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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 inter

national

organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the

work

jhe procedures used to develop this document and those intended for its further, maiy
re described in the ISO/IEC Directives, Part 1. In particular, the different approeval
eeded for the different types of document should be noted. This document jwas dr
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1
dccordance with the editorial rules of the ISO/IEC Directives, Part 2 (see www.ise.org/dire
www.iec.ch/members_experts/refdocs).

ttention is drawn to the possibility that some of the elements of this documient may be the
f patent rights. ISO and IEC shall not be held responsible for identifying any or all sucl
ights. Details of any patent rights identified during the development\0of'the document will &
htroduction and/or on the ISO list of patent declarations received (see-www.iso.org/patents) o
st of patent declarations received (see patents.iec.ch).

=== o %

Any trade name used in this document is information given4or the convenience of users and
gonstitute an endorsement.

or an explanation of the voluntary nature of standards, the meaning of ISO specific tel
xpressions related to conformity assessment, as well as information about ISO's adhei
he World Trade Organization (WTO) principles in the Technical Barriers to Trade (T
rww.iso.org/iso/foreword.html. In the IEC, seelwww.iec.ch/understanding-standards.
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This document was prepared by Joint Teehnical Committee ISO/IEC JTC 1, Information ted
Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

Alist of all parts in the ISO/IEC 23094 series can be found on the ISO and IEC websites.
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h patent
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Hody. A complete listing~'of these bodies can be found at www.iso.org/members.ht
www.iec.ch/national-committees.
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Information technology - General video coding —

Part 2:
Low complexity enhancement video coding

1 Scope

This document specifies low complexity enhancement video coding.

2 Normative references

o |

he following documents are referred to in the text in such a way that'some or all of their| content
onstitutes requirements of this document. For dated references, onljxthe edition cited applies. For
ndated references, the latest edition of the referenced document (in€luding any amendments)|applies.

o QO

IBO/IEC 11578:1996, Information technology — Open systems intérconnection — Remote proceflure call
(RPC)

[FU-T H.273 | ISO/IEC 23091-2:2019, Information technolaegy’— Coding-independent code points — Part
2 Video

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

3 Terms and definitions

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

[P0 and IEC maintain terminological databases for use in standardization at the following addresses:

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

- [EC Electropedia:available at https://www.electropedia.org/

31
ccess unit
U
set of NAL ynits (3.35) that are associated with a particular output time, are consecutive in ¢ecoding
rder (3:29)), and contain exactly one coded picture (3.9)

2
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
encapsuflation 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 relatéd to the
primary| colours, represented by the symbols Cb and Cr

=3

Note 1 td entry: The term chroma is used rather than the term chrominance in order to avoid-the implication
the use of linear light transfer characteristics that is often associated with the term chrominance.

3.8
chunk
entropy|coded portion of data containing the quantized transform cdefficient (3.57) belonging to
coefficignt group

[s9)

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

3.10
coded representation
data elefnent as represented in its coded form

3.11
coded viideo sequence
CVsS
coded s¢quence of access units (3.1)

3.12
coding block
MxN block (3.3) of samples forsome values of M and N

3.13
coding yinit
CU
32 x 32 plock (3:3)/of samples resulting from the parsing of the entropy encoded transform coefficient
(3.57) in} the decoding 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
icture (3.40) derived by decoding a coded picture (3.9), and which is either a decoded frame(3[29) or a
ecoded field (3.28)

3.19

decoded picture buffer

DPB

Huffer holding decoded pictures (3.18) for reference or output reordering

oS

3.20
decoder
gmbodiment of a decoding process (3.22)

(%]

21
ecoding order

o

drder in which syntax elements (3.53) are processed by thedecoding process (3.22)

3.22

decoding process

drocess specified that reads a bitstream (3.2) andudérives decoded pictures (3.18) from it

3.23

dmulation prevention byte

Hyte (3.4) equal to 0x03 that may be presént within a NAL unit (3.35), the presence of which ensyres that
rjo sequence of consecutive byte-alignéd (3.5) bytes in the NAL unit contains a start code prefix (B.51)
3.24

dncoder

gmbodiment of an encoding-process (3.25)

3.25

dncoding process

grocess that produces a bitstream (3.2) conforming to this document

3.26

dnhancement layer

lgyer (3.32Y within the bitstream (3.2) pertaining to the residual planes (3.47)

3.27
nhancement 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


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

ISO/IEC 23094-2:2021(E)

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|transform
part of the decoding process (3.22) by which a set of transform coefficients (3.57) is convented’ intp
residualg (3.46)

3.32
layer
one of afset of syntactical structures in a non-branching hierarchical relationship

3.33
level
defined fet of constraints on the values that may be taken by the syntax elemeénts (3.53) and variables of
this docpment

Note 1 tg entry: The same set of levels is defined for all profiles (3.41), withymost aspects of the definition of each
level beipg in common across different profiles. Individual implementations may, within specified constraints,
support g different level for each supported profile.

3.34
luma
sample hrray or single sample representing the mpnochrome signal related to the primary colours,
represeiited by the symbol or subscriptY or L

[¢)

Note 1 tq entry: The term luma is used rather than‘the term luminance in order to avoid the implication of th
use of liear light transfer characteristics that(is often associated with the term luminance. The symbol L
sometimps used instead of the symbol Y to avoid confusion with the symbol y as used for vertical location.

[72)

3.35
network abstraction layer unit
NAL unit
syntax sgructure (3.54) containing an indication of the type of data to follow and bytes (3.4) containinig
that datg in the form of an'RBSP (3.42) interspersed as necessary with emulation prevention bytes (3.23)

3.36
network abstraction layer unit stream
NAL unit stream

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

3.39
plane
collection of data related to plane Y (luma (3.34)) or C (chroma (3.7))

4 © ISO/IEC 2021 - All rights reserved
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3.40
picture
field (3.28) or frame (3.29)

3.41
profile
specified subset of the syntax of this document

3.42
raw byte sequence payload

RBSP

yntax structure (3.54) containing an integer number of bytes (3.4) that is encapsulated.inl a
3.35) and which is either empty or has the form of a string of data bits (3.52) containing §yntax
B3.53) followed by an RBSP stop bit (3.43) and followed by zero or more subsequent bits equal t

aw byte sequence payload stop bit
| BSP stop bit

S|
(
(
3.43
I
K
hit equal to 1 present within an RBSP (3.42) after a string of data bits (3.52)

=z

ote 1 to entry: The location of the end of the string of data bits within an\RBSP can be identified by s
fom the end of the RBSP for the RBSP stop bit, which is the last non-zerobitin the RBSP.

-

3.44

rieserved

vialue of a particular syntax element (3.53) for future use<by ISO/IEC and not to be used in bi
(B.2) conforming to this document, but could be used'in bitstreams conforming to future
gditions of this document

3.45

neserved_zeros

vialue of a particular syntax element (3.53)for future use by ISO/IEC and not to be used in bi
(B.2) conforming to this document, but.could be used in bitstreams conforming to future
gditions of this document

=z

ote 1 to entry: In this document, the value of any reserved_zeros bit is zero.

46

esidual

ifference between a prediction of a sample or data element and a reference of that same sampl
lement

D O ™=

(F%)]

47
esidual plane
ollectionofresiduals (3.46)

o =

3.48
rjun length encoding

VAL unit
plements
p 0

earching

Estreams
revised

Fstreams
revised

b or data

LE

method for encoding a sequence of values in which consecutive occurrences of the same v
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

alue are

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
horizontal width and v is the vertical height, in arbitrary units of spatial distance

© ISO/IEC 2021 - All rights reserved
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3.50
source
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 inclufion of emulation prevention bytes (3.23).

3.52
string of data bits
SODB
sequenck of some number of bits representing syntax elements (3.53) present within a raw byte sequend
payload|(3.42) prior to the raw byte sequence payload stop bit (3.43), and within whiclr the left-most b
is considered to be the first and most significant bit, and the right-most bit is considered to be the las
and leasf significant bit

3.53
syntax element
element|of data represented in the bitstream (3.2)

—~ ~+ 0

3.54
syntax structure
zero or more syntax elements (3.53) present together in the bitstream (3.2) in a specified order

3.55
tile
rectangfilar region of TUs (3.58) within a particulaypicture (3.40)

3.56
transform

part of the decoding process (3.22) by which a block (3.3) of transform coefficients (3.57) is converted t
a block qf spatial-domain values

o

3.57
transform coefficient

scalar ghantity, consideredto-be in a transformed domain, that is associated with a particular index i
an inver$e transform (3.31) part of the decoding process (3.22)

-

3.58
transform unit
TU
MxN block (3.3} of samples resulting from a transform (3.56) in the decoding process (3.22)

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 coding 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

6 © ISO/IEC 2021 - All rights reserved
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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

J)PBB decoded picture buffer of the base

OQuT decoder under test

HBD hypothetical base decoder

HDM hypothetical demuxer

HRD hypothetical reference decoder

HSS hypothetical stream scheduler

| intra

[JCEVC low complexity enhancement video coding
[{SB least significant bit

NISB most significant bit

SEI supplemental enhancement information
VUI video usability information

(n ]

OTE

—

eftc.

5 Conventions

.1 General

3.2 Arithmetic operators

addition

The mathematical operators used in this document are similar to those used in the C progfamming
nguage. However, the\results of integer division and arithmetic shift operations are defined more precisely,
and additional operations are defined, such as exponentiation and real-valued division. Numbering and|counting
cpnventions generally begin from 0, e.g., “the first” is equivalent to the 0-th, “the second” is equivalent tq the 1-th,

xY

multiplication, including matrix multiplication

exponentiation; specifies x to the power of y

© ISO/IEC 2021 - All rights reserved
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integer 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

Sl paation of £010) itk Ling a1l 1t Xy 1\\

Y 1)

i=x

x%y

5.3 L

X &&y

x|y
x?y:z

5.4 Rq

When a
llna" (no
value “n

5.5 Bi

i XALLE Iitaling Fa¥a 729 b 2o actraony xr £ o o el O XL
SO CIOTT OT T (1) VvV ICIT T CaISIiTg ot Irce gt varac s T U Ao P coU oo rirCroa ot sTy

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

)gical operators

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

if x is TRUE or not equal to 0, evaluates to the value of¥; otherwise, evalu-
ates to the value of z

plational operators

greater than

greater than or equal to
less than

less than or equal to
equal to

not equal to

h” is considered not to be equal to any other value.

t-wise operators

relational operator is applied to a syntax element or variable that has been assigned the val
F applicable)sthe’'value “na” is treated as a distinct value for the syntax element or variable. T

e

&

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.

bit-wise “exclusive or”

When operating on integer arguments, operates on a two’s complement

X>>y

X<<y

TEpTESEntation uf threiteger vatue Whenmoperating omra biary argumeTt
that contains fewer bits than another argument, the shorter argument is
extended by adding more significant bits equal to 0.

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. Bitsshift-
ed into the most significant bits (MSBs) as a result of the right shifthave a
value equal to the MSB of x prior to the shift operation.

arithmetic left shift of a two’s complement integer representation of x by
y binary digits

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

3.6 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- - i§ equivalent to x = x - 1; when used in an array index,
evaluates to the value of the variable prior to the decrement operation

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

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

5.7 Range notation

R AW x takes on integer values starting from y to z, inclusive, 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

Abs(x) = {

x ; x>=0

-x ; x<0

Ceil(x) smallest integer greater than or equal to x

© ISO/IEC 2021 - All rights reserved
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5.9 Order of operation precedence

When trLe order of precedence in an expression is not indicated explicitly by use of parentheses, thee
followi

Table 1 gpecifies the precedence of operations from highest to lowest. A higher position in the table
indicatep a higher precedence.

NOTE For those opérators that are also used in the C programming language, the order of precedence used
in this ddcument is thé-same as used in the C programming language.

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

10

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)

Log10(x) base-10 logarithm of x 4)
X ; X<=y

Min(x, y) = (M
y 5 X2y
X ; X>=y

Max([x, y) = €)]
y 5 X<y

Round(x) = Sign(x) * Floor(Abs(x) + 0.5) €))
1 ; x>0

Sign[x) =< 0 ; x==0 0)]

-1 ; x<0
Sartfx) =>x §8)

rules apply:
Operrations of a higher precedence are evaluated before any operation of a lower precedence.

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

operations (wifh npprnndc X, y, and 7)

« » o«

X++" “x— _u«

“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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Table 1 (continued)

operations (with operands x, y, and z)

» o«

“x==y”, “xl=y”
“x&y”

“le"

“X&&y"

“X || y”

X7y Z

“. .yn

§.10 Variables, syntax elements and tables

Syntax elements in the bitstream are represented in bold type. Each syntax elerient is describgd by its
rnlame (all lower-case letters with underscore characters), and one descriptot for its method pf coded
representation. The decoding process behaves according to the value of tlie syntax element and to the
vialues of previously decoded syntax elements. When a value of a syntag€lement is used in the syntax
thbles or the text, it appears in regular (i.e., not bold) type.

h some cases, the syntax tables may use the values of other variables derived from syntax ¢lements
alues. Such variables appear in the syntax tables, or text, namedby a mixture of lower-case and upper-
ase letter and without any underscore characters. Variablé€s starting with an upper-case lgtter are
erived for the decoding of the current syntax structure and-all depending syntax structures. ariables
tarting with an upper-case letter may be used in theidecoding process for later syntax stfuctures
ithout mentioning the originating syntax structuré.of the variable. Variables starting with ja lower-
Ase letter are only used within the clause in which'they are derived.

Q. < un Q. 0o < =

h some cases, “mnemonic” names for syntax element values or variable values are used interchgngeably
Uith their numerical values. Sometimes “mnemonic” names are used without any associated njimerical
alues. The association of values and names is specified in the text. The names are constructed from
ne or more groups of letters separated by an underscore character. Each group starts with ap upper-
ase letter and may contain more uppér-case letters.

Q0 < < =

=z

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

unctions that specify properties of the current position in the bitstream are referred to ay syntax
inctions. These functions’are specified in 7.2 and assume the existence of a bitstream pointer with an
hdication of the position of the next bit to be read by the decoding process from the bitstreanj. Syntax
inctions are deseribed by their names, which are constructed as syntax element names and ¢nd with
eft and right round parentheses including zero or more variable names (for definition) or vajues (for
sage), separated by commas (if more than one variable).

[l N et |

vl

unctionssthat are not syntax functions (including mathematical functions specified in b.8) are
escribed by their names, which start with an upper-case letter, contain a mixture of lower- and upper-
dasé letters without any underscore character, and end with left and right parentheses including zero
r more variable names (Fnr dpfini‘rinn) aor values (fnr' ncngp) Qppnrn‘rpd hy commas (if maore than one

variable).

Q.

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

{49}

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.

Hexaded
binary 1
eight-bit
bit) equ

Numerig

A value
any valu

5.11 Tgq

In the tq
form:

if(con
stat
else if
stat

else /*i
stateme

may be ¢lescribed in the following manner?

— Ifcg

— Oth

— Oth

Each “If
the follg

=)

imal notation, indicated by prefixing the hexadecimal number by “0x”, may be used instead d
otation when the number of bits is an integer multiple of 4. For example, 0x41 represerits. ap
string having only its second and its last bits (counted from the most to the least sighificar
] to 1.

(i

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

equal to 0 represents a FALSE condition in a test statement. The value TRUE lis represented b
e different from zero.

<

xt description of logical operations
bxt, a statement of logical operations as would be described mathematically in the followinlg
dition 0)
ement 0

(condition 1)
ement 1

nformative remark on remaining condition+/
ht n

... as follows / ... the following.applies:
ndition 0, statement 0

brwise, if condition--statement 1

brwise (informative remark on remaining condition), statement n

... Otherwise, if ... Otherwise, ...” statement in the text is introduced with “... as follows” or “|.
wing‘applies” immediately followed by “If ... “. The last condition of the “If ... Otherwise, if }.

Otherwi

se;2..” is always an “Otherwise, ...". Interleaved “If ... Otherwise, if ... Otherwise, ...” statementfs

can bei

entified 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

12
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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

p—

h the text, a statement of logical operations as would be described mathematically in the f
fprm:

if(condition 0)
statement 0
if(condition 1)
statement 1
may be described in the following manner:

—  When condition 0, statement 0

—  When condition 1, statement 1

3.12 Processes

Hrocesses are used to describe the decoding of syntax elements. A process has a separate sped
nd invoking. All syntax elements and upper-case variables that pertain to the current
structure and dependent syntax structures are available in the process specification and iny

rocess specification may,also have a lower-case variable explicitly specified as input. Each
specification has explicitly specified an output. The output is a variable that can either be an up
ariable or a lower-€age variable.

hen 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,
varjables are explicitly assigned to lower-case input or output variables of the process speci

Otherwise (the variables at the invoking and the process specification have the samsg

bllowing

ification

syntax
oking. A
process
per-case

then the
fication.

b 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.

© ISO/IEC 2021 - All rights reserved
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The bitstream can be in one of two formats: the NAL unit stream format or the byte stream format.
The NAL unit stream format is conceptually the more “basic” type. It consists of a sequence of syntax
structures called NAL units. This sequence is ordered in decoding order. There are constraints imposed
on the decoding order (and contents) of the NAL units in the NAL unit stream. The byte stream format
can be constructed from the NAL unit stream format by ordering the NAL units in decoding order and
prefixing each NAL unit with a start code prefix and zero or more zero-valued bytes to form a stream
of bytes. The NAL unit stream format can be extracted from the byte stream format by searching for
the location of the unique start code prefix pattern within this stream of bytes. Methods of framing the
NAL units in a manner other than use of the byte stream format are outside the scope of this document.

Th b t dragin £osa o4& tacifiad 1o A oo o D
e y Streartrrorirac S SpetmCtTIT e AT,

6.2 Squrce, decoded and output picture formats

This clause specifies the relationship between source and decoded pictures that is giverf via the
bitstream.

The vidgo source that is represented by the bitstream is a sequence of pictures in decoding order.
The soufce and decoded pictures are each comprised of one or more sample arrays:

— Lumna (Y) only (monochrome).

— Lumnja and two chroma (YCbCr or YCgCo).

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

-

— Arrays representing other unspecified monochrome or trisstimulus colour samplings (for examplé¢
YZX, also known as XYZ).

o

For conyenience of notation and terminology in this\document, the variables and terms associate
with thgse arrays are referred to as luma (or L or ¥)*and chroma, where the two chroma arrays ar
referred to as Cb and Cr; regardless of the actual celour representation method in use. The actual colou
represemtation method in use can be indicated:in’syntax that is specified in Annex B.

= O

The var]ables PictureWidth and PictureHeight are defined as the width and height of the luma arraly
and are|derived from the value of the variable resolution_type (7.4.3.3). TileWidth and TileHeight are
defined ps the width and height of theluma array for a tile and are derived from the value of the variable
tile_dimlensions_type (7.4.3.3).

The varjables ShiftWidthC and, ShiftHeightC are specified in Table 2, depending on the chroma form3
sampling structure, whichCis“specified through chroma_format_idc and separate_colour_plane_flag
Other values of chromadfermat_idc, ShiftWidthC and ShiftHeightC may be specified in the future b
ISO/IEC

< e+

Tabld 2 — ShiftWidthC and ShiftHeightC values derived from chroma_sampling_type (7.3.4)

chromat_ys :énplmg_ 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.

14 © ISO/IEC 2021 - All rights reserved
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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
derived as (TileWidth >> ShiftWidthC) and (TileHeight >> ShiftHeightC).

The number of bits necessary for the representation of each of the samples in the luma and

and are

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
lpcations 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
XL X

X O X
X0 X
X O X

[ ] ° R
Hey
X = Location of luma'saimple
() = Location of thyoma sample

Figure 1 —Nominal vertical and horizontal locations of 4:2:0 luma and chroma sampl¢
picture

=

relative

ps in a

with the

Vhen the value of chroma_sampling_type is equal to 2, the chroma samples are co-sited

© ISO/IEC 2021 - All rights reserved
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g X & X & X
g X &8 X & X
g X & X & X
g X & X & X
R X ® X ® X

Key
= Location of luma sample

X
O = Location of chroma sample

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

When the value of chroma_sampling_type is;equal to 3, all array samples are co-sited for all cases of
picturegand the nominal locations in a picture are as shown in Figure 3.
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R R
&R R R
B & & OB R &
R BB R
R 8 8 8 & R

Hey
X = Location of luma sample
() = 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

(@

.3.1 Organization of the hierarchical structure

ach picture is organizéd in a hierarchical structure. The hierarchal structure is organizefl across
hree hierarchical levéls:hierarchical level 0, comprising the decoded base picture; hierarchicgl level 1,
omprising the preliminary intermediate picture, residual sub-layer 1 and the combined interymediate
icture; and hieratchical level 2, comprising the preliminary output picture, residual sub-layer 2 and
he combinedoutput picture. Each picture in a hierarchical level is composed of three planes. Afresidual
ub-layer is‘cemposed of three residual planes. The following sections specify how the different planes
dre organized. The decoded base picture corresponds to the decoded output of a base decoder.

W oS o o 1

NOTE The bitstream syntax and decoding process for the base decoder are not part of this document.

(esiduats pranes 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 hitstreams. The methods for identifying and handling errors
and othef such situations are not specified in this document.

Table 3 |ists examples of the syntax specification format. When syntax_element appears, it spec¢ifig
that a syntax element is parsed from the bitstream and the bitstream pointer is advanced t9 the nex
position|beyond the syntax element in the bitstream parsing process.

-+ \n

Table 3 — Syntax specification format examples

Syntax specification Descriptor

/* A statement can be a syntax element with an associated descriptor or canbean
expression used to specify conditions for the existence, type and quantity 6fsyntax
elements, as in the following two examples */

sylntax_element u(n)

conditioning statement

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

Statement

Statement

/¥ A “while” structure specifies-atest of whether a condition is true, and if true,
specifies evaluation of a statémeént (or compound statement) repeatedly until the
condition is no longer trye<¥/

while (condition)

Statement

/¥ A “do ... while” structure specifies evaluation of a statement once, followed by a
tept of whether a condition is true, and if true, specifies repeated evaluation of the
sthtementuntil the condition is no longer true */

da

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

18 © ISO/IEC 2021 - All rights reserved
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Table 3 (continued)

Syntax specification

Descriptor

else

alternative statement

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

Y/

for (initial statement; condition; subsequent statement)

primary statement

= @ =

7.2 Specification of syntax functions and descriptors

he functions presented in Table 4 are used in the syntactical description. These funct
xpressed in terms of the value of a bitstream pointer that indicates the position of the next
ead by 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;
otherwise returns FALSE.

byte_aligned()

If the current position in the bitstream is on a byte
boundary, i.e., the next bit in the bitstream is the first bit
in a byte, the return value of byte_aligned( ) is equal t
TRUE. Otherwise, the return value of byte_aligned( ) if
equal to FALSE.

bytestream_current(bitstream)

Returns the current bitstream pointer.

bytestream_seek(bitstream, n)

Returns the current bitstream pointer at the position jn
the bitstream corresponding to n bytes.

more_data_in_byte_stream( )

If more data follow in the byte stream, the return valup
of more_data_in_byte_stream( ) is equal to TRUE. Oth
erwise, the return value of more_data_in_byte_strean(
) is equal to FALSE

more_data_in_payload( )

Ifbyte_aligned() is equal to TRUE and the current positipn
in the sei_payload( ) syntax structure is 8 * payloadSize bfts
from the beginning of the sei_payload( ) syntax structufe,
the return value of more_data_in_payload( ) is equalfto
FALSE. Otherwise, the return value of more_data_in_p3y-
load( ) is equal to TRUE.

ot

ext_bits(n)

It provides the next bits in the bitstream for comparis¢n
purposes, without advancing the bitstream pointer. It
prmzidpc alook atthe next n bitsin the hitstream within

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.

re;

pd_byte(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.

re

ad_multibyte(bitstream) Executes a read_byte(bitstream) until the MSB ofithe
read byte is equal to zero. The return value foreach
read byte is the value represented by the bits;other than
the MSB.

The foll

— b(8]
by t

— f(n)
pro

— u(n)
mar
spe
an

— ue(V
pars

— mb:
the
cha
cha

— rle(§
spe

7.3 Sy

7.3.1

wing descriptors specify the parsing process of each syntax element:

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

fixed-pattern bit string using n bits written (from left to right) with the left bit first. The parsing
ress for this descriptor is specified by the return value.ef the function read_bits(n).

[s9)

: unsigned integer using n bits. When n is “v” in the syntax table, the number of bits varies in
ner dependent on the value of other syntax eleniénts. The parsing process for this descriptor i
fified by the return value of the function readsbits(n) interpreted as a binary representation
nsigned integer with most significant bit wititten first.

=~

): unsigned integer 0-th order Exp-Gelemb-coded syntax element with the left bit first. Thie
ing process for this descriptor is specified in 9.4.

read multiple bytes. The parsing-process for this descriptor is specified by the return value ¢
function read_multibyte(bitstream) interpreted as a binary representation of multiple unsigne
" with most significant bit written first, and most significant byte of the sequence of unsigne
 written first.

T,

[72)

7): variable length €ode from run length encoding. The parsing process for such descriptor i
rified in specificclauses referenced in 7.3.

ntax in tabular form

Syntax-order

The ordérinwwhich the cynfav is prncnhfnr‘ isfrom MSB to L SB

7.3.2 NAL unit and NAL unit header syntax

NAL uni

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

Table 5 — NAL unit

Syntax

Descriptor

nal_unit

(NumBytesInNalUnit) {

nal_unit_header()

20
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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)
=2
emulation_prevention_three_byte /* equal to 0x03 */ u(8
} else
rbsp_byte[NumBytesInRBSP++] u(8
}
)
Table 6 — NAL unit header
$yntax Descriptofy
nal_unit_header() {
forbidden_zero_bit u(1)
forbidden_one_bit u(l1)
nal_unit_type u(5)
reserved_flag u(9)
1
71-3.3 Process block syntax
Hrocess block syntax is specified in Table 7.
Table 7 — Process block syntax
Syntax Descriptor
process_block( ) {
payload_size_type u(3)
payloadctype u(5)
payloead/size = 0
if (payload_size_type ==7) {
custom_byte_size mb
payload_size = custom_byte_size
}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_datal payioad_siZe)
else if (payload_type == 4)
process_payload_encoded_data_tiled(payload_size)
else if (payload_type == 5)
process_payload_additional_info(payload_size)
else if (payload_type == 6)
process_payload_filler(payload_size)
}
7.3.4 Process payload - sequence configuration
Process|payload - sequence configuration syntax is specified in Table’8.
Table 8 — Process payload - sequenge. configuration
Syntax Descriptor
process_payload_sequence_config(payload_size) {
profile_idc u(4)
level_idc u(4)
sublevel_idc u(2)
conformance_window_flag u(1)
reserved_zeros_5bit u(5)
if (profile_idc == 15 || level _ide:== 15) {
extended_profile_id¢ u(3)
extended_level idc u(4)
reserved_zeros-1bit u(1)
}
if (conformance_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

© ISO/IEC 2021 - All rights reserved


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

ISO/IEC 23094-2:2021(E)

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(Z) N
enhancement_depth_type u(2) (\q/\
temporal_step_width_modifier_signalled_flag ul[\l.ﬂ/\')
predicted_residual_mode_flag ‘\u{ifj
%
temporal_tile_intra_signalling_enabled_flag o2 u(l)
temporal_enabled_flag q" ) u(1)
upsample_type O i u(3)
levell_filtering_signalled_flag A\QQ u(1)
scaling_mode_levell . c.’U ) u(2)
scaling_mode_level2 ,}\\\v u(2)
tile_dimensions_type & ~ u(2)
user_data_enabled OQ‘ u(2)
levell_depth_flag N u(l)
chroma_step_width_flag n\\) u(1)
if (processed_planes_type_flag==1) { \‘.QU
planes_type n$ u(4)
reserved_zeros_4bit Q\v u(4)
} O
if (temporal_step_width_mQQ@j?r_signalled_flag ==1){
temporal_step_widtl(n}z)difier u(8)
}else { N\
temporal_ste,p@hjch_modifier =48
} A
if (upsale%\pre ==4){
upﬁ@ler_coeffl u(16)
N@s\fmpler_coeffz u(16)
‘O\G\psampler_coeffB u(16)
x" upsampler_coeff4 u(16)
HeveH—fitering—sigprated—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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7.3.6

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)
cCuStom_resoltution_height U(16)
}
if (chroma_stepwidth_flag) {
chroma_step_width_multiplier u(8)
}else {
chroma_step_width_multiplier = 64
}
}
Process payload - picture configuration
Process|payload - picture configuration syntax is specified in Table 40.
Table 10 — Process payload - picture.configuration
Syntax Descriptor
prjocess_payload_picture_config(payload_size) {
no_enhancement_bit_flag u(1)
if (no_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-énabled_flag u(1)
step_width_sublayer2 u(15)
dithering_coritrol_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)
}

24

Table 9 (continued)
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law]

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) { Q'\
for(layerldx = 0; layerldx < nLayers; layerldx++) { qgv
qm_coefficient_1[layerldx] . ﬁy(é’)
} O
) 5
if (dequant_offset_signalled_flag) { C " v
dequant_offset_mode_flag RN\ ; u(1)
dequant_offset ,-O\‘ u(7)
} N
if (dithering_control_flag == 1) { /. o
dithering_type AOK u(2)
reserverd_zero \\Y ) u(1)
if (dithering_type !=0) { \\}V
dithering_strength R 2 u(5)
}else{ \&V
reserved_zeros_5bit “\\QJ‘ u(5)
} «Q
} &
) N
.3.7 Process payload @%t)ded data
rocess payload - encS&’ data syntax is specified in Table 11.
(\C‘O\(O Table 11 — Process payload - encoded data
Synta&~v Descriptor
prQ@‘g_payload_encoded_data(payload_size) {
b??ovr (planeldx = 0; planeldx < nPlanes; planeldx++) {
. if (no_enhancement_bit_flag == 0) {
forttevetidx =t tevelidx==2;tevelidx=)<
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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7.3.8

Process

26

Table 11 (continued)

Syntax

Descriptor

temporal_surfaces[planeldx].entropy_enabled_flag

u(l)

temporal_surfaces[planeldx].rle_only_flag

u(l)

}

byte_alignment( )

for (planeldx = 0; ptaneldX < NPIanes; pranerax++)3

for (levelldx = 1; levelldx <= 2; levelldx++) {

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

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

}

if (temporal_signalling_present_flag == 1)

process_surface(temporal_surfaces[planeldx])

Process payload - encoded tiled data

[payload - encoded tiled data syntax is specified in Table{D2v

Table 12 — Process payload - encoded tiled data

Sy

ntax

Descriptor

j9

ocess_payload_encoded_data_tiled(payload_sizeé)){

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

for (levelldx = 1; levelldx <= 2; levelldx++) {

if (no_enhancement_bit_flag:==10) {

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

surfaces|pladeldx][levelldx][layerldx].rle_only_flag

u(1)

}

if (temporal_signalling_present_flag == 1)

tempotal _surfaces[planeldx].rle_only_flag

u(1)

}

byte_alignment( )

if (compression_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].
u(1)
entropy_enabled_flag
}
}
}
1f (temporal_signalling_present_tlag==1) { N
for (tileldx = 0; tileldx < nTilesL2; tileldx++) KA
temporal_surfaces[planeldx].tiles[tileldx].entropy_enabled_flag .‘]}Eﬁ)
} v
} 2
}else{ q‘lbv
entropy_enabled_per_tile_compressed_data_rle /’C) i rle(v) 9.3[5
) ANV
byte_alignment( ) ‘C')U
if (compression_type_size_per_tile == 0) { ,}\\\v
for (planeldx = 0; planeldx < nPlanes; planeldx++) {AQ -
for (levelldx = 1; levelldx <= 2; levelldx++) { )
if (levelldx == 1) RS
nTiles = nTilesL1 D.\V
else \“Qv
nTiles = nTilesL2 o.@
for (layerldx = 0; layerIdxA\tﬁ.ayers; layerldx++) {
for (tileldx = 0; ti!é@ < nTiles; tileldx++)
process_surface(surfaces[p\l-iq}mx] [levelldx][layerldx].tiles[tileldx])
} 2
) A\
if [temporal_;i@}ling_present_flag ==1){
for(Eq']feT,dx = 0; tileldx < nTilesL2; tileldx++)
\%\plrocess_surface(temporal_surfaces[planeldx].tiles[tileldx])
N2
el
e {
S" for (planeldx = 0; planeldx < nPlanes; planeldx++) {
N for (levelldx = 1; levelldx <= 2; levelldx++) {
if-tHevetdx=—=13
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) 9.23
}else{
compressed_size_per_tile_prefix rle(v)y9.2.3
}
for (tileldx = 0; tileldx < nTilesL2; tileldx++)
process_surface(temporal_surfaces[planeldx].tiles[tileldx])
}
}
}
)
7.3.9 Process payload - surface
Process[payload - surface syntax is specified in Table 13:

Table 13 — Process®payload - surface

Syntax Descriptor
[process_surface(surface) {

if (compression_type_size_per_tile == 0) {

if (surface.entropy_enabled_flag) {

surface.size mb

if (surface.rlexonly_flag) {

surface,data_rle surface.size
} elsef
surface.data_prefix_coding surface.size
}
)
}else {
it {surfaceentropy_emabted_ftag) <
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.
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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)

5 else 1t (additional_info_type == 1)

vui_parameters (payload_size - 1)

else // (additional_info_type >= 2)

// reserved for future use

}

1.3.11 Process payload - filler

Hrocess payload - filler syntax is specified in Table 15.

Table 15 — Process payload - filler

Syntax Descriptor

process_payload_filler(payload_size) {

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

.3.12 Byte alignment syntax

(wwl

yte alignment syntax is specified in Table 16.

Table 16 — Byte alignment syntax

Syntax Descriptor

byte_alignment{){

alignment_bit_equal_to_one /* equal to 1 */ f(1)
while(Ibyte_aligned( ))
alignment_bit_equal_to_zero /* equal to 0 */ f(1)

4 Semantics

=1

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_by

fn[i] isthei-th hyfn ofan RBSP An RBSP ig cpnr-ifinr‘] as anordered sequence thnyc asfollows:

The RBS
If the SO
Otherwi
1) The

bytd
SOoD

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

i)

ii)

iii)

Syntax
suffix. T
associat

NOTE
concaten|
significa
follow it,
RBSP.

emulation_prevention_three_byte is a byte equal to 0x03. When an emulation_prevention_threq_

byte is f
The last
Within t

P contains an SODB as follows:
DB is empty (i.e., zero bits in length), then the RBSP is also empty.
se, the RBSP contains the SODB as follows:

first byte of the RBSP contains the (most significant, left-most) eight bits of‘the SODB; the next
of the RBSP contains the next eight bits of the SODB, etc., until fewep than eight bits of thie
B remain.

—n

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

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

When the rbsp_stop_one_bit is not the last bit of a byte-aligned byte, one or more rbsyg_
alignment_zero_bit is present to result in byte alignment.

”

structures having these RBSP properties:dre denoted in the syntax tables using an “_rbsp
hese structures are carried within NAL units as the content of the rbsp_byte[i] data bytes. The
ion of the RBSP syntax structures to theeNAL units is as specified in Table 17.

When the boundaries of the RBSP\are known, the decoder can extract the SODB from the RBSP b
ating the bits of the bytes of the, RBSP and discarding the rbsp_stop_one_bit, which is the last (leas
ht, right-most) bit equal to 1, an&discarding any following (less significant, farther to the right) bits th3
which are equal to 0. The datasnecessary for the decoding process is contained in the SODB part of th

D~ + <

resent in the NALiit, it shall be discarded by the decoding process.
byte of the NAL unit shall not be equal to 0x00.

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

0x0000

0

0x00000T

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

30
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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.

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

cified in

NAL units that have nal_unit_type in the range of UNSPECO...UNSPEC27, inclusive, and UNSPEC31 for

rieserved_flag shall be equal to the bit sequence 111111111.

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

whichrsenmamnticsare ot specifred; stattmotaffect thedecoding processspecifredirthisdocument.

nal_unit_type Name of nal_unit_type |Contentof NAL unitand |NALwunittype class
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

plication. No decoding process for these values of nal_unit type is specified in this document. Since
plications might use these NAL unit types for different purposes, particular care is expected to be

the design of encoders that generate NAL units with these nal_unit_type values, and in the design of
hat interpret the content of NAL units with these nal_unit_type values.

S

ot

ol

or purposes other than determining the_ amount of data in the decoding units of the bitstt
pecified in Annex C), decoders shall ignane (remove from the bitstream and discard) the conte
AL units that use reserved values ofnal_unit_type.

o~ %)

NOTE 2  This requirement allows(future definition of compatible extensions to this document.

.4.2.3 Data block unitgeneral semantics

ayload_size_type specifies the size of the payload, and it shall take a value between 0 3
pecified by Table 18-

[ -

Table 18 — Payload sizes

NOTE1  NAL unittypes in the range of UNSPECO...UNSPEC27<and UNSPEC31 can be used as determinged by the

different
bxercised
decoders

eam (as
nts of all

nd 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)
4 process_payload_encoded_data_tiled( ) not specified (optional)
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 PData block unit configuration semantics

7.4.3.1 | Data block semantics

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

7.4.3.2 | Data block unit sequence configuration semantics

profile_Jidc indicates a profile as specified in Annex A.\Bitstreams shall not contain values of profile_idc
other thhn those specified in Annex A. Other values ef profile_idc are reserved for future use by ISO/IE

(]

—

level_idic indicates a level as specified in Annex'A. Bitstreams shall not contain values of level_idc othe
than thdse specified in Annex A. Other values'of level _idc are reserved for future use by ISO/IEC.

sublevel_idc indicates a sublevel as specified in Annex A.

(s

conformance_window_flag equalyto 1 indicates that the conformance cropping window offse
parameters are present in the sequence configuration data block. conformance_window_flag equal to
indicatep that the conformance)cropping window offset parameters are not present.

(=]

extendgd_profile_idc indicates an extended profile is being invoked and will be specified in Annex A.
BitstreaFns shall not eontain values of extended profile_idc other than those specified in Annex A. Othd
values of extendedsprofile_idc are reserved for future use by ISO/IEC.

—

extendgd_level:idc indicates an extended level is being invoked and will be specified in Annex A.
Bitstreajms,shall not contain values of extended_level_idc other than those specified in Annex A. Othgd
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.

71-4.3.3 Data block unit global configuration semantics

rocessed_planes_type_flag specifies the planes to be processed by the decoder. It should be[equal to
or 1. If equal to 0, only the Luma (Y) plane should be processed. If equal to 1, the vialue of plafes_type
b specified. If processed_planes_type_flag is equal to 0, nPlanes should be equalto-1.

o

—

esolution_type specifies the resolution of the Luma (Y) plane of the enhancéd decoded pictjure, and
should take a value between 0 and 63, as specified by Table 20. The value-of the type is expressed as
xM, where N is the width of the Luma (Y) plane of the enhanced decodéed picture and M is height of
he Luma (Y) plane of the enhanced decoded picture. In order to prevent incomplete TUs, as defined
n 6.3.2, N and M shall be an integer multiple of the TU size (nTbS=21f transform_type is equal|to 0 and
TbS = 4 if transform_type is equal to 1) for each sub-layer and for' each plane within a sub-lay¢r. When
is not a multiple of the TU size, N is inferred to be ceiling(N/AQTbS) * nTbS. When M is not a miiltiple of
he TU size, M is inferred to be ceiling(M/nTbS) * nTbS. When N or M are not a multiple of the|TU size,
he mechanism of conformance cropping window specified by conformance_window_flag shall be used
s specified in 7.4.3.2

QO ot ot = s - of — - e

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
5 640x480
6 768x480
7 800x600
8 852x480
9 854x480
10 856x480
11 960x540
12 960x64.0
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
a/ 192UX1Z200
28 2048x1080 rq,'\
29 2048x1152 ,ﬂ>>
30 2048x1536 N
31 2160x1440 O
32 2560x1440 ad
33 2560x1600 O
34 2560x2048
35 3200x1800 '\
36 3200x2048
37 3200x2400
38 34401440
39 +3840x1600
40 _0-3840x2160
41 20 3840x2400
42 R\ 4096x2160
43 QN 4096x3072
44 xO 5120x2880
45 O 5120x3200
46 oY 5120x4096
47 AN 6400x4096
48 He) 6400x4800
9 7680x4320
50 Gy 7680x4800
51- > Reserved
_@é/ Custom
chromal sampling_type defines the colour format for the enhanced decoded picture (see 6.2) in
accordapce with Table 21.
S Table 21— Colourformatfor-the- decodedpicture
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.

lI'able 25 — b1t depth o1 the decoded base picture

base_depth_type Value of type
0 8
1 10
2 12
3 14
dnhancement_depth_type defines the bit depth of the enhanced decodéd picture in accordance with
Table 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 processed 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

]

F planes_type is-equal to 0, nPlanes should be equal to 1. If planes_type is equal to 1, nPlanes should be
qual to 3.

aQ

temporal_step_width_modifier_signalled_flag specifies if the value of the temporal_step_width_
hodifier parameter is signalled. It should be equal to 0 or 1. If equal to 0, the temporal_step_width_
hodifiér parameter is not signalled.

upsampter_toefft —upsampler_coeffd4specify the toeffictent vatues 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.

= =3

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

levell_fiiltering_signalled_flag specifies whether deblocking filter should use thecsignalle

paramef
signalle

tempor
for trans
0, tempd

levell_fiiltering_first_coefficient specifies the value of the first coefficient in the deblocking mas

namely

levell_fliltering_second_coefficient specifies the value of the segond coefficient in the deblockin|

mask n3
and 15.

scaling |
betweer]
prelimiry

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

5-6 Reserved

7 Unspecified

D =

ers instead of default parameters. If equal to 1, the values of the deblocking coefficients an
1.

—

hl_step_width_modifier specifies the value used to calculate a variable step width modifig
forms that use temporal prediction. If temporal_step_width_modifier_sighalled_flag is equal t
ral_step_width_modifier is set to 48.

o

o

x4 block corner residual weight. The value of the first coefficient should be between 0 and 15

[ =]}

mely 4x4 block side residual weight. The value of the second coefficient should be between

mode_levell specifies whether and how the~¥psampling process should be performed
decoded base picture and preliminary intermediate picture in accordance with Table 27. Thie
ary intermediate picture corresponds to thesputput of process of 8.6.1.2.

Table 27 — Scaling mode levell values

scaling_mode_levell Value of type

0 no scaling

one-dimensional 2:1 scaling only across the horizontal dimen-

1 :
sion

two-dimensional 2:1 scaling across both dimensions

Reserved

scaling |
betweer

The combined intérmediate picture corresponds to the output of process of 8.8.2. The preliminargl
d

output
in Table

mode_level2*specifies whether and how the upsampling process should be performed
combinedintermediate picture and preliminary output picture in accordance with Table 28.

icture‘corresponds to the output of process of 8.6.1.3. Scaling mode level2values are specifie
2.8¢

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

36
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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
data, as specified in Table 29.

Table 29 — User data

the user

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

evell_depth_flag specifies whether hierarchical level 1 (see clause 6.3.1)-s ptocessed using
epth type or the enhancement depth type. If the value of the flag is 0,/hierarchical level 1 s}
rocessed using the base depth type. If the value of the flag is 1, hierarchical level 1 should be p1
sing the enhancement depth type.

o0 Q-

o

hroma_step_width_flag specifies whether chroma_step_width: multiplier is present or ng
alue of this flag is 1, the syntax element chroma_step_widthimultiplier is present. If the value
yntax element chroma_step_width_multiplier is not present.

wn <

=+

jle_dimensions_type specifies the resolution of the picture tiles, and it should take a value
and 3 according to Table 30. The value of the type is expressed as NxM, where N is the wid
dicture tile and M is height of the picture tile.

o

Table 30 — Resolution of the decoded picture tiles

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

ustom_tile_width specifies a custom width for the tile. In order to prevent incomplete TUs, ag
n 6.3.2, custom_tile-width shall be an integer multiple of the TU size (nTbS = 2 if transforn
qual to 0 and nEbS = 4 if transform_type is equal to 1) for each sub-layer and for each plane
ub-layer.

w O = 6

ustom _tile_height specifies a custom height for the tile. In order to prevent incomplete TUs, ag
n 6.3:2, custom_tile_height shall be an integer multiple of the TU size (nTbS = 2 if transform
quakto 0 and nTbS = 4 if transform_type is equal to 1) for each sub-layer and for each plane

the base
hould be
ocessed

t. If the
is 0, the

between
th of the

defined
_type is
within a

defined
_type is
within a

wn O = 6

ub-laver

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

D

custom|resolution_width specifies the width of a custom resolution. In order to prevent incomplet
TUs, as|defined in 6.3.2, when custom_resolution_width is not an integer multiple of ITU sizg,
PictureWidth is inferred to be ceiling(PictureWidth/nTbS) * nTbS, and the mechanism of ¢onformance
cropping window specified by conformance_window_flag shall be used as specified in7:43.2.

14

custom|resolution_height specifies the height of a custom resolution. In order t6 prevent incomplet
TUs, as|defined in 6.3.2, when custom_resolution_height is not an integet/multiple of TU sizg,
PictureHeight is inferred to be ceiling(PictureHeight/nTbS) * nTbS, and the nrechanism of conformande
cropping window specified by conformance_window_flag shall be used as Spgcified in 7.4.3.2.

D

14

chromal step_width_multiplier specifies a value used to scale théJstep_width_sublayer2 for the
chroma planes. If not specified, the default value is 64.

7.4.3.4 | Data block unit picture configuration semantics

=)

no_enhIncement_bit_flag specifies that there are no emh@ncement data for all layerldx < nLayers i
the pictyire.

quant_rthatrix_mode specifies which quantization"matrix to be used in the decoding process ip
accordapce with 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 one matrix of modifiers is signalled and should be used on en-
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

=+

pmporal_refresh_bit_flag specifies whether the temporal buffer should besefreshed for the|picture.
F equal to 1, the temporal buffer should be refreshed. For an IDR picture, teémporal_refresh]| bit_flag
hall be set to 1.

=

emporal_signalling_present_flag specifies whether the temporal/signalling coefficient group is
resent in the bitstream. When temporal_signalling_present_flag.is not present, it is inferrgd to be
qual to 1 if temporal_enabled_flag is equal to 1 and temporal_refresh_bit_flag is equal to 0, ofherwise
is inferred to be equal to 0.

o O TS e+

ep_width_sublayer2 specifies the value of the stepwidth value to be used when decogling the
coded residuals in enhancement sub-layer 2 for the luma plane. The stepwidth value to be usgd when
ecoding the encoded residuals in enhancement subzlayer 2 for the chroma planes shall be computed as
lip3(1, 32,767, ((step_width_sublayer2 * chromacstep_width_multiplier)>>6)).

ep_width_sublayer1_enabled_flag specifies whether the value of the stepwidth to be us¢d when
ecoding the encoded residuals in the enhancement sub-layer 1 is a default value or is signalled. It
should be either 0 (default value) or 1 (value signalled by step_width_sublayer1). The default|value is
2,767. When step_width_sublayer1 enabled_flag is not present, it is inferred to be equal to 0.

ithering_control_flag specifiesswhether dithering should be applied. It should be either 0 (dithering
isabled) or 1 (dithering enabled). When dithering_control_flag is not present, it is inferred to pe equal
tp O for IDR picture, and fof pictures other than the IDR picture it is inferred to be equal to the|value of
ithering_control_flag for the preceding picture.

ep_width_sublayenT specifies the value of the stepwidth value to be used when decoding the gncoded
siduals in enhancement sub-layer 1.

levell_filtering_enabled_flag specifies whether the deblocking filter in clause 8.9 should bg used. It
should becither 0 (filtering disabled) or 1 (filtering enabled). When levell_filtering_enabled_flag is not
resentyitis inferred to be equal to 0.

m_coefficient_0[layerldx] specifies the values of the quantization matrix scaling parameter when

b dosas | H 1 4 Lo s ) [l
UdIlt_IIdll ' IA_TITOUCT IS TUYUdI LU 4, O Ul J.

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

ditherilllg_strength specifies a value between 0 and 31.

7.4.3.5 | Data block unit encoded data semantics

surfacep[planeldx][levelldx][layerldx].entropy_enabled_flag indicates whether a spegific layer ha
data.

[72)

—

surfacep[planeldx][levelldx][layerldx].rle_only_flag indicates whether a specificlayer has only RLE g
also Prefix Coding.

temporpl_surfaces|planeldx].entropy_enabled_flag indicates whether theé temporal surface related
to a speg¢ific plane has data.

temporal_surfaces[planeldx].rle_only_flag indicates whether afemporal surface related to a specific
plane hgs only RLE or also Prefix Coding.

7.4.3.6 | Data block unit encoded tiled data semantics

surfacep[planeldx][levelldx][layerldx].rle_only_flagindicates whether a specific layer had only RLE g
also Prefix Coding.

—

surfacep[planeldx][levelldx][layerldx].tiles[tileldx].entropy_enabled_flag indicates whether R
specific[rile belonging to a specific surface.of aspecific layer has data.

temporal_surfaces[planeldx].rle_only_flag indicates whether a temporal surface related to a specific
plane hgs only RLE or also Prefix Cading.

temporal_surfaces[planeldx].tiles|[tileldx].entropy_enabled indicates whether a specific tile
belonging to a specific temparal‘surface has data.

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

comprefssed_size.per_tile_prefix specifies the compressed size of the encoded data for each pictun
tile and phouldbe'decoded based on 9.2.3.

D

7.4.3.7 | ‘Pata 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

o =

e Tilen il o S S Ml o |

—

g
g

)
)
)
)
)
)
)
)
)

Genmeral decoding process

he input to this process is an LCEVC bitstream that contains an enhancement layer consisting
wo sub-layers.

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

the enhancement residuals planes (sub-layer 2 residual planes) to be added to the pre

of up to

he decoding process is specified such that all decoders that conform to a specifiedprofile and level will
roduce numerically identical cropped decoded output pictures when invokipg the decoding
ssociated with that profile for a bitstream conforming to that profile and level” Any decoding
hat produces identical cropped decoded output pictures to those producded by the process d
erein (with the correct output order or output timing, as specified) conforms to the decoding
equirements of this document. The outputs of this process are:

process
process
bscribed
process

iminary

iminary

output pictures resulting from upscaling and modifying via predicted residuals the combination of

the preliminary pictures 1 and the sub-layer 1 residual planes.

he decoding process operates on data blocks andit is described as follows:

The decoding of payload data block unitsds specified in 8.2.

The decoding process for the picture:is specified in 8.3 using syntax elements in Clause 7.
The decoding process for temporal prediction is specified in 8.4.

The decoding process forithe dequantization process is specified in 8.5.

The decoding process for the transform is specified in 8.6.

The decoding process for the upscaler is specified in 8.7.

The decodingprocess for the predicted residual is specified in 8.7.4.

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

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

1|0) 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
configuration data block should be the first data block in the NAL unit.

8.3 Picture enhancement decoding process

8.3.1 [General enhancement decoding process
Input of]this process is the portion of the bitstream following the headers decoding process/describefd
in 7.3.3.|0utputs are the entropy encoded transform coefficients belonging to the picture enhancemerjt
being d¢coded. Every encoded picture is preceded by the picture configuration payload’described in
7.3.6 andl 7.4.3.4.
8.3.2 Pecoding process for picture enhancement encoded data (payload.éncoded_data)
Syntax qf this process is described in 7.3.7. Inputs to this process are:
— A vdriable nPlanes containing the number of plane (7.4.3.2 depending on the value of the variable
pro¢essed_planes_type_flag),
— Avdriable nLayers (7.4.3.2 depending on the value of transform_type),
— A cdnstant nLevel equal to 2, since 2 enhancement sub-layers are processed.
Output [of this process is the (nPlanes)x(nLevels)x(nLayers) array surfaces with elements
surfaceq[nPlanes][nLevels][nLayers] and, if temporal_signalling_present_flagis equal to 1, an additiongl
temporgl surface of a size nPlanes with elements témporal_surface[nPlanes].
— variable nPlanes is derived as follows:
if (processed_planes_type_flag == Q]
nPlanes = 1
else
nPlanes = 3
— variable nLayers is derjived as follows:
if (fransform_type-=210)
nLayers = 4
elsg
nLayers=' 16
The encpded data is organized in chunks. The total number of chunks is calculated as follows:
total_chunk_count = nPfanes *nLevels *NiLayers *(no_enhancement_bit_ttag == 0J + nPianes *
(temporal_signalling_present_flag == 1) (12)
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Coefficient Group-1 data (0) Chunks
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® 00000 ~ 0 06060000000
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A
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Figure 4 — Encoded enhancement picture data chunk structure

he enhancement picture data chunks are hierarchically organized as shown in Figure 4. For ea¢h plane,
p to 2 enhancement sub-layers are extracted. For'each enhancement sub-layer, up to 16 coefficient
roups of transform coefficients can be extracted. Additionally, if temporal_signalling_preserit_flag is
qual to 1, an additional chunk with temporalPdata for enhancement sub-layer 2 is extracted.

Q0 o

]

he variable levelldx 1 refers to enhancement sub-layer 1 and levelldx 2 refers to enhancemjent sub-
hyer 2.

[a—

The decoding process is the followihg:

The following flags surfaces[planeldx][levelldx][layerldx].entropy_enabled_flag, surfaces[planeldx]
[levelldx][layerldx].rte~only flag, temporal_surfaces[planeldx].entropy_enabled_flag and
temporal_surfacesfplaneldx].rle_only_flag are derived as follows:

shift_size s~1
for (plan€ldx' = 0; planeldx < nPlanes; ++planeldx) {
if (ne~enhancement_bit_flag == 0) {
for (levelldx = 1; levelldx <= nLevels; ++levelldx) {
for (layerldx = 0; layer < nLayers; ++layerldx) {
if (shift_size < 0) {
data = read_byte(bitstream)

1o C4 - 0
SIIIL_SIZT — O = 1

}
surfaces[planeldx][levelldx][layerldx].entropy_enabled_flag = ((data >> shift_size)
& 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)
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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)
Lafe iz = 2
}
}

Accprding to the values of the entropy_enabled_flag and rle_only_flag fields the content for thie
surfaces[planeldx][levelldx][layerldx].data_rle indicating the beginning of the RIE only (dr
surfaces[planeldx][levelldx][layerldx].data_prefix_coding indicating the beginning)of the Prefix
Codjng and RLE) encoded transform coefficients related to the specific chunk é6f data are derivefd
as follows:

for (planeldx = 0; planeldx < nPlanes; ++planeldx) {
for (levelldx = 1; levelldx <= nLevels; ++levelldx) {
for (layerldx = 0; layer < nLayers; ++layerldx) {
if (surfaces[planeldx][levelldx][layerldx].entropy_enabled’flag) {
if (surfaces[planeldx][levelldx][layerldx].rle_onlyflag) {
multibyte = read_multibyte(bitstream)
surfaces|[planeldx][levelldx][layerldx].size'= multibyte
surfaces[planeldx][levelldx][layerldx].data_rle = bytestream_current(bitstream
}else {
data = read_byte(bitstream)
multibyte = read_multibyte(bitstream)
surfaces[planeldx][levelldx]|fayerldx].size = multibyte
surfaces[planeldx][levelldx]|[layerldx].data_prefix_coding =
bytestream_current(bitstream)
bytestream_seek(bitstream, surfaces[planeldx][levelldx][layerldx].size)

}

If tgmporal_signalling‘present_flag is equal to 1, according to the values of the entropy_enabled_
flagl and rle_only_flag) fields the content for the temporal_surfaces[planeldx].data_rle indicatiEE

the beginning of the RLE only (or temporal_surfaces[planeldx].data_prefix_coding indicating t
beginning of the-Prefix Coding and RLE) encoded temporal signal coefficient group related to t
spe¢ific chutk/of data are derived as follows:

if (temporal_signalling_present_flag == 1) {
(|t 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 te

mporal_

sjurfaces[planeldx].data_rle (or temporal_surfaces[planeldx].data_prefix_coding) address) a
fdassed to the entropy decoding process described in 9.1.2.

§.3.3 Decoding process for picture enhancement encoded tiled data (payload_encoded |
data)

(@s)]

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

—+ Avariable nPlanes containing the number of planes (7.4.3.2 dependifig-on the value of the
processed_planes_type_flag),

-+ Avariable nLayers (7.4.3.2 depending on the value of transform-type),
—+ A constant nLevels equal to 2, since there are 2 enhancenient sub-layers,

+ AvariablenTilesL2, which equals to Ceil(PictureWidth¢/ TileWidth)xCeil(PictureHeight / Til
and refers to the number of tiles in L-2.

-+ Avariable nTilesL1, which equals to:
— (a) nTilesL2 if the variable scaling_mode_level2 is equal to 0,

— (b) Ceil(Ceil(PictureWidth / 2) ATileWidth)xCeil(PictureHeight) / TileHeight) if the
scaling_mode_level2 is equal to'l, and

— (c) Ceil(Ceil(PictureWidth /* 2) / TileWidth)xCeil(Ceil(PictureHeight / 2) / TileHeigh
variable scaling_mode _Jlevel2 is equal to 2,

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

(an)

utput of this precess is the (nPlanes)x(nLevels)x(nLayer) array surfaces with ¢
urfaces[nPlanes][nkevels][nLayer] and, if temporal_signalling_present_flag is set to 1, an ad
bmporal surface‘ef a size nPlanes with elements temporal_surface[nPlanes].

t W

-+ variable nPlanes is derived as follows:

if (processed_planes_type_flag == 0)
nPlanes =1
else

re then

tiled_

variable

eHeight)

variable

t) if the

lements
Iditional

Dl 2
IIridliics = o
— variable nLayers is derived as follows:

if (transform_type == 0)

nLayers = 4
else
nLayers = 16

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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The enHancement picture data chunks are hierarchically,organized as shown in Figure 5. For eac
plane up) to 2 layers of enhancement sub-layers are extracted. For each sub-layer of enhancement, up |
16 coeffficient groups of transform coefficients can be\extracted. Additionally, if temporal_signalling

Iflag is set to 1, an additional chunk with’temporal data for enhancement sub-layer 2 i
extractgd.

present

The varj]able levelldx 1 refers to enhancement sub-layer 1 and levelldx 2 refers to enhancement sul

layer 2.
The dec

Thelfollowing flags surfaces[planeldx][levelldx][layerldx].rle_only_flag and, if temporal_signalling_
pregent_flag is set to 1, temporal_surfaces[planeldx].rle_only_flag are derived as follows:

- W
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Figure 5 — Encoded chunk tile stpucture

o =

[0

pding process is as follows:

hift_size = -1
br (planeldx =€;)planeldx < nPlanes; ++ planeldx) {
if (no_enhancement_bit_flag == 0) {
forlevelldx = 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) {
shift_size = -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_enable

((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_f

¥

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

data=read byte(bitstream)

l_flag =

ag=0

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) {
for (levelldx = 1; levelldx <= nLevels; ++levelldx) {
if (Jevelldx == 1)
nTiles = nTilesL1
else
nTiles = nTilesL2
for (layerldx = 0; layer < nLayers; ++layerldx) {
for (tileldx = 0; tileldx < nTiles; tileldx++) {
if (surfaces[planeldx][levelldx][layerldx].tiles[tileldx].entr@py enabled
_flag) {
if (surfaces[planeldx][levelldx][layerldx].rle_only._flag) {
multibyte = read_multibyte(bitstream)
surfaces[planeldx][levelldx][layerldx].tiles[tileldx].size = multibyte
surfaces[planeldx][levelldx][layerldx].tiles]tileldx]data_rle =
bytestream_current(bitstream)
}else {
data = read_byte(bitstream)
multibyte = read_multibyte(bitstream)
surfaces[planeldx][levelldx][layerldx].tiles[tileldx].size = multibytg
surfaces[planeldx][leveldx]|[layerldx].tiles[tileldx].data_prefix_
coding =
bytestream_currént(bitstream)
bytestream_seek(bitstream,
surfaces[planeldx][levelldx][layerldx].tiles[tileldx].size)

}

If tempdral_signalling_present _flag is set to 1, according to the value of the entropy_enabled_flag an
rle_only|flag fields, the content for the temporal_surfaces[planeldx].tiles[tileldx].data_rle indicatin|
the beginning of the RLE.-'enly (or temporal_surfaces[planeldx].tiles[tileldx].data_prefix_coding Prefi
Coding &and RLE) encoded temporal signal coefficient group related to the specific chunk of data ar
derived ps follows:

D X 09 =

if\(temporal_signalling_present_flag == 1) {
for (tileldx = 0; tileldx < nTilesL2; tileldx++) {
if (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)
il il 11
else
nTiles = nTilesL2
for (layerldx = 0; layer < nLayers; ++layerldx) {
for (tileldx = 0; tileldx < nTiles; tileldx ++) {
if (surfaces[planeldx][levelldx][layerldx].tiles[tileldx].entrOpy_enabled_flag) {
if (surfaces[planeldx][levelldx][layerldx].rle_only=flag) {
Prefix Coding decoding process as defined'ipy9.2.3 to fill
surfaces[planeldx][levelldx][layerldx].tiles[tileldx].siZe
surfaces|[planeldx][levelldx][layerldx]-tiles[tileldx].data_rl¢ =
bytestream_current(bitstream)

}else {
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].data_prefix_
coding =

bytestreamycurrent(bitstream)
bytestream_seek(bitstream,surfaces[planeldx][levelldx][layerldx].
tiles[tileldx].size)

}

if (temporal_signalling{ present_flag == 1) {
for (tileldx = 0; tileldx < nTilesL2; tileldx++) {
if (temporalisurfaces[planeldx].tiles[tileldx].entropy_enabled_flag) {
if (femporal_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
temporal_surfaces[planeldx].tiles[tileldx].data_prefix_coding =
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 res
interme
interme

8.3.4.2

Inputs t

If sd

The
(spsg
If sd
The
in 7
resd

If sd

The
typ¢

asa

av
of v

is equal to 1),

an
trar

an grray recL.1BaseSamples of a size (nTbS)x(nTbS) specifying the preliminary intermediate pictur

recq

to 1e top-left sample of the currentpicture,

11t of this process 1s the L-1 enhancement residual surface to be added to the preliminarly
Hiate picture. The L-1 dimensions of the residuals surface are the same as the prelimihaty
Hiate picture and they are derived as follows:

aling_mode_level2 (specified in 7.4.3.3) is equal to 0:

L-1 dimensions should be the same as the L-2 dimensions derived from,resolution_typ
cified in 7.4.3.3).

D

aling_mode_level2 (specified in 7.4.3.3) is equal to 1:

jom

L-1 height should be the same as the L-2 height as derived from-resolution_type (specifie
4.3.3), whereas the L-1 width shall be computed by halving the-L-2 width as derived from
lution_type (specified in 7.4.3.3).

aling_mode_level2 (specified in 7.4.3.3) is equal to 2:

L-2 dimensions should be computed by halving the L-lydimensions as derived from resolution_
b (specified in 7.4.3.3).

General decoding process for an L-1 encoded data block
b this process are:
ple location (xTb0, yTb0) specifyingthe top-left sample of the current transform block relativie

iable nTbS specifying the size of the current transform block derived in 7.4.3.2 from the valul
iriable transform_type (nThS = 2 if transform_type is equal to 0 and nTbS = 4 if transform_typ|

D

o

irray TransformGoeffQ of a size (nTbS)x(nTbS) specifying L-1 entropy decoded quantize
sform coefficients,

[¢)

nstructedsamples of the current block resulting from the process described in 8.10,

Width'value derived in 7.4.3.4 from the value of variable step_width_sublayer1,

ava

riable 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:

1) If nTbS is equal to 4, TransformCoeffQ(1)(1) is shifted to the right either by two bits (3= 2) if the
variable userDataEnabled is set to 1, or by six bits (>> 6) if userDataEnabled is set'to’ 2. And in
addition, if the last bit of TransformCoeffQ(1)(1) is set to 0, TransformCoeffQ(1)(1) is,shift¢d to the
right by one bit (>> 1); otherwise (last bit of TransformCoeffQ(1)(1) is set to 1), TransformCoeffQ(1)
(1) is shifted to the right by one bit (>> 1) and the value of TransformCoeffQ{(1)(1) is det to be
negative.

) If nTbSs is equal to 4, TransformCoeffQ(1)(1) is shifted to the right either by two bits (>>|2) if the
variable userDataEnabled is set to 1, or by six bits (>> 6) if userDataEnabled is set to 2. And in
addition, if the last bit of TransformCoeffQ(1)(1) is set to 0, TransformCoeffQ(1)(1) is shifte¢d to the
right by one bit (>> 1); otherwise (last bit of TransformCoeffQ(1){1] is set to 1), TransformCoeffQ(1)
(1) is shifted to the right by one bit (>> 1) and the value &f TransformCoeffQ(1)(1) is det to be
negative.

3J) The dequantization process as specified in 8.5 is invoKed' with the transform size set equaljto 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.

4) The transformation process as specified in 8.6 is invoked with the luma location (xTbX, yTbX), the
transform size set equal to nTbS, the array*dequantCoeff of size (nNTbS)x(nTbS) as inputs,)and the
outputis an (nNTbS)x(nTbS) array resL1Residuals.

§) The L1 filter process as specified in-8.9 is invoked with the luma location (xTbX, yTbX), the array
resL1Residuals of a size (nTbS)x(nTbS) as inputs, and the output is an (nTbS)x(nTb$) array
resL1FilteredResiduals.

NOTE When userDataEnabled is set to 1, particular care is given to the value of stepWidth as|defined,
h order to prevent saturation of the TransformCoeffQ values beyond the constraints set by [the RLE
ecoding process, as deseribed in 9.3, which limits the bit length of the RLE symbols to 13 bits.

QL=

If userDataEnabled is set to 1, and base_depth_type is set to 3 (i.e., the base bit depth is 14{ bits per
sample), thenstepWidth 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 is 10| bits per
sample), then stepWidth should be greater or equal to 8.

If userDataEnabled is set to 2, and base_depth_type is set to 2 (i.e., the base bit depth is 12| bits per
sample), then stepWidth should be greater or equal to 32.

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 tg this process are:

Output pf this process is the (nTHS)x(nTbS) array of L-2 residuals resL2Residuals with elements
resL2Ressiduals[x][y].

The saniple location (xTbP,GAbP) specifying the top-left sample of the current transform block relativie
to the tjp-left sample of the current picture is derived as follows:

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

(xT

a sample location (xTb0, yTb0) specifying the top-left sample of the current transform block rielativj
to the top-left sample of the current picture, a variable nTbS specifying the size of, the’ currer
trarsform block derived in 7.4.3.2 from the value of variable transform_type (nTbS = 2’if transform
typ¢ is equal to 0 and nTbS = 4 if transform_type is equal to 1),

—~ O

a vdriable temporal_enabled_flag as derived in 7.4.3.3 and a variable temporalrefresh_bit_flag 4
derived in 7.4.3.4, a variable temporal_signalling_present_flag as derived in{7.4.3.4 and temporal_
steg_width_modifier as specified in 7.3.5,

[72)

[om

an array recL2ModifiedUpsampledSamples of a size (nTbS)x(nTbS) specifying the upsample
recqnstructed samples resulting from process specified in 8.8.2 of the current block,

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

if vhriable temporal_signalling_present_flag is equab,to 1 and temporal_tile_intra_signalling
enabled_flagisequalto1,avariable TransformTempSigcorrespondingto the valuein TempSigSurfad
(9.3]4) atthe position (xTb0 >>nTbs, yTb0 >>nTbs);and ifin addition temporal_tile_intra_signalling
enabled_flagis setto 1, a variable TileTempSig cdrresponding to the value in TempSigSurface (9.3.4
at the position ((xTb0 % 32) * 32, (yTb0 % _32) * 32),

[

—r |

stegWidth value derived in 7.4.3.4 from¢he value of variable step_width_sublayer2,

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

P, yTbP) = (IdxPlanes == 0) ? (xTbO, yTb0) : (xTb0 >> ShiftWidthC, yTb0 >> ShiftHeightC) (15

—r

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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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 (nNTbS)x(nTbS) array resL.2ZResiduals and resL.2Residuals array is stored to

L)

]

If no_enhancement_bit_flag is set to 1, then the following ordered steps apply:

8.4 Decoding processfor the temporal prediction

8.4.1 General decoding process for temporal prediction

hputs to this(process are:

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

If variable temporal_enabled_flag is equal to 1, temporal_refresh_bit_flag \isr ‘€qual tp 0 and
variable temporal_signalling_present_flag is equal to 1 (7.4.3.4), the tempor@lyprediction| process
as specified in 8.4 is invoked with the luma location (xTbY, yThY), the transform size set fequal to
nTbS, a variable TransformTempSig and a variable TileTempSig as inputs and the output is pn array
tempPredL2Residuals of a size (nTbS)x(nTbS).

If variable temporal_enabled_flag is equal to 1, temporal_refresh(bjt_flag is equal to 0 and|variable
temporal_signalling_present_flag is equal to 0 (7.4.3.4), theJtemporal prediction process as
specified in 8.4 is invoked with the luma location (xTbY, yTbYJ; the transform size set equalfto nTbS,
a variable TransformTempSig set equal to 0 and a variablée TileTempSig set equal to 0 as inputs and
the output is an array tempPredL2Residuals of a size (ATbS)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 (nNTbS)x(nTbS) is set to contain only zeros.

If variable temporal_enabled_flag is equal to 1, the array of tempPredL2Residuals
of a size (nTbS)x(nTbS) is storeds~in the (nTbS)x(nTbS) array resL2Residugls and
resL2Residuals array is stored to the temporalBuffer at the luma location (xTbY] yTbY).
Else, the array resL2Residuals of a 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 trpnsform
hlock location (xTb0, yTb0), the transform block size nTbS, the variable IdxPlanes, the (nTbS]x(nTbS)
array resL2Residuals, and the(xTbY)x(yTbY) recL2ModifiedUpsampledSamples as inputs.

a location (XTbP, yTbP) specifying the top-left sample of the current luma or chroma trgnsform
bleck relative to the top-left luma or chroma sample of the current picture. P can be related fo either
luma or 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 the position
(xTbP >> nTbS, yTbP >> nTbS),

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

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://standardsiso.com/api/?name=bf89ddbe7bb64dfd70b72e48289e5d33

ISO/IEC 23094-2:2021(E)

The following ordered steps apply:

1y

2)

8.4.2 [liled temporal refresh

Input tolthis process is:

Output ¢f this process is that the samples of the area of the size 32x32 of tempPredL2Residuals at thie
location|(xTbP, yTbP) are set to zero.

8.5

8.5.1 Pecoding process for the dequantization overview

Every gifoup of transform coefficient passed to this process belongs to a specific plane and enhancemer]
sub-laydr. They have been scaled using a uniform quantizerwith deadzone. The quantizer can use
non-cenfred dequantization offset.

8.5.2 Bcaling process for transform coefficients

Inputs tp this process are:

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.

a logation (xTbP, yTbP) specifying the top-left sample of the current luma or chroma/transforr
blodk relative to the top-left luma or chroma sample of the current picture. P can be related to eithe
lump or chroma plane depending to which plane the transform coefficients belong:

=]

Decoding process for the dequantization

D~

[72)

a vgriable nTbS specifying the size ofithe current transform block (nTbS = 2 if transform_type i
equfl to zero and nTbS = 4 if transform_type is equal to 1),

an grray TransformCoeffQ of size'(nTbS)x(nTbS) containing entropy decoded quantized transform
coefficient,

a variable stepWidth specifying the step width value parameter,

a vgriable levelldxspecifying the index of the enhancement sub-layer (with levelldx = 1 fg
enhpncement sub4dyer 1 and levelldx = 2 for enhancement sub-layer 2),

—

[om

a vdriable dQuantOffset specifying the dequantization offset (derived from process of 7.4.3.4 an
variable dequant_offset),

if quant_matrix_mode is different from 0, an array QmCoeff0 of size 1 x nTbS? (equal to arral
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
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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]) (16)

8.5.3 Derivation of dequantization offset and stepwidth modifier

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

—

[ (dequant_offset_signalled_flag == 0) {
stepWidthModifier[x][y] = ((((Floor(-Cconst * Ln (qm[x + (levelldxSwap * nTbS)][y])})+Dcdnst) *
(gm[x + (levelldxSwap * nTbS)][y]2))) / 32768) >> 16
if (TransformCoeffQ[x][y] < 0)
appliedOffset[x][y] = (-1 * (-deadZoneWidthOffset[x][y]))
else if (TransformCoeffQ[x][y] > 0)
appliedOffset[x][y] = —deadZoneWidthOffset[x][y]
else
appliedOffset[x][y] = 0
else if (dequant_offset_signalled_flag == 1) && (dequant_offset_mgde’flag ==1) {
stepWidthModifier[x][y] = 0
if (TransformCoeffQ[x][y] < 0)
appliedOffset = (-1 * (dQuantOffsetActual[x][y] - deadZoneWidthOffset[x][y]))
else if (TransformCoeffQ[x][y] > 0)
appliedOffset[x][y] = dQuantOffsetActual[x][y] — deadZoneWidthOffset[x][y]
else
appliedOffset[x][y] = 0}
else if (dequant_offset_signalled_flag == 1) && (dequant_offset_mode_flag == 0) {
stepWidthModifier[x][y] = (Floor((dQuant@ffsetActual[x][y]) * (qm[x + (levelldxSwap
*nTbS)][y])) / 32768)
if (TransformCoeffQ[x][y] < 0)
appliedOffset = (-1 * (-deadZonéWidthOffset[x][y]))
else if (TransformCoeffQ[x][y]>0)
appliedOffset[x][y] = ~deadZoneWidthOffset[x][y]
else
appliedOffset[x][y] 0

—

—

—+  Where, if stepWidth > 16, deadZoneWidthOffset is derived as follows:

Q.

eadZoneWidthOffset[x][y] = (((1 << 16) - ((Aconst * (gqm[x + (levelldxSwap * nTbs)][y] +
tepWidthModifier[x]|[y])) + Bconst) >> 1) * (qm[x + (levelldxSwap * nTbs)][y] + stepWidthMqdifier[x]
[y1) >> 16

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

(%)

eadZoneWidthOffset[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 == 2)
levellldxSwap = 0
else
levelldxSwap =1

8.5.4 Perivation of quantization matrix

8.5.4.1 | The quantization matrix

The quantization matrix qm[x][y] contains the actual quantization step.widths to be used to decode
each codfficient group.

if (levelldx == 2) {
if (scqling_mode_level2 == 1) {
for|(x = 0; x < nTbS; x++) {
for (y = 0; y < nTbs; y++)
} qm[x][y] = qm_p[x][y]
}elsel{
for|(x = 0; x < nTbS; x++) {
for (y = 0; y < nTbS; y++)
} qm(x][y] = qm_p[x + nTbS][y]

}
}else {

for (x|= 0; x < nTbS; x++) {

for|(y = 0; y < nTbs; y+#)

} qm[x][y] = qm_p[x 2 * nTbS)][y]
}

Where qm_p|[x][y]is computed as follows:

if (nTbs F=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] =

{

{0 2}
{0 0}
{32, 3}
{0 32}
{0 3}
{0 32}
}

oy

s a first step, the array QuantScalerDDBuffer[x][y] is initialized as follows:

If the current picture is an IDR picture, QuantScalerDDBuffer[x][y] is initialized to be equal to
caling_dd[x][y]. If the current picture is not an IDR picttire, the QuantScalerDDBuffer[x][y] 1
eft unchanged.

— n

—

b processed as follows:

—+ If the quant_matrix_mode is equal t6"0 and the current picture is not an IDR pict]
QuantScalerDDBuffer[x][y] is left unchanged.

1 If quant_matrix_mode is equalte’l, the QuantScalerDDBuffer[x][y] is equal to the default ]
dd[x][y].

+ If quant_matrix_mode, isequal to 2, the QuantScalerDDBuffer[x][y] is modified as follows:

for (MIdx = 0; MIdx < 3; MIdx++)
for (x = 0; x < 2; x+4)
for (y = 0; 7. <2; y++)
QuantScalerDDBuffer[x + (MIdx * 2)][y] = QmCoeffO[(x * 2) + y]

- If quantymatrix_mode is equal to 3, the QuantScalerDDBuffer[x][y] is modified as follows:

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

(17)

default_
natrix is

ollowing initialization, based on the value of quant. matrix_mode the array QuantScalerDDBufffer[x][y]

ure, the

scaling_

for (y=0;y <2;y++)

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_sca ling_dd Q[Y] [y] =

{
{ 13| 26, 19, 32}
{52 1,78 9}
{ 13| 26, 19, 32}
{150] 91, 91, 19}
{ 13| 26,19, 32}
{52 1,78 9}
{ 26| 72, 0, 3}
{150 91, 91, 19}
{ o o o 2}
{ 52| 1,78 9}
{26 72, 0, 3}
{150] 91, 91, 19}

} (19)

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

— If the current picture is an IDR picture, QuantScalerDDSBuffer[x][y] is initialized to be equal
defgult_scaling_dds[x][y]. If theseurrent picture is not an IDR picture, the QuantScalerDDSBuffer[
[y] matrix is left unchanged.

_— O

Following initialization, baséd Jon the value of quant_matrix_mode the array QuantScalerDDSBuffer[]
[y] is processed as follows:

— If the quant_matrix_mode is equal to 0 and the current picture is not an IDR picture, the
QuantScalerDDSBuffer is left unchanged.

[Ranm

— Ifqyant_niatrix_mode is equal to 1, the QuantScalerDDSBuffer is equal to the default_scaling_dds|[3

[yl

—  If quamt_mmatrix_mode s equat to 25 the QuantScaterDDSBuffer ismodifiedas 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++)
for (y=0;y <4; y++)
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++)

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

8.6 Decoding process for the transform
§8.6.1 General upscaling process description

§.6.1.1 Upscaling processes overview

—

pscaling processes are applied to the decoded base picture based on the indications of scalin
bvell and to the combined intermediate picture based on-sealing_mode_level2.

fa—

§.6.1.2 Upscaling from decoded base picture to preliminary intermediate picture

et

hputs to this process are the following:

-+ alocation (xCurr, yCurr) specifying the.top-left sample of the current block relative to the
sample of the current picture componerit,

-+ avariable IdxPlanes specifying the-colour component of the current block,
-+ avariable nCurrsS (as derived\in 8.8.1) specifying the size of the residual block,

+ an (nCurrS)x(nCurrS) artay recDecodedBaseSamples specifying the decoded base sampl
current block,

-+ avariable srcWjidth'and srcHeight specifying the width and the height of the decoded base

picture,

8-bit, then variable is8Bit should be equal to 0. If the samples are 16-bit, then variable is8B
be'equal to 1.

b_mode_

top-left

bs of the

picture,

+ a variable dstWidth and dstHeight specifying the with and the height of the resulting wipscaled

-+ avariable is8Bit used to select the kernel coefficients for the scaling to be applied. If the samples are

t should

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

derived 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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— Ifscaling_mode_levell (specified in 7.4.3.2) is equal to 2:
nCurrX =nCurrS << 1 (21)

nCurrY = nCurrS << 1 (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:

jon

If levell| depth_flag (7.3.3) is equal to 0, the preliminary intermediate picture samples are processe
at the same bit depth as they are represented for the decoded base picture, following the processe
describgd in 8.8 and 8.9.

[72)

If levell| depth_flag (7.3.3) is equal to 1, the preliminary intermediate picture samples afie’converted
dependipg on the value of a variable base_depth and a variable enhancement_depth, derived as followg:

wn

base_depth is assigned a value between 8 and 14, depending on the value of field.base_depth_type 4
specifiefl in Table 23;

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

If base_depth is equal to enhancement_depth, no further processing.is required.

If enharjcement_depth is greater than base_depth, the array recDécodedBaseSamples is modified als
follows:

reclPecodedBaseSamples[x][y] =
recDecodedBaseSamples[x][y] << (enhancement_depth - base_depth)

The resfilt of the process described in 8.8.2 should be processed by an upscaling filter of the typ
signalledl in the bitstream. The type of upscaler is derived from the process described in 7.4.3.3.
Depending on the value of the variable upsample_type, the following kernel types will be selected,
providing recDecodedBaseSamples as inputand producing recL1UpsampledBaseSamples as output:

D

— Ifupsample_type is equal to 0, the.Nearest sample upscaler described in 8.7.1 shall be selected.
— Ifupsample_type is equal td 1, the Bilinear upscaler described in 8.7.2 is selected.

— Ifupsample_type is equalto 2, the Cubic upscaler described in 8.7.3 is selected.

— Ifupsample_type iS'equal to 3, the Modified Cubic upscaler described in 8.7.4 is selected.

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

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

The gengral upscaler divides the picture to upscale in 2 areas: centre area and border areas. For tE
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Bilinear and Bicubic method segments Nearest method segments
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Figure 6 — Upscaler areas

ollowing the upscaling, if predicted_residual_mode_flag as derived in 74.3.3 is e
, then the process described in 8.7.5 is invoked with inputs)the (nCurrX)x(nCurrY
ecL.1UpsampledBaseSamples and the (nCurrS)x(nCurrS)<~‘array recDecodedBase]
pecifying the decoded base samples of the current block ahd output is the (nCurrX)x
array recL1ModifiedUpsampledBaseSamples of preliminafy “intermediate picture sampl
glements recL1ModifiedUpsampledBaseSamples[x][y]. Otherwise, if predicted_residual_m
as derived in 7.4.3.3 is equal to 0, recL1ModifiedUpsampledBaseSamples[x][y] are set to be
recL1UpsampledBaseSamples[x][y].

V= o

]

nodified as follows:

=

recL1ModifiedUpsampledBaseSamples[x][y] =
recL1ModifiedUpsampledBaseSamples[x][y] >> (base_depth - enhancement_depth)

§8.6.1.3 Upscaling from combinéd intermediate picture to preliminary output picture

]

hputs to this process are thefollowing:

-+ alocation (xCurr, yCufr) specifying the top-left sample of the current block relative to thg
sample of the curtent picture component,

-+ avariable IdxPlanes specifying the colour component of the current block,
-+ avariablenCurrsS (as derived in 8.8.1) specifying the size of the residual block,

4+ an_[@CurrS)x(nCurrS) array recL1PictureSamples specifying the combined intermediatg
Samples of the current block,

qual to
) array
Samples
nCurrY)
es with
pde_flag
equal to

[ base_depth is greater than enhancement_depth;.the array recL1ModifiedUpsampledBaseSamples is

top-left

picture

— a variable srcwidth and srcHeight speciiying the width and the height of the reconstruc
picture,

ed base

— 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)

nCurrY = nCurr$S 24
— Ifsdaling_mode_level2 (specified in 7.4.3.2) is equal to 2:

nCurrX = nCurrS << 1 (23)

nCurrY = nCurrS << 1 (269)
The resfilt of the process described in 8.8.2 should be processed by amupscaling filter of the type

signalle
Depending on the value of the variable upsample_type, the following kernel types will be selected,
providiy

The gen|
Bilinear
segment
defined

Figure 7

62

1 in the bitstream. The type of upscaler is derived from the)process described in 7.4.3.3.

g recL1PictureSamples as input and producing recL2UpsampledSamples as output:

Ifu

If upsample_type is equal to 1, the Bilinear upscalerdescribed in 8.7.2 is selected.
If upsample_type is equal to 2, the Cubic upscaler,described in 8.7.3 is selected.

If upsample_type is equal to 3, the ModifiedGubic upscaler described in 8.7.4 is selected.

Ifu

sample_type is equal to 0, the Nearest sample upscaley'described in 8.7.1 is selected.

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

eral upscaler divide the picture to upscale in 2 areas: centre area and border areas. For thie
and Bicubic kernel, the berder area consists of four segments, Top, Left, Right and Bottorh
s, while for the Nearest-kernel consists of 2 segments, Right and Bottom. These segments are
by the border-size parameter which is usually set to 2 samples (1 sample for nearest method).

describes the upscaler areas.
Bilinear and Bicubic method segments Nearest method segments
Top
& e = Centre =
T Cemntre po .20
- o~ =
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 hit depth for 1.-2 is derived as follows:

F levell_depth_flag is equal to 1, the preliminary output picture samples are processeddt the same
it depth as they are represented for the preliminary intermediate picture, following)the processes
escribed in 8.8 and 8.9.

[olloxllanl

]

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

—

ase_depth is assigned a value between 8 and 14, depending on the value-of field base_depth| type as
pecified in Table 23;

v o

[0)

nhancement_depth is assigned a value between 8 and 14, depending’on the value of field enhancement_
epth_type as specified in Table 24;

—_— N

F base_depth is equal to enhancement_depth, no further processing is required.

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

recL2ModifiedUpsampledSamples[x][y] =
recL.2ModifiedUpsampledSamples[x}{y] << (enhancement_depth - base_depth)

p—

[ base_depth is greater than enhanc¢ement_depth, the array recL2ModifiedUpsampledSamples is
modified as follows:

recL2ModifiedUpsampledSamples[x][y] =
recL2ModifiedUpsaimpledSamples[x][y] >> (base_depth - enhancement_depth)

§.6.2 Transform inputs and outputs, transform types, and residual samples derivation

et

hputs to this prdeess are:

-+ a locatior{ (xTbP, yTbP) specifying the top-left sample of the current luma or chroma trpnsform
blockdrelative to the top-left luma or chroma sample of the current picture. P can be related fo either
lumaer chroma plane depending to which plane the transform coefficients belong,

--C-a'variable nTbS specifying the size of the current transform block (nTbS = 2 if transform]_type is

1 4 | Laal M el VY £ b H 1 4 42
CUUAIrtu ZCTU dIIU TIT DO =7 I LI dIISTUTIII_LYy PpT IS TUUdI LU 17,

— 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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R1o

R11

R12

Ri3

R20

R21

R22

Rz23

R3o

R31

R32

Rs3

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

Each (v¢rtical) column of dequantized transform coefficients d[x]|[y] with x = 0..nThS)- 1, y = 0.
nTbS - 1 is transformed to R[x][y] with x = 0...nTbS - 1, y = 0...nTbS - 1 by invoking thetwo-dimensional
transforjmation process as specified in 8.6.3, if nTbS is equal to 2

Or

Each (vé¢rtical) column of dequantized transform coefficients d[x][y] with x = 0.nTbS - 1, y = 0J.
nTbS - 1 is transformed to R[x]|[y] with x = 0..nTbS - 1, y = 0..nTbS - 1 by‘invoking the two-dimensiongl
transforjmation process as specified in 8.6.4, if nTbS is equal to 4.

Figure 8 — Representation of how residuals are transformed

8.6.3 Px2 directional decomposition transform

If nTbS |s equal to 2, the transform has a 2x2 kernel which is applied to each 2x2 block of transform
coefficignts. The resulting residuals are derived as follows:

— If sdaling_mode_levelX (specified in 7.4.3.3) for the corresponding enhancement sub-layer is equ

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

L 1 1 {doo}
1,01 -1 * ONdog}
1, -1, -1} {d1o}
-1, -1641} {d;1}

—_—

(27)

to Ofor 2:

{{{

{Roo} {1
{Roit |= {1
{Ryo} {1,
{Ry1} {1
By

equal to|1:

{{{

{Roo} {1
{Ro1} = {1
{Rqo} {0,
{Ry1} {0,
By

64

1, 1, 0} {dyo}
1, -1, 0F * 0 {dgy}
1, -1, 1} {dyo}
-1, 1, 1 {d11}

(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} {dye
{Ro1} {1, 1, 1, 1, -1, -1, -1, -1, 1, 1, 1, 1, -1, -1, -1, -1} c{dy}
{Ro2} {1, -1, 1, -1, 1, -1, 1, -1, 1, -1, 1, -1, 1, -1, 1,-1y7" {dy}
{Ro3} {1, -1, 1, -1 -1, 1, -1, 1, 1, -1, 1, -1, -1, 1, a1} {dy3}
{Ri0} {4, 1, 1, 1, 1, 1, 1, 1, -1, -1, -1, -1, -1, A1 -1,-1} {dio}
{Ri1} {1, 1, 1, 1, -1, -1, -1, -1, -1, -1, -1, -1, ) 1, 1, 1} {diy}
{R12} {, -1, 1, -1 1, -1, 1, -1, -1, 1, -1, 49,°-1, 1, -1, 1} {dip}
Ry = {1, -1, 1, -1, -1, 1, -1, 1, -1, 1, A+ 1, 1, -1, 1,-1} * {di3}
{Ro0} {1, 1, -1, -1, 1, 1, -1, -1, 1, % -1, -1, 1, 1, -1,-1} {dy}
{R,1} {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} {dy}
{R,3} {, 1, 1, 1, 1, 1, I, -1, 1, -1, -1, 1, -1, 1, 1,-1} {d,3}
{R30} {, 1, 1, 1, 1, % -1, -1, -1, -1, 1, 1, -1, -1, 1, 1} {d3
{R31} {, 1, 1, 1, -5 -1, 1, 1, -1, -1, 1, 1, 1, 1, -1,-1} {d3}
{R32} {, 1, 1, ¢ 1, -1, -1, 1, -1, 1, 1, -1, -1, 1, 1,-1} {d3}
{R33} {, 14, 1, 1, 1, 1, -1, -1, 1, 1, -1, 1, -1, -1, 1} {d33}
H
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— If scaling_mode_levelX (specified in 7.4.3.3) for the corresponding enhancement sub-layer is
equal to 1:

{f{

{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, -1, 0, 0 0,0, -1, -1, -1, -1} {dy}
{Ro2} {¢, -1, 1, -1, 1, -1, 1, -1, 0 O O O 1, -1, 1, -1}  {dy}
{Ro3} {¢, -1, 1, -1, -1, 1, -1, 1, 0 O O O -1, 1, -1, 1} {dyg
{R10} {o, o, o, 0 1, 1, 1, 1, 1, 1, 1, 1, -1, -1, -1, -1} 44}
{R11} {o, o, o, 0 -1, -1, -1, -1, 1, 1, 1, 1, 1, 1, 1, 1}, {di}
{Ri2} {o, o, o, 0 1, -1 1, -1, 1, -1, 1, -1, -1, 1, L1} {diy}
{Rzy [= {0, 0, 0, 0 -1, 1, -1, 1, 1, -1, 1, -1, 1, A1, -1} * {d3}
{Ry0} {1, 1, -1, 1, 1, 1, -1, -1, O, 0 0 0, .1~ 1, -1, -1} {d,}
{R,1} {¢, 1, -1, -1, -1, -1, 1, 1, 0 O O <OV-1 -1, 1, 1} {dy}
{R,,} {1, -1, -1, 1, 1, -1, -1, 1, 0 O 9> O 1, -1, -1, 1} {d,,}
{R,3} {1, -1, -1, 1, -1, 1, 1, -1, O, @60 0 -1, 1, 1, -1} {d,3}
{R30} {o, o, 0, 0 1, 1, -1, -1, ¥ 1, -1, -1, -1, -1, 1, 1} {d3}
{R31} {o, o, o, 0 -1, -1, 1, %1, 1, -1, -1, 1, 1, -1, -1}  {d3}
{R3,} {o, oo o0, O 1, -1, ~%"1 1, -1, -1, 1, -1, 1, 1, -1} {d;3;}
{R33} {o, oo o, 0 -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 tp this process are the following:

— variaples 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
(kCurr, yCurr) block belongs to the picture or to the border area as specified in Figure 9.

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

for (ySrc = 0; ySrc < nCQuyrsS; ++ySrc)
yDst = ySrc
for (xSrc = 0;.%Src < nCurrS; ++xSrc)
xDst =xSrc << 1
recpsampledSamples[xDst][yDst] = recInputSamples[xSrc][ySrc]
récUpsampledSamples[xDst + 1][yDst] = recInputSamples[xSrc][ySrc]

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

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

yDst=ySrc<<1

for (xSrc = U; xSrc < nCurrS; ++x5rc)
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 (sfcX)x(srcY) array recInputSamples[x][[y] of input samples.
Outputs|of this process are the following:

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

o

The Bilinear upsampling kernel consists of three main steps. The first step involves constructing a 2x
grid of gource samples with the base sample positioned at the bottom right corner} The second step
involved performing the bilinear interpolation and the third step involves writing the interpolatio
result td the destination samples.

=

8.7.2.2 | Source sample grid

The bilipear method performs the upsampling by considering the values’of the nearest 3 samples to th
base sarpple. The base sample is the source sample from which the{address of the destination sample i
derived|Figure 10 shows the source grid used in the kernel.

wn O®

/1

Key
1 (2x2) bilinear grid
2 basqgpixel

Figure 10 — Example of bilinear 2x2 source grid

8.7.2.3 | Bilinear 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 11 — Bilinear coefficient derivation
§.7.2.4 Bilinear interpolation upsampler kernel description
Ry
S [AlB
0&0 C|D Interpolate
%AB I 0123@56 78 9101112131415
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Range ioKify |13
2K |14
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G|H| [klk Resulting interpolation when
Source grids source base pixel = ‘K’
Figure 12 — Bilinear upsample kernel
The bilinear kernel upscaler, as illustrated in Figure 12, is applied as specified by the following|ordered
stepS.below when (xCurr, yCurr) block does not belong to the border area as specified in Figurqg 7:

— If scaling_mode_levelX (specified in /.4.3.3)1s equal to L:

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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The bilinear kernel upscaler (described in Figure 12) is applied as specified by the following ordered

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])

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

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

for

The fun
below:

in00x3 in00 * 3

in10x3 5
out00 =
outl0 =

The fun

followinlg ordefred steps below:

in00x3 3

in10x3 =113

for (xSrc = 0; xSrc < nCurrS + 1; ++xSrc)

yDst=(ySrc<<1) -1

ySrc0 = Max(ySrc - 1, 0)));

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

for (xSrc = 0; xSrc < nCurrS + 1; ++xSrc)

ySrc = 0; ySrc < nCurrS + 1; ++ySrc)

xDst=(xSrc<<1) -1
xSrc0 = Max(xSrc - 1, 0);
xSrcl = Min(xSrc, srcWidth - 1)
bilinear1D(recInputSamples[xSrc0][ySrc], recInputSamples[xSrc1][ySrc},dst00, dst10)
if (xDst >=0)
recUpsampledSamples[xDst][ySrc] = dst00
if (xDst < (dstWidth-1))
recUpsampledSamples[xDst + 1][ySrc] = dst10

ySrc = 0; ySrc < nCurrS + 1; ++ySrc)

xDst = (xSrc<< 1) -1

xSrc0 = Max(xSrc - 1, 0);

xSrcl = Min(xSrc, srcWidth - 1)

bilinear2D(recInputSamples[xSrcQ][ySrc0], recinputSamples[xSrc1][xSrc0],
recInputSamples[xSrc0][ySrcl], recInputSamples[xSrc1][ySrc1], dst00, dst10, dst01,
dst11)

rtion bilinear1D (in00, in10;011t00, out10) is applied as specified by the following ordered step

in10 * 3
((in00x3 + in10-¥2) >> 2)
((in00 + in10%3+# 2) >> 2)

'tion biliiear2D (in00, in10, in01, in11, out00, out10, out01, out11) is applied as specified by th|

- 00 * 3

[72)

D

in01x3 =in01 * 3
in11x3 =in11*3
in00x9 =in00x3 * 3
in10x9 =in10x3 * 3
in01x9 =in01x3 * 3
in11x9 =in11x3 * 3

out00 =
outl0 =
out01 =
outll =

70

((in00x9 +in10x3 + in01x3 + inl11 + 8) >> 4))
((in00x3 +in10x9 + in01+ in11x3 + 8) >> 4))

((in00x3 +1in10 +in01x9 + in11x3 + 8) >> 4))
((in00 +in10x3 +in01x3 + in11x9 + 8) >> 4))
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8.7.3 Cubic upsampler kernel description

8.7.3.1 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.

[an)

utputs of this process is:

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

4x4 grid of source samples with the base sample positioned at the local index’(2,2). The sec

= = 3

esult to the destination samples.

o0

.7.3.2 Source sample grid

~Source pixel

5%

[ ¥

Source
pixel

N[ WV

Figure 13 — Source grid for the cubic upsampler

§.7.3.3<-Cubic interpolation

The-kernel used for the Bicubic upsampling process typically has a 4x4 coefficient grid. How

he Cubic upsampling kernel can be divided into three main steps. The first step involves congtructing

bnd step

hvolves performing the bicubic interpolation and the third step involyés,writing the interjpolation

pltiplied

The Cubic upsampling kernel is performed by using a 4x4 soutce grid which is subsequently m

By a 4x4 kernel. During the generation of the source grid; any samples which fall outside the frame
limits of the source frame are replaced with the value of the source samples at the boundaiy of the
frame. This is visualized in Figure 13.

In-bound source grid Out-of-bound source grid
(4x4)
A 4x4)
biqubic grid (
o PQOcsn bicubic grid

bver, the

tative position of the destimation sample withr Tegards to the source sampte with yield =

lifferent

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.
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
J1JIK L 1 0
Example [Fio|Fin\ 1
Source grid \Foo Fa/ 2
01p 345678 \\__/, i 3
Al BJc|D 0 = 4
E| P G|H 1 5
J IKIL M 2 6
N/P[QR 3 7
- 4 8
Centre 15 9
- | 6 10
Border // 1"‘1 7 11
Extended <——= | | . . | . . 8 12
Range 13
14
15

Figure 14 — Cubic upsampling algorithm

The cubjc kernel upscaler (described in Figure 14) is applied on one direction (vertical and horizonta
ata timg, and follows different steps if (xCurr, yCurr)dlock belongs to the border as specified in Figure

A —

Given a $et of coefficients as follows:

kernel[y][x] =

{
{41382, 14285, 3942, -461)

{ 461, 3942,14285,-1382}
} (31

The follgwing variables are defined:

— kernelOffset is equal to 4.

A Vall - 1 4
— kerIlElDlLt! IS equdl Lo %.

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 ConvolveHarizontal(input, output x_y_kernel border) is applied as specified by the
fpllowing ordered steps below:

st =(x<<1)-1;

if (border)

dstWidthM1 = dstWidth - 1

[ (xDst >= 0 && xDst < dstWidth)

output[xDst][y] = ConvolveHorizontalKernel(kernel[0], input[x + kernelOffset][y], 14)

[ (xDst < dstWidthM1)

output[xDst + 1][y] = ConvolveHorizontalKernel(kernel[1], input[x +%&ernelOffset][y]), 14)

—

—

else
output[xDst][y] = ConvolveHorizontalKernel(kernel[0], input[x&KkernelOffset][y] , 14)
output[xDst + 1][y] = ConvolveHorizontalKernel(kernel[1], irfput[x + kernelOffset][y], 14)

The function ConvolveVertical(input, output, yDst0, yDst1, x.¥Src, kernel) is applied as specifigd by the
bllowing ordered steps below.

-

The ConvolveVertical function is defined as:

if (border)

dstWidthM1 = dstWidth - 1
if (yDst0 >=0)

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

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

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

|

he function output = CohvolveHorizontalKernel(kernel, input, shift) is applied as specified by the
bllowing ordered steps'below:

-

ccumulator = (

br (int32_t x20yx < kernelSize; x++)
accumulator += input[x] * kernel[x]

ffset = 1.<< (shift - 1)

utput=\((accumulator + offset) >> shift)

= Q

o O

74 Modified Cubicunsamnler karnal descrintion
=X gt aUBicUpsSamperxXerner aeserpHoeh

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 imp

lementation of the Modified Cubic filter is using fixed point math and the process is the same

described in 8.7.3.3, but with the following kernel coefficients:

kernel[y][x] =

{

{-2360, 15855, 4165,-1276}
{-1276, 4165, 15855, -2360 }

}

The foll

— kerIelOffset is equal to 4.

— ker

8.7.5

Inputs t
— vari
— varl

— a (s
ups

— a(d
pro

Outputs
— a(d

The pre
levelX is
process

The préd
(xCurr, y

— If'sg

for

33)

wing variables are defined:

elSize is equal to 4.

Predicted residual process description

b this process are the following:

ables srcX and srcY specifying the width and the height of thé lower resolution array,
ables dstX and dstY specifying the width and the height of the upsampled arrays,

rcX)x(srcY) array recLowerResSamples[x][y] of samples that were provided as input to the
faling process,

stX)x(dstY) array recUpsampledSamples[x]fy] of samples that were output of the upscaling
Fess.

of this process are the following:
5tX)x(dstY) array recUpsampledModifiedSamples[x][y] of output samples.

licted residual process isiodifying recUpsampledSamples using a 2x2 grid if scaling_modd_
equal to 2 and using a2x1 grid if scaling_mode_levelX is equal to 1. The predicted residug
is not applied if scaling_mode_levelX is equal to 0.

—_—

—

dicted residual /process is applied as specified by the following ordered steps wheneve
Curr) block belongs to the picture or to the border area as specified in Figure 7:

aling_moderlevelX (specified in 7.4.3.3) is equal to 1:

ySrc=0; ySrc < srcY; ySrc++)
yDst.= ySrc

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

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

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

for (ySrc = 0; ySrc < srcY; ySrc++)

74

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] +

modifier
reeMedifiedUpsampledSamplespBstiybst+H=recbpsampledSamplespebst—+3HyDst] +
modifier
recModifiedUpsampledSamples[xDst + 1][yDst] = recUpsampledSamples[xDst}{yD5t + 1] +
modifier
recModifiedUpsampledSamples[xDst + 1][yDst + 1] = recUpsampledSamples[xDst + 1]
[yDst + 1] + modifier
§8.7.6 Adaptive Cubic upsampler kernel description
Ihputs 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,
4 a(srcX)x(srcY) array reclnputSamples[x][y] of input sample.
(Qutputs of this process is the following:
4 a(dstX)x(dstY) array recUpsampledSamplés[x][y] of output samples.
The implementation of the Adaptive Cubic filter uses fixed point math, and the process is the same
described in 8.7.3.3, but with the following kernel coefficients:
Kernel[y][x] =
{

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

}

]

he following variables are defined:

- kernelOffset is equal to 4.

-_kernelSize is equal to 4.

8.8 Decoding process for the residual reconstruction

8.8.1 Reconstructed residual of each block derivation

The reconstructed 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 Residual reconstruction for L-1 block

Inputs t¢ this process are:

ot

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

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

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

D

— an (nCurrS)x(nCurrS) array resL1FilteredResiduals specifying the L-1 filtered residuals of the
curtent block.

[72)

Output of this process is the combined intermediate picture (nCurrS)x(nCurrS) array recL1Sample
with elements recL1Samples[x][y].

The (nCyrrS)x(nCurrS) block of the reconstructed sample array recL.1Samples at location (xCurr, yCurt
is derivdd as follows:

"t

reclflSamples[xCurr + i][yCurr + j] = recLIBaseSamples]i][j] + resL1FilteredResiduals[i][j] (33

R

withi=0..nCurrS-1,j=0..nCGurrS -1

The upgcaling process for a goleur component as specified in 8.7 is invoked with the locatioh
(xCurr, yfCurr), the transform/black size nTbS, the (nCurrS)x(nCurrS) array recL1Samples, the variables
srcWidth and srcHeight sp€eifying the size of the reconstructed base picture, the variables dstWidth
and dstHeight specifying:the width and the height of the upscaled resulting picture, and the variable
is8Bit equal to 1 if enhancement_depth_type (7.4.3.3) is equal to 0 as inputs.

8.8.3 Residual reconstruction for L-2 block

Inputs t this process are:

—+

— a lotatiom tx€urt, yCurtjspecifying the top=teft sampte of the turrent block retative tothetop=te
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

aila 21 1 A3 Y al Fal nY H 4] Lol [l WY S al fal Y M | 1. € 1o h Bla B b PN l
witartirerocatiolr kA\_aul I, _y\_.ul l) ualus LIIC Lllhul I JJALII\.:L[I I d) UIUCQKN ITUIIT 11T dI'l a_y ITCULAT ICLULI T amp eS.

8.9 Decoding process for the L-1 filter

9.1 L-1residual filter overview

o0

(ne in-loop filter, namely L-1 residual filter, is applied to the L-1 residual surface.block before itlis added
tp the base reconstructed picture. The L-1 filter operates only if the variable transform_type dpecified
ih 7.4.3.2 is equal to 1. The L-1 filter operates on each 4x4 block of transformed residuals by agplying a
mask whose weights are structured as follows:

{

{a, B, B a}

{6 1,1, B}

{6 1, 1, B}

{a, B, B a}

} (35)

8.9.2 Decoding process for filtering.L-1 block

]

hputs to this process are:

— asample location (XTb0, yI'b0) specifying the top-left sample of the current transform blocK relative
to the top-left sample ofithe current picture,

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

Qutput of this process is the 4x4 array of the residual resL1FilteredResiduals with g¢lements
esL1FilteredResiduals[x][y].

—

]

h-loop filtersL-1 residual filter is applied as specified by the following ordered steps:

1. A yariable deblockEnabled, « and 8 are derived as follows (as described in 7.3.5):

QL

eblockEnabled =levell_filtering_enabled_flag

L 1 11 £1 . . 1l 1 £l Y
1 (ICVCIL_THICTITE _SIgINdIICU_Ildg )

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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resL1FilteredResiduals[0
resL1FilteredResiduals[0

1[0] = (resL1Residuals
103
]

—

(resL1Residuals[0][
(resL1Residuals[3][0
(resL1Residuals[3]]
(resL1Residuals[0

resL1FilteredResiduals[3][3]

resL1FilteredResiduals[0][1]

o]0 *

resL1FilteredResiduals[0 (resL1Residuals[0

I
112
resL1FilteredResiduals[1][0]

[0][0]
[0][3]
resL1FilteredResiduals[3][0]
[
[
[0][2]
[
resL1FilteredResiduals|[2][0]
[
[
[
[
[
[
[
[

(resL1Residuals
(resL1Residuals
(resL1Residuals[2]
(resL1Residuals[3]
(resL1Residuals[3]
resL1Residuals[1][1
] =resL1Residuals[1
1] =resL1Residuals[2
2] = resL1Residuals[2][2]

[2]
resL1FilteredResiduals[1][3] [1
resL1FilteredResiduals[2][3

]
resL1FilteredResiduals[3][1]
resL1FilteredResiduals[3][2]

|

resL1FilteredResiduals[1][1]
resL1FilteredResiduals[1][2
resL1FilteredResiduals[2
resL1FilteredResiduals[2

1
—_—
—
—_

I
I
otherwise:
resL1FilteredResiduals[0][0] = resL1Residuals[0
resL1FilteredResiduals[0][3] = resL1Residuals[0
[

[0]

[0]
resL1FilteredResiduals[3][0
resL1FilteredResiduals[3][3

1l
=
@
v
|
[
-
[¢]
<.
Q.
o
=
2]

~
w

resL1FilteredResidualsf0]}1] = resL1Residuals[0][1]
resL1FilteredResiduals{0][2] = resL1Residuals[0][2]
resL1FilteredRe$iduals[1][0] = resL1Residuals[1][0]
resL1FilteredResiduals[2][0] = resL1Residuals[2][0]

[

[

[

:

resL1Residuals

] [
resL1FiltefedResiduals[1][3] [1]13]
resLIFilteredResiduals[2][3] = resL1Residuals[2][3]

] [3][1]

]

] ]
résk1FilteredResiduals[3][1] = resL1Residuals[3]
resl.1FilteredResiduals '2][7 =resl 1R’ncir‘|n:\]c['2][7]

(resL1Residuals[1][0] * B

(39)

resL1FilteredResiduals|[1
resL1FilteredResiduals[1
resL1FilteredResiduals[2
resL1FilteredResiduals[2

1] = resL1Residuals[1][1]
2] = resL1Residuals[1][2]
1] = resL1Residuals[2][1]

]

2] = resL1Residuals[2][2]

Il
Il

|l
Il
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8.10 Decoding process for base decoder data extraction

Inputs to this process are:

— avariable nCurrS (as derived in 8.8.1) specifying the size of the residual block,

sample of the current picture component,

a location (xCurr, yCurr) specifying the top-left sample of the current block relative to the top-left

a variable IdxBaseFrame specifying the base decoder picture buffer frame from which to read the

p—

(
e

|

v <

SAMMPIES,
— avariable [dxPlane specifying the colour component of the current block.

utput of this process is the (nCurrS)x(nCurrS) array recDecodedBaseSamples of picture samy
lements recDecodedBaseSamples[x][y].

he process reads the block of sample (nCurrS)x(nCurrS) from the location (x€urr, yCurr) and t}
ointed by the variable IdxBaseFrame. The blocks are read in raster order.

he sample block size nCurrX and nCurrY are derived as follows:

nCurrX = (IdxPlane == 0) ? nCurrX : nCurrX >> ShiftWidthC

nCurrY = (IdxPlane == 0) ? nCurrY : nCurrY >> ShiftHeight€

.11 Decoding process for dither filter
hputs to this process are:

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

- an (nCurrS)x(nCurrS) array recL2PictureSamples specifying the reconstructed combine
picture samples.

utput of this process is the:(CurrS)x(nCurrS) array recL2DitheredPictureSamples of residu
lements recL2DitheredPictureSamples[x][y].

[ dithering_type is equal 1 (uniform dither), the (nCurrS)x(nCurrS) block of the reconstructeg

array recL.2DitheredPictureSamples at location (xCurr, yCurr) is derived as follows:

recL2DitheredPictureSamples[xCurr + i][yCurr + j] = recL2PictureSamples][i][j] + rand(i,j)

trength,+dithering_strength] with dithering_strength as derived in 7.4.3.4.

les with

e frame

(40)

(41)

top-left

1 output

als with

| sample

(42)

pith i =0.nCurrS - 1, j = 0...nCurrS - 1. rand(i,j) is pseudo_random number in the range [-dithering_

9 Parsing process

9.1 Parsing process inputs and outputs, process overview

9.1.1 Parsing process for entropy encoded transform coefficients

Inputs to this process are the bits belonging to chunks of data containing the entropy encoded transform

C

oefficients 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,

— avariable surfaces[planeldx][levelldx][layerldx].size specifying the size of the chunk of data,

3 £ Lol 1d-:111 11 d-:101 b R Iy N | 1 £1 2 1o & ralal £ Lol 1d

I lf S I laLCDLlJlallCluAJ LlCVClluAJ Lla_yc1 luAJ.l 1c_u1u_y_ua5 1S5 Cblblcll LU L1Iug, 4 vdlidult sul IQLCDLPIGIICIU
[levelldx][layerldx].data_rle specifying the beginning of the chunk containing the entropy encede
quaptized transform coefficients.

Ol

— if surfaces[planeldx][levelldx][layerldx].rle_only_flag is equal to false, a variable surfaces|planeldy]
[levelldx][layerldx].data_prefix_coding specifying the beginning of the chunk cortaining the
entfopy encoded quantized transform coefficients,

— avalriable temporal_enabled_flag as derived in 7.4.3.3.

Where glaneldx, levelldx and layerldx indicate the plane, enhancement sub-layer'and coefficient group
to whicHf the chunk belongs.

Output ¢f this process is a quantizedCoeffBuffer of the size of (PictureWidth / nTbS, PictureHeight
nTbS) containing entropy decoded quantized transform coefficientScto be used as input for processg
describgd in 8.3.4 and in 8.3.5, in the order described in Figure 4-anhd the 8.3.

[72)

D

If tempgral_enabled_flag is equal to 1, the entropy encoded*quantized transform coefficients ar
organiz¢d in tiles of the size of (32/nTbS)x(32/nTbS). The grder of writing the entropy decoded value
in quantizedCoeffBuffer is depicted in Figure 15, with a<faster scan order within each (32/nTbS)x(32
nTbS) CYJ. When the horizontal or vertical size of the surface is not a multiple of (32/nTbS), the rasts
scan is [imited to the actual size of the last CU, which is in the horizontal dimension (PictureWidth|
nTbS) % (32/nTbS), and in the vertical dimension (PictureHeight/nTbS) % (32/nTbS).

[72)

—

D

If tempg¢ral_enabled_flag is equal to 0, thelentropy encoded quantized transform coefficients ar
organiz¢d in PictureHeight / nTbS lines pf RictureWidth / nTbS elements. The order of writing is raste
scan order per line.

—

Iftile_d:[nensions_type is not equalio 0, the following information is provided for each chunk:
— avalriable surfaces[planeldx][levelldx][layerldx].tiles pointing to the tiles of the decoded picture.

— a vhriable surfacesfplaneldx][levelldx][layerldx].rle_only _flag specifying if the Prefix Coding
decgder is neededorall tiles.

In this cpse, a chunk/of data is further split to smaller chunks of data, which are termed as tiles. For each
tile, the followinginformation is provided:

— a vdrjable 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_flagis 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

: %“ : %%5“ iy .:'.:J' L1 #"I LU \

CO.

\J
Figure 15 Q@rganization of the decoded transform quantized coefficients (in the example,
?\ nTbs = 4)
The py decoder consists of two components:

——Ovi’refix 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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Entropy encoded
residuals

Prefix Coding
decoder
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Figure 16 — Generic entropy decoder

9.1.2 Parsing process for entropy encoded temporal signal coefficient'group

—_—

Inputs tp this process are the bits belonging to chunks of data contaifiing the entropy encoded tempor4

signal C:Efficient group derived from the process described in 8.3;
If tile_diimensions_type is equal to 0, for each chunk the following information are provided:

— a vdriable temporal_surfaces[planeldx].rle_only_flag~specifying if the Prefix Coding decoder i
neefled,

[72)

— avalriable temporal_surfaces[planeldx].size specifying the size of the chunk of data,

— iftenporal_surfaces[planeldx].rle_only_flagis equaltotrue,avariable temporal_surfaces[planeldx].
datg_rle specifying the beginning of.the chunk containing the entropy encoded temporal signg
valyes,

—

— iftemporal_surfaces[planeldx].rle only_flagisequaltofalse,avariabletemporal_surfaces[planeldx].
datg_prefix_coding specifyingthe beginning of the chunk containing the entropy encoded tempor4
sigrjal values.

—_—

Where planeldx indicates the plane to which the chunk belongs.

The output of this/precess is an entropy decoded temporal signal value group to be stored i
TempSigSurface, asidescribed in subsection 9.3.4.

=}

Iftile_dai[uensions_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:
— Prefix Coding decoder described in 9.2.
— Run Length decoder described in 9.3.

O

.2 Prefix Coding decoder

9.2.1 Prefix Coding decoder description

fvariable rle_only is equal to 1, the Prefix Coding decoder process is skipped, andthe process described
h 9.3 is invoked. If variable rle_only_flag is equal to 0, the Prefix Coding decoderis applied as dpecified
y the following ordered steps:

. = —

1) Initialize the Prefix Coding decoder by reading the code lengths from the stream header sire.

If there are more than 31 non-zero values, the stream header, is.as specified in Figure 17.

Symbol 0 Symbol 1 Symbol 2
| | |
777777777777 \ If A AN
5 bits 5 bits 1bit,1 bit  ccode length bits \/ \
. length - length -
min_length max_length 1 1 min_length 0 1 min_lengtt
compression.id Non-zero Non-zero
length flag length flag

code length bits = log2(max_length -unin_length + 1)

Figure 17 — Prefix.coding decoder stream header for more than 31 non-zeros cod¢s

Otherwise the stream header is as specified in Figure 18:

Symbol 0 Symbol 1
,,,,,,,,,, S E
5 bits 5bits 1 bit 5 bits ’  8bits code length bits,” 8 bits  code length bits,
min_length max_length | 0 | Symbol count| symbol value length - symbol value length -
= - min_length min_lepgth

compression id

code 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.

5bits 5 bits
[ 31 | 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
3) Ass

4) Atable is generated following the steps above in order to search the subsets of codes withlidenticg

code length 1s extracted 1or each symbol.

gn codes to symbols from the code lengths.

—

lengths. Each element of the table records the first index of a given length and the corresponding
code (firstldx, firstCode).
9.2.2 Prefix Coding decoder table generation
To find & Prefix Coding Code for a given set of symbols a Prefix Coding tree/ngeds to be created usinjg
the following steps:
1) Firsft the symbols are sorted by frequency (example in Table 37}. In‘case several symbols have thie
samle frequency, these are ordered in descending numerical order.
Table 37 — Symbols sorted by frequency
Symbol Frequency
A 3
B 8
C 10
D 15
E 20
F 43
2) The|two lowest elements are-removed from the list and made into leaves, with a parent node
thaf has a frequency the,sumi of the two lower element’s frequencies. The partial tree is shown ip
Figlre 21.

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

84
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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, showing two lowest elements combined

The new list is as shown in Table 39.

Table 39 — Updated sorted frequency

Symbol Frequency
D 15
E 20
& 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

Figure 24 — Loop repeated

Table 41 — Updated sorted frequency

Symbol Frequency
F 43
* 56
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Figure 25 = Loop process completion

Table 42 — One item remaining in list

Symbel

Frequency

*

99

Table 43 — Resulting Prefix Coding code

5) Once the tree is.built, to generate the Prefix Coding code for every symbol, the tree is tj
from the root.to-éach symbol, appending a 0 each time a left branch is taken and a 1 eac
right branch-istaken. In the example above this results in the following code in Table 43.

raversed
h time a

Symbol

Code

Code length

1010

4

1011

100

110

111

MmO |H

0

= W Wy

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

Least
Significant
Byte Prefix
Coding

overflow =1

Most
Significant
Byte Prefix
Coding

Figure 26 — Prefix Coding decoder state machine

9.2.3.2 | Prefix Coding decoder description

The Prefix Coding for tile data sizes is described below and it has 2 states, as described is 9.2.3.1.

Least Significant Byte Prefix Coding state;:This context encodes the 7 less significant bits of a nor
zero valjie. In this state a byte is dividedassshown in Figure 27.

7 1 0
| dage | 0 | 0: no overflow
1: overflow, next byte is read
using Most Significant Byte
7 L0 Prefix Coding state
| data | 1 |<—

Figure 27 — Prefix Coding encoding of a byte for Least Significant Byte Prefix Coding state

The ovefflow bit is set if the value does not fit within 7 bits of data. When the overflow bit is set, thle
state of the-hext 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):

1T (levelldx == 1)
nTiles = nTilesL1

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++) {

}

follows (planeldx and tileldx have been already specified in 9.1.2):

if (compression_type_size_per_tile == 2){
for (tileldx = 1; tileldx < nTilesL2; tileldx++) {
tmp_size_per_tile[tileldx] +=tinp_size_per_tile[tileldx - 1]
}

}
for (tileldx = 0; tileldx < nTilesL2; tileldx++) {
temporal_surfaces|[planeldx].tiles[tileldx].size = tmp_size_per._tile[tileldx]

}

9.3 RLE decoder

\0

.3.1 RLE processinputs and outputs

surfaces[planeldx][levelldx][layerldx].tiles[tileldx].size =tmp_size_per _tile[tileldx]

3) Ifthis processis invoked with temporal_surfaces referrifg to an entropy encoded transfor
coefficient group, the decoded values are stored into-a\temporary buffer tmp_size_per_til
nTilesL2 (as derived in 8.3.3) and are mapped to temporal_surfaces[planeldx].tiles[tileld

O = wn ct

he input of the.RLE decoder is a byte stream of Prefix Coding decoded data if rle_only_flag
D zero or justa byte stream of raw data if rle_only_flag is equal to 1. The output of this pro
tream of\quantized transform coefficients belonging to the chunk pointed to by the variables f
pvelldxtand layerldx as specified in 8.3 or the stream of temporal signals belonging to the
hunk.

m signal
e of size
].size as

is equal
cess is a
laneldx,
emporal

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
A overflow=1
= run=20
run=1 B l\l \*

run =20

Bd-ararflaiis
ot O veTITovy

J

Most
Significant
Byte RLE

run=1

\run=1

Figure 29 — RLE decoder state machine

9.3.3 RLE decoder description
The RLH consists of the following steps and has 2 states as deseribed in 9.3.1.

Least Significant Byte RLE state: This state encodes the 6 less significant bits of a non-zero sample. |
this statee, 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

ot

The run|bit indicates that.the next byte is encoding the count of a run of zeros. The overflow bit is s¢g
if the sample value does‘ot fit within 6 bits of data. When the overflow bit is set, the state of the nex
byte will be Most Significant Byte RLE state. Therefore, the next state cannot be a run of zeros, and bit [/
can be used to encode data instead.

ot

Most Significant Byte RLE state: This state encodes bits 7 to 13 of sample values that do not fit withi
6 bits of|data.‘Bit 7 encodes whether the next byte is a run of zeros. Run Length encoding of a byte fo
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

A0

.3.4.1 RLE decoder overview

he Run Length state machine is used by the Prefix Coding encoding and decoding procgsses to
etermine which Prefix Coding code to use for the current symbol or code wotd. The RLE [decodes
equences of zeros and sequences of ones. It also decodes the frequency tablesused to build the Prefix
oding trees.

O wn o —

he Run Length Decoder reads the run length encoded data byte by b§/te: By construction, the fjrst byte
f data is guaranteed to be the most significant byte and its state.the true value of the first symbol in
he stream. The decoder uses the state machine shown in Figure'33 to determine the state of the next
yte of data. The state instructs the decoder how to interpfet the current byte of data as described
n 9.3.4.2.

oo o

(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 RLEE consists in the following steps and has 2 states as described in 9.3.4.1.

Zera Run state: This state encodes 7 hits of a zero run count. The run hitis high if more bits aré 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
(Pid

The
rast
the
size|
the

If te
pos
0,n
othd

vertical dimension (PictureHeight / nTbS) % (32 / nTbS).

rwise it is moved to (0, y + 32 / nTbS), as shown in Figure 36.

RLE decoder writes the 0 and 1 values into temporal signal surface TempSigSurface of the size
tureWidth / nTbS, PictureHeight / nTbS) where nTbS is transform size.

order of writing decoded values in the surface TempSigSurface is depicted in Figures36,’with
er scan order within each (32 / nTbS)x(32 / nTbS) CU. When the horizontal or vertical size ¢
surface TempSigSurface is not a multiple of (32 / nTbS), the raster scan is limitedto the actug
of the last CU that is in the horizontal dimension (PictureWidth / nTbS) % (32)/ nTbS), and i

mporal_tile_intra_signalling_enabled_flag is equal to 1 and if the value.to write at the writin|
tion (X, y) in the TempSigSurface is equal to 1 and x % (32 / nTbS) == 0'and y % (32 / nTbS) =
bxt writing position is moved to (x + 32 / nTbS, y) when (x + 32 / nTbS) < (PictureWidth / nTbs),

- — o D

T 09

i)

ERUAAYARALS

B RN AbhlB

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 51gn1f1cant byte and 1ts state the true Value of the f1rst symbol in

ete of the next
hyte of data The state 1nstructs the decoder how to mterpret the Current byte of data asdescribed
in 9.3.5.2.

(run = 1 and symbol = 0) (run =1 and symbol = 1)
or er

(run = 0 and symbol = 1) (run = 0@nd'symbol = 0)

< N

run=1

e

Figure-37 — RLE decoder state machine

run=20

9.3.5.2 RLE decoder description

The RLE consists in the\fellowing steps and has 2 states as described in 9.3.5.1.

N

ero Run state: This'state encodes 7 bits of a zero run count. The run bit is high if more bits ar¢ needed
b encode the cQunit. Run Length encoding of a byte for Zero Run state is as shown in Figure 38

7 6 0
| run | data |

—t

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 (Jevelldx == 1)

-l

} elsj, {

}

9.4 P3
This prd

Inputs t

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 =
tmp_decoded_tile_entropy_enabled|tileldx]

h

pr (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

mporal_signalling_present_flag == &)Y

pr (tileldx = 0; tileldx < nTilesL2ytileldx++) {

temporal_surfaces[planeldx].tiles[tileldx].entropy_enabled_flag =
tmp_decoded_tile_entropy_enabled[tileldx]

irsing process’for 0-th order Exp-Golomb codes
cess is invoked when the descriptor of a syntax element in the syntax tables is equal to ue(v).

b this\process are bits from the RBSP.

Outputs

ofthis 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

includin

g 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)

94

b = read_bits(1)
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