erwise, the return value of more_data_in_byte_stfeam(
) is equal to FALSE

more_data_in_payload( )

Ifbyte_aligned() is equal to TRUE and the current position
in the sei_payload( ) syntax structure is 8 * payloadSize bits
from the beginning of the sei_payload( ) syntax strjucture,
the return value of more_data_in_payload( ) is egual to
FALSE. Otherwise, the return value of more_data_in_pay-
load( ) is equal to TRUE.

next bits(n)

It provides the next bits in the bitstream for comgarison

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

payload_extension_present( )

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 * pay-
loadSize 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_pres-
ent( ) is equal to TRUE. Otherwise, the return value of
payload_extension_present( ) is equal to FALSE.

© ISO/IEC 2021 - All rights reserved
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Table 4 (continued)

Syntax function Use

process_payload_function(payload_type, | Behaves like a function lookup table, by selecting and
payload_byte_size) invoking the process payload function relating to the
payload_type as outlined in 7.3.4.

read_bits(n) Reads the next n bits from the bitstream. Following the
read operation, the bitstream pointer is advanced by n
bit positions. When n is equal to 0, read_bits(n) returns
avalue equal to 0 and the bitstream pointer is not ad-

vanced.

read_bjyte(bitstream) Reads a byte In the bitstream returning its value. Fol-
lowing the return of the value, the bitstream pointer is
advanced by a byte.

read_npultibyte(bitstream) Executes a read_byte(bitstream) until the MSBof the

read byte is equal to zero. The return value for edch
read byte is the value represented by the bit§yother than
the MSB.

ing descriptors specify the parsing process of each syntax element!

b(8): byte having any pattern of bit string (8 bits). The parsing processfor this descriptoris spe
by the r¢turn value of the function read_bits(8).

f(n): fixed-pattern bit string using n bits written (from left to right) with the left bit first. The p4
process ffor this descriptor is specified by the return value-efthe function read_bits(n).

u(n): ungigned integer using n bits. When n is “v” in the syntax table, the number of bits varig
manner|dependent on the value of other syntax elements. The parsing process for this descrip
specifiefl by the return value of the function read (hits(n) interpreted as a binary representat
an unsigned integer with most significant bit wkitten first.

ue(v): unsigned integer 0-th order Exp-Gplomb-coded syntax element with the left bit first.

parsing process for this descriptor is specified in 9.4.

mb: read multiple bytes. The parsing:process for this descriptor is specified by the return va
the funcftion read_multibyte(bitstiréam) interpreted as a binary representation of multiple uns
char with most significant bit-written first, and most significant byte of the sequence of uns
char written first.

rified

rsing

sina
tor is
on of

The

lue of
gned
gned

rle(v): variable length code from run length encoding. The parsing process for such descripfor is

specifiedl in specificclauses referenced in 7.3.

7.3 Syntajx in tabular form

7.3.1 Syntaxorder

The order in which the syntax is presented is from MSB to LSB.

7.3.2 NAL unit and NAL unit header syntax

NAL unit and NAL unit header syntax is specified in Table 5 and Table 6, respectively.

Table 5 — NAL unit

Syntax Descripto

r

nal_unit(NumBytesInNalUnit) {

nal_unit_header()
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Table 5 (continued)
Syntax Descriptor
NumBytesInRBSP =0
for (i = 2; i < NumBytesInNalUnit; i++) {
if (i + 2 < NumBytesInNalUnit && next_bits(24) == 0x000003) {
rbsp_byte[NumBytesInRBSP++] u(8)
rbsp_byte[NumBytesInRBSP++] u(8)
i+=2
emulation _prevention three hyte /* equal to 0x03 */ u(8)
} else
rbsp_byte[NumBytesInRBSP++] u(8)
}
}
Table 6 — NAL unit header
Syntax Descrjiptor
nal_unit_header() {
forbidden_zero_bit u(fl)
fofbidden_one_bit u(jy)
nell_unit_type u(p)
rgserved_flag u(p)
}
7.3.3] Process block syntax
Procgss block syntax is specified in Table 7.
Table 7 — Process block syntax
Syntax Descriptor
process_block( ) {
payload_size_ type u(3)
payload,_ type u(5)
payloadsize = 0
if{payload_size_type ==7) {
custom_byte_size mb
pavload—size = custom-byvte size

y oot oA oot Dy te o4

}else{ - - -

if (payload_size_type == 0) payload_size =0

if (payload_size_type == 1) payload_size =1

if (payload_size_type == 2) payload_size = 2

if (payload_size_type == 3) payload_size = 3

if (payload_size_type == 4) payload_size = 4

if (payload_size_type == 5) payload_size =5

}

if (payload_type == 0)

process_payload_sequence_config(payload_size)
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Table 7 (continued)
Syntax Descriptor
else if (payload_type == 1)
process_payload_global_config(payload_size)
else if (payload_type == 2)
process_payload_picture_config(payload_size)
else if (payload_type == 3)
process_payload_encoded_data(payload_size)
elsedif (pav]nad_f\/pp == 4)
process_payload_encoded_data_tiled(payload_size)
els¢ if (payload_type == 5)
process_payload_additional_info(payload_size)
els¢ if (payload_type == 6)
process_payload_filler(payload_size)
}
7.3.4 Pro¢ess payload - sequence configuration
Process payload - sequence configuration syntax is specified in Table 8.
Table 8 — Process payload - sequence configuration
Syntax Descriptor
procesp_payload_sequence_config(payload_size) {
profile_idc u(4)
level_idc u(4)
sublevel_idc u(2)
codformance_window_ﬂag u(1)
reslerved_zeros_Sbit u(5)
if (profile_idc == 15 || level_idcE=15) {
extended_profile_id¢ u(3)
extended_level_.idc u(4)
reserved_zereos_1bit u(1)
}
if (¢onforntance_window_flag == 1) {
conf_win_left_offset mb
conf win _right offset mb
conf win_top_offset mb
conf win_bottom_offset mb
}
}

7.3.5 Process payload - global configuration

Process payload - global configuration syntax is specified in Table 9.

22
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Table 9 — Process payload - global configuration

Syntax Descriptor
process_payload_global_config(payload_size) {
processed_planes_type_flag u(1)
resolution_type u(6)
transform_type u(1)
chroma_sampling_type u(2)
base_depth_type u(2)
_enhancement_depth type ——
temporal_step_width_modifier_signalled_flag u(ﬁ"\
predicted_residual_mode_flag q@j’
temporal_tile_intra_signalling_enabled_flag . ﬂ,‘ﬁ'[l)
temporal_enabled_flag ,\O)\)‘ u(1)
upsample_type A b\) u(3)
levell_filtering_signalled_flag C " U u(1)
scaling_mode_levell RN\ e u(2)
scaling_mode_level2 - O\ ) u(2)
tile_dimensions_type &\‘O u(2)
user_data_enabled /. o u(2)
levell_depth_flag o) u(l)
chroma_step_width_flag \\Y i u(1)
if (processed_planes_type_flag==1) { K\)\
planes_type R ) u(4)
reserved_zeros_4bit \Q\" u(4)
} R
if (temporal_step_width_madifjer_signalled_flag ==1) {
temporal_step_wi@tp:l;n‘l‘(')difier u(8)
}else{ (‘}\V
temporal_steR\WﬁEh_modifier =48
} o
if (upsamgl(jg;f)e ==4){
up;@%ier_coeffl u(16)
\®gmpler_coeff2 u(16)
('Fl\psampler_coeffB u(16)
\<(/v upsampler_coeff4 u(16)
B
if (levell_filtering_signalled_flag) {
levell_filtering_first_coefficient u(4)
levell_filtering_second_coefficient u(4)
}
if (tile_dimensions_type > 0) {
if (tile_dimensions_type == 3) {
custom_tile_width u(16)
custom_tile_height u(16)
}
reserved_zeros_5bit u(5)
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Table 9 (continued)

Syntax Descriptor
compression_type_entropy_enabled_per_tile_flag u(1)
compression_type_size_per_tile u(2)

}
if (resolution_type == 63) {
custom_resolution_width u(16)
custom_resolution_height u(16)
}
if (¢hroma_stepwidth_flag) {
chroma_step_width_multiplier u(8)
}else {
chroma_step_width_multiplier = 64
}
}
7.3.6 Progess payload - picture configuration
Process payload - picture configuration syntax is specified in Tabled0:
Table 10 — Process payload - picturejconfiguration
Syntax Descriptor
procesp_payload_picture_config(payload_size) {
noenhancement_bit_flag u(1)
if (ho_enhancement_bit_flag == 0) {
quant_matrix_mode u(3)
dequant_offset_signalled_flag u(1)
picture_type_bit_flag u(1)
temporal_refresh_bit_flag u(1)
step_width_sublayerl_enabled_flag u(1)
step_width_sublayer2 u(15)
dithering_control_flag u(1)
}else {
reserved-zeros_4bit u(4)
picture_type_bit_flag u(1)
temporal refresh bit flag u(1)
temporal_signalling_present_flag u(1)
}
if (picture_type_bit_flag==1) {
field_type_bit_flag u(1)
reserved_zeros_7bit u(7)
}
if (step_width_sublayerl_enabled_flag == 1) {
step_width_sublayer1 u(15)
levell_filtering_enabled_flag u(1)
}
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Table 10 (continued)
Syntax Descriptor
if (quant_matrix_mode == 2 || quant_matrix_mode == 3 || quant_matrix_
mode ==
for(layerldx = 0; layerldx < nLayers; layerldx++) {
gqm_coefficient_0[layerldx] u(8)
}
}
if (quant_matrix_mode == 4 || quant_matrix_mode == 5) {
for(layerldx = 0; layerldx < nLayers; layerldx++) { N
qm_coefficient_1[layerldx] n@k&)
} a l’
} o
if (dequant_offset_signalled_flag) { O\Q\t
dequant_offset_mode_flag _ "];’ u(1)
dequant_offset ‘Oy u(7)
} A
if (dithering_control_flag == 1) { N )
dithering_type 6\ i u(2)
reserverd_zero (-\<< u(1)
if (dithering_type != 0) { . QV
dithering_strength §\§\ u(5)
}else{ %) N
reserved_zeros_5bit \\\\ u(5)
) o
} -
} \L\'V
™
7.3.7| Process payload - pgéoded data
Procgss payload - enc@data syntax is specified in Table 11.
&QC) Table 11 — Process payload - encoded data
Synta O\ Descripflor
pr,o@eé_payload_encoded_data(payload_size) {
{(A’;r (planeldx = 0; planeldx < nPlanes; planeldx++) {
if (no_enhancement_bit_flag == 0) {
for (levelldx = 1; levelldx <= 2; levelldx++) {
for (layerldx = 0; layerldx < nLayers; layerldx++) {
surfaces[planeldx][levelldx][layerldx].
entropy_enabled_flag u()
surfaces|[planeldx][levelldx][layerldx].rle_only_flag u(1)
}
}
}
if (temporal_signalling_present_flag == 1){
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Table 11 (continued)

Syntax Descriptor
temporal_surfaces[planeldx].entropy_enabled_flag u(1)
temporal_surfaces[planeldx].rle_only_flag u(1)

}
}

byte_alignment( )

for (planeldx = 0; planeldx < nPlanes; planeldx++) {

for (]r—\vplldy =1:levelldx <= 2: ]Pvplldy++) {

for (layerldx = 0; layerldx < nLayers; layerldx++)

process_surface(surfaces[planeldx][levelldx][layerldx])

}

if (temporal_signalling_present_flag == 1)

process_surface(temporal_surfaces[planeldx])

7.3.8 Pro¢ess payload - encoded tiled data

Process payload - encoded tiled data syntax is specified in Table’12-

Table 12 — Process payload - encoded tiled data

Syntax Descriptor
procesk_payload_encoded_data_tiled(payload_size).{

for|(planeldx = 0; planeldx < nPlanes; planeldx++) {
for (levelldx = 1; levelldx <= 2; levelldx++) {
if (no_enhancement_bit_flag ==0) {

for (layerldx = 0; layerldx < nLayers;layerldx++)

surfaces[planeldx][levelldx][layerldx].rle_only_flag u(1)

}

if (temporal_signdlling_present_flag == 1)

tempotal surfaces[planeldx].rle_only_flag u(1)

}
byte_alignment( )

if (tlomoression type _entropy enabled per tile flag==0){

for (planeldx = 0; planeldx < nPlanes; planeldx++) {

if (no_enhancement_bit_flag == 0) {
for (levelldx = 1; levelldx <= 2; levelldx++) {

if (levelldx == 1)
nTiles = nTilesL1

else
nTiles = nTilesL2

for (layerldx = 0; layerldx < nLayers; layerldx++) {
for (tileldx = 0; tileldx < nTiles; tileldx++)
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Table 12 (continued)

Syntax

Descriptor

surfaces|[planeldx][levelldx][layerldx].tiles[tileldx].
entropy_enabled_flag

u(1)

}

if (temporal_signalling_present_flag == 1) {

for (fi]n]dv = n; ti]a]dv nTilacl '); fi]n'va.J.)

temporal_surfaces[planeldx].tiles[tileldx].entropy_enabled_flag |
} >
) LV
}else{ ,\O)\)‘
entropy_enabled_per_tile_compressed_data_rle n‘b\) rle(v) 9.3.5
} Y
byte_alignment( ) N
if (compression_type_size_per_tile == 0) { O\ )
for (planeldx = 0; planeldx < nPlanes; planeldx++) { &\J
for (levelldx = 1; levelldx <= 2; levelldx++) { o
if (levelldx == 1) O
nTiles = nTilesL1 \\\(
else K\)\
nTiles = nTilesL2 Q(\Q)
for (layerldx = 0; layerldx¥ r\liayers; layerldx++) {
for (tileldx = 0; tilé\}@{; nTiles; tileldx++)
process_ surface(surfaces[plé@ldx [levelldx][layerldx].tiles[tileldx])
} O
} o
if [temporal_s@gnallmg_present_flag ==1){
for@ax = 0; tileldx < nTilesL2; tileldx++)
N Cﬂ‘ocess_surface(temporal_surfaces[planeldx].tiles[tileldx])
>
\O\
e
\<(/v for (planeldx = 0; planeldx < nPlanes; planeldx++) {
for (levelldx = 1; levelldx <= 2; levelldx++) {
if (levelldx == 1)
nTiles = nTilesL1
else
nTiles = nTilesL2
for (layerldx = 0; layerldx < nLayers; layerldx++) {
if(surfaces[planeldx][levelldx][layerldx].rle_only_flag) {
compressed_size_per_tile_prefix rle(v) 9.2.3
}else{
compressed_size_per_tile_prefix rle(v) 9.2.3
}
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Table 12 (continued)

Syntax Descriptor
for (tileldx=0; tileldx < nTiles; tileldx++)
process_surface(surfaces[planeldx][levelldx][layerldx].
tiles[tileldx])
}
}
if (temporal_signalling_present_flag == 1) {
if(temporal_surfaces[planeldx].rle_only_flag) {
compressed_size_per_tile_prefix rle(v) 9.2.8,
}else{
compressed_size_per_tile_prefix rle(v).9.2.3
}
for (tileldx = 0; tileldx < nTilesL2; tileldx++)
process_surface(temporal_surfaces[planeldx].tiles[tileldx])
}
}
}
)
7.3.9 Progess payload - surface
Process payload - surface syntax is specified in Table 13.
Table 13 — Process'payload - surface
Syntfax Descriptor
process_surface(surface) {
if (compression_type_size_per,tile == 0) {
if (surface.entropy_enabled_flag) {
surface.size mb
if (surface.rlé_only_flag) {
surface.data_rle surface.size
} elsed
surface.data_prefix_coding surface.size
)
¥
}else {

if (surface.entropy_enabled_flag) {

surface.size

mb

surface.data_prefix_coding

surface.size

}

7.3.10 Process payload - additional info

Process payload - additional info syntax is specified in Table 14.

28
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Table 14 — Process payload - additional info

Syntax Descriptor
process_payload_additional_info(payload_size) {
additional_info_type u(8)
if (additional_info_type == 0) {
payload_type u(8)

sei_payload(payload_type, payload_size - 2)

} else if (additional_info_type == 1)

vui parameters (navload size — 1)
=P S i = 2

else // (additional_info_type >= 2)

// reserved for future use

}

7.3.1)1 Process payload - filler

Procgss payload - filler syntax is specified in Table 15.

Table 15 — Process payload = filler

Syntax Descripto
process_payload_filler(payload_size) {

=t

for (x = 0; x < payload_size; x++) {
filler_byte // equal to 0xAA u(8)

7.3.12 Byte alignment syntax

Byte plignment syntax is specified ity Table 16.

Table 16 — Byte alignment syntax

Syntax Descriptor
byte_alignment( ) {
alignmént_bit_equal_to_one /* equal to 1 */ f(1)
while('byte_aligned( ))
alignment_bit_equal_to_zero /* equal to 0 */ f(1)

7.4 Semantics

7.4.1 General

Semantics associated with the syntax structures and with the syntax elements within these structures
are specified in this clause. When the semantics of a syntax element are specified using a table or a set
of tables, any values that are not specified in the table(s) shall not be present in the bitstream unless
otherwise specified in this document.

The following bitstream conformance constraints apply only to coded pictures present in the bitstream
and do not apply to decoded base pictures that are provided by external means.
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7.4.2 NAL unit semantics

7.4.2.1 General NAL unit semantics

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

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

The RBSP contains-an-SODB-asfeHews:

If the SODB is empty (i.e., zero bits in length), then 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 ¢f the
SODB rejmain.

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

i) Thelfirst (most significant, left-most) bits of the final RBSP byte contain the remaining Rits of
the FODB (if any).

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

iii) When the rbsp_stop_one_bit is not the last bit:of a byte-aligned byte, one or more [rbsp_
alighment_zero_bit is present to result in byte alighment.

Syntax stru¢tures having these RBSP properties are denoted in the syntax tables using an “rbsp”

suffix. Thesq structures are carried within NAL uhits as the content of the rbsp_byte[i] data bytes. The

association ¢f the RBSP syntax structures to the'NAL units is as specified in Table 17.

NOTE When the boundaries of the RBSP “are known, the decoder can extract the SODB from the RHSP by

concatenating the bits of the bytes of the RBSP and discarding the rbsp_stop_one_bit, which is the last|(least

significant, right-most) bit equal to 1, and discarding any following (less significant, farther to the right) bifs that
follow it, whig¢h are equal to 0. The datariecessary for the decoding process is contained in the SODB part|of the

RBSP.

emulation_prevention_threg_byte is a byte equal to 0x03. When an emulation_prevention_three_

byte is presgnt in the NALtunit, it shall be discarded by the decoding process.

The last byt¢ of the NAL unit shall not be equal to 0x00.

Within the NAL unit, the following three-byte sequences shall not occur at any byte-aligned position:

0x000000

0x000001

0x000002

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

0x00000300
0x00000301
0x00000302
0x00000303
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7.4.2.2 NAL unit header semantics

forbidden_zero_bit shall be equal to 0.

forbidden_one_bit shall be equal to 1.

-2:2021(E)

nal_unit_type specifies the type of RBSP data structure contained in the NAL unit as specified in
Table 17.

NAL units that have nal_unit_type in the range of UNSPECO...UNSPEC27, inclusive, and UNSPEC31 for
which semantics are not specified, shall not affect the decoding process specified in this document.

rese

ved_flagshattbe equat to the bitsequence Tt

Table 17 — NAL unit type codes and NAL unit type classes

nal_unit_type Name of nal_unit_type |Contentof NAL unitand |NAL.unittype dlass
RBSP syntax structure

0..27 UNSPECO...UNSPEC27 Unspecified Non-VCL

28 LCEVC_NON_IDR Non-IDR segment VCL/Non-VCL

29 LCEVC_IDR IDR segment VCL/Non-VCL

30 LCEVC_RSV reserved VCL/Non-VCL

31 UNSPEC31 Unspecified Non-VCL

NOTH1 NAL unittypesin the range of UNSPECO...UNSPEC27 and UNSPEC31 can be used as dete

applidation. No decoding process for these values of nal_unit/type is specified in this document. S
applidations might use these NAL unit types for different purposes, particular care is expected tq

in the

design of encoders that generate NAL units with these nal_unit_type values, and in the desig

that interpret the content of NAL units with these nal unit_type values.

For purposes other than determining the amount of data in the decoding units of the b
specified in Annex C), decoders shall ignare (remove from the bitstream and discard) the c
NAL ynits that use reserved values of nal_unit_type.

NOTE

7.4.2

payl(tcad_size_type specifies the size of the payload, and it shall take a value between

speci

2 Thisrequirement allowsfuiture definition of compatible extensions to this document.

3 Data block unit general semantics

ied by Table 18.

Table 18 — Payload sizes

rmined by the
ince different
be exercised
n of decoders

itstream (as
bntents of all

0 and 7, as

payload_size_type Size (bytes)

0 0

1 1

2 2

3 3

4 4

5 5

6 reserved
7 Custom

payload_type specifies the type of the payload used, and it should take a value between 0 and 31, as
specified by Table 19.
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Table 19 — Content of payload and minimum frequency of appearance of such content within a

bitstream
payload_type |Content of payload Minimum frequency
0 process_payload_sequence_config( ) at least with first IDR in se-
quence
process_payload_global_config( ) per IDR picture
process_payload_picture_config( ) per picture
process_payload_encoded_data( ) per picture (if no_enhance-
ment_bit_flag == 0)
% process_paytoad_encoded_data_tiedt ) Mot Specitied (optionat)
5 process_payload_additional_info( ) not specified (optional)
6 process_payload_filler() not specified (optional)
7-30 Reserved
31 Unspecified
custom_byte_size specifies a custom size of a payload not included in Table 18.

7.4.3 Data block unit configuration semantics

7.4.3.1 Ddta block semantics

The following subclauses describe the semantics for each of the-data block units.

7.4.3.2 Ddta block unit sequence configuration semantics

profile_idc ﬂlndicates a profile as specified in Annex A-Bitstreams shall not contain values of profile_idc
other than those specified in Annex A. Other values of profile_idc are reserved for future use by ISQ/IEC

level_idc indicates a level as specified in Annex™A. Bitstreams shall not contain values of level_idc other
than those specified in Annex A. Other values of level_idc are reserved for future use by ISO/IEC.

sublevel_id¢ indicates a sublevel as specified in Annex A.

conformang¢e_window_flag equal to 1 indicates that the conformance cropping window pffset
parameters are present in the sequence configuration data block. conformance_window_flag equdl to 0
indicates thgt the conformance cropping window offset parameters are not present.

ofile_idc indicates an extended profile is being invoked and will be specified in Annex A.
hall not contain values of extended profile_idc other than those specified in Annex A. Pther
nded _profile_idc are reserved for future use by ISO/IEC.

extended_p
Bitstreams
values of ext

extended_l¢veél idc indicates an extended level is being invoked and will be specified in Anrlex A.
Bitstreams shallnet-contain-values-of extendedlevel idcotherthanthose-specifiedin-AnnexA Dther
values of extended_level_idc are reserved for future use by ISO/IEC.

conf_win_left_offset, conf_win_right_offset, conf win_top_offset and conf_win_bottom_offset
specify the samples of the pictures in the CVS that are output from the decoding process, in terms of
a rectangular region specified in picture coordinates for output. When conformance_window_flag is
equal to 0, the values of conf_win_left_offset, conf win_right_offset, conf_win_top_offset and conf win_
bottom_offset are inferred to be equal to 0.

The conformance cropping window contains the luma samples with horizontal picture coordinates
from (conf win_left_offset << ShiftWidthC) to (width - ((conf_win_right_offset << ShiftWidthC) + 1))
and vertical picture coordinates from (conf win_top_offset << ShiftHeightC) to (height — ((conf_win_
bottom_offset << ShiftHeightC) + 1)), inclusive.
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The value of ((conf_win_left_offset + conf win_right_offset) << ShiftWidthC) shall be less than width,
and the value of ((conf_win_top_offset + conf win_bottom_offset) << ShiftHeightC) shall be less than
height.

If chroma_sampling_type is not equal to 0, then the corresponding specified samples of the two chroma
arrays are the samples having picture coordinates (x >> ShiftWidthC, y >> ShiftHeightC), where (x, y)
are the picture coordinates of the specified luma samples.

NOTE The conformance cropping window offset parameters are applied only at the output. All internal
decoding processes are applied to the uncropped picture size.

7.4 .3p3—DBatableclkunitglobal-configurationsemanties
processed_planes_type_flag specifies the planes to be processed by the decoder. It should be equal to
0 or 1. Ifequal to 0, only the Luma (Y) plane should be processed. If equal to 1, the value off planes_type
is spgcified. If processed_planes_type_flag is equal to 0, nPlanes should be equal toA.

resolution_type specifies the resolution of the Luma (Y) plane of the enhanced decoded|picture, and
it shquld take a value between 0 and 63, as specified by Table 20. The value’of the type is ¢xpressed as
NxM,{where N is the width of the Luma (Y) plane of the enhanced decoded picture and M is height of
the Luma (Y) plane of the enhanced decoded picture. In order to prévent incomplete TUF, as defined
in 6.4.2, N and M shall be an integer multiple of the TU size (nTbS=2 if transform_type is eqqual to 0 and
nTbS|= 4 if transform_type is equal to 1) for each sub-layer andfor"each plane within a subflayer. When
N is ot a multiple of the TU size, N is inferred to be ceiling(N/nTbS) * nTbS. When M is notja multiple of
the T|U size, M is inferred to be ceiling(M/nTbS) * nTbS. When N or M are not a multiple of the TU size,
the mjechanism of conformance cropping window specified by conformance_window_flag $hall be used
as spgcified in 7.4.3.2

Table 20 — Resolution of the decoded picture

resolution_type Value of type

0 unused /* Escape code prevention */
1 360x200
2 400x240
3 480x320
4 640x360
> 640x480
6 768x480
7 800x600
8 852x480
9 854x480
10 856x480
1T 960x540
12 960x640
13 1024x576
14 1024x600
15 1024x768
16 1152x864
17 1280x720
18 1280x800
19 1280x1024
20 1360x768
21 1366x768
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Table 20 (continued)
resolution_type Value of type
22 1400x1050
23 1440x900
24 1600x1200
25 1680x1050
26 1920x1080
27 1920x1200
28 2048x1080
29 2048x1152 aN
30 2048x1536 N
31 2160x1440 K ke
32 2560x1440 o
33 2560x1600 oy
34 2560x2048 v
35 3200x1800 \\Q/V
36 3200x2048)"
37 3200x2400
38 344021440
39 _(3840x1600
40 < 3840x2160
41 0" 3840x2400
42 9 4096x2160
43 RN 4096x3072
44 K2 5120x2880
45 O 5120x3200
46 N 5120x4096
47 i 6400x4096
=

48 L 6400x4800
49 A3 7680x4320
so (O 7680x4800

51}6&\’ Reserved

\@%i Custom

chroma_sa iﬁg?ype defines the colour format for the enhanced decoded picture (see 6J2) in
accordance Wable 21.

Table 21 — Colour format for the decoded picture

chroma_sampling_type Value of type
0 Monochrome
1 4:2:0
2 4:2:2
3 4:4:4
transform_type defines the type of transform to be used in accordance with Table 22. If transform_
type is equal to 0, nLayers should be equal to 4 and if transform_type is equal to 1, nLayers should be
equal to 16.
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Table 22 — Transform used for decoding

transform_type Value of type
0 2x2 directional decomposition transform
1 4x4 directional decomposition transform

base_depth_type defines the bit depth of the decoded base picture in accordance with Table 23. The
value of type shall be the same as the value of the bit depth used for the decoded base picture.

Table 23 — Bit depth of the decoded base picture

base_depth_type Value of type
0 8
1 10
2 12
3 14

enhancement_depth_type defines the bit depth of the enhanced deceded picture in accqrdance with
Tablel 24.

Table 24 — Bit depth of the decoded picture

enhancement_depth_type Value of type
0 8
1 10
2 12
3 14

planes_type specifies the planes to be precessed by the decoder according to Table 25.

Table 25 — Planes to be processed in the decoded picture

planes_type Planes
0 Luma (Y) plane only
1 Luma (Y) and Chroma (U and V) planes
2-15 Reserved

If plapes_type is;equal to 0, nPlanes should be equal to 1. If planes_type is equal to 1, nPlanes should be
equal to 3.

temporal_step_width_modifier_signalled_flag specifies if the value of the temporal|step_width_
modifi€r’ parameter is signalled. It should be equal to 0 or 1. If equal to 0, the temporal[step_width_

ks P P n.Jd
modifiet paranreter s ot Sigirarco:

upsampler_coeff1 ... upsampler_coeff4 specify the coefficient values for Adaptive Cubic upsampler.

predicted_residual_mode_flag specifies whether the decoder should activate the predicted residual
process during the decoding process. If the value is 0, the predicted residual process should be disabled.

temporal_tile_intra_signalling_enabled_flag specifies whether temporal tile prediction should
be used when decoding a 32x32 tile. If the value is 1, the temporal tile prediction process should be
enabled.

temporal_enabled_flag specifies whether temporal prediction is enabled or not.

upsample_type specifies the type of upsampler to be used in the decoding process in accordance with
Table 26.
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Table 26 — Upsampler type

upsample_type Value of type
0 Nearest
1 Linear
2 Cubic
3 Modified cubic
4 Adaptive cubic

5-6 Reserved

7 Unspecified

levell_filter
parameters
signalled.

temporal_s
for transfort
0, temporal |

levell_filtey
namely 4x4 |

levell_filtex
mask namel
and 15.

scaling_mo
between ded
preliminary

ing_signalled_flag specifies whether deblocking filter should use the~sigr
instead of default parameters. If equal to 1, the values of the deblocking coéfficient

lfep_width_modifier specifies the value used to calculate a variable step width mo
hs that use temporal prediction. If temporal_step_width_modifier_signalled_flagis eq
step_width_modifier is set to 48.

ing_first_coefficient specifies the value of the first coefficient in the deblocking
block corner residual weight. The value of the first coefficient-should be between 0 an

ing_second_coefficient specifies the value of the second coefficient in the deblo
 4x4 block side residual weight. The value of the second coefficient should be betw

le_levell specifies whether and how the “ipsampling process should be perfo
oded base picture and preliminary intermediate picture in accordance with Table 2]
intermediate picture corresponds to the(otutput of process of 8.6.1.2.

alled
s are

difier
hal to

mask
d 15.
cking

een 0

rmed
/. The

Table 27 — Scaling mode levell values

sfaling_mode_levell Valué of type
0 ng_scaling
1 one-dimensional 2:1 scaling only across the horizontal dimen-

sion

two-dimensional 2:1 scaling across both dimensions

Reserved

scaling_mo
between corj

le_level2 $pecifies whether and how the upsampling process should be perfo
hbined intermediate picture and preliminary output picture in accordance with Tab

The combin
output pictul

e Corresponds to the output of process of 8.6.1.3. Scaling mode level2values are spe

pd intermediate picture corresponds to the output of process of 8.8.2. The prelim

rmed
le 28.

inary

rified

in Table 28.

Table 28 — Scaling mode level2values

scaling_mode_level2 Value of type
0 no scaling
1 one-dimensional 2:1 scaling only across the horizontal dimen-

sion

two-dimensional 2:1 scaling across both dimensions

Reserved
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NOTE1 In case scaling_mode_levell or scaling_mode_level2 equal to 1, for one-dimensional 2:1 scaling only
across the horizontal dimension, in order to maintain the source display aspect ratio, the sample aspect ratio
of the decoded base picture is expected to be doubled, for each scaling_model_level equal to 1, in the horizontal
value with respect to the source sample aspect ratio.

user_data_enabled specifies whether user data are included in the bitstream and the size of the user
data, as specified in Table 29.

Table 29 — User data

user_data_enabled Value of type
1 enabled 2-bits
2 enabled 6-bits
3 Reserved

levelll_depth_flag specifies whether hierarchical level 1 (see clause 6.3.1) is\processed uging the base
depth type or the enhancement depth type. If the value of the flag is 0,chierarchical leve] 1 should be
procg¢ssed using the base depth type. If the value of the flag is 1, hierarchical level 1 should be processed
using the enhancement depth type.

chroma_step_width_flag specifies whether chroma_step_width“multiplier is present or not. If the
value of this flag is 1, the syntax element chroma_step_width,_multiplier is present. If the vialue is 0, the
syntgx element chroma_step_width_multiplier is not present

tile_dimensions_type specifies the resolution of the-picture tiles, and it should take a vgqlue between
0 and 3 according to Table 30. The value of the type is expressed as NxM, where N is the[width of the
pictufe tile and M is height of the picture tile.

Table 30 — Resolution of the decoded picture tiles

tile_dimensions_type Value of type
0 no tiling
1 512x256
2 1024x512
3 Custom

custom_tile_width specifies a custom width for the tile. In order to prevent incomplete TUs, as defined
in 6.3.2, custom_tile-width shall be an integer multiple of the TU size (nTbS = 2 if transform_type is
equal to 0 and nThS = 4 if transform_type is equal to 1) for each sub-layer and for each plane within a
sub-layer.

custom, tile_height specifies a custom height for the tile. In order to prevent incomplete TUs, as defined
in ih custom_tile_height shall be an integer multiple of the TU size (nTbS = 2 if transform_type is
equal to 0 and nTbS = 4 if transform_type is equal to 1] for each sub-layer and for each plane within a
sub-layer.

compression_type_entropy_enabled_per_tile_flag specifies the compression method used to encode
the entropy_enabled_flag field of each picture tile, and it should take a value between 0 and 1 according
to Table 31.

Table 31 — Compression method for entropy_enabled_flag of each picture tile

compression_type_entropy_ena-
bled_per_tile_flag Value of type
0 No compression used
1 Run length encoding
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compression_type_size_per_tile specifies the compression method used to encode the size field of
each picture tile, and it should take a value between 0 and 3 according to Table 32.

Table 32 — Compression method for size of each picture tile

compression_type_size_per_tile |Value of type
0 No compression used
1 Prefix Coding encoding
2 Prefix Coding encoding on differences
3 Reserved

custom_resplution_width specifies the width of a custom resolution. In order to prevent inconjplete
TUs, as defjned in 6.3.2, when custom_resolution_width is not an integer multiple ,0f)TU]| size,
PictureWidth is inferred to be ceiling(PictureWidth/nTbS) * nTbS, and the mechanism of,cofiformance
cropping wihdow specified by conformance_window_flag shall be used as specified in Z.4.3.2.

custom_resplution_height specifies the height of a custom resolution. In order te\prevent inconjplete
TUs, as defjned in 6.3.2, when custom_resolution_height is not an integef |multiple of TU]| size,
PictureHeiglt is inferred to be ceiling(PictureHeight/nTbS) * nTbS, and the mechanism of confornance
cropping wihdow specified by conformance_window_flag shall be used as-specified in 7.4.3.2.

chroma_stelp_width_multiplier specifies a value used to scale the)step_width_sublayer2 for the
chroma planjes. If not specified, the default value is 64.

7.4.3.4 Ddta block unit picture configuration semantics

no_enhancgment_bit_flag specifies that there are no enliancement data for all layerldx < nLayers in
the picture.

quant_matiix_mode specifies which quantizationmatrix to be used in the decoding procdgss in
accordance yith Table 33. When quant_matrix_mode is not present, it is inferred to be equal to 0.

Table 33 = Quantization matrix

quant_matrix_mode Value of type

0 each enhancement sub-layer uses the matrices used for the
previous frame, unless the current picture is an IDR picture, in
which case both enhancement sub-layers use default matrices

both enhancement sub-layers use default matrices

one matrix of modifiers is signalled and should be used on both
enhancement sub-layers

3 one matrix of modifiers is signalled and should be used on en-
hancement sub-layer 2

4 e £ A le H H Hod el 111 |
0T UIIT IIIAdUI TA UL TITUUITITTI S 1S blsuaucu dlIU S1T0UIU UT USTU UIT TII=

hancement sub-layer 1

5 two matrices of modifiers are signalled - the first one for en-
hancement sub-layer 2, the second for enhancement sub-layer 1
6-7 Reserved

dequant_offset_signalled_flag specifies if the offset method and the value of the offset parameter to
be applied when dequantizing is signalled. If equal to 1, the method for dequantization offset and the
value of the dequantization offset parameter are signalled. When dequant_offset_signalled_flag is not
present, it is inferred to be equal to 0.

picture_type_bit_flag specifies whether the encoded data are sent on a frame basis (e.g., progressive
mode or interlaced mode) or on a field basis (e.g., interlaced mode) in accordance with Table 34.
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Table 34 — Picture type

picture_type_bit_flag Value of type
0 frame
1 Field

field_type_bit_flag specifies, if picture_type_bit_flag is equal to 1, whether the data sent are for top or

bottom field in accordance with Table 35.

Table 35 — Field type

field_type_bit_flag Value of type
0 Top
1 Bottom

temporal_refresh_bit_flag specifies whether the temporal buffer should bemefreshed fof
If eqyal to 1, the temporal buffer should be refreshed. For an IDR picture} témporal_ref:
shall pe set to 1.

temporal_signalling_present_flag specifies whether the temporal signalling coefficig

the picture.
resh_bit_flag

bnt group is

presdnt in the bitstream. When temporal_signalling_present_flag\is not present, it is inferred to be

equal to 1 if temporal_enabled_flag is equal to 1 and temporal &efresh_bit_flag is equal to
itis inferred to be equal to 0.

should beeither 0 (filtering disabled) or 1 (filtering enabled). When levell_filtering_enable
presgnttis inferred to be equal to 0.

0, otherwise

ecoding the
e used when
computed as

b used when
signalled. It

ault value is
0.

0 (dithering

1 to be equal
the value of

the encoded

d be used. It
d_flag is not

qm_coefficient_0O[layerldx] specifies the values of the quantization matrix scaling parameter when
quant_matrix_mode is equal to 2, 3 or 5.

gm_coefficient_1[layerldx] specifies the values of the quantization matrix scaling parameter for when
quant_matrix_mode is equal to 4 or 5.

dequant_offset_mode_flag specifies the method for applying dequantization offset. If equal to 0, the
default method applies, using the signalled dequant_offset as parameter. If equal to 1, the constant-
offset method applies, using the signalled dequant_offset parameter.

dequant_offset specifies the value of the dequantization offset parameter to be applied. The value of
the dequantization offset parameter should be between 0 and 127, inclusive.
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dithering_type specifies what type of dithering is applied to the final reconstructed picture according
to Table 36.

Table 36 — Dithering

dithering_type Value of type
0 None
1 Uniform
2-3 Reserved

7.4.3.5 Data block unit encoded data semantics

surfaces[planeldx][levelldx][layerldx].entropy_enabled_flag indicates whether a specific layef has
data.

surfaces[pldneldx][levelldx][layerldx].rle_only_flag indicates whether a specific layer has only RILE or
also Prefix Qoding.

temporal_surfaces[planeldx].entropy_enabled_flag indicates whether-the temporal surface rglated
to a specific plane has data.

temporal_syurfaces[planeldx].rle_only_flag indicates whether a témporal surface related to a specific
plane has onlly RLE or also Prefix Coding.

7.4.3.6 Data block unit encoded tiled data semantics

surfaces[pldneldx][levelldx][layerldx].rle_only_flagindicates whether a specific layer had only RILE or
also Prefix Qoding.

surfaces[pldneldx][levelldx][layerldx].tiles[tilefdx].entropy_enabled_flag indicates whethgr a
specific tile belonging to a specific surface ofa specific layer has data.

temporal_surfaces[planeldx].rle_only flag indicates whether a temporal surface related to a specific
plane has onlly RLE or also Prefix Coding.

temporal_stirfaces[planeldx].tiles[tileldx].entropy_enabled indicates whether a specific| tile
belonging to|a specific tempotal surface has data.

entropy_enabled_per_tile. compressed_data_rle contains the RLE-encoded signalling for |each
picture tile gnd should\be decoded based on 9.3.5.

compressed_size per_tile_prefix specifies the compressed size of the encoded data for each picture
tile and shoyld/be-decoded based on 9.2.3.

7.4.3.7 Data block unit surface semantics
surface.size specifies the size of the entropy encoded data (see 9.1).

surface.data_rle contains the entropy encoded RLE only data when the related surface.rle_only_flag
value is true (see 9.1).

surface.data_prefix_coding contains the entropy encoded Prefix Coding data when the related
surface.rle_only_flag value is false (see 9.1).

7.4.3.8 Data block unit additional info semantics

additional_info_type contains additional information in the form of either SEI messages (as specified
in Annex D) or VUI messages (as specified in Annex E).
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payload_type specifies the payload type of an SEI message (as specified in Annex D).

7.4.3

.9 Data block unit filler semantics

filler byte shall be a byte equal to 0xAA.

8 Decoding process

8.1

General decoding process

The i
two

The
prod
asso
that

requi
— t
H
— t
0
t
The d
1) 1
2) 1
3) 1
4) 1T
5) 1
6) T
7) 1
8) 1T
9) 1

put to this process is an LCEVC bitstream that contains an enhancement layer consiy
ub-layers.

ecoding process is specified such that all decoders that conform to a specified profile :

ce numerically identical cropped decoded output pictures when invokingthe deco
iated with that profile for a bitstream conforming to that profile and le¥el. Any deco
roduces identical cropped decoded output pictures to those produced-by the proce
(with the correct output order or output timing, as specified) conforms to the deco
rements of this document. The outputs of this process are:

he enhancement residuals planes (sub-layer 1 residual planes) to be added to the
ictures 1, obtained from the base decoder reconstructed\pictures; and

he enhancement residuals planes (sub-layer 2 residual planes) to be added to the
utput pictures resulting from upscaling and modifying via predicted residuals the co
he preliminary pictures 1 and the sub-layer 1 résidual planes.

ecoding process operates on data blocks andit is described as follows:
he decoding of payload data block units.s specified in 8.2.

he decoding process for the pictuteds specified in 8.3 using syntax elements in Claus|
he decoding process for temporal prediction is specified in 8.4.

he decoding process for-the'dequantization process is specified in 8.5.
he decoding process.for the transform is specified in 8.6.

he decoding process for the upscaler is specified in 8.7.

he decodingprocess for the predicted residual is specified in 8.7.4.

he decoding process for the residual reconstruction is specified in 8.8.

hé.decoding process for the L-1 filter is specified in 8.9.

ting of up to

ind level will
ling process
ding process
ss described
ding process

preliminary

preliminary
mbination of

10) The decoding process for the base encoding data extraction is specified in 8.10.

11) The decoding process for the dithering filter is specified in 8.11.

8.2

Payload data block unit process

Input to this process is the enhancement layer bitstream. The enhancement layer bitstream is
encapsulated in NAL units specified in 7.3.2. A NAL unit is used to synchronize the enhancement layer
information with the base decoded information.

The bitstream is organized in NAL units, with each NAL unit including one or more data blocks. For
each data block, the process_block( ) syntax structure (7.3.3) is used to parse a block header (and only
the block header) and invokes the relevant process_block( ) syntax element based upon the information
in the block header. A NAL unit which includes encoded data comprises at least two data blocks, a
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picture configuration data block and an encoded (tiled) data block. The possible different data blocks
are indicated in Table 19.

A sequence configuration data block should occur at least once at the beginning of the bitstream. A
global configuration data block should occur at least for every IDR picture. Every encoded (tiled) data
block should be preceded by a picture configuration data block. When present in a NAL unit, a global

configuratio

n data block should be the first data block in the NAL unit.

8.3 Picture enhancement decoding process

8.3.1 Gen

Input of this
in 7.3.3. Out}
being decod
7.3.6 and 7.4

eral enhancement decoding process

3.4.

8.3.2 Dec

Syntax of thi

A variah
processt

A variab

A const3

Output of
surfaces[nP]
temporal su

variable

if (prog
nPl

else
nPI

variable

if (tran
nL3

else
nL3

pding process for picture enhancement encoded data (payload_éncoded_data)
s process is described in 7.3.7. Inputs to this process are:

le nPlanes containing the number of plane (7.4.3.2 depending on the value of the va
bd_planes_type_flag),

le nLayers (7.4.3.2 depending on the value of transform_type),
nt nLevel equal to 2, since 2 enhancement sub-<layers are processed.

this process

'face of a size nPlanes with elements temporal_surface[nPlanes].

nPlanes is derived as follows:
essed_planes_type_flag == Q)
anes = 1

anes = 3

nLayers is derived’as follows:
sform_type,==0)

yers = 4

yers= 16

process is the portion of the bitstream following the headers decoding process-desd
puts are the entropy encoded transform coefficients belonging to the picture efthance
bd. Every encoded picture is preceded by the picture configuration payload describ

is the (nPlanes)x(nLevels)x(nLayers) array surfaces with eler
hnes|[nLevels][nLayers] and, if temporal¢signalling_present_flagis equal to 1, an addif

ribed
ment
ed in

riable

nents
ional

The encode
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Udtd IS5 OI'gdIIZed T CITUIIKS. TTIE tOLdl ITUIIIDCET O CHUIIRS IS TdItuldietd d5 T0ITOWS.

total_chunk_count = nPlanes * nLevels * nLayers * (no_enhancement_bit_flag == 0) + nPlanes *
(temporal_signalling_present_flag == 1)
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Figure 4 — Encoded enhancement picture data chunk structure

to 1, an additional chunk with temporalidata for enhancement sub-layer 2 is extracte

ariable levelldx 1 refers to enhandement sub-layer 1 and levelldx 2 refers to enhan
2.

ecoding process is the following:

he following flags surfaces[planeldx][levelldx][layerldx].entropy_enabled_flag, surfag
evelldx][layerldx].rle_only_flag, temporal_surfaces[planeldx].entropy_enabled_f
bmporal_surfaces[planeldx].rle_only_flag are derived as follows:

shift_size = %1
for (plan€ldx = 0; planeldx < nPlanes; ++planeldx) {
if (Mo)eénhancement_bit_flag == 0) {
for (levelldx = 1; levelldx <= nLevels; ++levelldx) {
for (layerldx = 0; layer < nLayers; ++layerldx) {

nhancement picture data chunks are hierarchically organized as shown in Figure 4. Fdr each plane,
2 enhancement sub-layers are extracted. #or each enhancement sub-layer, up to 16 coefficient
groups of transform coefficients can be extracted. Additionally, if temporal_signalling_pr

esent_flag is
d.

cement sub-

es[planeldx]
lag and

if (shift size < (0) {

data = read_byte(bitstream)
shift_size=8-1

> shift_size)

}
surfaces[planeldx][levelldx][layerldx].entropy_enabled_flag = ((data >
& 0x1)
surfaces[planeldx][levelldx][layerldx]._rle_only_flag = ((data >> shift_size - 1))
& 0x1
shift_size -= 2
}
}
}else {

for (levelldx = 1; levelldx <= nLevels; ++levelldx) {
for (layerldx = 0; layer < nLayers; ++layerldx)

© ISO/IEC 2021 - All rights reserved

43


https://iecnorm.com/api/?name=bf89ddbe7bb64dfd70b72e48289e5d33

ISO/IEC 23094-2:2021(E)

surfaces[planeldx][levelldx][layerldx].entropy_enabled_flag = 0

if (temporal_signalling_present_flag == 1) {
if (shift_size < 0) {
data = read_byte(bitstream)
shift_size=8-1
}
temporal_surfaces[planeldx].entropy_enabled_flag = ((data >> shift_size) & 0x1)
temporal_surfaces[planeldx].rle_only_flag = ((data >> (shift_size - 1)) & 0x1)
shift_size -=2
}
}

According to the values of the entropy_enabled_flag and rle_only_flag fields the content fqr the
surfaceq[planeldx][levelldx][layerldx].data_rle indicating the beginning of the RLE only (or
surfaceq[planeldx][levelldx][layerldx].data_prefix_coding indicating the beginning '6f the Prefix
Coding 4nd RLE) encoded transform coefficients related to the specific chunk-¢f\data are ddrived

as follows:

for (planpldx = 0; planeldx < nPlanes; ++planeldx) {
for (levelldx = 1; levelldx <= nLevels; ++levelldx) {
fqr (layerldx = 0; layer < nLayers; ++layerldx) {
if (surfaces[planeldx][levelldx][layerldx].entropy_enabled flag) {
if (surfaces[planeldx][levelldx][layerldx].rle_only-flag) {
multibyte = read_multibyte(bitstream)
surfaces|[planeldx][levelldx][layerldx].size)= multibyte
surfaces[planeldx][levelldx][layerldx].data_rle = bytestream_current(bitstrpam)
}else {
data = read_byte(bitstream)
multibyte = read_multibyte(bitstream)
surfaces|[planeldx][levelldx]flayerldx].size = multibyte
surfaces[planeldx][levelldx]|[layerldx].data_prefix_coding =
bytestream_current(bitstream)
bytestream_seek(bjtstream, surfaces[planeldx][levelldx][layerldx].size)

}

If tempqral_signalling present_flag is equal to 1, according to the values of the entropy_enabled_
flag and rle_only_flag fields the content for the temporal_surfaces[planeldx].data_rle indidating
the begil:ming of-the RLE only (or temporal_surfaces[planeldx].data_prefix_coding indicatirlg the
beginnipg of the Prefix Coding and RLE) encoded temporal signal coefficient group related to the
specific chunkof data are derived as follows:

if (temporal—sigmatting—present-flag==13<

if (temporal_surfaces[planeldx].entropy_enabled_flag) {

if (temporal_surfaces[planeldx].rle_only_flag) {
multibyte = read_multibyte(bitstream)
temporal_surfaces[planeldx].size = multibyte
temporal_surfaces[planeldx].data_rle = bytestream_current(bitstream)

}else {
data = read_byte(bitstream)
multibyte = read_multibyte(bitstream)
temporal_surfaces[planeldx].size = multibyte
temporal_surfaces[planeldx].data_prefix_coding = bytestream_current(bitstream)
bytestream_seek(bitstream, temporal_surfaces[planeldx].size)
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The entropy encoded transformed coefficients contained in the block of bytes of length
surfaces[planeldx][levelldx][layerldx].size and starting from surfaces[planeldx][levelldx][layerldx].
data_rle (or surfaces[planeldx][levelldx][layerldx].data_prefix_coding) address are then passed to the
entropy decoding process described in 9.1.1.

If temporal_signalling_present_flag is set to 1, the group of entropy encoded temporal signal values
contained in the block of bytes of length temporal_surfaces|[planeldx].size and starting from temporal_
surfaces[planeldx].data_rle (or temporal_surfaces[planeldx].data_prefix_coding) address are then

pass

dtothe nnfrnpy r]nr‘nﬂing process described in 912

8.3.3
data]

Syntg
— A

B
A
— A
A

— A

Outp
surfal
temp

and refers to the number of tiles in L-2.

and refers to the number of tiles in L-1.

Decoding process for picture enhancement encoded tiled data (payload.encoded_tiled_

x of this process is described in 7.3.8. Inputs to this process are:

variable nPlanes containing the number of planes (7.4.3.2 dependifig-on the value of]
rocessed_planes_type_flag),

variable nLayers (7.4.3.2 depending on the value of transform,_type),
constant nLevels equal to 2, since there are 2 enhancement sub-layers,

variable nTilesL2, which equalsto Ceil(PictureWidth/ TileWidth)xCeil(PictureHeight

variable nTilesL1, which equals to:
— (a) nTilesL2 if the variable scaling_mede_level2 is equal to 0,

- (b) Ceil(Ceil(PictureWidth / 2) /TileWidth)xCeil(PictureHeight) / TileHeight) if
scaling_mode_level2 is equal to'1; and

- (c) Ceil(Ceil(PictureWidth /2) / TileWidth)xCeil(Ceil(PictureHeight / 2) / TileH
variable scaling_mode:.level2 is equal to 2,

it of this prdcess is the (nPlanes)x(nLevels)x(nLayer) array surfaces wit
ces[nPlanes][nkevels][nLayer] and, if temporal_signalling_present_flag is set to 1, 3
pral surfacetof'a size nPlanes with elements temporal_surface[nPlanes].

variable nPlanes is derived as follows:

ilf (processed_planes_type_flag == 0)

nPlanes =1

else

i

nPlanes = 3
variable nLayers is derived as follows:

f (transform_type == 0)

nLayers = 4
else
nLayers = 16

the variable

TileHeight)

the variable

eight) if the

h elements
n additional

The encoded data is organized in chunks. The total number of chunks is calculated as following:

total_chunk_count = nPlanes * nLayers * (nTilesL1 + nTilesL2) * (no_enhancement_bit_flag == 0) +
nPlanes * nTilesL2 * (temporal_signalling_present_flag == 1)
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Figure 5 — Encoded chunk tile structure

The enhanc¢ment picture data chunks are hierarchicallyrorganized as shown in Figure 5. For| each
plane up to 2 layers of enhancement sub-layers are extracted. For each sub-layer of enhancement,|up to
16 coefficierjt groups of transform coefficients can bé’extracted. Additionally, if temporal_signalling_
present_flagl is set to 1, an additional chunk with>temporal data for enhancement sub-layey 2 is
extracted.

The variablg levelldx 1 refers to enhancement sub-layer 1 and levelldx 2 refers to enhancement sub-
layer 2.

The decoding process is as follows:

The following flags surfaces[planeldx][levelldx][layerldx].rle_only_flag and, if temporal_signalling_
present]flag is set to 1, temporal_surfaces[planeldx].rle_only_flag are derived as follows:

shift |size = -1
for (glaneldx =0}planeldx < nPlanes; ++ planeldx) {
if|(no_enhancement_bit_flag == 0) {
for(levelldx = 1; levelldx <= nLevels; ++levelldx) {
for (layerldx = 0; layer < nLayers; ++layerldx) {
if (shift size < 0} {
data = read_byte(bitstream)
shift_size=8-1

}
surfaces[planeldx][levelldx][layerldx].rle_only_flag = ((data >> (shift_size - 1)) &

0x1)
shift_size -=
}
}

if (temporal_signalling_present_flag == 1) {
if (shift_size < 0) {
data = read_byte(bitstream)
shift_size=8-1
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}

temporal_surfaces[planeldx].rle_only_flag = ((data >> (shift_size - 1)) & 0x1)
shift_size -=1

}

The following flags surfaces[planeldx][levelldx][layerldx].tiles[tileldx].entropy_enabled_flag and,

if temporal_signalling_present_flag is set to 1, temporal_surfaces[planeldx].tiles[tileldx].entropy_
enabled_flag are derived as follows:

if (compression_type_entropy_enabled_per _tile_flag == 0) {

Chiff_ci7o ==1

for (planeldx = 0; planeldx < nPlanes; ++planeldx) {
if (no_enhancement_bit_flag == 0) {
for (levelldx = 1; levelldx <= nLevels; ++levelldx) {
if (levelldx == 1)
nTiles = nTilesL1
else
nTiles = nTilesL2
for (layerldx = 0; layer < nLayers; ++layerldx) {
for (tileldx=0; tileldx < nTiles; tileldx ++) {
if (shift_size < 0) {
data = read_byte(bitstream)
shift_size=8-1
}
surfaces[planeldx][levelldx]{layerldx].tiles[tileldx]. entropy_engbled_flag =

((data >> (shift_size.-1)) & 0x1)
shift_size -=

}
}
}
}else{
for (levelldx = 1; levelldx <= nLevels; ++levelldx) {
if (levelldx == 1)
nTiles = nTilesL1
else
nTiles = nTilesL2
for (layerldx = 0; layer < nLayers; ++layerldx) {
for-(tileldx = 0; tileldx < nTiles; tileldx++)
surfaces[planeldx][levelldx][layerldx].tiles[tileldx].entropy_enabled_flag = 0

¥

if\(temporal_signalling_present_flag == 1) {
for (tileldx = 0; tileldx < nTilesL2; tileldx++) {
if (shift_size < 0) {
data = read_byte(bitstream)
shift_size=8-1
}

temporal_surfaces|[planeldx].tiles[tileldx].entropy_enabled_flag =
((data >> (shift_size - 1)) & 0x1)
shift_size=1

}

}
}
}else {

RLE decoding process as defined in 9.3.5.
}
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According to the value of the entropy_enabled_flag and rle_only_flag fields, the content for the
surfaces[planeldx][levelldx][layerldx].tiles[tileldx].data_rle indicating the beginning of the RLE
only (or surfaces[planeldx][levelldx][layerldx].tiles[tileldx].data_prefix_coding indicating the
beginning of the Prefix Coding and RLE) encoded coefficients related to the specific chunk of data
is derived as follows:

if (compression_type_size_per._tile == 0) {
for (planeldx = 0; planeldx < nPlanes; ++planeldx) {

If temporal _

rle_only_flag fields, the content for the temporal_surfaces[planeldx].tiles[tileldx].data_rle indig
the beginniry

Coding and

derived as fallows:

48

for (levelldx = 1; levelldx <= nLevels; ++levelldx) {
if (levelldx == 1)
nTiles = nTilesL1

1
CI5¢C

nTiles = nTilesL2
for (layerldx = 0; layer < nLayers; ++layerldx) {
for (tileldx = 0; tileldx < nTiles; tileldx++) {

_flag) {
if (surfaces[planeldx][levelldx][layerldx].rle_only_flag) {

multibyte = read_multibyte(bitstream)

surfaces[planeldx][levelldx][layerldx].tiles[tileldx]data_rle =
bytestream_current(bitstream)
}else {
data = read_byte(bitstream)
multibyte = read_multibyte(bitstream)

coding =
bytestream_currént(bitstream)
bytestream_seek{bitstream,
surfaces|[planeldx][levelldx][layerldx].tiles[tileldx].size)

}

cignalling_presentiflag is set to 1, according to the value of the entropy_enabled_fla

RLE) encoded temporal signal coefficient group related to the specific chunk of dat

if (témporal_signalling_present_flag == 1) {
for (tileldx = 0; tileldx < nTilesL2; tileldx++) {

if (surfaces[planeldx][levelldx][layerldx].tiles[tileldx].entrepy“enabled

surfaces[planeldx][levelldx][layerldx].tiles[tile]ldx].size = multiljyte

surfaces[planeldx][levelldx]{layerldx].tiles[tileldx].size = multibyte
surfaces[planeldx][leveldx][layerldx].tiles[tileldx].data_prefix|

o and
ating

g of the RLEwonly (or temporal_surfaces[planeldx].tiles[tileldx].data_prefix_coding Prefix

a are

1f (temporal_surfaces| planeldx]|.tiles|tileldx]|.entropy_enabled_flag) {
if (temporal_surfaces[planeldx].rle_only_flag) {

multibyte = read_multibyte(bitstream)

temporal_surfaces[planeldx].tiles[tileldx].size = multibyte

temporal_surfaces[planeldx].tiles[tileldx].data_rle =
bytestream_current(bitstream)

}else {

data = read_byte(bitstream)

multibyte = read_multibyte(bitstream)

temporal_surfaces[planeldx].tiles[tileldx].size = multibyte

temporal_surfaces[planeldx].tiles[tileldx].data_prefix_coding =
bytestream_current(bitstream)

bytestream_seek(bitstream, temporal_surfaces[planeldx].
tiles[tileldx].size)
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}
}
}else{
for (planeldx = 0; planeldx < nPlanes; ++planeldx) {
for (levelldx = 1; levelldx <= nLevels; ++levelldx) {
if (levelldx == 1)
nTiles = nTilesL1
else
nliles =nlilesLZ
for (layerldx = 0; layer < nLayers; ++layerldx) {
for (tileldx = 0; tileldx < nTiles; tileldx ++) {
if (surfaces[planeldx]|[levelldx][layerldx].tiles[tileldx].entropy_enpabled_flag) {
if (surfaces[planeldx][levelldx][layerldx].rle_onlj.flag) {
Prefix Coding decoding process as defined~in’9.2.3 to fill
surfaces[planeldx][levelldx][layerldx].tiles[tileldX].size
surfaces|[planeldx][levelldx][layerldx]'tiles[tileldx].datp_rle =
bytestream_current(bitstream)

}else {

Prefix Coding decoding process-as defined in 9.2.3 to fil

surfaces[planeldx][levelldx][layerldx].tiles[tileldX].size
surfaces|[planeldx][levelldx][layerldx].tiles[tileldx].dqta_prefix_

coding =

bytestream{cutrent(bitstream)
bytestream_seek(bitstream,surfaces[planeldx][levelldix][layerldx].
tiles[tileldx].size)

}

if (temporal_signalling\present_flag == 1) {
for (tileldx = 0;tilefdx < nTilesL2; tileldx++) {
if (temporal=surfaces[planeldx].tiles[tileldx].entropy_enabled_flag) {
if (témporal_surfaces[planeldx].rle_only_flag) {
Prefix Coding decoding process as defined in 9.2.3 to fill
temporal_surfaces[planeldx].tiles[tileldx].size
temporal_surfaces[planeldx].tiles[tileldx].data_rle =
bytestream_current(bitstream)
}else{
Prefix Coding decoding process as defined in 9.2.3 to fill
temporal_surfaces[planeldx].tiles[tileldx].size
tCllllJUl al_b ul fClLCD[IJ}ClllCIdA] .tilca[tilcldz&].data_pl CfiA_LUdills l
bytestream_current(bitstream)
bytestream_seek(bitstream, temporal_surfaces[planeldx].tiles[tileldx].size)

}
}
}
}

The entropy encoded transformed coefficients contained in the block of bytes of length
surfaces[planeldx][levelldx][layerldx].tiles[tileldx].size and starting from surfaces[planeldx][levelldx]
[layerldx].tiles[tileldx].data_rle (or surfaces[planeldx][levelldx][layerldx].tiles[tileldx].data_prefix_
coding) address are then passed to the entropy decoding process described in 9.1.1.
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If temporal_signalling_enabled_flag is set to 1, the group of entropy encoded temporal signal values
contained in the block of bytes of length temporal_surfaces[planeldx].tiles[tileldx].size and starting
from temporal_surfaces[planeldx].tiles[tileldx].data_rle (or temporal_surfaces[planeldx].tiles[tileldx].

data_prefix_

coding) address are then passed to the entropy decoding process described in 9.1.2.

8.3.4 Decoding process for enhancement sub-layer 1 (L-1) encoded data

8.3.4.1 Derivation of dimensions of L-1 picture

The result of this process is the L-1 enhancement residual surface to be added to the preliminary

intermediat

picture. The L-1 dimensions of the residuals surface are the same as the preli

inary

intermediatg
— Ifscalin

The L-1
(specifie

— If scalin

The L-1
in 7.4.3.

 picture and they are derived as follows:
b_mode_level2 (specified in 7.4.3.3) is equal to 0:

dimensions should be the same as the L-2 dimensions derived frompreSolution
din 7.4.3.3).

b_mode_level2 (specified in 7.4.3.3) is equal to 1:

height should be the same as the L-2 height as derived from‘¢esolution_type (spe
B), whereas the L-1 width shall be computed by halving the'L-2 width as derived

resoluti
— Ifscalin

The L-2
type (sp

n_type (specified in 7.4.3.3).
b_mode_level2 (specified in 7.4.3.3) is equal to 2:

dimensions should be computed by halving the k3I\dimensions as derived from resolu
ecified in 7.4.3.3).

8.3.4.2 General decoding process for an L-1 encedeéd data block

Inputs to thi

5 process are:

— asamplg
tothet

location (xTbO, yTbO0) specifying the top-left sample of the current transform block re
p-left sample of the current.picture,

— avariable nTbS specifying the size of the current transform block derived in 7.4.3.2 from the

of varia
is equal

— an arra
transfon

— anarray
reconsti

le transform_type (nThS = 2 if transform_type is equal to 0 and nTbS = 4 if transform
to 1),

/' TransformCoeffQ of a size (nTbS)x(nTbS) specifying L-1 entropy decoded quarn
m coefficients,

recL1BaseSamples of a size (nTbS)x(nTbS) specifying the preliminary intermediate pi
ucted,;samples of the current block resulting from the process described in 8.10,

L type

rified
from

tion_

ative

value
| type

tized

cture

— stepWidlth value derived in 74 3 4 from the value of variable cfpp_‘/\lidfh_cnhhypﬂ i}

— avariable IdxPlanes specifying to which plane the transform coefficients belong,

— avariable userDataEnabled derived from the value of variable user_data_enabled.

Output of this process is the (nTbS)x(nTbS) array of the residual resL1FilteredResiduals with elements
resL1FilteredResiduals[x][y].

50
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The sample location (xXTbP, yTbP) specifying the top-left sample of the current transform block relative
to the top-left sample of the current picture is derived as follows:

(xTbP, yTbP) = (IdxPlanes ==

0) ? (xTb0, yTb0) : (XTb0 >> ShiftWidthC, yTb0 >> ShiftHeightC)

(14)

P can be related to either luma or chroma plane depending on which plane the transform coefficients
belong to. ShiftWidthC and ShiftHeightC are specified in 6.2.

If no_enhancement_bit_flag is equal to 0, then the following ordered steps apply:

1y

2)

3)

4)

5)

If nTbS is equal to 4, TransformCoefo(l)(l) 1s shlfted to the rlght elther by two bits

ariable userDataEnabled is set to 1, or by six bits (>> 6) if userDataEnabled is set
addition, if the last bit of TransformCoeffQ(1)(1) is set to 0, TransformCoeffQ(1)(1) is 9

[he dequantization process as specified in 8.5 is inveked with the transform size set e
the array TransformCoeffQ of a size (nTbS)x(nTbS), and the variable stepWidth as inj
dutput is an (nTbS)x(nTbS) array dequantCoeff,

[he transformation process as specified in 8:6°is invoked with the luma location (xTb

(>> 2) if the
to 2. And in

rmCoeffQ(1)
is set to be

(>> 2) if the
to 2. And in
hifted to the

is set to be

qual to nTbS,
buts, and the

X, yT'bX), the

transform size set equal to nTbS, the array“dequantCoeff of size (nTbS)x(nTbS) as inputs, and the

dqutput is an (nTbS)x(nTbS) array resL1Residuals.

[he L1 filter process as specified i1+8.9 is invoked with the luma location (xTbX, yTb
resL1Residuals of a size (nTbS)x(nTbS) as inputs, and the output is an (nTbS)x(|
resL1FilteredResiduals.

When userDataEnabled'is set to 1, particular care is given to the value of stepWidt

decodling process, as deScribed in 9.3, which limits the bit length of the RLE symbols to 13

If userDataEnabled is set to 1, and base_depth_type is set to 3 (i.e., the base bit depth
spmple), theirstepWidth should be greater or equal to 8.

If userDataEnabled is set to 2, and base_depth_type is set to 1 (i.e., the base bit depth
ample); then stepWidth should be greater or equal to 8.

w

ler to prevent saturation of the TransformCoeffQ values beyond the constraints sef

K), the array
nTbS) array

h as defined,
by the RLE
bits.

s 14 bits per

s 10 bits per

cawnf\i—f\rnf\]ﬂ]nr‘] issetto 2 andhaca r‘ani—]n tyz

IEuserDa setto2-andbase—depth

sample), then stepWidth should be greater or equal to 32.

s 12 bits per

If userDataEnabled is set to 2, and base_depth_type is set to 3 (i.e., the base bit depth is 14 bits per

sample), then stepWidth should be greater or equal to 128.

If no_enhancement_bit_flag is equal to 1, the array resL1FilteredResiduals of size (nTbS)x(nTbS) is set
to contain only zeros.

The picture reconstruction process for each plane as specified in 8.8.2 is invoked with the transform
block location (xXTb0, yTb0), the transform block size nTbS, the variable IdxPlanes, the (nTbS)x(nTbS)
array resL1FilteredResiduals, and the (nTbS)x(nTbS) array recL1BaseSamples as inputs.
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8.3.5 Decoding process for enhancement sub-layer 2 (L-2) encoded data

8.3.5.1 Derivation of dimensions of L-2 picture

The result of this process is the L-2 enhancement residuals plane to be added to the upscaled L-1
enhanced reconstructed picture. The dimensions of the residuals plane are the same as the value
derived by the variable resolution_type described in 7.4.3.3.

8.3.5.2 General decoding process for an L-2 encoded data block

Inputs to this process are:

a samplg location (xTb0, yTb0) specifying the top-left sample of the current transform block relative
to the tpp-left sample of the current picture, a variable nTbS specifying the size of-the current
transforym block derived in 7.4.3.2 from the value of variable transform_type (nTbS =2,if transform
type is dqual to 0 and nTbS = 4 if transform_type is equal to 1),

derived fin 7.4.3.4, a variable temporal_signalling_present_flag as derived.in|74.3.4 and temporal_
step_width_modifier as specified in 7.3.5,

a VariaITEe temporal_enabled_flag as derived in 7.4.3.3 and a variable temponal:refresh_bit_flag as

an array recL2ModifiedUpsampledSamples of a size (nTbS)x(nTkS)* specifying the upsampled
reconstiucted samples resulting from process specified in 8.8.2 efthe current block,

an array TransformCoeffQ of a size (nTbS)x(nTbS) specifying L-2 entropy decoded quantized
transforjm coefficient,

if variable temporal_signalling_present_flag is equak to 1 and temporal_tile_intra_signalling_
enabled| flagisequalto1,avariable TransformTempSig€orrespondingto the value in TempSigSyrface
(9.3.4) at the position (xTb0 >>nTbs, yTb0 >>nThs)i@and ifin addition temporal_tile_intra_signalling_
enabled|flagis set to 1, a variable TileTempSig corresponding to the value in TempSigSurface (P.3.4)
at the pgsition ((xTb0 % 32) * 32, (yTb0 %, 32)}* 32),

stepWidtth value derived in 7.4.3.4 fromcthe value of variable step_width_sublayer2,

a variabje IdxPlanes specifying to.which plane the transform coefficients belong.

Output of this process is the (nTbS)x(nTbS) array of L-2 residuals resL2Residuals with elements

resL2Residupls[x][y].

The sample Jocation (xTbP, ¥TbP) specifying the top-left sample of the current transform block relative

to the top-left sample ofthe ‘current picture is derived as follows:

(XTbP, yTbP) = (IdxPlanes == 0) ? (xTbO0, yTb0) : (xTb0 >> ShiftWidthC, yTb0 >> ShiftHeightC) | (15)

P can be relgted.to either luma or chroma plane depending on to which plane the transform coeffi¢ients
belong. Where ShiftWidthC and ShiftHeightC are specified in 6.2.

If no_enhancement_bit_flag is set to 0, then the following ordered steps apply:

1y

2)

52

If variable temporal_enabled_flag is equal to 1 and temporal_refresh_bit_flag is equal to 0, (7.4.3.4)
the temporal prediction process as specified in 8.4 is invoked with the luma location (xTbY, yTbY),
the transform size set equal to nTbS, a variable TransformTempSig and a variable TileTempSig as
inputs and the output is an array tempPredL2Residuals of a size (nTbS)x(nTbS).

If variable temporal_enabled_flag is equal to 1 and temporal_refresh_bit_flag is equal to 1 (7.4.3.4),
the array tempPredL2Residuals of a size (nTbS)x(nTbS) is set to contain only zeros.

If variable temporal_enabled_flag is equal to 1 and temporal_refresh_bit_flag is equal to 0 (7.4.3.4)
and TransformTempSig is equal to 0, the variable stepWidth is modified to Floor(stepWidth * (1 -
(Clip3(0, 0.5, (temporal_step_width_modifier / 255))))).
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3)

4)

5)

If no_{enhancement_bit_flag is set to 1, then the following ordered steps apply:

iy

2)

The |
blocK
array

8.4

8.4.1

Inputs to thisprocess are:

ISO/IEC 23094-2:2021(E)

The dequantization process as specified in 8.5 is invoked with the transform size set equal to nTbS,
the array TransformCoeffQ of a size (nTbS)x(nTbS), and the variable stepWidth as inputs, and the
outputis an (nTbS)x(nTbS) array dequantCoeff.

The transformation process as specified in 8.6 is invoked with the luma location (xTbY, yTbY), the
transform size set equal to nTbS, the array dequantCoeff of a size (nTbS)x(nTbS) as inputs, and the
outputis an (nTbS)x(nTbS) array resL2Residuals.

If variable temporal_enabled_flag is equal to 1, the array of tempPredL2Residuals of a size (nTbS)
x(nTbS) is added to the (nTbS)x(nTbS) array resL2Residuals and resL2Residuals array is stored to

the temporalBuffer at the luma location (XTbY, yTbY).

If variable temporal_enabled_flag is equal to 1, temporal_refresh_bit_flag ds-equ
variable temporal_signalling_present_flag is equal to 1 (7.4.3.4), the temporal predid
ds specified in 8.4 is invoked with the luma location (xTbY, yTbY), the transform size
1
t

bmpPredL.2Residuals of a size (nNTbS)x(nTbS).

f variable temporal_enabled_flag is equal to 1, temporal_refresh’ bit_flag is equal to 0
bmporal_signalling_present_flag is equal to 0 (74.3.4), the\temporal prediction
pecified in 8.4 is invoked with the luma location (xTbY, yTbY}),-the transform size set e
variable TransformTempSig set equal to 0 and a variable\FileTempSig set equal to 0 3
he output is an array tempPredL2Residuals of a size (nT'bS)x(nTbS).

&+ QO Nt —

o]

F variable temporal_enabled_flag is equal to 1 and'temporal_refresh_bit_flag is equal 1
he array tempPredL2Residuals of a size (nTbS)x(nTbS) is set to contain only zeros.

—

variable temporal_enabled_flag is ,equal to 1, the array of tempPred
f a size (nTbS)x(nTbS) is stored(\in the (nTbS)x(nTbS) array resL2Re
esL.2Residuals array is stored to .the temporalBuffer at the luma location (
Ise, the array resL2Residuals of a size (nTbS)x(nTbS) is set to contain only zeros.

= o o=
T

icture reconstruction process for each plane as specified in 8.8.2 is invoked with t}
location (xTb0, yTb0), the ttansform block size nTbS, the variable IdxPlanes, the (n
resL2Residuals, and the (xT'bY)x(yTbY) recL2ModifiedUpsampledSamples as inputs.

Decoding process for the temporal prediction

General decoding process for temporal prediction

location (XTbP, yTbP) specifying the top-left sample of the current luma or chromn

o

al to 0 and
tion process
set equal to

TbS, a variable TransformTempSig and a variable TileTempSig as inputs-and the outpit is an array

and variable

process as
qual to nTbS,
s inputs and

01 (7.4.3.4),

L2Residuals
tiduals  and
(TbY, yTbY).

le transform
T'bS)x(nTbS)

a transform

lockrelative to the top-left luma or chroma sample of the current picture. P can be rel3

ted to either

lumaor chroma plane depending to which plane the transform coefficients belong,

a variable nTbS specifying the size of the current transform block (nTbS = 2 if transform_type is

equal to 0 and nTbS = 4 if transform_type is equal to 1),

a variable TransformTempSig corresponding to the value in TempSigSurface (9.3.4) at
(xTbP >> nTbS, yTbP >> nTbS),

a variable TileTempSig corresponding to the value in TempSigSurface (9.3.4) at
((xTbP % 32) * 32, (yTbP % 32) * 32).

the position

the position

Output of this process is the (nTbS)x(nTbS) array of the tempPredL2Residuals with elements
tempPredL2Residuals[x][y].

© ISO/IEC 2021 - All rights reserved

53


https://iecnorm.com/api/?name=bf89ddbe7bb64dfd70b72e48289e5d33

ISO/IEC 23094-2:2021(E)

The following ordered steps apply:

1y

2)

If variable temporal_tile_intra_signalling is equal to 1 and xTbP >> 5 is equal to 0 and yTbP >> 5
is equal to 0 and TileTempSig is equal to 1, tiled temporal refresh process as specified in 8.4.2 is
invoked with the location (XTbP, yTbP).

If variable TransformTempSig is equal to 0, then tempPredL2Residuals[x][y] = temporalBuffer[xTbP
+ X][yTbP + y] where x and y are in the range[0, (nTbS - 1)]. Otherwise, tempPredL2Residuals[x][y]

are all set to 0.

8.4.2 Tile

Input to this

blockre
luma or

Output of th

location (xThP, yTbP) are set to zero.

8.5 Decoding process for the dequantization

8.5.1 Dec

Every group

sub-layer. They have been scaled using a uniform quantizef with deadzone. The quantizer can

non-centred

8.5.2 Scal

Inputs to thi

equal to

an array
coefficid

avariab

a variah
enhancsd

a locatig

a variablle nTbS specifying the size of*the current transform block (nTbS = 2 if transform_ty

d temporal refresh

process is:
n (xTbP, yTbP) specifying the top-left sample of the current luma or chronfa tranj
chroma plane depending to which plane the transform coefficients belong!

s process is that the samples of the area of the size 32x32 of tempPredL2Residuals

pding process for the dequantization overview

of transform coefficient passed to this process belongs to a specific plane and enhancg

dequantization offset.

ing process for transform coefficients

S process are:

zero and nTbS = 4 if transfetm_type is equal to 1),

TransformCoeffQ of size/(nTbS)x(nTbS) containing entropy decoded quantized tran;
nt,

e stepWidth specifying the step width value parameter,

le levelldg specifying the index of the enhancement sub-layer (with levelldx =
ment sub-layer 1 and levelldx = 2 for enhancement sub-layer 2),

a variablle dQuantOffset specifying the dequantization offset (derived from process of 7.4.3.
variableldequiant_offset),

form

ative to the top-left luma or chroma sample of the current picture. P can be related to ¢ither

ht the

ment
use a

rpe is

form

1 for

. and

if quant_matrix_mode is different from 0, an array QmCoeff0 of size 1 x nTbS? (equal to array
variable qm_coefficient_0 defined in 7.4.3.4) and further, if quant_matrix_mode is equal to 4, an
array QmCoeff1 of size 1 x nTbS? (equal to array qm_coefficient_1 7.4.3.4),

if nTbS == 2, an array QuantScalerDDBuffer of size (3 * nTbS)x(nTbS) containing the scaling
parameters array used in the previous picture,

if nTbS == 4, an array QuantScalerDDSBuffer of size (3 * nTbS)x(nTbS) containing the scaling
parameters array used in the previous picture.

Output of this process is the (nTbS)x(nTbS) array d of dequantized transform coefficients with elements
d[x][y] and the updated array QuantMatrixBuffer.

54

© ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=bf89ddbe7bb64dfd70b72e48289e5d33

ISO/IEC 23094-2:2021(E)

For the derivation of the scaled transform coefficients d[x][y] with x = 0..nTbS - 1, y = 0..nTbS - 1, and

given

matrix qm[x][y] as specified in 8.5.4, the following formula is used:

d[x][y] = TransformCoeffQ[x][y] * ((qm[x + (levelldxSwap * nTbS)][y] + stepWidthModifier[x][y]) +
appliedOffset[x][y])

8.5.3

Derivation of dequantization offset and stepwidth modifier

The variables appliedOffset[x][y] and stepWidthModifier[x][y] are derived as follows:

if (de

uant offset signalled flag==0){

st
(g
if
el
el
} else
st
if
el

el

} else
st

if
el

el

}
— ¥

dead
stepV
[yD)

m[x + (levelldxSwap * nTbS)][y]2))) / 32768) >> 16

[ TransformCoeffQ[x][y] < 0)

appliedOffset[x][y] = (-1 * (-deadZoneWidthOffset[x][y]))

e if (TransformCoeffQ[x][y] > 0)

appliedOffset[x][y] = —deadZoneWidthOffset[x][y]

e

appliedOffset[x][y] = 0

if (dequant_offset_signalled_flag == 1) && (dequant_offset_maode: flag ==1) {
bpWidthModifier[x][y] =0

[ TransformCoeffQ[x][y] < 0)

appliedOffset = (-1 * (dQuantOffsetActual[x][y] - deadZoneWidthOffset[x][y]))
e if (TransformCoeffQ[x][y] > 0)

appliedOffset[x][y] = dQuantOffsetActual[x][y] =deadZoneWidthOffset[x][y]
e

appliedOffset[x][y] = 0}

if (dequant_offset_signalled_flag == 1) && (dequant_offset_mode_flag == 0) {
bpWidthModifier[x][y] = (Floor((dQuantQffsetActual[x][y]) * (qm[x + (levelldxSwap
*nTbS)][y])) / 32768)

[ TransformCoeffQ[x][y] < 0)

appliedOffset = (-1 * (-deadZoneWidthOffset[x][y]))

e if (TransformCoeffQ[x][y] >*0)

appliedOffset[x][y] = ~deadZoneWidthOffset[x][y]

e

appliedOffset[x][y] = 0

Vhere, if stepWidth > 16, deadZoneWidthOffset is derived as follows:
oneWidthOffset[x][y] = (((1 << 16) - ((Aconst * (qm[x + (levelldxSwap *

>> 16

— V

Vhete, if stepWidth <= 16, deadZoneWidthOffset is derived as follows:

bpWidthModifier[x][y] = ((((Floor(-Cconst * Ln (qm[x + (levelldxSwap * nTbS)][y])))+

VidthModifier[x][y])) + Bconst) >> 1) * (qm[x + (levelldxSwap * nTbs)][y] + stepWidt

(16)

Dconst) *

nTbs)|[y] +
hModifier[x]

deadZoneWidthOffset[x][y] = stepWidth >> 1

— Where:

Aconst = 39
Bconst = 126484
Cconst = 5242
Dconst = 99614

— Where dQuantOffsetActual[x][y] is computed as follows:

if (dequant_offset == 0)
dQuantOffsetActual[x][y] = dQuantOffset
else {
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if (dequant_offset_mode_flag == 1)
dQuantOffsetActual[x][y] = ((Floor(-Cconst * Ln(qm[x + (levelldxSwap * nTbs)][y]) +
(dQuantOffset << 9) + Floor(Cconst * Ln(StepWidth)))) * (qm[x + (levelldxSwap * nTbs)]
[yD) >>16
else if (dequant_offset_mode_flag == 0)
dQuantOffsetActual[x][y] = ((Floor(-Cconst * Ln(qm[x + (levelldxSwap * nTbs)][y]) +
(dQuantOffset << 11) + Floor(Cconst * Ln(StepWidth)))) * (qm[x + (levelldxSwap * nTbs)]

[y])) >>16

— Where levelldxSwap is derived as follows:

if (levelldx 5= 2)
levelldxS§wap = 0

else
levelldx§wap = 1

8.5.4 Derijvation of quantization matrix

8.5.4.1 THhe quantization matrix

The quantizption matrix qm[x][y] contains the actual quantization step-widths to be used to d¢code
each coefficient group.

if (levelldx 5= 2) {
if (scaling] mode_level2 == 1) {
for (x =[0; x < nTbS; x++) {
for (y = 0; y < nTbs; y++)
} qm[x][y] = qm_p[x][y]
}else{
for (x =[0; x < nTbS; x++) {
for (y = 0; y < nTbS; y++)
} qrp[x][y] = qm_p[x + nTbS][y]

}
}else {

for (x = 0;[x < nTbS; x++) {
for (y 5|0; y < nTbs; y+4#)
qm(y][y] = qm_p[x.(2 * nTbS)][y]

—

}
}

Where qm_g[x][¥].is computed as follows:

if (nTbs == 2)%
for (x = 0; x < 6; x++) {
for (y = 0; y < nTbs; y++)
gm_p[x][y] = (Clip3 (0, (3 << 16),[(QuantScalerDDBuffer[x][y] * stepWidth) + (1 << 16)]) *
stepWidth) >> 16
}
}else {
for (y=0;y<12; y++) {
for (x = 0; x < nTbs; x++)
qm_p[x][y] = (Clip3 (0, (3 << 16),[(QuantScalerDDSBuffer[x][y] * stepWidth) + (1 << 16)]) *
stepWidth) >> 16
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And where QuantScalerDDBuffer[x][y] is derived in sub-clause 8.5.4.2 and QuantScalerDDSBuffer[x][y]
is derived in 8.5.4.3.

8.5.4.2 Derivation of scaling parameters for 2x2 transform
If the variable nTbS is equal to 2, the default scaling parameters are as follows:

default_scaling_dd[x][y] =

{

{o 2}

{0 0}

(32, 3}

{0, 32}

{0 3}

{0, 32}

} (17)

As aflirst step, the array QuantScalerDDBuffer[x][y] is initialized-as follows:

If thel current picture is an IDR picture, QuantScalerDDBuffer[x][y] is initialized to be equal to default_
scaling_dd[x][y]. If the current picture is not an IDR pieture, the QuantScalerDDBuffer[x][y] matrix is
left unchanged.

Following initialization, based on the value of quant; matrix_mode the array QuantScalerDIDBuffer[x][y]
is pracessed as follows:

If the quant_matrix_mode is equal toe 0 and the current picture is not an IDR |picture, the
QuantScalerDDBuffer[x][y] is left uneghanged.

ol

[ quant_matrix_mode is equal’te’l, the QuantScalerDDBuffer[x][y] is equal to the defpult_scaling_
d[x][y].

— Ifquant_matrix_mode is‘equal to 2, the QuantScalerDDBuffer[x][y] is modified as follojws:

Qo

for (NIdx = 0; MIdx < 3;-Mldx++)
faqr (x = 0; x < 2; X¥4)
for (y = 0; /< 2; y++)
QuantScalerDDBuffer[x + (MIdx * 2)][y] = QmCoeffO[(x * 2) + y]

— If quant=matrix_mode is equal to 3, the QuantScalerDDBuffer[x][y] is modified as follojws:

for (l‘flldx = 0; MIdx < 2; MIdx++)
for X=0; X< Z; x+7)
for (y=0;y < 2; y++4)
QuantScalerDDBuffer[x + (MIdx * 2)][y] = QmCoeffO[(x * 2) + y]

— If quant_matrix_mode is equal to 4, the QuantScalerDDBuffer[x][y] is modified as follows:
for (x=0; x < 2; x++)
for (y=0;y <2; y++)
QuantScalerDDBuffer[x + 4][y] = QmCoeff1[(x * 2) + y]

— If quant_matrix_mode is equal to 5, the QuantScalerDDBuffer is modified as follows:

for (MIdx = 0; MIdx < 2; MIdx ++)
for (x=0; x < 2; X++)
for (y=0;y < 2; y++)
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QuantScalerDDBuffer[x + (MIdx * 2)][y] = QmCoeffO[(x * 2) + y]
for (x = 4, X < 6; x++)
for (y = 0; y < 2; y++)
QuantScalerDDBuffer[x]|[y] = QmCoeff1[(x * 2) + y]
8.5.4.3 Derivation of scaling parameters for 4x4 transform

If the variable nTbS is equal to 4, the default scaling parameters are as follows:

default_scaling_dds[x][y] =

{

{13, 26, 19, 32}
{52 |1, 78 9}
{13, 26, 19, 32}

{150, 9, 91, 19}
{ 13, 26, 19, 32}
{52 1,78 9}
{26, 72 0, 3}
{150, 91, 91, 19}
{0 q 0 2}
{52 1 78 9}
{26 72, 0, 3}
{150, 91, 91, 19}
} (18)

As a first step, the array QuantScalerDDSBuffer[][] is initialized as follows:

— If the cyrrent picture is an IDR picture, QuantScalerDDSBuffer[x][y] is initialized to be eqiial to
default_kcaling_dds[x][y]. If the'current picture is not an IDR picture, the QuantScalerDDSBuffer[x]
[v] matrjix is left unchanged.

Following infitialization, based-on the value of quant_matrix_mode the array QuantScalerDDSBufffer[x]
[v] is procesped as follows:

— If the quant_mattix_mode is equal to 0 and the current picture is not an IDR picturg, the
QuantSdalerDDSBuffer is left unchanged.

— Ifquant|nfatrix_mode is equal to 1, the QuantScalerDDSBuffer is equal to the default_scaling_dds[x]

[yl

— If quant_matrix_mode is equal to 2, the QuantScalerDDSBuffer is modified as follows:

for (MIdx = 0; MIdx < 3; MIdx++)
for (x = 0; x < 4; x++)
for (y =0; y < 4; y++)
QuantScalerDDSBuffer[x + (MIdx * 4)][y] = QmCoeffO[(x * 4) + y]

— If quant_matrix_mode is equal to 3, the QuantScalerDDSBuffer is modified as follows:

for (MIdx = 0; MIdx < 2; MIdx++)
for (x = 0; x < 4; x++)
for (y =0; y < 4; y++4)
QuantScalerDDSBuffer[x + (MIdx * 4)][y] = QmCoeffO[(x * 4) + y]
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— Ifquant_matrix_mode is equal to 4, the QuantScalerDDSBuffer is modified as follows:

for (x

=0; x < 4; x+4)

for (y=0; y<4; y+4)

QuantScalerDDSBuffer[x + 8][y] = QmCoeff1[(x * 4) + y]

— If quant_matrix_mode is equal to 5, the QuantScalerDDSBuffer is modified as follows:

for (MIdx = 0; MIdx < 2; MIdx++)
for (x=0; x < 4; x++)

for (y=0;y < 4; y++)
QuantScalerDDSBuffer[x + (MIdx * 4)][v] = QmCoeffO[(x * 4) + y]

fq

8.6
8.6.1

8.6.1

Upsc
level]

8.6.1

Input

w

r(x=8,x<12; x++)
for (y = 0; y < 4; y++)
QuantScalerDDSBuffer[x][y] = qm_coefficient_1[(x * 4) + y]

Decoding process for the transform
General upscaling process description

1 Upscaling processes overview

hling processes are applied to the decoded base picturedbased on the indications of sg
and to the combined intermediate picture based on s€aling_mode_level2.

2 Upscaling from decoded base picture to preliminary intermediate picture
s to this process are the following:

location (xCurr, yCurr) specifying the top-left sample of the current block relative t
ample of the current picture component,

variable IdxPlanes specifying the colour component of the current block,

variable nCurrS (as derivedin 8.8.1) specifying the size of the residual block,

aling_mode_

the top-left

n (nCurrS)x(nCurrS) array recDecodedBaseSamples specifying the decoded base samples of the

rrent block,
variable srcWidth and srcHeight specifying the width and the height of the decoded 1

variable dstWidth and dstHeight specifying the with and the height of the result
icture,

variable is8Bit used to select the kernel coefficients for the scaling to be applied. If the
-bit/then variable is8Bit should be equal to 0. If the samples are 16-bit, then variable

pase picture,

ng upscaled

samples are
s8Bit should

be equal to 1.

Output of this process is the (nCurrX)x(nCurrY) array recL1ModifiedUpsampledBaseSamples of
residuals with elements recL1ModifiedUpsampledBaseSamples[x][y] where nCurrX and nCurrY are

deriv

ed as follows:

— If scaling_mode_levell (specified in 7.4.3.3) is equal to 0, no upscaling is performed, and
recL1ModifiedUpsampledBaseSamples[x][y] are set to be equal to recDecodedBaseSamples[x][y]

— If scaling_mode_levell (specified in 7.4.3.3) is equal to 1:

nCurrX = nCurrS << 1

nCurrY = nCurrS
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If scaling_mode_levell (specified in 7.4.3.2) is equal to 2:

nCurrS<<1

nCurrS << 1

(21)

(22)

Depending on the values of the bitstream fields in global configuration as specified in 7.3.5 (Table 9) the
sample bit depth for L-1 is derived as follows:

If levell_depth_flag (7.3.3) is equal to 0, the preliminary intermediate picture samples are processed

at the same

hit r‘npfh fa¥ fhny 2ro rnprncanfnr] for the decaded haco pir‘fnrn follawing the pvnn
et tH—cto—ttt ot T T Heeor—Tot—tre—tr et rett BT oHo- W1t T

described in

If levell_dep
depending o

base_depth
specified in

8.8 and 8.9.

th_flag (7.3.3) is equal to 1, the preliminary intermediate picture samples afée conv
h the value of a variable base_depth and a variable enhancement_depth, derived as fol

s assigned a value between 8 and 14, depending on the value of field (base_depth_ty
[able 23;

enhancemen
depth_type 4

If base_dept

If enhancemlent_depth is greater than base_depth, the array recDecodedBaseSamples is modifi

follows:
recDeco|
recl

The result g
signalled in
Depending ¢
providing re

— Ifupsan
If upsan
If upsan
If upsan

If upsan

s specified in Table 24;

1 is equal to enhancement_depth, no further processing iséquired.

dedBaseSamples[x][y] =
ecodedBaseSamples[x][y] << (enhancemént_depth - base_depth)

f the process described in 8.8.2 shauld be processed by an upscaling filter of the
the bitstream. The type of upscalér is derived from the process described in 7|
n the value of the variable upsample_type, the following kernel types will be seld

ple_type is equal te.l, the Bilinear upscaler described in 8.7.2 is selected.
ple_type is equalto 2, the Cubic upscaler described in 8.7.3 is selected.
ple_type iSequal to 3, the Modified Cubic upscaler described in 8.7.4 is selected.

ple_typeis equal to 4, the Adaptive Cubic upscaler described in 8.7.6 is selected.

The general

t_depth is assigned a value between 8 and 14, depending on the yalue of field enhanceiment

ple_type is equal to 0, the'Nearest sample upscaler described in 8.7.1 shall be selectedl.

ups$ealer divides the picture to upscale in 2 areas: centre area and border areas. Fq

sses

erted
lows:

pe as

ed as

type

4.3.3.
bcted,
cDecodedBaseSamples as input'and producing recL1UpsampledBaseSamples as outht:

r the

Bilinear and Bicubic Kernel, the border area consists of four segments, Top, Leit, Right and Bottom
segments, while for the Nearest kernel consists of 2 segments, Right and Bottom. These segments are
defined by the border-size parameter which is usually set to 2 samples (1 sample for nearest method).
Figure 6 describes the upscaler areas.
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Bilinear and Bicubic method segments Nearest method segments

Figure 6 — Upscaler areas

ving the upscaling, if predicted_residual_mode_flag as derived in 7.4.3.3
n the process described in 8.7.5 is invoked with inputs-the (nCurrX)x(nC
and the (nCurrS)x(nCurrS) \\array recDecoded]l
ying the decoded base samples of the current block,and output is the (nCurr
recL1ModifiedUpsampledBaseSamples of preliminary~intermediate picture s
ents recL1ModifiedUpsampledBaseSamples[x][y]. Otherwise, if predicted_residuz
rived in 7.4.3.3 is equal to 0, recL1ModifiedUpsampledBaseSamples[x][y] are set to
UpsampledBaseSamples[x][y].

€

e_depth is greater than enhancement_depth,\the array recL.1ModifiedUpsampledBa
fied as follows:
recL1ModifiedUpsampledBaseSamplesx][y] =

recL1ModifiedUpsampledBaseSamples[x][y] >> (base_depth - enhancement_deptH

3 Upscaling from combined intermediate picture to preliminary output pictur

s to this process are thefollowing:

jo5)

location (xCurr, y€urr) specifying the top-left sample of the current block relative t
ample of the current picture component,

wn

variable ldxPlanes specifying the colour component of the current block,

variablenCurrS$ (as derived in 8.8.1) specifying the size of the residual block,

Top
-
& = Centre +
E) Centre = ED
[a'e [a'e
An} ade
DOTTOIN BOI(OHI
——— ———
Border size Border sjze

s equal to
urrY) array
BaseSamples
X)x(nCurrY)
mples with
11_mode_flag
be equal to

seSamples is

Nt

the top-left

3n {©CurrS)x(nCurrS) array recL1PictureSamples specifying the combined intermed

liate picture

samptesof thecurrent biock;

a variable srcWidth and srcHeight specifying the width and the height of the reconstructed base

picture,

a variable dstWidth and dstHeight specifying the width and the height of the resulting upscaled

picture,

avariable is8Bit used to select the kernel coefficients for the scaling to be applied. If the samples are
8-bit, then variable is8Bit should be equal to 0. If the samples are 16-bit, then variable is8Bit should

be equal to 1.
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Output of this process is the (nCurrX)x(nCurrY) array recL2ModifiedUpsampledSamples of preliminary
output picture samples with elements recL2ModifiedUpsampledSamples[x][y], where nCurrX and
nCurrY are derived as follows:

— If scaling_mode_level2 (specified in 7.4.3.2) is equal to 0, no upscaling is performed, and
recL2ModifiedUpsampledSamples[x][y] are set to be equal to recL1PictureSamples[x][y]

If scaling_mode_level2 (specified in 7.4.3.2) is equal to 1:

nCurrX = nCurrS <<1

(23)

nCurryY

If scalin

nCurrX

nCurrY

The result g
signalled in
Depending
providing re|

If upsan
If upsan
If upsan
If upsan

If upsan

The general
Bilinear and
segments, W
defined by t

Figure 7 des

62

FTICuTTS

b_mode_level2 (specified in 7.4.3.2) is equal to 2:

EnCurrS << 1
= nCurrS << 1

f the process described in 8.8.2 should be processed by an\upscaling filter of the
the bitstream. The type of upscaler is derived from theprocess described in 7|
n the value of the variable upsample_type, the following kernel types will be seld
cL1PictureSamples as input and producing recL2UpsampledSamples as output:

ple_type is equal to 0, the Nearest sample upscalerdescribed in 8.7.1 is selected.
ple_type is equal to 1, the Bilinear upscaleridescribed in 8.7.2 is selected.
ple_type is equal to 2, the Cubic upscaléf described in 8.7.3 is selected.

ple_type is equal to 3, the Modified¢Gubic upscaler described in 8.7.4 is selected.
ple_type is equal to 4, the Adaptive Cubic upscaler described in 8.7.6 is selected.

upscaler divide the picturesto upscale in 2 areas: centre area and border areas. Fd
Bicubic kernel, the botder area consists of four segments, Top, Left, Right and Bq
hile for the Nearest&kernel consists of 2 segments, Right and Bottom. These segmen{
e border-size parameter which is usually set to 2 samples (1 sample for nearest met
Cribes the upscalerareas.

(24)

(25)

(26)

type
4.3.3.
rcted,

r the
ttom
s are

hod).

Bilinear and Bicubic method segments Nearest method segments
Top
= = Centre =
k! Centre 5 &
- o~ Q?:
Bottom Bottom
Border size Border size

Figure 7 — Upsampler areas
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Following the upscaling, if predicted_residual_mode_flag as derived in 7.4.3.3 is equal to 1, process
described in 8.7.5 is invoked with inputs the (nCurrX)x(nCurrY) array recL2UpsampledSamples and the
(nCurrS)x(nCurrS) array recL1PictureSamples specifying the combined intermediate picture samples
of the current block and output is the (nCurrX)x(nCurrY) array recL2ModifiedUpsampledSamples of
residuals with elements recModifiedUpsampledL2Samples[x][y]. Otherwise, if predicted_residual_
mode_flag as derived in 7.4.3.3 is equal to 0, recL2ModifiedUpsampledSamples[x][y] are set to be equal
to recL.2UpsampledSamples[x][y].

Depending on the values of the bitstream fields in global configuration as specified in 7.3.5 (Table 9),
the sample bit depth for L-2 is derived as follows:

If levnl‘l_ﬂnpfh_ﬂng 1S nqna] o 1’ the pro]lmlhary nnfpnt‘ plr‘hlrn c:\mp]nc are prnroccnr‘] at the same

bit d¢pth as they are represented for the preliminary intermediate picture, followingthe processes
descijibed in 8.8 and 8.9.

If levell_depth_flag is equal to 0, the output intermediate picture samples are converted depending on
the value of a variable base_depth and a variable enhancement_depth, derived-as follows:

base|depth is assigned a value between 8 and 14, depending on the valueof field base_de¢pth_type as
specified in Table 23;

enhancement_depth is assigned a value between 8 and 14, depending.on the value of field enhancement_
depth_type as specified in Table 24;

If bade_depth is equal to enhancement_depth, no further precessing is required.

If enhancement_depth is greater than base_depth, €he' array recL2ModifiedUpsampledSamples is
modified as follows:

recL2ModifiedUpsampledSamples[x][y] =
recL2ModifiedUpsampledSamples[x}[y] << (enhancement_depth - base_depth)

If bape_depth is greater than enhancement_depth, the array recL2ModifiedUpsampledSamples is
modified as follows:

recL2ModifiedUpsampledSamples[x][y] =
recL2ModifiedUpsampledSamples[x][y] >> (base_depth - enhancement_depth)

8.6.2 Transform inputs and outputs, transform types, and residual samples derivatjon
Inputs to this proeess are:

locatien (XTbP, yTbP) specifying the top-left sample of the current luma or chronja transform
lockTelative to the top-left luma or chroma sample of the current picture. P can be reldted to either
hma or chroma plane depending to which plane the transform coefficients belong,

il @ will *V)

— avariable nTbS specifying the size of the current transform block (nTbS = 2 if transform_type is
equal to zero and nThS = 4 if transform_type is equal to 1),

— an (nTbS)x(nTbS) array d of dequantized transform coefficients with elements d[x][y].
Output of this process is the (nTbS)x(nTbS) array R of residuals with elements R[x][y].

There are two types of transforms that can be used in the encoding process. Both leverage small kernels
which are applied directly to the residuals that remain after the stage of applying Predicted Residuals
(PRs). Figure 8 is a representation of how the residuals are transformed.
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Figure 8 — Representation of how residuals are transformed

The (nTbS)x[nTbS) array R of residual samples is derived as follows:

Each (verticpl) column of dequantized transform coefficients d[x][y] with x = 0..nTbS,= 1, y|= 0...

nTbS - 1 is tyansformed to R[x]|[y] with x = 0..nTbS - 1,y = 0..nTbS - 1 by invoking the two-dimengional

transformatjon process as specified in 8.6.3, if nTbS is equal to 2

Or

Each (verticpl) column of dequantized transform coefficients d[x][y] with"x = 0..nTbS - 1, y|= 0...

nTbS - 1 is tfansformed to R[x]|[y] with x = 0..nTbS - 1, y = 0..nTbS - 1 by.invoking the two-dimengional

transformatjon process as specified in 8.6.4, if nTbS is equal to 4.

8.6.3 2x2[directional decomposition transform

If nTbS is equal to 2, the transform has a 2x2 kernel which s applied to each 2x2 block of trangform

coefficients.[The resulting residuals are derived as follows:

— If scaling_mode_levelX (specified in 7.4.3.3) forthe corresponding enhancement sub-layer is pqual
toOor2

{{

{Roo} {1, 1, 1 1} {dgo}

{Rotb = (1L -1, 1L -1} * - Adoy}

{Rq0} {1, 1, -1, -1¥ {d1o}

{Rq1q} {1 -1, -k} {dy1}

) (27)

— If scaling-mode_levelX (specified in 7.4.3.3) for the corresponding enhancement sub-layer is

equal to 1:

{{

{Roo} {1, 1, 1, 0} {doo}

{Roa} = {1 -1, -1, 0} * {do1}

{R1o} {o, 1, -1, 1} {dyo}

{R11} {o, -1, 1, 1} {dy}

1 (28)
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If nTbS is equal to 4, the transform has a 4x4 kernel which is applied to a 4x4 block of transform

coefficients. The resulting residuals are derived as follows:

— If scaling_mode_levelX (specified in 7.4.3.3) for the corresponding enhancement sub-layer is equal

to0or 2:

{{{

{Roo} {1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1} {dyo}
{Rp1} {1, 1, 1, 1, -1, -1, -1, -1, 1, 1, 1, 1, -1, -1, -1,-1} Ndop}
{Ro2} {1, -1, 1, -1 1, -1, 1, -1, 1, -1, 1, -1, 1, -1, 1,-17} {dy}
{Ro3} {1, -1, 1, -1, -1, 1, -1, 1, 1, -1, 1, -1, -1, 1, -1} {dos}
{Ri0} {, 1, 1, 1, 1, 1, 1, 1, -1, -1, -1, -1, -1, Ap"-1, -1} {dio}
{Ri1} {1, 1, 1, 1, -1, -1, -1, -1, -1, -1, -1, -1, »,5 1, 1, 1} {di1}
{R2H {, -1, 1, -1, 1, -1, 1, -1, -1, 1, -1, . .Q)'-1, 1, -1, 1} {d3}
Rz = {1, -1, 1, -1, -1, 1, -1, 1, -1, 1, & 1, 1, -1, 1,-1} * {d3}
{Ry0H {1, 1, -1, -1, 1, 1, -1, -1, 1, <~ -1, -1, 1, 1, -1,-1} {dyo}
{Ry1} {1, 1, -1, -1 -1, -1, 1, 1, & 1, -1, -1, -1, -1, 1, 1} {dyq}
{Ry,} {1, -1, 1, 1, 1, -1, 1, &% 1, -1, -1, 1, 1, -1, -1, 1} {dy}
{R,3} {, 1, 1, 1, 1, 1, & -1, 1, -1, -1, 1, -1, 1, 1,-1} {d,3}
{R3oH {, 1, 1, 1, 1, 4, -1, -1, -1, -1, 1, 1, -1, -1, 1, 1} {d3}
{R31} {1, 1, 1, 1., -1, 1, 1, -1, -1, 1, 1, 1, 1, -1,-1} {d3}
{R3H {, 1, 1, -1, 1, -1, -1, 1, -1, 1, 1, -1, -1, 1, 1,-1} {d3}
{R33} {1, 1,.¢» 1, 1, 1, 1, -1, -1, 1, 1, -1, 1, -1, -1, 1} {d33}
3
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— If scaling_mode_levelX (specified in 7.4.3.3) for the corresponding enhancement sub-layer is
equal to 1:

{{

{Roo} {¢, 1, 1, 1, 1, 1, 1, 1, 0O O O O 1, 1, 1, 1} {dyo}
{Rop1} {¢, 1, 1, 1, -1, -1, -1, -1, 0 0 0 O -1, -1, -1, -1}  {dyy}
{Roz} (1, 1, 1.1 111 10000 111 -1} {dg)}
{Ro3} {1, -1, 1, -1, -1, 1, -1, 1, O, O O O -1, 1, -1, 1} {dys¥
{R1o} {0, o0 0,0 0, 1, 1, 1, 1, 1, 1, 1, 1, -1, -1, -1, -1} ddio}
{Rq1} {0, o0 0, 0 -1, -1, -1, -1, 1, 1, 1, 1, 1, 1, 1, &D {diy}
{R1,} {0, o0 0,0 0 1, -1, 1, -1, 1, -1, 1, -1, -1, 1, 1,1} {d;,}
{Rgy = ({0, 0 0 O -1, 1, -1, 1, 1, -1, 1, -1, 1, =K¥1, -1} * {d43}
{Ry0} {1, 1, -1, 1, 1, 1, -1, -1, O, 0, 0, 0, D1, -1, -1} {d,}
{R,1} {1, 1, -1, -1, -1, -1, 1, 1, 0 0 0, «0+~-1 -1, 1, 1} {dy}
{R,,} {3, -1, -1, 1, 1, -1, -1, 1, 0 O V0 1, -1, -1, 1} {d,,}
{R,3} {1, -1, -1, 1, -1, 1, 1, -1, O, 6~ 0 0 -1, 1, 1, -1} {d,3}
{R30} {0, o, 0, 0 1, 1, -1, -1, B»> 1, -1, -1, -1, -1, 1, 1} {d3}
{R31} {o, o, o, 0 -1, -1, 1, &1, 1, -1, -1, 1, 1, -1, -1} {d3y}
{R3,} {o, o, o, 0 1, -1, I~ 1 1, -1, -1, 1, -1, 1, 1, -1} {d;3;}
{R33} {o, oo o0, O -1, ¢+ 1 -1, 1, -1, -1, 1, 1, -1, -1, 1} {d;33}
By (30)
8.7 Decoding process for the upscaling

8.7.1 Nearest sample upsampler kernel description

Inputs to thig ptoeess are the following:

— variables srcX and srcY specifying the width and the height of the input array,
— variables dstX and dstY specifying the width and the height of the output array,
— a(srcX)x(srcY) array reclnputSamples[x][y] of input samples.

Output of this process is the following:

— a(dstX)x(dstY) array recUpsampledSamples[x][y] of output samples.

The Nearest kernel performs upscaling by copying the current source sample onto the destination 2x2
grid. This is shown in Figure 9. The destination sample positions are calculated by doubling the index
of the source sample on both axes and adding +1 to extend the range to cover 4 samples as shown in

Figure 9.
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Figure 9 — Nearest upsample kernel

The nearest sample kernel upscaler is\applied as specified by the following ordered steps whenever
(xCutr, yCurr) block belongs to the picture or to the border area as specified in Figure 9.

— Ifscaling_mode_levelX (spe¢ified in 7.4.3.3) is equal to 1:

for (ySrc = 0; ySrc < nCurrs$; ++ySrc)

yDst = ySrc

for (xSrc = 0;xSrc < nCurrS; ++xSrc)
xDst=xSrc<< 1
recdpsampledSamples[xDst][yDst] = recInputSamples[xSrc][ySrc]
recUpsampledSamples[xDst + 1][yDst] = recInputSamples[xSrc][ySrc]

— Ifscaling_mode_levelX (specified in 7.4.3.3) is equal to 2:

for{ySre="0;ySre<nCureS—++ySre}

yDst=ySrc<<1

for (xSrc = 0; xSrc < nCurrS; ++xSrc)
xDst=xSrc<<1
recUpsampledSamples[xDst][yDst] = recInputSamples[xSrc][ySrc]
recUpsampledSamples[xDst][yDst + 1] = recinputSamples[xSrc][ySrc]
recUpsampledSamples[xDst + 1][yDst] = recInputSamples[xSrc][ySrc]
recUpsampledSamples[xDst + 1][yDst + 1] = recInputSamples[xSrc][ySrc]
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8.7.2 Bilinear upsampler kernel description

8.7.2.1 Bilinear upsampler kernel process inputs and outputs, process overview

Inputs to this process are the following:

— variables srcX and srcY specifying the width and the height of the input array,

— variables dstX and dstY specifying the width and the height of the output array,

— a (srcX)x(srcY) array recInputSamples[x][y] of input samples.

Outputs of this process are the following:

— a(dstX)

The Bilinear

grid of sour

involves perfforming the bilinear interpolation and the third step involves writing’ the interpo

result to the

8.7.2.2 So

The bilinear
base sample

derived. Figiire 10 shows the source grid used in the kernel.

Key

1  (2x2) bilijnear grid
2 base pixg

x(dstY) array recUpsampledSamples[x][y] of output samples.

upsampling kernel consists of three main steps. The first step involves constructing
e samples with the base sample positioned at the bottom right cornet’\The second

destination samples.

urce sample grid

method performs the upsampling by considering the valies’of the nearest 3 samples {
The base sample is the source sample from which the@gddress of the destination sam

/1

|

Figure 10 — Example of bilinear 2x2 source grid

0 2x2
step
ation

o the
ple is

8.7.2.3 Bi

Inear interpolation

The bilinear interpolation is a weighted summation of all the samples in the source grid. The weights
employed are dependent on the destination sample being derived. The algorithm applies weights which
are relative to the position of the source samples with respect to the position of the destination samples.
If calculating the value for the top left destination sample, then the top left source sample will receive
the largest weighting coefficient while the bottom right sample (diagonally opposite) will receive the
smallest weighting coefficient, and the remaining two samples will receive an intermediate weighting
coefficient. This is visualized in Figure 11.
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Figure 1T — Bilinear coefficient derivation
8.7.214 Bilinear interpolation upsampler kernel description
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Figure 12 — Bilinear upsample kernel
The Hilivear kernel upscaler, as illustrated in Figure 12, is applied as specified by the following ordered
steps betow wien (xCurt;, yCurtj btock does ot betong to the borderarea as specifiedimFigure 7:

— Ifscaling_mode_levelX (specified in 7.4.3.3) is equal to 1:

for (ySrc = 0; ySrc < nCurrsS + 1; ++ySrc)
for (xSrc = 0; xSrc < nCurrsS + 1; ++xSrc)
xDst=(xSrc<< 1) -1
bilinear1D(recInputSamples[xSrc - 1][ySrc], recInputSamples[xSrc1][ySrc],
recUpsampledSamples[xDst][ySrc], recUpsampledSamples [xDst + 1][ySrc])

— If scaling_mode_levelX (specified in 7.4.3.3) is equal to 2:

for (ySrc = 0; ySrc < nCurrS + 1; ++ySrc)
yDst=(ySrc<<1) -1
for (xSrc = 0; xSrc < nCurrS + 1; ++xSrc)
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xDst=(xSrc<< 1) -1

bilinear2D(recInputSamples[xSrc — 1][ySrc - 1], recInputSamples[xSrc][ySrc - 1],
recInputSamples[xSrc - 1][ySrc], recInputSamples[xSrc][ySrc],
recUpsampledSamples[xDst][ySrc], recUpsampledSamples[xDst + 1][ySrc],
recUpsampledSamples[xDst][ySrc + 1], recUpsampledSamples[xDst + 1][ySrc + 1])

The bilinear kernel upscaler (described in Figure 12) is applied as specified by the following ordered
steps below when (xCurr, yCurr) block belongs to the border area as specified in Figure 7:

— If scaling_mode_levelX (specified in 7.4.3.3) is equal to 1:

for (ySrc = 0; ySrc < nCurrS + 1; ++ySrc)
for (Src = 0; xSrc < nCurrS + 1; ++xSrc)
kDst = (xSrc<<1) -1
kSrc0 = Max(xSrc - 1, 0);
kSrcl = Min(xSrc, srcWidth - 1)
bilinear1D(recInputSamples[xSrc0][ySrc], recInputSamples[xSrc1][ySrc],-dst00, dst1()
f (xDst >=0)
recUpsampledSamples[xDst][ySrc] = dst00
f (xDst < (dstWidth-1))
recUpsampledSamples[xDst + 1][ySrc] = dst10

— Ifscaling_mode_levelX (specified in 7.4.3.3) is equal to 2:

for (ySr¢ = 0; ySrc < nCurrS + 1; ++ySrc)

yDst|= (ySrc<<1) -1

ySrcf = Max(ySrc - 1, 0)));

ySrcl = Min (ySrc, srcHeight - 1)))

for (¥Src = 0; xSrc < nCurr$ + 1; ++xSrc)
xPst = (xSrc<< 1) -1
xSrc0 = Max(xSrc - 1, 0);
xSrcl = Min(xSrc, srcWidth - 1)
bjilinear2D(recInputSamples[xSrcQ}[ySrc0], recinputSamples[xSrc1][xSrc0],
recInputSamples[xSrc0][ySrct], recInputSamples[xSrc1][ySrc1], dst00, dst10, dst01,
dst11)

The functior] bilinear1D (in00, in10,(0ut00, out10) is applied as specified by the following ordered|steps
below:

in00x3 =inQ0 * 3
in10x3 =in1p * 3
out00 = ((in00x3 + in10,%2) >> 2)
out10 = ((inQO0 + in10x3\+ 2) >> 2)

The functior] biliear2D (in00, in10, in01, in11, out00, out10, out01, out11) is applied as specified by the
following orfleréd steps below:

in00x3 =in00 * 3

in10x3 =in10 * 3

in01x3 =in01 * 3

in11x3 =in11 * 3

in00x9 =in00x3 * 3

in10x9 =in10x3 * 3

in01x9 =in01x3 * 3

in11x9 =in11x3 * 3

out00 = ((in00x9 + in10x3 + in01x3 + in11 + 8) >> 4))
outl0 = ((in00x3 + in10x9 + in01+ in11x3 + 8) >> 4))
out01 = ((in00x3 +in10 + in01x9 + in11x3 + 8) >> 4))
outll = ((in00 + in10x3 + in01x3 + in11x9 + 8) >> 4))
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Cubic upsampler kernel description

.1 Cubic upsampler kernel process inputs and outputs, process overview

Inputs to this process are the following:

— variables srcX and srcY specifying the width and the height of the input array,

— variables dstX and dstY specifying the width and the height of the output array,

— a(srcX)x(srcY) array reclnputSamples[x][y] of input samples.

Outp

job)

The (
a 4x4
invol
resul

8.7.3

The (
by a
limits
fram

8.7.3

its of this process is:
(dstX)x(dstY) array recUpsampledSamples[x][y] of output samples.

ubic upsampling kernel can be divided into three main steps. The first step.involves
grid of source samples with the base sample positioned at the local index (2,2). The

L to the destination samples.

2 Source sample grid

ubic upsampling kernel is performed by using a 4x4 soutce’grid which is subsequent
Ax4 kernel. During the generation of the source gridsany samples which fall outsic
of the source frame are replaced with the value of the source samples at the bou

. This is visualized in Figure 13.
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Figure 13 — Source grid for the cubic upsampler

3</ Cubic interpolation

constructing
second step

es performing the bicubic interpolation and the third step involves writing the interpolation

ly multiplied
le the frame
ndary of the

The kernel used for the Bicubic upsampling process typically has a 4x4 coefficient grid. However, the
relative position of the destination sample with regards to the source sample will yield a different
coefficient set, and since the upsampling is a factor of two, there will be 4 sets of 4x4 kernels used
in the upsampling process. These sets are represented by a 4-dimensional grid of coefficients (2
X 2 X 4 x 4). The Bicubic coefficients are calculated from a fixed set of parameters; a core parameter
(Bicubic parameter) of -0.6 and four spline creation parameters of [1.25, 0.25, -0.75 & -1.75]. The
implementation of the filter uses fixed point math.
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8.7.3.4 Cubic interpolation kernel description

AlA|B|C
AlA|B|C Interpolate
E|E|F|G 012345678 9101112131415
J1J KL . 0
Example [Fio|Fin\ 1
Source grid Fig Fig/ 2
012345678 4 3
A BYETD I — 4
E|FlGH 1 5
J IK|L[™ | 2 6
N/ PJQ| R | 1 3 7
|_» | 4 8
Centre — | 15 9
| - 1 6 10
Border — AT 7 11
Extended “t— | | | | | | | |8 12
Range 13
14
15
Figure 14 — Cubic upsampling algorithm
The cubic kernel upscaler (described in Figure 14) is applied on one direction (vertical and horizdntal)

at a time, andl follows different steps if (xCurr, yCurr).block belongs to the border as specified in Figure 7.

Given a set o(t coefficients as follows:

kernel[y][x] F
{
{-138p, 14285, 3942, -461}

{ -46], 3942,14285, {382}
} (31

The following variables are defined:

— KkernelOffsetis C\.iua} +04-
— KkernelSize is equal to 4.

if (Horizontal) {
for (y = 0; y < nCurrs; y++)
for (xSrc = 0; xSrc < nCurrS + 1; xSrc++)
ConvolveHorizontal(recInputSamples, recUpsampledSamples, xSrc, y, kernel)
} else if (Vertical) {
dstHeightM1 = dstHeight - 1
for (ySrc = 0; ySrc < nCurrS + 1; ySrc++)
yDst=(ySrc<<1) -1
if (border) {
yDst0 = ((yDst > 0)&&(yDst < dstHeight)) ? yDst: -1
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yDstl = ((yDst + 1) < dstHeightM1) ? yDst + 1: -1
}else{
yDst0 = yDst
yDstl = (yDst + 1)
}
for (x = 0; x < nCurrsS; x++)
ConvolveVertical(reclnputSamples, recUpsampledSamples, yDst0, yDst1, x, ySrc, kernel)

}

The function ConvolveHorizontal(input, output, x, y, kernel, border) is applied as specified by the
following ordered steps below:

xDstE (x<<1)-1;

stWidthM1 = dstWidth - 1

st >= 0 && xDst < dstWidth)

tput[xDst][y] = ConvolveHorizontalKernel(kernel[0], input[x + kernelOffset][y], 14)
st < dstWidthM1)

tput[xDst + 1][y] = ConvolveHorizontalKernel(kernel[1], input[x + kernelOffset]|[y]), [14)

tput[xDst][y] = ConvolveHorizontalKernel(kernel[0], input[x*%érnelOffset][y] , 14)
tput[xDst + 1][y] = ConvolveHorizontalKernel(kernel[1], input[x + kernelOffset][y], 14)

nction ConvolveVertical(input, output, yDst0, yDst1, x5y Src, kernel) is applied as spdcified by the
ing ordered steps below.

onvolveVertical function is defined as:

der)

stWidthM1 = dstWidth - 1
st0 >=0)

tput[x][yDst0] = ConvolveHorizontalKernel(kernel[0], input[x][y + kernelOffset], 14)
st0 >=0)

tput[x][yDst] = ConvolveHorizontalKernel(kernel[1], input[x][y + kernelOffset]), 14)

tput[x][yDst0] = ConvolveHorizontalKernel(kernel[0], input[x + kernelOffset][y], 14)
tput[x][yDst1] = ConvolveHorizontalKernel(kernel[1], input[x + kernelOffset]|[y], 14)

The function output =-€envolveHorizontalKernel(kernel, input, shift) is applied as speg¢ified by the
ing ordered steps-below:

ulator =0

int32_t x=0; x < kernelSize; x++)
cumulator += input[x] * kernel[x]
offsef = 1<« (shift - 1)
outpyt=((accumulator + offset) >> shift)

8.7.4 Modified Cubic upsampler kernel description

Inputs to this process are the following:

— variables srcX and srcY specifying the width and the height of the input array,
— variables dstX and dstY specifying the width and the height of the output array,
— a(srcX)x(srcY) array reclnputSamples[x][y] of input sample.

Outputs of this process are the following:

— a (dstX)x(dstY) array recUpsampledSamples[x][y] of output samples.
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The implementation of the Modified Cubic filter is using fixed point math and the process is the same

described in

kernel[y][x]
{

8.7.3.3, but with the following kernel coefficients:

{-2360, 15855, 4165,-1276}

{-1276
}

, 4165, 15855, -2360}

The following variables are defined:

kernelO

kernelSi

8.7.5 Predicted residual process description

Inputs to thi

variable

variable

ze is equal to 4.

fsetis equal to 4.

5 process are the following:
s srcX and srcY specifying the width and the height of the lower resolution array,

5 dstX and dstY specifying the width and the heightof the upsampled arrays,

— a (srcX)

upscaling process,

— a (dstX)x(dstY) array recUpsampledSamples[x][y] of samples that were output of the upsg

process,
Outputs of t
— a(dstX)

The predicts
levelX is equ
process is ng

The predict
(xCurr, yCur

(srcY) array recLowerResSamples[x][y] of samples that were provided as input t

is process are the following:
x(dstY) array recUpsampledModifiedSamples[x][y] of output samples.

d residual process is madifying recUpsampledSamples using a 2x2 grid if scaling_n
al to 2 and using a®2x1 grid if scaling_mode_levelX is equal to 1. The predicted res
t applied if scalingymode_levelX is equal to 0.

bd residual_process is applied as specified by the following ordered steps whe
) block belonhgs to the picture or to the border area as specified in Figure 7:

(32)

o the

aling

node_
idual

never

— If scaling_modezlevelX (specified in 7.4.3.3) is equal to 1:
for (ySr¢ =0yySrc < srcY; ySrc++)
yDst=ySrc

for (xSrc = 0; xSrc < srcX; xSrc++)

If scalin

xDst=xSrc<<1

modifier = recLowerResSamples[xSrc][ySrc] - (recUpsampledSamples[xDst]|[yDst] +
recUpsampledSamples[xDst + 1][yDst]) >> 1

recModifiedUpsampledSamples[xDst][yDst] = recUpsampledSamples[xDst][yDst] +
modifier

recModifiedUpsampledSamples[xDst + 1][yDst] = recUpsampledSamples[xDst + 1][yDst] +

modifier

g_mode_levelX (specified in 7.4.3.3) is equal to 2:

for (ySrc = 0; ySrc < srcY; ySrc++)
yDst=ySrc<<1
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for (xSrc = 0; xSrc < srcX; xSrc++)
xDst=xSrc<<1
modifier = recLowerResSamples[xSrc][ySrc] -
(recUpsampledSamples[xDst]|[yDst] +
recUpsampledSamples[xDst + 1][yDst] +
recUpsampledSamples[xDst][yDst + 1] +
recUpsampledSamples[xDst + 1][yDst + 1]) >> 2

recModifiedUpsampledSamples[xDst][yDst] = recUpsampledSamples[xDst][yDst] +

recrhr/}gglif:lingpsampledSamples[xDst][stt + 1] = recUpsampledSamples[xDst + 1][yDst] +
reci\n/lg?iiﬂifiupsampledbamples[Xl)st + I[[yDst] = recUpsampledSamples[xDst][yDst + 1] +
recll;n/[ggigiaUpsampledSamples[XDst + 1][yDst + 1] = recUpsampledSamples[xPst + 1]
[yDst + 1] + modifier

8.7.6] Adaptive Cubic upsampler kernel description

Inpufs to this process are the following:

— Variables srcX and srcY specifying the width and the height of the“input array,

— Variables dstX and dstY specifying the width and the height'ef the output array,

— variables coeff1 to coeff4 corresponding to upsampler._coeff1 to upsampler_coeff4,

— g (srcX)x(srcY) array reclnputSamples[x][y] of input’'sample.

Outplits of this process is the following:

— al(dstX)x(dstY) array recUpsampledSamples[x][y] of output samples.

The implementation of the Adaptive Cubic filter uses fixed point math, and the process|is the same

descr

kerng

{

The f]
— Kk

ibed in 8.7.3.3, but with the following kernel coefficients:

1[y][x] =

—coeff1, coeff2, coeff3, —coeff4 }
-coeff4, coeff3, coeff2, —coeffl }

bllowitrg variables are defined:

erhelOffset is equal to 4.

— kernelSize is equal to 4.

8.8

8.8.1

Ther

Decoding process for the residual reconstruction

Reconstructed residual of each block derivation

econstructed residual of each block is derived as follows:

The variable nCbS; is set equal to 2 if transform_type is equal to 0 or 4 if transform_type is equal to 1
(7.4.3.3). The variable nCbS. is set equal to nCbS; >> 1.
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If IdxPlanes is equal to 0, the residual reconstruction process for a colour component as specified in
8.8.2 and 8.8.3 is invoked with the luma coding block location (xCb, yCb), the variable nCurrS set equal
to nCbS,, and the variable IdxPlanes set equal to 0 as input.

IfldxPlanesisequalto1or2,theresidualreconstructionprocessforacolourcomponentasspecifiedin8.8.2
and 8.8.3 is invoked with the chroma coding block location (xCb >> ShiftWidthC, yCb >> ShiftHeightC),
the variable nCurrS set equal to nCbS, and the variable IdxPlanes set equal to 1 or 2 respectively as
inputs.

Where ShiftWidthC and ShiftHeightC are specified in 6.2.

8.8.2 Residualreconstructionfort=tblock
Inputs to thik process are:

— alocatidn (xCurr, yCurr) specifying the top-left sample of the current block relative to'the top-left
sample ¢f the current picture component,

— avariable IdxPlanes specifying the colour component of the current block,
— avariable nCurrS$ (as derived in 8.8.1) specifying the size of the residual’bleck,

— an (nCufrS)x(nCurrS) array recL1BaseSamples specifying the preliminary intermediate picture
reconstfucted samples of the current block as specified in 8.10,

— an (nCufrS)x(nCurrS) array resL1FilteredResiduals specifying the L-1 filtered residuals qf the
current plock.

Output of tHis process is the combined intermediate picture (nCurrS)x(nCurrS) array recL1Samples
with elements recL1Samples[x][y].

The (nCurrS)x(nCurrS) block of the reconstructed sample array recL.1Samples at location (xCurr, y|Curr)
is derived ag follows:

recL1Sammples[xCurr + i][yCurr + j] = rech1BaseSamples]i][j] + resL1FilteredResiduals[i][j] (33)

withi=pP..nCurrS-1,j=0.. nEurrS - 1

The upscalipg process for a colour component as specified in 8.7 is invoked with the lodation
(xCurr, yCurf), the transform®lock size nTbS, the (nCurrS)x(nCurrS) array recL1Samples, the varfables
srcWidth and srcHeight spécifying the size of the reconstructed base picture, the variables dstyidth
and dstHeight specifying the width and the height of the upscaled resulting picture, and the vatiable
is8Bit equal to 1 if enhancement_depth_type (7.4.3.3) is equal to 0 as inputs.

8.8.3 Residual neconstruction for L-2 block

Inputs to thi professare:

— alocation (xCurr, yCurr) specifying the top-left sample of the current block relative to the top-left
sample of the current picture component,

— avariable IdxPlanes specifying the colour component of the current block,

— an (nCurrS)x(nCurrS) array recL2ModifiedUpscaledSamples specifying the preliminary output
picture samples of the current block,

— an (nCurrS)x(nCurrS) array resL2Residuals specifying the L-2 residuals of the current block.

Output of this process is the (nCurrS)x(nCurrS) array recL2PictureSamples of combined output picture
samples with elements recL2PictureSamples[x][y].
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The (nCurrS)x(nCurrS) block of the reconstructed sample array recL2PictureSamples at location
(xCurr, yCurr) is derived as follows:

recL2PictureSamples[xCurr +i][yCurr +j] =recL2ModifiedUpscaledSamples[i][j] + resL2ResidualsJi]
[j] (34)
withi=0..nCurrS-1,j=0..nCurrS-1

If dithering_type as derived in 7.3.6 is not equal to 0, the process as specified in sub-clause 8.11 is invoked
with the location (xCurr, yCurr) using the (nCurrS)x(nCurrS) block from the array recL2PictureSamples.

8.9 |Decoding process for the L-1 filter

8.9.1/ L-1residual filter overview

One ip-loop filter, namely L-1 residual filter, is applied to the L-1 residual surface-block befofe it is added
to th¢ base reconstructed picture. The L-1 filter operates only if the variable transform_type specified
in 7.43.2 is equal to 1. The L-1 filter operates on each 4x4 block of transformed residuals by applying a
maskiwhose weights are structured as follows:

{

{o, B B a}

{B 1 1, B}

{B 1 1, B}

{o, B B a}

} (35)

8.9.2] Decoding process for filtering L+1 block

Inpufs to this process are:

— asample location (xTbO, yFb®) specifying the top-left sample of the current transform Block relative
b the top-left sample of the current picture,

(s

— ahn array resL1Residuals of a size 4x4 specifying residuals for enhancement sub-layer 1.

Outphit of this process is the 4x4 array of the residual resL1FilteredResiduals with elements
resL1FilteredResiduals[x][y].

In-logp filter <1 residual filter is applied as specified by the following ordered steps:

1. Avariable deblockEnabled, a and 8 are derived as follows (as described in 7.3.5):

deblockEnabled =levell_filtering_enabled_flag
if (levell_filtering_signalled_flag)

a =16 - levell_filtering_first_coefficient (36)

B =16 - levell_filtering_second_coefficient (37)
else

a=16

=16

2. If deblockEnabled is true, the following steps are applied given the residual representation in
Figure 8:
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Decoding process for base decoder data extraction

Inputs to this process are:

— a

variable nCurrS (as derived in 8.8.1) specifying the size of the residual block,

— alocation (xCurr, yCurr) specifying the top-left sample of the current block relative to the top-left
sample of the current picture component,

— avariable IdxBaseFrame specifying the base decoder picture buffer frame from which to read the
samples,

— d

Outp
elemg

The g
point

The s

n

=

8.11

Input

w

— an (nCurrS)x(nCurrS) array recL2PictureSamples specifying the reconstructed coml

B

Outp
elemg

If dit
array

I’

with

varlable IdxFlane specirying the colour component of the current block.

1t of this process is the (nCurrS)x(nCurrS) array recDecodedBaseSamples of picture s
ents recDecodedBaseSamples[x][y].

rocess reads the block of sample (nCurrS)x(nCurrS) from the location (x€urt, yCurr) a
ed by the variable IdxBaseFrame. The blocks are read in raster order,

ample block size nCurrX and nCurrY are derived as follows:

CurrX = (IdxPlane == 0) ? nCurrX : nCurrX >> ShiftWidthC

CurrY = (IdxPlane == 0) ? nCurrY : nCurrY >> ShiftHeightC

Decoding process for dither filter
s to this process are:

location (xCurr, yCurr) specifying the top-left sample of the current block relative t
hmple of the current picture component,

icture samples.

1t of this process is the((nCurrS)x(nCurrS) array recL2DitheredPictureSamples of re
ents recL.2DitheredPictureSamples[x][y].

nering_type is equal 1 (uniform dither), the (nCurrS)x(nCurrS) block of the reconstrt
recL2DitheredPictureSamples at location (xCurr, yCurr) is derived as follows:

bcL.2DitheredPictureSamples[xCurr + i][yCurr + j] = recL2PictureSamples[i][j] + rand

i =0;>nCurrS - 1, j = 0..nCurrS - 1. rand(i,j) is pseudo_random number in the range

strenigth +dithering strength] with dithering strength asderivedin 7434 |

amples with

nd the frame

(40)

(41)

the top-left

bined output

siduals with

Icted sample

1))  (42)

[-dithering_

9 Parsing process

9.1

9.1.1

Parsing process inputs and outputs, process overview

Parsing process for entropy encoded transform coefficients

Inputs to this process are the bits belonging to chunks of data containing the entropy encoded transform
coefficients derived from the process described in 8.3.
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If tile_dimensions_type is equal to 0, for each chunk the following information is provided:

— avariable nTbS specifying the size of the current transform block (nTbS = 2 if transform_type is

equal to 0 and nTbS = 4 if transform_type is equal to 1),

a variable surfaces[planeldx][levelldx][layerldx].rle_only_flag specifying if the Prefix Coding
decoder is needed,

a variable surfaces[planeldx][levelldx][layerldx].size specifying the size of the chunk of data,

if surfaces[planeldx][levelldx][layerldx].rle_only_flag is equal to true, a variable surfaces[planeldx]
[levelldx][layerldx].data_rle specifying the beginning of the chunk containing the entropy encoded
quantiz¢d transform coefficients.

if surfaces[planeldx][levelldx][layerldx].rle_only_flag is equal to false, a variable surface$[planeldx]
[levelldX][layerldx].data_prefix_coding specifying the beginning of the chunk centaining the
entropylencoded quantized transform coefficients,

a variable temporal_enabled_flag as derived in 7.4.3.3.

Where plangldx, levelldx and layerldx indicate the plane, enhancement sub-ldyer and coefficient group

to which the|chunk belongs.

Output of thlis process is a quantizedCoeffBuffer of the size of (PictufeWidth / nTbS, PictureHelght /
nTbS) contaning entropy decoded quantized transform coefficients to be used as input for prodesses

described in|8.3.4 and in 8.3.5, in the order described in Figure 4.and the 8.3.

If temporal [enabled_flag is equal to 1, the entropy encoded/quantized transform coefficientls are
organized in| tiles of the size of (32/nTbS)x(32/nTbS). Thewrder of writing the entropy decoded values

in quantize
nTbS) CU.
scan is limi
nTbS) % (32)/nTbS), and in the vertical dimension{(PictureHeight/nTbS) % (32/nTbS).

CoeffBuffer is depicted in Figure 15, with ataster scan order within each (32/nTbS)k(32/
hen the horizontal or vertical size of the §urface is not a multiple of (32/nTbS), the aster
d to the actual size of the last CU, which is in the horizontal dimension (PictureWidth/

If temporal Jenabled_flag is equal to 0, the, entropy encoded quantized transform coefficientls are

organized i
scan order pkr line.

If tile_dimenfsions_type is not equal to 0, the following information is provided for each chunk:

In this case,
tile, the foll

PictureHeight / nTbS lines of PictureWidth / nTbS elements. The order of writing is faster

a variabje surfaces[planeldx][levelldx][layerldx].tiles pointing to the tiles of the decoded pictiyire.

a variable surfaces[planeldx][levelldx][layerldx].rle_only flag specifying if the Prefix Cpding
decoderlis neededor all tiles.

chuitkof data is further split to smaller chunks of data, which are termed as tiles. Forf each
ing-information is provided:

a variable surfaces|planeldx]|[levelldx|[layerldx].tiles[tileldx].size specifying the size of the chunk
of tile data;

if surfaces[planeldx]|[levelldx][layerldx].rle_only_flag is equal to true. a variable surfaces[planeldx]
[levelldx][layerldx].tiles[tileldx].data_rle specifying the beginning of the chunk containing the
entropy encoded quantized transform coefficients;

if surfaces[planeldx][levelldx][layerldx].rle_only_flag is equal to false, a variable surfaces[planeldx]
[levelldx][layerldx].tiles[tileldx].data_prefix_coding specifying the beginning of the chunk
containing the entropy encoded quantized transform coefficients.

Where planeldx, levelldx, layerldx and tileldx indicate the plane, enhancement sub-layer, coefficient
group and tile to which the chunk belongs.
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The entropy encoded quantized transform coefficients are organized in tiles corresponding to an area
of 32x32 samples, and each tile is scanned in raster order as described in Figure 15. The number of
coefficients corresponding to the 32x32 samples is (32 / nTbS)x(32 / nTbS).

Output of this process is a buffer containing entropy decoded quantized transform coefficients
organized as in Figure 15 to be used as input for processes described in 8.3.4 and in 8.3.5, in the order
described in Figure 5 and 8.3.

e e vy

e e %«:/ 1] -)1

O
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o
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A
.
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=

gure 15 C—)%rganization of the decoded transform quantized coefficients (in thelexample,
% nTbs = 4)

The en&ov decoder consists of two components:

— Prefix Coding decoder described in 9.2.
— Run Length decoder described in 9.3.

The general process is described in Figure 16.
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Figure 16 — Generic entropy decoder

9.1.2 Parging process for entropy encoded temporal signal coefficient group

Inputs to thif process are the bits belonging to chunks of data containing the entropy encoded temfporal
signal coeffitient group derived from the process described in 8.3.

If tile_dimenfsions_type is equal to 0, for each chunk the following information are provided:

— a varialjle temporal_surfaces[planeldx].rle_only_flag\specifying if the Prefix Coding decoder is
needed,

— avariable temporal_surfaces[planeldx].size specifying the size of the chunk of data,

— iftemporal_surfaces[planeldx].rle_only_flagis equaltotrue,avariable temporal_surfaces[plangldx].
data_rle| specifying the beginning of the chunk containing the entropy encoded temporal gignal
values,

— iftemporal_surfaces[planeldx].rle) only_flagisequaltofalse,avariabletemporal_surfaces[plangldx].
data_prefix_coding specifying the beginning of the chunk containing the entropy encoded temjporal
signal values.

Where plangldx indicatesithe plane to which the chunk belongs.

The output |of this process is an entropy decoded temporal signal value group to be storpd in
TempSigSurface, as-described in subsection 9.3.4.

If tile_dimenjsions_type is not equal to 0, the following information is provided for each chunk:

— avariable temporal_surfaces[planeldx].tiles pointing to the tiles of the decoded picture;

— a variable temporal_surfaces[planeldx].rle_only_flag specifying if the Prefix Coding decoder is
needed for all tiles.

In this case, a chunk of data is further split to smaller chunks of data, which are termed as tiles. For each
tile, the following information is provided:

— a variable temporal_surfaces[planeldx].tiles[tileldx].size specifying the size of the chunk of tile
data;

— a variable temporal_surfaces[planeldx].tiles[tileldx].data specifying the beginning of the chunk
containing the entropy encoded temporal signal values.
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Where planeldx and tileldx indicate the plane and tile to which the chunk belongs.

The output of this process is an entropy decoded temporal signal coefficient group to be stored in
TempSigSurface as described in 9.3.4.

The entropy decoder consists of two components:

9.2

Prefix Coding decoder described in 9.2.
Run Length decoder described in 9.3.

9.2.1

If var
in 9.3
by th
1) 1

[

Prefix Coding decoder

Prefix Coding decoder description

iable rle_only is equal to 1, the Prefix Coding decoder process is skipped, and the proce
is invoked. If variable rle_only_flag is equal to 0, the Prefix Coding decoder‘is applied
e following ordered steps:

hitialize the Prefix Coding decoder by reading the code lengths from the stream head

Fthere are more than 31 non-zero values, the stream headeris\as specified in Figure |
Symbol 0 Symbol 1 Symbol
| |

o | |

N \ 7
code length bits \/

1 bit 1 bit

5 bits 5 bits

ss described
as specified

Pr size.

7.

length -

1 min_length

min_length max_length 1 0 1

th -
ngth

co

\

Non-zero
length flag

Vi

Non-zero
length flag

/

compression.id
e length bits = log2(max_length - min_length + 1)
Figure 17 — Prefix coding decoder stream header for more than 31 non-zeros

therwise the stream header is as specified in Figure 18:
Symbol 0
|

5 bits 5bits 1 bit 5 bits /" 8hits code length bit 8 bits code

codes

length bits,

m

length -
n_length max_length | 0 | Symbol count| symbol value min_length symbol value

m

ength -
n_length

4

cod

compression id
e length bits = log2(max_length - min_length + 1)

Figure 18 — Prefix coding decoder normal case

In the special case for which the frequencies are all zero, the stream header is specified in Figure 19.

5 bits
31

5 bits
31

Figure 19 — Special case: Prefix Coding decoder stream header frequencies all zeros
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In the special case where there is only one code in the Prefix Coding tree, the stream header is
specified in Figure 20.

5 bits 5 bits 8 bits

0 0 symbol value

Figure 20 — Special case: only one code in the Prefix Coding tree

2) The code length is extracted for each symbol.

3) Assign dodes to symbols from the code Iengths.

4) Atable is generated following the steps above in order to search the subsets of codes withyidentical
lengths.|Each element of the table records the first index of a given length and the gorresponding
code (figstldx, firstCode).

9.2.2 Prefiix Coding decoder table generation

To find a Pr¢fix Coding Code for a given set of symbols a Prefix Coding tree needs to be created using
the following steps:

1) First thg symbols are sorted by frequency (example in Table 37)xItW/case several symbols haye the
same frgquency, these are ordered in descending numerical order.

Table 37 — Symbols sorted by frequency

Symbol Frequency
A 3

8

10

15

20

43

mm|O|0|®

2) The twq lowest elements ate removed from the list and made into leaves, with a parent{node
that has|a frequency the sum of the two lower element’s frequencies. The partial tree is shown in

Figure 21.
OO

Figure 21 — Partial tree

3) After removing the lowest value in the list, the new sorted frequency table is created. Example of
the new table is shown in Table 38.

Table 38 — New sorted frequency

Symbol Frequency
C 10
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Table 38 (continued)

Symbol Frequency
* 11
D 15
E 20
F 43

4) The steps from 2 to 3 are repeated until only one element remains in the table (example shown in in

Figure 22, Table 39, Figure 23, Table 40, Figure 24, Table 41, Figure 25 and Table 42).

Figure 22 — Repeated loop, showingfwo lowest elements combined

The rlew list is as shown in Table 39.

Table 39 — Updated sorted frequency

Symbol Frequency
D 15
E 20
X 21
F 43

@

Figure 23 — Loop repeated

Table 40 — Update sorted frequency

Symbol Frequency

* 21
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Table 40 (continued)

Symbol Frequency
* 35
F 43

*35

Figure 24 — Loop repeated

Table 41 — Updated sorted frequency

Symbol Frequency
F 43
* 56
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1
0 1
Figure 255 Loop process completion
Table 42 — One item remaining in list
Symbol Frequency
% 99
5) Once the tree is-built, to generate the Prefix Coding code for every symbol, the tree|is traversed
from the root¢o€ach symbol, appending a 0 each time a left branch is taken and a 1 each time a
right branchis*taken. In the example above this results in the following code in Table 43.
Table 43 — Resulting Prefix Coding code
Symbol Code Code length
A 1010 4
B 1011 4
C 100 3
D 110 3
E 111 3
F 0 1

6) The code length of a symbol is the length of its corresponding code. To decode a Prefix Coding code,
the tree is traversed beginning at the root, taking a left path if a 0 is read and a right path ifa 1 is
read. The symbol is found when reaching a leaf.

7) Each code related to each symbol is then passed to the process 9.3.
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9.2.3 Prefix Coding decoder for tile data sizes

9.2.3.1 Prefix Coding decoder overview

The decoder reads the Prefix Coding encoded data size of each tile byte by byte. By construction, the
first byte of data is guaranteed to be the least significant byte and its state the Least Significant Byte
Prefix Code state. The decoder uses the state machine shown in Figure 26 to determine the state of the
next byte of data. The state tells the decoder how to interpret the current byte of data as described in

9.2.3.2, and shown in Figure 26.

overflow =0

9.2.3.2 Prpfix Coding decoder description
The Prefix C

Least Significant Byte Prefix Coding state; This context encodes the 7 less significant bits of g
h this state a byte is divided as'shown in Figure 27.

zero value. |
7

Least
Significant
Byte Prefix
Coding

Figure 26 — Prefix Coding decodér state machine

pding for tile data sizes is described below and it has 2 states, as described is 9.2.3.1.

| data

[0 ]~—

| data

overflow =1

Most
Significant
Byte Prefix
Coding

[1]—

non-

0: no overflow

1: overflow, next byte is read
using Most Significant Byte
Prefix Coding state

Figure 27 — Prefix Coding encoding of a byte for Least Significant Byte Prefix Coding stdte

The overflow bitis Set if The value does not fit within 7 bits of data. When the overtiow pit is set, the
state of the next byte will be Most Significant Byte Prefix Coding state.

Most Significant Byte Prefix Coding state: This state encodes bits 7 to 14 of values that do not fit
within 7 bits of data. Run Length encoding of a byte for Most Significant Byte Prefix Coding state is

shown in Figure 28.

data

Figure 28 — Run Length encoding of a byte for Most Significant Byte Prefix Coding state
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The following steps are then followed:
1) Afrequency table is created for each state for use by the Prefix Coding encoder.

2) If this process is invoked with surfaces referring to entropy encoded transform coefficients, the
decoded values are stored in a temporary buffer tmp_size_per_tile of size nTilesL1 or nTilesL2
(respectively, number of tiles for enhancement sub-layer 1 and sub-layer 2, as derived in 8.3.3),
and are mapped to surfaces[planeldx][levelldx][layerldx].tiles[tileldx].size as follows (planeldx,
levelldx, layerldx, and tileldx have been already specified in 9.1.1):

if (levelldx == 1)
nTiles = nTilesL.1
else
nTiles = nTilesL2
if (compression_type_size_per_tile == 2) {
for (tileldx = 1; tileldx < nTiles; tileldx++) {
tmp_size_per_tile[tileldx] += tmp_size_per _tile[tileldx - 1]
}

}

for (tileldx = 0; tileldx < nTiles; tileldx++) {
surfaces[planeldx][levelldx][layerldx].tiles[tileldx].size =%mp_size_per _tile[tileldx]
}

Fthis process is invoked with temporal_surfaces referringto an entropy encoded transform signal
oefficient group, the decoded values are stored into altemporary buffer tmp_size_p¢r_tile of size
TilesL2 (as derived in 8.3.3) and are mapped to tentporal_surfaces[planeldx].tiles[tileldx].size as
bllows (planeldx and tileldx have been already specified in 9.1.2):

3)

bzl T @ Mllaval

if (compression_type_size_per_tile == 2)i
for (tileldx = 1; tileldx < nTilesL2; tileldx++) {
tmp_size_per_tile[tileldx] += tmp_size_per_tile[tileldx - 1]
}

}
for (tileldx = 0; tileldx < nTilesL2; tileldx++) {
temporal_surfaces[planéldx].tiles[tileldx].size = tmp_size_per_tile[tileldx]

}

9.3 |RLE decoder

9.3.1] RLE process-inputs and outputs

The ipput of the.RLE decoder is a byte stream of Prefix Coding decoded data if rle_only [flag is equal
to zefo or justa byte stream of raw data if rle_only_flag is equal to 1. The output of this| process is a
stream of guantized transform coefficients belonging to the chunk pointed to by the variablles planeldx,
levelldx<@nd layerldx as specified in 8.3 or the stream of temporal signals belonging toqhe temporal
chunk

9.3.2 RLE decoder for coefficient groups

The run length state machine is used by the Prefix Coding encoding and decoding processes to
determine which Prefix Coding code to use for the current symbol or code word. The RLE decodes
sequences of zeros. It also decodes the frequency tables used to build the Prefix Coding trees.

The run length decoder reads the run length encoded data byte by byte. By construction, the first byte
of data is guaranteed to be the least significant byte and its state the Least Significant Byte RLE state.
The decoder uses the state machine shown in Figure 29 to determine the state of the next byte of data.
The state tells the decoder how to interpret the current byte of data as described in 9.3.3.
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overflow =0
andrun=0

Least
Significant
Byte RLE
run=0 + overflow=1

run=1 run=20
and overflow = 0\/_\
/ —

Most
Significant
Byte RLE

\run=1

Figure 29 — RLE decoder state machine

9.3.3 RLE|decoder description
The RLE conisists of the following steps and has 2 states as described in 9.3.1.

Least Significant Byte RLE state: This state encodes the 6 1éss significant bits of a non-zero sample. In
this state, a byte is divided as shown in Figure 30.

7 6

10
| runl data | 0 |~—

0: no overflow
1: overflow, next byte is read
using Most Significant Byte

| datam 1| (1) | RLE state

Figure 30 — Run Length-encoding of a byte for Least Significant Byte RLE state

The run bit indicates that the' next byte is encoding the count of a run of zeros. The overflow bit|is set
if the sampl¢ value doeswnot fit within 6 bits of data. When the overflow bit is set, the state of the next
byte will be Most Significant Byte RLE state. Therefore, the next state cannot be a run of zeros, and bit 7
can be used fo encode“data instead.

Most Significant Byte RLE state: This state encodes bits 7 to 13 ofsample values that do not fit within
6 bits of data—BitFencodeswhetherthenext u_y tetsarumrofzeros—Run 1..c115Lu cut,uuuus ofa u_y e for
Most Significant Byte RLE state is as shown in Figure 31.

| run | data |

Figure 31 — Run Length encoding of a byte for Most Significant Byte RLE state

Zero Run state: This state encodes 7 bits of a zero run count. The run bit is high if more bits are needed
to encode the count. Run Length encoding of a byte for Zero Run state is as shown in Figure 32.
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7 6 0
| run | data |

Figure 32 — Run Length encoding of a byte for Zero Run state

A frequency table is created for each state for use by the Prefix Coding encoder as described in 9.2.

For the decoder to start at a known state, the first symbol in the encoded stream always a residual.

9.3.4 RLE decoder for temporal signal coefficient group

9.3.4]1 RLE decoder overview

The Run Length state machine is used by the Prefix Coding encoding and deceding processes to
determine which Prefix Coding code to use for the current symbol or code fword. The RLE decodes

sequénces of zeros and sequences of ones. It also decodes the frequency tabtes’used to build the Prefix
Coding trees.

The Run Length Decoder reads the run length encoded data byte by byte! By construction, the first byte
of dafa is guaranteed to be the most significant byte and its state the true value of the fifst symbol in
the stream. The decoder uses the state machine shown in Figure.33 to determine the statle of the next

byte pf data. The state instructs the decoder how to interpret-the current byte of data as described
in9.3.4.2.

(run = 1 and symbol = 0) (run = 1 and symbol = 1)
or | \ or
(run = 0 and symbol =1) (run = 0 and symbol =
run 0

run 1

run = 0

Figure 33 — RLE decoder state machine

9.3.4{2 RLE decoder description

The RLE*Consists in the following steps and has 2 states as described in 9.3.4.1.

Zero Run state: This state encodes 7 bits of a zero run count. The run bit is high if more bits are needed
to encode the count. Run Length encoding of a byte for Zero Run state is as shown in Figure 34.

7 6 0
| run | data |

Figure 34 — Run Length encoding of a byte for Zero Run state

One Run state: This state encodes 7 bits of a one run count. The run bit is high if more bits are needed
to encode the count. Run Length encoding of a byte for One Run state is as shown in Figure 35.
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1y
2)
3)

4)

5)

7 6 0
| run | data |

Figure 35 — Run Length encoding of a byte for One Run state

A frequency table is created for each state for use by the Prefix Coding encoder as described in 9.2.

For the decoder to start on a known state, the first symbol shall contain the real value 0 or 1.

The RLE decoder writes the 0 and 1 values into temporal signal surface TempSigSurface of the size

(Pictur Width // nThS Di{‘hlrn]—lpighf 1/ nT]’\Q) where nThS is transform size

The order of writing decoded values in the surface TempSigSurface is depicted in Figur ; with a
raster s¢an order within each (32 / nTbS)x(32 / nTbS) CU. When the horizontal or vertical sjize of
the surfpce TempSigSurface is not a multiple of (32 / nTbS), the raster scan is limitéd to the dctual
size of the last CU that is in the horizontal dimension (PictureWidth / nTbS) % (32</ nTbS), gnd in

the vertjcal dimension (PictureHeight / nTbS) % (32 / nTbS).

If tempdral_tile_intra_signalling_enabled_flag is equal to 1 and if the valpe t6 write at the writing
position|(x, y) in the TempSigSurface is equal to 1 and x % (32 / nTbS) == 0and y % (32 / nTHS) ==
0, next Writing position is moved to (x + 32 / nTbS, y) when (x + 32 / aTbS) < (PictureWidth / nTbs),

otherwipe itis moved to (0, y + 32 / nTbS), as shown in Figure 36.

i)

SRV VY

A 4N

5
===
W

EEAAN R

92

Figure 36 — Run Length Decoder writing values to the temporal signal surface

(in the example, nTbs = 4)
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9.3.5 RLE decoder for tile entropy_enabled_flag fields

9.3.5.1 RLE decoder overview

The Run Length state machine is used to code the entropy_enabled_flag field of each of the tiles. The
RLE decodes sequences of zeros and sequences of ones.

The Run Length Decoder reads the run length encoded data byte by byte. By construction, the first byte
of data is guaranteed to be the most significant byte and its state the true value of the first symbol in
the stream. The decoder uses the state machine shown in Figure 37 to determine the state of the next
byte of data. The state instructs the decoder how to interpret the current byte of data as described
in 9.3:5727

(run = 1 and symbol = 0) (run =1 and symbol = 1)

or or
(run = 0 and symbol = 1) (run = 0.dnd symbol = 0)
/run =0 l
run=1 ‘jl =1

run=20

Figure-37 — RLE decoder state machine

9.3.5{2 RLE decoder description
The RLE consists in the following steps and has 2 states as described in 9.3.5.1.

Zero|Run state: This state encodes 7 bits of a zero run count. The run bit is high if more bitjs are needed
to enfode the cout. Run Length encoding of a byte for Zero Run state is as shown in Figurg 38.

7 6 - 0
| run | data |

Figure 38 — Run Length encoding of a byte for Zero Run state

One Run state: This state encodes 7 bits of a one run count. The run bit is equal to 1 if more bits are
needed to encode the count. Run Length encoding of a byte for One Run state is as shown in Figure 39.

| run | data |

Figure 39 — Run Length encoding of a byte for One Run state

In order for the decoder to start on a known state, the first symbol shall contain the real value 0 or 1.
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The RLE decoder writes the 0 and 1 values into temporary signal surface tmp_decoded_tile_entropy_
enabled of size (nPlanes) x (nLevels) x (nLayers) x (nTilesL1 + nTilesL2) x (no_enhancement_bit_flag ==0)
+ (temporal_signalling_present_flag == 1) x (nPlanes) x (nTilesL2) and is mapped to surfaces[planeldx]
[levelldx][layerldx].tiles[tileldx].entropy_enabled_flag and temporal_surfaces[planeldx].tiles[tileldx].
entropy_enabled_flag as follows:

for (planeldx = 0; planeldx < nPlanes; ++planeldx) {
if (no_enhancement_bit_flag == 0) {
for (levelldx = 1; levelldx <= nLevels; ++levelldx) {
if (levelldx == 1)
nTiles = nTilesL1

1
else

nTiles = nTilesL2
fgr (layerldx = 0; layer < nLayers; ++layerldx) {
for (tileldx = 0; tileldx < nTiles; tileldx++) {
surfaces[planeldx][levelldx][layerldx].tiles[tileldx].entropy_enabled :flag =
tmp_decoded_tile_entropy_enabled|tileldx]

}

}else{
for (Ievelldx = 1; levelldx <= nLevels; ++levelldx) {

if|(levelldx == 1)

nTiles = nTilesL1

elise

nTiles = nTilesL2

fgr (layerldx = 0; layer < nLayers; ++layerldx) {

for (tileldx = 0; tileldx < nTiles; tileldx++)
surfaces[planeldx][levelldx][layerldx}itiles[tileldx].entropy_enabled_flag = 0

}
}
if (tempdral_signalling_present_flag == 1) {

for (t]leldx = 0; tileldx < nTilesL2; tileldx++) {
tgmporal_surfaces[planeldx]itiles[tileldx].entropy_enabled_flag =
tmp_decoded_tile_entropy_enabled[tileldx]

}

}

}

9.4 Parsing processfor 0-th order Exp-Golomb codes

This procesq is invoked when the descriptor of a syntax element in the syntax tables is equal to ug(v).

Inputs to thik process are bits from the RBSP,

Outputs of this process are syntax element values.

Syntax elements coded as ue(v) are Exp-Golomb-coded with order 0. The parsing process for these
syntax elements begins with reading the bits starting at the current location in the bitstream up to and
including the first non-zero bit, and counting the number of leading bits that are equal to 0. This process
is specified as follows:

leadingZeroBits = -1
for(b = 0; !b; leadingZeroBits++) (43)

b = read_bits(1)
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