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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 t

hat are

members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international

organizations, governmental and non-governmental, in liaison with ISO and IEC, also take par
ad 1EC
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SO/IECJTC 1.

lescribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria neg
the different types of document should be noted. This document was drafted in accordance
pditorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the
bf patent rights. ISO and IEC shall not be held responsible for identifying any or all such
Fights. Details of any patent rights identified during the development\0f'the document will b
ntroduction and/or on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for:the convenience of users and d
constitute an endorsement.

For an explanation of the voluntary nature of standdrds, the meaning of ISO specific ter
bxpressions related to conformity assessment, as wellas information about ISO's adherencg
World Trade Organization (WTO) principles in the“Technical Barriers to Trade (TBT) see W
org/iso/foreword.html.

[his document was prepared by Technical' Committee ISO/IEC JTC 1, Information tec
bubcommittee SC 29, Coding of audio, picture; multimedia and hypermedia information.

A list of all parts in the ISO/IEC 14496 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document specifies Internet video coding, a video compression technology that is intended to be
suitable for video distribution models currently adopted on the Internet.

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

ISO anlIEC take no position concerning the evidence, validity and scope of these patent rights.

The holders of these patent rights have assured ISO and IEC that they are willing to negotiate licenceq
under reasonable and non-discriminatory terms and conditions with applicants throughout the.Wworld
In this fespect, the statements of the holders of these patent rights are registered with ISOand IEC
Informgtion may be obtained from:

Nokia Technologies Oy
Joensuynkatu 7E

FIN-24100 Salo

FINLAND

Telephdne : +358 50 366 2022

Apple Inc.

Intellectual Property and Licensing
1 Infinife Loop, MS 169-3IPL
Cupertino, CA 95014

USA
Telephdne: +1(408) 974-0015

Industrjy-University Cooperation Feundation Hanyang University
222 Wangsimni-ro, Seongdong{gu

Seoul 0763

REPUBLIC OF KOREA

Telephdne: +82-2-2220-2212
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Mitsubishi Electric Corporation
Corporate Licensing Division
2-7-3 Marunouchi, Chiyoda-ku
Tokyo 100-8310

JAPAN

Telephone: +81-3-3218-3465

DUALCOMM Incorporated
b775 Morehouse Drive

ban Diego, CA 92121

JSA

[elephone: +1 (858) 587-1121

Attention is drawn to the possibility that some of the elements of this'\document may be the subject of
batent rights other than those identified above. ISO and IEC shall npt'be held responsible for ideptifying
hny or all such patent rights.
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Information technology — Coding of audio-visual
objects —

Part 33:

Scope

[his document specifies MPEG-4 Internet video coding.

P Normative references

['he following documents are referred to in the text in such a way-that some or all of their [content
constitutes requirements of this document. For dated references; only the edition cited applies. For
indated references, the latest edition of the referenced document (including any amendments) applies.

Rec. ITU-T H.262 | ISO/IEC 13818-2: 2013, Information techfivlogy — Generic coding of moving pictures
hind associated audio information — Part 2: Video

EC 60461, Time and control code

B8 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
SO and IEC maintain terminological.databases for use in standardization at the following addr¢sses:

— IEC Electropedia: available 4t hittp://www.electropedia.org/

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

8.1

B frame
bidirectional franre
Jframe (3.28) thatis coded using motion compensated prediction from past or future referencd frames
3.53) in outputorder (3.40)

8.2

packward prediction
protess of predicting the current frame (3.28) by using future frames in an output order (3.40) as
reference frames (3.53)

3.3

bin

bit of a bin string (3.4)
3.4

bin string

intermediate binary representation of values of syntax elements (3.65) resulting from the binarization
(3.5) of the syntax element

© ISO/IEC 2019 - All rights reserved 1
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3.5
binarization
set of bin strings (3.4) for all possible values of a syntax element (3.65)

3.6
binarization process
unique mapping process of all possible values of a syntax element (3.65) onto a set of bin strings (3.4)

3.7
bitstream
ordered series of bits that forms the coded representation (3.14) of the data

3.8
block
MxN (M-column by N-row) array of samples, or an MxN array of transform coefficients (3.66)

3.9
byte
sequenge of 8 bits, written and read with the most significant bit on the left and the(least significant bit or
the right, such that when represented in a sequence of data bits, the most significant bit of a byte is first

3.10
byte-aligned

positioning of a bit or byte (3.9) or syntax element (3.65) when the pesition at which it appears in 4
bitstregm (3.7) is an integer multiple of 8 bits from the position ofithe first bit in the bitstream

3.11
byte stfeam
ordered series of bytes that forms the coded representatioii(3.14) of the data

3.12
chroma
samplefarray or single sample, identified symbelically by Cb or Cr, representing one of the two colouf
differerjce signals related to the primary colours

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

3.13
coded frame
coded representation (3.14).6f a frame (3.28)

3.14
coded yepresentation
series df data elements as represented in coded form in the bitstream (3.7)

3.15
compohent

array of single sample from one of the three arrays (luma (3.37) and two chroma (3.12)) that make up 3
frame (3:Z8] 1n 4:2:0 colour format

3.16
DC coefficient
transform coefficient (3.66) for which the frequency index (3.27) is zero in all dimensions

3.17
decoded frame
frame (3.28) derived by decoding a coded frame (3.13)

2 © ISO/IEC 2019 - All rights reserved
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3.18
decoder
embodiment of the decoding process (3.20)

3.19
decoding order
order in which syntax elements are processed by the decoding process (3.20)

3.20

decoding process
brocess that derives decoded frames (3.17) from the syntax elements in the bitstream (3.7)

8.21

lequantization

brocess of scaling (3.57) the quantized transform coefficients (3.49) after their representatio’;I:
hitstream (3.7) has been parsed (3.42) and before they are presented to the interse transfor
pbart of the decoding process (3.20)

8.22
bncoder
embodiment of an encoding process (3.23)

8.23
bncoding process
brocess that produces a bitstream (3.7)

Note 1 to entry: This document does not specify an encoding'process.

B.24
forbidden
specification that a value shall never be used

Note 1 to entry: This is usually to avoid emulation of a start code (3.63) pattern.

B.25
forward prediction
brocess of predicting the currentframe by the past reference frames (3.53) in output order

B.26
flag
binary variable that ¢antake one of the two possible values, 0 and 1

8.27

frequency index
bne-dimensional or two-dimensional index associated with a transform coefficient (3.66) prid
nverse transform (3.34) part of a decoding process (3.20)

8.28
frame

in the
(3.34)

r to an

Successive Hnes, Tumbered fronT the top-most e to tie bottom-most HiTe, contaimng Samples

numbered from the left-most sample to the right-most sample, representing the spatial information of a

video signal from a single time instant

3.29

I frame

intra frame

frame (3.28) coded using information only from itself

3.30
inter macroblock
macroblock (3.38) which is coded using inter prediction (3.31)

© ISO/IEC 2019 - All rights reserved
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3.31

inter prediction

prediction (3.44) derived from data elements (e.g. sample value or motion vector (3.39)) of reference
frames (3.53) other than the current frame

3.32
intra macroblock
macroblock (3.38) which is coded using intra prediction (3.33)

3.33
intra prediction
prediction (3.44) derived from only data elements (e.g. sample values) of the same decoded slice (3:60)

3.34
inverse¢ transform

part of|the decoding process (3.20) by which a set of transform coefficients (3.66) are €onverted intd
spatial{domain values, or by which a set of transform coefficients are converted into DC\coefficients (3.16]

3.35
layer
one of h set of syntactical structures in a non-branching hierarchical relationship, such that highe;

layers dontain lower layers, with such coded layers being the coded frame\(3213), slice (3.60), macrobloch
(3.38) 4nd block (3.8)

3.36
level
defined|set of constraints on the values that may be taken by syntax elements (3.65) and variables; or if
a differpnt context, the value of a transform coefficient (3.66)\prior to scaling (3.57)

Note 1 tp entry: The same set of levels is defined for all profiles (3.47), with most aspects of the definition of each
level beng in common across different profiles. Individual'implementations may, within specified constraints
supportla different level for each supported profile.

3.37
luma
samplefarray or single sample, identified symbolically by Y or L, ordinarily representing the brightness
signal related to the primary colours

Note 1 tp entry: The term luma is.used rather than the term luminance in order to avoid the implication of the
use of Llnear light transfer charactéristics that is often associated with the term luminance. The symbol L is
sometinjes used instead of the(synibol Y to avoid confusion with the symbol y as used for vertical location.

3.38
macroblock
16 x 16|luma (3.37),sample value block and its corresponding two chroma (3.12) sample value blocks

3.39
motion vector

two-dimpéensional vector used for inter prediction (3.31) that provides an offset from the coordinates in
the decoded frame (3-17] to the coordinates 1n a rejerence jrame (3.53)

3.40

output order

order in which the decoded frames (3.17) are output from the decoded frame buffer in case the decoded
frames are to be output from the decoded frame buffer

3.41

P frame

predictive frame

frame (3.28) that is coded using motion compensated prediction from past reference frames (3.53) in
output order (3.40)

4 © ISO/IEC 2019 - All rights reserved


https://standardsiso.com/api/?name=da77de59b64e29c0554bbaeee1374a96

ISO/IEC 14496-33:2019(E)

3.42
parse
procedure of obtaining the value of a syntax element (3.65) from a bitstream (3.7)

3.43
partitioning
division of a set into subsets such that each element of a set is in exactly one of the subsets

3.44

rediction

bmbodiment of a prediction process (3.45)

8.45

prediction process

ise of a predictor (3.46) to provide an estimate of a data element (e.g. sample value-or motio
3.39)) currently being decoded

B.46

predictor

combination of specified values or previously decoded data elements (e:g{sample value or motio
3.39)) used in the decoding process (3.20) of subsequent data elements

8.47
profile
specified subset of the syntax

8.48
juantization parameter

8.49
juantized transform coefficients
Lransform coefficients (3.66) before dequantization (3.21)

8.50

random access

starting the decoding process (3.20) for part of a bitstream at some point other than the beginnin
bitstream (3.7)

8.51

raster scan

mapping of a rectangular two-dimensional pattern to a one-dimensional pattern such that 4
entries in theone-dimensional pattern are from the top-most row of the two-dimensional

scanned fromileft to right, followed similarly by the second, third, etc., top-most rows of the

[proceeding'downwards), with each row scanned from left to right

3.52
reference index

Variable used by the decoding process (3.20) for scdling (3.57) of transform coefficient levels (3.67

1 vector

h vector

g of the

he first
pattern
pattern

rder indication of the reference frames (3.53) in the frame buffer in the decoding process (3.20)

3.53

reference frame

frame that contains samples that may be used for inter prediction (3.31) in the decoding process (
subsequent frames (3.28) in decoding order (3.19)

3.54
reserved

3.20) of

specification that some values of a particular syntax element (3.65) are for future use by ISO/IEC, such

that these values shall not be used in bitstreams (3.7), but may be specified for use in future ext
by ISO/IEC

© ISO/IEC 2019 - All rights reserved
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3.55
residual
decoded difference between a prediction (3.44) of a sample or data element and its decoded value

3.56
run
number of data elements with the same value or the same treatment in the decoding process (3.20)

Note 1 to entry: In one context, it means the number of zero coefficients before a non-zero coefficient in the block
scan, and in another context, it means the number of consecutive skipped macroblocks (3.59)

3.57

scaling
procesg of multiplying transform coefficient levels (3.67) by a factor, resulting in_trgnsforn
coefficipnts (3.66)

3.58
sequernce
highesf layer syntax structure of the bitstream (3.7), including one or mofe;consecutive codeq
frames|(3.13)

3.59
skippefl macroblock
macrobfock (3.38) for which no syntax elements are present in théJbitstream (3.7) except for thg
indication that the macroblock is a skipped macroblock (3.59)

3.60
slice
integer[number of consecutive macroblock (3.38) rows in the raster scan (3.51) order that is associated
with thp same header data

3.61
slice hgader
part of 4 coded slice (3.60) containing the data elements pertaining to the first or all macroblocks (3.58]
represdnted in a slice

3.62
source
video material or some of its attriblites before operation of an encoding process (3.23)

3.63
start code
32-bit cpdeword pattertiwhich is unique in the whole bitstream (3.7)

Note 1 tp entry: Statt-codes can be used to identify the starting point of a syntax structure in the bitstream (e.g
to enablp random‘access (3.50)).

3.64
stuffing bits
bit string having a prescribed pattern of fiXed values at a particular position in the Ditstrean (3-7)

3.65
syntax element
element of data represented in the bitstream (3.7)

3.66

transform coefficient

scalar quantity, considered to be in a frequency domain, that is associated with a particular one-
dimensional or two-dimensional frequency index (3.27) in an inverse transform (3.34) part of the
decoding process (3.20)

6 © ISO/IEC 2019 - All rights reserved
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transform coefficient level
integer quantity representing the value associated with a particular two-dimensional frequency index in
the decoding process (3.20) prior to scaling (3.57) for computation of a transform coefficient value (3.66)

3.68

video buffering verifier
hypothetical reference decoder (3.18) that operates on the bitstream (3.7) to perform the decoding
process (3.20) with a specified timing and with a specified limited capacity for buffering the coded data

.SB
MB
MSB
VBV

NOTE

Jd Jdod £ £2 17
PIIructloucu Jjrurires (J.17])

1 Abbreviations

b Conventions
The mathematical operators and their prededence rules used in this document are similar

ised in the C programming language. However, operators of integer divisions with truncation and of 1
hire specifically defined. If not specifically explainéd, numbering and counting begin from zero.

5.1 Arithmetic operators

least significant bit
macroblock
most significant bit

video buffering verifier

Addition
Subtraction (as a‘hinary operator) or negation (as a unary prefix operator)
Multiplication

Exponential operation: a is raised to power of b. (May alternatively represent a supg
scripts)

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

Division in mathematical formulae where no truncation or rounding is intended.

Note 1 to entry: Its purpose is to provide a constraint on the variability of the data rate that an encoder (3.22) or
pditing process may produce.

to those
ounding

/=4)

'Mw SHES
-
~
N—

a%b

Division In mathematical formulae where no truncation or rounding 1s intended.

The summation of f(i) with i taking integral values from a up to and including b.

Remainder of a divided by b, defined only fora >=0and b > 0.

© ISO/IEC 2019 - All rights reserved
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5.2 Logical operators

a&&b  Logical AND operation between a and b
allb Logical OR operation between a and b
! Logical NOT operation

a?b:c Ifais TRUE or not equal to 0, evaluates to b; otherwise, evaluates to c.

5.3 Rlelational operators

> greater than

>= greater than or equal to
< less than

<= less than or equal to

== equal to

I= not equal to

5.4 Blitwise operators

& AND operation
| OR operation
~ Negation operation

a>>b Shift ain 2’s complement binary integer representation format to the right by b bit positions
This operator is only defined with'b, a positive integer.

a<<b Shiftain 2’s complement binary integer representation format to the left by b bit positions.
This operator is only defiited with b, a positive integer.

5.5 Assignment

= Assignmentoperator

++ Increment, x++ is equivalent to x = x + 1. When this operator is used for an array index, the
varjable value is obtained before the increment operation.

- Decrement, i.e. x-- is equivalent to x = x — 1. When this operator is used for an array index,
the variable value is obtained before the decrement operation.

+= Addition assignment operator, for example, x += 3 corresponds tox =x + 3, x += (-3) is
equivalent to x = x + (-3).

-= Subtraction assignment operator, for example, x —= 3 corresponds tox =x - 3, x == (=3) is
equivalent to x = x - (-3).

8 © ISO/IEC 2019 - All rights reserved
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5.6 Order of operation precedence

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

— operations of a higher precedence are evaluated before any operation of a lower precedence;
— operations of the same precedence are evaluated sequentially from left to right.

Table 1 specifies the precedence of operations from highest to lowest; a higher position in the table
ndicates a higher precedence.

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

Table 1 — Operation precedence from highest (at top of table) to lowest (atbottom of table)

operations (with operands x, y, and z)

« » o« ”

x++”, “x

"o«

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

«

”

Xy

” o« ” o« X

w_ sk M . » o« ”
x*y" “x [y, “x+y”, ,“x%y

b
“x+y”, “x—y” (as a two-argument-operator), Zf(i) ’

i=a

J

»n o«

“x<<y”, “x>>y”

” o« » o« »n o« ”

X<y’ 'x<=y", x>y x>=y

” o« »”

“x==y","x =y
% &y"

x|y

“Xx &&y”

S IV

“X?y:z”

» o« » o«

,“X+=y”, ‘x-=y”

"X=y

5.7 Mathematical functions

x ; x>=0
hbs(x) =
-x ; x<0
cell(x) Takes the smallest Integer not smaller than x
clipl(x) = clip3(0, 255, x)
a;c<a
clip3(a,b,c) = b ;c>b
c ; else
floor(x) Takes the biggest integer not bigger than x
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log2(x) Logarithm number of x with base 2
log10(x) Logarithm number of x with base 10
median(x, y, z) = X +y + z — min(x, min(y, z)) - max(x, max(y, z))
X ; X<=Yy
min(x, y) = {
y 5 x>y
X ; X>=Yy
max(X, y) = {
y 5 x<Jy
round(¥) = sign(x) * floor(abs(x) + 0.5)
_ 0 ; x>=0
sign(x) F
gnx) 1 ; x<0
0, * . ==
InverseRasterScan (a/o(d/b)) b;e==0
(abcfde) (a/(d/b))*D ; e==

5.8 Vpriables, syntax elements and tables

Syntax elements in the bitstream are represented in bold-type. Each syntax element is described by its
name (qll lowercase letters with underscore characters), its one or two syntax categories, and one o}
two deqcriptors for its method of coded representation. The decoding process behaves according to thg
value of the syntax element and to the values of previously decoded syntax elements. When a value of ¢
syntax plement is used in the syntax tables or'the text, it appears in regular (i.e., not bold) type.

In somg¢ cases the syntax tables may useithe values of other variables derived from syntax elemen{
values.|Such variables appear in the, syntax tables, or text, named by a mixture of lowercase and
uppercgse letter and without any underscore characters. Variables starting with an uppercase lettej
are detfived for the decoding of(the current syntax structure and all depending syntax structures
Variablgs starting with an uppercase letter may be used in the decoding process for later syntay
structufres without mentioning the originating syntax structure of the variable. Variables starting with
a lowerfase letter are onlyised within the subclause in which they are derived.

In som¢ cases, “mnemonic” names for syntax element values or variable values are used interchangeably
with their numericalvalues. Sometimes “mnemonic” names are used without any associated numerica
values. [[he assdciation of values and names is specified in the text. The names are constructed from one
or mor¢ groups of letters separated by an underscore character. Each group starts with an uppercase
letter ahd fmay contain more uppercase letters.

NOTE I'he syntaxis described in a manner that closely follows the C-language syntactic constructs.

Functions that specify properties of the current position in the bitstream are referred to as syntax
functions. These functions are specified in subclause 5.11.2 and assume the existence of a bitstream
pointer with an indication of the position of the next bit to be read by the decoding process from the
bitstream. Syntax functions are described by their names, which are constructed as syntax element
names and end with left and right round parentheses including zero or more variable names (for
definition) or values (for usage), separated by commas (if more than one variable).

Functions that are not syntax functions (including mathematical functions specified in subclause 5.7)
are described by their names, which start with an uppercase letter, contain a mixture of lower and
uppercase letters without any underscore character, and end with left and right parentheses including

10 © ISO/IEC 2019 - All rights reserved
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zero or more variable names (for definition) or values (for usage) separated by commas (if more than
one variable).

A one-dimensional array is referred to as a list. A two-dimensional array is referred to as a matrix.
Arrays can either be syntax elements or variables. Subscripts or square parentheses are used for the
indexing of arrays. In reference to a visual depiction of a matrix, the first subscript is used as a row
(vertical) index and the second subscript is used as a column (horizontal) index. The indexing order
is reversed when using square parentheses rather than subscripts for indexing. Thus, an element of a
matrix s at horizontal position x and vertical position y may be denoted either as s[ x, y ] or as syx.

Binary notation is indicated by enclosing the string of bit values by single quote marks. Fofoekample,
01000001’ represents an eight-bit string having only its second and its last bits (counted frem the most
o the least significant bit) equal to 1.

Hexadecimal notation, indicated by prefixing the hexadecimal number by “0x”, may .be used ingtead of
binary notation when the number of bits is an integer multiple of 4. For example;0x41 repredents an
pight-bit string having only its second and its last bits (counted from the most'to the least sighificant
hit) equal to 1.

Numerical values not enclosed in single quotes and not prefixed by “Ox*are decimal values.

A value equal to 0 represents a FALSE condition in a test statement-The value TRUE is represented by
hny value different from zero.

.9 Text description of logical operations
n the text, a statement of logical operations as would be*described in pseudo-code as:

if( condition 0 )
statement 0

else if( condition 1)
statement 1

else /* informative remark ohiremaining condition */
statement n

may be described in the following manner:

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

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

Fach “If-s."Otherwise, if ... Otherwise, ...” statement in the text is introduced with “... as followg” or “...
'he following applies” immediately followed by “If ...”. The last condition of the “If ... Otherwise, if ...
Dtherwise, ...” is always an “Otherwise, ..."”. Interleaved “If ... Otherwise, if ... Otherwise, ...” staements

”

cam be idemntified by matching“as fottows“or“the fottowing appties“ withr theending “Otherwise, ...".

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

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

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

else
statement n

© ISO/IEC 2019 - All rights reserved 11
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may be described in the following manner:

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

— condition Oa
— condition Ob

— condition 1a
— condition 1b

— Otherwise, statement n
In the tgxt, a statement of logical operations as would be described in pseudo-code as:

if( condition 0)
statement 0
if( condition 1)
statement 1

may beldescribed in the following manner:

When condition 0, statement 0
When condition 1, statement 1

5.10 Processes

Procesqes are used to describe the decodingof syntax elements. A process has a separate specificatior]
and invpking. All syntax elements and uppercase variables that pertain to the current syntax structurg
and depending syntax structures are available in the process specification and invoking. A procesg
specifiqation may also have a lowercase variable explicitly specified as the input. Each process
specifidation has explicitly specifiedan output. The output is a variable that can either be an uppercase
variabl¢ or a lowercase variablé.

When ipvoking a process, the-assignment of variables is specified as follows.

— Iftlevariables attheinvoking and the process specification do not have the same name, the variables
arelexplicitly assighed to lowercase input or output variables of the process specification.

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

In the specification of a process, a specific macroblock may be referred to by the variable name having 3
value equal to the address of the specific macroblock.

5.11 Description of bitsteam syntax parsing process and decoding process

5.11.1 Method of describing bitstream syntax

The description style of the syntax is similar to C programming language.
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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 would implement means for identifying entry points into the bitstream and means
to identify and handle non-conforming bitstreams. The methods for identifying and handling errors and other
such situations are not specified here.

Table 2 lists examples of pseudo code used to describe the syntax. When syntax_element appears, it
specifies that a syntax element is parsed from the bitstream and the bitstream pointer is advanced to
the next position beyond the syntax element in the bitstream parsing process.

Table 2 — Examples of pseudo code

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

conditioning statement

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

{

statement

statement

}

/* A “while” structure specifies that the statement is to be evaluated repeated-
ly while the condition remains true. */

while ( condition )

statement

/* A “do ... while” structure exéoutes the statement once, and then tests the
condition. It repeatedly evaluates the statement while the condition remains
true. */

do

statement

while ( condjtion’)

/* An “if «€else” structure tests the condition first. If it is true, the primary
statement 1S evaluated. Otherwise, the alternative statement is evaluated. If
the alternative statement is unnecessary to be evaluated, the “else” and corre-
sponding alternative statement can be omitted. */

if(‘condition )

primary statement

else

alternative statement

/* A “for” structure evaluates the initial statement at the beginning then tests
the condition. If it is true, the primary and subsequent statements are evaluat-
ed until the condition becomes false. */

for (initial statement; condition; subsequent statement )

primary statement

Parsing and decoding process are described using text and C-like pseudo language.
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5.11.2

Functio
a bitstr

Syntax functions

ns used for syntax description are explained in this section. It is assumed that the decoder has
eam position indicator. This bitstream position indicator locates the position of the bit that

is going to be read right next. A function consists of its name and a sequence of parameters inside of
parentheses. A function may not have any parameters.

byte_aligned()

The fun

ction byte_aligned () returns TRUE if the current position is on a byte boundary. Otherwise, it

returng
next_bi

The fu
indicat

byte_al

If the ¢
byte-al

position of the bitstream is byte-aligned, returns n bits from the current position, MSB first. The curren{

bitstred
next_st

The ney

is_end_

This fu
Table 4

FALSE.
Es(n)

ction returns the next n bits from the bitstream, MSB first. The current bitstredm positior
r is not changed. If the remaining number of bits to be read are less than n, it returfis 0.

gned_next_bits(n)

urrent position of the bitstream is not byte-aligned, returns n bits heginning from the nex
gned position, MSB first. The current bitstream position indicator is not'¢hanged. If the currenf

m position is not changed. If the remaining number of bits to be read is less than n, it returns 0

hrt_code( )

t_start_code() function locates the next start code. It is defined in Table 3.

Table 3 — next_start_code() function

next_start_code() { Descriptor
stuffing_bit 1"
stuffing_bit "1
while (! byte_aligned())
stuffing_bit '0'
while ( next_bits(24) !='0000 0000 0000 0000 0000 0001")
stuffing_byte '0000 0000’
}
bf_slice( )

ction tests if he current position is at the end of the slice. The function’s definition is shown ix

Table 4 — Function’s definition of the end of the slice

ishend_of_slice () { Descriptor

14

if( byte_aligned () ) {
if( next_bits(32) ==0xc0000001 )
return TRUE /* end of slice */

}

else {
if( ( ( byte_aligned_next_bits(24) == 0x000001 ) ||
( byte_aligned_next_bits(32) == 0x80000001 ) ) &&
is_stuffing_pattern() )

return TRUE /* end of slice */
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Table 4 (continued)

}
return FALSE

}

is_stuffing_pattern()

This function tests whether the remaining bits of the current byte or the next byte (in case the current
ohite Tha Lhln C

PUSV-E 1 S P-CTUR Dol FOTT SNEEN LTRSS I PSS TPSNPNY SRR o 4 PP Fram b lo A fro s et o ol ez 300 T
POSTCIOIT TS Oy tCaltrg Tt ty;ar CSTuTTITTg OTCS T e TuriC o S OCTITIT trOT 15~ STIO VY IT T TaDTC— I

Table 5 — Function’s definition of stuffing bits

is_stuffing_pattern () { descriptor

if(n == 7) && (next_bits(1) == 1)) /* n, in the range 0..7, is the
bitstream position indicator in the current byte, when n is 0, the
bitstream position indicator indicates the MSB of the current byte. */

return TRUE

else if((n <7) && (next_bits(8-n) == (( 1<< (7-n) ) + ( 1<< (6-n))))
return TRUE

else
return FALSE

}
read_bits( n)

[his function returns n bits of the bitstream from the current position, MSB first. The bitstream
position indicator advances n bits. If n is equal\to 0, the function returns 0, and the bitstream jposition
ndicator does not move.

byntax functions can be also used for deScribing parsing process and decoding process.

5.11.3 Syntax descriptors

[he descriptors below specifyrthe parsing process of syntax elements.

(8)

A byte with arbitrary-value (8 bits). The parsing process for this descriptor is specified by thg return
Ualue of read_bits(8].

(n)
A bit string with n bits. The parsing process is specified by the returned value of read_bits(n).
(n)

Signed Integer with n bits. In syntax table, 1f n 1s "v’, the number of bits is determined by other syntax
elements. The parsing process is specified by the return value of read_bits(n), interpreted as two’s
complement representation with MSB first.

r(n)

A bit string with n bits equal to ‘0. The parsing process is specified by the returned value of read_
bits(n).

u(n)
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Unsigned integer with n bits. In syntax table, if n is ‘v’, the number of bits is determined by other syntax
elements. The parsing process is specified by the returned value of read_bits(n), interpreted as two’s
complement representation with MSB first.

ue(v)

Unsigned integer Exp-Golomb(Exponential Golomb) coded syntax element with the first bit on left. The

parsing

5.11.4

process is specified in subclause 9.2.

In the bitstream syntax defined by this document, the value of some syntax elements is marked"as

‘reserv

The ter
for futu
be used

The ter
conforn
particu
ignore {

6 So

6.1 S

This do
video s
reconst
frame 1

A fram
sample

Each el

6.2 C

This do
have ha
and ver

n a £, \ R A \ | ik
NCOSTT VO, IVI UIUUTIT dIIU IIIdI ANCT UIt

bd’ or ‘forbidden’.

 ‘reserved’, when used in the clauses specifying some values of a particular syntax-element, i
re uses. These values shall not be used in the bitstreams conforming to this doctiment, but may
in future extensions or revisions of this document.

In ‘forbidden’ specifies some values of syntax elements that shall not be used in the bitstreamf
ning to this document. marker_bit specifies a bit with value ‘1. reserved_bits specifies that somg
ar syntax elements are used for future extension of this document.(The decoding process shal
hese bits.

nrce, coded, decoded and output data formats

purce

cument only deals with coding of progressive-s¢ahned video sequences, and each picture in thg
bquence is a frame. The sequence, at the output of the decoding process, consists of a series of
ructed frames that are separated in time h{’a frame period which is the inverse of a specified
ate.

b consists of three matrices of integer samples: a luma sample matrix (Y), and two chromg
matrices (Cb and Cr).

bment of each colour component matrix has an integer value.

plour format

cument only dealswiith 4:2:0 colour format, in which the two chroma colour component matriceg
If the number ef Samples of the corresponding luma colour component matrix both horizontally
tically. The limd and chroma samples are positioned as shown in Figure 1.

16
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OO0 O g()@
OO0 000
O OO OO U
OO0 0O é@

Key
luma sample

>< chroma sample

Figure 1 — Position of luma and chroma samples in 4:2:0 format

h.3 Coded bitstream format

[he highest syntactic structure of the coded’video bitstream is the video sequence. A video s¢
rommences with a sequence header which'is followed by one or more coded frames. In front
‘rame, a frame header is present. The order of the coded frames in the coded bitstream is the bit
brder. The bitstream order is same &$the decoding order. The decoding order is not necessarily
'he output order. The video sequence is terminated by a sequence_end_code.

b.4 Sequence header;

A video sequence header commences with sequence header start code and is followed by a s
roded frame dataCA~sequence header is allowed to be repeatedly present in the bitstrea
bequence header-is called repeat sequence header. The main purpose of repeat sequence hg
broviding withhrandom access functionality. The first coded frame after a sequence header shal
‘rame. TheR frames after a sequence header only refer to frames appeared after the sequence h
s a requirement of bitstream conformance that if the bitstream is modified by removing all of t
breceditig any of the repeat sequence headers, then the resulting bitstream shall be a legal bit
rhat'conforms to this document.

quence
of each
stream
bame as

eries of
m. This
ader is
be anl
bader. It
he data
stream

6.5 Frame

A reconstructed frame is obtained by decoding a coded frame, i.e. a frame header, the optional

extensions immediately following it, and the frame data.

6.6 Frame types
There are three types of frames that use different coding methods:

— an Intra-coded (I) frame is coded using information only from itself;

© ISO/IEC 2019 - All rights reserved
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— a Predictive-coded (P) frame is a frame which is coded using motion compensated prediction
from past reference frames;

— aBidirectionally predictive-coded (B) frame is a frame which is coded using motion compensated
prediction from past or future reference frames.

This document defines three sub-types of P frames, which can be used for P frame coding in low delay
cases as shown in the Table 6. A non-reference P frame is not used as a reference frame for motion
compensated inter-frame prediction. A non-reference P frame with reference frame buffer (RPB)
swappi1g is referred as a non-reference P frame qrr‘nmpnnipd with the operation of RPB c\/\mpping
After d¢coding a non-reference P frame with RPB swapping, the last two decoded frames placed in RPH
shall exchange their positions in the buffer.

Table 6 — P frame sub-types

Name Value
P frame 1
Non-reference P frame 2
Non-reference P frame with RPB swapping 3

6.7 Slice

A slice is a series of an arbitrary number of consecutive macroblock$<The first and last macroblocks of
slice shall not be skipped macroblocks, it is a requirement of bitstream conformance that mb_part_type
is not efjual to zero when the macroblock is at the first or lastposition in the slice. Every slice containg
at leastjone macroblock. Slices shall not overlap. The positionof slices may change from frame to frame
Slices shall occur in the bitstream in the order in which th€y are encountered, starting at the upper-leff
of the ffame and proceeding by raster-scan order from left to right and top to bottom.

6.8 Macroblock

A slice |s partitioned into macroblocks. A miacroblock contains a section of the luma component and
the spafially corresponding chroma comperents. The term macroblock can either refer to source angd
decodedl data or to the corresponding coded data elements. A macroblock consists of 6 8x8 blocks. This
structufre holds 4 Y, 1 Cb and 1 Cr blacks and the block order is depicted in Figure 2.

0 1

Y Cb Cr

Figure 2 — Partitioning of a macroblock into 8x8 blocks (4:2:0 format)

6.9 Block

The term “block” can refer either to source and reconstructed data or to the transform coefficients or
to the corresponding coded data elements.

When “block” refers to source and reconstructed data, it refers to an orthogonal section of a luma or
chroma component with the same number of lines and samples.The size of a block can be either 4x4,
8x8 or 16x16.
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6.10 Frame re-ordering

When the sequence contains coded B frames, the number of consecutive coded B frames is variable and

shall be less than 127. The first coded frame after a sequence header shall not be a B frame.

The order of the coded frames in the bitstream, also called coded order, is the order in which a decoder
reconstructs them. The order of the reconstructed frames at the output of the decoding process, also
called the output order, is not always the same as the coded order and this subclause defines the rules

of frame re-ordering between the decoder input and decoder output.

s true in particular always when low_delay is one. When B frames are present in the seque
brdering shall be performed to produce the output order according to the following rules:

— If the current frame in coded order is a B frame, the output frame is the frame.reconstruct
that B frame;

— If the current frame in coded order is an I frame or P frame, the output frame is thg
reconstructed from the previous I frame or P frame if one exists. If none exists, at the star
sequence, no frame is output.

[he frame reconstructed from the final I frame or P frame is _gutput immediately after thg
reconstructed when the last coded frame in the sequence was removed from the VBV buffer.

['he following Figure 3 is an example for explaining re-ordering: there are two coded B frames b
successive coded P frames. The P frame with only intra coded blocks is marked as “I”. Frame ‘11
[0 form a prediction for frame ‘4P’. Frames ‘4P’ and ‘11’ are'both used to form predictions for fray
hind ‘3B’. Therefore the order of coded frames in thekgcoded sequence is “11’, ‘4P’, ‘2B’, ‘3B’”. Howe
lecoder outputs them in the order ‘1I’, ‘2B’, ‘3B’, ‘42,

At the encoder input:

1 2 3 4 5 6 7 8 9 10 11 12 13
| BB P B B P B B I B B P

At the encoder output, in the coded bitstream, and at the decoder input:

1 4 2 3 7 5 6 10 8 9 13 11 12
| P B B P B B I B B P B B

At the decoder output:

When the sequence contains no coded B frames, the coded order is the same as the output ander. This

nce, re-

bd from

b frame
t of the

b frame

etween
isused
nes ‘2B’
ver, the
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Figure 3 — Frame re-ordering example

6.11 Reference frames

P frame can use up to eight (at maximum) past frames as reference. B frame can refer up to one forward

reference frame or one backward reference frame.
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6.12 Inverse scanning processes and derivation processes for neighbours

6.12.1

General

This subclause specifies inverse scanning processes, i.e., the mapping of indices to locations, and
derivation processes for neighbours.

6.12.2

Inverse macroblock scanning process

Input td

Output
addresy

The inv|
— X =
R y =

6.12.3

Macrobllocks may be partitioned, and the partitions are scanned forinter prediction as shown ir

Figure
partitid

The funpctions MbPartWidth(), and MbPartHeight() describing the width and height of macroblocK

this process is a macroblock address mbAddr.

of this process is the location ( x, y ) of the upper-left luma sample for the macroblogk.with
mbAddr relative to the upper-left sample of the frame.

erse macroblock scanning process is specified as follows:
InverseRasterScan( mbAddr, 16, 16, PicWidth, 0 );
InverseRasterScan( mbAddr, 16, 16, PicWidth, 1 ).

Inverse macroblock partition scanning process

4. The outer rectangles refer to the samples in a macroblock. The rectangles refer to thg
ns. The number in each rectangle specifies the index of the.nverse macroblock partition scan.

partitigns are specified in Table 16, and Table 17. MbPartWidth() and MbPartHeight() are set tq
appropriate values for each macroblock partition, depending on the macroblock partition type (denoted
by mb_part_type).
1 16x16 2 16x8 2 8x16 4 8x8
malcroblock macroblock macroblock mac_ro_block
partition partitions partitions partitions
0 0 1
0 0 1
1 2 3

Figure 4 — Macroblock partitions

Input to this process is the index of a macroblock partition mbPartldx.

Output
mbPart

The inv

— X=
16,

20

of this process is the location (x, y) of the upper-left luma sample for the macroblock partition
Idx relative to the upper-left sample of the macroblock.

erse macroblock partition scanning process is specified by:

InverseRasterScan( mbPartldx, MbPartWidth( mb_part_type ), MbPartHeight( mb_part_type ),
0);
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— y = InverseRasterScan( mbPartldx, MbPartWidth( mb_part_type ), MbPartHeight( mb_part_type ),
16,1).

6.12.4 Inverse 8x8 luma block scanning process
Input to this process is the index of an 8x8 luma block luma8x8Blkldx within a 16x16 luma block.

Output of this process is the location ( x, y ) of the upper-left luma sample for the 8x8 luma block with
index luma8x8BIlkldx relative to the upper-left luma sample of the16x16 luma block.

Figure 5 shows the scan order for the 8x8 luma blocks.

0 1

Figure 5 — Scan order for 8x8 luma blocks

[he inverse 8x8 luma block scanning process is specifiedasfollows.
— x = InverseRasterScan( luma8x8Blkldx, 8, 8, 16,0.);
— y = InverseRasterScan( luma8x8Blkldx, 8, 8,16, 1 ).

6.12.5 Inverse 4x4 luma block scanning process
nput to this process is the index of a 4%4luma block luma4x4Blkldx within an 8x8 luma block.

Dutput of this process is the location ( x, y ) of the upper-left luma sample for the 4x4 luma block with
ndex luma4x4Blkldx relative to the upper-left luma sample of the 8x8 block.

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

0 1

Figure 6 — Scan order for 4x4 luma blocks

The inverse 4x4 luma block scanning process is specified as follows.
— x =InverseRasterScan( luma4x4Blkldx, 4, 4,8, 0)
— y = InverseRasterScan( luma4x4Blkldx, 4, 4,8, 1)

6.12.6 Derivation process of the availability for macroblock addresses

Input to this process is a macroblock address mbAddr.
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Output of this process is the availability of the macroblock mbAddr.
NOTE The meaning of availability is determined when this process is invoked.

The macroblock is marked as available, unless one of the following conditions is true in which case the
macroblock is marked as not available:

— mbAddr < 0;
— mbAddr > CurrMbAddr;

— thelmacroblock with address mbAddr belongs to a different slice than the current slice.

6.12.7 | Derivation process for neighbouring macroblock addresses and their availability

The oufputs of this process are:

— mbjAddrA: the address and availability status of the macroblock to the left of the cutrent macroblock
— mbAddrB: the address and availability status of the macroblock above the current macroblock;

— mbfAddrC: the address and availability status of the macroblock dbove-right of the currenf
magroblock;

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

Figure [ shows the relative spatial locations of the macroblocks with mbAddrA, mbAddrB, mbAddrC
and mbJAddrD relative to the current macroblock with CurrMbAddr.

mbAddrD mbAddrB mbAddrC

mbAddrA JCurrMbAddr

Figure 7 — Neighbouring macroblocks for a given macroblock

Input to the process in subclause 6.12.6 is mbAddrA = CurrMbAddr - 1 and the output is whether the
macroblock mbAddrA is available. In addition, mbAddrA is marked as not available when CurrMbAddr
% PicWidthInMbs is equal to 0.

Input to the process in subclause 6.12.6 is mbAddrB = CurrMbAddr - PicWidthInMbs and the output is
whether the macroblock mbAddrB is available.

Input to the process in subclause 6.12.6 is mbAddrC = CurrMbAddr - PicWidthInMbs + 1 and the output
is whether the macroblock mbAddrcC is available. In addition, mbAddrC is marked as not available when
( CurrMbAddr + 1) % PicWidthInMbs is equal to 0.
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Input to the process in subclause 6.12.6 is mbAddrD = CurrMbAddr - PicWidthInMbs - 1 and the output
is whether the macroblock mbAddrD is available. In addition, mbAddrD is marked as not available when
CurrMbAddr % PicWidthInMbs is equal to 0.

6.12.8 Derivation processes for neighbouring macroblocks, blocks, and partitions

6.12.8.1 General

Subclause 6.12.8.2 specifies the derivation process for neighbouring macroblocks.

bubclause 6.12.8.3 specifies the derivation process for neighbouring 8x8 luma blocks.

bubclause 6.12.8.4 specifies the derivation process for neighbouring partitions.

Ilable 8 specifies the values for the difference of luma location ( xD, yD ) for the inputiand the repldcement
for N in mbAddrN, mbPartldxN, and luma8x8BlkIdxN for the output.

[hese input and output assignments are used in subclauses 6.12.8.2 to 6.12.8.4. The yariable
predPartWidth is specified when Table 7 is referred to.

Table 7 — Specification of input and output assignments forsubclauses 6.12.8.2 to 6.12.8.4

N xD yD
A -1 0

B 0 -1
C predPartWidth -1
D -1 -1

Figure 8 illustrates the relative location of the:neighbouring macroblocks, blocks, or partitions|A, B, C,
hnd D to the current macroblock, partition;«o¥ block.

D B C
current

A macroblock
or partition
or block

Figure'8*— Determination of the neighbouring macroblock, blocks, and partitions (informative)

6.12.8.2 Derivation process for neighbouring macroblocks
Outputs of this process are:

— mbAddrA: the address of the macroblock to the left of the current macroblock and its availability
status; and

— mbAddrB: the address of the macroblock above the current macroblock and its availability status.
mbAddrN (with N being A or B) is derived as follows.

— The difference of luma location ( xD, yD ) is set according to Table 7.
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— The derivation process for neighbouring locations as specified in subclause 6.12.9 is invoked for
luma locations with ( XN, yN ) equal to ( xD, yD ), and the output is assigned to mbAddrN.

6.12.8.3 Derivation process for neighbouring 8x8 luma block

Input to this process is an 8x8 luma block index luma8x8BIkIdx.

The luma8x8Blkldx specifies the 8x8 luma blocks of a macroblock in a raster scan.

Output

s of this process-are:

— mb
ma

— Juma8x8BlkldxA: theindex ofthe 8x8lumablockto theleftofthe 8x8 block withindexluma8x8BlkldH

and

— mb
ma

— lunpa8x8BlkldxB: the index of the 8x8 luma block above the 8x8 block with index luma8x8BIkIds

an(
mbAdd
— The
— Th

—  Thg

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

—  The

6.12.8.
Inputs {
— an]

Output

AddrA: either equal to CurrMbAddr or the address of the macroblock to the left of the cuxrent
croblock and its availability status;

its availability status;
AddrB: either equal to CurrMbAddr or the address of the macroblock labove the current
croblock and its availability status;
its availability status.

N and luma8x8BlkIdxN (with N being A or B) are derived as follows.

 difference of luma location ( xD, yD ) is set according to Table 7.

e lJuma location ( xN, yN ) is specified by:
xN = (luma8x8Blkldx % 2 ) * 8 + xD;
yN = (luma8x8Blkldx / 2 ) * 8 + yD.

 derivation process for neighbouring lpcations as specified in subclause 6.12.9 is invoked fol

b variable luma8x8BlkIdxN is derived as follows.
If mbAddrN is not available,'lJuma8x8BlkIdxN is marked as not available.

Otherwise (mbAddrN iS available), the 8x8 luma block in the macroblock mbAddrN covering the
luma location ( xW, yW-) is assigned to luma8x8BIlkIdxN.

i Derivation process for neighbouring partitions
o this process are
acrobleck partition index mbPartldx.

5 of this process are:

— mbAddrA\mbPartldxA: specifying the macroblock partition to the left of the current macroblock
and its availability status;

— mbAddrB\mbPartldxB: specifying the macroblock partition above the current macroblock and its
availability status;

— mbAddrC\mbPartldxC: specifying the macroblock partition to the right-above of the current
macroblock and its availability status;

— mbAddrD\mbPartldxD: specifying the macroblock partition to the left-above of the current
macroblock and its availability status.

24
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mbAddrN and mbPartldxN (with N being A, B, C, or D) are derived as follows.

— The inverse macroblock partition scanning process as described in subclause 6.12.3 is invoked with

mbPartldx as the input and ( %, y ) as the output.

— The variable predPartWidth in Table 7 is specified as follows.
predPartWidth = MbPartWidth( mb_part_type ).

— The difference of luma location ( xD, yD ) is set according to Table 7.

— The neighbouring luma location ( xN, yN ) is specified by:
— xN=x+xD;

— yN=y+yD.

luma locations with ( XN, yN ) as the input and the output is assigned to mbAddrN and ( xW,

— Depending on mbAddrN, the following applies.

available.

— Otherwise (mbAddrN is available), the following applies.

yW ) is assigned to mbPartldxN.

mbPartldxN is marked as not available.

b.12.9 Derivation process for neighbouring locations

nput to this process is a luma or chroma location ( XN, yN ) expressed relative to the upper leff
bf the current macroblock.

Dutputs of this process are:

(xN, yN) and its availability status;

mbAddrN{rather than relative to the upper-left corner of the current macroblock).

maxWHis“derived as follows.

—- If this process is invoked for neighbouring luma locations:

maxWH = 16
— Otherwise (this process is invoked for neighbouring chroma locations):
maxWH =8

The derivation process for neighbouring macroblock addresses and their availability in su

— The derivation process for neighbouring locations as specified in subclause 6.12.9 is invgked for

yW).

— If mbAddrN is not available, the macroblock partition mbAddrN\mbPartIdxN is markefl as not

— The macroblock partition in the macroblock mbAddrN covering the luma locatidn ( xW,

— When the partition given by mbPartldxN is not yet decoded, the macroblock pprtition

corner

— mbAddrN: either equal'to CurrMbAddr or to the address of neighbouring macroblock that dontains
— ( xW, yW ):the location (xN, yN) expressed relative to the upper-left corner of the macroblock

et maxWHbe a variable specifying a maximum value of the location components xN, yN, xW, and yW.

bclause

6.12.7 is invoked with mbAddrA, mbAddrB, mbAddrC, and mbAddrD as well as their availability status

as the output.

Table 8 specifies mbAddrN depending on ( xN, yN ).
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Table 8 — Specification of mbAddrN

The nei
is deriv]
xW|

yW

7 Syl

7.1 Bitstream syntax

7.1.1
Start cd

Each st

xN yN mbAddrN

<0 <0 mbAddrD

<0 0. maxWH -1 mbAddrA

0.maxWH -1 <0 mbAddrB
0.maxWH -1 0.maxWH -1 CurrMbAddr

>maxWH -1 <0 mbAddrC
>maxWH -1 0..maxWH -1 not available
>maxWH -1 not available

bhbouring luma location ( xW, yW ) relative to the upper-left corner of the macroblock mbAddrN
ed as:

= (xN + maxWH ) % maxWH;
= (yN + maxWH ) % maxWH.

ntax and semantics

Start codes
des are specific bit patterns that do not otherwiseeccur in the video bitstream.

hrt code consists of a start code prefix followed by a start code suffix. The start code prefix is §

byte-al
The stal

The start code suffix is an eight-bit integerswhich denotes the type of start code. Most types of starf

codeh

code sufffix value in the range of 0x00 to-0xAF; in this case the start code suffix value is interpreted as

the slic

Table 9

gned string of twenty-three bits with the valie zero followed by a single bit with the value one
t code prefix is thus the the byte-alignedbit string ‘0000 0000 0000 0000 0000 00071".

e just one associated value of the'start code suffix. However, a slice_start_code may have a starf

p_vertical_position syntax elémeént for the slice.

specifies the start codeSuffix values that are allowed in the video elementary bitstream.

Table 9 — Start codes and start code suffix values

Start code name Suffi)((izzc;\ilrl:lz{)l{ exa-
slice_start_code 00..AF
video_sequence_start_code BO
video_sequence_end_code B1
user_data_start_code B2
i_frame_start_code B3
reserved B4
reserved B5
pb_frame_start_code B6
video_edit_code B7
reserved B8

When considering the values that may occur in the syntax elements of the bitstream, it is important

to ensu

26

re that the pattern of bits that represents other syntax elements cannot emulate the start code
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prefix pattern. It is thus a requirement of bitstream conformance that the bit string pattern of a start

code prefix (i.e., the bit string ‘0000 0000 0000 0000 0000 0001’) shall not occur in the bitst

ream in

any byte-aligned position other than the positions in which start codes are specified to appear in the

bitstream syntax specification that follows.

At the beginning of the decoding process, the decoder initializes its current position in the byte stream

to the beginning of the bitstream. It then extracts and discards each zero byte (if present),

moving

the current position in the bitstream forward one byte at a time, until the current position in the byte
stream is such that the next three bytes in the bitstream form the bit string ‘0000 0000 0000 0000

AYAYAYAWAVaVat: R

pUUUU0UT

[he decoder then performs the following process repeatedly to extract and decode thechyte
Iintil the end of byte stream has been encountered.

stream is set equal to the position of the byte following this three-byte sequénce.

bit string ‘0000 0000 0000 0000 0000 0010’, these three bytes are exfracted, the two LSBs

of the byte following this three-byte sequence; otherwise, the(current byte is extracted
current position is moved forward to the position following thishbyte.

decoding process:
1) A subsequent byte-aligned three-byte sequence.equal to 0x000000, or
2) A subsequent byte-aligned three-byte sequence equal to 0x000001, or

3) The end of the byte stream, as determined by unspecified means.

end of the byte stream has been encountered (as determined by unspecified means).
7.1.2 Video sequence

7.1.2.1 Sequence

stream

— The next three-byte sequence in the byte stream is extracted and the current-pesition in the byte

— Ifthe current position in the byte stream is such that the next three bytes.in the bitstream fprm the

bf these

three bytes are dropped, and the current position in the byte streadm is set equal to the position

and the

— When one of the following conditions is met, the extracted bitstream segment is decoded by the

— When the current position in the byte'stream is not at the end of the byte stream (as determined by
unspecified means) and the next bytes in the byte stream do not start with a three-byte s¢quence
equal to 0x000001, the decoder-extracts and discards each zero byte syntax element, moying the
current position in the byte stréam forward one byte at a time, until the current position in the byte
stream is such that the next bytes in the byte stream form the three-byte sequence 0x00000[1 or the

video_sequence() { descriptor
do.{
start_code_prefix f(24)
start_code_type f(8)
if(start_code_type != video_sequence_end_code &&
start_code_type != video_edit_code) {

if(start_code_type == video_sequence_start_code)

sequence_header( )

else if(start_code_type == user_data_start_code)

user_data()

else if(start_code_type ==i_frame_start_code)

i_frame_header()

else if(start_code_type == pb_frame_start_code)

© ISO/IEC 2019 - All rights reserved
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pb_frame_header()
else if(start_code_type == slice_start_code)
slice()

}
} while ((next_bits(24) == ‘0000 0000 0000 0000 0000 0001"))

7.1.2.2 Sequence header

[

sequeﬂce_header() { descriRth
profile_id u(8) >’
level_id u(ép ’
horizontal_size 05@'({4)
vertical_size ‘\b‘“ u(14)
chroma_format - "\' u(2)
sample_precision o - u(3)
aspect_ratio ﬁo\\ u(4)
frgme_rate_code s(\\O u(4)
bif_rate_lower / o u(18)
mgrker_bit AQ‘ f(1)
bit_rate_upper \\\( u(12)
low_delay R u(l)
marker_bit Qd() f(1)
vby_buffer_size h$ - u(18)
ab}_enable R\¢ u(1)
if_type ‘ \O u(1)
reserved_bits \,\‘{‘ r(4)
next_start_code() . [N

} N\

QU
7.1.2.3| User data :
O

user_dgta() { X N7 descriptor

whijle (next_bitgﬁé@ 1'=‘0000 0000 0000 0000 0000 0001’) {
user_d Wyte b(8)

RS

y AT

®
7.1.3 Frame

7.1.3.1 1Frame header

i_frame_header() { descriptor
vbv_delay u(16)
time_flag u(1)

if(time_flag == ‘1") { /* Time code syntax elements */

drop_frame_flag u(1)
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time_code_hours u(5)
time_code_minutes u(6)
time_code_seconds u(6)
time_code_frames u(6)
}
marker_bit f(1)
frame_distance u(8)
if(low_delay == ‘1") . Oy
vbv_check_times Q}R’v)
fixed_frame_level_qp 0 u(1)
if(fixed_frame_level_qp) G,\‘/:)
frame_qp . b&bv u(6)
reserved_bits I\D‘ r(4)
loop_filter_disable O u(l)
if('loop_filter_disable) { f-\\\v
alpha_threshold Ko u(8)
beta_threshold Q u(6)
) &
next_start_code() N QV
} o>
o
7.1.3.2 PB Frame header \$®
pb_frame_header() { 4\“’ descrriptor
vbv_delay ‘ \O u(16
frame_coding_type \\\b u(2)
frame_sub_type . [N u(2)
frame_distance QN u(8)
if(low_delay == 1) -~
vbv_check_tintes ue(v)
fixed_framg_@_qp u(1)
if(fixed_frdine. level_qp)
fran@iéﬁ; u(6)
no A ard_reference_flag u(1)
_aeserved_bits r(3)
%l\oop_filter_disable u(1)
if('loop_filter_disable) {
alpha_threshold u(8)
beta_threshold u(6)
}
next_start_code()
}
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7.1.4 Slice
slice() { Descriptor
if(vertical_size > 2800)
slice_vertical_position_extension u(3)
if(!fixed_frame_level_qp) {
fixed_slice_level_qp u(1)
shee—gp w63
) NS
dolf aQ°
if(lis_end_of_slice()) { 0y
macroblock() O<O'
aec_mb_stuffing_bit ‘ b(b“ ae(v)
} o
} while (lis_end_of slice()) &
next_start_code() ,,O\‘
} N\~
o
7.1.5 |Macroblock Q<<
L
7.1.5.1] General S\Q\
.
macrobplock() { ) \‘g\v descriptor
if(FrameType != 0) { /* 0: [ frame */ . O.Q\
mb_part_type AQ\V ae(v)
f((FrameType == 2) && (MbPartTyReL?&vB_Skip’)) {/*2:Bframe */
if(MbPartType == ‘B_16x16") <"
mb_pred_type A ae(v)
else if((MbPartType == ‘B.16x8") || (MbPartType == ‘B_8x16)) {
mb_pred_type ( ,\) ae(v)
mb_pred_type () .- ae(v)
} N’
else if(MbPArpType == ‘B_8x8") {
mb 7Rxxgﬁ:type ae(v)
m&)réd_type ae(v)
&Bﬁ_pred_type ae(v)
“2 mb_pred_type ae(v)
}
}
else if(FrameType == 1) { /* 1: P frame */
if(MbPartType == ‘P_16x16’)
mb_pred_type ae(v)
else if((MbPartType == ‘P_16x8’) || (MbPartType == ‘P_8x16")) {
mb_pred_type ae(v)
mb_pred_type ae(v)
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}
else if(MbPartType == ‘P_8x8") {
mb_pred_type ae(v)
mb_pred_type ae(v)
mb_pred_type ae(v)
mb_pred_type ae(v)
}
} /* P frame */ . Oy
} SN
if(MbPartType == ‘I_Block’) /* intra macroblock */ 0 g
mb_trans_type G,\;D ae(v)
if((FrameType == 1) && (RefPicNumber > 1)) { . b(g)v
if(MbPartType !=‘I_Block’) { N
for (i=0; i<MvNum; i++) (/C)
reference_frame_index f-\\\v ae(v)
} Ko
} S
if(MbPartType == ‘I_Block’ ) {
if(mb_trans_type == 0) /* 16x16 */ Y
intra_luma_pred_mode ;‘Q\\ ae(v)
else { W< )
for (i=0; i<4; i++) { /* 8x8 %/ R
submb_trans_type ’\\Q\ ae(v)
if(submb_trans_type) { xO\\
for(j=0;j<4;j++) r\‘j‘_\'
intra_luma_p’r\@imode ae(v)
} \ .
else _OV
intra_)lgfp&'_pred_mode ae(v)
} <
e
intr;a@}foma_pred_mode ae(v)
b QF
cj)\‘ for (i=0; i< MvNum; i++) {
mv_diff x aetv)
mv_diff_y ae(v)
}
}
coded_block_pattern()
if((MbCBP > 0) && (! FixedQP))
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mb_qp_delta ae(v)
block()

}

NOTE MvNum = MbPartMvNum *(16*16) / (MbPartWidth(mb_part_type) * MbPartHeight(mb_part_type))

7.1.5.2 Coded block pattern

coded_|plock_pattern(] { ~
if(nb_trans_type == 0) { /* 16x16 */ N\~
Cbp_luma_bit aem(]/v
f(cbp_luma_bit) L 0y~

Vi

MbCBP = 0xFFFF o

else { O
for (i=0; i<4; i++) { /* 8x8 */ A\QO
if(submb_trans_type) { O\U‘
for(j=0;j <4 j+4) { N
cbp_luma_bit &> ae(v)
MbCBP += cbp_bit << (4*i+) Qv

} (o)
else {

cbp_luma_bit oY ae(v)
if(cbp_luma_bit) &)
MbCBP += OxF << (4*1) .~

} Y
\J

] <.
Cbp_chroma_bit ,-\%\ ae(v)
f(cbp_chroma_bit) { QV
cbp_chroma_al],g\@z’ero_bit ae(v)
if(cbp_chromdlﬁonzero_bit)
MbCBP 45.0xFF0000
else { A?*\
E@s}c/hroma_nonzero_bit ae(v)
,&éﬁ)_chroma_nonzero_bit)
MhCRP += 0xF00000

else
MbCBP += 0xF0000
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7.1.6 Block

block() { Descriptor
if(mb_trans_type == 16x16) {
if(MbCBP & 1) {
do {
trans_coefficient ae(v)

A azhila (b ~on fficinnt | ‘DNAD’
v e trar S _CotTIeIee oD

A
J

} a>»
else { o;b ’
if(submb_trans_type == 0) { /* 8x8 */ O\Q)'
for(i=0;i<4;i++){ ‘ b(b‘J
if(MbCBP & (1<< i*4)) { Y

do { &
trans_coefficient _OY ae(v)
} while (trans_coefficient != ‘EOB’) &\\O

} N
else{ /* 4x4 */ R
for (i=0;i<4;i++) { 7
for(j = 0;j < 4; j++) { R\
if(MbCBP &(1 << (i*4 + ) £~
do { O
trans_coefficig@\t ae(v)
} while (trans._gogfficient 1= ‘EOB’)

} N\

RS
for(i =@.‘;§~< 2; i++) { /* chroma */
if(MbCBP & (1 << (16+4*1)) {
4\ do{
c,)\ trans_coefficient ae(v)
} while (trans_coefficient = ‘EOB’)

}
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7.2 Video bitstream semantics

7.2.1 Startcode
start_code_prefix - the bit string ‘0x000001". It indicates the prefix of a start code.

start_code_type - an 8-bit unsigned integer. It indicates the type of header.

7.2.2 Video sequence

7.2.2.1| Sequence header
profile|id - an 8-bit unsigned integer. It indicates the profile of a bitstream, as specified in subclause 10.2

level_id - an 8-bit unsigned integer. It indicates the level of a bitstream, as specified in sufyclause 10.3.

horizontal_size - a 14-bit unsigned integer. It specifies the width of the displayable/part of the lumd
comportjent of the frames in samples. The width of the corresponding displayable, part of the chromz
comporjent of the frames in samples is horizontal_size / 2. In order ensure<that the chroma width
is exactly half the luma width, horizontal_size shall be a multiple of 2. In—erder to avoid start codg
emulation and null video content, horizontal_size shall not be zero. The displayable part is left-aligned
in the epcoded frames.

The width of the encoded frames in macroblocks, PicWidthInMbs,is{ horizontal_size + 15) / 16.

verticall_size - a 14-bit unsigned integer. It specifies the height of the displayable part of the lum3
comporfent of the frames in samples. The height of the corresponding displayable part of the chrom3
comporjent of the frames in samples is vertical_size / 2. In order ensure that the chroma width is exactly
half the{luma width, horizontal_size shall be a multiple of:2. In order to avoid start code emulation and nul
video content, vertical_size shall not be zero. The displayable part is top-aligned in the encoded frames.

The height of the encoded frames in macroblocks, PicHeightInMbs, is (vertical_size + 15) / 16.
The width and height of the luma componentiof the coded frames are calculated by:

— PicWidth = PicWidthInMbs * 16;

— PicHeight = PicHeightInMbs *-16:

NOTE The relation of horizontal_size, vertical_size and frame boundaries is shown in Figure 9. Solid lines
represent the boundaries of the-displayable area, for which the luma width and the height are horizontal_sizg
and vertical_size, respectively; dash lines represent the boundaries of the encoded frame, for which the width

and the height are PicWidth’and PicHeight, respectively. For example, if the horizontal_size is 1920, and vertical]
size is 1080, the PicWidth'is 1920, and the PicHeight is 1088.
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Key

horizontal_size
vertical_size
PicWidth
PicHeight

Figure 9 — Luma component frame boundaries

chroma_format - a 2-bit unsigned integer. It specifies the chroma component format. Refer to ]
for its semantics. 01 indicates 4:2:0 format, andother values are reserved for future use.

Table 10 — Chroma format

chroma_format Description
00 Reserved
01 4:2:0
10 Reserved
11 Reserved

sample_precision ~‘\a’/3-bit unsigned integer. It specifies the precision of luma and chroma s
Refer to Table 11for-its semantics. 001 indicates the precision of luma and chroma sample is 8
bther values arevreserved for future use.

Table 11 — Sample precision

able 10

amples.
bit, and

sample_precision Description
000 Forbidden
001 The precision of luma and chroma sample is 8-bit.
010 ...111 Reserved

aspect_ratio - a 4-bit unsigned integer. It specifies the sample aspect ratio (SAR) or display aspect
ratio (DAR) of reconstructed frames. Refer to Table 12 for its semantics.
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Table 12 — Aspect ratio information

aspect_ratio SAR DAR
0000 Forbidden Forbidden
0001 1.0 —
0010 — 4 +3
0011 — 16 +9
0100 — 2.21+1
0101 -1111 — Reserved
The whple reconstructed frame is mapped to the whole active display area as follows:
SAR = (PAR * horizontal_size) + vertical_size
NOTE |horizontal_size and vertical_size are restricted by the SAR and selected DAR ofiasource frame.
frame_frate_code - a 4-bit unsigned integer. It specifies the frame rate. Refer to Table 13 for it
semantjcs.
Table 13 — Frame rate codes
frame_rate_code Frame rate
0000 Forbidden
0001 24000 + 1009(23.967...)
0010 24
0011 25
0100 30000 + 1001 (29.97..)
0101 30
0110 50
0111 60000 + 1001 (59.94..)
1000 60
1001 - 1111 Reserved
The tinfe interval between two stccessive frames is reciprocal of frame rate.
bit_ratg¢_lower - the low-order-18 bits of BitRate.
bit_rate_upper - the highorder 12 bits of BitRate.
BitRate|= (bit_rate_upper << 18) + bit_rate_lower
BitRatelis calculated in units of 400 bits/s and it expresses a ceiling on the video bit rate. BitRate shal
not be ().
low_de]ay/- flag. ‘1’ indicates that the sequence does not contain any B frames, that the frame re

ordering delay is not present.

vbv_buffer_size - a 18-bit unsigned integer. It specifies the requirement for bitstream buffer size of VBV
for decoding. BBS is the minimum bitstream buffer size in bits for video decoding, and it is calculated by

BBS =16 * 1024 * vbv_buffer_size

The VBV operation and associated conformance requirements are specified by Rec. ITU-T H.262 | ISO/
IEC 13818-2:2013, Annex C.

abt_enable - flag. ‘1’ indicates that either 16x16, 8x8 or 4x4 transform can be used in transform coding,
"0" means only 8x8 transform is used in transform coding.
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if_type - flag. ‘1’ indicates that either 4-tap, 6-tap or 10-tap filter can be used in luma component
interpolation, ‘0’ means that only 6-tap filter is used in luma component interpolation. These
interpolation filters are specified in subclause 8.3.3.3.

7.2.2.2 User_data

user_data_byte - an 8-bit integer. User data is defined by users for their specific applications. In the
series of consecutive user_data bytes there shall not be a bit string of 23 or more consecutive zero bits.

7.2.3 Frame

7.2.3.1 IFrame header

ybv_delay - a 16-bit unsigned integer. In all cases other than when vbv_delay has thevalue hexaflecimal
FFFF, the value of vbv_delay is the number of periods of a 90 kHz clock derived fromthe 27 MHz{system
Clock that the VBV waits after receiving the final byte of the frame start code before decoding the
‘rame. vbv_delay shall be coded to represent the delay as specified above or it shall be coded With the
Ualue hexadecimal FFFF. If any vbv_delay field in a sequence is coded with‘héxadecimal FFFF, then all of
rhem shall be coded with this value. The VBV operation and associated conformance requiremgnts are
specified by Rec. ITU-T H.262 | ISO/IEC 13818-2:2013, Annex C.

fime_flag - flag. ‘1’ indicates that drop_frame_flag, time_code-hours, time_code_minutes, timp_code_
seconds, and time_code_frames are present in the bitstrean); ‘0’ indicates that these syntax elements
hre not present in the bitstream.

drop_frame_flag, time_code_hours, time_code_minutes, time_code_seconds, and time_code_
[rames are unsigned integers that correspond to these defined in IEC 60461. These syntax elements
hre associated with the first frame in display orderafter a sequence header. The range of allowed values
for these syntax elements is shown in Table 14.

Table 14— Time code syntax elements

Syntax element Value Descriptor
drop_frame_flag 0,1 u(1)
time_code_hours 0..23 u(5)
time_code_minutes 0..59 u(6)
time.code_seconds 0..59 u(6)
time_code_frames 0..59 u(6)

frame_distance,=<"an 8-bit unsigned integer. It specifies the frame order of I or P frame, in modulo 256
bperation.

ybv_check! times - If low_delay is equal to ‘0’, vbv_check_times is not present in the bitstream and
VbvCheckTimes is set to 0. If vbv_check_times is present in the bitstream, VbvCheckTimes is optained
ithvparsing vbv_check_times. The value of vbv_check_times shall be less than 216-1. VbvChedkTimes
bl 1 indicatesthe times VBV buffer has bheen checked The VBV operation and associated confolrmance

requirements are specified by Rec. ITU-T H.262 | ISO/IEC 13818-2:2013, Annex C.

fixed_frame_level_qp - flag. ‘1’ indicates the quantization parameter does not change in the frame, ‘0’
indicates the quantization parameter may change. The fixed quantization parameter flag FixedQP is set
to fixed_frame_level_qp after fixed_frame_level_qp is parsed.

frame_qp - a 6-bit unsigned integer. It specifies the quantization parameter of the frame, ranging from
0 to 63 inclusive.

loop_filter_disable - flag. It specifies whether the operation of de-blocking filter is disabled. ‘1’
indicates the de-blocking filter operation is disabled, ‘0’ indicates the de-blocking filter is used.
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alpha_threshold- a 8-bit unsigned integer. It specifies a threshold of level difference between the
border samples across one block edge.

beta_threshold - a 6-bit unsigned integer. It specifies a threshold of level difference between the
border samples on the same side of one block edge.

7.2.3.2 PB frame header

frame_coding_type - a 2-bit unsigned integer. It specifies the coding type of a frame. Its semantics are
definedrimTabte15:

Table 15 — Coding type of a frame

frame_coding_type Coding type FrameType
00 Forbidden -
01 Forward inter prediction (P) 1
10 Bidirectional inter prediction (B) 2
11 Reserved -

frame_sub_type - a 2-bit unsigned integer. It specifies the sub-type of-P-frames. Its semantics arg
defined in Table 6.

no_forward_reference_flag - flag. ‘1’ indicates that current frame‘does not use past reference frames
for forward prediction, ‘0’ indicates that current frame can use.past reference frames for forward
predictjon.

See subiclause 7.2.3.1 for other syntax elements of PB frame header.

7.2.4 |[Slice

slice_vertical_position_extension - a 3-bit unsigned integer. If vertical_size of a coded frame is lesg
than orlequal to 2800, slice_vertical_position,_extension shall not be present in the bitstream.

MbRow that indicates the number of macreoblock rows in the current slice is derived by:
if( vertlzal_size >2800)
MbRow = ( slice_vertical_p0sition_extension << 7 ) + slice_vertical_position

else

MbRow = slice_veftical_position

fixed_slice_level_gp - flag. ‘1’ indicates that the quantization parameter in the slice does not change
while ‘0’ indicates’that the quantization parameter may change. The fixed quantization parameter flag
FixedQP is equal to fixed_slice_level_qp after fixed_slice_level_qp is parsed.

slice_qp =a 6-bit unsigned integer. It specifies the quantization parameter of a slice, ranging from 0 td
63, inclusive.

aec_mb_stuffing_bit - flag. The aec_mb_stuffing_bit of the last macroblock of a slice shall be ‘1".
7.2.5 Macroblock

7.2.5.1 General

mb_part_type - It indicates the partition type of a macroblock. The semantics depends on the frame
coding type.
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Tables and semantics are specified for the various partition types for macroblocks in P and B frames.
Each table presents the value and name of mb_part_type (given by the MbPartType), the width of
macroblock partitions(given by the MbPartWidth(mb_part_type)), and the height of macroblock
partition (given by the MbPartHight(mb_part_type)).

— If current frame is a P frame,
Refer to Table 16 for the semantics of mb_part_type.

— Otherwise, if current frame is a B frame,

Refer to Table 17 for the semantics of mb_part_type.

Table 16 — MbPartTypes of macroblocks in P frames

mb_part_type MbPartType MbPartWidth(mb_part_type) MbPartHight(mb_part_type)
0 P_16x16 16 16

1 P_8x16 8 16

2 P_16x8 16 8

3 I_Block 16 16

4 P_8x8 8 8

Table 17 — MbPartTypes of macreblocks in B frames

mb_part_type MbPartType MbPartWidth(mb_part_type) |MbPartHight(mb_part_type)
0 B_Skip 16 16

1 B_16x16 16 16

2 B_8x16 8 16

3 B_16x8 16 8

4 I_Block 16 16

5 B_8x8 8 8

mb_trans_type - flag. It indiecates the transform type of an intra macroblock (given |by the
MbTransformType). If mb_trans_type is 0, the MbTransformType is set equal to ‘Trans|16x16’
Dtherwise, the MbTransfarnType is set equal to ‘Trans_8x8’.

For the inter macroblock, the MbTransformType is determined by the value of mb_part_type. If hoth the
MbPartWidth(mb.part_type) and the MbPartHight(mb_part_type) are 16, the MbTransformType is set
bqual to ‘“Trans_16x16’. Otherwise, the MbTransformType is set equal to “Trans_8x8’.

reference_frame_index - It indicates the reference frame index of a macroblock partition.

RefPicNuriber is a variable to indicate the number of available reference frames in reference¢ frame
buffer/it is initialized to 0 at the beginning of one video sequence. RefPicNumber is updated as specified
nrsubclause 8.6.

mb_pred_type - It indicates the inter prediction type of each macroblock partition.

Tables 18 to 21 specify the semantics for the various inter prediction types for macroblock partitions
in P and B frames. Each table lists the value and name of mb_pred_type (given by the MbPredType), the
number of motion vectors of a macroblock partition in the bitstream (given by the MbPartMvNum), and
the prediction mode of a macroblock partition (given by the MbPartPredMode).

— Ifcurrent frame is a P frame,

Refer to Table 18 and Table 21 for the semantics of mb_pred_type.
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— Otherwise, if current frame is a B frame,

Refer to Table 20 and Table 21 for the semantics of mb_pred_type.

Table 18 — MbPredTypes of P_16x16 macroblock

mb_pred_type MbPredType MbPartMvNum MbPartPredMode
0 Pred_Skip 0 Forward
2 Pred_Fwd 1 Forward
3 Pred_Mh 1 Forward

Table 19 — MbPredTypes of P_16x8, P_8x16, and P_8x8 macroblocks

mb_pred_type MbPredType MbPartMvNum MbPartPredMode
0 Pred_Fwd 1 Forward
1 Pred_Mh 1 Forward

Table 20 — MbPredTypes of B_16x16, B_16x8, and B_8x16 macroblocks

mb_pred_type MbPredType MbPartMvNum MbPartPredMode
0 Pred_Bck 1 Backward

2 Pred_Fwd 1 Forward

3 Pred_Sym 1 Bidirectional

Table 21 — MbPredTypes of B.8x8 macroblock

mb_pred_type MbPredType MbPartMvNum MbPartPredMode
0 Pred_Skip 0 Bidirectional

1 Pred_Fwd 1 Forward

2 Pred_Bck 1 Backward

3 Pred_Sym 1 Bidirectional

submb|trans_type - flag. It indicates the transform type of an 8x8 block (given by thg
SubMbTransformType). If submb(trans_type is 0, the SubMbTransformType is set equal to “Trans_8x8
Otherwise, the SubMbTransforimType is set equal to ‘Trans_4x4’.

intra_liima_pred_mode. L1t specifies the type of intra prediction used for luma blocks (the block sizg
can be ¢ither 16x16, 8x8-or 4x4).

intra_chroma_pred_mode - It specifies the type of intra prediction used for chroma blocks (the blocK
size is §x8).

mv_diff_x - the horizontal motion vector component difference. it is in one-quarter luma sample units
in range from -4096 to 4095 (the range is -1024 to 1023.75 in luma sample units).

mv_diff_y - the vertical motion vector component difference. it is in one-quarter luma sample units, in
range from —4096 to 4095 (the range is -1024 to 1023.75 in luma sample units).

mb_qgp_delta - It indicates the increment of current quantization parameters relative to predicted
quantization parameters.

7.2.5.2 Coded block pattern
cbp_luma_bit - flag. It is used to indicate whether a luma block (the block size can be either 16x16, 8x8

or 4x4) contains nonzero quantized coefficients. If cbp_luma_bit is 1, the luma block contains nonzero
quanization coefficients; otherwise, the luma block contains all-zero quantized coefficients.
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cbp_chroma_bit - flag. It is used to indicate whether both the Cb and Cr chroma blocks (the block size
is 8x8) in a macroblock contains all-zero quantized coefficients. If cbp_chroma_bit is 1, the Cb or Cr
chroma blocks in a macroblock contain nonzero quantized coefficients; otherwise, both the Cb and Cr
chroma blocks in a macroblock contain all-zero quantized coefficients.

cbp_chroma_allnonzero_bit - flag. [t is used to indicate whether both the Cb and Cr chroma blocks (the
block size is 8x8) in a macroblock contains nonzero quantized coefficients. If cbp_chroma_allnonzero_
bitis 1, both the Cb and Cr chroma blocks in a macroblock contain nonzero quantized coefficients.

"hp_rhrnmn_nnn7prn_hif — flng It is used to indicate which chroma block (fhp block size is 8x8) in
h macroblock contains nonzero quantized coefficients. If cbp_chroma_nonzero_bit is 1, ofily] the Cr
chroma block in a macroblock contains nonzero quantized coefficients; otherwise, only thre,Cb chroma
block in a macroblock contains nonzero quantized coefficients.

7.2.6 Block

frans_coefficient - it is used to specify run length and nonzero quantized\eoefficient. The parsing
brocess of trans_coefficient is specified in subclause 9.3.

['he size of current block can be either 16x16, 8x8, or 4x4. When the block size is 8x8, the scan ¢rder of
Bx8 blocks within a macroblock is given in Figure 5. When the block size is 4x4, the scan orde} of 4x4
blocks within an 8x8 block is given in Figure 6. The scan order withirvone block refers to subclauge 8.4.2.

B Decoding process

B.1 General
Dutputs of this process are decoded samples of the current frame.

['his clause describes the decoding process; given syntax elements and upper-case variabl¢s from
Llause 5.

[he decoding process is specified stich that all decoders shall produce numerically identical [results.
Any decoding process that produces identical results to the process described here conforms$ to the
lecoding process requirements of'this document.

[he various parameters/in the bitstream for macroblock() and all syntactic structureq above
macroblock() are interpreted as indicated in Clause 7. Many of these parameters affect the dgcoding
process described in(the following subclauses. Once all of the macroblocks in a given frame haye been
brocessed, the entiréframe will have been reconstructed.

An overview of.the decoding process is given as follows.

— The intfra prediction process for I macroblocks is specified in subclause 8.2, has intra prediction
samples as its output.

. The inter prediction process for P and B macroblocks is specified in subclause 8.3 with inter

nradiction camnlac hatnagtha anbnat+
preatcHon-SampresoeRg e output:

— The transform coefficient decoding process and frame reconstruction process prior to deblocking
filter process are specified in subclause 8.4. That process derives samples for [, P and B macroblocks.
The output are reconstructed samples prior to the deblocking filter process.

— Thereconstructed samples prior to the deblocking filter process that are next to the edges of blocks
and macroblocks are processed by a deblocking filter as specified in subclause 8.5 with the output
being the decoded samples.

The sequence of reconstructed frames shall be re-ordered for output by the decoder as described in
subclause 6.10. The reconstructed frames shall be output from the decoding process at regular intervals
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of the frame period, which is the inverse of the frame rate determined by the frame_rate_code syntax
element.

8.2 Intra prediction

8.2.1 General

This process is invoked for intra macroblocks.

Inputs [to this process are reconstructed samples prior to the deblocking filter process from
neighbguring macroblocks.

Outputs of this process are the Intra prediction samples of components of the macroblock.

Depending on the MbTransformType of current macroblock, the process of intra predictiofrfor the lum3
comporjent is specified as follows.

— If the MbTransformType is equal to ‘Trans_16x16’, the macroblock prediction*mode is equal tg
‘Infra_16x16’, and the specification in subclause 8.2.4 applies.

— Otherwise, the current macroblock is divided into 4 8x8 blocks, and these)8x8 blocks are processed
in the scan order specified in Figure 5 as follows.

— If the SubMbTransformType of current 8x8 block is equal to ‘“Trans-4x4’, the prediction mode of thg
current 8x8 block is equal to ‘Intra_4x4’, and the specification(in subclause 8.2.2 applies.

Otherwlise, the prediction mode of the current 8x8 block is equal to ‘Intra_8x8’, and the specificatior
in subclause 8.2.3 applies.The process of intra prediction for the chroma components is described in
subclause 8.2.5.

8.2.2 |Intra_4x4 prediction process for luma samples

8.2.2.1| General
This prpcess is invoked when the prediction mode of current 8x8 block is equal to ‘Intra_4x4’.

Inputs fo this process are reconstructed luma samples prior to the deblocking filter process from
neighbguring 8x8 blocks.

Outputs of this process are 4x4 luma sample arrays as part of the 8x8 luma array of prediction samples
of the block pred8x8y..

For all #x4 lumasblocks of the luma component of an 8x8 block with luma4x4Blkldx = 0..3, the variable
Intradx#PredMode[ luma4x4Blkldx ] is derived as specified in subclause 8.2.2.2.

1) The Intra_4x4 sample prediction process in subclause 8.2.2.3 is invoked with luma4x4Blkldx and
reconstructed samples prior (in decoding order) to the deblocking filter process from adjacent
luma blocks as the input and the output are the Intra_4x4 luma prediction samples pred4x4[ x, y |
with x,y =0..3.

2) The position of the upper-left sample of a 4x4 luma block with index luma4x4Blkldx inside the
current 8x8 block is derived by invoking the inverse 4x4 luma block scanning process in subclause
6.12.5 with luma4x4Blkldx as the input and the output being assigned to ( xO, y0 ) and x, y = 0..3.

pred8x8L[ X0 + X, y0 +y | = pred4x4,[ X,y |
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3) The transform coefficient decoding process and frame reconstruction process prior to deblocking
filter process in subclause 8.4 is invoked with pred8x8}, and luma4x4Blkldx as the input and the
reconstructed samples for the current 4x4 luma block Sy, as the output.

8.2.2.2 Derivation process for the Intra4x4PredMode
Inputs to this process are the index of the 4x4 luma block luma4x4BlkIdx.

Output of this process is the variable IntraLumaPredMode [luma4x4BlkIdx].

[he value of intra_luma_pred_mode of 4x4 block with luma4x4BIlkldx is derived from bitstream ;I)arsing,
hnd assigned to the variable IntraLumaPredMode[luma4x4Blkldx]. Table 22 specifies the values for
ntra_luma_pred_mode and the associated names.

Table 22 — Luma intra prediction modes

intra_luma_pred_mode Name
0 Intra_Vertical

1 Intra_Horizontal

2 Intra_DC

3 Intra_Down_Left
4 Intra_Downr Right

[he intra_luma_pred_mode labelled 0, 1, 3, and 4 represent directions of predictions as illustfated in
Figure 10.

3 0 4
Figure 10 — Luma intra prediction mode directions

B.2.2.3\Intra_4x4 sample prediction

B(2:2.3.1 General

This process is invoked for each 4x4 luma block of a 8x8 block with prediction mode equal to ‘Intra_4x4’
followed by the transform decoding process and frame reconstruction process prior to deblocking for
each 4x4 luma block.

Inputs to this process are the index of the 4x4 luma block with index luma4x4Blkldx and reconstructed
samples prior (in decoding order) to the deblocking filter process from adjacent luma blocks.

Output of this process are the prediction samples pred4x4y[ x, y ], with x, y = 0..3 for the 4x4 luma block
with index luma4x4BlkIdx.
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The position of the upper-left sample of a 4x4 luma block with index luma4x4BlkIdx inside the current
8x8 block is derived by invoking the inverse 4x4 luma block scanning process in subclause 6.12.5 with
luma4x4Blkldx as the input and the output being assigned to ( x0, yO ).

8.2.2.3.2 Reference sample calculation

Let the decoded frame sample matrix of the current block be . The reference samples for I is obtained
by the following process: Let the coordinates of upper left corner sample of the current block be (xO0,
y0). The reference samples for current block are obtained by:

8.2.2.3
This m

pred4xi

8.2.2.3
This m

pred4xi

8.2.2.3

If t
y0-

Ift

y0-
avd

If the samples with coordinates (x0-1, y0+i-1) (i=1..4) are “available”, c[i] are equalto [[x0-1, y0+i-1]

and

If 4
y04
avd

If t

«

ayv]

c[-1

he samples with coordinates (x0+i-1, y0-1) (i=1..4) are “available”, r[i] are equal to I[x0+i<1
1], and r[i] are “available”; otherwise, r[i] are “not available”;

he samples with coordinates (x0+i-1, y0-1) (i=5..8) are “available”, r[i] are equal to, J[x0+i-1
1], and r[i] are “available”; otherwise, r[i] are equal to r[4], and availability of r[i}sfollows thg
ilability of r[4];

c[i] are “available”; otherwise, c[i] are “not available”;

he samples with coordinates (x0-1, y0+i-1) (i=5..8) are “availabl€”)c[i] are equal to I[x0-1
i-1], and c[i] are “available”; otherwise, c[i] are equal to c[4], and.aVailability of c[i] follows thg
ilability of c[4];

he sample with coordinate (x0-1, y0-1) is “available”, r[0] is*equal to I[x0-1, y0-1], and r[0] i{
hilable”; otherwise:

If r[1] is “available” and c[1] is “not available”, r[0] istequal to r[1], and r[0] is “available”;

Otherwise, if c[1] is “available”, and r[1] is “hot available”, r[0] is equal to c[1], and r[0] i{
“available”;

Otherwise, r[0] is “not available”;
| is equal to r[0], and r[-1] is equal te'r[0].
3 Specification of 4x4 Intra_Vertical prediction mode

de shall be used only whenr[i] (i=1..4) is “available”.
L [x,y] =[x + 1] (x,y=0.3)

4 Specification’of 4x4 Intra_Horizontal prediction mode
de shall beused only when c[i] (i=1..4) is “available”.

b [xy)=C[y + 1] (xy=0..3)

5 Qpprifirafinn of 4x4 Intra DC prpdirtinh mode.

The intra prediction process of this mode is defined as follows.

44

Ifb

oth r[i] and c[i] (i=0..6) are “available”,

pred4x4p[xy] = ((r[x-1] +4*r[x] +6 *r[x+ 1] +4 *r[x+ 2] +r[x + 3] + 8) >> 4 +

(c[y-1]+4*c[y]+6*c[y+1] +4*c[y+ 2] +c[y + 3] + 8) >>4) >> 1,(xy=0..3)

Otherwise, if only r[i] (i=0..6) is “available”,

pred4x4p[xy] = (r[x - 1] +4 *r[x] + 6 *r[x + 1] + 4 *r[x + 2] + r[x + 3] + 8) >> 4, (x,y=0..3)
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— Otherwise, if only c[i] (i=0..6) is “available”,
predaxdy[xy] = (c[y-1] + 4 * c[y] + 6 * c[y + 1] + 4 * c[y + 2] + c[y + 3] + 8) >> 4, (xy=0.3)
— Otherwise,

pred4x4y[x,y] = 128 (x,y=0..3)

8.2.2.3.6 Specification of 4x4 Intra_Down_Left mode

['his mode shall be used only when both r[i] and c[i] (i=2..8) are “available”.

pred4x4y[xy] = (r[x +y + 2] + c[x +y + 2]) >> 1, (x,y=0..3)

B.2.2.3.7 Specification of 4x4 Intra_Down_Right mode
['his mode shall be used only when both r[i] and c[i] (i=0..3) are “available”.
— Ifxisequal toy,
pred4x4y[x,y] = r[0], (x,y=0..3)
— Otherwise, if x is greater than y,
pred4x4y[x,y] = r[x - y], (x,y=0..3)
— Otherwise,

pred4x4y[x,y] = c[y - X], (x,y=0..3)
B.2.3 Intra_8x8 prediction process for luma samples

B.2.3.1 General
['his process is invoked when the prediction mode of the current block is equal to ‘Intra_8x8".

nputs to this process are reconstructed luma samples prior to the deblocking filter process from
heighbouring 8x8 blocks, and the index of the 8x8 luma block( given by the luma8x8BlkIdx).

Dutputs of this process_are 8x8 luma sample arrays as part of the 16x16 luma array of pr¢diction
samples of the macrablock predy..

ntra8x8PredMode[ luma8x8Blkldx ] is derived as specified in subclause 8.2.3.2.
For current luma block of 8x8 samples indexed using luma8x8Blkldx = 0..3,

[) The\ntra_8x8 sample prediction process in subclause 8.2.3.3 is invoked with luma8x8Blk[ldx and
reeconstructed samples prior (in decoding order) to the deblocking filter process from ddjacent
luma blocks as the input and the output are the Intra_8x8 luma prediction samples pred8x8[ x, y |

with e v =0 7
WA U

2) The transform coefficient decoding process and frame reconstruction process prior to deblocking
filter process in subclause 8.4 is invoked with pred;, and luma8x8Blkldx as the input and the
reconstructed samples for the current 8x8 luma block Sy, as the output.

8.2.3.2 Derivation process for the Intra8x8PredMode
Inputs to this process are the index of the 8x8 luma block luma8x8BlkIdx.

Output of this process is the variable IntraLumaPredMode[luma8x8BIkIdx].
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The value of intra_luma_pred_mode of 8x8 luma block with luma8x8Blkldx is derived from bitstream
parsing, and assigned to the variable IntraLumaPredMode [ luma8x8BIlkIdx ].

Table 22 specifies the values for intra_luma_pred_mode and the associated names.

The intra_luma_pred_mode labelled 0, 1, 3, and 4 represent directions of predictions as illustrated in
Figure 10.

8.2.3.3 Intra_8x8 sample prediction

8.2.3.3/1 General

This prjocess is invoked for each 8x8 luma block of a macroblock with prediction mode~equal td
‘Intra_g4x8’ followed by the transform decoding process and frame reconstruction process-prior td
deblocKing for each 8x8 luma block.

Inputs fo this process are the index of the 8x8 luma block with index luma8x8Blkldx and reconstructed
samples prior (in decoding order) to the deblocking filter process from adjacent lumablocks.

Output pf this process are the prediction samples pred8x8y[ x,y ], with x, y = 0."7“for the 8x8 luma block
with inflex luma8x8BIlkIdx.

The pogition of the upper-left sample of a 8x8 luma block with index luma8x8Blkldx inside the currenf
macroblock is derived by invoking the inverse 8x8 luma block scanning process in subclause 6.12.4
with luma8x8BlkIdx as the input and the output being assigned t6.(x0, yO ).

8.2.3.3]2 Reference sample calculation
Let the decoded frame sample matrix of the current block'be I;

The reference samples for I are obtained by the -féllowing process: Let the coordinates of upper lefi
corner $ample of the current block be (x0, y0). The‘reference samples for current block are obtained by

— If the samples with coordinates (x0+i=1;-y0-1) (i=1..8) are “available”, r[i] are equal to I[x0+i-1
y011], and r[i] are “available”; otherwisg, r[i] are “not available”;

— If the samples with coordinates.(x0+i-1, y0-1) (i=9..16) are “available”, r[i] are equal to I[x0+i-1
y011], and r[i] are “available”;otherwise, r[i] are equal to r[8], and availability of r[i] follows thg
avdilability of r[8];

— Ifthe samples with coetdinates (x0-1, y0+i-1) (i=1..8) are “available”, c[i] are equal to I[x0-1, y0+i-1]
and c[i] are “available otherwise, c[i] are “not available”;

— If the samples with coordinates (x0-1, y0+i-1) (i=9..16) are “available”, c[i] are equal to I[x0-1
y04i-1], and-¢i] are “available”; otherwise, c[i] are equal to c[8], and availability of c[i] follows thg
avdilability~of c[8];

— If the-sample with coordinate (x0-1, y0-1) is “available”, r[0] is equal to I[x0-1, y0-1], and r[0] is

«

available”: otherwise:

— Ifr[1] is “available” and c[1] is “not available”, r[0] is equal to r[1], and r[0] is “available”;

— Otherwise, if c[1] is “available”, and r[1] is “not available”, r[0] is equal to c[1], and r[0] is
“available”;

— Otherwise, r[0] is “not available”;

— c[-1] is equal to r[0], and r[-1] is equal to r[0].
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8.2.3.3.3 Specification of 8x8 Intra_Vertical prediction mode

This mode shall be used only when r[i] (i=1..8) is “available”.

pred8x8i[xy] =r[x + 1] (x,y=0..7)

8.2.3.3.4 Specification of 8x8 Intra_Horizontal prediction mode

This mode shall be used only when c[i] (i=1..8) is “available”.

bred8x8[x,y] = c[y + 1] (x,y=0..7)

B.2.3.3.5 Specification of 8x8 Intra_DC prediction mode
[he intra prediction process of this mode is defined as follows.
— If both r[i] and c[i] (i=0..10) are “available”,

pred8x8L[x,y] = (r[x - 1] +4 *r[x] +6 *r[x+ 1] + 4 *r[x + 2] +r[x + 3]+ 8) >> 4 +

(c[y-1]+4*c[y] + 6 *c[y + 1] + 4 * c[y + 2] + c[y=+\3] + 8) >>4) >> 1,(x,y=0}.7)

— Otherwise, if only rJ[i] (i=0..10) is “available”,

pred8x8L[x,y] = (r[x = 1] + 4 *r[x] + 6 *r[x + 1] + 4 * r[x 2] + r[x + 3] + 8) >> 4, (x,y=0..7)
— Otherwise, if only c[i] (i=0..10) is “available”,

pred8x8i[x,y] = (c[y-1] + 4 *c[y] + 6 * c[y + 1] + ¥ c[y + 2] + c[y + 3] + 8) >> 4, (x,y=0..7)
— Otherwise,

pred8x8L[x,y] = 128 (x,y=0..7)

B.2.3.3.6 Specification of 8x8 Intra_Down_Left mode
['his mode shall be used only when both r[i] and c[i] (i=2..16) are “available”.

bred8x8[x,y] = (r[x +y + 2]s=¢[x +y + 2]) >> 1, (x,y=0..7)

B.2.3.3.7 Specification of 8x8 Intra_Down_Right mode

['his mode shall beused only when both r[i] and c[i] (i=0..7) are “available”.
— Ifxis equaltoy, then

pred8x8y[x,y] = r[0], (x,y=0..7)

— ~Qtherwise, if x is greater than y, then

PredSxXSLIXy = TIX = 1, (X%y=0..7)
— Otherwise,

pred8x8i[xy] = c[y - x], (xy=0..7)
8.2.4 Intra_16x16 prediction process for luma samples

8.2.4.1 General

This process is invoked when the macroblock prediction mode is equal to ‘Intra_16x16'". It specifies how
the Intra prediction luma samples for the current macroblock are derived.
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Input to this process are reconstructed samples prior to the deblocking process from neighbouring
luma blocks (if available).

Outputs of this process are Intra prediction luma samples for the current macroblock predy[x,y ].

The value of intra_luma_pred_mode of current macroblock is derived from bitstream parsing, and
assigned to the variable Intral6x16PredMode.

Table 22 specifies the values for intra_luma_pred_mode and the associated names.

The int
Figure

Let pre
8.2.4.2

8.2.4.2
Let the

The ref
sample

— Ifthe samples with coordinates (x0+i-1, y0-1) (i=1..16) are “available”, then r[i] are equal to [[x0+i-1

y0-
— If 4

[[x0+i-1, yO-1], and r[i] are “available”; otherwise, rfi] are equal to r[16], and availability of r[i]

foll

— Ift
y 0+

— Ifthe samples with coordinates (x0-1, y0¥i-1) (i=17..32) are “available”, then c[i] are equal to [[x0-1

y0
avd

— Ift
is “

ra_luma_pred_mode labelled 0, 1, 5, and 4 represent directions of predictions as 1illustrated-in]
0.

11| %, y ] with x, y = 0..15 denote the prediction samples for the 16x16 luma block samples.
Reference sample calculation

1 General
decoded frame sample matrix of the current block be I;

brence samples for I is obtained by the following process: Let the cdendinates of upper left cornet
of the current block be (x0, y0). The reference samples for current block are obtained by:

1], and r[i] are “available”; otherwise, r[i] are “not available”;

he samples with coordinates (x0+i-1, y0-1) (i=17:32) are “available”, then r[i] are equal td

pws the availability of r[16];

ne samples with coordinates (x0-1, y0+i-1):(i£1..16) are “available”, then c[i] are equal to I[[x0-1
i-1], and c[i] are “available”; otherwise, €[i] are “not available”;

i-1], and c[i] are “available”; otherwise, c[i] are equal to c[16], and availability of c[i] follows thg
ilability of c[16];

e sample with coordinaté (x0-1, y0-1) is “available”, then r[0] is equal to I[x0-1, y0-1], and r[0]
hvailable”; otherwise:

If r[1] is “availablé”*zand c[1] is “not available”, then r[0] is equal to r[1], and r[0] is “available”;

Otherwise, if‘c[1] is “available”, and r[1] is “not available”, then r[0] is equal to c[1], and r[0] is
“available’;

Otherwrise, r[0] is “not available”;

] is equal to r[0], and r[-1] is equal to r[0].

8.2.4.2.

2 Specification of 16x16 Intra_Vertical prediction mode

This mode shall be used only when r[i] (i=1..16) is “available”.

predi[xy] =r[x + 1] (x,y=0..15)

8.2.4.2.

3 Specification of 16x16 Intra_Horizontal prediction mode

This mode shall be used only when c[i] (i=1..16) is “available”.

predi[x,y] = c[y + 1] (x,y=0..15)
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8.2.4.2.4 Specification of 16x16 Intra_DC prediction mode
The intra prediction process of this mode is defined as follows.
— Ifboth r[i] and cJi] (i=0..18) are “available”,
predi[xy] = ((r[x-1] +4*r[x] +6*r[x+ 1]+ 4 *r[x+ 2] +r[x+ 3] +8) >4 +
(c[y-1]+4*c[y]+6*c[y+ 1] + 4 *c[y + 2] + c[y + 3] + 8) >>4) >> 1,(x,y=0..15)

4O

P . iy 3 £ o o P LR IR W)
— ULICTWISE, IT OIly T'T1] (1I=VU..10) IS dvdlldDICE,

predp[xy] = (r[x - 1] + 4 *r[x] + 6 *r[x + 1] + 4 * r[x + 2] + r[x + 3] + 8) >> 4, (x,y=0..15)
— Otherwise, if only c[i] (i=0..18) is “available”,

predy[x,y] = (c[y-1] + 4 *c[y] + 6 *c[y + 1] + 4 * c[y + 2] + c[y + 3] + 8) >> 4, (x;=0..15)
— Otherwise,

predy[xy] = 128 (x,y=0..15)

B.2.4.2.5 Specification of 16x16 Intra_Down_Left mode

['his mode shall be used only when both r[i] and c[i] (i=2..32) are “available”.
bredp[xy] = (r[x +y + 2] + c[x + y + 2]) >> 1, (x,y=0..15)

B.2.4.2.6 Specification of 16x16 Intra_Down_Right mode

[his mode shall be used only when both r[i] and‘¢[i] (i=0..15) are “available”.
— Ifxisequal toy, then

predy[xy] = r[0], (x,y=0..15)

— Otherwise, if x is greater than'y; then

predi[xy] = r[x - y], (x,y%0..15)

— Otherwise,
predi[xy] = c[y=%], (xy=0.15)

B.2.5 Intra-prediction for 8x8 chroma block

B.2.5.1 \General

[his.process is invoked for intra macroblock. It specifies how the Intra prediction chroma samjpples for
fhe current macroblock are derived. m|P

Inputs to this process are reconstructed samples prior to the deblocking process from neighbouring
chroma blocks (if available).

Outputs of this process are Intra prediction chroma samples for the current macroblock predcp|[X, y]
and predcr[ x, ¥ ].

Both chroma blocks (Cb and Cr) of the macroblock share the same prediction mode. The prediction
mode is applied to each of the chroma blocks separately. The process specified in this subclause is
invoked for each chroma block. In the remainder of this subclause, chroma block refers to one of the
two chroma blocks and the subscript C is used as a replacement of the subscript Cb or Cr.

Let predc[ x, y ] with x, y = 0..7 denote the prediction samples for the chroma block samples.
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Intra chroma prediction mode of current 8x8 chroma block is parsed from the intra_chroma_pred_
mode, which is specified in Table 23.

8.2.5.2

Let the
obtaine
be (x0,

8.2.5.3
The val

50

Table 23 — 8x8 Chroma intra prediction mode

If the samples with coordinates (x0+i-1, y0-1) (i=1..8) are “available”, ri} are equal to I[x0+i-1

y0-

If the samples with coordinates (x0+i-1, y0-1) (i=9..16) are “availablée”, r[i] are equal to I[x0+i-1

y0-
avd

If the samples with coordinates (x0-1, y0+i-1) (i=1..8) are “available”, c[i] are equal to I[x0-1, y0+i-1]

and

If ¢
y 0+
ava

If the sample with coordinate (x0-1, y0-1)4s*available”, both r[0] and c[0] are equal to I[x0-1, y0-1]

and

Ifb

intra_chroma_pred_mode Name

0 Intra_Chroma_DC

1 Intra_Chroma_Horizontal
o] Lot £ A4 V- 1

'+ ITItlI d_GUIIT UIlId_ Vvl tital

3 Intra_Chroma_Plane

Reference sample calculation

decoded frame sample matrix of current chroma block be I. The reference samples for I is
d by the following process: Let the coordinates of upper left corner sample ofithe current block
0). The reference samples for current block are obtained by:

1], and r[i] are “available”; otherwise, r[i] are “not available”;

1], and r[i] are “available”; otherwise, r[i] are equal to r[8], ahd availability of r[i] follows thg
ilability of r[8];

c[i] are “available”; otherwise, c[i] are “not available®;

he samples with coordinates (x0-1, y0+i-1) (i=9:16) are “available”, c[i] are equal to I[x0-1
i-1], and c[i] are “available”; otherwise, c[i] are equal to c[8], and availability of c[i] follows th¢
ilability of c[8];

both r[0] and c[0] are “available”; otherwise:

If r[1] is “available” and c[1] is “not available”, both r[0] and c[0] are equal to r[1], and both r[0]
and c[0] are “available”;

Otherwise, if c[1] is “available”, and r[1] is “not available”, both r[0] and c[0] are equal to c[1], and
both r[0] and c[0] arey‘available”;

Otherwise, botlie[0] and c[0] are “not available”.

Specification of Intra_Chroma_DC prediction mode
lies of the prediction samples predc[ x, y ] with x =0..7 and y = 0..7 are derived as follows.

oth,r[i] and c[i] (i=0..9) are “available”,

predc[xy] = ((r[x] + 2 * r[x + 1] + r[x + 2] + 2) >> 2 + (c[y] + 2 * c[y + 1] + c[y + 2] + 2) >>2) >> 1,

(x,y=0..7)

Otherwise, if r[i] (i=0..9) is “available”, then

predc[xy] = r[x + 1], (x,y=0..7)

Otherwise, if c[i] (i=0..9) is “available”, then

predc[xy] = c[y + 1], (xy=0..7)
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— Otherwise,

predc[xy] = 128, (x, y=0..7)

8.2.5.4 Specification of Intra_Chroma_Horizontal prediction mode
This mode shall be used only when c[i] (i=1..8) is “available”.

predc[x,y] = c[y + 1], (x, y=0..7)

B.2.5.5 Specficication of Intra_Chroma_Vertical prediction mode
[his mode shall be used only when r[i] (i=1..8) is “available”.

prede[x,y] = r[x + 1], (x, y=0..7)

B.2.5.6 Specification of Intra_Chroma_Plane prediction mode
['his mode shall be used only when both r[i] and c[i] (i=1..8) are “available*

ih=§(i+1)*(r[5+i]—r[3—i:|)
iV:g(i+1)*(c[5+i:|—c[3—i:|)

a = (r[8] +c[8]) << 4
b= (17 *ih + 16) >>5

c=(17*iv+16)>>5

[hen,

bredc[x,y] = clipl((ia + (x - 3)\*ib + (y - 3) *ic+ 16) >>5), (x,y = 0..7)

B.3 Inter predictien

B.3.1 General
['his process’is invoked when decoding inter macroblocks in P and B frames.

Dutputs-of this process are inter prediction samples for the current macroblock that are a 16x16 array
bred;\of luma samples and two 8x8 arrays predcp and predc; of chroma samples, one for each of the
Clitoma components Cb and Cr.

The partitioning of a macroblock is specified by mb_part_type. Each macroblock partition is referred
by mbPartldx.

The following steps are specified for each macroblock partition.

The functions MbPartWidth(), MbPartHeight() describing the width and height of macroblock
partitions are specified in Table 16, and Table 17.

The variables partWidth and partHeight are derived as follows.

— partWidth = MbPartWidth(mb_part_type);
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— partHeight = MbPartHeight(mb_part_type);

with mbPartldx proceeding over values 0..3.

The inter prediction process for a macroblock partition with mbPartldx consists of the following
ordered steps.

— Derivation process for motion vector components and reference indices as specified in subclause 8.3.2.

— Decoding process for inter prediction samples as specified in subclause 8.3.3.

For use
assignn

Prd
The loc
is deriv
6.12.3

The m4
relativd

The vai
pre

The vay
being r

prd
8.3.2

8.3.2.1
Input tg

— aij

in derivation processes of variables invoked later in the decoding process, the following
nents are made:

Fst[ mbPartldx | = mvFst;

Snd[ mbPartldx | = mvSnd;

[dxFst[ mbPartldx | = refldxFst;
[dxSnd[ mbPartldx | = refldxSnd;
dFlagFst] mbPartldx | = predFlagFst;
dFlagSnd[ mbPartldx | = predFlagSnd.

htion of the upper-left sample of the partition relative to thie ipper-left sample of the macroblocK
ed by invoking the inverse macroblock partition scanning process as described in subclausg
vith mbPartldx as the input and ( xP, yP ) as the output;

croblock prediction is formed by placing thejpartition prediction samples in their correcf
positions in the macroblock, as follows.

iable predL[ xP + x, yP + y ] with x = 0 .. partWidth - 1, y = 0 .. partHeight - 1 is derived by
di[ xP +x,yP +y] =predPart [ X,y ]

iable predC[xP /2 +x,yP / 2 + ¥ |withx=0..partWidth /2 -1,y =0 .. partHeight / 2 - 1, and (
tplaced by Cb or Cr, is derived by

dc[xP /2 +x,yP /2 +y]'=predPartc[x,y ]
Derivation process.for motion vector components and reference indices

General
this process is

acroblock partition mbPartldx.

Outputs

ofthis process-are:

— 32-bit signed integer luma motion vectors mvFst and mvSnd as well as 32-bit signed integer chroma
motion vectors mvCFst and mvCSnd;

— reference indices refldxFst and refldxSnd;

— pre

52

diction list utilization flags predFlagFst and predFlagSnd.
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For the derivation of the variables mvFst and mvSnd as well as refldxFst and refldxSnd, the following
applies.

If MbPartType is equal to P_16x16 and MbPredType(mbPartldx) is equal to ‘Pred_Skip’, the
derivation process for luma motion vectors for skipped macroblocks in P frames in subclause 8.3.2.2
is invoked with the output being the luma motion vectors mvFst and reference indices refldxFst,
and predFlagFstis set equal to 1. mvSnd and refldxSnd are marked as unavailable, and predFlagSnd

is set equal to 0.

Qtherwise if Mhpnrf'[‘ypp is pqnn] to 'R_Qkip" or Mhpnrnypp is pqn:ﬂ to B 8;

x8 and

MbPredType(mbPartldx) is equal to ‘Pred_Skip’, the derivation process for luma motién

for B_Skip in B frames in subclause 8.3.2.3 is invoked with mbPartldx as the input amd the
being the luma motion vectors mvFst, mvSnd, the reference indices refldxFst, refldxSnd,

prediction utilization flags predFlagFst, predFlagSnd.

Otherwise, if MbPredType(mbPartldx) is equal to ‘Pred_Sym’, the derivation ptocess for luma
vectors for B_Sym in B frames in subclause 8.3.2.4 is invoked with mbParitldx as the input
output being the luma motion vectors mvFst, mvSnd, the reference indiceswrefldxFst, refldxS$
the prediction utilization flags predFlagFst, predFlagSnd.

Otherwise, if MbPredType(mbPartldx) is equal to ‘Pred_Mh’, the derivation process for lumal
vectors for P_Mh in P frames in subclause 8.3.2.5 is invoked-with mbPartldx as the input
output being the luma motion vectors mvFst, mvSnd, the refexence indices refldxFst, refldxS$
the prediction utilization flags predFlagFst, predFlagSnd,

Otherwise, for X being replaced by either ‘Fst’ or ‘Snd’in’the variables predFlagX, mvX, refld
in Pred_X and in the syntax elements ref_idx_X andimvd_X, and the following applies.

The variables refldxX and predFlagX are derived as follows.
— If MbPredType (mbPartldx) is equal to¥Pred_Fwd’,
refldxFst = reference_frame_index
predFlagFst=1
— Otherwise,
refldxFst = -1
predFlagFst =0
— If MbPredType (mbPartldx) is equal to ‘Pred_Bck’,
refldxSnd =0
predFlagSnd = 1
— " Otherwise,

pafld Con ] 1
TCTTUAOITU = T

vectors
output
and the

motion
and the
nd, and

motion
and the
nd, and

xX, and

predFlagSnd = 0

When predFlagX is 1, the derivation process for luma motion vector prediction in subclause 8.3.2.6 is
invoked with mbPartldx, and list suffix X as the input and the output being mvpX. The luma motion
vectors are derived by:

mvX[ 0] = mvpX][ 0] + mv_diff_x;
mvX[ 1]=mvpX[ 1]+ mv_diff_y.
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For the derivation of the variables for the chroma motion vectors, the following applies. When predFlagX
is equal to 1, the derivation process for chroma motion vectors in subclause 8.3.2.8 is invoked with mvX
as input and the output being mvCX.

8.3.2.2 Derivation process for luma motion vectors for skipped macroblock in P frame

This process is invoked when MbPartType is equal to P_16x16 and MbPredType is equal to ‘Pred_Skip’.

Outputs of this process are the motion vector mvFst and the reference index refldxFst.

The ref

refldxH

For the

The pra

input

brence index refldxFst for a skipped macroblock is derived as follows.
5t =0
derivation of the motion vector mvFst, the following applies.

cess specified in subclause 8.3.2.7 is invoked with mbPartldx set equal to 0, and list suffix Fst as

If

Oth
is

Oth
isi

8.3.2.3

This pr
MbPred

Inputs 1

Output
mvSnd,

Forwar
referen

refldxH

refldxS

Both fo

predFlg

predFla
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a:Id the output is assigned to mbAddrA, mbAddrB, mvFstA, mvFstB, refldxFstA, and refldxFstB.

bAddrA or mbAddrB is marked as “not available”, mvFst is a zero vector.

erwise, if mvFstA is a zero vector and refldxFstA is 0, or if mvFst B is-azero vector and refldxFstH
, then mvFst is a zero vector.

erwise, the derivation process for luma motion vector prediction as specified in subclause 8.3.2.4
hvoked with mbPartldx = 0 and list suffix Fst as input, and‘the output is assigned to mvFst.

Derivation process for luma motion vectors for:B)Skip

pcess is invoked when MbPartType is equal to<B: skip’, or MbPartType is equal to B_8x8 and
Type(mbPartldx) is equal to ‘Pred_Skip’.

o this process is mbPartldx.

5 of this process are the reference indices refldxFst, refldxSnd, the motion vectors mvFst and
and the prediction list utilization'flags, predFlagFst and predFlagSnd.

d and backward reference frames of the current block are the default reference frames, i.e
re frames with reference indices 0.

5t=0

nd =0

rward and baeckward prediction lists are used.
gFst=1

gSnde1

If t

1 — £ 1 PR | 11 1 c " 11 AT | 1 1 c
I Mo_pdrt_typc Ul UIC CONotdicl IMMIdCIODIOCK O TUITCIIU IIIdCTODIOUK T DdCRWAT'll TTICTTIICE

frame is ‘I_Block’, the forward and backward motion vectors (given by mvFst and mvSnd) of the
current block are the predicted forward and backward motion vectors of the macroblock containing
current block.

The predicted forward and backward motion vectors are obtained according to motion vector
prediction method as specified in subclause 8.3.2.6. mvFst is derived with mbPartldx and list suffix

Fst

as input, and mvSnd is derived with mbPartldx and list suffix Snd as input.

Otherwise,

The frame_distance of the forward reference frame of current macroblock partition is assigned
to DistancelndexFw, and the frame_distance of backward reference frame of current macroblock
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partition is assigned to DistancelndexBw as shown in Figure 11. The frame_distance of current
frame is assigned to DistancelndexCur. The reference index of the collocated macroblock partition
in backward referene picture is assigned to refidxCol.

BlockDistanceFw = (DistancelndexCur - DistancelndexFw + 256) % 256
BlockDistanceBw = (DistancelndexBw - DistancelndexCur + 256) % 256

The motion vector of the collocated macroblock partition in backward reference frame is mvRef.
Leti be a variable being set equal to 0 and 1, respectively.

If (BlockDistanceFw + BlockDistanceBw) is less than 5,
mvFst[i] = (mvRef[i] * MvWeightNum / MvWeightDen) / pfactor
mvSnd[i] = -(((mvRef[i] * (MvWeightDen - MvWeightNum)) / MvWeightDen) / pfactor
where MvWeightNum and MvWeightDen are specified in Table 24, and
pfactor = (refidxCol==0)?1:2
Otherwise,
mvFst[i] = mvRef]i]

mvSnd[i] = -mvRef]i]

Table 24 — Look-up table for temporal MV prediction

BlockDistanceFw | BlockDistanceBw | MvWeightNum | MvWeightDen
1 1 1 2
1 2 1 3
2 1 2 3
1 3 1 4
2 2 1 2
3 1 3 4
Forward Referenee Current B Backward Reference

mvRef
mvFw block corresponded by
current block in direct mode

By |

| —

current block in direct mode /

BlockDistanceRef

A
A 4

BlockDistanceFw BlockDistanceBw

A
A
A
A 4

v

Figure 11 — Derivation process of motion vectors in B skip mode
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8.3.24

Derivation process for luma motion vectors for B_Sym

This process is invoked when MbPredType is equal to ‘Pred_Sym’.

Inputs to this process is mbPartldx.

Outputs of this process are the reference indices refldxFst and refldxSnd, the motion vectors mvFst and

mvSnd,

and the prediction list utilization flags predFlagFst and predFlagSnd.

Reference frame indexes are derived as follows.

ref
ref
Both fo
pr¢
pr¢
The for

The den
and list]

dxFst=0

dxSnd =0

rward and backward prediction lists are used.

dFlagFst=1

dFlagSnd = 1

ward motion vector of block in symmetrical mode mvFst is obtained,as follows.

ivation process for luma motion vector prediction in subclause 8.3:2:6 is invoked with mbPartId3

suffix Fst as input, and the output being mvpFst. The mvFst is derived by:

Fst[ 0 ] = mvpFst[ 0 ] + mv_diff_x;

Fst[ 1] = mvpFst[ 1] + mv_diff_y.

kward motion vector mvSnd is derived based onmivFst as shown in Figure 12 by:
BlockDistanceFw + BlockDistanceBw) is less-than 5,

Snd[0] = -(mvFst[0] * (MvWeightDen — MyWeightNum) / MvWeightNum)

Snd[1] = —-(mvFst[1]) * (MvWeightDen-= MvWeightNum) / MvWeightNum)

bre MvWeightNum and MvWeightDen are specified in Table 24, and BlockDistanceFw and
ckDistanceBw are defined in'8.3.2.3.

erwise,

Snd[0] = -mvFst[0]

Snd[1] = -mvEst|1]

56
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Forward Reference Current B Backward Reference

w

current block in symmetrical mode / { mvBw

BlockDistanceFw BlockDistanceBw

A
A
A 4

v

Figure 12 — Symmetrical mode

B.3.2.5 Derivation process for luma motion vectors for P_Mh
['his process is invoked when MbPredType is equalto‘Pred_Mh’.
nputs to this process is mbPartldx.

Dutputs of this process are the reference indices refldxFst and refldxSnd, the motion vectors my
mvSnd, and the prediction list utilizatiefiflags predFlagFst and predFlagSnd.

refldxFst is determined by the syntax element of reference_frame_index, and
refldxSnd = refldxFst

Both Fst and Snd lists are'used.

predFlagFst=1

predFlagSnd=1

['he derivatiofi process for luma motion vector prediction in subclause 8.3.2.6 is invoked with mb)
hind suffig ¥st, and the output being mvpFst. The mvFst is derived by:

myFst[ 0 ] = mvpFst[ 0] + mv_diff x;

Fstand

[Partldx

muEstl 11 =mvnFstl 11+ mv diff v
| R g | = —

The motion vector mvSnd is set equal to mvpFst:
mvSnd[ 0 ] = mvpFst[ 0 ];
mvSnd[ 1] =mvpFst[1].

8.3.2.6 Derivation process for luma motion vector prediction
Inputs to this process is the macroblock partition index mbPartldx and list suffix X.

Output of this process is the prediction mvpX of the motion vector mvX.
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The derivation process for the neighbouring blocks for motion data in subclause 8.3.2.7 is invoked with
mbPartldx and list suffix X as the input and with mbAddrN\mbPartldxN, reference indices refldxXN
and the motion vectors mvXN with N being replaced by A, B, or C as the output.

The following rules are applied in sequential order to determine the motion vector predictor mvpX.

— Ifonly one of refldxXA, refldxXB, and refldxXC is available, and the motion vector of that block with
available reference frame is mvXN,

mvpX[0] = mvXN[O]

mvpX[1] = mvXN[1]
— Otherwise,
To flerive mvpX][0]:

— | If mvXA[0] < 0 and mvXB[0] > 0 and mvXC[0] > O, or if mvXA[0] > 0 and mivXB[0] < 0 and
mvC[0] <O,

mvpX[0] = (mvXB[0] + mvXC[0]) / 2

— | Otherwise, if mvXB[0] < 0 and mvXA[0] > 0 and mvXC[0] > 0, or if mmyXB[0] > 0 and mvXA[0] < (
and mvXC[0] <0,

mvpX[0] = (mvXA[0] + mvXC[0]) / 2

— | Otherwise, if mvXC[0] < 0 and mvXA[0] > 0 and mvXB[0]*> 0, or if mvXC[0] > 0 and mvXA[0] < (]
and mvXBJ[0] <0,

mvpX[0] = (mvXA[0] + mvXB[0]) / 2

— | Otherwise, calculate the distance between gvery two candidates, namely ABSVAB[0], ABSVBC][0]
and ABSVCA[0], where,

ABSVAB[0] = | mvXA[0] - mvXB[0] |

ABSVBC[0] = | mvXB[0] - mvXC[O0] |

ABSVCA[0] = | mvXC[0] —1vXA[O0] |

— If ABSVAB[0] < ABSVBC[0] and ABSVAB[0] < ABSVCA[0], then,
mvpX[0] = (mvXA[0] + mvXB[0]) / 2

— Otherwise/if ABSVBC[0] < ABSVAB[0] and ABSVBC[0] < ABSVCA[0], then,
mvpX[0] = (mvXB[0] + mvXC[0]) / 2

—, Otherwise,

muvpXl0] = (muvXAIQ]l + meXCIoN /2
r | Mg | Y | Mg | C- 177

To derive mvpX[1]:
— IfmvXA[1] < 0 and mvXB[1] > 0 and mvXC[1] > 0, or if mvXA[1] > 0 and mvXB[1] < 0 and mvC[1] <0,
mvpX[1] = (mvXB[1] + mvXC[1]) / 2

— Otherwise, if mvXB[1] < 0 and mvXA[1] > 0 and mvXC[1] > 0, or if mvXB[1] > 0 and mvXA[1] < 0 and
mvXC[1] <0,

mvpX[1] = (mvXA[1] + mvXC[1]) / 2
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— Otherwise, if mvXC[1] < 0 and mvXA[1] > 0 and mvXBJ[1] > 0, or if mvXC[1] > 0 and mvXA[1] < 0 and
mvXB[1] <0,

mvpX[1] = (mvXA[1] + mvXB[1]) / 2

— Otherwise, calculate the distance between every two candidates, namely ABSVAB[1], ABSVBC[1]
and ABSVCA[1], where,

ABSVAB[1] = | mvXA[1] - mvXB[1] |

ABSVBC[I] = [mvXB[I] = mvXC[1] ]
ABSVCA[1] = | mvXC[1] - mvXA[1] |
— If ABSVAB[1] < ABSVBC[1] and ABSVAB[1] < ABSVCA[1],
mvpX[1] = (mvXA[1] + mvXB[1]) / 2
— Otherwise, if ABSVBC[1] < ABSVAB[1] and ABSVBC[1] < ABSVCA[1],
mvpX[1] = (mvXB[1] + mvXC[1]) / 2
— Otherwise,

mvpX[1] = (mvXA[1] + mvXC[1]) / 2

B.3.2.7 Derivation process for luma motion vectors

nputs to this process are:

— the macroblock partition index mbPartldx;

— the list suffix X.

Dutputs of this process are (with N beingreplaced by A, B, or C)

— mbAddrN\mbPartldxN specifijsing neighbouring partitions,

— the motion vectors mvXN of the neighbouring partitions, and
— the reference indices tefldxXN of the neighbouring partitions.

[he partitions mbAddrN\mbPartldxN with N being either A, B, or C are derived in the following
brdered steps.

1) Let mbAddrD\mbPartldxD be variables specifying an additional neighbouring partition.

)  The<process in subclause 6.12.8.4 is invoked with mbPartldx as the input and the oytput is
mbAddrN\mbPartldxN with N being replaced by A, B, C, or D.

B)_~When the partition mbAddrC\mbPartldxC is not available, the following applies

mbAddrC = mbAddrD
mbPartldxC = mbPartldxD

The motion vectors mvXN and reference indices refldxXN (with N being A, B, or C) are derived as
follows.

— If the macroblock partition mbAddrN\mbPartldxN is not available or mbAddrN is coded in intra
prediction mode or predFlagX of mbAddrN\mbPartldxN is equal to 0, both components of mvXN are
set equal to 0 and refldxXN is set equal to -1.

— Otherwise, the following applies.
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The motion vector mvXN and reference index refldxXN are set equal to MvX[ mbPartldxN ] and RefldxX|
mbPartldxN ], respectively, which are the motion vector mvX and reference index refldxX that have
been assigned to the macroblock partition mbAddrN\mbPartIdxN.

8.3.2.8 Derivation process for chroma motion vectors
Inputs to this process are a luma motion vector mvX.

Outputs of this process are a chroma motion vector mvCX.

A chrorlna motion vector is derived from the corresponding luma motion vector. Since the accuracy
of luma motion vectors is one-quarter sample and chroma has half resolution compared to luma, the
accurady of chroma motion vectors is one-eighth sample, i.e., a value of 1 for the chroma motion yectoj
refers tp a one-eighth sample displacement.

The hotfizontal and vertical components of the chroma motion vector mvCX are derived by dividing the
corresgonding components of luma motion vector mvX by 2,

mvCX[0]=mvX[0] /2
mvCX[1]=mvX[1]/2

8.3.3 [Decoding process for inter prediction samples

8.3.3.1| General

Inputs fo this process are:

— anjacroblock partition mbPartldx;

— vaifiables specifying partition width and heightypartWidth and partHeight;

— lunpa motion vectors mvFst and mvSnd and chroma motion vectors mvCFst and mvCSnd;
— refeérence indices refldxFst and refldxSnd;

— prdgdiction list utilization flags, predFlagFst and predFlagSnd.

Outputs of this process are:

— thelinter prediction samples predPart, which are a (partWidth)x(partHeight) array predParty, of
prediction luma samples, and two (partWidth/2)x(partHeight/2) arrays predPartcp, predPartc, of
pregdiction chroma.samples, one for each of the chroma components Cb and Cr.

Let predPartFst|, and predPartSnd], be (partWidth)x(partHeight) arrays of predicted luma samplg
values |and prédPartFstcy, predPartSndcp, predPartFstcr, and predPartSndcr be (partWidth/2]
x(partHeight/2)arrays of predicted chroma sample values.

For X binig replaced by either ‘Fst’ or ‘Snd’ in the variables predFlagX, RefPicListX, refldxX, refPicX

1 £11 - . o
pI‘edPa LX, LI TO0IIOWIITZ 1S SPCCITICU.

When predFlagX is equal to 1, the following applies.

— The reference frame consisting of an ordered two-dimensional array refPicXL of luma samples
and two ordered two-dimensional arrays refPicXCb and refPicXCr of chroma samples is derived by
invoking the process specified in subclause 8.3.3.2 with refldxX and RefPicListX given as input.

— Thearrays predPartXy, predPartXcp, and predPartXcrare derived by invoking the process specified
in subclause 8.3.3.3 with the current partition specified by mbPartldx, the motion vectors mvX,
mvCX, and the reference arrays with refPicXL, refPicXCb, and refPicXCr given as input.
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For C being replaced by L, Cb, or Cr, the array predPartc of the prediction samples of component C is
derived by invoking the process specified in subclause 8.3.3.4 with the current partition specified by
mbPartldx and the array predPartFstC and predPartSndC as well as predFlagFst and predFlagSnd
given as input.

8.3.3.2 Reference frame selection process

Input to this process is a reference index refldxX.

ay d b £ o1 - - £ £ - £ b I . 1 £.1
DUCPUC OT CIITS PTOTESS IS d TCIETENICE I[TdIE COITSTSTIITG Ol d CWO-UIIIEITSIONdL dIrday Ol uInd :amples
refPicXL and two two-dimensional arrays of chroma samples refPicXCb and refPicXCr.

Reference frame list RefPicListX is a list of previously decoded reference frames.
[he reference frame list RefPicListX is derived as specified in subclause 8.6.
[he refldx is mapped to another variable refldx_2 by the following process:
frefldx < 2
refldx_2 = refldx
lse
refidx_2 =4 *refldx - 5
['he output is the reference frame referred to by RefPicList [refldx_2].

[he output reference frame consists of a (PicWidth}*x-(PicHeight) array of luma samples refPi¢XL and
fwo (PicWidth/2) x (PicHeight/2) arrays of chromasamples refPicXCb and refPicCr.

[he reference frame sample arrays refPicXL; refPicXCb, refPicXCr correspond to decoded [sample
hrrays S'L,S’ch, S'cr derived in subclause 8.5for previous decoded frames.

B.3.3.3 Fractional sample interpolation process

B.3.3.3.1 General

nputs to this process are

— the current partifign given by its partition index mbPartldx;

— the width and-height partWidth, partHeight of this partition in luma-sample units;
— aluma mgtion vector mvX given in quarter-luma-sample units;

— a chifoma motion vector mvCX given in eighth-chroma-sample units; and

— “the selected reference frame sample arrays refPicXL, refPicXCb, and refPicXCr.

Outputs of this process are:
— apartWidth x partHeight array predPartXy, of prediction luma sample values; and

— two (partWidth/2) x (partHeight/2) arrays predPartXcp, and predPartXcy of prediction chroma
sample values.

Let ( xAL, YAL ) be the location given in full-sample units of the upper-left luma sample of the current
partition given by mbPartldx relative to the upper-left luma sample location of the given two-
dimensional array of luma samples.
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Let ( xIntg, yInty, ) be a luma location given in full-sample units and ( xFracy, yFracy, ) be an offset given
in quartersample units. These variables are used only inside this subclause for specifying general
fractional-sample locations inside the reference sample arrays refPicXL, refPicXCb, and refPicXCr.

For each luma sample location (0 <= x|, < partWidth, 0 <=y, < partHeight) inside the prediction luma
sample array predPartXy, the corresponding predicted luma sample value predPartXy[ xi, yL ] is
derived as follows.

xIntL =xAL + (mvX[ 0] >>2) + x|,

yInkL = yAL + (mvX[1]>>2) +yL
xFrfacL=mvX[0] &3
yFrfacL=mvX[1] &3

— Th¢ prediction sample value predPartXy[ xL, yL ] is derived by invoking the proceess specified if
subclause 8.3.3.3.2 with ( xIntL, yIntL ), ( xFracL, yFracL ) and refPicXL given as input.

Let ( xIntc, yInt. ) be a chroma location given in full-sample units and ( xFrac, yPract ) be an offset giver
in one-gighth sample units. These variables are used only inside this subclausefor specifying genera
fractionjal-sample locations inside the reference sample arrays refPicXCh, and'refPicXCr.

For each chroma sample location (0 <= x¢ < partWidth/2, 0 <=y < partHeight/2) inside the predictior]
chromgd sample arrays predPartXcp and predPartXcy, the corresponding prediction chroma sample
values predPartXcp[ X¢, y¢ ] and predPartXcy[ X¢, y¢ | are derived as follows.

xInte = (xAL>>1)+ (mvCX[0]>>3) + X,
yIntc = (yAL>>1)+ (mvCX[1]>>3) +y,
xFrfacc =mvCX[0] &7
yFrfacc=mvCX[1] &7

— Th¢ prediction sample value predPartXcp[Xc, yc] is derived by invoking the process specified ir
sulclause 8.3.3.3.3 with ( xInt,, yInte }'( xFrac, yFrace ) and refPicXCb given as input.

— Th¢ prediction sample value predPartXcr[Xc, y¢] is derived by invoking the process specified ir
subclause 8.3.3.3.3 with ( xIuty yInt. ), ( xFrace, yFrac. ) and refPicXCr given as input.

8.3.3.3]2 Luma sample interpolation process

Inputs fo this process,ate:

— alyma locationsin full-sample units ( xInty, yinty, );

— alymalocation in fractional-sample units ( xFracL, yFracL);

— the|luma reference sample array refPicXL.

Output of this process is a predicted luma sample value predPartXy[ xp, yL ]
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A1 Ao-1| ao-1 | bo-1| co-1 A1 Az,
A-1,0 A0,0 | ao,0 | bo,o | coo | A10 A2,0
d-1,0 do,o | eoo | fo,0 go,0 d10 di0
h-1,0 hoo | ioo | joo | koo | h10 hi1.0
n-1,0 no,o | P00 | qo,o | ro,0 f n1,0 n1,0
A-11 Ao, | @01 | bo,1 | co1 | A1 Az
A2 Aoz | ao2 | bozFcoz2 | A12 Az2

Figure 13 — Integer samples (shaded blecks with upper-case letters) and fractional sa
positions (un-shaded blocks with lower-case letters) for quarter sample luma interpol;

n Figure 13, the positions labelledcwith upper-case letters A; j within shaded blocks represe
tamples at full-sample locations inside the given two-dimensional array refPicXL of luma s
[hese samples may be used for generating the predicted luma sample value predPartXy[ xi,, |
ocations ( xAj j, yAj,j ) for each of the corresponding luma samples Aj j inside the given array r
bf luma samples are derjved as follows:

xAj j = clip3( 0, PicWidth - 1, xInty, +i )
yAj,j = clip3(-0) PicHeight - 1, yInty, +j )

[he positiens labelled with lower-case letters within un-shaded blocks represent luma f{
ht quarterypel sample fractional locations. The luma location offset in fractional-sampl
[ xFracy;yFracy, ) specifies which of the generated luma samples at full-sample and fractional
ocations is assigned to the predicted luma sample value predPartXy[ x1,, yL ]. This assignment

mple
ation

nt luma
amples.
L ]- The
efPicXL

amples
E units
sample
is done

hécording to Table 25. The value of predPartXy [ xi, y1. ] is the output.

Table 25 — Assignment of the luma prediction sample predPartXy[ xi, yL ]

xFracy, 0 (0 [0 (0 |1 |1 |1 |1 {2 |2 (2|2 (3 |3 |3 |3
yFracy, 0(1(2(3|0|1|2|3|0(1|2|3|0(1]2]|3
predPartXy[x,,yL]|A|d|h|n|a|e|i|p|b|f|j|lq|lc|g|k]|T
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Given the luma samples Aj j at full-sample locations ( xAj,j, yAj,j ), the luma samples from ‘ag,¢’ to ‘ro,0’ at
fractional sample positions are derived by the following equations.

— If PicHeight is larger than or equal to 1600,

The samples labelled ag,0, bo,0, 0,0, do,0, ho,0, and ng o are derived by applying the 4-tap filter to
their nearest integer position samples, respectively, as follows.

a'0,0=-6%*A10+56*A00+15*A10-A20

bog=-4*A1,0+36*Ap0+36*A10-4%A20
cod=-A-10+15%Ap,0+56*A10-6*A20
do,p=-6"Ap-1+56*Ap0+15*Ap1 - Ao,
h'o,¢ =-4*Ag,-1 + 36™A¢,0 + 36*Ag,1 — 4*A¢,2
o0 = - Ao,-1 + 15%A9,0 + 56*Ag,1 - 6*A,2
a0,0]=a’0,0 >> 6

bo,o=b’0,0>> 6

€0,0/= C'0,0>> 6

do,of=d’0,0>>6

ho,o{=h'0,0>>6

no,o{=n'o,0 >>6

Th¢ samples labelled e, ‘i0,0, Po,0, f0,0, j0,0, 90,0, 80,0, Ko,0 and rg,0 are derived by applying thg
4-thp filter to the samples a’¢j, b’g,i and co; where i = -1..2 in the vertical direction, respectively, a{
follows.

eo,0[= (- 6 * a'g=1+ 56 *a'g,0 + 15 *a’p,1 — a'p,2) >> 12

ip0F (-4%a'0,-1+36*a'p,0+36*a'p,1 —4*a'p,2)>> 12

poo=(-2a0-1+15%a’ g0+ 56%a’p,1 —6*ap,2) >> 12
f.0= (- 6 * b'o_1 + 56 * b, + 15 * g 1 - b'g 2) >> 12
jo,0=(-4*bg-1+36*b'go+36*bg1-4*b2)>>12
qo,0=(-b’0,-1+15*b’g,0+56 *b’g1 - 6 *b'p,2) >> 12

80,0=(-6*c’0,-1+56* 0,0+ 15 *c’o,1 - C’0,2) >> 12
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koo=(-4*c0,-1+36*c90+36*c’p1-4%c,2)>>12
ro,0=(-Co-1+15*c’90+56*c’p1-C0,2) >>12

— Otherwise, if PicHeight is larger than or equal to 720,

The samples labelled ag 0, bo,o, c0,0, do,0, ho,0, and ng,o are derived by applying the 6-tap filter to
their nearest integer position samples, respectively, as follows.

a'0,0=2%A20-9%A1,0+57*Ap0+17 *A10-4%Az0+A3)
bo0=2*A20-9%A1,0+39%Ap0+39%A10-9*A20+2%A30
Co0=A20-4%A10+17*Ap0+57*A10-9%Az0+2*A3p
d’00=2%A0,2-9*Ag-1+57 *Ap,0+ 17 *Ap,1 —4*Ap,2 +Ao,3
Woo=2%Ap,2-9%A0-1+39*A00+39%Ap1-9%Ap2+2*Ap3
n'o0=A0,2-4%A0g-1+17*Ap,0+57 *Ap,1 -9 *Ap,2 +2¢Ap3
ap,0=a'0,0>>6

bo,0 =b'0,0>>6

€0,0=C'0,0>>6

do,0=d'0,0>>6

ho,0=h'0,0>>6

no,0 =n'g,0 >>6

The samples labelled eg o, i0,0, P0,0, f0,0, j0,0, 90,0, 80,0, Ko,0 and ro o are derived by applying the 6-tap
filter to the'samples a’g i, b’g,i and c i where i = -2..3 in vertical direction, respectively, as fo]lows.

ep0=\2 *a'p,2-9*a'p-1+57*ag0+17*a'p1-4*a'p2+ap3)>>12

i00=(2*ag2-9*a'p,-1+39™*a'p,0+39™*a’p,1 -9 *ap2+2*a'p3)>>12

po,0=(@0-2-4*a'p,-1+17*a’g 0+ 57 *a'p1 -9 *ap2 +2*a'p3)>> 12
fo,0=(2*b’0-2-9*b'o-1+57 *b’g,0+17 *b’g1 -4 *b'g 2+ b',3) >> 12
jo0=(2*bo-2-9*b'o-1+39*b’90+39*b'91-9*bp2+2*bg3)>>12

qo,0=(bo-2-4*bo-1+17*b9o+57*b'p1-9*bg2+2*bg3)>>12
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g0,0=(2%*c0-2-9*Co-1+57*c’00+17 *c’91-4*C’p2+Cp3)>>12
koo=(2*c0-2-9*c0,-1+39*Cc90+39*c’01-9*C’02+2*Cp3)>>12

10,0 = (C'o—2=4*cC’o-1+17 * 0,0+ 57 *c’91-9*c’92+2*c’p3)>>12

Otherwise,

Th¢ samples labelled ag o, bo,0, c0,0, do,0, ho,0, and ng o are derived by applying the following 10-tay
filter to their nearest integer position samples, respectively, as follows.
a0=A-40-2%A30+4*A20-10*A10+57*Ap0+19*A10-7*A20+3*A30-As0

b0 =A-40-2*A30+5%A20-12%A10+40*Ag0+40*A1,0-12%A20+5%A3,0.<2 * Az + As g
co,d=-A30+3*A20-7*A10+19%Ap,0+57*A10-10*Ap0+4*A3,0-25 A0+ As,
d’o¢=A0-4-2%Apg-3+4*A0,2-10*Ag,—1+57 *Ag0+19*Ag1 -7 FAv2+3*A03- A0
hog=A0-4-2%Ag-3+5%A0,2-12%Ag-1+40*Ag0+40*Agd~12*Ap2+5%Ap3-2%A04+Ap,j
no,0=-Ao-3+3*Ap-2-7%*Ap-1+19%Ap,0+57*Ap,1 - 10¥Ap2+4*Ap3-2%Aps+A0s5
ap,0|=a'0,0 >> 6

bo,o{=b’0,0 >> 6

€o,0[= c’0,0>>6

do,d=d’0,0>>6

ho,o{=h'0,0>>6

no,o{=n'p,0 >> 6

The¢ samplesHlabelled eg,0, i0,0, Po,0, 0,0, j0,00 90,0, 80,0, Ko,0 and rg,0 are derived by applying

the
res

following 10-tap filter to the samples a’g;, b’o,; and co; where i = -4..5 in vertical direction
pectively, as follows.

€0,0

io,0

=(a0-2-2"ap3+¥4*ap - 10"ao-1+o7 *a00+19*a01-7"a02¥3 a03-4ao04a)>> 12

=(ag-4—-2%ap-3+5%*ap2-12%*a g1 +40 *a'gp +40 * a'p,1 — 12*a’g 2 + 5*a’p,3 - 2*a'p 4

+a'g5)>>12

Po,0

fo,0

= (-a'o,-3 + 3*a'p,—2 — 7*a’0,-1 + 19%a’g,0 +57*a’p,1 — 10*a’p,2 + 4*a’0,3 - 2*a'p4 + '05 ) >> 12

=(b’o,-4 = 2*b’g,-3 + 4*b’p,—2 - 10*b’g -1 + 57*b’0,0 +19*b’,1 — 7*a’p,2 + 3*b’p,3 - b’ 4) >> 12
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joo = ( bo~4 - 2*b’g-3 + 5*b’g-2 - 12*b’p,-1 + 40*b’p,0 +40*b’0,1 - 12*b’g2 + 5*b’0,3 - 2*b'04

+b'o,5) >> 12
qo,0 = (-b’0,-3 + 3*b’0,-2 = 7*b’9,-1 + 19*b’p,0 +57*b’0,1 — 10*b’g 2 + 4*b’9 3 — 2*b’9 4 + b'p,5 ) >>
80,0=(C"0-4—2%Cp,-3 +4*c’9,—2 — 10*c’p,—1 + 57*C’0,0 +19%*C’p,1 — 7*C’9,2 + 3*C’9,3 — C'0,4) >> 12
kon= ( c = 2%’

+ §Xc’ = 12%7 0 o 4+ AQ*C a n +AQXC n g = 12% 0 5 4 B¥Pn o 2%, 4 OO
U T \"AY U T U5z AT U T

12

5) >>12

£-0. rat 4 £ 2 £ ks
U0 U T \Y e Uz 05

B.3.3.3.3 Chroma sample interpolation process

nputs to this process are:

— achroma location in full-sample units ( xInt, yIntc );

— a chroma location offset in fractional-sample units ( xFrac, yFrac¢');

— chroma component samples from the selected reference frame refPicXC.
Dutput of this process is a predicted chroma sample valuepnedPartXc[ xc, yc |-

n Figure 14, the positions labelled with upper-case letters A; j within shaded blocks represent
samples at full-sample locations inside the given twe=dimensional array refPicXC of chroma s
[hese samples may be used for generating the prédicted chroma sample value predPartXc[

refPicXC of chroma samples are derived as.follows:
xAj, j = clip3( 0, PicWidth /2 - 1, xIntp + 1)
yAj,j = clip3( 0, PicHeight / 2 — 1 yIntc +j)

ro,0 = (=C’0,-3 + 3*C’p,-2 = 7*C’0,-1 + 19*C’p,0 +57*c’0,1 — 10*C’g,2 + 4*C’9,3 — 2*C’9,4 + C'0,5)>> 12

chroma
amples.

Xc) YC ]'

[he locations ( xAj, j, yAj, j ) for each of the corresponding chroma samples Aj j inside the given array

A. Ao.- A1- Az
(\® 0,-1 1,-1 2,-1
A0 Aoo —5—1 A1p0 A2,
yFracc
) xFracc
A1 Ao,1 A1 1 A2 1
A2 Ao2 A12 A22

Figure 14 — Relation between variable positions and reference samples
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A two-dimensional array C is defined as:

C[8,4] ={
{0,64,0,0},
{-4,62,6,0},
{-6,56,15,-1},
{-5,47,25,-3},
{-#, 36,36,-41},
{-8,25,47,-5},
{-1,15,56,-6},
{0)6,62,-4}
}
The elements of interpolated sample matrix predPartXc[ xc, y¢] are calculated as;:
if(xFrag. == 0)
predPartXc|[ xc, yc] = (C[yFrac][0] * Ag,-1 + C[yFracc][1] * Ag,0&
ClyFraccl[2] * Ao,1 + C[yFrace][3] %4 + 32) >> 6
else if(yFrac, == 0)
predPartXc| x¢, yc| = (C[xFracc][0]) * A-1,0 + C[xFracc][1] * Ao,0 +
C[xFracc][2] * A1,0 +-GfxFracc][3] * Az,0 + 32) >> 6
else
predPartXc| x¢, yc| = (ClyFrac][0}#a’o -1(xFracc,0) + C[yFracc][1] * a'o,o(xFracc,0) +
ClyFracc]{2] * a’o, 1(xFracc,0) + C[yFracc][3] * @', 2(xFracc,0) + 2048) >> 12
where 3¢ -1(xFrac, 0), a'0,0(xFrace/0), a'o,1(xFrace, 0) and a’g 2(xFracc, 0), are calculated by

’

a0,

)

ao,

a'o,1

)

1(xFrace, 0) = C[xFrace}[0] * A-q,-1 + C[xFracc][1] * Ag -1 + C[xFracc][2] * A1,-1 + C[xFracc][3] * A2, -1
(xFrac, 0) =€fxFracc][0] * A-1,0 + C[xFracc][1] * Ag,0 + C[xFracc][2] * A1,0 + C[xFracc][3] * A2,0

(xFrace,0Y = C[xFracc][0] * A-1,1 + C[xFracc][1] * Ao,1 + C[xFracc][2] * A1,1 + C[xFracc]|[3] * A21

a0,}

(xFracg, 0) = C[xFrac][0] * A_1.2 + C[xFrac][1] * Ao 2 + C[xFrac.][2] * A1 2 + C[xFracc][3] * A2 2

8.3.3.4

Combining predictions

Inputs to this process are:

— mb

Partldx: the current partition given by the partition index;

— predFlagFst and predFlagSnd: prediction list utilization flags;

— predPartXy: a partWidth x partHeight array of prediction luma samples (with X being replaced by
‘Fst’ or ‘Snd’ depending on predFlagFst and predFlagSnd);

68
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— predPartXcp and predPartXcy: two (partWidth/2) x (partHeight/2) arrays of prediction chroma

samples, one for each of the chroma components Cb and Cr (with X being replaced by ‘Fst’
depending on predFlagFst and predFlagSnd).

Outputs of this process are:
— predParty: a partWidth x partHeight array of prediction luma samples;

— predPartcp and predPartc;: (partWidth/2)x(partHeight/2) arrays of prediction chroma s
one for each of the chroma components Cb and Cr.

or ‘Snd’

amples,

Depending on the component for which the prediction block is derived, the following applies:

equal to L, x set equal to 0 .. partWidth - 1, and y set equal to 0 .. partHeight - 1.

— Otherwise, if the chroma Cb component sample prediction values predPartgpfXx, y ] are deri
following applies with C set equal to Cb, x set equal to 0 .. partWidth / 2 <1, and y set equ
partHeight / 2 - 1.

— Otherwise (the chroma Cr component sample prediction values predPartc;[ %, y ] are deriv]
following applies with C set equal to Cr, x set equal to 0 .. partWidth / 2 - 1, and y set equ
partHeight / 2 - 1.

[he prediction sample values are derived as follows.

— If predFlagFstis equal to 1 and predFlagSnd is equal\to 0 for the current partition,
predPartc| x, y | = predPartFstc[ %, y |

— Otherwise, if predFlagFst is equal to 0 and predFlagSnd is equal to 1 for the current partitiq
predPartc[ x, y |= predPartSndc[ x,y ]

— Otherwise (both predFlagFst and predFlagSnd are equal to 1 for the current partition),

predPartc[ x, y | = ( predPartFstc[ x, y | + predPartSndc[x,y]+1)>>1
B.4 Transform coefficient decoding process and frame reconstruction process

B.4.1 General

[his subclause (spécifies transform coefficient decoding and frame reconstruction prior
Heblocking filtér)process.

nputs to-this process are quantized transform coefficients for luma and chroma componer
hvailableNnter or Intra prediction sample arrays for the current macroblock for the ap
component predy, predcp, or predcy.

— If the luma sample prediction values predParty[ X, y ] are derived, the following appliés with C set

ved, the
hl to O ..

ed), the
h] to O ..

n,

to the

1ts, and
plicable

utputs of this process are the reconstructed sample arrays prior to the deblocking filter pro

cess for

the applicable component Sy, Scp, or Scr-

When the MbPredType of current macroblock is 'Pred_Skip’ or the MbPartType of current mac

roblock

is ‘B_Skip’, all values of quantized transform coefficients are set equal to 0 for the current macroblock.

© ISO/IEC 2019 - All rights reserved

69


https://standardsiso.com/api/?name=da77de59b64e29c0554bbaeee1374a96

ISO/IE

8.4.2

C 14496-33:2019(E)

Inverse scanning

This subclause specifies the inverse scanning process for block coefficients in Zigzag order.

— If MbTransformType is ‘Trans_8x8’ and SubMbTransformType is ‘Trans_4x4’,

Input of this process is an array Q (derived from subclause 9.3) with size of 16. The elements of
the array are Q[n], with 0 <=n <= 15.

Output of this process is a two-dimensional array QuantCoeffMatrix with size of 4x4. The

The comversion between the array Q and QuantCoeffMatrix is: QuantCoeffMatrix[i,j] = Q[n], and thg

relatior]

IVC_SC]

0,1,
52,
9,12
7, 11

}

i=1vC
j=1vC_
— Ot}

The co
Table 2

elements of the array are QuantCoeffMatrix[j, j|, with 0 <=1<=3, 0 <=j <= 3.

ship between i, j and n is defined as follows.

AN4[16] = {

4, 8,

3, 6,

, 13, 10,
14,15

SCAN4[n] / 4,
SCAN4[n] % 4

erwise, if MbTransformType is ‘Trans_8x8’ and SubMbTransformType is ‘Trans_8x8’,

Input of this process is an array Q (derived from subclause 9.3) with size of 64. The elements of
the array are Q[n], with 0 <=n <= 63.

Output of this process is a two-dimensional array QuantCoeffMatrix with size of 8x8. The
elements of the array are QuantCeéffMatrix[i,j], with0 <=i<=7,0<=j<=7.

hversion between the array Q and QuantCoeffMatrix is: QuantCoeffMatrix[i,j] = Q[n], and
b shows the mapping from the‘index n of Q to the indices i and j of the array QuantCoeffMatrix.

Table26 — Inverse scanning order of 8x8 block

n 0 |12 |3 |4 |5 |6 |7 (8 (9 |10 |11 |12 |13 |14 |15
i 0.t |0 (0 j12 |2 (3 (2 |1 |0 |0 (1 |2 |3
j @»+0 |1 (2 (2 (0O (O |1 |2 |3 |4 |3 (2 |1 (0O |O

i 4 1 2 (3 |4 6
j 1 4 |5 3 |2 0 1 3
n (32 [33 [34 [35 [36 [37 [38 [39 [40 [41 [42 [43 [44 [45 [46 [47
i 3 1 4 |5 7 5 3
j 6 4 2 5

n |48 [49 [50 [51 |52 [53 [54 |55 |56 [57 [58 |59 [60 |61 |62 |63
i 3 5 |6 7 6 [5 (4 [5 |6 [7 |7 |6 |7

j 7 |7 |6 |5 |4 (3 (4 |5 |6 |7 |7 |6 |5 |6 |7 |7

— Otherwise( the MbTransformType is ‘Trans_16x16"),

70

Input of this process is an array Q (derived from subclause 9.3) with size of 256. The elements
of the array are Q[n], with 0 <=n <= 255.
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— Output of this process is a two-dimensional array QuantCoeffMatrix with size of 16x16. The
elements of the array are QuantCoeffMatrix[i,j], with 0 <=i<=16, 0 <=j <= 16.

The conversion between the array Q and QuantCoeffMatrix is: QuantCoeffMatrix][i,j] = Q[n], and the
relationship between i, j and n is defined as follows.

IVC_SCAN16[256] = {
0,1,16,32,17,2,3, 18, 33, 48, 64, 49, 34,19, 4, 5,

20, 35, 50, 65, 80, 96, 81, 66, 51, 36, 21, 6, 7, 22, 37, 52,

67,82,97,112,128, 113, 98, 83, 68, 53, 38, 23, 8, 9, 24, 39,

54, 69, 84,99, 114, 129, 144, 160, 145, 130, 115, 100, 85, 70, 55, 40,

25,10, 11, 26, 41, 56, 71, 86, 101, 116, 131, 146, 161, 176, 192, 177,

162, 147,132,117,102,87,72,57, 42, 27,12, 13, 28, 43, 58, 73,

88,103, 118, 133, 148, 163, 178, 193, 208, 224, 209, 194, 179, 164,149, 134,
119, 104, 89, 74, 59, 44, 29, 14, 15, 30, 45, 60, 75, 90, 105, 120,

135,150, 165, 180, 195, 210, 225, 240, 241, 226, 211, 196181, 166, 151, 136,
121, 106,91, 76, 61, 46, 31, 47,62, 77,92, 107, 122,33% 152, 167,
182,197,212, 227, 242, 243, 228, 213, 198, 183,168, 153, 138, 123, 108, 93,
78,63, 79,94, 109, 124, 139, 154, 169, 184,199, 214, 229, 244, 245, 230,

215, 200, 185, 170, 155, 140, 125, 110,95, 111, 126, 141, 156, 171, 186, 201,
216, 231, 246, 247, 232,217, 202,187, 172, 157, 142, 127, 143, 158, 173, 188,
203, 218, 233, 248, 249, 234,219, 204, 189, 174, 159, 175, 190, 205, 220, 235,
250, 251, 236, 221, 206,191, 207, 222, 237, 252, 253, 238, 223, 239, 254, 255

= [VC_SCAN16[n] /16,
= [VC_SCANZ6[n] % 16

B.4.3 <Inverse quantization

8.4.3.1 Quantization parameter

The range of quantization parameters for the luma component is 0..63, inclusive, and the range of
quantization parameters for the chroma components is 0..51, inclusive.

The variables CurrentQP and PreviousDeltaQP for the current macroblock are first derived as follows.
PreviousDeltaQP is initialized to 0 if the current macroblock is the first macroblock in the current frame.
— Iffixed_frame_level_gpis 1,

SliceQP = frame_qgp
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— Otherwise, if fixed_slice_level_gqpis 1,

SliceQP = slice_qgp

— Otherwise, if mb_qp_delta is not present in the bitstream for the current macroblock,

SliceQP = slice_qgp
mb_qp_delta=0

C +D lo.rn 2 Q1 Fa¥a 1 I PR Y
unt CHIYT = LUIIpo(VU, Uo, olILCUT T IIIU_YypP_Uutitd)

PrdviousDeltaQP = mb_gp_delta

— OtHerwise, mb_qp_delta is parsed from bitstream as specified in subclause 9.4,

SlideQP = slice_qgp

CutrentQP = clip3(0, 63, SliceQP + mb_qp_delta)

PrgviousDeltaQP = mb_qp_delta

If the cirrent block is a luma block, quantization parameter QP of the block.is set equal to CurrentQH
of the macroblock which it belongs to. Otherwise, CurrentQP is used as.anindex to get the QP values of
chroma blocks, respectively, from Table 27.

Table 27 — CurrentQPCb, CurrentQPCr and«QP/of chroma blocks

CurrentQP Chroma QP
<43 CurrentQP
43 42
44 43
45 43
46 44
47 44
48 45
49 45
50 46
51 46
52 47
53 47
54 48
55 48
56 48
57 49
58 49
59 49
60 50
61 50
62 50
63 51
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8.4.3.2 Inverse quantization process

This clause specifies the process to transform a two dimensional quantized transform coefficient array
QuantCoeffMatrix (derived from subclause 8.4.2) to a two dimensional transform coefficient array D
using quantization parameter QP.

Two dimensional transform coefficients array D is obtained by:

D[i,j] = (QuantCoeffMatrix[i,j] * DequantTable(QP) + (1 << (ShiftTable(QP)-1)) >> ShiftTable(QP), i,j=0..7

equantTable and ShiftTable are defined in Table 28.
Table 28 — DequantTable and ShiftTable
QP DequantTable(QP) ShiftTable(QP)
0 32768 14
1 36061 14
2 38968 14
3 42495 14
4 46341 14
5 50535 14
6 55437 14
7 60424 14
8 32932 13
9 35734 13
10 38968 13
11 42495 13
12 46177 13
13 50535 13
14 55109 13
15 59933 13
16 65535 13
17 35734 12
18 38968 12
19 42577 12
20 46341 12
21 50617 12
22 55027 12
23 60097 12
24 32809 11
25 35734 11
26 38968 11
27 42454 11
28 46382 11
29 50576 11
30 55109 11
31 60056 11
32 65535 11
33 35734 10
34 38968 10
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Table 28 (continued)

QP DequantTable(QP) ShiftTable(QP)
35 42495 10
36 46320 10
37 50515 10
38 55109 10
39 60076 10
40 65535 10
41 35744 9
42 38968 9
43 42495 9
44 46341 9
45 50535 9
46 55099 9
47 60087 9
48 65535 9
49 35734 8
50 38973 8
51 42500 3
52 46341 8
53 50535 8
54 55109 8
55 60097 8
56 32771 7
57 35734 7
58 38965 7
59 42497 7
60 46341 7
61 50535 7
62 55109 7
63 60099 7

8.4.4 |Inverse transform process

8.4.4.1| Inversetransform for 4x4 block

This procéss of transform is applied to 4x4 block when MbTransformType is ‘Trans_8x8’ and

SubMbTransformType is ‘Trans_4x4’.

Inputs of this process are:

— the variables of BitDepth;

— atwo-dimensional array D (derived from subclause 8.4.3.2) with size of 4x4. The elements of the
array are Djj, with0 <=i<=3,0<=j<=3.

Output of this process is

— atwo-dimensional array R with size of 4x4. The elements of the array are Rjj, with 0 <=i<=3,0
<=j<= 3.
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The 4x4 DCT transform core Ty is defined as:
Ta[4][4] ={
{128,128, 128, 128},
{167, 69, -69, 167},
{128, -128, -128, 128},

{69, -167, 167, -69}

}

['he inverse transform process is specified as follows.

— Stepl, horizontal inverse transform for the array D:

H =D * TyT

Here, H' is the temporary result, T4T is the transpose of Tx
— Step2, vertical inverse transform on H’ :

H=T4T*H

— Step3, shift operation on H:

Rj; = sign(abs(Hj;) + (1<<16)) >> 17

B.4.4.2 Inverse transform for 8x8 block

[his process of transform is applied to~8x8 block when MbTransformType is ‘Trans_83
bubMbTransformType is ‘“Trans_8x8".

nputs of this process are:
— the variables of BitDepth;

— a two-dimensional array D (derived from subclause 8.4.3.2) with size of 8x8, the element]
array are djj, with O\<=i<=7,0<=j<=7.

Dutput of this process is

— a two-dintensional array R with size of 8x8, the elements of the array are rjj, with 0 <= j
<=j<=7

[he inverse transform process is specified as follows.

—_First, horizontal transform for the array D:

k8’ and

s of the

<=70

Step 1, withi=0,1, ..., 7

ejo = (djp + dja) * 181 >>7

ei1 = (djo — djg) * 181 >>7

eiz = (diz * 196 >> 8) - (dig * 473 >> 8)
ej3 = (di2 * 473 >> 8) + (dj6 * 196 >> 8)
tia = dj1 - di7

ti7 = dj1 + di7
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tis =dj3 *181>>7

tig = dij5 * 181 >> 7

€i4

€i5

€i6

=tig + ti6
=ti7 - tis

=tis - tie

€i7

Daf
fro

Ste
fio
fi3
fi1
fi2
fia
fiz
fis
fie

Dat
-2(

Ste
gio
gi7
gi1
8i6
8i2
8i5
8i3

— L/ T Lo

a in the bitstream shall ensure that any element djj, tjj and ejj is in the range of integer values
m -2(BitDepth+7) to 2(BitDepth+7)-1, inclusive.

p 2, withi=0,1,..,7

- €i0 + €i3

- €i0 — €i3

F €1 + €2

- €i1 ~ €2

= (ej4 ¥ 301 >> 8) - (ej7 * 201 >> 8)
= (ei4 * 201 >> 8) + (ej7 * 301 >> 8)
= (ej5 * 710 >> 9) - (ejp * 141 >>9)
= (ei5 * 141 >> 9) + (ej6 * 710 >> 9)

a in the bitstream shall ensure that any-€lement fj; is in the range of integer values fron
BitDepth+7) to 2(BitDepth+7)-1, inclusive.

p 3, withi=0,1,..,7
= fio + fi7
= fio = fi7
= fi1 + fie
= fi1 - fie
= fiz + fis
= fiz - fig

= fi3 Ktia

8i4

L — L
= L3~ 14

Data in the bitstream shall ensure that any element gj; is in the range of integer values from
-2(BitDepth+7) tg 2(BitDepth+7)-1 jnclusive.

And then, vertical transform is invoked for the resulting matrix:

Step 1, withj=0,1, ...,7

hoj
hlj

= (ng + g4j) *181>>7
= (8oj — g4j) ¥ 181 >>7
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hoj = (g2j * 196 >> 8) - (g6 * 473 >> 8)
hsj = (g2j * 473 >> 8) + (g6} * 196 >> 8)
t4j = 81j ~ 87j
t7; = 81j + 87

tsj=g3; * 181 >>7

t57—85; *18t>>7F
hyj = taj + te;
hs; = t7j - ts;
hej = taj -~ te)
h7j = t7j + ts)

Data in the bitstream shall ensure that any element hjj is in thelrange of integer valug¢s from
-2(BitDepth+7) to 2(BitDepth+7)-1 inclusive.

Step 2, withj=0,1, ...,7

moj = hoj + h3;

m3; = hoj - h3;

myj = hyj + hy;

mpy; = hyj - hy;

my;j = (hgj * 301 >> 8) - (h7; * 201 >> 8)
my7;j = (hgj * 201 >> 8) + (hy; * 301 >x8)
ms; = (hsj * 710 >> 9) - (hg; %-141>> 9)
mg;j = (hsj * 141 >> 9) + (hg; * 710 >> 9)

Data in the bitstream-shall ensure that any element mjj is in the range of integer valugs from
-2(BitDepth+7) tg 2(BitPepth+7)-1 inclusive.

Step 3, withj=0;1, ..., 7
npj = moy + mz;
n7j SWoj ~ m7;

njj = myj + me;j

gy = 1] — 1115;
nzj = mg;j + ms;
Nsj = myj - mg;
Nn3j = m3j + My,
n4j = mgj - m4]'

Data in the bitstream shall ensure that any element nj is in the range of integer values from
-2(BitDepth+7) tg 2(BitDepth+7)-1 inclusive.
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At last, after horizontal and vertical transform, the final reconstructed values are derived as:

rijj = sign ( (abs(nj) + 16 ) >> 5, njj ), with i=0,1...,7,j=0,1,...,7

8.4.4.3 Inverse transform for 16x16 block

This process of transform is applied to 16x16 block when MbTransformType is ‘Trans_16x16’

Inputs of this process are:

the|variables of BitDepth;

a tyo-dimensional array D (derived from subclause 8.4.3.2) with size of 16x16, the elements,of the

arrpy are djj, with 0 <=i<=15,0 <=j <=15.

Outputof this process is

a tyvo-dimensional array R with size of 16x16, the elements of the array are rjj, with 0 <= i <= 15, (

<=|)<=15.

The inverse transform process is equivalent to the following.

The¢ 16x16 DCT transform core T1g is defined as:

T1d[16][16] = {

{32,32,32,32,32,32,32,32,32,32,32,32, 32,32, 32,32},

{ 4%, 43, 40, 35, 29, 21, 13, 4, -4,-13,-21,-29,-35,-40,-43,;<45},
{44, 38, 25,9, -9,-25,-38,-44,-44,-38,-25, -9, 9, 25,38, 44},
{43, 29, 4,-21,-40,-45,-35,-13, 13, 35, 45, 40,2, -4,-29,-43},
{42,17,-17,-42,-42,-17,17, 42,42, 17,-17,<42,-42,-17, 17, 42},

{ 4I, 4,-35,-43,-13, 29, 45, 21,-21,-45;+29, 13, 43, 35, -4,-40},

{3
{3%,-21,-43, 4, 45, 13,-40,>29,29, 40,-13,-45, -4, 43, 21,-35},

,=9,-44,-25, 25, 44,9,-38,-38, 9, 44, 25,-25,-44, -9, 38},

{32,-32,-32, 32, 32,-32(-32, 32, 32,-32,-32, 32, 32,-32,-32, 32},

{29,-40,-13, 45, -45<43, 21, 35,-35,-21, 43, 4,-45, 13, 40,-29},
{2%,-44,9, 38,538, -9, 44,-25,-25, 44, -9,-38, 38, 9,-44, 25},

{21,-45, 29,13,-43, 35, 4,-40, 40, -4,-35, 43,-13,-29, 45,-21},
{17,742y42,-17,-17,42,-42,17,17,-42, 42,-17,-17,42,-42, 17},

{13,-35, 45,-40, 21, 4,-29, 43,-43, 29, -4,-21, 40,-45, 35,-13},
{9,-25, 38,-44, 44,-38, 25, -9, -9, 25,-38, 44,-44, 38,-25, 9},
{4,-13, 21,-29, 35,-40, 43,-45, 45,-43, 40,-35, 29,-21, 13, -4}
}

The inverse transform process is specified as follows.
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Step1, horizontal inverse transform for the array D:

H =D *Tq4T
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